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Abstract:  To establish the influence of different irrigation and fertilization rates on the quality indicators of the fruit of three specific 

genotypes of tomatoes- Maldo, Pink Rock, and Hayet- in 2022, experiments were conducted in the experimental field of Maritza Vegetable 

Crop Research Institute - Plovdiv in an unheated steel and glass greenhouse type Venlo. The experiment was conducted under three 

irrigation regimes - optimal, reduced, and increased irrigation - 100%, 75%, and 125% using water-saving irrigation technologies and three 

fertilization regimes - optimal, reduced, and increased fertilization - 100%, 75%, and 150%.  

It was found that reducing the water content resulted in a slight increase in dry matter, total soluble solids (TSS), and vitamin C 

content while varying the fertilizer rate did not significantly change the studied characteristics. Tomato fruit quality was more affected by 

irrigation than by fertilizer levels. Titratable acidity and pH differed between cultivars but not between treatments applied. The highest dry 

matter, TSS, and vitamin C contents were observed in the treatments with low irrigation rates and optimal fertilization (75%W and 100%F). 

Strong positive correlations were found between dry matter, TSS and vitamin C, while a strong negative correlation was found between fruit 

firmness and dry matter, TSS and vitamin C. 

The factor Genotype had the strongest effect on the tomato fruit quality parameters studied, with a weaker but proven effect of the 

individual factors irrigation rate and fertilization rate on dry matter, soluble solids content, and vitamin C. The highest fruit quality was 

found in Pink Rock, followed by Maldo. The variety with the lowest values for most of the quality indicators is Hayet. 
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Introduction 
Tomato cultivation plays a significant role in agriculture 

as an important source of essential nutrients and contributes to food 

security. Various factors must be considered to increase tomato 

production and quality, including nutrient uptake and irrigation 

management (Del Amor et al., 2001). 

Water and fertilizer control are two essential factors in 

tomato yield and quality. Still, over-irrigation water and fertilizer 

rates can lead to lower water and fertilizer use efficiency, 

environmental pollution, and nitrate accumulation, necessitating the 

search for optimal irrigation and fertilizer regimes.  (Ritsema,et 

al,2022 ), (Bai, C. et al., 2023) Alordzinu et al., 2022),( Wang and 

Xing, 2017), (Del Amor et al. 2001), (Paul, W. et al.,2021) 

 Water deficit reduces yields during flowering and fruit 

formation, while deficit affects quality during fruit ripening. Ganeva 

D., S. Grozeva, G. Pevicharova, 2019). 

Several researchers have established the influence of 

irrigation regimes on tomato quantity and quality (Marouelli et al., 

2007; Favati, F. et al., 2009). According to Li et al. (2017), nitrogen 

fertilizers induce a more significant effect of irrigation water on 

tomato yield. Under proper fertilization and irrigation, vitamin C 

content increases(Yordanov M., I. Manuelian,1980), and under 

limited irrigation, the water content of tomato fruit decreases, while 

dry matter, sugars, acidity, and potassium contents increase. 

The possibility of applying mineral fertilization along 

with irrigation water makes it possible to dose the fertilizers 

according to the crop's needs (Kostadinova et al., 2013). With the 

studies of the mutual influence of different irrigation regimes and 

fertilization rates on the yield of tomatoes grown in plastic unheated 

greenhouses, it was found that the effect of irrigation on yield is less 

at lower levels of fertilizers and has a more significant impact at 

higher levels of irrigation rate. (Stoyanova Ann., G. Kostadinov, M. 

Moteva,2020). 

The studies warrant research to determine the effects of 

irrigation and fertilization on yield and water and nutrient use 

efficiency, which will clarify the different impacts of irrigation and 

fertilization on various aspects of tomato growth. 

The study aims to determine the effect of different 

irrigation and fertilization rates on fruit quality parameters of three 

greenhouse tomato genotypes grown under soil-climatic conditions 

for the Plovdiv area in glass unheated greenhouses. 

 

Materials and methods 
An experiment was conducted in an unheated steel and 

glass greenhouse type Venlo in Maritsa Vegetable Crop Research 

Institute - Plovdiv to determine the impact of different irrigation and 

fertilization rates on the fruit quality parameters of three genotypes 

of greenhouse tomatoes in 2022. A three-factorial experiment was 

conducted, including Genotype, Irrigation rate, and Fertilization rate 

in 3 replications. Tomato plants were grown according to standard 

practices in greenhouse production. Plant protection was the same 

for all treatments. The primary fertilization was done with 

potassium sulfate (60 kg/da), triple super phosphate (60 kg/da), and 

manure (3 t/da), and the vegetative fertilizations were fertilized with 

soluble, fast-acting fertilizers. The trial was conducted under three 

irrigation regimes - optimum, reduced, and increased irrigation - 

100%, 75%, and 125% using water-saving irrigation technologies 

and three fertilization regimes - optimum, reduced, and increased 

fertilization - 100%, 75%, and 150%. The optimum rate was 

assumed to be 35N-28P-70K, routinely applied in the greenhouse. 

