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Garden thyme (Thymus vulgaris L.) is native to 
the Mediterranean Sea basin. This plant has a high 
ability to adapt to environmental conditions and due 
to this it is grown in temperate climate areas across 
Europe [Thompson et al. 1998]. Thyme yield and its 
raw material quality depend on many factors, such as 
genetic, climatic, soil, and agronomic ones [Shalaby 

and Razin 1992, Rey 1993]. There is still a need to 
continually improve agronomic practices in growing 
herbal plants, in particular garden thyme which is very 
popular in Poland and across the world, especially in 
the context of organic and environmentally friend-
ly methods. We can distinguish here, for example, 
the introduction of foliar applied biopreparations in  
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abstract

The aim of this experiment was to determine the effects of three foliar biopreparations applied once or twice 
(growth stimulant Bio-algeen, fertilizer Herbagreen Basic, and Effective Microorganisms in the form of EM 
Farming spray) on yield and quality of herbal raw material of organically grown garden thyme (Thymus 
vulgaris). It was proved that the Bio-algeen had an effect on increasing thyme productivity, whereas Effective 
Microorganisms had no impact at all on herb yield. The beneficial action of biopreparations was more 
evident under favorable hydrothermal conditions over the study period than under unfavorable conditions. 
The biopreparations stimulated an increase in the essential oil content in the thyme herb. Bio-algeen, 
especially when applied twice, had the greatest positive influence on the quality of raw material, Effective 
Microorganisms were found to have a smaller effect (positive and negative), whereas Herbagreen Basic had 
positive effect on thyme yield and essential oil content. The effect of Bio-algeen, and to a lesser extent that 
of Effective Microorganisms, on the content of natural antioxidants (phenolic acids, polyphenols) in the 
thyme raw material and, moreover, its impact on free radical scavenging and antioxidant activity should be 
considered to be a particularly valuable finding. Due to application of the Bio-algeen, herbal raw material 
characterized by the best health-promoting parameters can be obtained.
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different forms in order to select the most beneficial 
method that positively affects yield and quality of herb-
al raw material [Borgen and Davanlou 2000, Przybysz 
et al. 2010, Kwiatkowski et al. 2014]. Bio-algeen, 
among others, is a growth biostimulant registered for 
use in organic farming; this preparation is an extract 
from sea algae that activates metabolic processes in 
crop plants, makes them resistant to fungal and viral 
pathogens, and contributes to better absorption of soil 
nutrients by the plant. Bio-algeen has been observed 
to have a positive impact on yield and quality of to-
mato fruits [Dobromilska et al. 2008] as well as yield 
of common basil [Kwiatkowski and Juszczak 2011] 
and garden thyme raw material [Kwiatkowski 2011]. 
Because NPK mineral fertilizers are not used in organ-
ic agriculture, the foliar fertilizer Herbagreen Basic can 
be used as alternative or supplemental fertilization. It is 
a latest-generation compound foliar fertilizer produced 
from natural minerals using advanced turbine technol-
ogy. Herbagreen Basic is intended for fertilization and 
stimulation of field- and shade house-grown plants as 
well as for enhancement of their resistance. It supplies 
plants with highly available and non-toxic forms of cal-
cium, silicon, magnesium, iron, titanium, manganese, 
and other elements. It induces plant resistance, detox-
ifies, increasing the content of antioxidants in the cell 
sap, and reduces the susceptibility of plants to pest 
attacks. This foliar fertilizer also stimulates photosyn-
thesis by providing additional CO2 to the intercellular 
cavities [http://www.naturalcrop.com/herbagreen]. 

Increased yields and improved quality of herbal 
raw material can also be achieved by applying Effec-
tive Microorganisms. It has been shown that a micro-
biological preparation (e.g. EM Farming) produces 
positive results (an increase in yield and in the content 
of important chemical components) in growing some 
vegetable and herbal plants [Borgen and Davanlou 
2000, Xu 2000, Javaid 2006, Singh 2007]. Microbi-
ological preparations contain, among others, lactic 
bacteria (Lactobacillus casei, Streptococcus lactis), 
photosynthetic bacteria (Rhodopseudomonas palus-
tris, Rhodobacter sphaeroides), yeasts (Saccharomy-
ces albus, Candida utilis), actinobacteria (Streptomy-
ces albus), and mold fungi (Aspergillus oryzae, Mucor 
hiemalis) [Higa 1998, Valarini et al. 2003]. 

This study hypothesized that foliar fertiliza-
tion with biopreparations (applied once or twice) 

would contribute to producing satisfactory yields of 
high-quality (in particular in terms of antioxidant qual-
ity) garden thyme raw material, which would allow us 
to consider these agents to be suitable for application 
in organic farming of this herbal plant. An assumption 
was also made that the efficacy of action of bioprepa-
rations could be dependent on weather conditions 
during the growing season.

the aim of this study was to determine the ef-
fects of three foliar fertilizers (Herbagreen basic, Bio- 
-algeen, and EM Farming) on yield and selected quali-
ty parameters of garden thyme raw material in relation 
to the control treatment (without application of bio-
preparations). 

methods
A field experiment in growing garden thyme 

(Thymus vulgaris L.) was conducted over the pe-
riod 2014–2016 in Dys, Municipality of Niemce 
(51°18'57"22°35'06"E), Lubelskie Voivodeship, Po-
land. The experiment was set up as a split-block design 
with three replicates and a single plot area of 5 m2. The 
study determined the suitability of garden thyme (cv. 
‘Słoneczko’) for organic cultivation. Garden thyme was 
grown on podzolic soil (pH in 1 mol of KCl = 6.0–6.3), 
classified as very good rye soil complex. In the field as-
signed for the experiment, crops had been grown organ-
ically (without using synthetic NPK mineral fertilizers 
and without application of plant protection chemicals – 
herbicides, fungicides, insecticides) during the last three 
years before the establishment of the experiment. Based 
on tests of soil samples taken each year before the estab-
lishment of the experiment, it was found that the soil was 
characterized by a medium content of available macro-
nutrients (P = 79.2–80.9, K = 84.5–85.7, Mg = 30.2– 
31.4 mg kg–1). The soil humus content was 1.39–1.43% 
(Tab. 1).

