Journal of
Advances in Plant Sciences

www.directivepublications.org

ﬁ DIRECTIVE
PUBLICATIONS

ISSN 3068-4064

Research Article

Biostimulant Formulations Modulate Root—Shoot

Biomass And Increase

Strawberry Yield In A

Commercial Protected System.

Gerusa Pauli Kist Steffen', Ricardo Bemfica SteffenZ2.

"Department of Agricultural Diagnosis and Research, Rio Grande do Sul State, Brazil.

?BioTecRS, Santa Maria, Rio Grande do Sul State, Brazil.

/ Abstract

.

Plant biostimulants have gained increasing attention as sustainable tools for enhancing crop performance, particularly in intensive horticultural
systems. This study evaluated the effects of two commercial biostimulant formulations—a silicon dioxide-based solid product and a sugar beet
molasses—based liquid product—on vegetative growth, biomass allocation, flowering, and yield of strawberry (Fragaria x ananassa Duch.) cv.
Albion grown under protected cultivation in southern Brazil. The experiment was carried out under commercial production conditions, comparing
a conventional management system (control) with two biostimulant treatments applied according to the manufacturer’'s recommendations.
Vegetative growth, root and shoot dry mass, flowering intensity, fruit weight, and yield components were evaluated. Both biostimulants significantly
increased plant vigor and aboveground biomass compared with the control, while the molasses-based formulation also markedly enhanced root
dry mass. Earlier and more abundant flowering was observed in plants treated with sugar beet molasses, resulting in increased fruit weight and
overall yield. Relative to the control, the molasses-based biostimulant increased average fruit weight by approximately 27% and total yield by
about 26%, whereas the silicon-based treatment increased yield by approximately 17%. Overall, biostimulant application improved biomass
partitioning and productive performance of strawberry plants under protected cultivation. These findings indicate that biostimulants, particularly
molasses-based formulations, represent an effective and scalable strategy to enhance strawberry productivity in commercial protected systems.
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INTRODUCTION

Strawberry (Fragaria x ananassa Duch.) is one of the most
economically important small fruit crops worldwide, driven by
strong consumer demand and intensive production systems
aimed at maximizing yield and fruit quality [1]. Its global
relevance reflects high market demand, as strawberries are
widely appreciated for their flavor and nutritional value, being
rich in vitamins, dietary fiber, and antioxidant compounds [2].
Under protected cultivation systems, strawberry productivity
can be substantially increased; however, intensive
management practices may also increase plant susceptibility
to abiotic stresses and raise sustainability-related concerns.
In this context, enhancing plant performance while reducing
dependence on high-input practices has become a central

objective of modern strawberry production.

Abiotic related to water
availability, substrate conditions, and nutrient dynamics—
are major factors limiting strawberry growth and yield [3].

stresses—particularly those

These stresses impair physiological and morphological
processes essential for fruit development, including canopy
expansion, root system function, and assimilate partitioning
[4]. Consequently, strategies that improve plant vigor and
resilience without increasing chemical inputs are increasingly
sought in protected horticultural systems.

Plant biostimulants have emerged as promising tools to
sustain crop performance under intensive and stress-
prone conditions [5]. A growing body of research reports
positive effects of biostimulants on vegetative growth,
stress tolerance, and yield in horticultural crops, including
strawberry [6]. However, plant responses vary considerably
depending on product formulation, application method, and
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growing conditions. Furthermore, most available studies have
been conducted under controlled environments or small-
scale experimental trials, while evidence from commercial-
scale protected systems remains limited. Comparative
assessments of different biostimulant formulations and their
effects on biomass allocation and yield components under
practical production conditions are still scarce and warrant
further scientific investigation [5].

Therefore, the objective of this study was to evaluate the
productive responses of strawberry plants to the application
of biostimulants based on sugar beet molasses and silicon
dioxide. We hypothesized that both molasses- and silicon
dioxide-based formulations would enhance vegetative
growth (root-shoot biomass allocation) and flowering,
thereby positively affecting the yield of strawberry cv. Albion
cultivated under protected conditions in southern Brazil.

MATERIALS AND METHODS

The experiment was conducted from May to October 2025
in a protected strawberry cultivation system at Natuberry,
located in the municipality of Santa Maria, Rio Grande do Sul,
Brazil (29°39'02” S, 53°54’30” W). The potential biostimulant
effects of two commercial product lines manufactured and
marketed by the Swiss company Penergetic were evaluated:
a liquid formulation based on sugar beet molasses and
a solid formulation based on silicon dioxide. According
to the manufacturer, Penergetic technology involves the
energization of substrates (liquid or solid) through a process
referred to as “bioprogramming.” Each formulation (liquid
or solid) includes one product intended for soil/substrate
application and another for foliar application.

