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Abstract

Objectives

Lettuce (Lactuca sativa L.) is an important vegetable. The cultivation management including,
substrate characteristics influences its quality and nutritional value. In this study, the effects of
substrates on lettuce growth, yield, and nutrient content were evaluated grown in two different
locations.

Methods

The experiment was set up in two experimental locations. For this experiment, there are 3 types of
substrates were used namely BRT® green moss; DCM Aquaperla®; Floresca (substrate). Plant
growth yield, chlorophyll content, and N P K content in a lettuce leaf and root were measured.

Results

Results showed that lettuce was grown in the Soroksar area with Florasca (F) +20% treatment, and
in the University area with F+30% treatment showed the highest lettuce fresh weight (401.30g,
5.78mg). Lettuce leaves and roots treated with F+30% and F% had the highest dry matter content
respectively, the chlorophyll content of the lettuce leaves ranged from (362 -855mg/100g) for
F+20% BRT and F+30% BRT respectively. Plants treated with F, F+10%, and F+20% displayed
a direct relationship where decreasing chlorophyll content resulted in decreasing SPAD values.
Nutrient contents of leaves showed higher content of (N) nitrogen (48 mg/g) F%, (K) potassium
(33.3 mg/g) F%, and (P) phosphorus (7 mg/g), F+AP % treated, in Soroskar. 13 Meanwhile, (N)
F%, (K) F+10% BRT, and (P) F+AP treated had the highest content when lettuce. was grown at
the University. Regarding NPK content in roots, P content in Soroskar was treated 15 with F+AP
and in the University, N (F, F+20%), P (F+AP) had higher content. A positive 16 relationship trend
between N content and SPAD was observed to be consistent.

Conclusions
In this perspective, where plant growth was largely not affected negatively by the treatments, it

can be concluded that the use of substrate additives in/for lettuce production can be acceptable.

Keywords: Lettuce, Additive substrate BRT, NPK content
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Introduction

Lettuce (Lactuca sativa L.), is an annual plant native to the Mediterranean area (Hernandez et al.,
2015) and belongs to the Asteraceae or daisy family (Ning al., 2019; Ndiaye, 2009). It is often
grown as a vegetable for its leaves that are eaten raw or cooked, but its production package is not
much known to popular farmers in general (Kuang et al., 2008). In terms of the production of
lettuce, substrates are considered to be an important agent (Auler et al., 2015). In addition, the
media or substrate is a porous medium consisting of mineral, organic or artificial materials
(Schmilewski, 2008), which have great differences in their properties. The substrate used in the
cultivation of seedlings of lettuce is important in seed germination and establishment (Islam et al.,
2003; Ferrarezi and Testezlaf, 2016), as well as in improving crop yield and quality in lettuce
production in areas with limited labor force or with high air temperatures and lower environmental
pollution (Ferrarezi and Testezlaf, 2016). Along with a high-quality growing medium capable of
providing optimal growing conditions, various additives to growing mixtures were used, including
super absorbents (e. g. hydrogels or superabsorbent polymers), which are synthetic substances and
water-insoluble polymers capable of retaining water within their structure (Ngobeni et al., 2007;
Viztiu et al., 2014). It has been largely utilized during the last decades among different plant
species including, cotton, oats, onion, watermelon, salvia, maize, potato, European beech, Norway
spruce, and Scots pine (Savi et al., 2014; Faried et al., 2014). According to the Radé-Takdcs
(Rad6-Takdcs, 2016) study, it was shown to be useful in terms of moisture conservation and cost
savings associated with agricultural irrigation. Specifically, on ornamental crops, bio stimulators
have played an important role, such as inhibition or stimulation of growth, controlling flowering,
and enhancing stress tolerance.

Newly discovered substrate such as (improvement) agents, of Finnish BRT® Ever Green and Fain
Bio Activator (FBA), are currently being employed and extensively studied to understand their
impacts on various ornamental crops. BRT® Ever Green is an absorbent material constructed of
methylene-urea resin that can retain up to 90% of its volume in water, as well as nutrients and
fertilizers, before gently and efficiently releasing them for plant consumption. It releases nitrogen
and phosphate fertilizer in a controlled manner. This substance also supplies more oxygen to roots
to help them flourish. The recommended concentration for this soil amendment product is 10% to
30% (Kohut et al., 2016). The amount of irrigation required in the cultivation is predicted to
decrease by integrating this into the growing media. Similarly, DCM Aqua Perla® is a substrate
whose aim is to improve moisture and nutrient retention. It is a granule form of a 100 % perfect
pure anionic polyacrylate and polyacrylamide polymer that can store up to 5-600 times its weight.
It also helps with the formation of strong roots, a more vigorous plant, and greener foliage (Kohut
etal., 2016).