The experiment included the following experimen-
tal treatments in the cultivation of garden thyme: 

A – without application of foliar sprays (control 
treatment),

B – foliar spraying with Herbagreen Basic (10.0 g 
in 1.0 l of water), 

C – foliar spraying with Bio-algeen S90 (4.0 ml in 
1.0 l of water), 

D – foliar spraying with EM Farming EMa – (60.0 ml 
in 1.0 l of water), 
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 table 1. Characteristics of the soil used in the experiment 

Content 

Year 
pH 

in 1 mol of KCl P  
(mg kg–1 soil) 

K 
(mg kg–1 soil) 

Mg  
(mg kg–1 soil) 

Humus 
(%) 

2014 6.3 80.9 85.7 31.4 1.43 
2015 6.0 79.4 84.5 30.2 1.40 
2016 6.1 80.1 84.9 29.7 1.39 

 
 

table 2. Components of the sprays used in the experiment 

Name of spray Spray composition 

Bio-algeen S90 

an extract from sea algae; the spray contains 90 groups of chemical compounds, including amino acids, 
vitamins, alginic acid, and other unidentified active ingredients of seaweeds; the major elements include 
the following: nitrogen – 0.02%, phosphorus – 0.006%, potassium – 0.096%, calcium – 0.31%, 
magnesium – 0.021%, as well as boron – 16 mg kg–1, iron – 6.3 mg kg–1, copper – 0.2 mg kg–1, manganese 
– 0.6 mg kg–1; zinc – 1.0 mg kg–1; moreover, the spray contains molybdenum and selenium 

Herbagreen Basic 

calcium oxide (CaO) – 36.7%, silicon dioxide (SiO2) – 17.0%, iron trioxide (Fe2O3) – 3.4%, magnesium 
oxide (MgO) – 2.4%, titanium dioxide (TiO2) – 0.5%, potassium oxide (K2O) – 0.5%, sodium oxide 
(Na2O) – 0.5%, sulfur trioxide (SO3) – 0.4%, phosphorus pentoxide (P2O5) – 0.5%, manganese oxide 
(MnO) – 0.1%; and trace amounts of boron (1), cobalt (13), copper (26), zinc (34) (mg kg–1 DM) 

EM Farming 

anaerobic organisms which release free, chemically uncombined oxygen into the environment during 
metabolic processes (photosynthetic bacteria, actinobacteria, lactic acid bacteria, fermentation fungi, 
yeasts) – the percentage contributions of particular microorganism strains in the spray is the 
manufacturer’s secret (patent) and this information is not included in any available data sheets 

 
 

table 3. Selyaninov’s hydrothermal coefficient (K) in individual months of the 2014–2016 growing seasons  

Year 
Month 

2014 2015 2016 

IV 1.33 1.19 1.21 

V 0.92 1.25 1.14 

VI 1.24 0.63 0.52 

VII 0.80 0.51 0.68 

VIII 0.85 0.65 0.59 

K ≤ 0.5 severe drought; 0.51–0.69 drought; 0.70–0.99 minor drought; K > 1 no drought 
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E – double foliar spraying with Herbagreen Basic 
(2 × 5.0 g in 1.0 l of water), 

F – double foliar spraying with Bio-algeen S90  
(2 × 2.0 ml in 1.0 l of water), 

G – double foliar spraying with EM Farming – 
EMa (2 × 30.0 ml in 1.0 l of water) – Table 2. 

The previous crop for garden thyme was winter 
oilseed rape grown for green manure. As regards soil 
(pre-sowing) fertilization, a mineral fertilizer approved 
for use in organic farming was applied. Each year, thyme 
seeds were sown directly into the soil in the third 10 days 
of April. Seeding was done using a seed drill with a press 
wheel at a seeding rate of 3.0 kg ha–1 and with a row spac-
ing of 40 cm. Weed control involved mechanical weed 
removal (weeder) at 3–5 leaf stage of thyme. 

The foliar sprays (treatments B-G) were applied 
under a pressure of 0.25 MPa using a backpack weed 
sprayer. In the double spraying treatments, they were 
applied at 2–3 leaf stage of thyme and at 5–7 leaf 
stage (following mechanical weed removal). Single 
application of the sprays was carried out at 5–7 leaf 
stage of thyme. 

Garden thyme was harvested in the second/third 10 
days of April with a sickle bar mower, cutting the herb 
at a height of about 5 cm. After cutting, the herb was 
dried in a belt dryer at a temperature of about 35°C and 
subsequently threshed using a Warmianka thresher. The 
threshed yield was weighed and then the obtained val-
ues expressed in kg per plot were converted to t ha–1.

