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Abstract

The study was carried out in the research greenhouse, within the Horticultural Products Quality Research Center in
2021. On the mattresses filled with perlite, 2 varieties of lettuce were grown, oak leaf type, Kineta type, and Lollo
Bionda type, variety Lugano. The nutrient solution was administered in 3 EC concentrations, respectively 1.5 mS, 2.5
mS and 3.5 mS. Three pH levels were used for each EC type. Differences were found between the experimental variants
regarding the reaction of the varieties to these treatments. The aim of the study was to see the influence of nutrient
solution concentration on some production and quality parameters of lettuce grown on perlite substrate.
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INTRODUCTION

The specialized literature mentions the
importance of the electrical conductivity (EC)
of the nutrient solution as it can be one of the
factors that can affect the lettuce production
obtained in the culture in the soilless system.

Many researchers who have studied this factor
has proven that prolonged use of the same
nutrient solution leads to the accumulation of
large amounts of trace elements such as zinc
and copper (Steiner, 1980; 1984).

Abou-Hadidl et al., 1996, in the studies carried
out on three varieties of lettuce grown in a
soilless system tested different levels of
electrical conductivity of the nutrient solution
of 1.0, 1.5 and 1.8 dS/m, respectively, finding
that the plant mass of salad, decreased with the
increase in the EC level of the nutrient solution,
an aspect also noticed by Serio et al., 2001.

Uttara et al., 2006, showed that with the
increase in EC concentration from 1.4 dS/m to
2 dS/m, the concentration in plant nitrogen,
phosphorus, potassium and calcium also
increases without a significant content of the
production.
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Conversa et al.,, 2021, in the experiments
carried out on two varieties of oak leaf lettuce
grown in two seasons, spring and autumn,
found that the nutrient solution with an EC of
2.5 and 3.5 dS/m influenced both the
production as well as the quality of the plants.

Many researchers support soilless cultivation,
as this system allows for improved lettuce plant
quality in terms of both low nitrate content and
product safety. On this basis, the studies
conducted evaluated the effect of different EC
nutrient solutions on the yield, quality and shelf
life of lettuce after harvest.

Scuderi et al., 2009, showed that increasing the
EC of the nutrient solution from 2.8 to 3.8 mS
cm! led to a significant decrease in production
from 6.1 kg/m? to 5.8 kg/m? for all varieties
studied.

Enache, 2019, appreciates that the use of
quantum structured water leads to a better
efficiency of the use of the nutrient solution.
Quy et al, 2018, in an experimental study
investigated different levels of the EC of the
nutrient solution (0.5, 1.0, 1.5, 2.0 and 2.5
mS/cm) in a lettuce culture in a vertical
hydroponic system and found that at the EC of



2.5 mS/cm and at a pH of 6-6.6 had obtain the
maximum production

Cha et al., 2012, analyzed the influence of the
electrical conductivity (EC between 0.5 and 6.0
dS/m) of the nutrient solution and the light
intensity (120, 150 and 180 pmol/m?/s) on the
growth and development of some lettuce
varieties in a photoperiod of 16 hours/day at the
temperature maintained in the range of
20~25°C, found that the best option was the
one that used an EC of 2 dS/m, at an intensity
of 180 pmol/m?/s.

Park and Yong, 2001, state that using an EC
between 1.2 and 4.8 mS/cm led to adequate
yields of lettuce, and Scuderi et al., 2009, relate
that production decreases as EC increases from
2.8 mS/cm to 4.8 mS/cm, and Broadley et al.,
2003, mention that nitrogen content is
correlated with plant protein and nitrate levels.
Dharti et al., 2021, appreciate that the EC level
but also the temperature and light conditions
influence the carbohydrate content.

Al-Kinani et al., 2021, but also Asmaa et al.,
2021, points out that regardless of the non-
conventional cropping system used, production
increases are superior to the conventional
system.

The aim of the study was to see how the EC of
the nutrient solution and the pH influenced the
vegetative growth of lettuce grown in a non-
conventional system, on mattresses filled with
perlite.

MATERIALS AND METHODS

The present study was carried out at the
research greenhouses, Faculty of Horticulture
from UASMV Bucharest, this belongs to the
Research Center for quality control of
horticultural products.

