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Abstract
The foliar application of yeast (Saccharomyces cerevisiae) suspensions is a widely used small-scale horticultural practice 
against stress impacts and to boost vegetative and nutritional characteristics. In this study, the impact of two strains of S. 
cerevisiae was investigated on tomato (Solanum lycopersicum L.) and rocket (Eruca sativa L.) plants in terms of vegetative 
growth and nutritional content, focusing on antioxidant properties (FRAP, DPPH, TPC, lycopene) and chlorophyll content. 
The treatments were applied in two dilutions (0.1 and 1% v/v) and two frequencies (once and three times). When the type 
strain solutions were applied, DPPH values of both tomato and rocket samples were elevated up to 7.18 and 17.98 i%, 
respectively, compared to control values of 6.26 and 14.11 i%, respectively. While the other investigated antioxidant traits 
(FRAP, TPC, lycopene) were identical or slightly lower, than the control values, total chlorophyll content was significantly 
increased for tomato, up to 61.18 g/100 g, from the control value of 53.46 g/100 g, and for rocket, reaching 43.14 g/100 g, 
from the control value of 39.13 g/100 g, after using instant yeast solutions. Among the combinations, the double-sprayed 
1% suspension and the single-sprayed 0.1% suspension had the most favorable impact on the investigated nutritional traits. 
Species-level application technology details are still open for refinements.

Keywords  Antioxidants · Chlorophyll · Foliar spraying technology · Biostimulants · Yeast

Introduction

The vegetative development and yield of cultivated plants 
can be enhanced by the application of biostimulators (Ham-
mad 2008; Parađiković et al. 2011). Yeast (S. cerevisiae) 
strains can be used as natural biostimulants, containing 

Handling Editor: Jose M. Miguel.

 *	 László Csambalik 
	 csambalik.laszlo.orban@uni-mate.hu

	 Andrea Tóbiás 
	 tobias.andrea@uni-mate.hu

	 Márta Ladányi 
	 ladanyi.marta@uni-mate.hu

	 Dániel Koren 
	 danikoren3@gmail.com

1	 National Collection of Agricultural and Industrial 
Microorganisms, Institute of Food Science and Technology, 
Hungarian University of Agriculture and Life Sciences, 
Somlói út 14‑16, Budapest 1118, Hungary

2	 Department of Applied Statistics, Institute of Mathematics 
and Basic Science, Hungarian University of Agriculture 

and Life Sciences, Villányi út 29‑43., Budapest 1118, 
Hungary

3	 Department of Bioengineering and Alcoholic Drink 
Technology, Institute of Food Science and Technology, 
Hungarian University of Agriculture and Life Sciences, 
Ménesi út 45, Budapest 1118, Hungary

4	 Department of Agroecology and Organic Farming, 
Institute of Rural Development and Sustainable Production, 
Hungarian University of Agricultural and Life Sciences, 
Villányi út 29‑43., Budapest 1118, Hungary

http://orcid.org/0000-0003-4418-3104
http://orcid.org/0000-0003-3114-8289
http://orcid.org/0000-0002-3663-5636
http://orcid.org/0000-0001-5994-1428
http://crossmark.crossref.org/dialog/?doi=10.1007/s00344-024-11252-8&domain=pdf


2166	 Journal of Plant Growth Regulation (2024) 43:2165–2178

different phytohormones (thiamine, riboflavin, piridoxin, 
niacin, vitamin B, cytokinins), along with proteins, carbo-
hydrates, nucleic acids, lipids, and various nutrients (Kow-
alska et al. 2022). Until now, over 23 genera of yeasts were 
identified as supportive for plant development, referred to as 
plant growth-promoting yeasts (PGPY) (Nimsi et al. 2023). 
The most common application of S. cerevisiae suspensions, 
especially in open field experiments, is foliar spraying. The 
positive impact of yeast on vegetative growth is confirmed 
in the case of several crops, such as Solanaceae species: 
potato, pepper, and tomato (Alali et al. 2017; El-Desouky 
et al. 2011; Mohamed et al. 2021; Sarhan and Abdullah 
2010) and leafy vegetables, such as spinach (Al-Mharib 
et al. 2022) or head lettuce (Abd El Galil et al. 2021). By 
inducing vegetative development, the assimilating surface of 
plants is increased, which, in turn, can have a positive impact 
on the synthesis of assimilates. Yeast suspensions with a 
natural origin fit well into the production systems of certi-
fied organic farming and environmental-friendly approaches 
(Zlotek and Swieca 2016).

Tomato (Solanum lycopersicum L.) is among the world’s 
most important vegetables, with a yearly production of 
almost 190 million tons on 5.1 million hectares (FAOSTAT 
2021). Although tomatoes do not contain high amounts 
of vitamins, minerals, and antioxidants, their frequent 
all-year consumption makes them an essential source of 
these compounds (Ali et al. 2021). Tomatoes are the main 
source of lycopene, a phytochemical with outstanding anti-
oxidant power (Chaudhary et al. 2018; Pennathur et al. 
2010). Lycopene can contribute to the reduction of certain 
types of cancer and cardiovascular diseases (Bianchi et al. 
2023; Blekkenhorst et al. 2017; Canene-Adams et al. 2005; 
Giovannucci 1999; Hedayati et al. 2019; Kun et al. 2006; 
Mozos et al. 2018), and improves cell-to-cell communication 
(Ozkan et al. 2023).