In this study, both application strategies (solid and liquid
formulations) were assessed under the same experimental
conditions. Three treatments were established: (A) control
(no commercial biostimulant application); (B) silicon dioxide-
based solid biostimulant; and (C) sugar beet molasses-based
liquid biostimulant. The products were applied according to
the manufacturer's recommendations. Silicon dioxide was
applied twice: directly to the substrate during the vegetative
stage at a rate equivalent to 1.5 kg ha™' (SoilPlus®) and as a
foliar spray at 200 g ha™ (FieldStim®) at BBCH growth stages
3, 33, 60, and 70. The sugar beet molasses formulation was
applied at the same growth stages, at a rate equivalent to
1.5 L ha™ to the substrate and 200 mL ha' as a foliar spray.
For both treatments, products were diluted in water to a
final concentration of 1.5% to prepare the spray solution
for substrate and foliar applications. Applications were
performed using a pressure sprayer.

The study was carried out during the second commercial
production cycle of strawberry plants (cv. Albion), managed
according to standard commercial practices for protected

cultivation. Irrigation was performed using the existing
system at the production unit, ensuring uniform water supply
among treatments. Nutrient management was identical
across treatments, except for the application of the evaluated
biostimulants.

Treatment effects on plant growth and productivity were
assessed based on the following parameters: number of
flowers per plant (recorded during early developmental
stages), leaf development (vigor, leaf number, and apparent
size of vegetative structures), root dry mass (RDM), shoot
dry mass (SDM), average fruit weight (g), and fruit weight per
plant. The average fruit weight per plant per production cycle
was calculated based on the mean number of flowers per
plant and the average fruit weight.

Shoot and root samples were dried in a forced-air oven
until constant weight to determine dry biomass. Fruits were
harvested at commercial maturity and individually weighed
using an analytical precision balance. The experiment followed
arandomized complete block design (RCBD) with three blocks
established within the greenhouse. Each block consisted of
two plant rows (25 m in length) with 0.25 m spacing between
rows. Fifteen plants per treatment were randomly selected
within each block for growth and yield evaluations, totaling
45 experimental units per treatment. Blocks were used
to account for potential environmental variability within
the greenhouse, and treatments were randomly assigned
within each block. Data were subjected to analysis of
variance (ANOVA), considering blocks as random effects and
treatments as fixed effects. When significant, means were
compared using Tukey's test at the 5% probability level with
the SISVAR statistical software [7].

RESULTS

The results for flowering and leaf development revealed
marked differences among treatments at the early stages
of plant growth. Plants treated with sugar beet molasses
exhibited earlier and more abundant flowering, with a
significantly higher number of flowers per plant compared
with both the control (no biostimulant) and the silicon dioxide
treatment. These plants developed a greater number of well-
formed floral structures, whereas control plants showed
delayed and less intense flowering. The silicon dioxide
treatment resulted in intermediate flowering intensity.
Thispositiveresponsetosugarbeetmolasseswasalsoreflected
in leaf development. Treated plants exhibited more vigorous
canopy growth, characterized by a higher number of leaves
and visibly larger vegetative structures (Table 1, Figure 1).
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Table 1. Parameters of vegetative growth of strawberry cv. Albion under different treatments.

Treatments
Parameters CV (%)
Control Silicon dioxide | Sugar beet molasses
Number of flowers per plant 14.3 c* 229b 271a 412
Plant height (cm) 15.22b 16.45 a 16.78 a 2.01
Leaf blade diameter (cm) 495Db 5.36b 6.59 a 3.35
Root dry mass (g) 3793 b 40.08 b 65.32 a 5.66
Shoot dry mass (g) 36.23 ¢ 63.03 b 81.31a 5.28

*Means followed by the same letter in the lines do not differ from each other by Tukey's test at 5% probability. CV= coefficient of
variation.

Regarding the average number of flowers per plant, the sugar beet molasses treatment showed the highest values, reaching
approximately 27.1 flowers per plant, which was significantly higher than those observed in the other treatments. The control
treatment averaged about 14.3 flowers per plant, while the silicon dioxide treatment averaged approximately 22.9 flowers per
plant. These two treatments did not differ statistically from each other and both presented lower values than the molasses
treatment, indicating that the application of sugar beet molasses significantly increased the number of flowers per plant—a
response directly associated with higher strawberry productivity (Table 1).

The use of biostimulants, both in solid form (silicon dioxide) and liquid form (sugar beet molasses), resulted in taller strawberry
plants compared with the control. Plants treated with the biostimulants reached average heights of approximately 16.8 cm and
16.5 cm, respectively, whereas plants in the control treatment averaged 15.2 cm (Table 1).