Samples were taken from the herbal raw material 
harvested for chemical composition determinations. 
Chemical assays were performed at the Vegetable and 
Herbal Raw Material Quality Laboratory at the De-
partment of Vegetable Crops and Medicinal Plants, 
University of Life Sciences in Lublin, and the follow-
ing parameters were assayed:

– essential oil content by pharmacopoeial method 
[Polish Pharmacopoeia IX 2011],

– chlorophyll A and B by liquid chromatography 
[Polish Pharmacopoeia VII 2006],

– total polyphenolic content by the Folin-Ciocalteu 
method (expressed as gallic acid [GAE] equivalents) 
[Singleton and Rossi 1965, Slinkard and Singleton 
1977],

– total phenolic acid content by pharmacopoeial 
method according to Arnova [Polish Pharmacopoeia 
VI 2002], 

– flavonoid content by the Christ-Müller’s method, 
expressed as quercetin (QE) equivalents [Polish Phar-
macopoeia IX 2011],

– 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical 
scavenging activity [Chen and Ho 1997],

– antioxidant activity by ABTS method reported by 
Re et al. [1999],

– reducing power of extracts (FRAP) according to 
Benzie and Strain [1996],

– identification and determination of phenolic acid 
content by high performance liquid chromatography 
[Najda 2004],

– carotenoid content by spectrophotometric meth-
od at a wavelength of 450 nm [Lichtenthaler and Well-
burn 1983].

To determine the temporal and spatial variation of 
meteorological elements and to evaluate their impact 
on the growing season of garden thyme, Selyaninov’s 
hydrothermal coefficient (K) was calculated [Bac et al. 
1993], dividing the monthly total rainfall by one tenth 
of the sum of the mean daily air temperatures for a giv-
en month (Tab. 3). The calculated hydrothermal coeffi-
cient values indicate that during the first months of the 
thyme growing season plants were well supplied with 
water, while small water deficits were only recorded 
in May 2014. But in the summer months (VI–VIII) of 
2015 and 2016, on the other hand, minor drought or 
drought periods were found to occur, except for June 
2014. To sum up, the 2014 growing season can be con-
sidered to be beneficial for thyme cultivation in terms 
of water and thermal conditions, whereas in the sec-
ond part of the growing season in the years 2015–2016 
there were water deficits in the soil (drought or minor 
drought), which had a negative impact on the growth 
and development of the herbal plant.

The study results were statistically analyzed by 
analysis of variance and verified by Tukey’s test at a 
significance level of α = 0.05. Statistica software was 
used for statistical calculations.

results

Garden thyme raw material yield depended on 
the application of the foliar sprays. Significantly the 
lowest herb yield was obtained from the control plots 
and also in the treatments with Effective Microorgan-
isms application. The statistically proven highest yield 
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was harvested from treatments C and F, and thus in 
the treatment where the growth stimulant Bio-algeen 
was used (especially in the case of its double applica-
tion). When the above-mentioned spray was applied 
once or twice, thyme herb yield was found to increase 
by 21–26% relative to the control treatment (A) and 
compared to treatments D and G. Application of Herb-
agreen Basic (treatments B and E) also resulted in a 
significant increase in thyme yield (by 9–14%) com-
pared to treatments A, D, and G. A significantly higher 
thyme yield was recorded in the year 2014, which was 
more favorable in terms of hydrothermal conditions 
in comparison to the years 2015–2016 that were char-
acterized by drought in the summer months. Signifi-
cantly the highest thyme herb yield (2.21 t ha–1) was 
harvested in 2014 in the treatment with double appli-
cation of the growth biostimulant Bio-algeen (Tab. 4). 

All treatments with foliar spray application includ-
ed in the experiment had a significant effect on increas-
ing (by 0.51–0.84 percentage point [p.p.]) the essential 
oil content in the raw material of garden thyme relative 
to the control (without application of biopreparations). 
As regards the individual treatments with foliar spray 
application, single and especially double application 
of the growth biostimulant Bio-algeen (treatments C 
and F) as well as double application of Effective Mi-
croorganisms (treatment G) had the most beneficial 
effect on essential oil content. The essential oil content 
values found in the above-mentioned treatments were 
significantly higher than those obtained in treatments 
B and E (where Herbagreen Basic was applied). The 
essential oil content in the thyme raw material was 
also affected by year. A significantly higher essential 
oil content (by 0.20–0.25 p.p.) was recorded in the 
year 2014, which was favorable for thyme growth 
compared to the years 2015–2016 (Tab. 5).

Weather conditions during the study period did not 
modify significantly the content of polyphenols and 
phenolic acids in the raw material of garden thyme, 
whereas the foliar sprays influenced differently the 
above-mentioned quality parameters. Significantly the 
highest total polyphenols were found after double ap-
plication of Effective Microorganisms (treatment G) 
and in the control treatment (A) (without application 
of biopreparations), in relation to the other treatments. 
But if we compare the effects of the individual treat-
ments involving biopreparation application, we notice 

that both single and double application of the growth 
biostimulant Bio-algeen and the EM Farming spray 
contributed to a significantly higher polyphenolic con-
tent than application of the foliar fertilizer Herbagreen 
Basic (Tab. 6).

As far as the phenolic acid content in the raw ma-
terial of garden thyme is concerned, in most cases the  
biopreparations were found to have a negative influ-
ence compared to the control treatment (A) (without the 
use of these agents). Only double application of Bio- 
-algeen (treatment F) caused an increase (but statisti-
cally non-significant) in total phenolic acids relative 
to the control. The other foliar spray application treat-
ments contributed to a statistically proven decrease in 
total phenolic acids relative to treatments A and F, but 
the use of the Herbagreen Basic spray had a particularly 
adverse impact on this quality parameter (Tab. 6).