Rocket (Eruca sativa L.) from the Brassicaceae family 
is primarily cultivated for its spicy, bitter taste as a leafy 
green. This vegetable is rich in glucosinates, sulphureous 
secondary plant metabolites, and flavonols, which are collec-
tively associated with a reduced risk of certain cancer types 
(Royston and Tollefsbol 2015) and cardiovascular diseases 
(Blekkenhorst et al. 2017; Podsędek 2007).

Several studies investigated the effect of foliar-applied 
yeast suspensions on the nutritional content of various plant 
species (Csambalik and Tóbiás 2018). The high number of 
studies and the diverse experimental designs highlight dif-
ferences in the extent of the impact among crop species 
(Zlotek and Swieca 2016). Therefore, at least a species-level 
approach is needed in this area.

Fawzy (2010) measured changes in ascorbic acid levels 
after yeast treatments and found a significant rise; however, 
Zlotek and Swieca (2016) did not observe any significant 
difference in the case of lettuce. A positive impact was 

observed on tomatoes and sweet peppers as well (Abou El-
Yazied and Mady 2011; Ghoname et al. 2010).

The application of biostimulants based on plant and yeast 
extracts improved the heat stress tolerance of four tomato 
landraces grown under Mediterranean conditions (Rouphael 
and Colla 2020). Abiotic stresses can cause a substantial 
decline in fruit quality due to negative impacts on plant 
growth, physiology, and reproduction However, accord-
ing to Francesca et al. (2020), the use of yeast extracts can 
ensure good crop yield and quality in tomato plants grown 
at elevated temperatures (up to 42 ℃). Physiological and 
biochemical studies on drought tolerance of wheat plants 
through the application of amino acids and yeast extract are 
also validate these findings (Hammad and Ali 2014).

Regarding phenolics, several authors detected a signifi-
cant rise in red sage (Yan et al. 2006), sugar beet (Neseim 
et al. 2014), quinoa (Abdallah et al. 2016), broccoli (Gawlik-
Dziki et al. 2013), pea (Hammad 2008), and onion (Abd-
Elbaky et al. 2021). The phenolic profile of broccoli sprouts 
was investigated by Gawlik-Dziki et al. (2013) after yeast 
treatments: the amount of p-coumaric and syringic acid 
increased, while chlorogenic and p-hydroxybenzoic acid 
decreased. While no significant impact of yeast treatment 
effect was detected by Zlotek and Swieca (2016) and by 
Abdallah et al. (2016) on the flavonoid content of lettuce 
and quinoa, respectively, a significantly increased content of 
catechin, quercetin, and kaempferol in broccoli sprouts was 
proved by in vitro yeast treatment trials (Gawlik-Dziki et al. 
2013). The same study found increased antiradical activity 
as well.

This is in agreement with the findings of Zlotek and 
Swieca (2016); they reported a significant increase of DPPH 
and ABTS in lettuce plants. However, no significant DPPH 
increase was detected in quinoa and in milk thistle plants 
(Abdallah et al. 2016; Saad-Allah et al. 2017).

The chlorophyll a and b contents of arable, vegetable, 
medicinal, and ornamental plants show a general increase 
after foliar yeast treatments (Abd-Elbaky et al. 2021; Csam-
balik and Tóbiás 2018). Contrarily, no significant differences 
were found by Neseim et al. (2014) and by Agamy et al. 
(2013) in sugar beet, and by Zlotek and Swieca (2016) on 
chlorophyll parameters of butter lettuce.

Although several publications investigated the effect of 
yeast suspensions on several traits of plant species, differ-
ences in experimental designs hinder the comparison of the 
results in terms of treatment details. The combined impact 
of spraying frequency, concentration, and material still lacks 
in-depth comparative experiments. Therefore, the objective 
of the present study is to conduct a comparative experiment 
on yeast foliar spraying using both leafy and fruiting vegeta-
ble species. The study involves two different concentrations 
and spraying frequencies. Additionally, commonly used 
instant yeast is compared with the type strain in terms of 
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investigated nutritional traits. The hypothesis of the study 
is that the applied foliar treatments can contribute to the 
elevation of antioxidant and chlorophyll properties in the 
examined plant varieties.

Materials and Methods

Experimental Design

Two open field experiments were conducted at the Experi-
mental Station of the Hungarian University of Agricultural 
and Life Sciences in 2017, situated on the certified organic 
lands of Organic Farming Unit, Experimental and Educa-
tional Site of Soroksár (47°23ʹN 19°08ʹE, 115 m above sea 
level). The plant materials used were tomato (Solanum lyco-
persicum L.), ‘Mobil’ variety with an indeterminate growing 
type, and rocket (Eruca sativa L.), a national variety. The 
management practices adhered to organic regulation and 
practices.

Tomato seeds were sown into seedling trays filled with 
a peat, sand, and compost mixture on 22 March 2017. The 
seedlings were then grown in an unheated plastic tunnel and 
transplanted at the four true-leaf stage into the open field on 
2 May 2017, with a plant and row spacing of 45 × 60 cm. 
Each row contained five plants, and treatments were applied 
in four repetitions, with each treatment represented by a total 
of 20 plants. The 36 plots were arranged in a randomized 
complete block design (RCBD). The soil was covered with 
wowen plastic fabric, and drip irrigation was installed under-
neath. The first treatment was applied three weeks after 
transplanting (25 May) and was repeated twice at three-week 
intervals (19 June, 10 July).

Rocket seeds were directly sown in the field on 4 Sep-
tember 2017, with a row and plant distance of 10 × 10 cm. 
The area was left uncovered, and no irrigation was provided. 
Each plot contained fifteen plants in a row. Treatments were 
applied in four repetitions, with each treatment represented 
by a total of 60 plants. The 36 plots were arranged in a 

randomized complete block design (RCBD). Treatments 
were adjusted to the lifespan of rocket: the first treatments 
were applied two weeks after sowing (18 September) and 
were repeated twice at ten-day intervals.