BRT®EverGreen which is a lightweight substrate additive was developed by BRT Ltd to replace
up to 30% of the total weight of pure peat. Additionally, the product was created to improve the
growth media's water-holding capacity and nutrient absorption, according to related studies
(Allaire et al., 2005). However, BRT® Green Moss growth media has a beneficial effect on the
soilless environment that may utilize it. It is a brand-new growth medium that is organic,
sustainable, and entirely recyclable (Radd-Takacs, 2016; Allaire et al., 2005; Tilly-Mandy et al.,
2016). However, the research is essential to understanding the potential and significant impact of
BRT® on the environment and food crop production. Thus, the objective of this study is to measure
the effects of substrate on germination, vegetative growth, and yield to determine optimal doses of
substrate for the growth and development of lettuce.
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Material and Methods

Experiment Location and Plant material

The experiment was set up in two different places: The first experiment was carried out from
(January to March 2018), in a greenhouse at Szent Istvan University, Department of Vegetable
Growing Budai campus, Lettuce was grown in a glasshouse with an environmental Control Model.
The effective capacity of this glasshouse is (Width "W" x Depth "D" x Height "H") measuring,
5*%10 square meters, with interior dimensions of (WxDxH). It had 3 moveable tables that measured
and the experiment in full place tray seedlings about 2.6 square meters. The control window had
settings for temperature, humidity, and light which, could be programmed. This allowed precise
experimental conditions plus energy and electricity savings. The second experiment was
conducted in the summertime from (May to July 2018) at the experimental and Research Farm of
the Szent Istvan University at Soroksar greenhouse, which is geographically located at 20.2 km in
the northeast direction of Budapest about N 47° 24' 40", E 19° 7' 48" and an altitude of 99-110
meters above Baltic-sea level. The experimental and research farm is situated on the Danube
casting site, so it is categorized by sandy casting that has the physical properties of sandy soil. The
experiment was carried out in a greenhouse in Complete Randomized Design (CRD) with 6
replications

Factors of substrate considered in the experiment: For the experiment, there are 3 types of
substrates that were used, (1) BRT® green moss: Biomass Refine Technologies as products that
absorb oil, water, chemicals, and other liquids. (2) DCM Aquaperla®: is a substrate additive
developed to improve moisture and nutrient retention — Potassium-polyacrylate. (3) Floresca
(substrate) is an accumulation of partially decayed vegetation or organic matter used as a control
and mixture media with the substrate. Mainly it is a mixture of black peat, 20% of white peat, and
20% of composted cattle manure. The three recommended rates of BRT®, Ever Green are: (RR);
10% RR; 20% RR; 30% RR. And the Recommended rate of DCM Aquaperla and the substrate.
The properties of all substrates are shown in Tables (1,2 and3).

Table 1. The Properties of the Peat Growing Media, particularly the Florasca mixed with 20%
BRT®Evergreen.

Measured Parameters Unit Average
Dry Matter Content m/m% 69.5
pH-H20 6.3
Volume kg/dm3 0.68
Size of granules <20 mm e 100
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Total Dissolved Solids m/m% 0.84
Organic matter at 600°C m/m% 42.8
Total Nitrogen (N) m/mY% 1.90
Total Phosphorus (P205) m/m% 0.52
Total Potassium (K20) m/m% 0.70
Total Calcium (Ca) m/m% 1.88
Total Magnesium (Mg) m/m% 0.61
Total Arsenic (As) m/m% 9.29
Total Cadmium (Cd) m/m% 0.26
Total Cobalt (Co) m/mY% 4.86
Total Chromium (Cr) m/m% 249
Total Copper (Cu) m/m% 2545
Total Mercury (Hg) m/m% 0.16
Total Nickel (Ni) m/m% 20.6
Total Lead (Ph) m/m% 10.05
Total Selenium (Se) m/m% 0.86
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Table 2: Factors of substrate additives
Type of substrate Tretment
55% Black peat, 25% white peat, and 20% Hungarian grey cattle F
manure
BRT®Evergreen (Biomass Refine Technologies) = Carbamide F/B,
formaldehyde polymer (17.3%), Formaldehyde (0.9%), F/B,
Carbamide (2.2%), Clarified phosphorus acid (1.5%), F/B;
Alkylbenzole sulfur acid (0.8%), Surfactant (0.2%), Water
(77.1%)
Aqua perla = Potassium-poliacrilate F/ A

