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Influence of treatment with biostimulants on the chemical composition of grapes 
and wine in conditions of South Central Bulgaria 

F. Emurlova1*, A. Cholakova1

1Department of Plant Production, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. The impact of biostimulants treatment on basic grape quality and wine of the Kaylashki Rubin 
variety in the period 2022-2023 has been studied. The biostimulants studied are from Agrological Dynamics 
Proserpina imported three times during the growing season. The results confirm statistically proven 
differences for the positive influence of (USB 20.20 at 2.5 l/ha, Resource Intense at 2.5 l/ha and Silecko at 
0.5 l/ha) regarding the content of sugars and acid balance of grapes, higher anthocyanins and total phenolic 
content. The administration of biostimulants has contributed to overcoming the negative effects on vines 
caused by uneven rainfall and higher temperatures for the study period.
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Introduction

Biostimulants are a key innovative tool in 
modern viticulture, aiming to enhance vine growth 
and resilience while improving grape and wine 
quality (Cangussu et al.,2020). The application of 
biostimulants before and after flowering leads to 
better sugar accumulation, a more balanced acid 
profile, and an increased concentration of phenolic 
compounds in grapes (Dharmadhikari, 1994; 
Kedage et al., 2007). The main active components 
in biostimulants include humic and fulvic acids, 
amino acids, seaweed extracts, and other bioactive 
substances like chitosan and silicon that improve 
nutrient uptake, enhance root system development, 
and support the synthesis of phenolic and aromatic 
compounds (Guo et al., 2018; Reineke, 2020). 
Beyond their impact on grape yield and quality, 
biostimulants positively influence wine parameters 
such as anthocyanin content, phenolic maturity, 
and aromatic profile (Kedage et al., 2007; Mineva 

et al., 2020; Grigoryan et al., 2024). In red grape 
varieties, biostimulants contribute to a more intense 
color, improved structure, and higher antioxidant 
activity in the wine (Cangussú et al., 2020). Several 
researchers emphasized that biostimulants are 
becoming increasingly relevant in the context of 
climate change and drought, as they enhance vine 
resilience and stabilize the quality parameters of 
the resulting wine (Tagliavini and Marangoni, 2006; 
Soppelsa et al., 2012).

Agrological Dynamics Proserpina’s 
biostimulants include diverse formulas of compost, 
substances and other products applied to plants 
or soils to regulate and improve the physiological 
processes of the crops, making them more efficient. 
Biostimulants act on the physiology of the plants 
through different means than nutrients, to improve 
the crops’ vigor, the yield, the quality, the life cycle 
and conservation after the harvest (Monteiro et 
al., 2022). USB 20.20 increases the content of 
phenols. Plant phenols have a role in the protection 
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and communication in the plant during infection. 
Phytoalexins secreted by injured or otherwise 
stressed plants repel or kill many microorganisms. 
Phenols protect plants from oxidative stress. It 
improves the health status of plants. They play an 
important role in the taste and coloration of fruits 
(https://www.agrologicaldynamicsproserpina.
com). Chitosan is an anti-transpirant compound 
that has been shown to be effective in many crops 
(Malerba and Cerana, 2018). It has been used to 
protect plants against oxidative stress, to stimulate 
plant growth and to protect postharvest storage 
life of grapes without changes in nutritional, 
antioxidant and phenolic compounds (Khan et al., 
2002; Deshpande et al., 2017; Khalil and Badr, 
2021; Eshghi et al., 2022). 

Silecko is a foliar fertilizer which contents zinc 
(Zn) and silicon (Si). Silicon is a nonessential 
element that has been found to be beneficial 
for improving crop yield and quality and plant 
tolerance to various abiotic and biotic stress 
factors. The effect of a Si supply on grapevine has 
been assessed in few research (Schabl et al., 2020; 
Kara et al., 2022), which reported positive changes 
in grape quality. Silicon is often provided as foliar 
sprays that have been shown to induce positive 
plant responses in terms of improved quality, 
yield and pest and disease tolerance (Laane, 2018; 
Losada et al., 2022; Garde-Cerdán et al., 2023).