Treatments

Yeast suspensions were prepared following the method 
outlined by Gawlik-Dziki et al. (2013) at the laboratory of 
National Collection of Agricultural and Industrial Micro-
organisms, Hungarian University of Life Sciences (MATE 
NCAIM). Distilled water served as the control for the treat-
ments. For the preparation of suspensions, commercially 
available instant yeast (IY) and S. cerevisiae NCAIM 
Y.00801 strains (NCAIM) were employed. Suspensions 
were prepared in two concentrations (0.1, 1% v/v). Foliar 
treatments were administered using handheld sprayers, 
with approximately 2 ml of suspensions distributed on each 
tomato plant. Physical separation was employed for the time 
of the treatment to avoid suspension drift. In the case of 
rocket plants, one row (15 plants) was sprayed with approxi-
mately 2 ml of suspension doses, equally distributed among 
individual plants. Rocket rows were physically separated 
during the time of treatments. Detailed parameters of the 
treatments are provided in Table 1.

Sample Preparation

Approximately, 1.5 kg of fully ripened tomato fruits was 
harvested from every plot on 18 September. The fruits were 
at the full biological ripened stage (S6) (USDA 1991) and 
showed no visible symptoms of infestation or disorder. After 
removing the pedicels, the fruits were washed in distilled 
water, and homogenization was performed using a labora-
tory homogenizer. The homogenates were then frozen until 
instrumental measurements.

For rocket plants, 10 complete specimens were col-
lected from every plot on 8 November. Leaves were care-
fully detached from the stems, washed, and subsequently 

Table 1   Concentration, 
material, and application 
frequency of investigated 
treatments on tomato and rocket 
plants

Treatment code Concentration % (v/v) Material Number of 
application

C – Distilled water 3
0.1IY 0.1 Instant yeast 1
0.1IY3 0.1 Instant yeast 3
1IY 1 Instant yeast 1
1IY3 1 Instant yeast 3
0.1NCAIM 0.1 S. cerevisiae NCAIM Y.00801 1
0.1NCAIM3 0.1 S. cerevisiae NCAIM Y.00801 3
1NCAIM 1 S. cerevisiae NCAIM Y.00801 1
1NCAIM3 1 S. cerevisiae NCAIM Y.00801 3
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homogenized using a laboratory homogenizer. The resulting 
samples were then frozen before instrumental measurements.

Instrumental Measurements

The instrumental measurements were conducted in triplicate 
by the Department of Bioengineering and Alcoholic Drink 
Technology, Institute of Food Science and Technology, 
Hungarian University of Agriculture and Life Sciences. For 
antioxidant analyses (FRAP, TPC, DPPH), the supernatant 
of homogenates was used, collected after centrifugation at 
2000×g. The FRAP assay followed the method of Benzie 
and Strain (1996) was used. Samples were spectrophoto-
metrically measured at 593 nm, and values were expressed 
in ascorbic acid equivalent (mg AA/l) according to (Huang 
et al. 2005). The DPPH-free radical method was conducted 
as per Molyneux (2003). A 100 µl of supernatant obtained 
by centrifugal separation was added to 3.9 ml of 6 × 10−5 M 
DPPH solution and kept in dark for 20 min; the absorb-
ance was recorded at 517 nm. Values were expressed in 
inhibition % (i%). Total phenolic content (TPC) was meas-
ured using Folin–Ciocalteu’s reagent (Singleton and Rossi 
1965). Absorbance was determined spectrophotometrically 
at 760 nm. Results were expressed in gallic acid equivalent 
in kg GA/l.

Lycopene content was determined spectrophotometri-
cally according to Fish et al. (2002), and was expressed 
in mg/100 g. For the preparation of chemicals, 12.5 g of 
Butylated hydroxytoluene (BHT) was dissolved in 250 cm3 
acetone. 250 cm3 of EtOH and 250 cm3 of BHT-containing 
acetone were measured into a 1000 cm3 cylinder, then filled 
to the mark with petroleum ether (boiling range: 30–50 ℃) 
and mixed thoroughly. For the measurement, 0.20–0.60 g 
of the homogeneous samples were measured into 50 cm3 
Erlenmeyer flasks. The exact weight was documented. After 
that, 20 cm3 solution was added to it with a dispenser. The 
flasks were immediately closed with aluminum foil to pre-
vent evaporation, then put in a shaker, and shook for 20 min 
(100 rpm). After 20 min, 3 cm3 distilled water was added 
then shook for further 5 min. The acetone and water sepa-
rated from the petroleum ether. The samples were poured 
into test tubes that were covered with aluminum foil to pre-
vent evaporation and were left to stand for 5 min until the 
phases separated. The upper, golden phase was sucked into 
a glass cuvette with a Pasteur pipette, then the absorbance 
was measured at λ = 503 nm against a petroleum ether blank.

Calculation was done with the following formula:

where A indicates the absorbance value.

Lycopene content (mg∕100g)
= A × 31.2∕measured amount in grams∕10,

Chlorophyll content was determined spectrophotometri-
cally according to the methodology of Lichtenthaler and 
Buschmann (2001) and expressed in mg/100 g.