Table 3: Physical evaluation of applied substrate (F)
Mineral content Values

pH (KCI) 6,07
Total Salt (TS - m/m%) 0,05
Na (mg/kg) 835
Nitrogen (NO24+NO3-N mg/kg) 1040
Phosphorus (P20s - mg/kg) 6180
Potassium (K20 - mg/kg) 7500
Mg (mg/kg) 1910
Cu (mg/kg) 134

Plant growing

For this experiment, one variety of lettuce used was from the company (Bejo from the
Netherlands), type “Sotalis- F1” as a test crop. Lettuces were grown separately from the second
stage (plant growing period). Treatments were substrate additives developed for improvement,
three levels of BRT®, EverGreen: recommended rate (RR); 10% RR; 20% RR; 30% RR
respectively, And DCM Aquaperla, in the recommended dose of 2 kg/m3, the chemical properties
of BRT®Evergreen are shown in (Table 3). Each treatment has six replications, with each
replication having five lettuce plants. Therefore, a total of 150 experimental plants were used in
the experiment. Watering of plants was done every day with the number of turns depending on the
visual assessment of plants and with the use of drip irrigation system, The experiment with one
dependent factor was laid out in Complete Randomized Design (CRD).
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The first experiment was carried out on 24 March 2018, using a seedling plate for direct sowing,
at the glasshouse at Szent Istvan University. Sowing of Sotalis- F1 variety in three different types
of substrates Florasca, Aquaperla with 3 Levels of BRT10%, BRT20%, BRT30 of BRT®
EverGreen was carried out. They received 10 L of tap water and were put into (the place is
missing). Temperature, relative humidity, and lightning were kept constant throughout the whole
experiment. The preparation of substrate was according to the recommended rate Per % (RR%),
the substrate fertilizer tests were applied in seedling plate according to the rate of 10 Kg Peat with
1Kg of BRT10 and (2kg from the BRT, 3Kg BRT) as a mixture, and Aquaperla 50% to peat 50%
are mixed. When the cotyledons emerged, plants were supplied with 1 to 2 L of water starter
concentration for the first time on 20 April after one-month transplantation.

Measured and observed parameters.

Plant growth yield measurement: Growth and yield data collection parameters were collected
during the field experiment by sampling three randomly selected plants from central rows of each
experimental unit for 43 days after transplanting. During the experiment, three leaves from every
plant and five plants in every repetition were measured. In this case, for every repetition, 15 leaves
were used. The fresh weight of leaves was measured sing a precision balance EMS (Balingen,
Germany), and results were expressed in g/plant for each sample. Chlorophyll content was
measured with a Chlmeter (Soil Plant Analysis Development (SPAD) chlorophyll meter (SPAD
502; Minolta Camera, Osaka, Japan). For SPAD measurement, three measurements were taken on
arandomly chosen big leaf in the middle of every three lettuce plants, and the SPAD meter showed
up the average automatically. Lettuce head diameter: Lettuce head and root diameter were
measured by using a caliper. Plant leaves and roots were dried after the harvest in an oven at 70
°C for 48 hours for dry mass determination (Agtiero et al., 2008).

N P K content in lettuce leaf and root:

The root and green parts of the lettuce sample were ground into small pieces and digested with
sulphuric acid to analyze NPK content. The nitrogen (N) content, Phosphorus (P) content, and
Potassium (K)) content was analyzed according to the modified methods (Sestak et al., 2022; Ge et
al., 2019).

Statistical analysis

Analysis of variance (ANOVA) was used to evaluate the data. The Shapiro-Wilk test and the
Bartlett test were used to ensure the data were normally distributed and homogeneous,
respectively, before attempting an analysis of variance. Non-Gaussian data were expressed as a
logarithmic function (logx+1). A Tukey's Honest Significance Difference (HSD) test at 5% (=
0.05) was used when the combined ANOVA revealed a significant difference.