Resource Intense is a foliar fertilizer which 
contains algae and micronutrients – B, Mo. 
Biostimulants have a low content of macro- and 
micronutrients, the main function is to stimulate 
physiological processes and to support the immune 
system of the plants (Jardin, 2015; Montesinos, 
2022). In Bulgaria, the use of biostimulants is 
gaining popularity, especially in regions with 
challenging climatic conditions. Climate factors 
can influence the phenolic composition of grapes 
and the wine profile. Numerous scientific studies 
highlight increased sugar content and acid profile 
stabilization in grapes following the application of 
seaweed extracts and humic acids (Ivanova, 2018; 
Petkov, 2020), along with quality improvements 
in other crops (Mineva R., 2020; Mineva and 
Stoyanova, 2020). Red wine grape varieties have 
different phenolic reserves, which are variety-
specific but can also be influenced by climatic 

conditions, vineyard management, and cultivation 
techniques (Dimitrov et al., 2021; Yoncheva et al., 
2023; Dimitrov et al., 2023).

Material and methods

The study was carried out in 2022–2023 in 
the area of Stara Zagora, located in Central South 
Bulgaria. The experimental object was the red grape 
variety “Kaylushki Rubin.” The vines were divided 
into two groups, with 30 vines per variant (treated 
and untreated). 

The tested fertilizers are characterized with the 
following composition: 

• USB 20.20 - hydrochloride chitosan 22 g/L, 
and basic substance of zinc (Zn) EDTA 1,5% w/w 
and copper (Cu) EDTA 0,5% w/w;

• Resource Intense – 15% Ascophyllum 
nodosum (algae), boron (B) 0.3% and 0.1% 
Molybdenum (Mo)

• Silecko - Silicon total (SiO2) 2% and Zinc (Zn) 
2%.

The fertilizers are certified according to 
the European standard UNE 66500:2017 by 
SHC (SOHISCERT) with certification number 
CT210IPE-03.

The treatment was carried out in three phases 
of grape development: the growth phase (15–20 
cm of the annual shoot), before flowering, and 
after flowering, using the following product doses 
in combined application, which depends on 
intensification of the growth and recommendations 
of the agronomists in Agrological Dynamics 
Proserpina:

• 2.5 l/ha USB 20.20 average dose of three 
sprayings or 1% solution

• 2.5 l/ha Resource Intense average dose of 
three sprayings or 1% solution

• 0.5 l/ha Silecko average dose of three sprayings 
оr 0,2% solution

Grape Must Chemical Composition

After harvesting the grapes at technological 
maturity, analyses of the grapes were conducted 
and vinification was carried out for both variants. 
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The chemical indicators were determined by 
methods generally accepted in winemaking practice 
and included: determination of sugar content (g/
dm³): by hydrometry using a Dujardin hydrometer; 
determination of titratable acids (TA, g/dm³): by 
titration with 0.1 N NaOH. 

Vinification 
The studied varieties were harvested at 

technological maturity. Forty kilograms of grapes 
from each variant were processed at IVE – Pleven 
according to the classic scheme for red wine 
production: Crushing – Destemming – Sulphitation 
(50 mg/kg SO2) – Alcoholic fermentation (dry 
wine yeast Saccharomyces cerevisiae: 20 g/hl; 
temperature: 28°C) – Separation from solids – 
Additional sulphitation – Storage.

Wine Chemical Composition
Analyses were carried out according to methods 

generally accepted in oenology (Ivanov et al., 1979): 
Sugar content (g/dm³): by Schoorl’s method; 
Alcohol content (vol %): by the distillation method 
using a Gibertini apparatus with a densimeter 
(determination of the density of the non-alcoholic 
sample); Titratable acidity of the wine (TA, g/dm³): 
by titration with 0.1 N NaOH;

Anthocyanins (mg/dm³): determined by the 
method of Singleton and Rossi using pH differential 
(Ivanov et al., 1979).