Statistical Analysis

The effects of the materials [M, such as IY: instant yeast, 
NCAIM: NCAIM Y.00801 type strain, C: control (distilled 
water)], the Saccharomyces cerevisiae suspension con-
centration (SCC: 0.1; 1 v/v), and the number of applica-
tion (NoA: single/triple) on antioxidant parameters (DPPH, 
TPC, FRAP, Lyc) of tomatoes and (DPPH, TPC, FRAP) 
in rocket were analyzed using 3-way MANOVA models. 
Similarly, the same factor effects on chlorophyll content 
parameters (Chlorophyll a, Chlorophyll b, and total Chloro-
phyll) in tomatoes and rocket were tested using again 3-way 
MANOVA model. To stabilize the variances and satisfy the 
normality assumption, the three chlorophyll parameters were 
transformed by taking their natural logarithm values. The 
normality of residuals was confirmed by the absolute values 
of their skewness and kurtosis that were below 1 in each 
case. Homogeneity of variances was tested using Levene’s 
test (p > 0.05). Having significant overall MANOVA results, 
we performed follow-up 3-way univariate ANOVA models 
for all the dependent variables individually, with Bonfer-
roni’s Type I error correction to keep the familywise error 
rate below 0.05. The levels of factor ‘materials’ were pair-
wisely compared by Tukey’s post hoc test.

The relationship between antioxidant parameters of rocket 
leaves (DPPH, TPC, FRAP) and their chlorophyll contents 
(Chlorophyll a, Chlorophyll b and total Chlorophyll) was 
evaluated by calculating Pearson’s correlation coefficients, 
and their significance levels were determined using t tests. 
Similarly, the correlation of antioxidant parameters (DPPH, 
TPC, FRAP) for tomato fruit samples, as well as the cor-
relation of chlorophyll traits (Chlorophyll a, Chlorophyll b 
and total Chlorophyll) in tomato leaves was calculated using 
the same method.

The statistical analysis was performed by using IBM 
SPSS Statistics (v.27, IBM Corp.).

Results

Antioxidant Status of Tomato Samples

The overall MANOVA result together with the follow-up 
univariate analysis output is given in Table 2.

For the DPPH values of tomato samples, there was no sig-
nificant difference corresponding to concentration, although 
higher concentrations yielded higher results (Table 3). This 
pattern also held true for both TPC and lycopene values. 
Regarding lycopene content, the results of NCAIM treatment 
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divide notably. Regarding FRAP results, significant differ-
ences were observed in three out of four cases. However, 
it is worth noting that lower concentrations of NCAIM 
and higher concentrations of IY were more favorable 
simultaneously.

For the tomato test plant, the frequency of application 
had no significant effect on DPPH results, although more 
frequent use generally resulted in slightly higher values. The 
same trend was observed for TPC, but noteworthy differ-
ences emerged in the 0.1% IY treatments. Regarding FRAP 
results, lower concentrations appeared to be more favorable, 
although a significant difference was found only in one treat-
ment. A more pronounced effect was observed in the case of 

lycopene; the triple-use of suspensions yielded higher results 
compared to single-use treatments. Significant differences 
were found in three out of four cases for this nutritional 
parameter.

As for the effect of different materials on DPPH values in 
tomatoes, type strain-based treatments yielded higher values 
than IY ones. However, no significant difference was found 
between treatments based on DPPH results. Only two treat-
ments could elevate DPPH values: 1% NCAIM suspensions 
used once and three times. Among single-use 1% suspen-
sions, the NCAIM treatment produced significantly higher 
DPPH results than IY. The TPC results of yeast-sprayed 
samples were generally lower than of the control samples. 

Table 2   Results of MANOVA for dependent antioxidant variables 
(both tomato and rocket: DPPH, TPC, FRAP; only for tomato: Lyco-
pene) depending on factors SC suspension concentration (SCC: 0.1; 
1% v/v), material (M: IY: instant yeast, NCAIM: NCAIM Y.00801 

strain, C: control (distilled water)), and the number of application (1 
or 3). Wilk’s lambda provides the unexplained variance rate; F values 
are the outcome of the follow-up univariate ANOVA with Bonfer-
roni’s correction

a df1 = 1 in cases of factors ‘SCC’ and ‘NoA’, while df1 = 2 in case of factor ‘material’
Significant at *p < 0.05; **p < 0.01; ***p < 0.001; ns not significant

Tomato Rocket

Factors Wilk’s lambda with 
degrees of freedom (df)

F(df1
a;79) Investigated 

parameter
Wilk’s lambda with 
degrees of freedom (df)

F(df1
a;36)

SC susp. conc (SCC) 0.32*** df = 4;76 0.07 ns DPPH 0.09*** df = 3;34 249.29***
3.32 ns TPC 0.03 ns
3.35 ns FRAP 218.71***
130.60*** Lycopene NA

Material (M) 0.36*** df = 8;152 9.49*** DPPH 0.03*** df = 6;68 33.32***
10.87*** TPC 44.35***
4.66* FRAP 91.84***
35.96*** Lycopene NA

Number of Application (NoA) 0.53*** df = 4;76 1.13 ns DPPH 0.41*** df = 3;34 3.41 ns
0.16 ns TPC 45.91***
11.36** FRAP 0.89 ns
34.46*** Lycopene NA

SCC*M interaction 0.32*** df = 4;76 7.51** DPPH 0.36*** df = 3;34 32.61***
1.94 ns TPC 7.06*
35.23*** FRAP 33.87***
7.34** Lycopene NA

M*NoA interaction  > 0.90 ns DPPH 0.41*** df = 3;34 6.35*
TPC 8.65*
FRAP 29.82***
Lycopene NA

SCC*NoA interaction DPPH 0.15*** df = 3;34 70.53***
TPC 6.70*
FRAP 79.16***
Lycopene NA