Results

The two-way ANOVA results of fresh lettuce weight showed that there was a significant difference
between the two independent variables at F (4,145) = 10.33,p <0.01 for Soroksar, and University
F (4,150) = 4.68, p = 0.01, since both p values are below 0.05 (Table 2, Figure 1). According to
descriptive statistics, the harvesting date is an important factor for production and yield. The
Soroksar treatment results showed no significant difference between the samples, despite them
belonging to different groups (F30=a; FAP=ab; F=bc; Fl10=c; F20=c). The lowest p-value was
observed between treatments F, F10, and F20 (p=0.36). The same trend applied to the University




193
194
195
196
197
198
199

200

201
202
203
204
205

treatment, as there were no significant differences observed according to the Test of Between-
Subjects Effects (F10=a; F=a; FAP=a; F30=ab; F20=b). Additionally, p=0.154 between treatments
F30 and F20. Regarding descriptive statistics and mean values, it can be noted that from the mean
values of the analysis obtained in the Soroksar area F20 had the highest lettuce fresh weight, while
the F30 had the lowest fresh weight. Additionally, from the University samples, F30 showed the
highest value, while the lowest one was observed with the F10 measurement.
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Figure 1: Means and Std. deviations of fresh lettuce head for Soroksar and University for each
treatment. Treatment notation: F (Florasca), F10 (Florasca+10% BRT); F20 (Florasca+20% BRT),
F30 (Florasca+30% BRT); FAP (Florasca with Aquaperla). Unit of mean: Different letters are
significantly different groups (Tuckey’s: Soroksar (p=0.36); University (p=0.15)

Table 4: Mean and Std. deviation and post hoc for fresh lettuce head, chlorophyll, SPAD for

Soroksar and University for each treatment

Chlorophyl
Fresh lettuce head SPAD
1
Soroksar Soroksar
University (Soroksar) | (Soroksar) | (University)
(29" June) (10" July)
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Treatm | Mean + Std Mean+ Std | Mean+ Std | Mean + Std | Meant Std | Mean+ Std
ent post hoc post hoc post hoc post hoc post hoc pOSt hoc
35257 % 351727 551.94+ 27.824+6.2 60.29+
F 4 .85+1.261*
103.66 ¢ 912 278.17° 134 7.764
400.50+97.9 3572436 | 385.93+203 | 25.361+5.3 | 58.56+7.65
F10 4.51+1.11*
3¢ 26* 20® 39 2
401.30+129. 3356+£3.6 | 293.14+154 | 25.580+5.5 | 258.21+7.6
F20 5.78+1.32°
03 € 63" 474 57¢ 29
20 275.17+84.4 | 5.074x1.15 | 34.17+3.8 | 717.02+329 | 21.765+5.6 | 55.79+7.46
F
24 4B 11* 90¢ 67° 9
286.77+92.3 3644429 | 571.14+274 | 22.637+5.1 | 59.94+7.74
FAP 4.89+1.23*
12B 35 .54be 35# 2

Dry matter content of lettuce

The dry matter content of lettuce grown in the university glasshouse was measured and the results
were shown in (Figure 2). For the leaves, it was observed that plants treated with F+20% have the
lowest dry matter content. The other treatments resulted in relatively similar dry matter content
with F+30% having the highest amount. Corresponding to the leaves, the dry matter content of the
roots of the same lettuce plants grown in the university glasshouses was measured. Results showed
that the dry matter content is generally the same for all the treatments with the presence of the
substrate additives, (both BRT and Aquaperla). The highest dry matter content of the root was
measured in the plants treated with F.
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A B Fresh weight of leaves (g) M Dry weight of leaves (g) Dry Matter content (%)

6.00 6.00
5.00 5.00
4.00 4.00
3.00 3.00
2.00 2.00
1.00 1.00
0.00 — — | | — 0.00
F F10 F20 F30 F AP

B B Fresh weight of root (g) W Dry weight of root (g) Dry Matter Content (%)

1.00 10.00

0.90 9.00

0.80 8.00

0.70 7.00

0.60 6.00

0.50 5.00

0.40 4.00

0.30 3.00

0.20 2.00

0.10 1.00

0.00 — — — — — 0.00
F F10 F20 F30 F AP

Figure 2: Dry matter content of A; leaves: B; roots of lettuce grown in the university glasshouse.
Treatment notation: F=Florasca, F+10%= Florasca with 10% BRT, F+20%= Florasca with 20%
BRT, F+30%= Florasca with 30% BRT, and F+AP=Florasca with Aquaperla.

