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ABSTRACT 

 
The aim of this study was to examine the effect of different fertilizers on the yield and antioxidant 

capacity of two lettuce genotypes “Santoro RZ” and “Kiribati RZ”. 

 

Lettuce genotypes are fertilized with organic fertilizer (Slavol) and organic-inorganic NPK fertilizer 

(Fitofert hemisuper plus ) during the vegetation. The analyzed parameters were root length and head 

weight of lettuce, total phenols, and flavonoids, as well as antioxidant capacity. Lettuce genotypes 

“Santoro RZ” and “Kiribati RZ” fertilized with organic fertilization showed the highest content of total 

phenols (358.13 ± 1.30 mg RU/100 g of fresh sample), the total content of flavonoids (114.22 ± 0.3 mg 

RE/100 g of fresh sample) and antioxidant capacity (neutralization of DPHH radicals 58.72 ± 1.88%). 

 

The results revealed that the yield and antioxidant capacity of lettuce can be improved by using organic 

fertilizers. 
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INTRODUCTION 

 

Lettuce (Lactuca sativa L.) is a very important and widespread vegetable plant. The largest producers 

of lettuce in Europe are Spain, Italy, and Germany (FAO, http:// www.fao.org/faostat/en/#data/QC). 

Lettuce is consumed as a fresh vegetable, mostly as a salad or as a minimally processed vegetable. It is 

important in the human diet because of its content of vitamins, minerals, and antioxidants. The 

advantage of lettuce, eaten raw, is that it maintains more nutrients than thermally processed food [1]. 

 

The biological characteristics of lettuce and its specific growth and development are the basis for 

establishing the optimal method of cultivation. Fertilization of lettuce with various organic, mineral, 

and microbiological fertilizers is performed to achieve higher yields. Different fertilization systems 

can affect the high and good yield of vegetables in greenhouse production [2,3]. Organic fertilizers are 

of primary importance in plant growth and development. This fertilizer has all the necessary macro 

and microelements, and during mineralization, they improve the physical and chemical properties of 

the soil [4]. Various types of organic fertilizers should be applied in combination with mineral 

fertilizers, to achieve the best yields [5,6].  
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Manipulation of mineral fertilizers is much easier because nutrients are introduced into the soil in a 

directly accessible form. Overdressing of mineral fertilizers can cause various problems, such as soil 

contamination and underground water after harvesting crops [7]. Mineral fertilizers can have a 

detrimental effect on plant quality, declining dry matter content, increasing soil acidity, degeneration 

of physical characteristics, and increased erosion, and instability of soil aggregates [8,9].  

 

Biostimulators are popular in sustainable agriculture because they activate several physiological 

processes that improve food efficiency, stimulate plant growth, and reduce fertilizer consumption [10]. 

The use of biofertilizers has ecological and economic justifications. These fertilizers occupy a special 

place in organic, sustainable agricultural production. Biostimulators help the plant to resist the effects 

of biotic and abiotic stresses, increasing the quality and yield of the plant [11]. 

 

The aim of our study was to determine the effect of different fertilization methods on the yield, 

nutritional value, and antioxidant capacity of lettuce. 

 

 

MATERIAL AND METHOD OF WORK 

 

Plant material 

 

Two genotypes of lettuce “Santoro RZ” and “Kiribati RZ” were used during the study. The experiment 

was set up at the Lukavica site, in the area of the city of East Sarajevo (43.8269 0N 18.3832 0E) from 

spring 2021. in greenhouse conditions. 

 

Experimental design  

 

The test plants were planted by block method in three replicates with the size of the experimental plot 

2m2 (1 x 2 m). Lettuce was grown by planting seed 530 x 310 x 60 mm. One month of seedlings with 

well-formed 4–5 true leaves was transplanted at a distance of 30x20cm. Dripping irrigation was used 

during the experiment. 

 

Fertilizers  

 

We applied different types of fertilization in the experiment. One part of the plants were fertilized with 

a biostimulator-Slavol. Slavol is a preparation that contains nitrogen-fixing bacteria and phosphorus 

mineralizer, growth stimulators that produce auxins (indole-3 acetic acid) in the fermentation process 

in the range from 0.01 to 0.1 mg/L. It was used in the amount of 200 mL/10 L of water.The other part 

of the plants was fertilized with organic-inorganic NPK fertilizer-Fitofert hemisuper plus. In addition 

to organically active components, this fertilizer contains humic and fulvic acid, carbohydrates, betaine, 

and lignosulfonates. It is used in the amount of 100 mL/10 L of water.A third of the experimental 

plants were not treated with fertilizer. These were control plants. 

 

Fertilization was performed in the following stages of lettuce development: rooting phase, rosette leaf 

formation phase, and head formation phase. 

