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Abstract

This paper presents 2 research studies. First one is about influence of culture system and variety on potato plants height,
a bifactorial experience, 5 x 4 type and followed the effect of experimental factor a, culture system (without automation
on perlite substrate; NFT system; Wilma system, aeroponic system; classic system: on classic substrate: peat and
perlite) and the experimental factor b, the variety. Second study is about the influence of cultivation substrate (inorganic
substrate, without substrate -in aeroponic culture, classical substrate -peat and perlite) and the variety on the height of
the potato plants (also, a bifactorial experience). In both studies’ variety factor b, had 4 graduations: Azaria, Brasovia,
Cosiana and Cezarina. From the first study it emerged that the best plant height values were obtained in the aeroponic
system (no type of substrate), followed by the NFT system, and low values presented the plants developed in the
conventional system. From second study best development of the plants was observed in the aeroponic culture (no
substrate) and on the last place is classical substrate. Regarding the variety, the best results were obtained for Bragovia
variety in both studies.
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Sustainable agricultural practices safeguard
the food supply and the land, and ensure global
food security by addressing the challenges posed
by climate change (Rajendran S. et al, 2024).

The definition of hydroponic culture, in
various publications, shows that this: "is the
culture in which nutrients are supplied to the plant
through irrigation water, and the growth substrate
is without soil, mainly inorganic™" (Devries, 2003,
cited by Jones, 2005) or " is the science of growing
plants, without the use of soil, by using an inert
substrate, such as gravel, sand, vermiculite,
pumice, sawdust, to which is added the nutrient
solution that contains all the essential elements
needed by plants for normal growth and
development” (Resh, 1995, cited by Jones, 2005).
A soilless growing medium is often used to support
the plant's root system."

Hydroponic culture appeared somewhere
around the 19th century and expanded after 1937,
when the term "soilless culture™ appeared, i.e.
culture without soil or hydroponics, the term
introduced by a researcher at the Department of
Plant Nutrition at the University Berkeley in
California. Dr. William Frederick Gericke (1937),
discovered that in reality this cultivation existed
since ancient times.

Hydroponics is a soilless cultivation method
in which plants are grown using a nutrient solution.

This production system removes the dependency
on agricultural land and soil, reduces the presence
of diseases and can mitigate the negative effects of
extreme weather events utilizing precisely dosed
nutrient solution (fertigation) (Woznicki et al,
2021).

Hydroponics is a soilless agri-production
system widely suitable for the cultivation of
greenhouse crops. Hydroponics is one of the
rapidly growing fields in agriculture and could be
the alternate choice for sustainable agriculture. The
world’s population is growing faster than ever
before, and this has led to the development of
hydroponics, a potential method of growing
vegetables without soil in cities. Controlled
conditions, nutrient substrate and solid support
pave the way for the development of hydroponics
systems across the world, even in agro-climatic
zones (Rajendran et al, 2024).

In the conditions of our country, in recent
years there has been an increase in interest in these
unconventional culture technologies, which open
attractive perspectives for professional growers
(Atanasiu, 2007).

The high technological level of hydroponic
cultures is based on state-of-the-art facilities that
include equipment and material carefully
developed and manufactured by a specialized
parallel industry, without which the realization of
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high-performance installations for soilless cultures
would be practically impossible (Atanasiu, 2007).

Aeroponic culure is a plant culture technique
in which mechanically supported plant roots are
intermittently misted with nutrient solution (Barak
et al, 1996). The plants are grown in air without
the use of soil medium. This system has potential
to produce disease free planting materials with
high multiplication rate.

Aeroponics is a modern, soilless technology
for the production of minitubers. In the aeroponic
cultivation system, the underground parts (roots
and underground stems) of potato plants are
situated in a dark chamber, called the module,
suspended in the air, and supplied with water and
nutrients through a nutrient solution dispersed in
the form of fine fog particles (30—100 microns),
while the foliage is grown above the module under
greenhouse conditions (Broci¢ et al, 2022). Due to
the recirculation of nutrient solution, minimal
environmental pollution and efficient usage of
space, aeroponic technology enables the
production of potato minitubers, as well as
cultivation of other vegetable and ornamental
plants (Gopinath, 2017), in an environmentally
friendly manner.