For leaf blade diameter, the positive effect of the sugar beet molasses treatment was more pronounced. Plants treated with
molasses developed larger leaves, with an average diameter of about 6.6 cm, significantly exceeding the values observed for
silicondioxide (approximately5.4cm)andthe control(4.95cm)(Table 1). Nostatistical difference was detected betweenthesilicon
dioxideand controltreatmentsforthisvariable,indicatingthatonlythe molasses-basedtreatmentsignificantlyincreasedleafsize.
The stimulatory effect of biostimulant application on leaf development is particularly relevant for crop production, as larger
plants with more developed foliage have greater photosynthetic capacity to convert light energy into assimilates for fruit
development. Control plants exhibited smaller and less developed leaves compared with those treated with biostimulants
(Figure 1). Overall, these results indicate that the tested products enhanced the early vigor of strawberry plants, especially the
sugar beet molasses formulation, which promoted a more pronounced increase in both flowering and leaf growth.

Figure 1. Leaf development of strawberry cv. Albion under the different treatments: (A) Control, (B) Silicon dioxide, and (C)
Sugar beet molasses.

Biomass analysis confirmed the effect of the treatments on dry matter accumulation in strawberry plants. For root dry mass
(RDM), the sugar beet molasses treatment showed the highest values, with an average of approximately 65.3 g of dry roots per
plant, significantly greater than those observed in the control (37.9 g) and silicon dioxide treatments (40.1 g) (Table 1).

No significant difference was detected between the silicon dioxide and control treatments for root biomass, indicating that
only the molasses-based treatment significantly enhanced root development (Table 1, Figure 2). The increase in root biomass
observed with sugar beet molasses suggests the development of a more robust root system, possibly associated with improved
nutrient availability and enhanced soil biological activity promoted by this treatment.
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Figure 2. Strawberry cv. Albion plants at the time of yield evaluation under the different treatments: (A) Control, (B) Silicon
dioxide, and (C) Sugar beet molasses.

Regarding shoot dry mass (SDM), which includes leaves and stems, both biostimulant treatments significantly increased biomass
compared with the control. Plants treated with sugar beet molasses reached approximately 81.3 g of SDM, followed by those
treated with silicon dioxide with about 63.0 g, whereas plants in the control treatment showed only 36.2 g of SDM (Table 1).
This pattern (sugar beet molasses > silicon dioxide > control) indicates that both treatments significantly enhanced vegetative
growth relative to the conventional management used in the production system, with the molasses-based treatment producing
the most pronounced effect. In percentage terms, the sugar beet molasses treatment more than doubled shoot biomass
compared with the control, while silicon dioxide increased shoot biomass by approximately 74% (Table 1). These results suggest
that the use of biostimulant technologies strengthens the structural development of strawberry plants, both belowground
through enhanced root growth and aboveground through more vigorous shoot development (Figure 2), a condition generally
associated with healthier and more productive plants.

The positive effects of the treatments were directly reflected in the productive efficiency of the plants. The average weight of
the strawberry fruits was higher in plants that received sugar beet molasses, reaching approximately 14.0 g per fruit, followed
by the silicon dioxide treatment, with about 12.9 g per fruit (Table 2).

Table 2. Productivity parameters of strawberry cv. Albion under different treatments.

Treatments
Parameters CV (%)
Control Silicon dioxide | Sugar beet molasses
Average fruit weight (g) 11.04 b* 12.94 a 13.99a 2.98
Fruit weight per plant per cycle (g) 157.87 ¢ 296.32b 379.12a 3.07
Productivity per hectare (tons) 4416 b 51.73 a 55.96 a 4.43

Plants in the control treatment produced significantly smaller fruits, with an average weight of approximately 11.0 g (Table 2,
Figure 3). In practical terms, fruits from plants treated with sugar beet molasses were about 27% heavier than those from the
control, while fruits from the silicon dioxide treatment were, on average, 17% heavier than those from the control (Table 2).
In terms of productivity, both biostimulants significantly increased yield per unit area compared with the producer’s standard
management. No significant difference was observed between the silicon dioxide and sugar beet molasses treatments for
productivity per hectare. The sugar beet molasses treatment exceeded the control by approximately 12 t ha™ (an increase of
~26%), whereas the silicon dioxide treatment exceeded the control by about 7.6 t ha' (~17% increase) (Table 2). These gains
in productivity may be partly attributed to the greater fruit weight observed under both biostimulant treatments, as well as to
an increase in the number of fruits per plant resulting from more abundant flowering.
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Strawberry plants typically exhibit one to five production cycles within a single annual growing period, depending on cultivar
genetics and environmental and nutritional conditions. Based on the average number of flowers per plant (Table 1) and the
average fruit weight (Table 2), the mean fruit weight per plant per production cycle was calculated (Table 2).

The average fruit weight per plant per production cycle was significantly affected by the treatments. The control treatment
showed the lowest mean value (157.87 g per plant), differing statistically from the other treatments. The silicon dioxide
treatment significantly increased the average fruit weight per plant to 296.32 g, a value higher than the control but lower than
that observed for the sugar beet molasses treatment. The highest value was recorded in the sugar beet molasses treatment,
with an average of 379.12 g per plant, which differed significantly from the other treatments (Table 2).