 

Harvesting and handling after harvest  

 

Lettuce samples were harvested at the stage of technological value. After harvest, the fresh weight of 

the rosette (head) (FW) was measured using a digital scale to two decimal places and the results are 

shown in grams (g) as the mean value for three replicates. 

 

Applied methods: 

 

Determination of total phenols and flavonoids  

 

The plant material (50 g) was extracted with 75% ethanol, and the extraction with the same plant 

material was repeated three times with five times the volume of solvent relative to the weight of the 
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crushing plant, for 24 h. The resulting extracts were filtered, combined, and concentrated in a 

vacuum.The content of total phenolic compounds was determined by the Folin-Ciocalte 

spectrophotometric method [12] and was expressed as gallic acid equivalent (mg GAE/100 g fresh 

sample).The total amount of flavonoids was determined by the method with AlCl3, described by [13], 

and the results are presented as equivalently rutin (mg RE/100 g fresh sample). All results are 

expressed as the mean of the three measurements of the analyzed samples (± standard deviation). 

 

Determination of antioxidation activity  

 

DPPH „scavenger” activity was determined by the method  which spectrophotometrically monitored 

the reaction between a stable DPPH radical (1,1-diphenyl-2 picrylhydrazyl radical) and a sample 

whose antioxidant activity was examined [14]. A modified method was used to determine the 

antioxidant activity by the ABTS test (Total Equivalent Capacity assay). Antioxidant activity is 

expressed in % inhibition. 

 

Statistical analysis 

 

All samples were analyzed in triplicates. The results are expressed as mean values ± standard 

deviation (SD). Differences were considered significant if P-values were under 0.05. Statistical 

analysis of experimental data was performed using the Statistica (Tukey HSD Test) (StatSoft Inc. 

"STATISTICA Data Analysis Software System, (Version 10). 

 

PCA 

 

Principal component analysis (PCA) is a statistical technique applied to a set of variables when the 

researcher is interested in which variables of the set form coherent subsets that are relatively 

independent of each other [15]. 

 

 

RESULTS AND DISCUSSIONS 

 

Root length and rosette weight were measured from growth parameters, and the results are given in 

Figure 1. 

 

The highest root length was recorded in the genotype “Kiribati RZ“ treated with the fertilizer Slavol 

(11.21 cm), while the lowest value was recorded in the genotype „Santoro RZ“ in the control variant 

(8.44 cm). Use of biostimulators actively helps the development of the root system [16,17]. 

 

The weight of the rosette varied depending on the genotype and the type of fertilizer. The highest 

weight was in the genotype „Kiribati RZ“ treated with Slavol fertilizer (249.48 g), followed by the 

genotype „Santoro RZ“ treated with the same fertilizer (222.99 g). In their research, a group of authors 

concluded that the use of biostimulators stimulates the growth of the aboveground part of the plant by 

an average of 29% compared to the control variant [4,18,19]. 

 

Chemical characterization of lettuce leaves  

 

Total phenolic content and antioxidant activity  

 

In the extracts of lettuce, the content of total phenols, flavonoids, and antioxidant capacities was 

determined, the results are shown in Figure 2. All samples contain total phenols and flavonoids. The 

content of total phenols and flavonoids depends on the genotype and the type of fertilizer. The highest 

concentration of total phenols was measured in genotype “Kiribati RZ” fertilized with Slavol (358.13 

± 1.30 mg RE/ 100 g fresh sample).  

 

The lowest concentration was in the genotype “Kiribati RZ” which treated with Fitofert hemisuper 

plus (from 115.35 ± 1.64a mg GAE / 100 g fresh sample). All samples treated with fertilizer showed 

higher phenol content compared to the control sample. Application of fertilizers affects the yield, 
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physiological characteristics, and content of phenolic compounds in wheat grain (Triticum aestivum L. 

ssp. aestivum) [20,21,22]. 

 

 
 

Figure 1. Effect of different fertilization methods on root length and head weight in lettuce 

 
G – genotypes (G1 – Santoro RZ, G2 – Kiribati RZ); F – Fertilizers (F0 – control, F1 – Slavol, F2 – Fitofert hemisuper plus) 

* = Mean value ± standard deviation (n = 3) 
a-b Different letters in superscript indicate the statistically significant difference between values, at a significance level of 

p<0.05 (based on Tukey’s HSD test) 

 

 
 

Figure 2. Total phenols, flavonoids and antioxidant capacity of lettuce leaves 

 
G – genotypes (G1 – Santoro RZ, G2 – Kiribati RZ); F – Fertilizers (F0 – control,F1 – Slavol,F2 – Fitofert hemisuper plus) 

* = Mean value ± standard deviation (n = 3) 
a-b Different letters in superscript indicate the statistically significant difference between values, at a significance level of 

p<0.05 (based on Tukey’s HSD test) 

 

The flavonoid content is dominated by genotype „Santoro RZ” treated with Slavol fertilizer (114.22 ± 

0.3d mg RE/100 g fresh sample). The lowest content of flavonoids (53.58 ± 0.81b mg RE/100 g of 

fresh sample) was in genotype “Kiribati RZ” treated with Fitofert hemisuper plus fertilizer. It can be 

concluded that the type of fertilizer affects the phenolic and flavonoid content [2,6]. 