The biological material used in the experiment
consisted of two varieties of lettuce. The Kineta
variety is of the oak leaf type, and the Lugano
variety is of the Lollo Bionda type. Seedlings
were obtained in the greenhouse between
October 20 and November 10, 2021. Sowing
was done often in pots filled with peat, and
transplanting was done in Jiffy-type peat pots.
Environmental factors, temperature, humidity,
light was monitored during the growth of the
seedlings. Determinations were made regarding
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the percentage of emergence, the growth of
seedlings in height and the number of leaves.
The planting was carried out when the seedling
was 23 days old from emergence, directly in
the mattresses filled with perlite, on
experimental variants. During the vegetation
period, observations and measurements were
made regarding the height of the plants, the
number of leaves, the diameter of the plants. At
the end of the culture, the height, diameter,
total number of leaves, total mass of the edible
part of the plants as well as root volume were
determined.

Table 1. Experimental variants

Cultivars EC value The pH value
mS/cm
)
13 6
Kineta 7
3
25 6
Lugano 7
3
35 6
7

Correlations were performed between the
analyzed parameters. Throughout the culture
period, environmental factors regarding
temperature and atmospheric humidity, CO2
level, as well as temperatures at the level of the
culture substrate were monitored. Also,
chlorophyll and nitrate content were measured
directly in the greenhouse. Nitrate content was
determined directly in the greenhouse, after
harvest, with the apparatus Nitrate tester
Greentest ECO 6 + TDS. The carbohydrate
content was determined in the greenhouse after
harvesting with Brix device. Data were
statistically interpreted using the Duncan test
(p=0.05).

RESULTS AND DISCUSSIONS

During the culture period, the temperature
during the day was kept almost constant,
according to the technological
recommendations around the average values of
22.5°C. The temperature values during the
night period remained almost constant between
17.0°C. The average temperature values were
19.6°C (Figures 1 and 2).
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Figure 1. Temperature values during the day and night
and those in the culture substrate

Figure 2. Determination of substrate temperature

In the greenhouse compartment, CO; values of
over 237.85 ppm were maintained, reaching
values of 480.43 ppm (Figure 3).
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Figure 3. CO, content values determined in the
greenhouse during the culture period

Analyzing the data regarding the height of the
plants in the salad culture carried out on perlite
substrate, we found that in the Kineta variety,
the highest plant height of 21.67 cm was
recorded in the variant cultivated at pH 6 and
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EC of 2.5, and the lower at 14.17 cm in the
variant where we used an EC of 3.5 and a pH
of 7. In the case of the Lugano variety (Lollo
bionda type) the highest plant height was
recorded in the variant with an EC of 1.5 and
pH 7, and the lowest height was in the variant
where we used EC of 3.5 and pH 7. After
performing the Duncan test (p = 5), significant
differences between the variants were noted
24,13a
21,00a
0,67b

(Figure 4).
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Figure 4. Height of lettuce plants 30 days after planting

In the case of the Kineta variety, a significant
negative correlation (R? = 0.4149) was noted,
which means that as EC and pH increase, plant
height decreases (Figure 5).
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Figure 5 The influence of EC and pH values on the
height of lettuce plants of the Kineta variety

The correlations carried out for the Lugano
variety, regarding the influence of EC and pH on
plant height growth, indicated an insignificant
correlation (R? = 0.0098) (Figure 6.)
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Figure 6 Influence of EC and pH values on the height of
lettuce plants Lugano variety

Regarding the plant diameter, in the Kineta
variety, we found that when using an EC of
2.5 mS and a pH of 6, the largest plant diameter
of 37 cm and the smallest of 31.33 at an EC of
2.5 mS at pH 7. For Lugano, the largest
diameter was 35.1 cm at an EC of 3.5 mS and
pH 6, and the smallest 24.17 cm at an EC of 3.5
mS and a pH of 7 (Figure 7).
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Figure 7. Diameter of lettuce plants
as a function of EC and pH

We found a slightly significant negative
relationship regarding the diameter of the
lettuce plants of the Kineta variety (R* =
0.4534) (Figure 8).
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Figure 8. Influence of EC and pH values on the diameter
of lettuce plants of the Kineta variety
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In the case of the Lugano variety, we found an
insignificant relationship, the value being R? =
0.0374 (Figure 9).