Figure 3. Strawberry cv. Albion fruits at the time of yield evaluation under the different treatments: (A) Control, (B) Silicon

dioxide, and (C) Sugar beet molasses.

In summary, the application of the evaluated commercial
biostimulants (silicon dioxide and sugar beet molasses)
resulted in significant improvements in strawberry yield, with
the molasses-based treatment showing the most pronounced
overall effects on vegetative growth, fruit size, and total
production (Table 2).

Larger fruits are generally indicative of more favorable
growing conditions and may reflect a greater supply of
photoassimilates and nutrients to the reproductive organs
of treated plants. Accordingly, estimated yield per hectare
increased substantially with the use of the biostimulants. Yield
projections indicate that the sugar beet molasses treatment
reached approximately 55.96 t ha”, followed by the silicon
dioxide treatment with about 51.73 t ha', whereas the control
treatment showed the lowest productivity, at approximately
44.16 t ha' (Table 2).

Froman agronomic perspective, the use of these biostimulants
represents a potentially sustainable strategy for producers
aiming to improve strawberry yield and fruit quality. Such
inputs can be integrated into crop management programs
to enhance plant performance and increase production
efficiency while maintaining a relatively low environmental
impact.

DISCUSSION

The results of this study demonstrate that the application
of commercial biostimulants can significantly improve the
agronomic performance of strawberry plants under protected
cultivation. Treated plants exhibited greater vegetative vigor—
characterized by a higher number of larger leaves, increased
plant height, and greater shoot and root dry biomass—as well
as enhanced reproductive capacity, with earlier and more
abundant flowering. These responses were reflected in higher
management.
Such findings are consistent with the current literature
documenting the positive effects of various biostimulants
on plant growth, stress mitigation, and yield improvement
in horticultural crops [8-10]. Pereira et al. [11], for example,
reported that seaweed extracts increased strawberry fruit
weight by up to 85% under water deficit conditions, in addition
to improving plant water retention, reducing cellular damage,
and increasing root biomass. Likewise, bio-inputs based on
humus, protein hydrolysates, or beneficial microorganisms

productivity compared with conventional

have been associated with improvements in yield and fruit
quality in strawberry cultivation by enhancing plant nutrition
and tolerance to abiotic stresses [12]. Collectively, these
findings support the role of biostimulants as effective tools
for increasing strawberry productivity while aligning with
sustainable agricultural strategies aimed at reducing chemical
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inputs without compromising yield or fruit quality.

In the present study, the treatment based on sugar beet
molasses showed the most pronounced effects compared
with the silicon dioxide treatment and the control, promoting
the greatest increases in vegetative growth and yield.
Plants treated with molasses developed larger and more
numerous leaves, resulting in more vigorous canopies with
greater photosynthetic capacity to support fruit production.
The relevance of this effect is supported by Ciriello et al.
[13], who reported that improvements in photosynthetic
performance—such as a ~34% increase in CO, assimilation—
induced by biostimulants are directly linked to a greater supply
of photoassimilates and may be reflected in higher yields
depending on the formulation used. In the present study, the
molasses-based treatment also resulted in a higher number
of flowers per plant and a more developed root system,
factors that likely enhanced water and nutrient uptake and
supported greater fruit production. This positive response
may be related to the multifunctional characteristics of sugar
beet molasses. As a carbon-rich byproduct containing organic
carbon, vitamins, and minerals, molasses can act as a soil
conditioner and energy source for beneficial microorganisms,
thereby increasing nutrient availability to plants [14]. In
addition, molasses contains osmoprotective compounds and
essential ions that may contribute to improved plant vigor;
for example, glycine betaine helps maintain cellular hydration
under stress, and its high potassium content supports ionic
balance and tolerance to adverse conditions [15].
The silicon dioxide-based biostimulant also improved
vegetative and productive parameters relative to the control,
including plant height, shoot dry mass, and average fruit
weight, although to a lesser extent than the molasses-
based treatment. Silicon, while not considered an essential
nutrient, is recognized as a beneficial element for many plant
species, contributing to the mitigation of abiotic stress and
improvements in plant growth and productivity [16]. Ambros
et al. [17] reported that a silicon-chelate-based biostimulant
significantly increased root and shoot biomass, the number
of reproductive structures, and antioxidant enzyme activity
in strawberry seedlings, indicating enhanced plant vigor and
improved capacity to withstand stress conditions.

From a sustainability perspective, the results of this study are
particularly relevant. Increasing productivity by approximately
25% (as observed for the molasses-based treatment) through
the use of biological inputs represents an opportunity to
enhance fruit production per unit area without increasing
reliance on mineral fertilizers or chemical pesticides. The
FAO has emphasized the urgency of adopting intensification
strategies that conserve natural resources and reduce
the environmental impacts associated with conventional
agricultural practices [18].