Determination of the nutrient content of the soil

Soil samples were taken before the experiment at 
a depth of 0 - 30 cm. LANCROP Laboratories: МАFF 
RB427 (The analysis of agricultural materials). 
British Standard:3882. Specification for topsoil and 
requirements for use, British Standard 3882:2007( 
2007)2:

Soil reaction (рН) in Н2О: Organic matter content, 
% - Spectrophotometry, Walkley Black; Nitrogen 
(N-NH4, N-NO3) – mg/kg, Kjeldahl Distillation - 
CNS analyser  Phosphorus, ppm – Olsen (sodium 
hydrogen carbonate);

Potassium, ppm – 1M Ammonium nitrate (Flame 
emission spectrometry or ICP).

Statistical analysis
The parameters investigated were measured 

in three replicates and the average results are 
presented in the experimental results ± standard 
deviation (SD). To establish the influence of 
treatment with biostimulants on the chemical 
composition, statistical procedures were obtained 
by an ANOVA LSD test for statistical significance 
of the differences. After significant results were 
obtained by the ANOVA test, Tukey’s HSD test was 
applied to all pairwise differences between means. 
The significant differences were tested and p values 
< 0.05 were considered statistically significant. 
To establish correlation dependencies and factor 
analysis, the software package for statistical data 
processing MS Excel software - 2010 was used.

Results and discussion 

The soil type is sandy loam (Vertisol) containing 
a medium amount of humus, with neutral to 
slightly alkaline reaction, normal nitrogen and low 
phosphorus content, and high potassium content. 
The meteorological conditions during the study 
period were relatively favourable. The precipitation 
sums during the growing period were above the 
long-term average but were unevenly distributed, 
Figure 1 and 2. In viticulture, climate has a 
significant impact on the accumulation of sugars, 
the acid balance and the phenolic composition of 
grapes. Climate plays an extremely important role 
in the growth and development of plants. High 
summer temperatures, drought, late spring frosts, 
excess moisture, saline soil and many other factors 
unfavorable to plants can hinder the development of 
the vine. Under more favorable climatic conditions 
(evenly distributed precipitation, moderate 
temperatures and sufficient sunshine), vines can 
produce higher yields and quality. In the present 
study, certain differences in the quality indicators 
of grapes were observed between the two years, as 
well as between treated and untreated vines. Higher 
temperatures during the ripening period in July-
August 2023 (Figure 2) and limited precipitation in 
some periods (Figure 1) created stressful conditions 
for the vines. In untreated variants, this often leads 
to reduced photosynthetic activity and slower 
sugar accumulation. In contrast, treated variants 
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showed better adaptation and higher sugar content, 
probably due to stimulation of metabolic processes 
and improved water uptake, anti-transpirant 
compounds in products and nutrients (Cangussú 
et al., 2020; Khalil and Badr, 2021). Precipitation 
after flowering and early ripening may contribute 
to higher titratable acidity (Dharmadhikari, 1994).