SCC*M*NoA interaction DPPH 0.68** df = 3;34 4.06 ns
TPC 12.39**
FRAP 0.11 ns
Lycopene NA
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This difference was significant in every concentration and 
material used three times, as well as in the case of single-use 
0.1% IY solution. When NCAIM and IY were compared, 
IY yielded lower TPC results, which is significant when the 
0.1% suspension was used once. The same tendency is seen 
in the case of FRAP results: the control treatment showed 
the highest values. This difference is significant in the case 
of both 0.1% IY, and triple-use 1% NCAIM suspensions. In 
lower concentrations, NCAIM yielded significantly higher 
FRAP values, while 1% IY seemed to be more effective in 
this trait than 1% NCAIM. Considering lycopene, the treat-
ments showed lower values than the control, but this dif-
ference was insignificant in almost all cases—an exception 
is the single-sprayed 0.1% IY suspension. Regarding lyco-
pene content, IY and NCAIM-treated samples do not differ 
significantly.

Antioxidant Status of Rocket Samples

The DPPH values of rocket were more favorably affected 
by lower concentrations; this effect was significant in three 
out of four cases. The same tendency was observed for the 
TPC values, except in the case of the NCAIM single-use 
treatments, where an opposite effect was observed; the lat-
ter was significant, in contrast to the differences in the other 
cases. FRAP values showed a direct positive coherence with 
concentrations, significant in three out of four cases.

In the case of rocket plants, DPPH values were strongly 
influenced by application frequency, as three out of four 
cases were significantly divided. However, this effect was 
concentration dependent. Triple application of 0.1% suspen-
sions and single application of 1% suspensions resulted in 
higher values. More frequent use of suspensions seems to 
support the increase of TPC content in rocket samples; how-
ever, the differences were not significant, except in the case 
of 0.1% NCAIM treatments. IY treatments showed a higher 
increase than NCAIM treatments, also exceeding the control 
value. The effect of frequency of application on FRAP val-
ues seems to be inconsistent. Triple application of 0.1% and 
single-use of 1% suspensions seem to be more effective, but 
significant differences were found only in two cases (0.1% 
IY and 1% NCAIM).

In the case of rocket, the DPPH values of most combina-
tions exceeded those of the control, except for the triple-
use 1% IY and NCAIM suspensions. In this combination, 
NCAIM differed significantly from the control. At the same 
time, all treatments with 0.1% suspensions gave higher 
DPPH results compared to the control; this difference is sig-
nificant in three out of four cases. The effect of the IY and 
NCAIM materials only separated when three 0.1% concen-
trations were used, with the highest results in the case of the 
NCAIM treatment. The TPC results of the treatments were 
under the control, except both concentrations of triple-use 

IY treatments; this difference is not significant. At the same 
time, single treatments with 0.1% and 1% NCAIM resulted 
in significantly lower TPC results than the control. A gen-
eral decrease in FRAP results was observed when treatments 
were applied. In five out of eight cases, this decrease was 
significant. The only exception was the 1% NCAIM single-
use. When comparing materials, NCAIM treatments were 
generally more effective in increasing FRAP values, with 
the difference being significant in three out of four cases.

Chlorophyll Content of Tomato Samples

The overall MANOVA result together with the follow-up 
univariate analysis output is given in Table 4. The highest 
chlorophyll a value was obtained with by the triple applica-
tion of 1% NCAIM solution on tomato (Table 5). Except for 
the single application of 0.1% IY treatment, all cases showed 
higher values with the higher concentration, although the 
difference was significant only in the case of both NCAIM 
treatments. Chlorophyll b values were affected by concen-
tration, with a significant difference found in each case. 
However, there were also different tendencies in the case of 
treatment frequency and material. The higher concentration 
was more favorable when IY was applied once and when 
NCAIM was applied three times. Complementarily, the 
lower concentration was better in the case of single applica-
tion of NCAIM and triple application of IY. Overall, the 
highest chlorophyll b result was given by the triple-use 0.1% 
IY solution, which even significantly exceeded the control 
value. A similar pattern was observed for total chlorophyll. 
Except for the 0.1% single-use solutions, all IY exceeded 
the control treatment; the triple treatments differed signifi-
cantly. While chlorophyll a was slightly affected by appli-
cation frequency, both chlorophyll b and total chlorophyll 
content showed significant changes in this factor. Although 
triple application of suspensions had some effect on chloro-
phyll a values, only one out of four cases was significant (1% 
NCAIM). The effect of more frequent spraying was radical 
on chlorophyll b and total chlorophyll values, as all com-
parisons showed significant differences. However, this effect 
was not clear in every case: the triple application of 0.1% 
NCAIM decreased, while the triple-use of other treatments 
increased both chlorophyll b and total chlorophyll content 
in tomato plants.

There is little effect on the chlorophyll a content of tomato 
samples after yeast suspension applications. Single applica-
tions of 0.1% IY and 1% NCAIM gave significantly lower 
results, while triple applications of 1% NCAIM gave sig-
nificantly higher results than the control. However, a strong 
influence is shown on the chlorophyll b values: all eight 
cases deviated significantly from the control. Triple-use IY 
solutions increased, while the other six treatments decreased 
the chlorophyll b content of the samples. The same tendency 



2172	 Journal of Plant Growth Regulation (2024) 43:2165–2178

applies to the total chlorophyll content: the difference is sig-
nificant in seven out of eight cases, and again the triple-use 
IY solutions gave higher values.