Biostimulant-based technologies such as those evaluated

here may contribute to addressing these challenges. Both
sugar beet molasses and silicon dioxide formulations
showed potential for integration into sustainable strawberry
production systems. The observed
biomass and fruit yield were achieved without altering other
management practices (e.g., irrigation or basal fertilization),
suggesting that these inputs can be incorporated into
systems with Furthermore,
the use of molasses may provide additional long-term
benefits by stimulating soil microbial activity, potentially
improving substrate structure and fertility and enhancing
suppressiveness against soilborne pathogens, as reported for
similar organic bioproducts [19,20].

Recent studies have also reported positive effects of
Penergetic-based biostimulant products across various
crops—including vegetables and major field crops such as
tomato, soybean, and maize—beyond strawberry production.
Reported benefits include improvements in plant vigor,
yield, and certain quality attributes of harvested products,
such as increased sugar or protein content [21]. Studies
across different species suggest that such biostimulants can
enhance plant growth and productivity and improve tolerance
to abiotic stress conditions through overall improvements in
plant physiological status [19].

The proposed mode of action of Penergetic technology,
which is largely conceptual, is described as being based
on physical principles related to electrical impulses and
electromagnetic frequencies. According to this framework,
atoms, molecules, and substances are assumed to possess
specific electromagnetic frequencies that can be transferred
from a source material to a carrier material through a process
referred to as bioprogramming. Following this process, the
treated products are described as emitting these frequencies
into the application environment, potentially influencing
the electronic state of materials and stimulating biological
processes in soil and plants. In soil, such stimulation has
been associated with increased microbial activity, enhanced
mineralization of organic matter, and improved availability of
previously immobilized nutrients, while in plants it has been
linked to enhanced photosynthetic activity and metabolic
processes [19, 22-24]. These proposed mechanisms have
been suggested to help explain the biostimulatory effects on
growth and productivity observed in strawberry cultivation.
Overall, the results of this study, together with evidence from
the current literature, indicate that the use of commercial

increases in plant

commercial relative ease.

biostimulants in protected strawberry production may
represent a promising strategy to combine high productivity
with sustainability. By enhancing plant vigor and productive
capacity—particularly in the case of the sugar beet molasses-
based formulation—these inputs may contribute to reduced
reliance on high-impact conventional practices. Further

research is warranted to clarify the underlying mechanisms of
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action and to refine recommendations regarding application
rates, timing, and combinations in order to optimize the
benefits of these biostimulants under different cultivation
systems and strawberry cultivars.

CONCLUSION

The
silicon dioxide and sugar beet molasses promoted plant
development and increased strawberry productivity under
protected cultivation. Both treatments enhanced flowering
and vegetative growth compared with the control, resulting in
greater leaf and root dry mass. Consequently, treated plants
produced fruits with higher average weight and significantly
greater total yield per hectare than those under conventional
management. Overall, the results indicate that the use of
these biostimulant formulations can improve the vigor and
productive performance of strawberry plants grown under
protected conditions and may represent a promising strategy
to enhance productivity in commercial systems

evaluated biostimulant formulations based on

REFERENCES

1. Menzel CM. A review of strawberry under protected
cultivation: yields are higher under tunnels than in the
open field. The Journal of Horticultural Science and
Biotechnology 2025; 100(3): 286-313.

2. Newerli-Guz J, Smiechowska M, Drzewiecka A, Tylingo R.
Bioactive ingredients with health-promoting properties
of strawberry fruit (Fragaria x ananassa Duchesne).
Molecules 2023; 28(6): 2711.

3. Dal Magro SZ, Chiomento JLT, Werner HA, Bortoluzzi
EC, Bortoluzzi MP. Enhancing greenhouse strawberry
irrigation: Integrating loT technologies and low-cost
moisture sensors in substrate. Caderno Pedagdgico
2024; 21(8): 7258.

4. Klamkowski K, Treder W. Morphological and

physiological responses of strawberry plants to water

stress. Agriculturae Conspectus Scientificus 2006; 71(4):

159-165.

5. Cassel JL, Maldaner LVC, Bortoluzzi MP, Colla LM,
Reichert Junior FW, Palencia P, et al. Biostimulants as
a tool for mitigating water deficit stress in strawberry
cultivation. Agronomy 2025; 15(11): 2643.

6. Wise K, Selby-Pham J. Strawberry field trial in Australia
to fruit yield
quality control conformity, from application of two

demonstrates improvements and

10.

11.

12.

13.

14.

15.

16.

biostimulant complexes. New Zealand Journal of Crop
and Horticultural Science 2024; 53(5): 3124-3139.

