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ABSTRACT

Our study investigated the growth of two basil varieties — Red Rubin (Ocimum basilicum var.
purpurascens) and Genovese (Ocimum basilicum var. Genovese) —under aeroponic conditions at the
Institute of Water and Environmental Management, University of Debrecen. Growth dynamics were
monitored using morphological parameters (plant height and leaf number), manual LiDAR
measurements, and yield analysis. The aim was to evaluate the performance of these varieties in
terms of growth characteristics and productivity under controlled light, climate, and nutrient
conditions, with particular emphasis on water-use efficiency. The results revealed differences in
growth patterns between the two varieties, as well as in their responses to nutrient availability and
environmental factors. This research offers valuable insights for optimizing aeroponic basil cultivation
and supports sustainable, resource-efficient agricultural practices, especially in urban and vertical
farming systems. The research presented in the article was carried out within the framework of the
Széchenyi Terv Plusz programme, with support from the RRF-2.3.1-21-2022-00008 project.
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1. INTRODUCTION

The agricultural sector currently faces numerous global challenges. Climate change, which has
already caused adverse effects for several decades, is expected to intensify and lead to even more
profound disruptions in the coming years. At the same time, the reduction of arable land due to
urbanisation and industrial expansion — combined with soil degradation through salinisation,
nutrient depletion, erosion, and contamination with pesticides or heavy metals — poses an
increasing threat to global food production. Plants have inherent limitations in rapidly adapting
to rapidly changing conditions, resulting in reduced yields, lower crop quality, and greater
vulnerability to pests and diseases. Together, these factors create significant risks to food security
and economic stability.

At the same time, market demand for fresh, high-quality herbs — particularly basil — is steadily
increasing due to the growth of the food industry and gastronomy, as well as the rising popularity
of functional foods rich in bioactive compounds. However, basil is highly sensitive to
environmental fluctuations, and traditional field cultivation often fails to deliver stable yields and
uniform quality. This has made controlled environment agriculture (CEA) increasingly important
for producing consistent, contamination-free plant material with predictable growth
characteristics (Gomez et al., 2019).

Soilless cultivation technologies offer promising solutions to these challenges. Among them,
aeroponics stands out as one of the most innovative and efficient plant production systems (Kumar,
2024). By suspending plant roots in air and delivering a nutrient-rich mist directly to the rhizosphere,
aeroponics provides optimal root-zone oxygenation, precise nutrient delivery, and significantly
reduced water consumption. Its closed-loop design minimises water losses from evaporation or
leaching, making it particularly suitable for regions facing water scarcity. In addition, aeroponics
eliminates exposure to soil-borne pathogens and enables pesticide-free production, thereby
supporting sustainable horticultural practices.

Recent developments in digital phenotyping, including LiDAR-based morphological monitoring,
further enhance the potential of aeroponics (Gano et al., 2024). These technologies enable high-
resolution, non-destructive tracking of plant development, offering valuable insights into genotype-
specific growth responses and supporting data-driven optimisation of cultivation protocols.

Given these technological advancements and the increasing need for sustainable, water-efficient
crop production, evaluating the performance of different basil varieties under aeroponic conditions
is both timely and relevant. Understanding how varietal traits interact with controlled
environmental parameters can help refine production strategies and improve the overall efficiency
of urban and vertical farming systems.

2. LITERATURE REVIEW

Aeroponics has emerged as an innovative and highly efficient plant production method, attracting
growing attention for its ability to reduce water use and enhance growth rates (Garzon et al., 2023;
Lakhiar, 2018). In this system, roots are suspended in air and supplied with water and nutrients as
a fine mist (Blok et al., 2017), promoting optimal plant development while minimising resource
consumption. As a closed production technology, aeroponics enables precise environmental control
and reduces pathogen pressure, thereby eliminating soil-borne diseases and supporting pesticide-
free cultivation (Scortichini, 2022). The beneficial effects of aeroponic cultivation have been
successfully demonstrated in tomatoes (Tafesse et al., 2021), cucumbers (Jamshidi et al., 2020), leafy
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greens (Chandra et al., 2014; Lim, 1996), potatoes (Farran & Mingo-Castel, 2006; Tunio et al., 2020), and
herbs and medicinal plants (Hayden, 2006). Positive results have also been observed with lettuce
(Kovacs et al., 2025a) and seed potatoes (Kovacs et al., 2025b).