Lettuce head diameters

Results of this study showed that on the 10th of June F(4,145) = 10.33 with a p-value of p<0.001
which means that the treatments were highly significant on this day of measurement. On the 29th
of June, we recorded values of F(4,85) = 2.13, where the p-value was p=0.08, which means that
the treatments were not significant on this day.

The head diameter was measured twice time before the harvesting date in the Soroksar experiment
field, the first time on the 29th of June 2018, and the second measurement was carried out on the
10th of July 2018 as shown in (Table 2, Figure 3), Results showed that during the 29th of June
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2018, which is four weeks after transplanting, the diameter of the plants was not significantly
influenced by any treatment at p>0.05. Meanwhile, on the 10th of July 2018, there was a significant
difference in the diameter of lettuce where treatment F+30% resulted in greater diameter as
compared to treatments F+10% and F+20%. According to, descriptive statistics and mean values
on both 29th of June 2018 and 10th of July 2018, it can be noted that the mean values of the
analysis obtained in F20 had the highest lettuce head diameter, while the F30 and FAP had the
lowest head diameter.
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Tratments
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Figure 3: Means and Std. deviations of fresh lettuce head on 29" June and 10™ July 2018for each
treatment. Treatment notation: F (Florasca), F10 (Florasca+10% BRT); F20 (Florasca+20% BRT),
F30 (Florasca+30% BRT); FAP (Florasca with Aquaperla). Unit of mean: Cm/ Different letters
are significantly different groups (Tuckey’s: 29™ June (p=0.36); 10" July (p=0.08).
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Chlorophyll content and SPAD readings

One of the non-destructive methods to determine the chlorophyll content of plants is through the
relative greenness measurement values from SPAD. Based on the graph, it can be observed that
the trend is a decreasing SPAD value across an increasing amount of BRT. Statistically, it was
found that lettuce treated with F+30% and F+AP have significantly lower SPAD values as
compared to the rest of the treatments with F treatment having the highest SPAD value at p<0.05
(Table 4). In terms of the result of the SPAD Readings of lettuce grown in the university
glasshouse, it can be observed that plants showed a similar trend with those that are grown in
Soroksar where an increasing amount of BRT results in decreasing SPAD value was recorded. It
can be further noted that treatment F+AP has resulted in a higher SPAD value in the university
treatments as compared to those of Soroksar. Statistically, treatments F+30% and F+20% resulted
in higher SPAD values than treatment F at p<0.05 (Figure 4).

Chlorophyll content and SPAD Readings

1200.00 30.000
1000.00 25.000
800.00 20.000
=14]
i
E 600.00 15.000
400.00 10.000
200.00 5.000
0.00 0.000
F F10 F20 F30 F AP
N Chlorophyll sss=SPAD

Figure 4: Chlorophyll content and SPAD readings (Soroskar)

This observation is contrary to the results of the experiment conducted by Ledn et al. (2007) on
lettuce where a significant correlation (R2= 0.85-0.92) was found between SPAD values and
chlorophyll content in tissues. Nevertheless, the chlorophyll b content of the lettuce leaves
according to literature which ranges from 280-5,600 mg/100g (Premuzic, et al., 2000) is quite
comparable with the chlorophyll measurements across different treatments which ranges from 362
for F+20% BRT treated plants as the minimum while 855 for F+30% BRT as the maximum.

Lettuce N P K content in leaves
Figure 5 shows the differences between NPK values of lettuce across all the treatments in the
lettuce leaves content NPK in Soroksar farm, which can be considered to direct indicator for
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physical plant growth as it influences all the plant parts and the yield of the plant. For (N) Nitrogen
content, statistical results indicated that F-treated plants have significantly higher N content than
F+30% which has a lower content with a decreasing trend across increasing BRT levels. As for
(K) Potassium content, results showed that F-treated plants have significantly higher K content
than plants treated with F+30% BRT. In terms of Phosphorus content, F+AP treatments are
significantly higher as compared to the rest. Meanwhile, the result of the N P K Readings of lettuce
grown in the university glasshouses showed that Nitrogen content was influenced by the treatments
wherein F treated plants have significantly high N content compared to F+30% BRT treatment. As
for the Potassium (K) content, it was observed that there is a significantly high amount of K in the
leaves of F+10% BRT plants as compared to F+AP treated plants. Lastly, for the Phosphorus
content (P), it was found that F+AP treated plants have the highest content of this nutrient and
were significantly different from F and F+20% BRT treated plants at p<0.05.
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Figure 5: Lettuce NPK content in leave¥ Sutfjéct& to different treatments in A; Soroksar: B;
rr__- e L ol . . . £t YT LI e ¥l ™ e ) ENAY I 5 h s Ra a B s WA Wars ™
UTIVETSILY . 1TEdLmerL nouon: r=riorascd, r+1uU% = riorascd will 1% bIk 1, r+2ZU%= riorasca

with 20% BRT, F+30%= Florasca with 30% BRT and F+AP=Florasca with Aquaperla.
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Lettuce N, P, K content in root

