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Abstract

This article presents a comparative analysis of the efficacy of two cultivation methods for curly lettuce crops: one
involving the use of a probiotic-derived ATAGREEEN postbiotic-added nutrient solution, and the other relying on a
nutrient solution without postbiotic. The analysis is supported by a comprehensive presentation of the experimental
design, methodology, and results, as well as illustrative images. This study is discussed in detail under the following
headings: basic principles of hydroponic agriculture, curly lettuce growing and its characteristics, the role of
postbiotics in agriculture, the use of postbiotics in hydroponic agriculture, experimental design and methods, results
and findings, analysis and interpretation of results, presentation of methods and results, discussion and
recommendations. The experimental design is centred on the cultivation of curly lettuce plants in a hydroponic
environment, with and without the addition of ATAGREEN postbiotic nutrient solutions. The methodology employed
in the experiment, the cultivation conditions for the plants, the preparation of the nutrient solutions and the care of
the plants were all determined in great detail. Furthermore, the experiment was designed to include a defined
duration, measurement intervals, and data collection techniques. The results of the experiment demonstrated that
the ATAGREEN postbiotic-supplemented nutrient solution exhibited notable advantages in curly lettuce growth.
Plants treated with the ATAGREEN postbiotic solution exhibited accelerated growth, an increased number of leaves,
and enhanced root systems. Additionally, plants treated with the ATAGREEN postbiotic solution demonstrated
elevated resistance levels and greater resilience to detrimental organisms.
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1. Introduction

Hydroponic farming is a method of plant
cultivation that involves the use of water
solutions containing nutrients, as opposed to
soil, which is the traditional approach. This
system has been shown to conserve water
and agricultural land (Al Ajmi et al,, 2009;
Richa et al.,, 2020; Rakesh and Javakrishna,
2022), whilst reducing the use of chemical
fertilisers and pesticides, which are often
necessary to combat plant diseases and
harmful organisms (Richa et al., 2020). The
ability to meet the nutrient requirements of
plants in a controlled manner has been
demonstrated to increase productivity and
enable agricultural production in limited
areas (Pandey et al, 2009; Despommier,
2013). The historical development of
hydroponic agriculture is a process that
extends from ancient times to modern
practices. The evolution of hydroponic
farming techniques can be traced back to the
ancient irrigation canals of the Babylonian
and Assyrian civilizations, and has been
further refined over time to suit modern
agricultural practices. Evidence suggests that
in ancient Egyptian and Babylonian times,
rock wool and clay were utilised to support
the roots of plants in a floating position
within water, thus facilitating the cultivation
of aquatic flora (Kumar et al., 2023).

The foundations of modern hydroponic
agriculture are believed to have been
established in the 17th century through
studies on the cultivation of plant roots in
water (Sabry, 2021). Since the mid-20th
century, hydroponic agriculture technology
has undergone significant development,
primarily driven by NASA's adoption of
hydroponic systems for space exploration
(Moraru et al, 2004). Subsequent
advancements in hydroponic agriculture
have been further developed and integrated
with contemporary irrigation systems,
resulting in the current practices observed
today. Since the advent of the 20th century,
hydroponic agriculture has emerged as a

favoured agricultural modality, particularly
in regions characterised by constrained
water resources, an outcome that can be
attributed to the escalating utilisation of
fossil fuels (Pomoni et al., 2023).

1.1. Hydroponic Systems and Their
Classification

Surface water technologies constitute a
hydroponic system in which the roots of
plants are placed on the water surface and
are continuously supplied with fresh water
and nutrient solution. This system provides
plants with easy access to nutrient solutions,
but good aeration is necessary to ensure
oxygen uptake by the roots. The platforms
that support the plant roots must also have
an appropriate structure (Lopez-Galvez et al.,
2014). Film technologies constitute a
hydroponic system in which the roots of
plants come into contact with a nutrient
solution contained in a thin film. This system
necessitates sophisticated control
mechanisms to ensure the stability of pH and
electrical conductivity (EC) values in the
water and nutrient solution. Notably, film
technologies have been shown to conserve
water by minimising evaporation levels in
both water and nutrient solutions (Goddek et
al,, 2019).