All the biopreparations used in the experiment and 
their application treatments contributed to a significant 
decrease in the flavonoid content (by 20.3–32.4%) rel-
ative to the control. Application of Herbagreen Basic 
(treatments B and E) had a particularly adverse effect 
on flavonoid content, resulting in a significant reduc-
tion in this quality indicator also compared to the treat-
ments with application of Bio-algeen (C, F) and Effec-
tive Microorganisms (D, G) – Table 7.

In most cases, the biopreparations had a significant 
negative influence on the carotenoid content in the 
raw material of garden thyme relative to the control 
(A). It was only in the treatment with double Bio-al-
geen application that a similar carotenoid content was 
found as that for the control plots. Application of Ef-
fective Microorganisms (treatments D and G) caused 
the highest loss in the carotenoid content in the thyme 
raw material, both in relation to the control (A) and 
compared to treatments B, C, E, and F (Tab. 7).

When analyzing the data contained in Table 8, 
we notice significant variations in the effects of the 
individual treatment combinations with foliar spray 
application on the thyme herb’s ability to scavenge 
free radicals. EM Farming, in particular in the case of 
its double application (treatment D and G), and Bio- 
-algeen, also when applied twice (treatment F), 
showed the most beneficial effect on the parameter in 
question. Herbagreen Basic, on the other hand, caused 
a radical decrease in free radical scavenging activity, 
by 55–70% relative to the control treatment (A) and by 
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 table 4. Dry weight yield of thyme herb (t ha–1) 

Year 
Treatment 

2014 2015 2016 
Mean 

A 1.65 1.36 1.41 1.47 
B 1.77 1.50 1.56 1.61 
C 2.06 1.79 1.72 1.85 
D 1.60 1.31 1.38 1.43 
E 1.85 1.66 1.62 1.71 
F 2.21 1.90 1.86 1.99 
G 1.69 1.40 1.47 1.52 

Mean 1.83 1.56 1.57 – 

LSD (0.05) for: foliar sprays (a) = 0.159, years (b) = 0.151, interactions a × b = 0.147 
 

table. 5. Essential oil content in the raw material of garden thyme (% DM) 

Year 
Treatment 

2014 2015 2016 
Mean 

A 2.97 2.70 2.73 2.80 
B 3.45 3.33 3.27 3.35 
C 3.68 3.47 3.43 3.52 
D 3.61 3.43 3.40 3.48 
E 3.51 3.23 3.20 3.31 
F 3.82 3.55 3.50 3.62 
G 3.74 3.67 3.53 3.64 

Mean 3.54 3.34 3.29 – 

LSD (0.05) for: foliar sprays (a) = 0.168, years (b) = 0.193, interactions a × b = n.s. 
 

table 6. Total polyphenols (mg GAE 100 g–1) and total phenolic acids (mg 100 g–1) in the raw material of garden thyme – 
mean for 2014–2016 

Treatment 
Total polyphenols 
(mg GAE 100 g–1) 

Total phenolic acids 
(mg 100 g–1) 

A 743.49 192.97 
B 482.10 150.51 
C 625.67 177.01 
D 582.80 168.00 
E 565.62 164.34 
F 673.60 198.58 
G 769.11 168.52 

LSD (0.05) 50.234 8.441 
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 table 7. Content of flavonoids (mg QE 100 g–1) and carotenoids (mg g–1) in the raw material of garden thyme – mean for 
2014–2016 

Treatment Flavonoid content Carotenoid content 

A 32.579 0.685 
B 22.181 0.316 
C 25.956 0.511 
D 25.900 0.213 
E 22.034 0.458 
F 25.572 0.669 
G 25.846 0.258 

 LSD (0.05) 2.3644 0.0214 
 

table 8. DPPH radical scavenging activity (μm TE g–1) determined in the raw material of garden thyme 

Year 
Treatment 

2014 2015 2016 
Mean 

A 52.000 51.231 48.692 50.641 
B 17.077 15.420 14.652 15.716 
C 53.017 51.788 48.916 51.167 
D 55.587 52.312 48.697 52.198 
E 24.288 22.018 22.455 22.920 
F 59.142 57.113 56.876 57.710 
G 71.385 67.558 66.915 68.619 

Mean 47.499 45.348 43.886 – 

LSD (0.05) for: foliar sprays (a) = 2.6124, years (b) = 2.1321, interactions a × b = 2.7663 
 

table 9. ORAC antioxidant activity (μm TE g–1) determined in the raw material of garden thyme 

Year 
Treatment 

2014 2015 2016 
Mean 

A 10.98 9.71 8.85 9.84 
B 13.11 12.55 12.16 12.60 
C 22.59 21.73 21.44 21.92 
D 16.91 15.22 15.36 15.83 
E 14.21 13.33 13.45 13.66 
F 22.64 21.80 21.53 21.99 
G 18.22 16.98 17.13 17.44 

Mean 16.95 15.90 15.70 – 

LSD (0.05) for: foliar sprays (a) = 1.232, years (b) = 1.012, interactions a × b = n.s. 
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as much as 290–430% compared to treatment G (dou-
ble application of Effective Microorganisms). Weather 
conditions prevailing in the individual growing sea-
sons of garden thyme also modified significantly free 
radical scavenging activity. The unfavorable Selyanin-
ov’s hydrothermal coefficient that characterized months 
VI–VIII in the years 2015 and 2016 translated into de-
creased free radical scavenging activity in the thyme 
herb (by 5–8%) in relation to the year 2014, which was 
favorable in this respect. Significantly the highest free 
radical scavenging activity (71.385 μm TE g–1) was re-
corded in 2014 in the treatment with double application 
of Effective Microorganisms (Tab. 8). 