The optimum irrigation rate (100%) was calculated using the 

formula: 

m = [10H.α (MFMC– δ)]x K,  

where: m is irrigation rate, mm; α – the bulk density of the 

soil, g/cm3; Н – the depth of the active soil layer, mm; MFMC – the 

marginal field moisture content in % of the absolute dry weight of 

the soil; δ – pre-irrigation soil moisture content in % of soil absolute 

dry weight; К – the reduction factor of the irrigation rate, taking 

into account the area occupied by plants in 1dka (1dka = 0.1 ha). In 

the experiment, K = 0.66 %, i.e., 66 % of the area, is irrigated.  

 

Variants of the experiment included genotype, irrigation rate, and fertilization rate. 

Genotype, grower Irrigation rate,% from *OR Fertilization rate, 

% from *OR 

Pink rock (Yuksel Tohum) 75 75 

Pink rock (Yuksel Tohum) 75 100 

Pink rock (Yuksel Tohum) 75 150 

Malduo (Syngenta) 75 75 

Malduo (Syngenta) 75 100 
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Malduo (Syngenta) 75 150 

Hayet (Sakata) 75 75 

Hayet (Sakata) 75 100 

Hayet (Sakata) 75 150 

Pink rock (Yuksel Tohum) 100 75 

Pink rock (Yuksel Tohum) 100 100 

Pink rock (Yuksel Tohum) 100 150 

Malduo (Syngenta) 100 75 

Malduo (Syngenta) 100 100 

Malduo (Syngenta) 100 150 

Hayet (Sakata) 100 75 

Hayet (Sakata) 100 100 

Hayet (Sakata) 100 150 

Pink rock (Yuksel Tohum) 125 75 

Pink rock (Yuksel Tohum) 125 100 

Pink rock (Yuksel Tohum) 125 150 

Malduo (Syngenta) 125 75 

Malduo (Syngenta) 125 100 

Malduo (Syngenta) 125 150 

Hayet (Sakata) 125 75 

Hayet (Sakata) 125 100 

Hayet (Sakata) 125 150 

* OR – Optimal rate

Fig 1. Experiment scheme 

Results 
Of the three factors tested, the Genotype factor was found to have the most substantial impact on the tomato fruit quality 

parameters examined (Table 1). The effect of the individual factors, i.e., irrigation and fertilization rates on dry matter, soluble solids content, 

and vitamin C, was weak but proven.  
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Table 1. Results of three-factor analysis of variance for tomato quality as a function of Irrigation Rate (Factor A), Genotype (Factor B), 

Fertilization Rate (Factor C), and their interactions. 

Dry matter Soluble solids 
Titratable 

organic acids 
рН Vitamin С Firmness 

Factor А 5.0* 3.7** 2.3 1.8 10.6* 3.1 

Factor B 68.1*** 72.1*** 28.5* 79.1*** 59.4*** 66.9 *** 

Factor С 8.8** 8.8** 2.6 0.7 8.1* 1.1 

А х B 1.4 3.1 0.5 1.8 0.7 2.4 

А х С 0.7 1.4 0.6 1.1 0.8 2.3 

B х С 3.4 2.9 0.8 1.8 0.7 3.4 

А х B х С 3.7 3.6 1.4 1.1 1.6 7.7 

Error 7.5 4.9 63.2 10.9 15.3 13.8 

Levels of significance: * = p < 0.05, *** = p < 0.001. 

Of the three tomato varieties tested, the highest dry matter 

content and soluble solids were recorded in the Pink rock variety, 

with values ranging from 7.3 to 8.2% and from 6.2 to 7.1% for the 

different watering and fertilization treatments (Table 2). 

Comparatively, values for the two fruit indicators were also 

recorded in cultivar Malduo (6.4-7.8% and 5.6-6.6%). Hayet was 

the cultivar where relatively low values of these indicators were 

recorded, 5.6-6.8% and 4.4-5.6%. In all three varieties, relatively 

high dry matter and soluble solids content values were recorded in 

the 75%/100% and 100%/100% variants.  

No statistically proven differences regarding titratable 

organic acid content were observed among the variants and the 

cultivars, while pH varied among the cultivars and variants. The 

variety with the highest pH was Malduo, followed by Hayet, with 

the lowest being Pink Rock. The differences between the variants of 

a variety are, in most cases, not significant (Table 2). 

Regarding vitamin C, the Pink rock variety has the 

highest content (22-27 mg/100g fresh weight), and the Hayet 

variety has the lowest (14-20 mg/100g new weight). Again, within 

each cultivar, the differences between watering and fertilization 

options were not significant in most cases (Table 2). 