Vertical hydroponic systems, such as cabinet
and tower setups, are a notable example of
this technological advancement. These
systems are particularly well-suited to urban
agriculture applications due to their ability to
efficiently utilise limited spatial resources.
The advantages of these systems include
water savings, high productivity and
pollution reduction. However, it is imperative
to note that ensuring homogeneity in the root
zone and the delivery of adequate nutrient
solutions are of paramount importance
(AlShrouf, 2017). Aquaponic farming is
defined as a sustainable agricultural system
that combines fish farming and hydroponic
plant cultivation. The fundamental principle
of this system is predicated on the filtration
of the waste produced by the fish, with the
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process of conversion of the ammonium in
the waste into nitrite and subsequently
nitrate nutrients, and the development of
plants by integrating this nutrient into the
system. The nutrients so developed are
absorbed by the plants cultivated in the
hydroponic environment, thus purifying the
water. The purified water is subsequently
returned to the fish habitat. The continuous
circulation of water in aquaponic farming
systems enables the concurrent cultivation of
both fish and plants (Goddek et al., 2019).

1.2. Nutrient Solutions and Properties
employed in hydroponic Farming

Nutrient solutions utilised in hydroponic
farming comprise essential nutrients that are
indispensable for the development of plants
throughout their life cycle (Trejo-Téllez &
Gémez-Merino, 2012). These essential
nutrients are defined as elements that are
fundamental for the growth and
development of plants. Nitrogen, phosphorus
and potassium are recognised as essential
nutrients, and it is imperative to ensure the
appropriate ratios of these elements are
present in the nutrient solution to facilitate
optimal plant development. These elements
are indispensable for various processes,
including the formation of plant cells,
photosynthesis, root development, seed
formation, and general growth (De Rijck &
Schrevens, 1999). Macronutrients,
meanwhile, are elements required in large
quantities for plant growth.

These elements include nitrogen, sulfur,
calcium, magnesium, and phosphorus.
Micronutrients, meanwhile, are elements
that are required in minute quantities by
plants. These micronutrients include iron,
copper, zinc, manganese, molybdenum and
chlorine. These nutrients are vital for the
healthy development of plants, and their
deficiency can have a detrimental effect on
plant growth (Kumar et al, 2021). In
hydroponic farming, nutrient solutions
containing the essential nutrients required
by plants are used. These solutions are

formulated to be readily absorbable by the
roots of the plants (Li et al., 2020; Ragaveena
et al,, 2021; Maharana & Koul, 2004).

1.3. The Advantages and Disadvantages of
Hydroponic Agriculture

The advantages of hydroponic farming
include water savings, labour savings, high
productivity, control of nutrient uptake by
plants, consistent crop quality, ease of
protection from plant diseases and pests, and
suitability for urban agriculture (Jones, 2016;
Tripp, 2014). However, hydroponic farming
also has disadvantages, including high set-up
costs, complex maintenance, technical
expertise, increased energy consumption,
sensitive nutrient solution balance and
difficulties in controlling root diseases
(Tripp, 2014;Jones, 2016).

1.4. Environmental and Economic Impacts

In comparison with traditional agriculture,
hydroponic agriculture is considered to be
more environmentally friendly due to its
ability to minimise water wastage, reduce
erosion and pollution, and decrease chemical
pollution (Jones, 2016). This is because the
water and nutrients required by plants are
supplied directly to the root system.
Hydroponic agriculture is distinguished by
its reduced reliance on chemical fertilisers
and pesticides, making it a commendable
method in terms of environmental
sustainability. The advantage of soilless
farming is that disease and pest organisms
can be controlled more easily and chemical
interventions can be reduced when
necessary (Jones et al, 2020). From an
economic perspective, hydroponic
agriculture offers a competitive advantage in
the market, resulting in high yields per unit
area and the production of quality products
(Mateus-Rodriguez et al., 2013; Gémez et al,,
2019; Emani, 2018; Jafari et al., 2024).
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1.5. Application Areas of Hydroponic
Agriculture

Hydroponic farming is a favoured method in
urban areas where agricultural land is
limited. Vertical gardening is employed in
urban areas where hydroponic systems are
installed on the walls of buildings or on
specially constructed platforms. This
approach has the potential to establish
sustainable agricultural models in urban
areas (Michelon et al., 2019;Hamidon et al,,
2020). Hydroponic agriculture is a method
frequently employed by research and
education centres. These centres favour
hydroponic farming for the control of plant
growth conditions, the study of different
nutrient solutions and systems, and the
teaching of agricultural practices. This
approach facilitates the acquisition of
significant insights into future agricultural
methodologies (Hamidon et al., 2020).