Ferreira DF. SISVAR: A computer analysis system to fixed
effects split plot type designs: Sisvar. Brazilian Journal of
Biometrics 2019; 37(4): 529-535.

Garza-Alonso CA, Olivares-Saenz E, Gonzalez-Morales S,
Cabrera-de la Fuente M, Juarez-Maldonado A, Gonzélez-
Fuentes JA, et al. Strawberry biostimulation: From
mechanisms of action to plant growth and fruit quality.
Plants 2022; 11(24): 3463.

Almutairi KF, Alharbi AR, Abdelaziz ME, Mosa WFA.
Salicylic acid and chitosan effects on fruit quality when
applied to fresh strawberry or during different periods
of cold storage. BioResources 2024; 19(3): 6057-6075.

Javalera-Rincdn MDL, Gonzélez-Fuentes JA, Benavides-
Mendoza A, Robledo-Olivo A, Lara-Reimers EA, Morelos-
Moreno A. Efecto de bioestimulantes en produccién
y calidad de fresa (Fragaria ananassa cv. Albién) bajo
estrés hidrico. Terra Latinoamericana 2024; 42: 1937.

Pereira S, Rodrigues J, Sujeeth N, Guinan KJ, Goncalves
B. Optimizing strawberry growth: Impact of irrigation
and biostimulant application on physiology and fruit
quality. Plant Stress 2025; 15: 100715.

Rana VS, Sharma S, Rana N, Sharma U. Sustainable
production through biostimulants under fruit orchards.
CABI Agriculture and Bioscience 2022; 3(1): 38.

Ciriello M, Pannico A, Rouphael Y, Basile B. Enhancing
yield, physiological, and quality traits of strawberry
cultivated under organic management by applying
Plants 2025;

different non-microbial biostimulants.

14(5): 712.

Samavat S, Samavat S. Effects of fulvic acid and
sugarcane molasses on yield and qualities of tomato.
International Research Journal of Applied and Basic
Sciences 2014; 8(3): 266-268.

Mickelbart MV, Boine B. Glycinebetaine enhances
osmotic ryegrass
temperatures. Agronomy 2020; 10(2): 210.

adjustment  of under cold

Verma KK, Song X-P, Tian D-D, Guo D-J, Chen Z-L, Zhong
C-S, et al. Influence of silicon on biocontrol strategies to
manage biotic stress for crop protection, performance,
and improvement. Plants 2021; 10(10): 2163.