 

Malešević, Z. et al: Influence of different ......          Archives for Technical Sciences 2023, 29(1), 49-56 

                    Technical Institute Bijeljina, Archives for Technical Sciences. Year XV – N0 29               53 

 

In our study, values for total phenolic content and flavonoids were higher for plants treated with 

organic fertilizers. The effect of organic fertilizers, fish pellets and manure mixtures affect the phenol 

content, and the overall fruit quality of tomato varieties [23]. Also the influence of fertilizers during 

the growth and development of the plant, shows an increased content of phenols and flavonoids 

compared to the control soil [24]. 

 

The antioxidant activity of lettuce was determined by DPHH and ABTS tests. All samples showed 

antioxidant capacity. The percentage of neutralization of DPHH radicals ranges from 58.72 ± 1.88 e% 

for genotype “Kiribati RZ”, treated with Slavol fertilizer, to 16.36 ± 0.50% for “Kiribati RZ” sample 

treated with Fitofert hemisuper plus fertilizer (Figure 2).  

 

The examined samples also show a high degree of ABTS+ „scavenging” activity. Both methods 

confirmed that fertilizer-treated lettuce samples had a much higher antioxidant potential compared to 

the control sample. The results are in agreement with previous research that different ways of 

fertilizing vegetables adding biostimulants, significantly affect the antioxidant capacity [25, 26].  

 

A similar observation for an increase in total phenols content and antioxidant capacity was reported 

after treatment with organic fertilizers  in peppers ,cucumbers, watermelons and melon fruits [27]. 

 

Thus, the results revealed that the quality and nutritional value of lettuce leaves could be improved by 

applying organic fertilization for the production of foods for human healthy nutrition.  

 

 
 

Figure 3. PCA of independent variables and responses of root length/rosette weight and bioactive components 

 

The results of the PCA are shown in Figure 3. A scatter plot was created with the first two principal 

components from PCA of the data matrix, with the first principal component at the x-axis and the 

second at the y-axis, to visualize trends in the displayed data and demonstrate the discriminating 

effectiveness of the descriptors used. The contribution of the variables (%) showed that ABTS 

(20.69%), DPPH (19.94 %), TPC (18.95%) and head weight (14.87%) most participated in F1, and 

root length (61.63%), and TFC (30.92%) in F2.  

 

The position of the samples in Figure 3 was primarily influenced by the type of fertilizer than the 

genotype of the values of the first principal component. Samples G2F1 and G1F1 were characterized by 

higher values of all analyzed parameters (oriented on the positive side of the x-axis by the positive 

value of the F1 component), compared to other samples G1F0, G2F0, G1F2, and G2F2 oriented on the 
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negative side of the x-axis (by the negative value of the F1 component). Therefore, sample G2F1 was 

characterized by the high values of the following parameters: root length and ABTS, and sample G1F1 

was characterized by the high values of the following parameters: head weight, DPPH, TPC, and TFC. 

 

The high concentrations of flavonoids contribute to the higher antioxidant activity of lettuce as well. 

Various studies have shown cohesion between total phenol content and antioxidant activity of fruits, 

plants, and vegetables.  

 

A comparative study, of antioxidant properties, and phenolic profile [28] shows the cohesion of 

antioxidant properties and phenolic profile of the most consumption of berry species. Different 

investigations have shown a relationship between the total phenolic contents and the antioxidative 

activity of fruits, plants and vegetables [29,30]. 

 

 

CONCLUSION 

 

The application of biostimulants gave statistically significant effects on the components of the growth 

and development of lettuce. It strongly influenced the development of the root system and 

aboveground mass.  

 

The application of biostimulants had the greatest impact on the accumulation of secondary metabolites 

of phenol and total flavonoids compared to mineral fertilization. These results also support the concept 

of organic fertilization of lettuce genotypes “Santoro RZ” and “Kiribati RZ” that have strongly 

increased the antioxidant potential of vegetables. 

 

The application of biostimulants can be an important strategy to increase the quality and yield of 

lettuce. 
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