The aims of this study were to evaluate the
effects of system culture and genotype on height
plant at 4 weeks after plantation and the effects of
substrate and genotype on height plant.

MATERIAL AND METHOD

In 2024 at National Institute of Research and
Development for Potato and Sugar Beet Brasov,

Romania (NIRDPSB) in Laboratory of Research for
Vegetal Tissue Culture tested the behavior of 4
Romanian varieties created at NIRDPSB in various
culture systems regarding plants height of the 4
weeks after planting the material obtained in vitro,
respectively virus-free plants. The bifactorial
experiment (table 1), 5 x 4 type, included 20
variants, on 3 repetitions and followed the effect of
combining two experimental factors: the
experimental factor a, the culture system (with five
gradations: ai: system without automation on
perlite; az: Nutrient Film Technigque system; as:
Wilma system; as: aeroponic system, as: classis
system with substrate peat and perlite) and the
experimental factor b, the variety (with four
gradations).

Biological material used consisted of plants
belonging to the varieties: Azaria, Brasovia,
Cosiana, Cezarina. Plants were obtained in vitro,
free of virus, starting from meristem culture.

Materials used in hydroponic culture:
hydroponic systems (culture tanks (trays) for
system without automatisation; Wilma system,
Nutrient Film Technique (NFT GT 100) (figure 1);
industrial substrate made of inert inorganic
materials obtained following simple industrial
processes (perlite); nutrient solution for prepared
soilless crops; high  performing portable
conductivity meter, portable pH meter, timers for
each type of automation system

Materials used in aeroponic culture:
aeroponic system equipped with water chilling, pH
and EC sensors, timer, water filtration system; the
nutrient solution. In figure 2 can be seen plants
development in aeroponic system.

For conventional culture was used a
substrate consisting of a mixture of red peat with
bentonite, black peat and perlite.

Table 1
Experimental variants

Variant Type of culture Culture system Variety (b)
Vi Culture on perlite substrate Azaria
V2 (without automation) Brasovia
Vs Cosiana
Va Cezarina
Vs % Culture on substrate with Azaria
Ve g perlite (with automation) in Brasovia
V7 = NFT system Cosiana
Vs e Cezarina
Vo Culture on substrate with Azaria
V1o perlite (with automation) in Brasovia
Vi1 the Wilma system Cosiana
V12 Cezarina
Vi3 o Aeroponic system (without Azaria
Vg 8o any kind of substrat) Brasovia
Vis @ < Cosiana
Ve < Cezarina
V17 c Classic system, on classic Azaria
Vig = substrate (peat and perlite) Brasovia
Vig 5.8 Cosiana
V20 © Cezarina
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The Wilma system is used as a fully
recirculating hydroponic system that can reuse the
unabsorbed nutrient solution in the irrigation
process (contains: basin, tray, pot, pump). In the
root zone, drainage is free, avoiding the
deposition of excess nutrients or water.

The Nutrient film technique NFT GT 100
culture system is a system through which the
growth of the root system is achieved in
permanent contact with the very thin layer of
circulating nutrient solution and a good
oxygenation of the nutrient solution due to its very
large contact surface with air.

In the culture tanks (trays) are placed pots
with industrial substrate, with sides of 0.9 m and
the height of the tank of 10 cm, provided with a
plug for draining and refreshing with new solution;

The technique consists in growing plants
without soil, directly in the substrate that allows
good plant growth. Through the hydroponic
system, the plants are directly and regularly
supplied with nutrient solution, being a more
efficient way of providing the plants with the
necessary food, than planting them in the soil.

The in vitro material is planted with special
attention by experienced personnel from
laboratory. These plantlets must be of the same
size (5-7 cm) and the same period of growth and
development: from cuttings inoculation to plantlets
development - a period of 4 weeks and they must
go through a period of acclimatization before
planting.