1.6. New Technologies and Innovation

New technologies and innovations in
hydroponic agriculture play an important
role in the sustainability and efficiency of
agriculture. Aquaponic systems represent a
symbiotic integration of aquaculture and
hydroponic agriculture. The waste of the fish
is used as a nutrient solution for the plants,
providing an ideal environment for the plants
to grow. This system is highly advantageous
in terms of water saving and sustainability.
Another innovation is the use of artificial
intelligence technologies in agriculture. The
utilisation of artificial intelligence has been
demonstrated to enhance the efficiency of
hydroponic agriculture and to optimise
plant-growing conditions. The integration of
Al technologies into domains such as plant
growth, disease control, and nutrient
solution optimization has the potential to
enhance agricultural productivity while
fostering the development of a more
sustainable agricultural model (Mamatha &
Kavitha, 2023; Vanipriya et al.,, 2021).

1.7. Future Perspectives and Research
Topics

The present status and future studies of
hydroponic agriculture are a significant
outcome of research into sustainable
agricultural models. The findings, which
include high productivity, water
conservation, efficient space utilisation and
precise control of plant growth conditions,
are likely to ensure the preference for
hydroponic agriculture in the future. It is
anticipated that the research agenda will
continue to evolve, with the emergence of
novel innovations. The future direction of
hydroponic agriculture will be focused on
water conservation, sustainability, new
technologies and the expansion of
application areas. Potential future research
topics include plant breeding, nutrient
solution optimisation, energy saving and
artificial intelligence integration.

2. Hydroponic Agriculture and Curly

lettuce Cultivation

The present article analyses the difference
between growing lettuce in hydroponic
technique with probiotic supplemented
nutrient solution and growing lettuce in
nutrient solution without probiotic, with the
results, methods and pictures to support this
analysis. The study methodically explores the
fundamental principles of hydroponic
agriculture, curly lettuce cultivation, and its
distinctive characteristics. It delves into the
role of probiotics in agriculture, the
utilisation of probiotics in hydroponic
agriculture, experimental design and
methodologies, results and findings, analysis
and interpretation of results, presentation of
results, results and discussion, conclusions
and recommendations. Curly lettuce is one of
the vegetables grown in hydroponic
environments and known for its fibrous
structure. Curly lettuce is also preferred by
consumers for its fast growth, low water use
and hygienic production possibilities. Curly
lettuce grown in hydroponic environments
can be grown in a more controlled
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environment than in soil farming, which can
increase productivity (Dkhar & Bahadur,
2017;Kowalczyk et al.,, 2014).

2.1. The Role of Probiotics in Agriculture
and Effects on Plant Development?

Studies have shown that formulations using
probiotics and postbiotics, a type of probiotic
product, are significantly more effective on
living organisms (Aslan et al,, 2023; Gokge &
Aslan, 2024; Tarhan-Celebi et al, 2024,
Doganay et al.,, 2025). Probiotics found in soil
play an important role in promoting plant
growth and improving soil health (Hossain et
al,, 201;John et al., 2020). Probiotics prevent
harmful microorganisms from entering the
roots of plants and increase nutrient
absorption. In addition, they can strengthen
plant immunity and provide resistance to
diseases. Probiotics can also improve soil
structure, increase water retention capacity
and provide better nutrition for plants (de
Souza Vandenberghe et al.,, 2017;Song et al,,
2012). Some probiotics can promote root
development of plants, allowing them to have
stronger and deeper roots. Other types of
probiotics can support the growth and
development of plants by increasing their
nutrient absorption. In addition, it is a known
fact that probiotics have positive effects on
plant growth, so they are increasingly used in
agricultural practices (Woo & Pepe,
2018;Hossain et al.,, 2017).