Table 1. Soil characteristics

pH, (H2O) 7.5
Humus, % 2.6

N – NH4, mg 1000 g-1 0.8
N-NO3, mg 1000 g-1 78.9
Available Р2O5, ppm 7.0

Available К2O, ppm 297.0

Figure 1. Climate conditions of Stara Zagora, rainfalls 
2022-2023

Figure 2. Climate conditions of Stara Zagora - Temperature, 
°C

However, when combined with dry and 
hot periods later in the season, vines often 
experience water deficit, leading to faster malic 
acid degradation. Treated vines with USB 20.20, 
Resource Intense and Silecko had significantly 
more acids and anthocyanins. A trend towards 
higher sugar accumulation was observed in treated 
variants compared to untreated ones. In 2023 
(variant 4), the sugar content reached 214.2 g/dm³, 
which is statistically significantly (p<0.001) higher 
than in the untreated variants. Titratable acids 
increased slightly in the treated variants, especially 
in 2023 (7.5 g/dm³), which is typical for the variety 
with sugar content of 214.2 g/dm³ (Yoncheva 
et al., 2016; Ivanov et al., 2011). Malic acid was 
also positively affected, with its concentration 
in the treated vines being slightly higher, which 
contributes to a more balanced total acidity. The 
treated variants showed higher levels of glucose 
(up to 86.8 g/dm³) and fructose, approaching these 
values, which contributes to a more harmonious 
sugar profile in the grapes. The changes in the 
quality indicators of the wine are presented in 
Table 3. In wines from biostimulant-treated vines, 
there is a slight trend towards higher residual 
sugars, especially in variant 4 (2.7 g/dm³), which 
are statistically significant at the p<0.05 level. The 
treated variants during the study period showed 
higher color intensity (up to 11.5 in variant 4) and 
variations in hue – the values remained between 
0.6 and 0.8, with the treated wines having a more 
pronounced coloring potential.The highest levels 
of anthocyanins were recorded in treatment variant 
3 (290.3 mg/dm³), indicating improved extraction 
or synthesis of pigment compounds as a result of 
the application of biostimulants. In the 2023 wine 
(variant 4), the titratable acidity was 7.3 g/dm³, 
which was statistically significantly (p<0.01) higher 
than in the other variants.
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Table 2. Chemical composition of grapes, g/dm3, n=18.

VARIANT

Grapes

SUGARS GLUCOSE FRUCTOSE
T I T R A T E D 
ACID WINE ACID MALIC ACID

1 201,8±0,98 b 71,9±0.22 a 130,3±0.43 c** 6,7±0.01 a 4,0 ±0.02a 3,3±0.02 a

2 198,0±0.37 a 76,9±0.37 a 121,1±0.49 a 6,5±0.03 a 4,5±0.02 c** 3,7±0.03 c**

3 194,1±1.59 a** 73,8±1.76 a 120,2±0.73 a 7,0±0.73 b* 4,4 ±0.09b** 3,5±0.08 b*

4 214,2±0.87c*** 86,8±0.90 bc** 127,2±0.90 bc* 7,5±0.90 c** 4,4±0.05 b** 3,8±0.04 cd**

LSD p<0.05 6.9 5.5 3.9 0.4 0.2 0.2

LSD p<0.01 8.9 7.2 5.1 0.5 0.3 0.3

LSD p<0.001 11.6 9.3 6.6 0.7 0.3 0.3

1 – untreated average for 2022; 2 – untreated average for 2023; 3 – treated average variant for 2022; 4 – treated average 
for 2023. Different letters indicate statistically significant differences among variants at P<0,05.  *, **, *** Statistically 
significant differences of the variants at P < 0,05; 0.01 and .001

For all the studied wine parameters, there 
were statistically significant differences (p<0.05) 
between treated and untreated variants, especially 
regarding titratable acidity, anthocyanins, and 
color characteristics. These results support the 
hypothesis that biostimulants have a comprehensive 
effect on the metabolic processes in both vines and 
wines (Guo et al., 2018). The results from Table 1 
indicate that in the treated variants (especially in 
2023) higher levels of malic acid are maintained, 
which means a better overall acid balance 
compared to the untreated vines. This can be 
explained by the increased resistance of the plants 
to variable water regimes due to the stimulating 
effect of biostimulants on the root system (Guo et 

al., 2018). Under more adverse conditions (high 
temperatures, uneven rainfall distribution), the 
differences between treated and untreated variants 
become more pronounced. The ANOVA LSD test 
shows that treated vines manage to maintain or 
even increase sugar and acid levels, while these 
indicators are lower in the untreated ones. Climatic 
stress during the vegetative period (especially 
during temperature peaks above 35°C) often 
reduces photosynthesis and hampers the synthesis 
of secondary metabolites (including phenolic 
compounds and anthocyanins) (Montesinos, 
2022). However, in the treated variants these 
parameters remain higher, as evidenced by the 
phenols - anthocyanin data (Table 3).