Bl ® o4

g8 . NG
Plants in Wilma system

Plants in NFT System

Figure 1 Development of plants in different
hydroponic system culture

Also, in 2024, a study was carried out
regarding the influence of the culture substrate on
plant height. The experience included 3 types of

41

substrates: perlite; without any substrate (in
aeroponique culture); mixture of red, black peat and
perlite. The bifactorial experiment, 3 x 4 type,
included 3 repetitions and followed the effect of the
combination of two experimental factors: the
experimental factor a, the culture substrate (with
three gradations) and the experimental factor b, the
variety (with four gradations).

Figure 2 Developed plants aeroponic culture

RESULTS AND DISCUSSIONS

From the analysis of variance table 2, it can
be seen that both factors: culture system, variety
and interaction culture system/variety distinctly
significantly influence plant height.

The F values of plant height indicate
distinctly significant variations of the growing
substrate, variety, and substrate/variety interaction

(table 3).
Table 2
Analysis of variance (4 weeks after planting)
for plant height

Source of Sum of | DF Mean Sample F
variation squares square
Culture 3764.21 | 4 941.05 176.469
system (a) **(3.84; 7.01)
Variety (b) | 1744.37 | 3 581.46 83.507

**(2.92; 4.51)
Culture 644.29 | 12 53.69 7.711 **(2.09;
system * 2.84)
Variety

Table 3

Analysis of variance (4 weeks after planting)

for plant height

Source of | Sumof | DF Mean Sample F

variation squares square

Culture 3461.44 | 2 1730.72 | 565.134

substrate **(6.94; 18,0)

(@)

Variety (b) | 879.90 3 293.30 | 92.711
**(3.16;5.09)

Culture 260.98 6 43.50 13.749 **(2.66;

substrate 4.01

*Variety

From figure 3 it can be seen how in the
aeroponic system the value of mean plants height
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(40.6 cm) is detached from the other system in a
positive sense.

The four varieties studied differ
significantly in systems culture (figure 4).
Brasovia variety presented the ability to produce
plants with the highest average height (33.8 cm),
it is followed by Cosiana variety (30.5) and
Cezarina variety ranks last (19.4 cm).
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Figure 3 The influence of cuture system, on
mean height of plants (cm) (4 weeks after planting)
Significance between varieties was determined by
Duncan's test. Values followed by the same letter are
not significantly different (p < 0.05) (LSD p 5% = 2.18).
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Figure 4 The influence of variety cultivated on
different system culture on mean plants height (cm)
(4 weeks after planting)

Significance between varieties was determined
by Duncan's test. Values followed by the same letter
are not significantly different (p < 0.05) (LSD p 5% =
1.97).

When growing plants on different culture
substrates (figure 5), it is observed how in the
aeroponic culture (without using a type of
substrate) plants height (40.6 cm) is significantly
different from the plants grown on the substrate
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with perlite (26.8 cm), the lowest value being
obtained when classic substrate was used (16.7
cm).

On three culture substrates, it can be seen
from figure 6 that Brasovia variety records the
highest value of plant height, significantly
different from the other varieties (33.5 cm).
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Figure 5 Influence of culture substrate on
mean plants height (cm) (4 weeks after planting)
Significance between substrate type was determined by
Duncan's test. Values followed by the same letter are
not significantly different (p < 0.05) (LSD p 5% = 1.99).
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Figure 6 The influence of the variety
cultivated on different culture substrate on the
average height of plants (cm) (4 weeks after
planting

Significance between varieties was determined
by Duncan's test. Values followed by the same letter
are not significantly different (p < 0.05) (LSD p 5% =
1.76).

The behavior of the 4 varieties regarding
the mean plants height on different system culture
(table 4) is similar in the NFT system and in the
aeroponic system (Azaria, Brasovia and Cosiana
varieties, registering very significant positive
differences compared to the control variety). By
comparing the culture system with classical one, it
is observed that in aeroponic culture, all varieties
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regarding plants height differ positively, very
significantly, from the conventional system.