The NPK content of roots across all treatments was also measured in both locations of this
research. It was found that in Soroksar, the Nitrogen (N) and Potassium (K) content were not 293
significantly influenced by the treatments. Meanwhile, Phosphorus (P) content was found to have
been significantly influenced by the treatments wherein F+AP treated plants have significantly
high P content than F and F+20%,F+10% treated plants at p<0.05. As for the result of NPK content
of roots of lettuce grown in the university glasshouse, it was found that F- treated plants have
significantly higher N content than F+30% BRT treated plants. For the Phosphorus content, it was
significantly higher in plants treated with F+AP as compared to F and F+20% BRT 299 treated
plants (Figure 6A).
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Figure 6: A; Lettuce NPK content in roots subjected to different treatments B; SPAD value and
nitrogen content of the leaves of lettuce grown.Treatment notation: F=Florasca, F+10%= Florasca
with 10% BRT, F+20%= Florasca with 20% BRT, F+30%= Florasca with 30% BRT and
F+AP=Florasca with Aquaperla.

Correlation of Nitrogen and SPAD

Relative greenness is influenced by the amount of chlorophyll pigment which is responsible for
the green color of the leaves. The greener the leaves, the higher its photosynthetic capacity and
potential growth. In gauging this parameter, a non-destructive technique using a chlorophyll meter
(e.g.. SPAD) was adopted to measure leaf absorbance on red and near-infrared wavelength,
indicating the relative amount of chlorophyll present in the leaves hence, higher SPAD values
signify higher chlorophyll content. Nitrogen plays a key role in the production of chlorophyll
pigment; thus, a lighter green color of leaves is reflected in low SPAD values of the plants and
vice versa. As shown in Figure 6B, it can be observed that the N content of the leaves is positively
correlated with the SPAD values. It can be inferred from this that the greener leaves of plants with
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treatments F followed by treatments F+10% BRT and F+20% BRT are attributed to the higher
nitrogen content. Meanwhile, it can be observed that the relationship between SPAD values and
the nitrogen content of the leaves of the lettuce grown inside the university glasshouse is quite
contradicting that of Soroksar. It was apparent that there is a decreasing SPAD value trend with
increasing nitrogen content. This observation has also opposed the expected trend in general,
where there is a positive correlation for both variables.

Discussion

Results showed lettuce grown in Soroksar farm exhibited heavy weight when subjected to
treatments F+10% and F+20% BRT as compared to plants treated with F+30% and F+AP.
Meanwhile, in the university glasshouse, it was observed that lettuce treated with F+20% had the
greatest weight as compared to plants subjected to other treatments. Generally, for lettuce grown
in two different locations and conditions, it can be inferred that F+20% BRT treatment has resulted
in the greatest growth in weight. This study also investigated the dry matter content of the lettuce
plant parts, specifically leaves and roots. Beninni et al. (2021) reported that when lettuce is grown
in soil, there is a direct relationship between the amount of nutrients and the amount of dry matter.
In this case, the shoots build up macronutrients in the following order: K >N > Ca> P> S > Mg.
This measurement is related to the fresh weight as it provides information about the total
components (i.e., fibers, proteins, ash, water-soluble carbohydrates, lipids, etc.) of the plant
excluding the water content. Results of this study suggest that leaves of

F+20% treated plants have the least dry matter content even though it has the greatest fresh weight.
This implies that F+20% BRT treated plants weigh higher because of their high-water content.

In terms of the chemical composition analysis of the lettuce, chlorophyll content has been gauged
and has been correlated with SPAD readings. The chlorophyll content is one of the indices of
photosynthetic activity, which are pigments responsible for the green color of the leaves. At the
beginning of flowering, plants have the most chlorophyll, and chlorophyll is thought to be involved
in the process of organogenesis (Dziwulska-Hunek et al., 2020). It is characterized to have a broad
absorption band from blue to red (Costache et al., 2011). The green color of the leaves can be
measured non-destructively and be used as an indicator of chlorophyll content through SPAD
measurements.