Table 3. Chemical composition of wine, g/dm3, n=18.

WINE
Variant Sugars Intensity I Nuance T Anthocyanin 

mg/dm3

Titrated 
acid

Wine 
acid

Malic 
acid

Phenols

1 1,3 a 9,9 a 0,7 b* 273,2 c* 6,4 a 2,7 C*** 2,9 a 1,2 а

2 3,5 d*** 10,8 bc** 0,6 а 228,7 a 6,4 a 1,5 а 3,4 c** 1,4 b***

3 1,6 a 10,6 b* 0,8 c*** 290,3 d*** 6,6 a 2,5 b*** 3,2 b* 1,3 а

4 2,7 bc*** 11,5 d** 0,7 *b 263,4 b* 7,3 c** 1,6 а 3,6 c*** 1,5 с***

LSD p<0,05 0.7 0.6 0.1 20.4 0.4 0.4 0.3 0,1
LSD p<0,01 0.9 0.8 0.1 26.5 0.5 0.5 0.4 0.1
LSD p<0,001 1.2 1.04 0.2 34.5 0.7 0.7 0.5 0.2

1 – untreated average for 2022; 2 – untreated average for 2023; 3 – treated average variants for 2022; 4 – treated average 
for 2023. Different letters indicate statistically significant differences among variants at P < 0,05*, **, *** – Statistically 
significant differences of the variants at P < 0,05; 0,01 and 0,001, respectively
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When calculating the correlations between 
the Grape indicators and the studied treatment, it 
has been found that there is a significant positive 
dependence of Glucose, Wine and Malic acids with 

the treatment (r=0.4–0.6) and high with Titrated 
acids (r=0.9), low with Sugars (r=0,3) and negative 
significant correlation with Fructose (r=-0.3) (Table 
4). 

Table 4. Correlation (r) between Grape Indicators and factors, n=18

Grape Sugar Glucose Fructose Titrated acid Wine acid Malic acid Treatment 
sugar 1,0
Glucose 0,8 1,0
fructose 0,5 0,0 1,0
Titrated acid 0,7 0,8 0,1 1,0
Wine acid 0,1 0,5 -0,8 0,2 1,0
Malic acid 0,5 0,9 -0,4 0,6 0,8 1,0
Treatment 0,3 0,6 -0,3 0,9 0,4 0,5 1,0

Correlations between Wine indicators and 
the studied treatment have significant positive 
dependence on Intensity, Phenols and Malic acids 
(r=0,4-0,6), high with Titrated acids and Nuance 
and Anthocyanins, and low negative with Sugars 

(r=-0.2), Table 5. Actually, high interaction is also 
observed between the studied indicators in wine 
and grapes. The intensity of the color of the wine, 
anthocyanins and wine acid are strongly negatively 
correlated with the sugar content (r=- 0.7 to -0.9).

Table 5. Correlation (r) between Wine Indicators and factors, n=18

Wine Sugar Intensity I Nuance Т
Anthocyanin 

mg/dm3

Fenols 
g/dm3

Titrated 
acid

Wine 
acid

Malic 
acid

Treating 

Sugar 1,0
Intensity I 0,5 1,0
Nuance Т -0,7 0,0 1,0
Anthocyanin mg/
dm3 -0,9 -0,1 0,9 1,0

Fenols g/dm3 0,8 0,9 -0,3 -0,5 1,0
Titrated acid 0,1 0,8 0,4 0,3 0,7 1,0
Wine acid -0,9 -0,7 0,6 0,7 -0,9 -0,4 1,0
Malic acid 0,6 0,9 -0,1 -0,2 0,9 0,8 -0,8 1,0
Treating -0,2 0,6 0,7 0,7 0,4 0,8 0,0 0,6 1,0

The dispersion analysis shows that the 
strongest, very well-proven (P<0.001) influence 
on Grape and Wine indicators was exerted by 
the Treatment factor up to 98,4% (Table 6). The 
influence of the treatment on indicators is very 
well-proven (Р<0.001). The interaction between 
the factors – treatment* year is the second most 
important factor affecting indicators of the grape 

and wine, with well-proven significance (p<0.001). 
The influence of the treatment on the sugars in 
the wine was higher (63%) than the sugars in the 
grapes (28.9%), but with significance at p<0.001. 
The climatic year has the most significant impact 
on titratable acids with 71.4 % with significance at 
p<0.001 and the least on the sugar content of 2.2 
% - 7.8% with a low level of significance at p<0.05. 