2.2. Use of Probiotics in Hydroponic
Farming

Using of probiotics in hydroponic farming
plays an important role in the plant growing
process (Kitwetch et al., 2023; Thomas et al.,
2024). Probiotics support the development
of root systems by containing beneficial
bacteria and microorganisms that plants
need. In this way, they help plants absorb
nutrients more effectively. Probiotics can
also increase the resistance of plants to
diseases and help them cope with stress (Kim
& Anderson, 2018; Hu et al, 2016). Therefore,
the use of probiotics in hydroponic farming is

of great importance for plant health and
productivity.

2.3. Preparation of Probiotic
Supplemented Nutrient Solutions

Nutrient solutions with probiotic additives
contain beneficial microorganisms, as well as
providing the nutrients that plants need.
These solutions are typically derived from
organic materials and are formulated in such
a manner that they are readily absorbed by
plants. The preparation of such solutions
necessitates the utilisation of specialized
equipment and ingredients, in addition to the
meticulous measurement and application of
the solution components. This ensures
optimum utilization of plants (Zhong et al,,
2017; Patel et al., 2010).

2.4. Effects of Probiotics on Curly lettuce
Breeding

The effects of probiotics on curly lettuce
cultivation can significantly improve plant
growth and productivity. The use of
probiotics has been shown to enhance the
strength of plants' root systems, improve
nutrient absorption, and augment their
resilience to stress (Jones et al, 2019).
Furthermore, probiotics have been shown to
enhance plant resistance to diseases, thereby
providing a protective effect against
pathogens. Consequently, the utilisation of
probiotics in curly lettuce cultivation has the
potential to yield highly favourable outcomes
in terms of plant health and productivity.

3. Material and Methods

The experimental design is centred on the
cultivation of curly lettuce plants in
hydroponics, with and without probiotic
supplemented nutrient solutions. The
methods employed in the experiment, the
growing conditions of the plants, the
preparation of nutrient solutions and the
care of the plants were determined in detail.
The duration of the experiment, the
measurement intervals and the data
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collection techniques were also determined.
The primary objective of the experiment was
to make a comparison between the growth,
development and yield characteristics of
curly lettuce plants cultivated with probiotic
supplemented nutrient solution and those of
plants cultivated without probiotics. The
underlying hypotheses posited that the
probiotic-supplemented nutrient solution
would exert a positive influence on plant
growth, enhance plant health and yield, and
augment stress tolerance in plants.

To this end, control groups were established
and provided with equivalent growing
conditions. In order to determine the effects
of the probiotic supplemented solution,
plants grown with this solution were used as
control group. The control groups were
maintained under conditions that were
analogous with respect to plant growth,
solution applications and maintenance.

4. Results and Discussion

The results of the comparison of curly
lettuce plants grown with probiotic-
supplemented and non-supplemented
nutrient solutions revealed that probiotic-
supplemented plants exhibited enhanced
health and superior growth. The root
development of the probiotic-fed plants
exhibited enhanced strength, while the leaf
coloration displayed heightened vibrancy.
In contrast, plants cultivated with the
unamended nutrient solution exhibited
stunted growth, reduced vigor, and
diminished productivity in comparison to
those amended with probiotics. This
observation lends further credence to the
notion that probiotic supplementation
exerts a Dbeneficial influence on the
development of curly lettuce plants.

Figure 1, Figure 2. the production process
for the curly lettuce vegetables

Figures 1 and 2 illustrate the initiation of the
production process for the curly lettuce
seedlings in question, utilizing the same
system and two distinct nutrient solutions.

Figure 3. The image of Curry roots

5. A comparison of Curly lettuce Plants
Grown with Probiotic Supplemented and
Non-Supplemented Nutrient Solutions, with
Analysis and Interpretation of Results

Following analysis of the results of the
difference between growing curly lettuce
with probiotic-added nutrient solution and
growing curly lettuce with probiotic-free
nutrient solution by hydroponic technique,
it was observed that probiotic-added plants
grew faster and healthier. It was determined
that the probiotic additive positively
affected the root development of the plants
and absorbed nutrients more efficiently.
Furthermore, it was determined that
probiotic supplementation increased the
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resistance of plants against diseases and
positively influenced the overall plant
health. This analysis thus demonstrates that
probiotic  supplementation exerts a
substantial influence on the development of
curly lettuce plants (Figure 3).