Basil (Ocimum basilicum) is a widely used culinary and economically important herb, valued for both
fresh consumption and its essential oils, which have applications in the food, pharmaceutical, and
cosmetic sectors. Its short production cycle, high market demand, and sensitivity to environmental
fluctuations make it particularly suited to controlled environment agriculture. Aeroponic production
is especially advantageous for basil, which requires a tightly regulated nutrient and water supply
(Khater et al., 2021; Salachas et al., 2015). Environmental factors such as light, nutrients, and water
availability strongly influence its growth and essential-oil profile (Stagnari et al., 2018), while
the species responds well to precise nutrient delivery and a highly oxygenated root zone.

Studies consistently show that basil grown aeroponically develops faster and produces greater
biomass and more refined root systems than when grown under hydroponic or soil-based conditions
(Mourantian et al., 2023; Pasch et al., 2021; Salachas et al., 2015). Improved oxygenation enhances
enzyme activity, nutrient transport, and stress tolerance, while water-use efficiency (WUE) — shaped
by transpiration, leaf area expansion, and biomass-to-water ratios — also tends to increase.
Aeroponics’ pulsed water delivery creates alternating wet-dry cycles that can stimulate water
uptake and nutrient efficiency, thereby increasing chlorophyll content, accelerating canopy
development, and enhancing essential-oil synthesis. Overall, the resource-efficient, year-round
production enabled by closed systems positions aeroponics as a key technology for meeting
the growing global demand for high-quality basil.

This study aimed to evaluate the performance of these basil varieties in terms of growth
characteristics and productivity under controlled light, climate, and nutrient conditions,
with particular emphasis on water-use efficiency.

3. MATERIALS AND METHODS

We conducted the experiments in the Aeroponics Laboratory of the Institute of Water and
Environmental Management, Faculty of Agricultural and Food Sciences and Environmental
Management, University of Debrecen. The closed climate chamber enabled controlled conditions
for up to 80 plants by regulating temperature, relative humidity, and light cycles.

3.1 The two basil varieties used in the experiment

“Red Rubin” (Ocimum basilicum var. purpurascens) is a red-leaved basil variety characterised by
medium plant height, a strong clove-like aroma, vigorous stems, and dense foliage. Under optimal
conditions, plants typically reach 40-60 cm in height.

The traditional sweet basil variety “Genovese” (Ocimum basilicum var. Genovese) is widely
cultivated for fresh consumption and pesto production. It features large, bright-green leaves, a
strong aroma, and high yield potential, making it well-suited to hydroponic and aeroponic
cultivation systems (Biksa, 2022). It is considered the standard cultivar for Italian-style
basil production (Gardenia, 2025).
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3.2 Description of the experiment

Basil seeds were germinated on 3.6 x 3.6 cm rockwool cubes (Figure 1). Seedling cultivation took
place in a Mammoth Lite 80+ indoor growing tent equipped with a SANLIGHT Q5W GEN2 grow lamp
capable of emitting light in the 400-780 nm wavelength range.

Figure 1: The seedling nursery tent (left) and the pre-grown seedlings (right) in the cotton cubes

Source: The authors

At sowing, four basil seeds were placed in each rockwool cube, and a thin layer of perlite was added.
Two-week-old pre-grown seedlings were then transplanted into the Aeroponics Laboratory. In each
of the four growing units (each with a surface area of 1 m?), ten seedlings per variety were planted.
The climate chamber contained four aeroponic growing units, each connected to its own nutrient
storage tank via a pipe system. Plants were placed in basket-shaped growing pots filled with clay
pellets as the inert growth medium.

The aeroponic nozzles were adjusted to deliver a fine nutrient mist evenly onto the suspended plant
roots. Pumps were equipped with timers, and nutrient delivery was set to 10 min every hour
throughout the experiment.

Data-collecting sensors were installed in the climate chamber, connected to a central computer,
and continuously recorded temperature and humidity. Figure 2 shows the variation
in temperature and relative humidity over the 111-day experimental period in the aeroponic
system. During the first 60 days, the temperature fluctuated between 15 °C and 25 °C with
noticeable variation before stabilising at approximately 20 °C to meet the plants’ developmental
requirements. Relative humidity initially ranged widely between 60 % and 90 %, then stabilised
at around 70 % from day 40 onward.
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Figure 2: The temperature and humidity changes during the experiment in the Aeroponics

Source: The authors’ data

The plants were illuminated using Research Top Light full-spectrum, high-intensity, four-channel
horticultural LED grow lamps controlled by the Hungarian “Power Grow” software developed
by Tungsram. The lighting system operated fully automatically throughout the experiment.