59

Table 6. Influence of factors on yields, average for the period 2021-2023, %

Factors

Grapes - indicators Wine - indicators

Sugar

G
lucose

Fructose

Titrated acid

W
ine acid

M
alic acid

Sugar

Intensity

N
uance

Anthocyani

Fenols

W
ine acid

M
alic acid

Year 7,8*** 25,7*** 3,1*** 71,4*** 13,8*** 18,7*** 2,2*** 33,3*** 36,2*** 33,1*** 17,0*** 0,1 30,1***

Treatment 28,9*** 59,9*** 3,1*** 6,1*** 38,2*** 74,9*** 86,0*** 54,6*** 39,4*** 63.0*** 81,7*** 98,4*** 63,4***

Year*

Treatment
61,3*** 12,2*** 91,8*** 19,6*** 43,1*** 2,0* 11,7*** 0,1 10,3* 3,8*** 0,1 1,18*** 1,5

Other 1,9 2,3 2,1 3,0 5,1 4,3 0,1 12,1 14,2 0,16 1,4 0,4 5,0

 *, **, *** - Statistical significance at P<0.05; 0.01; 0.001.

The data confirm that under drier and hotter 
conditions the effect of biostimulants is even more 
pronounced, as they mitigate the negative impact 
of water deficit and high temperatures on the 
vines. During wetter and moderately warm years 
(or periods), the differences between treated and 
untreated variants may be smaller but nevertheless 
remain significant in favour of the treated plants. In 
summary, climatic factors significantly influence the 
differences in grape parameters (and consequently 
in wine) between biostimulant treated and untreated 
variants. Under adverse conditions, treated grapes 
show higher sugar values, a better acid balance, 
and a higher phenolic compound content, which 
underscores the effectiveness of biostimulants as 
a tool for improving production quality and stability 
under changing climate conditions. The moderate 
amount of rainfall in the spring of 2022 and the 
not excessively high temperatures at the end of 
the summer favor better phenolic maturity in both 
variants, although the effect was stronger in the 
treated ones – with higher anthocyanins values and 
a more saturated colour.

Conclusion 

Under more adverse climatic conditions (drier 
and hotter months, uneven rainfall) in 2022, treated 
vines demonstrated a smaller loss of acids and a 
higher sugar content compared to untreated ones.

The application of biostimulants (USB 20.20, 
Resource Intense and Silecko) on the “Kaylushki 
Rubin” variety leads to an increased sugar content 

and a more balanced acid profile in the grapes, 
especially in 2023.

Wines from the treated variants are characterized 
by higher color intensity and higher anthocyanin 
content, which contributes to better quality and a 
more intensive ruby color.

The climatic conditions during the study 
period (2022–2023) significantly influenced 
some parameters, with uneven rainfall and higher 
temperatures causing biostimulants to reduce the 
negative effects of stress on the vines.

Statistically significant (p<0.05, 0.01 and 0.001) 
relationships were found between biostimulant 
application and changes in titratable acidity, malic 
acid, and anthocyanins in wine.

The obtained results confirm the effectiveness of 
biostimulants for achieving higher quality in grapes 
and wine, as well as the prospect for their wider 
application in Bulgarian viticulture under climatic 
stress conditions.

Phenolic compounds (anthocyanins, total 
polyphenols) have higher values in treated variants, 
especially in years with extreme temperatures 
(2022), as biostimulants help reduce damage from 
abiotic stress.
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