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ABSTRACT

The aim of this study was to evaluate the effects of different organic biostimulants on the morphological traits and quality
parameters of radish under controlled growing conditions. The experiment was conducted with three replications and five
treatments: Levoamin, Algafert, yeast, humic acids, and a control. The results showed that the application of biostimulants
significantly affected all analysed morphological traits compared to the control. The highest values for plant height, total plant
mass, and root dimensions were recorded in treatments with Levoamin and yeast. The application of biostimulants increased
vitamin C content, total phenolic compounds, total antioxidant capacity, and total chlorophyll content. The most pronounced
effect occurred with the yeast treatment, which recorded the highest values of total phenols and antioxidant capacity. The results
indicate that applying organic biostimulants, particularly yeast, can significantly improve the growth and nutritional quality of
radish.
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M3BOJ

[I1/b OBOT MCTpaXKHMBama je 6HO Ja Cce UCIUTA YTHLA] PA3JHMYUTUX OPraHCKUX GMOCTUMYyJsIaTopa Ha MOpQOJIoliKe 0CO6MHE U
napaMeTpe KBaJUTeTa POTKBHUIE Y KOHTPOJIMCAHUM yCJIOBHMa rajerwa. Oryie/; je IocTaB/beH y TPY MOHABJbakba €A MEeT TpeTMaHa:
JleBoamMuH, AsradepT, KBacall, XyMHUHCKe KHCeJMHe M KOHTpoJia. JloGWjeHM pe3yJaTaTH MoKasalu Cy Ja je HpHMeHa
GHMOCTHMYJIaTOpa 3HA4YajHO yTHIIA/IAa HAa CBe aHa/IM3UpaHe MOp(OJIOIIKe 0COOHMHE ¥ OAHOCY Ha KOHTpoJty. Hajsehe BpesHOCTH 32
BHUCHHY OWJbKE, YKYITHy Macy OMJbKe U JMMEeH3Hjy KopeHa 3abeJieXxxeHe Cy KoJ, TpeTMaHa ca JleBoaMHHOM U KBacleM. [I[puMeHa
6uocTHUMysIaTopa AoBeJa je fo noBeharmwa caapkaja BUTaMuHa L, yKynHUX ¢peHoIIa, YKyTHOT aHTHOKCH/JATUBHOT KalalUTeTa U
YKYIHOT cajpxaja xaopodusa. Hajuspakenuju edekar yTBpheH je KoA TpeTMaHa ca KBacleM, rZe cy 3abesexxeHe Hajpehe
BPEAHOCTH YKYHNHMX (eHosJa M aHTHMOKCHJATHUBHOr KamanureTa. /loOMjeHM pe3y/TaTH yKa3dyjy Aa NpUMeHa OPraHCKHUX

6I/IOCTI/IMyJ'[aT0pa, a noce6HO KBacla, Moxe 3Haqaj1—10 yHanpesjuTHu paCcT U HYTPUTUBHU KBaJIUTET POTKBHULE.

K/by4He peun: poTKBHIa, 6GUOCTUMYIATOPH, MOPOJIOIIKE OCO6GMHE, HYTPUTUBHU KBAaJIUTET

1. Introduction

Radish is a root vegetable that is cultivated
worldwide and valued in human nutrition. It belongs to
the family Brassicaceae (2n = 18). It is most commonly
consumed fresh, mainly as an ingredient in various
salads. Radish can be successfully grown both in
protected cultivation and in open field conditions.
Producers value it for its short growing period and
rapid readiness for consumption after sowing. Radish is
a good source of vitamin C, carbohydrates, dietary
fibre, and minerals such as calcium, potassium, and
phosphorus. Radish seeds are rich in oils (Verma et al,,
2017; Yousaf et al,, 2021). The characteristic pungent
taste is due to isothiocyanates.
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Organic farming is a cultivation system that
excludes synthetic inputs such as fertilisers, fungicides,
pesticides, and plant growth regulators (Lampkin,
2002), and it is based on preserving and improving
agroecosystems, biodiversity, and soil biological
activity (Lori et al.,, 2017). In organic production, where
synthetic inputs are restricted, alternative products are
important for enhancing plant growth and
development. Biostimulants are a significant group of
compounds which, although not direct sources of
nutrients, can positively influence physiological and
biochemical processes in plants. Their use improves
nutrient use efficiency, increases tolerance to stress
conditions, and enhances overall plant metabolism.
Biostimulants can also affect the accumulation of
secondary metabolites, such as phenolic compounds,
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vitamin C, and antioxidant capacity, thereby directly
improving the nutritional quality of vegetable crops.
Thus, their use is an important approach in sustainable
agricultural production.