40,00
35,00 ° )\
................ .00

3000 © ® DO

25,00 y =-0,2189x + 32,798,
R?=0,0374

20,00

0 2 4 6 8 10

Figure 9. The influence of EC and pH values on the
diameter of lettuce plants of the Lugano variety

Regarding the number of leaves formed per
plant, it was found that in the Kineta variety, a
number of 60.67 leaves were obtained at an EC
of 1.5mS and a pH of 7. The lowest number of
leaves was recorded in the plants which used an
EC of 1.5 mS and a pH of 5 of 38.33 leaves. In
the case of the variety Lugano, the highest
number of leaves was recorded at an EC of 3.5
mS and a pH of 6 of 41 leaves/plant, and the
lowest number of leaves was recorded at an EC
of 1.5 mS and a pH of 5 being only 25, 67
leaves (Figure 10).
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Figure 10. Number of leaves formed on lettuce plants

To see the influence of EC and pH on the
formation of the number of leaves per plant, we



performed a correlation and found
insignificant influence (R* = 0.0738) in
Kineta variety (Figure 11).
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Figure 11. The influence of EC and pH values on the

number of leaves in lettuce plants of the Kineta variety

In the case of the Lugano variety, we found a
slightly significant positive relationship with
the increase in EC (R? = 0.222) (Figure 12).
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Figura 12. Influenta valorilor EC-ului si pH-ului asupra
numarului de frunze la plantele de salata soiul Lugano

The appearance of lettuce plants after 5 days
and 20 days after planting is shown in Figures
13 and 14.

Figure 13 Appearance of lettuce plants
after 5 days of planting
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Figure 14. Appearance of lettuce plants 20 days
after planting

Analyzing the mass of lettuce plants, we found
that the highest values were recorded at an EC
of 2.5mS in the case of all pH variants. The
highest plant mass was recorded in the Kineta
variety of 236 g at EC 2.5 mS and pH 6. The
lowest value of the average mass of lettuce
plants was recorded at EC 3.5 mS and pH 7, the
mass being 174 g. In the case of the Lugano
variety, the highest average mass of the plants
was recorded in the plants grown in perlite
substrate that were administered the nutrient
solution with an EC of 2.5 mS and pH 6, The
value being d 166.33 g per plant. The lowest
value of the average mass was recorded in
plants fertilized at an EC of 1.5 mS and pH 5,
being only 73.33 g per plant.
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Figure 15. Total mass of lettuce plants at harvest
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Figure 16. Appearance of the plants in the culture Figure 19. Root volume of lettuce plants

on perlite substrate after 25 days
The appearance of lettuce plants and the

Both in the case of Kineta and Lugano cultivars  distribution of the root system, in the varieties

there were no significant relationships regar- analyzed, are shown selectively in the Figures
ding the influence of EC and pH (Figures 17 20-21).
and 18).
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Figure 17. The influence of EC and pH values
on the mass of lettuce plants of the Kineta variety
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Figure 18. Influence of EC and pH values
on the mass of lettuce plants Lugano variety

Regarding root volume, it was found that the
highest root volume was recorded in plants
grown in perlite substrate and fertilized with an
EC of 2.5 mS, and pH 5, in the case of the
Kineta variety (10.57 cm3), and in the case of Figure 20 Appearance of plants and roots -Kineta
the Lugano variety, it was observed in the ferti-

lized version with an EC of 3.5 and a pH of 7

(7.33 cm?), which means that the varieties react

differently to EC and pH values (Figure 19).
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Figure 21. Appearance of plants and roots -Lugano

In the case of the Kineta variety there was no
significant relationship, but in the Lugano
variety a very significant relationship was
found R?=0.9359 (Figures 22 and 23).
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Figure 22. The influence of EC and pH values on
root volume in lettuce plants of the Kineta variety
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Figure 23. The influence of EC and pH values on
root volume in lettuce plants of the Lugano variety

The determinations made during the test
vegetation period show that on 7.12.2021, the
differences are statistically insignificant at EC
1.5; 2.5 and 3.5, between variants with pH 5
and statistically significant differences at EC
1.5; 2.5 and 3.5, between the variants where a
pH of 7 was used. The differences were
statistically insignificant at EC 1.5 and 2.5
between the variants with pH 6 and statistically
significant differences between them and the
variant where an EC 3.5 was used (Figure 24).
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In the case of the Lugano variety on 07.12.2021
the chlorophyll content, determined during the
vegetation period, presented the highest value
(3.41) in the fertilized variant with an EC of 2.5
mS, an aspect also observed on 05.01. 2022, at
the final harvesting of the plants (Figure 25).
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Figure 25. Chlorophyll content Lugano

In the case of the Kineta variety, we found that
in the variant of the nutrient solution with pH 5,
the basal leaves accumulated the highest
amounts of nitrates. Thus, at an EC of 3.5 mS
in the basal leaves an amount of 2833.3 mg/kg
nitrites accumulated, and at an EC of 1.5 mS of
1766.7 mg/kg below the standard of 3000
mg/kg recommended for the winter period. The
lowest amount was recorded in the leaves
located in the middle of the plant, young, newly
formed leaves. For these, the values were 520.0
mg/kg in plants to which an EC of 1.5 mS was
applied. In the case of using pH 6 and at an EC
of 2.5 mS, we found that the basal leaves
accumulated 2100 mg/kg nitrates. In the case of
using the nutrient solution with pH 7, the
situation was similar, the highest amount of
nitrates being determined in the basal leaves
19993.3 mg/kg at EC 3.5 (Figure 26).