Foliar spray application, regardless of the treat-
ment, resulted in statistically proven higher antioxi-
dant activity of the thyme raw material compared to 
the control treatment. Application of Bio-algeen (irre-
spective whether it was applied once or twice) caused 
a particularly large increase in the antioxidant proper-
ties of thyme, whereas foliar spraying with EM Farm-
ing (an increase in the ORAC value by 38–44%) and 
Herbagreen Basic (an increase in the ORAC value by 
22–28%) yielded a smaller positive effect. The more 
favorable hydrothermal conditions that characterized 
the 2014 growing season had a significant impact on 
increased antioxidant activity of the thyme herb (by 

 table 10. Reducing power of extracts (FRAP) (μm TE g–1) determined in the raw material of garden thyme 

Year 
Treatment 

2014 2015 2016 
Mean 

A 5.727 5.322 5.287 5.445 
B 2.246 1.025 1.006 1.425 
C 5.984 5.764 5.699 5.815 
D 3.951 3.722 3.705 3.792 
E 3.144 2.066 2.102 2.437 
F 6.599 6.312 6.266 6.392 
G 4.347 4.203 4.014 4.188 

Mean 4.571 4.056 4.011 – 

LSD (0.05) for: foliar sprays (a) = 0.3695, years (b) = 0.4055, interactions a × b = n.s. 
 

table 11. Chlorophyll a and chlorophyll b content (mg g–1) in the raw material of garden thyme – mean for 2014–2016 

Treatment Chlorophyll a content Chlorophyll b content 

A 1.253 0.355 
B 1.243 0.345 
C 1.122 0.326 
D 1.112 0.310 
E 0.983 0.252 
F 0.942 0.260 
G 0.847 0.240 

LSD (0.05) 0.1022 0.0493 
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about 7%) in relation to the years 2015–2016 (Tab. 9).
The foliar sprays exhibited different effects on the 

reducing power of extracts determined in the raw mate-
rial of garden thyme. A significant increase in reducing 
power compared to the control (A) was found when 
Bio-algeen was used (single application – an increase 
in reducing power FRAP by about 7%; double appli-
cation – an increase by about 15%). In the case of the 
other biopreparations and their application treatments, 
the reducing power of the extracts was observed to 
significantly decrease compared to treatments A, C, 
and F. A particular high (2.2–3.8-fold) reduction in the 
reducing power of the extracts was found under the 
influence of Herbagreen Basic application (treatments 
B and E). The favorable weather conditions during the 
2014 growing season contributed to significant im-
provement in the reducing power of the extracts in the 
herbal raw material studied compared to the dry years 
2015–2016 (Tab. 10).  

The data contained in Table 11 illustrate that single 
application of the biopreparations used in the experi-
ment did not result in changes (increase or decrease) 
in the chlorophyll a and chlorophyll b content in the 
thyme herb compared to the control treatment (A) 
(without foliar spray application). Double application 
of these sprays, on the other hand, caused a significant 
decrease in chlorophyll content in relation to the con-
trol and treatments B, C, and D by about 15% (Bio- 
-algeen) to 30% (EM Farming).

discussion

In the present study, the growth biostimulant 
Bio-algeen as well as the foliar fertilizer Herbagreen 
Basic had a positive effect (especially in the treatment 
with double application) on garden thyme herb yield, 
which was 1.61–1.99 t ha–1. But application of Effec-
tive Microorganisms (EM Farming) was practically of 
no importance for the productivity of this herbal plant 
– the dry herb yield was about 1.5 t ha–1, similarly to 
the one found in the control treatment. In the litera-
ture of the subject, we find different views regarding 
the significance of foliar biopreparations in determin-
ing yield and quality of plant produce. The studies by 
Kwiatkowski [2011] as well as by Kwiatkowski and 
Juszczak [2011] regarding single foliar application 
of growth stimulants (Asahi SL, Bio-algeen, Tytanit) 

in garden thyme and sweet basil crops proved that 
all these preparations contributed to improvement in 
the quantitative parameters of the herbal raw material 
(plant height, number of branches, total yield). In turn, 
the above-mentioned sprays had a negative impact on 
the chemical composition of the thyme raw material 
(the content of thymol and macronutrients – N, P, K, 
Ca) [Kwiatkowski 2011]. In the study by Król [2009], 
application of Asahi SL, along with Mikosol (foliar 
fertilizer), also resulted in increased productivity of 
garden thyme by 13.6%. When conducting a study on 
application of foliar sprays in the cultivation of cham-
omile under water stress conditions induced by high 
air temperature and low soil moisture content, Woro-
paj-Janczak et al. [2011] found the Asahi SL prepara-
tion to be useful (an increase in herb dry matter yield, 
higher essential oil content yield). However, these au-
thors did not find the biostimulant Bio-algeen and the 
micronutrient fertilizer Ekolist P to positively affect 
the quantitative and qualitative parameters of chamo-
mile. The studies by Panajatov et al. [1997], Djanagu-
irman et al. [2005], and Kołodziej [2008a, 2008b] are 
confirmation of the positive impact of growth biostim-
ulants on the chemical composition of plant material. 
The latter author notes that the action of stimulants 
depends on many factors, such as air humidity, soil 
moisture content, air temperature, and soil macronu-
trient availability. Bączek-Kwinta and Seidler-Łoży-
kowska [2004] as well as Bączek-Kwinta et al. [2006] 
also report that the positive effects of foliar sprays are 
generally manifested more strongly under plant stress 
conditions (soil water deficit or too low an amount of 
available nutrients in the soil). In the present study, 
the biostimulant Bio-algeen contributed in particular 
to enhanced antioxidant properties of the thyme raw 
material and increased reducing power of the extracts 
as well as to an increase in the content of essential oil 
and phenolic acids. In earlier studies, Kwiatkowski et 
al. [2013, 2015] found growth stimulants to beneficial-
ly affect the chemical composition of carrot roots.