As the growth and yield of radish largely depend
on nutrient availability, this study aimed to evaluate
the effect of various organic biostimulants on the
morphological and phytochemical traits of radish
(Raphanus sativus L. var. radicula).

2. Materials and methods
2.1. Plant material and experimental design

The experiment was conducted during the spring
growing season in 2025, from 24 April to 4 June. The
trial took place in a greenhouse at the Setonje locality,
Petrovac na Mlavi. Containers with 32 cells filled with
organic vermicompost were used for the experiment.
One seed of radish cv. ‘Saxa’, produced at the Institute
for Vegetable Crops, Smederevska Palanka, was sown
in each cell. The experiment followed a randomised
block design with three replications, each containing 10
plants. The study included four treatments and a
control. Four different organic biostimulants were
applied in the treatments.

The following biostimulants were used:

Levoamin - a liquid biostimulant derived from
microalgae strains rich in L-amino acids. It contains
4.18% glutamic acid and 4.40% glycine. The treatment
was applied at a concentration of 5 mL L™* water.

Aminohumic - a liquid biostimulant composed of
humic acids, fulvic acids, and amino acids. Its chemical
composition includes humus extract (16%), humic
acids (9%), fulvic acids (7%), potassium (6%), and free
amino acids (5%). The treatment was applied at a
concentration of 5 mL L™* water.

Algafert is a liquid biostimulant based on seaweed
extracts and amino acids. Its chemical composition
includes total N (1.5%), organic N (1.4%), free amino
acids (6%), and water-soluble potassium (K,0) (3.4%).
The treatment was applied at a concentration of 5 mL
L™ of water.

Yeast (Saccharomyces cerevisiae) is the most
commonly used yeast species (brewer’s yeast). It
contains essential amino acids, B-complex vitamins,
calcium, and magnesium. The yeast treatment was
prepared by mixing 4 g of yeast with 4 g of sugarin 1L
of water, 24 hours prior to application at room

temperature. A fresh yeast solution was prepared
before each treatment.

Control, no biostimulants were applied.

Radish plants were cultivated according to organic
production principles under protected conditions in a
greenhouse. The first treatment was applied seven days
after emergence. Four treatments and a control were
performed during the growing period at seven-day
intervals. All treatments were applied as foliar sprays.

2.2. Morphological analyses

At technological maturity, radishes were harvested
and the following parameters were measured: total
plant height, total plant biomass, number of leaves per
plant, leaf length, leaf width, leaf area, root length, root
diameter, and root mass without leaves.

2.3. Biochemical analyses

In the laboratory of the Faculty of Agronomy, the
content of vitamin C, total phenolic compounds, and
total antioxidant capacity was determined.

The total vitamin C content in the edible radish
root was determined using Tillman's titration method.
The total phenolic content in radish roots was
measured using the Folin-Ciocalteu method (Singleton
et al,, 1999). Total antioxidant capacity was evaluated
using the DPPH method and determined
spectrophotometrically (Xu et al, 2010). Total
chlorophyll content in radish leaves was determined
spectrophotometrically after extraction with 80%
acetone according to the modified Holm (1954)
method.

2.4. Statistical analysis

The data were processed using Microsoft Excel
spreadsheet software, applying the least significant
difference (LSD) test to compare the mean values of the
samples. The results are presented in tabular form.

3. Results and discussion

In this experiment, it was found that the
application of biostimulants, compared to the control,
had a statistically significant effect on all analysed
morphological traits of radish (Table 1).