During the early seedling stage, basil does not require far-red light; therefore, far-red wavelengths
were omitted from the spectrum. After the vegetative expansion stage, far-red light becomes
necessary. Incorporating far-red light into the spectrum provides significant benefits for biomass
production and resource-use efficiency. Far-red (FR) light treatments are associated with increased
carbohydrate reserves, more efficient stachyose production, and potentially improved phloem
loading in intermediary cells through enhanced sucrose homeostasis. The combination of higher
biomass vyield, increased resource-use efficiency, and elevated leaf carbohydrate concentrations
in response to FR light supplementation offers promising opportunities for commercial crop
production in controlled environment agriculture (Driesen et al., 2023). Figure 3 shows the light
intensity and spectrum applied before and after the addition of far-red light.
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Figure 3: The applied light protocol before and after the use of far-red light
Source: The authors

During the experiment, four growing units were available in the laboratory, each capable of
accommodating 20 plants. Each unit was supplied by its own nutrient solution tank, allowing
independent adjustment of nutrient replenishment according to specific requirements. The nutrient
solution was prepared in accordance with the manufacturer’s recommendations using GHE-Terra
Agquatica TriPart Grow and Micro concentrates. Table 1 summarises the nutrients supplied to each
unit over the entire experiment, along with the total amount of water replenished.

Table 1: Nutrient solution and water replenished throughout the experiment

Ocimum basilicum var. | Ocimum basilicum var. | Ocimum basilicum var. | Ocimum basilicum var.
purpurascens (1) Genovese (2) purpurascens (3) Genovese (4)

Grow | Micro | Water | Grow | Micro | Water | Grow | Micro | Water | Grow | Micro | Water

(ml) | (ml) (L) (ml) | (ml) (L) (ml) | (ml) (L) (ml) | (ml) (L)

164 57 90 180 65 100 136 68 85 144 72 90

Source: The authors’ data

The slight differences in the amount of nutrient solution supplied to each unit were mainly due to
operational adjustments during the cultivation period. Since the primary experimental objective
was to assess varietal performance rather than nutrient treatment effects, the results were
evaluated on a variety basis by averaging the data from the two corresponding units.

During the experiment, plant height (Figure 4) and leaf number were measured weekly. On day 42,
regular pruning of the basil plants began, with larger leaves removed. For each unit, the fresh weight
of all harvested leaves was recorded. The leaves were then dried to determine their dry weight.
At final harvest, the total fresh mass of the plants (including shoots and roots) was measured,
followed by drying to determine dry matter content. At the end of the experiment, the total volume
of water used during cultivation was quantified to calculate the water-use efficiency (WUE) index.
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Water-use efficiency (WUE) is a measure of how efficiently plants utilise water. It was calculated as
the ratio of produced biomass (g) to total water consumption (L). A high WUE indicates that plants
produced more biomass per unit of water, whereas a low WUE suggests that water consumption
did not result in proportionally greater growth.

Figure 4: The two basil varieties in the growing units

Source: The authors

In this experiment, basil plants (Ocimum basilicum L.) were grown in an aeroponic system inside
a closed climate chamber. Throughout cultivation and measurement procedures, the temperature
was maintained at 25 °C, and the relative humidity was kept near 70 %. The developmental stages
of the plants were recorded across the entire vegetation period at all major phenophases.

To survey the plant stand, we employed an X120GO handheld 3D LiDAR scanner, which operates on
an active remote-sensing principle and produces high-density 3D point clouds. The device has a
maximum range of 120 m, a minimum measurement distance of 0.5 m, and a relative accuracy of 6
mm under controlled conditions. It features 16 vertical channels, operates at a sampling frequency
of 320,000 points per second, and has a 360° x 270° field of view with a class 1 laser source. The
integrated camera system consists of three RGB cameras, each with a resolution of 5 megapixels
(total 15 megapixels), providing a 200° x 100° field of view for capturing hemispherical colourised
point clouds. Measurement data were stored in the scanner’s 32 GB expandable memory. At the
same time, real-time visualisation was performed on an Android-based device, and post-processing
was carried out using the manufacturer’s GOpost software.