Both on the substrate with perlite and in the
aeroponic culture (table 5), Azaria, Brasovia and
Cosiana varieties registered very significant,
positive differences compared to the control
variety. Brasovia and Azaria varieties stand out on
the classic substrate, with distinctly significant
positive difference (4.7 cm) and positive
significant difference (3.1 cm), compared to the
control variety. Brasovia and Cosiana varieties are
distinguished by very significant positive
differences, both on the inorganic substrate with
perlite (15.5 and 14.0 cm) and in the aeroponic

culture (28.2 and 29.7 cm), compared to the plant
height values on the classic substrate.

The experience on perlite substrate and in
the aeroponic culture determined larger plants
obtaining for Azaria variety, compared to the
classic substrate, obtaining distinctly significant
positive differences (7.3 and 23.7 cm).

From the combined interaction of variety
and culture substrate, for Cezarina variety was a
very significant positive difference for plants
height in aeroponic culture, compared to the
classic culture (14.2 cm) and a significant positive
difference on perlite culture substrate (3.8 cm).

Table 4

Combined influence of system culture and cultivar on plants height (cm) 4 weeks after planting

Culture Culture on Culture on Culture on Aeroponic Classic al-a5/ | a2-a5/ | a3-ab/ | a4-a5/
system/ perlite perlite substrate | perlite substrate system (ay) system (peat Sign. Sign. Sign. Sign.
Variety substrate with NFT with Wilma and perlite Semn.
without system system substrate) (as)
automation (a;) | automation (a,) automation (az)
Plant Diff./ Plant Diff./ Plant | Diff./ Plant Diff./ Plant Diff./
height | Sign. | height Sign. height | Sign. height Sign. height | Sign
(cm) (cm) (cm) (cm) (cm) .
Azaria 24.9 7.4 31.3 10.9 17.6 12 41.0 12.6 17.3 3.1 7.6 14.0 0.2 23.7
*% *kk nS *kk ns *k *kk ns *kk
Brasovia 30.4 12.9 35.9 15.5 36.9 20.5 47.1 18.7 18.9 4.7 11.5 17.0 18.0 28.2
Cosiana 34.4 16.9 33.3 12.9 22.8 6.4 45.9 17.5 16.2 1.9 18.2 17.2 6.6 29.7
*kk *kk *% *kk ns *kk *kk *% *kk
Cezarina 175 20.4 16.3 28.4 14.3 - 3.2 6.2 2.1 14.2
(Ct) ns *x ns b
LSD 5% = 4.40; 1% = 5.92; 0,1% = 7.86. LSD 5% =4.38; 1% = 6,01; 0,1% = 8.22.
Table 5
Combined influence of growing medium and variety on plant height (cm) 4 weeks after planting
Culture Perlite (a1) Aeroponic culture Substrat clasic (turba, al- a2-a3/ Sign.
substrate/ (no substrate) (a2) perlit) (as) (Ct) a3/Sign.
Variet Plants Diff/Sign. Plants Diff/Sign. | Plants Diff/Sign.
height (cm) height height
(cm) (cm)
Azaria 24.6 6.5 41.0 12.6 17.3 3.1 7.3 23.7
*k%k *k*k * *k **
Brasovia 34.4 16.3 47.1 18.7 18.9 4.7 15.5 28.2
*k%k *k% *% *k% *k%k
Cosiana 30.2 12.1 45.9 17.5 16.2 1.9 14.0 29.7
*k%k *k%k ns *k%k *k%k
Cezarina 18.1 - 28.4 - 14.3 - 3.8 14.2
(Ct) * *k%k

LSD 5%= 3.28; 1% = 4.77, 0.1% = 7.33.

LSD 5% = 3.05; 1% = 4.18; 0,1% = 5.69.

CONCLUSIONS

The varieties analyzed behaved differently
regarding plant development depending on the
culture systems and the substrates used.

Both when studying the influence of the
variety on culture systems and culture substrates,
Brasovia variety showed superior behavior to the
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other varieties, producing plants with the best
developed stem.

Plants with the highest stem value (40.6
cm) are obtained in the aeroponic system,
followed by the NFT culture system (30.2 cm).

Regarding the culture substrate, the plants
reach high values in the aeroponic system without
substrate (40.6 cm), followed by the perlite
substrate (26.8 cm). The lowest plant height
values are obtained on classic substrate (16.7 cm)
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