Kwiatkowski [2015] proved that the growth stim-
ulant Asahi SL exhibited a positive effect on yield and 
quality of chamomile raw material, while Ekolist P 
showed such an effect to a smaller extent. Effective 
Microorganisms had no impact on chamomile pro-
ductivity and even contributed to a decrease in the 
flavonoid content in inflorescences. Sulewska and 
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Ptaszyńska [2005] as well as Martyniuk and Księżak 
[2011] found EM Farming to have an insignificant in-
fluence on plant productivity on the example of maize, 
while Vliet et al. [2006] demonstrated this on the ex-
ample of grass biomass. 

Other authors [Higa 1998, Xu 2000, Shamshad et 
al. 2001, Condor et al. 2006, Singh 2007] prove that 
application of the EM Farming spray can cause a dis-
tinct increase in yield components, plant biometric 
characteristics, and some qualitative traits and, as a 
result, an increase in yield by even 15–20%. In this 
study, Effective Microorganisms positively influenced 
the content of essential oil and polyphenols and free 
radical scavenging activity in the thyme raw material 
as well as this foliar spray contributed to its greater 
antioxidant activity. But on the other hand, EM Farm-
ing caused a significant decrease in the carotenoid and 
chlorophyll content and weakened the reducing power 
of the extracts.

The thyme herb yield and essential oil content ob-
tained in this experiment were similar to the results of 
other national [Kwiatkowski 2011] and foreign studies 
[Shalaby and Razin 1992, Heine et al. 2001]. 

This research proved the positive effect of Bio-al-
geen, and to a lesser extent in the case of Effective Mi-
croorganisms (EM Farming), on increasing the anti-
oxidant properties and activity, phenolic acid content, 
and free radical scavenging activity in the thyme raw 
material. On the example of chamomile, Kwiatkowski 
et al. [2018] showed natural plant fertilization (spent 
mushroom substrate) to have a positive effect on sig-
nificant improvement in the antioxidant properties of 
herbal raw material. 

On the example of sweet basil, Onofrei et al. [2017] 
proved that the production of phenolic compounds and 
flavonoids was generally stimulated in fertilized basil 
plants compared to unfertilized ones, consistently for 
two consecutive years. Similarly, the antioxidant ca-
pacity of basil extracts increased as a result of ecolog-
ical fertilization. Ecological fertilization is therefore 
recommended for cultivation of basil plants with an 
increased commodity value and potential phytome-
dicinal properties. In a study on fertilization of Salvia 
officinalis, Geneva et al. [2010] noted that application 
of foliar fertilization and/or mycorrhizal colonization 
increased shoot and root dry biomass, enhanced the 
levels of ascorbate, and reduced glutathione and ac-

tivity of guaiacol peroxidase. The applied treatments 
lowered activities of the antioxidant enzymes CAT, 
AsPO, and SOD, and changed the relative quantity of 
essential oil.

A study conducted by Skupień and Oszmiański 
[2007], Skupień et al. [2008], in turn, demonstrates 
that application of foliar fertilizers caused multidirec-
tional changes in the physical and chemical properties 
of the chokeberry fruit. However, the differences be-
tween individual fertilization treatments were not sig-
nificant from the practical point of view (antioxidant 
properties of the raw material).

conclusions

1. In the light of the obtained results of the three-
year study conducted under the soil and climatic con-
ditions of Poland (Lublin region), the suitability of fo-
liar applied biopreparations for in organic farming of 
garden thyme cannot be determined unambiguously. 
Their impact on the productivity and quality of thyme 
raw material, depending on the trait analyzed, was 
both positive and negative. Generally, the action of the 
biopreparations was not related to weather conditions 
during the study period. Nevertheless, the study found 
a statistically confirmed positive interaction between 
favorable hydrothermal conditions and the effect of 
the Bio-algeen spray on thyme herb yield as well as 
the impact of Effective Microorganisms on free radical 
scavenging activity in the thyme herb.

2. The foliar sprays Bio-algeen and Herbagreen 
Basic had a significant effect on the increase in thyme 
yield, whereas all the biopreparations positively af-
fected the essential oil content in the herb. Moreover, 
Bio-algeen (in particular in the case of its double ap-
plication) contributed to a distinct increase in the an-
tioxidant properties, reducing power of the extracts, 
and phenolic acid content, while EM Farming caused 
an increase in the polyphenolic content as well as in 
antioxidant and free radical scavenging activity, which 
is of essential importance in assessment of thyme raw 
material from the health-related point of view.

3. All the biopreparations and their application 
treatments were found to have a negative effect on the 
content of phenolic acids, flavonoids and carotenoids 
in the raw material of garden thyme. Furthermore, Ef-
fective Microorganisms had a negative influence on 
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the chlorophyll and carotenoid content in the thyme 
herb and weakened the reducing power of the extracts. 
Application of Herbagreen Basic, in turn, contributed 
to a rapid reduction in free radical scavenging activity 
and caused a significant decrease in the reducing prop-
erties of the extracts.