During data acquisition, the operator slowly walked through the climate chamber between rows of
plants while holding the scanner. Three-dimensional point clouds were generated from raw LiDAR
data and subsequently cleaned using noise filtering and erroneous-point removal procedures. From
the denoised point clouds, we derived plant height, canopy volume, and other geometric
characteristics. Based on the resulting 3D canopy structure information, established modelling
approaches can be applied to estimate leaf area and biomass, providing a basis for further water
and energy balance analyses. Our objective was to extract quantitative plant parameters from the
point clouds — including plant height, leaf area, leaf count, and leaf orientation — and to monitor
their temporal dynamics.

The data were organised, analysed, and plotted using Microsoft Excel spreadsheets.
One-way analysis of variance (ANOVA) was used to identify significant differences between groups.
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4. RESULTS

Averaged data for the two basil varieties (Figure 5) show that growth was gradual in both, but
Genovese (green) grew significantly faster and reached a higher height by day 70. In contrast,
Purpurascens (purple) exhibited slower growth, with final plant height reaching only about half to
two-thirds that of Genovese. Error bars (representing standard deviations or standard errors) indicate
measurement variability, which increased over time — particularly for the Genovese variety. After day
42, when weekly pruning began, Genovese growth slowed and the height curve levelled off.

60

Ocimum basilicum var. purpurascens ===0cimum basilicum var. Genovese

50

_—

30 4

Plant height (cm)

20

7 14 21 28 42 56 63 70

Days in Aeroponics

Figure 5: The development of plant height of the two basil varieties during the experiment

Source: The authors’ data

Although the height development of the two basil varieties differed markedly, one-way ANOVA
indicated that this difference was not statistically significant at the 5 % probability level (P = 0.08).
The high variance reduced statistical confidence in the result. Nevertheless, the observed
differences in plant height development suggest distinct growth strategies between the two
varieties under controlled aeroponic conditions. Genovese exhibited more intensive vertical growth,
likely associated with its genetic characteristics and the strong vegetative vigour commonly
reported in commercial sweet basil cultivars. In contrast, Purpurascens showed slower height
growth, a trait typical of red-leaved basil types that often allocate more resources to leaf
pigmentation and structural tissues. The increasing variance in later stages suggests that individual
plant responses became more heterogeneous as plant size increased and regular pruning influenced
canopy architecture.
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Leaf number development was also examined in each unit throughout the experiment. Figure 6
shows the average leaf number for the two varieties over time. After regular pruning began on day
42, leaf numbers changed rapidly, and no significant difference was observed between the varieties
for this parameter. Leaf counts were recorded at regular intervals (days 7, 14, 21, 28, 42, 56, 63, and
70). Both varieties showed a steady increase in leaf number during the early cultivation period.
From day 28 onward, Purpurascens generally had a slightly higher leaf count than Genovese, with
the difference becoming more pronounced in the later stages (days 63-70). Error bars represent
standard deviations, reflecting variability among individual plants. These data suggest that, while
both varieties perform well under aeroponic conditions, Purpurascens may achieve a higher leaf
number in the later growth stages.

80 -
B Ocimum basilicum var. purpurascens [0 Ocimum basilicum var. Genovese
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Figure 6: The development of leaf number of the two basil varieties during the experiment

Source: The authors’ data

The dynamics of leaf number development provide additional insight into the morphological
differences between the two varieties. Although Genovese showed more pronounced vertical
growth, Purpurascens tended to maintain a slightly higher leaf number in the later stages of
cultivation. This suggests that the varieties may differ in canopy architecture and biomass allocation
patterns. The pruning practices introduced during the experiment likely influenced lateral shoot
development and leaf production, which may account for the rapid fluctuations in leaf number after
day 42. Such responses are typical in basil cultivation, where regular harvesting or pruning
stimulates new leaf formation and branching.
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Basil plants grown in the aeroponic system were continuously monitored using LiDAR to track real-
time growth dynamics and morphological changes across all phenological phases (Figure 7).
The aim was to quantitatively extract plant parameters, including height, leaf area, leaf count, and
leaf angle. However, the controlled conditions in the climate chamber — particularly the high
relative humidity of 70 % maintained alongside a stable temperature of 25 °C — significantly
affected the quality of the LiDAR scans. Due to the elevated humidity, the raw point clouds were
extremely noisy. Although effective de-noising algorithms were applied, this processing inevitably
reduced point density and, consequently, the level of detail captured in the point clouds.
Figure 7 presents RGB-coloured, denoised point clouds from three different phenological phases
to visually illustrate the growth pattern of basil plants.