Chlorophyll Content of Rocket Samples

The chlorophyll content of rocket was significantly influ-
enced by the concentrations applied (Table 5), and by the 
frequency of application, which, in this case, defines what is 
the better treatment for increasing chlorophyll values. Con-
sidering the chlorophyll a, b, and total chlorophyll contents, 
it can be seen that in the case of a single application of the 
solutions, the 1% concentrations gave higher values, while 
in the case of a triple application, the lower concentration 
gave higher chlorophyll values. Except for the result of chlo-
rophyll, a of the single-use 0.1% IY, every difference for 
concentration was significant. Chlorophyll values of rocket 
were notably influenced by the number of applications; 
chlorophyll a, b, and total chlorophyll contents were higher 
when suspensions were sprayed once. The only exception 

was 0.1% NCAIM, where chlorophyll a was significantly 
higher, after three application than after one. This is the 
only treatment that did not show significant differences in 
chlorophyll b and total chlorophyll content as a function of 
spraying frequency, all other treatments showed significant 
differences between single and triple spraying.

The treatments had a negative effect on the chlorophyll a 
value of the rocket samples. It is clear that regardless of the 
material, triple-use had a negative effect, which was signifi-
cantly divided in three out of four cases. However, single-use 
significantly increased the chlorophyll a content, except for 
0.1% NCAIM. IY induced higher increases than NCAIM in 
this characteristic. Similarly, IY had a greater effect on the 
chlorophyll b content of the samples. This effect was signifi-
cantly positive with a single application, whereas the materi-
als applied three times showed similar or lower values than 
the control, depending on the concentration. The same pattern 
was observed for total chlorophyll content: IY induced higher 
values, but both single treatments were higher than the control.

Table 4   Results of MANOVA for dependent Chlorophyll content 
variables (Chl a, Chl b and total Chl) in tomato and rocket leaves 
depending on factors SC suspension concentration (SCC: 0.1; 1 v/v), 
material (M: IY: instant yeast, NCAIM: NCAIM Y.00801 strain, 

C: control (distilled water)) and the number of application (1 or 3). 
Wilk’s lambda provides the unexplained variance rate; F values are 
the outcome of follow-up univariate ANOVA with Bonferroni’s cor-
rection

a df1 = 1 in cases of factors ‘SCC’ and ‘NoA’, while df1 = 2 in case of factor ‘material’
Significant at *p < 0.05; **p < 0.01; ***p < 0.001; ns not significant

Tomato Rocket

Factors Wilk’s lambda with 
degrees of freedom

F(df1 = a;79) Chlorophyll 
parameters

Wilk’s lambda with 
degrees of freedom

F(df1 = a;36)

SC susp. conc (SCC) 0.03*** df = 3;34 16.65*** Chl a 0.09*** df = 3;34 111.66***
 < 0.01 ns Chl b 33.47***
15.82*** Chl sum 57.02***

Material (M)  < 0.01*** df = 6;68 1.98 ns Chl a 0.03*** df = 3;34 78.74***
3775.45*** Chl b 137.79***
2002.96*** Chl sum 142.97***

Number of Application (NoA)  < 0.01*** df = 3;34 148.56*** Chl a 0.41*** df = 3;34 1101.12***
5656.55*** Chl b 994.88***
3557.67*** Chl sum 1241.78***

SCC*M interaction 0.01*** df = 3;34 83.63*** Chl a 0.36*** df = 3;34 74.06***
1197.79*** Chl b 0.01 ns
624.85*** Chl sum 9.60*

M*NoA interaction 0.01*** df = 3;34 67.89*** Chl a 0.41*** df = 3;34 79.48***
2442.21*** Chl b 22.34***
1121.19*** Chl sum 49.10***

SCC*NoA interaction 0.02*** df = 3;34 96.60*** Chl a 0.15*** df = 3;34 661.01***
230.47*** Chl b 441.77***

70.25*** Chl sum 607.91***
SCC*M*NoA interaction  < 0.01*** df = 3;34 81.53*** Chl a 0.68** df = 3;34 14.66**

6837.99*** Chl b 5.10 ns
3870.23*** Chl sum 7.79*
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Correlation of the Investigated Nutritional Traits

The statistical analysis shows a positive correlation between 
the chlorophyll parameters (chlorophyll a, b, and total chlo-
rophyll, Table 6). This correlation is stronger for rocket sam-
ples (R values ranged between 0.933 and 0.992 p < 0.01). In 
the case of tomato leaves, the highest correlation was found 
between chlorophyll b and total chlorophyll (R = 0.996, 
p < 0.01). Tomato antioxidant indicators showed positive 
correlation in case of DPPH and TPC assays. Lycopene also 
correlated with DPPH and TPC levels. In rocket, negative cor-
relation was found for DPPH and FRAP. Positive correlation 
was found for DPPH and chlorophyll a (R = 0.306, p = 0.041), 
and total chlorophyll (R = 0.301, p = 0.044). FRAP and TPC 
are negatively correlated with chlorophyll values, but none is 
significant.

Discussion

Effect of Concentration on Tomato and Rocket 
Nutritional Traits

Previous research results showed a positive trend in nutri-
tional value toward higher concentrations, while the con-
centration of a yeast suspension with deleterious effect on 
a test plant has not yet been defined. However, the effect 
of yeast is not always significant on the traits studied; this 
is often influenced by seasonal environmental parameters 
(El-Naggar et al. 2015; Gawlik-Dziki et al. 2013). In the 
present case, significance was also influenced by environ-
mental parameters. Antioxidant properties are known to be 
affected by abiotic and biotic stresses, which may explain 

Table 5   Chlorophyll a, Chlorophyll b, and total chlorophyll content (means ± standard deviations) of tomato leaf and rocket leaf samples in the 
function of Saccharomyces cerevisiae suspensions’ application

IY instant yeast, NCAIM: NCAIM Y.00801 strain, C control (distilled water). Bold means significant difference from C in terms of material. 
Asterisks between rows indicate significant difference between samples in terms of concentration. Asterisks between columns indicate signifi-
cant difference between samples in terms of spraying frequency

Chlorophyll a Chlorophyll b Total chlorophyll

M v/v Single appl. Triple appl. Single appl. Triple appl. Single appl. Triple appl.