5.1. Analysis of the Data Obtained and
Statistical Analyses

A thorough examination and statistical
analysis of the data obtained during the
experiment revealed clear differences in the
development of curly lettuce plants grown
with and without probiotic
supplementation. Statistical analysis
indicated that probiotic supplementation
significantly augmented plant height, leaf
growth, root length, and total yield.
Furthermore, in comparison with the
control groups, probiotic supplementation
led to a marked enhancement in the general
health status of the plants and optimized
nutrient utilization.

5.2. A comparison of Curly lettuce Plants
Grown with Probiotic Supplemented and
Non-Supplemented Nutrient Solutions

Following analysis of the results of the
difference between growing curly lettuce
with probiotic-added nutrient solution and
growing curly lettuce with probiotic-free
nutrient solution by hydroponic technique,
it was observed that probiotic-added plants
grew faster and healthier. It was determined
that the probiotic additive positively
affected the root development of the plants
and absorbed nutrients more efficiently.
Furthermore, it was determined that
probiotic supplementation increased the
resistance of plants against diseases and
positively influenced the overall plant
health. This analysis thus demonstrates that
probiotic  supplementation exerts a
substantial influence on the development of
curly lettuce plants.

Curly Without

Probiolics

Figure 4. Measurement of some physical
values in the growth stage of curly lettuce
vegetable

Comparison of Curly Vegetable Growth Factors
(With and Without Probiotic)

Figure 5. Graph of some physical changes of
curly lettuce vegetable during growth stage

The experiment yielded results indicating
that lettuce cultivated in a hydroponic
technique using a nutrient solution fortified
with probiotics exhibited superior growth
characteristics in comparison with lettuce
cultivated in the absence of probiotics. The
experiment revealed that plants cultivated
with the probiotic solution exhibited
accelerated growth, an increased number of
leaves, and healthier root systems.
Furthermore, plants treated with the
probiotic-amended  solution  exhibited
enhanced resistance levels and greater
resistance to harmful organisms.
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The positive and beneficial effects of
probiotic and postbiotic formulations on life
forms have been documented (Aslan &
Celebi, 2023; Aslan et al, 2025). The

potential of probiotics in agricultural
applications is significant. These
microorganisms have been shown to

enhance productivity by promoting plant
growth, increasing plant resistance to
harmful organisms, and enhancing plant
resistance to diseases. Probiotics have been
shown to play a significant role in improving
plant growth and soil health (Hossain et al,,
2017; John et al., 2020). They have been
shown to enhance soil structure and
increase water retention capacity, thereby
ensuring optimal plant nutrition (de Souza
Vandenberghe et al, 2017; Song et al,
2012).  Furthermore, it has been
documented that probiotics have a
favorable impact on plant growth (Hossain
and colleagues, 2017; Woo & Pepe, 2018).
The utilization of probiotic-enhanced
nutrient solutions in the cultivation of curly
lettuce plants has been demonstrated to
yield several notable advantages. These
include the provision of effective
microorganisms that stimulate plant
growth, facilitate nutrient absorption, and
enhance plant resistance to harmful
organisms. It has been observed that the
general health status of plants improves and
their productivity increases with the use of
probiotic-added solutions. Further research
is required to ascertain the full potential of
probiotics in agricultural applications
(Figure 4, Figure 5).

5. Conclusion

Following a comprehensive analysis of the
outcomes, methodologies and images
obtained from experiments conducted in a
hydroponic environment, it was determined
that the utilization of a nutrient solution
augmented with probiotics exerted a
favorable influence on the cultivation of curly
lettuce plants. Observations revealed that
the probiotic nutrient solution promoted
faster growth, healthier plants and increased

productivity. The findings of this study
demonstrate that probiotic supplementation
has significant advantages on curly lettuce
cultivation. Future studies should focus on a
detailed investigation of the effects of
different probiotic strains, optimization of
application dosages and evaluation of
environmental effects. A detailed
examination of the effects of different
probiotic strains is recommended for future
studies. In addition, optimizing probiotic
application  dosages and  evaluating
environmental effects are also important
issues. In addition, investigating the long-
term effects of probiotic-added nutrient
solution and examining its effects on other
plant species are among the suggested topics
for future studies.
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