Figure 7: Monitoring morphological parameters with a LiDAR camera

Source: The authors

The application of LiDAR-based monitoring demonstrated the potential of three-dimensional plant
phenotyping methods in controlled-environment agriculture. Although the high humidity
in the climate chamber reduced the quality of the raw point clouds, the processed data still provided
valuable visual information on canopy structure and plant development. Such non-destructive
monitoring techniques can support detailed analysis of plant growth dynamics and may contribute
to the optimisation of cultivation strategies in future studies.

Water-use efficiency (Figure 8) was much higher for the Genovese variety than for Purpurascens
(9.39 g L™ vs. 4.83 g L"), representing nearly a twofold difference. The relatively small standard
deviations indicate low measurement variation and confirm the reliability of the results. Genovese
not only grew faster but also demonstrated greater water-use efficiency under aeroponic cultivation
compared with Purpurascens.
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Figure 8: The development of water use efficiency of the two basil varieties during the experiment

Source: The authors’ data

The observed differences in water-use efficiency underscore the importance of varietal traits in
determining plant performance under controlled cultivation systems. The higher WUE values
recorded for Genovese indicate that this cultivar converted supplied water into biomass more
efficiently than Purpurascens under the experimental conditions. This difference may be linked to
Genovese’s faster growth rate and larger canopy development, which enhance photosynthetic
activity and biomass accumulation. Similar varietal differences in water-use efficiency have been
reported in controlled-environment basil cultivation, where genotype-specific responses to water
and nutrient availability influence overall productivity.

5. CONCLUSION

The results demonstrate that the aeroponic system provided a favourable cultivation
environment for both tested basil varieties, although each responded differently
to environmental factors and modifications in the light programme. The inclusion of far-red light
proved particularly significant, accelerating vegetative growth, increasing canopy biomass,
and improving photosynthetic efficiency.

The varietal differences highlight the importance of defining clear cultivation objectives.
Genovese is ideal when the goal is high yield and efficient water use. In contrast, Purpurascens is
advantageous when the aim is to produce plants with a distinctive appearance,
unigue pigmentation, and strong aromatic qualities.
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The findings also indicate that minor adjustments to environmental parameters — such as light
intensity, spectral composition, or nutrient concentration — affect plant development to varying
degrees. Future studies should explore further fine-tuning of the light spectrum and test different
microclimate scenarios. In addition, clarifying the role of genetic factors — particularly in biomass
accumulation and water-use efficiency (WUE) — would justify broader comparative trials. Overall,
the present experiment confirmed that the aeroponic system is a controllable cultivation method
enabling efficient plant development and water use under controlled environmental conditions.
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OSSZEFOGLALAS

Kutatdsunk két bazsalikomfajta — Red Rubin (Ocimum basilicum var. purpurascens) és Genovese
(Ocimum basilicum var. Genovese) — novekedését vizsgalta aeroponikus koriilmények kozott
a Debreceni Egyetem MEK Viz- és Kdrnyezetgazdalkoddsi Intézetében. A két fajta novekedési
dinamikdjat kiilonb6z6 morfoldgiai paraméterek (ndvény magassaga, levelek szama), manualis
LiDAR-mérések és hozamelemzés segitségével kovettilk nyomon. A cél az volt, hogy értékeljik ezen
bazsalikomfajtdk teljesitményét novekedési jellemz8ik és termékenységiik alapjan, kontrollalt
fény-, éghajlat- és tapanyagkorilmények mellett, a vizhatékonysag figyelembevételével.
Az eredmények kiilonbségeket mutattak a két fajta novekedési mintazatai kozott, valamint azok
valaszat a tapanyagellatottsagra és a kornyezeti tényezbkre. A kutatas értékes informacidkat nyujt
a bazsalikom aeroponikus termesztésének optimalizalasdhoz, kilondsen a fenntarthatd,
er6forrashatékony mez6gazdasagi gyakorlatokhoz, amelyek a varosi és vertikdlis gazdalkodasi
rendszerekben is alkalmazhatdk. A dolgozatban bemutatott kutatds a Széchenyi Terv Plusz program
keretében valdsult meg az RRF-2.3.1-21-2022-00008 szamu projekt tdmogatasaval.