Table 1.
Influence of different biostimulants on morphological traits of radish

. Pl.ant Total Number Leaf area Root length . Root Root
Treatments/Traits height plant of leaves (cm?) (cm) diameter mass (g)

(cm) mass (g) /per plant (cm) &

Levoamin 10.1a 7.65a 6.70bc 34.3a 2.29a 2.09a 4.90a
Algafert 10.2a 6.40b 6.90ab 30.4a 2.16ab 1.81bc 3.45bc
Yeast 9.9ab 7.40a 7.25a 35.6a 2.18ab 2.05ab 4.50ab
Aminohumic 9.1b 5.55¢ 6.90ab 31.1a 1.98bc 1.71cd 3.10cd
Control 7.3c 4.85d 6.40c 23.7b 1.76¢ 1.54d 2.20d

Values are presented as means. Different lowercase letters within a column indicate statistically significant differences according to
the LSD test (p < 0.01).

The highest plant heights were recorded in
treatments with Levoamin (10.1 cm) and Algafert (10.2

cm), and these values were significantly higher than
those of the control. For total plant mass, the highest
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values were observed in treatments with Levoamin
(7.65 g) and yeast (7.40 g), with no statistically
significant differences between these two treatments,
but both were significantly higher than the control. The
yeast treatment resulted in the highest number of
leaves per plant (7.25), while the other treatments also
increased this parameter compared to the control. For
leaf area, all applied biostimulants increased this
parameter, with less pronounced differences among
treatments, although all treatments showed
significantly higher values than the control (Table 1).

The analysis of root parameters indicated that the
greatest effect was achieved with Levoamin, which
produced the highest values for root length (2.29 cm),
root diameter (2.09 cm), and root mass (4.90 g). The
yeast treatment also showed high effectiveness for
these parameters, with no significant differences
compared to Levoamin for certain traits (Table 1).

Previous studies indicate that the use of
biostimulants, particularly seaweed extracts, enhances
vegetative growth and improves morphological traits in
vegetable crops (Dalia et al,, 2014). Lucena et al. (2023)
found that amino acid-based biostimulants and yeast
significantly increase radish plant height compared to
the control, which aligns with the results of the present
study. Pavlovi¢ et al. (2025) reported similar findings,
observing the greatest plant height in onion with yeast
application. This effect is attributed to the presence of
cytokinins, amino acids, and B-complex vitamins in
yeast, which stimulate cell division and elongation.

The significant impact of biostimulants on total
plant mass has also been confirmed by other authors
(El-Abagy et al,, 2014; Waniese et al, 2023; Lucena et
al,, 2023). The increase in biomass can be attributed to
improved nutrient uptake and more intensive

Table 1.

physiological processes in plants. The positive effect of
biostimulants on leaf area has also been reported by
Dalia et al. (2014), Lucena et al. (2023), and Pefia-
Calzada et al. (2025), which is consistent with the
results of this study.

An increase in leaf area contributes to enhanced
photosynthetic activity, which positively affects overall
plant growth and development. Regarding the
parameters of the edible root, numerous studies have
reported a positive effect of biostimulants on root
length, diameter, and mass (Raza et al,, 2022; Lucena et
al,, 2023; Pefia-Calzada et al., 2025). These effects can
be explained by improved nutrient absorption,
increased photosynthetic activity, and stimulated
synthesis of plant hormones, leading to enhanced cell
division and accumulation of reserve compounds in the
swollen radish root.

The application of biostimulants significantly
affected the quality parameters of radish, including
vitamin C content, total phenolic compounds, and
antioxidant capacity (Table 2). Vitamin C content
increased in all treatments compared to the control,
with the highest value observed in the yeast treatment
(17.1 mg/100 g). However, no statistically significant
differences were observed among the applied
treatments. The other treatments also showed slightly
higher values than the control, although the differences
were less marked. The highest total phenolic
compound values were found in the yeast treatment
(695 mg GAE/100 g), significantly exceeding all other
treatments and the control. Elevated levels of phenolic
compounds were also noted in the humic treatment
(581 mg GAE/100 g) and Levoamin (545 mg GAE/100
g), while the lowest values were recorded in the control
(415 mg GAE/100 g).