4. The obtained study results show that, among the 
group of the biopreparations compared, the growth bio-
stimulant Bio-algeen had the greatest positive impor-
tance in organic production of garden thyme, Effective 
Microorganisms (EM Farming preparation) had no ef-
fect on herb yield, while their impact on the qualitative 
parameters of the herbal raw material was bipolar (gen-
erally positive, but also negative), but the foliar fertiliz-
er Herbagreen Basic proved to be least useful. 

acKnowledgments

This study was carried out under the Polish- 
-Belarussian research grant (No GR20143192) “The 
ecological and biological substantiation of medical 
plant protection system against weed vegetation for 
getting highly qualitative vegetal raw stuff in Belarus 
and Poland” financed by the Ministry of Agriculture 
in Belarus.

reFerences

Bac, S., Koźmiński, C., Rojek, M. (1993). Agrometeorolo-
gia. PWN, Warszawa, 32–33. 

Bączek-Kwinta, R., Seidler-Łożykowska K. (2004). Culti-
vars of German chamomile (Chamomilla recutita (L.) 
Raush) and their resistance to water stress. Acta Physiol. 
Plant, 26, 142–143.

Bączek-Kwinta, R., Adamska, A., Seidler-Łożykowska, K. 
(2006). Wzrost części nadziemnych roślin wybranych 
form rumianku pospolitego pod wpływem suszy glebo-
wej. Folia Hort., 1, 55–60.

Borgen, A., Davanlou, M. (2000). Biological control of com-
mon bunt (Tilletia tritici) in organic agriculture. J. Crop 
Production, 3, 157–171. DOI: 10.1300/J144v03n01_14

Condor, A.F., Perez, P.G., Lokare, Ch. (2006). Effective Mi-
croorganisms: Myth or reality. Rev. Peru. Biol., 14(2), 
315–320.

Djanaguirman, M., Sheeba, J.A., Devi, D.D., Bangua-
rusamy, U. (2005). Effect of Atonik seed treatment on 
seedling physiology of cotton and tomato. J. Biol. Sci., 
59(2), 163–169. DOI: 10.3923/jbs.2005.163.169

Dobromilska, R., Mikiciuk, M., Gubarewicz, K. (2008). 
Evaluation of cherry tomato yielding and fruit mineral 
composition after using of Bio-algeen S-90 preparation. 
J. Elem., 13(4), 491–499.

Geneva, M.P., Stancheva, I.V., Boychinova, M.M., Minche-
va, N.H., Yonova, P.A. (2010). Effects of foliar fertiliza-
tion and arbuscular mycorrhizal colonization on Salvia 
officinalis L. growth, antioxidant capacity, and essential 
oil composition. J. Sci. Food Agric., 90, 696–702. DOI: 
10.1002/jsfa.3871

Heine, H., Eger, H., Kruger, H. (2001). Qualitat und Ertrag 
von Thymian-Sorten (Thymus vulgaris L.). Gemuse, 9, 
25–26.

Higa, T. (1998). Effective Microorganisms, concept and re-
cent advances in technology. Proceedings of the Confer-
ence on Effective Microorganisms for a sustainable ag-
riculture and environment. 4th International Conference 
on Kyusei Nature Farming, Bellingham, Washington, 
USA, 247–248.

http://www.naturalcrop.com/herbagreen [date of access: 
17.12.2018].

Javaid, A. (2006). Foliar application of Effective Microor-
ganisms on pea an alternative fertilizer. Agron. Sustain. 
Dev., 26, 257–262. DOI: 10.1051/agro:2006024

Kołodziej, B. (2008a). The effect of drip irrigation and Asa-
hi SL application on peppermint yield and quality. Herba 
Pol., 4, 43–51.

Kołodziej, B. (2008b). The effect plantation establishment 
method and Atonik application in Goldenrod (Solidago 
virgaurea L. ssp. virgaurea) cultivation. Acta Sci. Pol. 
Hort. Cult., 7(3), 33–39.

Król, B. (2009). Wpływ stosowania wybranych nawozów 
dolistnych oraz stymulatorów wzrostu na plon i jakość 
surowca tymianku właściwego (Thymus vulgaris L.). 
Zesz. Probl. Post. Nauk Roln., 542(1), 271–278.

Kwiatkowski, C.A. (2011). The effect of growth stimulators 
and forecrop on raw material quality and yield of garden 
thyme (Thymus vulgaris L.). Herba Pol., 57(1), 5–14.

Kwiatkowski, C.A. (2015). Yield and quality of chamomile 
(Chamomilla recutita L. Rausch.) raw material depend-
ing on selected foliar sprays and plant spacing. Acta Sci. 
Pol. Hort. Cult., 14(1), 143–153.

Kwiatkowski, C.A., Juszczak, J. (2011). The response of 
sweet basil (Ocimum basilicum L.) to the application of 
growth stimulators and forecrops. Acta Agrobot., 64(2), 
69–76.

Kwiatkowski, C., Kołodziej, B., Woźniak, A. (2013). Yield 
and quality parameters of carrot (Daucus carota L.) 
roots depending on growth stimulators and stubble 
crops. Acta Sci. Pol. Hort. Cult., 12(5), 55–68.