Tomato
 IY 0.1 26.25 ± 0.09 ns 26.38 ± 0.16 17.32 ± 0.19 * 33.78 ± 0.32 43.56 ± 0.28 * 61.18 ± 0.47

ns ns * * * *
1 26.45 ± 0.23 ns 26.76 ± 0.12 26.23 ± 0.17 * 28.55 ± 0.22 52.68 ± 0.33 * 55.31 ± 0.28

 NCAIM 0.1 26.79 ± 0.08 ns 26.87 ± 0.06 23.51 ± 0.17 * 20.63 ± 0.33 50.30 ± 0.24 * 47.49 ± 0.37
* * * * * *

1 25.29 ± 0.12 * 27.14 ± 0.11 17.07 ± 0.15 * 22.87 ± 0.08 42.36 ± 0.22 * 50.01 ± 0.09
 C - 26.62 ± 0.16 26.84 ± 0.38 53.46 ± 0.53

Chlorophyll a Chlorophyll b Total chlorophyll

M v/v Single appl. Triple appl. Single appl. Triple appl. Single appl. Triple appl.

Rocket
 IY 0.1 26.78 ± 0.10 * 26.06 ± 0.08 15.14 ± 0.19 * 13.75 ± 0.21 41.92 ± 0.22 * 39.81 ± 0.17

ns * * * * *
1 26.88 ± 0.22 * 24.65 ± 0.10 16.25 ± 0.38 * 12.01 ± 0.16 43.14 ± 0.59 * 36.66 ± 0.24

 NCAIM 0.1 25.71 ± 0.05 * 25.89 ± 0.06 13.65 ± 0.21 ns 13.39 ± 0.22 39.36 ± 0.20 ns 39.28 ± 0.28
* * * * * *

1 26.69 ± 0.12 * 24.81 ± 0.09 15.04 ± 0.35 * 11.42 ± 0.17 41.73 ± 0.46 * 36.23 ± 0.21
C – 26.08 ± 0.10 13.05 ± 0.25 39.13 ± 0.35
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the species-dependent responses of the plants investigated 
in the present study.

Although in this study, a positive effect of higher sus-
pension concentration on FRAP values was experienced in 
the case of both rocket and tomato plants, the treatments 
resulted in lower values than the control. The observed 
insignificant decrease of total polyphenols may indicate 
that the lower FRAP results may indicate the loss of other 
components, since the FRAP assay evaluates water-soluble 
components with radical scavenging ability, such as poly-
phenols and vitamin C. Since the amount of vitamin C 
shows a positive correlation with the amount of sunlight 
(Dumas et al. 2003; Lee and Kader 2000), it is suggested, 
that foliar application of suspensions may have influenced 
the synthesis of vitamin C by improving the leaf density 
of plants shading the fruits. The same effect was observed 
in pepper plants in terms of plant height, stem diameter, 
number of leaves, and leaf area (Salloom et al. 2023). The 
increase in vitamin C content was experienced in marjo-
ram by Zlotek (2017), while the phenolic content remained 
unchanged.

The influence of the yeast suspension concentration on 
the chlorophyll values of tomato and rocket plants seems 

to be related to the other two factors. The IY-related pat-
tern shows similarities with the results of Zlotek and Swieca 
(2016), who applied single and double spraying on lettuce 
leaves, although the difference between treatments was insig-
nificant. In contrast, Abou El-Yazied and Mady (2011) and 
Abdelmoteleb et al. (2022) found a constant slope increase 
with concentration in tomato chlorophyll parameters after 
single application of 0, 2, and 4 g/L suspensions.

Effect of Spraying Frequency on Tomato and Rocket 
Nutritional Traits

In this study, more frequent spraying did not necessarily 
lead to better nutritional results; in the case of tomato, 
lycopene was the only parameter that was increased with 
more frequent application of yeast suspensions. In the case 
of DPPH and FRAP results of rocket, different coherences 
were observed within concentrations: triple application of 
0.1% and single application of 1% suspensions were better. 
This is in contrast to the results of Zlotek and Swieca (2016), 
who found an opposite trend, i.e., the best combinations are 
double spraying with 1% and single spraying with 0.1% sus-
pensions. However, similar to our results, it also supports 

Table 6   Correlation between 
chlorophyll components of 
tomato and rocket leaves, and 
between different antioxidant 
indicators of tomato fruit and 
rocket leaves

* Correlation is significant at the 0.05 level (2-tailed)
** Correlation is significant at the 0.01 level (2-tailed)

Plant Variable 1 Variable 2 R Lower C.I. Upper C.I.