Influence of different biostimulants on morphological traits of radish

Total vitamin C Total phenols Total antioxidant Total chlorophyll
Treatments/Traits content content capacity content

(mg/100 gFW)  (mgGAE/100 gFW) (ug AA/ g FW) (ug AA/ g FW)
Levoamin 10.1a 7.65a 6.70bc 34.3a
Algafert 10.2a 6.40b 6.90ab 30.4a
Yeast 9.9ab 7.40a 7.25a 35.6a
Aminohumic 9.1b 5.55¢ 6.90ab 31.1a
Control 7.3c 4.85d 6.40c 23.7b

Values are presented as means. Different lowercase letters within a column indicate statistically significant differences according to

the LSD test (p < 0.01).

A similar trend was observed for antioxidant
capacity, with the highest value recorded in the yeast
treatment (153 pg AA/g FW), while the other
treatments showed a moderate increase compared to
the control. The results of this experiment indicate that
the application of biostimulants, particularly yeast,
increases the content of bioactive compounds and
antioxidant capacity in radish. These results are
consistent with numerous studies in this field, which
report that biostimulants can significantly increase the
content of phenolic compounds in both aboveground
and belowground plant organs, as well as the content of
ascorbic acid (Raza et al., 2024). Similarly, Toscano et
al. (2023) reported that the application of
biostimulants increases total phenols and antioxidant
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activity (DPPH) in radish, which agrees with the results
of the present study. A positive correlation between
total phenolic content and antioxidant capacity has also
been reported (Bors et al,, 2015). Furthermore, it has
been shown that biostimulants can increase ascorbic
acid content by enhancing metabolic processes and
antioxidant mechanisms in plants (Raza et al., 2024).
However, some studies indicate that the effect of
biostimulants on vitamin C content is less pronounced
compared to phenolic compounds, which is also
consistent with the findings of this study (Toscano et
al.,, 2023).

The increase in total antioxidant capacity observed
in biostimulant treatments is due to enhanced
synthesis of phenolic compounds and other
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antioxidants. Biostimulants positively affect
physiological and biochemical processes in plants,
including the synthesis of secondary metabolites and
activation of the antioxidant system, which leads to an
overall improvement in the nutritional quality of the
product (Toscano et al,, 2023).

Based on the results obtained, it can be concluded
that biostimulants, particularly yeast, have significant
potential to improve the nutritional quality of radish,
mainly by increasing the content of phenolic
compounds and antioxidant capacity.

The application of biostimulants had a statistically
significant effect on total chlorophyll content in radish
leaves (Table 2). The highest total chlorophyll content
was recorded in the Levoamin treatment (20.9),
followed by the yeast treatment (16.8), while the
lowest value was observed in the control (10.8). All
biostimulant treatments significantly increased total
chlorophyll content compared to the control. The
higher total chlorophyll content in biostimulant
treatments may be linked to enhanced photosynthetic
activity and improved nutrient uptake by plants, which
directly contributes to better morphological parameter
values. The positive effect of biostimulants on
chlorophyll content has also been confirmed by other
researchers. Raza et al. (2022) and Lucena et al. (2023)
reported that the application of biostimulants in radish
increases  chlorophyll content and enhances
photosynthetic activity, which is consistent with the
results obtained in the present study.

Conclusion

Based on the obtained results, it can be concluded
that the application of organic biostimulants has a
significant effect on the morphological traits and
quality parameters of radish. All tested treatments
improved plant growth and development compared to
the control, with the most pronounced effects observed
in the treatments with Levoamin and yeast. Levoamin
treatment had the greatest effect on morphological
parameters and total chlorophyll content, especially
root mass and dimensions, while yeast application led
to the highest increase in total phenolic content and
antioxidant capacity. The increase in vitamin C content
was less pronounced; however, all treated variants
showed higher values than the control.

The results indicate that applying organic
biostimulants, particularly yeast, is an effective method
for improving the nutritional quality of radish, which is
especially important in sustainable and organic
production systems.
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