118 https://czasopisma.up.lublin.pl/index.php/asphc

Kwiatkowski, C.A., Haliniarz, M., Harasim, E., Kołodziej, B., Yakimovich, A. (2020). Foliar applied biopreparations as a natural method to 
increase the productivity of garden thyme (Thymus vulgaris L.) and to improve the quality of herbal raw material. Acta Sci. Pol. Hortorum 
Cultus, 19(1), 107–118. DOI: 10.24326/asphc.2020.1.10

Kwiatkowski, C.A., Haliniarz, M., Kołodziej, B., Hara-
sim, E., Tomczyńska-Mleko, M. (2015). Content of 
some chemical components in carrot (Daucus carota 
L.) roots depending on growth stimulators and stub-
ble crops. J. Elem., 20(4), 933–943. DOI: 10.5601/
jelem.2014.19.4.812

Kwiatkowski, C.A., Harasim, E., Yakimovich, A., Koło-
dziej, B., Tomczyńska-Mleko, M. (2018). Evaluation 
of spent mushroom substrate, mineral NPK fertilization 
and manure fertilization on chamomile (Chamomilla re-
cutita L. Rausch) yield and raw material quality. Acta 
Sci. Pol. Hort. Cult., 17(3), 3–16. DOI: 10.24326/as-
phc.2018.3.1

Kwiatkowski, C.A., Wesołowski, M., Pałys, E., Kraska, P., 
Haliniarz, M., Nowak, A., Andruszczak, S., Kwieciń-
ska-Poppe, E. (2014). Aspekty proekologicznego go-
spodarowania w agroekosystemach. Wyd. Perfekta info, 
Lublin, pp. 165. 

Lichtenthaler, H.K., Wellburn, A.R. (1983). Determination 
of total carotenoids and chlorophylls a and b of leaf 
extracts in different solvents. Biochem. Soc. Transact., 
603, 591–592. 

Martyniuk, S., Księżak, J. (2011). Ocena pseudomikrobio-
logicznych biopreparatów stosowanych w uprawie ro-
ślin. Pol. J. Agron., 6, 27–33.

Onofrei, V., Burducea, M., Lobiuc, A., Teliban, G.C., Rang-
hiuc, G., Robu, T. (2017). Influence of organic foliar fer-
tilization on antioxidant activity and content of polyphe-
nols in Ocimum basilicum L. Acta Pol. Pharm., 74(2), 
611–615.

Panajatov, N.D., Jevtic, S., Lazic, B. (1997). Sweet pepper 
response to the application of the plant growth regulator 
Atonik. Acta Hortic., 462, 197–202.

Polish Pharmacopoeia VI (2002). PTFarm, Warszawa.
Polish Pharmacopoeia VII (2006). PTFarm, Warszawa.
Polish Pharmacopoeia IX (2011). PTFarm, Warszawa.
Przybysz, A., Wrochna, M., Słowiński, A., Gawrońska, H. 

(2010). Stimulatory effect of Asahi SL on selected plant 
species. Acta Sci. Pol. Hort. Cult., 9(2), 53–64.

Rey, C. (1993). Selection of thyme (Thymus vulgaris L.). 
Acta Hort., 344, 404–410.

Shamshad, H.S., Saleem, M.F., Shahid, M. (2001). Effect 
of different fertilizers and Effective Microorganisms on 
growth, yield and quality of maize. Int. J. Agric. Biol., 
3(4), 378–379.

Shalaby, A.S., Razin, A.M. (1992). Dense cultivation and 
fertilization for higher yield of thyme (Thymus vulgaris 
L.). J. Agron. Crop Sci., 168, 243–248.

Singh, A. (2007). Effective Microorganisms. Can. Organ. 
Grow., 2, 35–36.

Skupień, K., Oszmiański, J. (2007). The effect of mineral 
fertilization on nutritive value and biological activity 
of chokeberry fruit. Agr. Food Sci., 16, 46–55. DOI: 
10.2137/145960607781635822

Skupień, K., Ochmian, I., Grajkowski, J. (2008). Influence 
of mineral fertilization on selected physical features and 
chemical composition of aronia fruit. Acta Agrophys., 
11(1), 213–226.

Sulewska, H., Ptaszyńska, G. (2005). Reakcja kukurydzy 
uprawianej na ziarno na stosowanie preparatów mikro-
biologicznych. Pam. Puł., 140, 271–285.

Thompson, J.D., Manicacci, D., Tarayre, M. (1998). Thir-
ty-five years of thyme: a tale of two polymorphisms. 
BioScience, 48(10), 805–815.

Valarini, P.J., Alvarez, M.C.D., Gasco, J.M., Guerrero, F., 
Tokeshi, H. (2003). Assessment of soil properties by or-
ganic matter and EM – microorganisms incorporation. 
Rev. Bras. Ciênc. Solo, 27, 519–525. DOI: 10.1590/
S0100-06832003000300013 

Vliet, P.C.J. van, Bloem, J., Goede, R.G.M de (2006). Mi-
crobial diversity, nitrogen loss and grass production 
after addition of Effective Microorganisms (EM) to 
slurry manure. Appl. Soil Ecol., 32(2), 188–198. DOI: 
10.1016/j.apsoil.2005.07.001

Woropaj-Janczak, M., Andrzejewska, J., Skinder, Z. (2011). 
Reaction of German chamomile (Chamomilla recutita 
L. Raushert) cultivars to biostimulants and foliar fertili-
sation. Herba Pol., 57(1), 16–26.

Xu, H. (2000). Effect of a microbial inoculant and organ-
ic fertilizers on the growth, photosynthesis and yield of 
sweet corn. J. Crop Prod., 3, 183–214. DOI: 10.1300/
J144v03n01_16