Tomato (n = 45) leaf Chl_a Chl_b 0.324 * 0.034 0.564
Chl_sum 0.406 ** 0.128 0.625

Chl_b Chl_sum 0.996 ** 0.993 0.998
Tomato (n = 90) fruit DPPH TPC 0.361 ** 0.166 0.529

FRAP 0.018 ns − 0.190 0.224
Lyc 0.635 ** 0.493 0.745

TPC FRAP 0.174 ns − 0.034 0.368
Lyc 0.371 ** 0.177 0.537

FRAP Lyc − 0.147 ns − 0.343 0.062
Rocket (n = 45) leaf DPPH TPC − 0.231 ns − 0.491 0.067

FRAP − 0.393 ** − 0.616 − 0.113
Chl_a 0.31 * 0.014 0.550
Chl_b 0.29 ns − 0.002 0.539
Chl_sum 0.30 * 0.008 0.546

TPC FRAP − 0.059 ns − 0.347 0.239
Chl_a − 0.02 ns − 0.309 0.278
Chl_b − 0.13 ns − 0.409 0.168
Chl_sum − 0.09 ns − 0.377 0.205

FRAP Chl_a − 0.01 ns − 0.303 0.284
Chl_b − 0.06 ns − 0.350 0.234
Chl_sum − 0.05 ns − 0.335 0.251

Chl_a Chl_b 0.933 ** 0.880 0.963
Chl_sum 0.971 ** 0.947 0.984

Chl_b Chl_sum ** 0.986 0.996
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that there might be some interrelation between application 
frequency and concentration. Mannino et al. (2020a; 2020b) 
found insignificant differences in lycopene, carotenoid, 
tocopherol, polyphenol, and ascorbic acid levels in tomato, 
when the triple treatment with a yeast- and seaweed-based 
biostimulant was repeated. They added that although quan-
titative changes were not detected, qualitative changes may 
have occurred in terms of polyphenols and tocopherols. In 
addition, the use of yeast suspensions had no positive effect 
on the reducing power of marjoram extracts but improved 
the antiradical activity of the plants (Zlotek 2017).

Effect of Yeast Source on Tomato and Rocket 
Nutritional Traits

Simple biostimulants that can be prepared without special 
expertise or tools can be effective in small-scale applica-
tions. The study by El Sheikha et al. (2022) on field bean 
showed that yeast is able to influence chlorophyll content. 
Schiattone et al. (2021) found that a solution based on yeast 
and brown algae can increase the chlorophyll content and 
decrease the antioxidant status of wild rocket plants.

In this study, there is no trend difference between IY and 
NCAIM regarding the antioxidant data of tomato. Overall, it 
seems that the applied materials did not substantially support 
the increase of antioxidant properties.

Since polyphenol levels are good indicators of the extent 
of abiotic stress factors affecting plants (Almuayrifi 2013), 
it is suggested that the applied treatments did not increase 
plant stress, since TPC did not show a tendentious increase 
either crop. Zlotek (2017) also found no significant increase 
in TPC in marjoram leaves. The main players in yeast sus-
pensions are cytokinins, which are phytohormones that 
regulate cell division in plants. The applied treatments may 
have triggered vegetative growth of plants and at the same 
time decreased the production of plant secondary metabo-
lites (Rühmann et al. 2002). Although there are some results 
showing a decrease in crop yield after elicitation (de Román 
et al. 2011), the majority of studies suggest an increase after 
foliar spraying with yeast (Vioratti Telles de Moura et al. 
2023).

The Impact of Treatments 
(Material × Concentration × Frequency) 
on the Nutritional Traits of Tomato and Rocket 
Samples

Biostimulants can possibly have a negative impact on the 
investigated traits, as experienced by Grabowska (2015) in 
their tomato experiment. In the present study, the applied 
yeast suspensions had no or slightly negative effects on the 
investigated antioxidant parameters (DPPH, TPC, FRAP, 
lycopene) of tomato plants. A slight increase in DPPH 

results of both tomato and rocket after yeast treatments is 
in agreement with the results of Abdallah et al. (2016) and 
Zlotek and Swieca (2016) reported on quinoa seeds and let-
tuce, respectively. Regarding TPC, our results are in contrast 
with the findings of Yan et al. (2006), Neseim et al. (2014), 
and Abdallah et al. (2016); they found an increase after yeast 
treatments on red sage, sugar beet, and quinoa, respectively. 
However, Mahmoud et  al. (2016) had insignificant and 
inconsistent TPC results on lupine, as did Zlotek (2017) 
on marjoram. Grabowska (2015) experienced a moderate 
increase in lycopene content of two tomato cultivars after 
using different biostimulants.

Mannino et al. (2020a; 2020b) mentioned that the appli-
cation of certain spectrophotometric investigations was not 
able to quantify individual components and, therefore, did 
not provide information on qualitative changes caused by 
the treatments. They suggest that regardless of any quantita-
tive changes detected in tomato, qualitative changes in the 
composition of the traits studied occurred. This statement 
can also be valid in the case of the present study, in terms of 
antioxidant compounds (FRAP, DPPH, TPC).

Since an insignificant change in TPC results was 
observed, it is suggested that yeast treatments may also 
affect other compounds in plants with antioxidant properties, 
i.e., those that contribute to the results of the FRAP assay. 
Abd-Alrahman and Aboud (2021) found that the vitamin C 
content of tomato was positively affected by yeast spraying. 
Abou el Yazied and Mady (2011) found the same in sweet 
pepper plants.

Conclusions

Foliar application of yeast suspensions can be effective in 
increasing antioxidant and other phytochemical levels of 
crop plants. In addition to its beneficial effects on nutritional 
traits, yeast is considered to be a cost-effective material for 
elicitation, plant protection, and nutrient recycling. Although 
the hypothesis was not fully justified by the results, the pre-
sent study found that double-sprayed 1% and single-sprayed 
0.1% extracts were the most effective treatments in terms of 
phytonutrient content, indicating the need for further com-
parative studies with different concentrations and applica-
tion frequencies to elucidate the underlying biochemical 
processes. When comparing a fruit and leafy vegetable, 
species-dependent responses were found for the nutritional 
traits studied highlighting the need for targeted technological 
developments.
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