Kulcsszavak: aeropdnia, bazsalikom, talaj nélkiili termesztés, vizfelhaszndlds

REFERENCES

Biksa, E. (2022, December 27). Growing hydroponic basil (Genovese, Italian pesto). GROZINE.
https://www.grozine.com/2022/12/27/growing-hydroponic-basil

Blok, C., Jackson, B. E., Guo, X., de Visser, P. H. B., & Marcelis, L. F. M. (2017). Maximum plant
uptakes for water, nutrients, and oxygen are not always met by irrigation rate and
distribution in water-based cultivation systems. Frontiers in Plant Science, 8, 562.
https://doi.org/10.3389/fpls.2017.00562

75 DOI: 10.17108/ActAgrOvar.2026.67.1.63


https://doi.org/10.17108/ActAgrOvar.2026.67.1.63

Acta Agronomica Ovdriensis

Gy., Kovacs et al./ActAgrOvar, Vol.67.1. (2026)

Chandra, S., Khan, S., Avula, B., Lata, H., Yang, M. H., EISohly, M. A., & Khan, I. A. (2014).
Assessment of total phenolic and flavonoid content, antioxidant properties, and yield of
aeroponically and conventionally grown leafy vegetables and fruit crops: A comparative
study. Evidence-Based Complementary and Alternative Medicine, 2014, 253875.
https://doi.org/10.1155/2014/253875

Driesen, E., Saeys, W., De Swaef, T., & Van Meulebroek, L. (2023). Far-red light mediated
carbohydrate concentration changes in leaves of sweet basil, a stachyose translocating plant.
International Journal of Molecular Sciences, 24(9), 8378.
https://doi.org/10.3390/ijms24098378

Farran, I., & Mingo-Castel, A. M. (2006). Potato minituber production using aeroponics: Effect
of plant density and harvesting intervals. American Journal of Potato Research, 83(1), 47-53.
https://doi.org/10.1007/BF02869609

Gano, B., Bhadra, S., Vilbig, J. M., Ahmed, N., Sagan, V., & Shakoor, N. (2024). Drone-based
imaging sensors, techniques, and applications in plant phenotyping for crop breeding: A
comprehensive review. The Plant Phenome Journal, 7(1), €20100.
https://doi.org/10.1002/ppj2.20100

Gardenia. (2025). Ocimum basilicum ‘Genovese’. https://www.gardenia.net/plant/ocimum-
basilicum-genovese

Garzodn, J., Montes, L., Garzén, J., & Lampropoulos, G. (2023). Systematic review of technology
in aeroponics: Introducing the technology adoption and integration in sustainable agriculture
model. Agronomy, 13(10), 2517. https://doi.org/10.3390/agronomy13102517

Gomez, C., Currey, C. J., Dickson, R. W., Kim, H.-J., Herndndez, R., Sabeh, N. C,, ... & Burnett, S.
E. (2019). Controlled environment food production for urban agriculture. HortScience, 54(9),
1448-1458. https://doi.org/10.21273/HORTSCI14073-19

Hayden, A. L. (2006). Aeroponic and hydroponic systems for medicinal herb, rhizome, and root
crops. HortScience, 41(3), 536-538. https://doi.org/10.21273/HORTSCI.41.3.536

Jamshidi, A. R., Moghaddam, A. G., & Ghoraba, F. M. (2020). Simultaneous optimization of water
usage efficiency and yield of cucumber planted in a columnar aeroponic system. International
Journal of Horticultural Science and Technology, 7(4), 365-375.
https://doi.org/10.22059/ijhst.2020.291788.323

Khater, E. S., Bahnasawy, A., Abass, W., Morsy, O., EI-Ghobashy, H., Shaban, Y., & Egela, M.
(2021). Production of basil (Ocimum basilicum L.) under different soilless cultures. Scientific
Reports, 11(1), 12754. https://doi.org/10.1038/s41598-021-91986-7