Open Access, Volume 16, 2026

Page -7


https://era.dpi.qld.gov.au/id/eprint/14589/6/A%20review%20of%20strawberry%20under%20protected%20cultivation.pdf
https://era.dpi.qld.gov.au/id/eprint/14589/6/A%20review%20of%20strawberry%20under%20protected%20cultivation.pdf
https://era.dpi.qld.gov.au/id/eprint/14589/6/A%20review%20of%20strawberry%20under%20protected%20cultivation.pdf
https://era.dpi.qld.gov.au/id/eprint/14589/6/A%20review%20of%20strawberry%20under%20protected%20cultivation.pdf
https://era.dpi.qld.gov.au/id/eprint/14589/6/A%20review%20of%20strawberry%20under%20protected%20cultivation.pdf
https://pubmed.ncbi.nlm.nih.gov/36985683/
https://pubmed.ncbi.nlm.nih.gov/36985683/
https://pubmed.ncbi.nlm.nih.gov/36985683/
https://pubmed.ncbi.nlm.nih.gov/36985683/
https://www.researchgate.net/publication/383618179_Enhancing_greenhouse_strawberry_irrigation_integrating_IoT_technologies_and_low-cost_moisture_sensors_in_substrate
https://www.researchgate.net/publication/383618179_Enhancing_greenhouse_strawberry_irrigation_integrating_IoT_technologies_and_low-cost_moisture_sensors_in_substrate
https://www.researchgate.net/publication/383618179_Enhancing_greenhouse_strawberry_irrigation_integrating_IoT_technologies_and_low-cost_moisture_sensors_in_substrate
https://www.researchgate.net/publication/383618179_Enhancing_greenhouse_strawberry_irrigation_integrating_IoT_technologies_and_low-cost_moisture_sensors_in_substrate
https://www.researchgate.net/publication/383618179_Enhancing_greenhouse_strawberry_irrigation_integrating_IoT_technologies_and_low-cost_moisture_sensors_in_substrate
https://www.researchgate.net/publication/383618179_Enhancing_greenhouse_strawberry_irrigation_integrating_IoT_technologies_and_low-cost_moisture_sensors_in_substrate
https://www.researchgate.net/publication/26483379_Morphological_and_Physiological_Responses_of_Strawberry_Plants_to_Water_Stress
https://www.researchgate.net/publication/26483379_Morphological_and_Physiological_Responses_of_Strawberry_Plants_to_Water_Stress
https://www.researchgate.net/publication/26483379_Morphological_and_Physiological_Responses_of_Strawberry_Plants_to_Water_Stress
https://www.researchgate.net/publication/26483379_Morphological_and_Physiological_Responses_of_Strawberry_Plants_to_Water_Stress
https://www.researchgate.net/publication/26483379_Morphological_and_Physiological_Responses_of_Strawberry_Plants_to_Water_Stress
https://www.mdpi.com/2073-4395/15/11/2643
https://www.mdpi.com/2073-4395/15/11/2643
https://www.mdpi.com/2073-4395/15/11/2643
https://www.mdpi.com/2073-4395/15/11/2643
https://www.mdpi.com/2073-4395/15/11/2643
https://rsnz.onlinelibrary.wiley.com/doi/pdfdirect/10.1080/01140671.2024.2370565
https://rsnz.onlinelibrary.wiley.com/doi/pdfdirect/10.1080/01140671.2024.2370565
https://rsnz.onlinelibrary.wiley.com/doi/pdfdirect/10.1080/01140671.2024.2370565
https://rsnz.onlinelibrary.wiley.com/doi/pdfdirect/10.1080/01140671.2024.2370565
https://rsnz.onlinelibrary.wiley.com/doi/pdfdirect/10.1080/01140671.2024.2370565
https://www.researchgate.net/publication/338106803_SISVAR_A_COMPUTER_ANALYSIS_SYSTEM_TO_FIXED_EFFECTS_SPLIT_PLOT_TYPE_DESIGNS_Sisvar
https://www.researchgate.net/publication/338106803_SISVAR_A_COMPUTER_ANALYSIS_SYSTEM_TO_FIXED_EFFECTS_SPLIT_PLOT_TYPE_DESIGNS_Sisvar
https://www.researchgate.net/publication/338106803_SISVAR_A_COMPUTER_ANALYSIS_SYSTEM_TO_FIXED_EFFECTS_SPLIT_PLOT_TYPE_DESIGNS_Sisvar
https://www.researchgate.net/publication/338106803_SISVAR_A_COMPUTER_ANALYSIS_SYSTEM_TO_FIXED_EFFECTS_SPLIT_PLOT_TYPE_DESIGNS_Sisvar
https://www.mdpi.com/2223-7747/11/24/3463
https://www.mdpi.com/2223-7747/11/24/3463
https://www.mdpi.com/2223-7747/11/24/3463
https://www.mdpi.com/2223-7747/11/24/3463
https://www.mdpi.com/2223-7747/11/24/3463
https://ojs.bioresources.com/index.php/BRJ/article/view/23495
https://ojs.bioresources.com/index.php/BRJ/article/view/23495
https://ojs.bioresources.com/index.php/BRJ/article/view/23495
https://ojs.bioresources.com/index.php/BRJ/article/view/23495
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0187-57792024000100140
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0187-57792024000100140
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0187-57792024000100140
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0187-57792024000100140
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0187-57792024000100140
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0187-57792024000100140
https://www.sciencedirect.com/science/article/pii/S2667064X24003683
https://www.sciencedirect.com/science/article/pii/S2667064X24003683
https://www.sciencedirect.com/science/article/pii/S2667064X24003683
https://www.sciencedirect.com/science/article/pii/S2667064X24003683
https://link.springer.com/article/10.1186/s43170-022-00102-w
https://link.springer.com/article/10.1186/s43170-022-00102-w
https://link.springer.com/article/10.1186/s43170-022-00102-w
https://link.springer.com/article/10.1186/s43170-022-00102-w
https://www.mdpi.com/2223-7747/14/5/712
https://www.mdpi.com/2223-7747/14/5/712
https://www.mdpi.com/2223-7747/14/5/712
https://www.mdpi.com/2223-7747/14/5/712
https://www.mdpi.com/2223-7747/14/5/712
https://www.mdpi.com/2223-7747/14/5/712
https://www.cabidigitallibrary.org/doi/full/10.5555/20143213717
https://www.cabidigitallibrary.org/doi/full/10.5555/20143213717
https://www.cabidigitallibrary.org/doi/full/10.5555/20143213717
https://www.cabidigitallibrary.org/doi/full/10.5555/20143213717
https://www.cabidigitallibrary.org/doi/full/10.5555/20143213717
https://www.mdpi.com/2073-4395/10/2/210
https://www.mdpi.com/2073-4395/10/2/210
https://www.mdpi.com/2073-4395/10/2/210
https://www.mdpi.com/2223-7747/10/10/2163
https://www.mdpi.com/2223-7747/10/10/2163
https://www.mdpi.com/2223-7747/10/10/2163
https://www.mdpi.com/2223-7747/10/10/2163

Gerusa Pauli Kist Steffen

Directive Publications

17.

18.