Relating to the results of this study, it was found that only plants treated with F, F+10%, and
F+20% have exhibited a direct relationship where decreasing chlorophyll content resulted in
decreasing SPAD values. The plants treated with F+30% BRT and F+AP have an inverse
relationship between the SPAD values and chlorophyll content. This observation is contrary to the
results of the experiment conducted by (Ledn et al., 2007; Sharaf-Eldin et al., 2015) on lettuce
where a significant correlation (R2= 0.85-0.92) was found between SPAD values and chlorophyll
content in tissues. Nevertheless, the chlorophyll b content of the lettuce leaves, according to
literature which ranges from 280-5,600 mg/100g (Herrmann, 2001), is comparable with the
chlorophyll measurements across ditferent treatments F+20% BRT treated plants range from 362
as the minimum while F+30% BRT ranges from 855 as the maximum. Zandvakili et al. (2019)
found that fertilized lettuce leaves had higher SPAD levels than unfertilized lettuce leaves. Among
the lettuce cultivars, there were wide variations in pigment content. For instance, among lettuce
cultivars, the Great Lakes type naturally has a higher pigment content since it is greener than the
others, from pale green to yellow (Yaseen, and Takacs-Hajos, 2022). The other measurement that
was done for the composition of the plants is its NPK content. Generally, all the amounts of the
three mentioned macronutrients were found to be significantly influenced by the treatments. For
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both N and K content of the leaves, it was observed to be significantly high in plants treated with
F as compared to plants treated with F+30% and grown in Soroksar. This is very important because
nitrogen is a part of the process of photosynthesis, it is an important part of plant growth (Andrews
et al., 2013). Results for N content were also the same for plants grown in the university
glasshouse. Regarding to P content, F+AP treatment was found to result in the highest
accumulation of this nutrient. Relative to the result of the analysis for this study, it was found that
the Nitrogen content of the lettuce that was both grown in the university glasshouse and Soroksar
was relatively lower as compared to the values from the related literature 92.4 mg. Boros et al.
(2020) mentioned that according to Commission Regulation (EC) No. 1258/2011, the maximum
nitrate concentration of lettuce is between 2000 and 5000 mg NO3/kg, depending on the harvest
season and method used. As for the Phosphorus, the concentration for both lettuces grown in the
glasshouse and Soroksar which ranges from 5.3-7.2 mg and 5.8-7.0 mg are quite low as compared
to the reference values of nutrients that range from 18-28 mg. Lastly, for the Potassium (K) content,
the actual findings of the study, which range from 36.8-39.7 mg for lettuce grown in the university
and 28.9-33.3 mg for lettuce grown in Soroksar are quite low compared to the values from the
literature, where the K content was found to range from 170-220 mg (Herrmann, 2001). As for the
NPK content of the roots, results showed that N content was generally the same across treatments
but significantly low for F+30% treated plants. The same observation was found in the P and K
content of the roots of lettuce grown in the university glasshouse. For the roots of the lettuce grown
in Soroksar, it is most notable that the Phosphorus content was significantly low for F-treated
plants. Lastly, the correlation between N content and SPAD values was also determined in this
study. Nitrogen plays a key role in the production of chlorophyll pigment; thus, a lighter green
color of leaves is reflected in low SPAD values of the plants and vice versa. Considering this, it
can be expected that the SPAD values are increasing with an increasing N content. This trend was
observed to be consistent with both lettuce plants grown in the university glasshouse and Soroksar,
but it is very apparent that this relationship is more obvious for lettuce grown in Soroksar.

Conclusions

This research has focused on the effects of recently developed substrate additives, namely BRT®
Evergreen and Aquaperla, on the growth and yield characteristics of the lettuce. The lettuce was
grown and subjected to two environmental conditions, the Soroksar Experimental and Research
Farm, Budapest. It was established that lettuce fresh weight is influenced using substrate additives.
In addition, mineral contents were also heavily influenced by substrate addition; however, inner
contents are usually not influenced by the treatments but rather by the effect of time which is
credited to its normal physiology. In this perspective, where plant growth was largely not affected
negatively by the treatments, it can be concluded that the use of substrate additives in/for lettuce
production can be acceptable.
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