Kovécs, G., Szlics, I., Kiss, N. E., Szabd, A., Kun, S., Tamas, J., & Nagy, A. (2025a). Salatak
vizhasznositasanak vizsgdalata kiilénb6z6 termesztési rendszerekben [Investigation of lettuce
water-use efficiency in different cultivation systems]. In B. Somlyédi & J. Véaradi (Eds.), A
Magyar Hidroldgiai Tdarsasdg dltal rendezett XLII. Orszdgos Vdndorgydilés dolgozatai (pp. 1-14).
Magyar Hidroldgiai Tarsasag.
https://www.hidrologia.hu/vandorgyules/42/word/0211_kovacs_gyorgyi.pdf

Kovdcs, G., Szlcs, |., Pasztor, D., Nagy, A., & Tamas, J. (2025b). Investigations of the growth and
development of seed potatoes under aeroponic conditions [Abstract]. EGU General Assembly
2025, EGU25-15440. https://doi.org/10.5194/egusphere-egu25-15440

Kumar, T. V., & Verma, R. (2024). A comprehensive review on soilless cultivation for sustainable
agriculture. Journal of Experimental Agriculture International, 46(6), 193-207.
https://doi.org/10.9734/JEAI/2024/v46i62470

76 DOI: 10.17108/ActAgrOvar.2026.67.1.63


https://doi.org/10.17108/ActAgrOvar.2026.67.1.63

Acta Agronomica Ovdriensis

Gy., Kovacs et al./ActAgrOvar, Vol.67.1. (2026)

Lakhiar, I. A., Gao, J., Syed, T. N., Chandio, F. A., & Buttar, N. A. (2018). Modern plant cultivation
technologies in agriculture under controlled environment: A review on aeroponics. Journal of
Plant Interactions, 13(1), 338-352. https://doi.org/10.1080/17429145.2018.1472308

Lim, M. (1996). Trials with aeroponics for the cultivation of leafy vegetables. In Proceedings of
the 9th International Congress on Soilless Culture (pp. 265-272). International Society for
Soilless Culture.

Mourantian, A., Aslanidou, M., Mente, E., Katsoulas, N., & Levizou, E. (2023). Basil functional
and growth responses when cultivated via different aquaponic and hydroponics systems.
PeerJ, 11, e15664. https://doi.org/10.7717/peerj.15664

Pasch, J., Appelbaum, S., Palm, H. W., & Knaus, U. (2021). Growth of basil (Ocimum basilicum)
in aeroponics, DRF, and raft systems with effluents of African catfish (Clarias gariepinus) in
decoupled aquaponics (ss). AgriEngineering, 3(3), 559-574.
https://doi.org/10.3390/agriengineering3030036

Salachas, G., Savvas, D., Argyropoulou, K., Tarantillis, P. A., & Kapotis, G. (2015). Yield and
nutritional quality of aeroponically cultivated basil as affected by the available root-zone
volume. Emirates Journal of Food and Agriculture, 27(12), 911.
https://doi.org/10.9755/ejfa.2015-05-233

Scortichini, M. (2022). Sustainable management of diseases in horticulture: Conventional and
new options. Horticulturae, 8(6), 517. https://doi.org/10.3390/horticulturae8060517

Stagnari, F., Di Mattia, C., Galieni, A., Santarelli, V., D'Egidio, S., Pagnani, G., & Pisante, M. (2018).
Light quantity and quality supplies sharply affect growth, morphological, physiological and
quality  traits of basil. Industrial Crops and  Products, 122, 277-289.
https://doi.org/10.1016/j.indcrop.2018.05.073

Tafesse, E. G., Kwame, M., Lazarovitch, N., & Rachmilevitch, S. (2021). Aeroponic systems: A
unique tool for estimating plant water relations and NOs uptake in response to salinity stress.
Plant Direct, 5(4), e00312. https://doi.org/10.1002/pld3.312

Tunio, M. H., Gao, J., Shaikh Sher, A., Lakhiar, I. A., Qureshi, W. A., Solangi, K. A., & Chandio, F.
A. (2020). Potato production in aeroponics: An emerging food growing system in sustainable
agriculture for food security. Chilean Journal of Agricultural Research, 80(1), 118-132.
https://doi.org/10.4067/50718-58392020000100118

©Copyright 2026 by the Authors.

The journal is Open Access (Platinum). This work is licensed under a Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International License.

©OS0)

77 DOI: 10.17108/ActAgrOvar.2026.67.1.63


https://doi.org/10.17108/ActAgrOvar.2026.67.1.63
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