19.

20.

Ambros E,
Chernonosov A, Trofimova E, et al. biostimulant based
on silicon chelates enhances growth and modulates
physiological responses of in-vitro-derived strawberry
plants to in vivo conditions. Plants 2023; 12(24): 4193.

Kotsupiy O, Karpova E, Panova U,

Cardarelli M, El Chami A, RouphaelY, Ciriello M, Bonini P,
Erice G, et al. Plant biostimulants as natural alternatives
to synthetic strawberry production:
Physiological and metabolic insights. Frontiers in Plant
Science 2024; 14: 1337926.

auxins in

Prisa D, Jamal A. Penergetic system a way to stimulate
the growth of vegetable plants. Multidisciplinary Science
Journal 2025; 8: €2026060.

Steffen RB, Steffen GPK. Increase in the activity of
microbial agents of agricultural interest using a
biostimulant. International Journal of Current Research
2025; 17(4): 32369-32373.

21.

22.

23.

24,

Artyszak A, Gozdowski D. The effect of growth activators
and plant growth-promoting rhizobacteria (PGPR) on
the soil properties, root yield, and technological quality
of sugar beet. Agronomy 2020; 10(9): 1262.

Pekarskas J. Effect of growth activator Penergetic-P on
organically grown spring wheat. Zemés Ukio Mokslai
2012; 19(3): 151-160.

Souza AA de, de Almeida FZ, Alberton O. Growth and
yield of soybean with Penergetic application. Scientia
Agraria 2017; 18(4): 95-98.

Steffen RB, Steffen GPK, Maldaner J. In vitro activation
of microbial growth in low frequency electromagnetic
fields. Journal of Agriculture and Environmental Science
2020; 9(1): 1-7.

Open Access, Volume 16, 2026

Page - 8


https://www.mdpi.com/2223-7747/12/24/4193
https://www.mdpi.com/2223-7747/12/24/4193
https://www.mdpi.com/2223-7747/12/24/4193
https://www.mdpi.com/2223-7747/12/24/4193
https://www.mdpi.com/2223-7747/12/24/4193
https://www.mdpi.com/2223-7747/12/24/4193
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2023.1337926/full
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2023.1337926/full
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2023.1337926/full
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2023.1337926/full
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2023.1337926/full
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2023.1337926/full
https://malque.pub/ojs/index.php/msj/article/view/8389
https://malque.pub/ojs/index.php/msj/article/view/8389
https://malque.pub/ojs/index.php/msj/article/view/8389
https://malque.pub/ojs/index.php/msj/article/view/8389
https://journalcra.com/article/increase-activity-microbial-agents-agricultural-interest-using-biostimulant
https://journalcra.com/article/increase-activity-microbial-agents-agricultural-interest-using-biostimulant
https://journalcra.com/article/increase-activity-microbial-agents-agricultural-interest-using-biostimulant
https://journalcra.com/article/increase-activity-microbial-agents-agricultural-interest-using-biostimulant
https://journalcra.com/article/increase-activity-microbial-agents-agricultural-interest-using-biostimulant
https://www.mdpi.com/2073-4395/10/9/1262
https://www.mdpi.com/2073-4395/10/9/1262
https://www.mdpi.com/2073-4395/10/9/1262
https://www.mdpi.com/2073-4395/10/9/1262
https://www.mdpi.com/2073-4395/10/9/1262
https://www.researchgate.net/publication/264843165_Effect_of_organic_nitrogen_fertilizers_provita_and_fermentator_Penergetic-k_winter_wheat_and_on_soil_quality
https://www.researchgate.net/publication/264843165_Effect_of_organic_nitrogen_fertilizers_provita_and_fermentator_Penergetic-k_winter_wheat_and_on_soil_quality
https://www.researchgate.net/publication/264843165_Effect_of_organic_nitrogen_fertilizers_provita_and_fermentator_Penergetic-k_winter_wheat_and_on_soil_quality
https://www.researchgate.net/publication/323079957_Growth_and_yield_of_soybean_with_penergetic_application
https://www.researchgate.net/publication/323079957_Growth_and_yield_of_soybean_with_penergetic_application
https://www.researchgate.net/publication/323079957_Growth_and_yield_of_soybean_with_penergetic_application
https://jaes.thebrpi.org/journals/jaes/Vol_9_No_1_June_2020/1.pdf
https://jaes.thebrpi.org/journals/jaes/Vol_9_No_1_June_2020/1.pdf
https://jaes.thebrpi.org/journals/jaes/Vol_9_No_1_June_2020/1.pdf
https://jaes.thebrpi.org/journals/jaes/Vol_9_No_1_June_2020/1.pdf

	Title
	Abstract
	Keywords
	Introduction
	Materials And Methods
	Results
	Table 1
	Table 2
	Figure 1
	Figure 2
	Figure 3