The average nitrate content data showed that
when using an EC of 3.5 mS and pH 5, a higher
amount of nitrate accumulated at 2000 mg/kg.
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The lowest content in nitrates was recorded for
all EC variants where pH 6 was used (Figure 27).
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Figure 26. Nitrate content of the Kineta variety
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Figure 27. Nitrate content of the Kineta variety

In the case of the Lugano variety, the situation
was similar to the Kineta variety, the basal
leaves accumulated the highest amount of
nitrates, but below the standard limit. In the



case of the EC of 3.5 mS, nitrate accumulation 4,98

was higher compared to the rest of the EC

24,91
. ’ 6,20
values (Figure 28). '
leaves from the top 5,67
4,60
3500,0 2966,7 medium leaves m‘@

5 5.
2633,3 2700,0 ’ 400
3000,0 2366,7 basal leaves 54,00 ’
1666,7
2000017 17333 leaves from the top -EI-W,};?
166@,0 © o
1500,0 1400,0 13 139,7 i
! 1 170,0 1 medium leaves mg}@(
97D,
10000 : : vasatteoves S0
0
29’ leaves from the top m?;g
medium leaves m(%%

Z 50
basal leaves m
)

pH5 oH 6 oH 7 mec3s OREHY WhcpE0 800 1000

WMEC25 MmEC35

average/plant

,_.
wv
o

pH pH7

mg/
basal leaves
basal leaves
basal leaves

pH5

medium leaves
leaves from the top
medium leaves
leaves from the top
medium leaves
leaves from the top

|
m
e)
-
[6,]

y

. . . Fi 30. Carbohydrat tent of the Kinet: et
Figure 28. Nitrate content of Lugano variety 1gure arbonydrafe content of the Runeta varicly

4,98
Average nitrate content data showed that the -£
average/plant 4,91

highest accumulations were found when using F——3mn
an EC of 3.5 and the lowest at an EC of 1.5 _ Teaves from th top q@gzgg

(Figure 29).
medium leaves q§‘£87
2243,3 g
%ZOO0,0 22444 i basal leaves %1,88

€ 15500 1524,4 S04
2000,0 1067,81211’1 average/plant w ’
971,1 94, 5
1000,0 i i 5i I
0,0

leaves from the top w%”
. 4,33
diom leaves YY1
medium leaves 5%)
EC15 EC2,5 EC3,5 43
W pH 5 average/plant  m pH 6 average/plant basal leaves qgg
M pH 7 average/plant ’
) ) average/plant qggfl?’
Figure 29. Average nitrate content ’
of Lugano cultivar lettuce Plams leaves from the top q& ’g(?
wy H £} ’

pH

pH 6

jusy

The carbohydrate F:ontent accumulated in = medium leaves qﬁ%@&o
lettuce leaves was different depending on the

" 50
position of the leaves. The basal leaves basal leaves q’fg
accumulated the lowest amounts and the young

. 0,00 5,00 10,00

leaves the highest values for all pH values mEC35 ®WEC25 =ECLS
(Figures 30 and 31).

Figure 31. Lugano variety carbohydrate content

293



CONCLUSIONS

Soilless crops are starting to be practiced more
and more because the product obtained ensures
a much better productivity, a shortening of the
vegetation period, commercial quality of the
product, food safety and chemical composition.
Another aspect to consider is that of keeping
constant of the environmental factors. The
temperatures provided in the greenhouse were
maintained in the optimal parameters for crop
development, they were between 20°C and
25°C during the day and at least 17°C at night.
Also, in the culture substrate, the temperatures
were within the optimal limits for the good
development of the plants.

There were differences in plant height. The
highest height was noted in the variety Lugano,
at an EC of 1.5 and a pH of 7. In this variety, at
an EC of 3.5 and a pH of 7, the height of the
plants was the lowest. We noticed that, in terms
of plant height, the Lugano variety showed
large variations compared to the Kineta variety.
The diameter of the plants was larger in the
Kineta variety compared to the Lugano variety.
The root volume was greater in the case of
plants grown at EC 2.5 and pH 5 and 7
respectively in the Kineta variety. In the case of
the Lugano variety, the root volume increased
with the increase in EC regardless of the pH
value.
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