Fruit firmness ranged from 25.0 to 47.5oShore. Relatively 

hard fruits are of the Hayet variety. Differences between 

fertilization rates and irrigation within a variety were not 

demonstrated in most cases (Table 2). 

Table 2. Fruit quality of tomato varieties under four treatment options with bio- and micro-fertilizers 

Irrigation, % 

from OR* 

Fertilization, 

% from OR* 

Malduo Pink rock Hayet 

Dry matter, % 

75 75 6.9ef 7.8a-d 6.6ef 

75 100 7.8a-d 8.2a 6.8ef 

75 150 7.1d-f 8.1ab 6.5f 

100 75 6.9ef 7.4b-e 5.6g 

100 100 7.4c-e 8.1a-b 6.6ef 

100 150 6.8ef 7.8a-d 6.4f 

125 75 6.8ef 7.3de 6.2fg

125 100 6.9ef 8.0a-c 6.5ef 

125 150 6.4f 8.2a 6.2fg 

Soluble solids, оBrix 

75 75 5.8c-e 6.6ab 4.9ef 

75 100 6.6ab 6.9a 5.6de 

75 150 5.9cd 6.8a 5.3e 

100 75 5.8c-e 6.2bc 4.4f 

100 100 6.2bc 6.9a 5.5de 

100 150 5.7c-e 6.5ab 5.1ef 

125 75 5.7c-e 6.2bc 4.7ef 

125 100 5.3e 6.8a 5.3e 

125 150 5.4de 7.1a 5.0ef 

Titratable organic acids, % citric acid 

75 75 0.30ns 0.49ns 0.58ns

75 100 0.41ns 0.50ns 0.60ns

75 150 0.34ns 0.57ns 0.55ns

100 75 0.31ns 0.41ns 0.44ns

100 100 0.34ns 0.49ns 0.60ns

100 150 0.35ns 0.47ns 0.53ns

125 75 0.29ns 0.41ns 0.48ns

125 100 0.32ns 0.42ns 0.51ns

125 150 0.35ns 0.48ns 0.56ns

рН 

75 75 4.34ab 4.08e 4.15de 

75 100 4.27b-d 4.13de 4.19c-e 

75 150 4.32ab 4.08e 4.19c-e 

100 75 4.41a 4.14de 4.21c-d 
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100 100 4.35ab 4.14de 4.18c-e 

100 150 4.31a-c 4.07e 4.19c-e 

125 75 4.34ab 4.16de 4.15de 

125 100 4.38ab 4.19c-e 4.21c-d 

125 150 4.35ab 4.14de 4.18c-e 

Vitamin С, mg/100 g fresh mass 

75 75 19.2c-e 26.2a 18.7c-e 

75 100 23.5a-c 27.0a 19.6b-e 

75 150 19.1c-e 23.3a-d 17.6e 

100 75 18.7c-e 22.6a-d 15.4fg 

100 100 19.9b-e 23.5a-c 16.1e-g 

100 150 17.3e 20.3b-e 14.3g 

125 75 19.6b-e 23.6a-c 16.7e-g 

125 100 19.0c-e 24.7ab 18.0de 

125 150 18.2de 22.2a-e 16.3e-g 

Firmness, degrees Shore 

75 75 32.0c-f 28.8c-f 47.5a 

75 100 34.6cd 32.7c-e 37.1b 

75 150 34.0c-e 30.5c-f 40.5ab 

100 75 33.1c-e 28.9c-f 35.5c 

100 100 32.2c-e 25.0f 36.3bc 

100 150 35.2c 28.6c-f 42.6ab 

125 75 31.5c-f 26.9ef 40.6ab 

125 100 34.9cd 27.8d-f 40.4ab 

125 150 35.6c 28.5c-f 37.6b 

a,b,c…- Duncan’s Multiple Range (p≤0.05)   * OR – Optimal rate 

 

Conclutions 
- Dry matter content, total soluble solids (TSS) and 

vitamin C, titratable organic acids, % citric acid, pH, fruit firmness, 

Tomato fruit quality is more influenced by irrigation than 

fertilization levels were determined. The highest values of dry 

matter content, total soluble solids (TSS), and vitamin C were 

observed under deficit irrigation and optimal fertilization (75 % W 

and 100 % F).   

- Genotype factor had the strongest effect on the tomato 

fruit quality parameters studied. Weak, but demonstrated, effects of 

the individual factors Irrigation Rate and Fertilization Rate on dry 

matter, soluble solids content and vitamin C. The highest fruit 

quality was found in Pink Rock, a popular variety known for its 

high yield and quality, followed by Maldo, a variety valued for its 

resistance to common tomato diseases. The variety with the lowest 

values for most quality indicators was Hayet, a variety often used as 

a control in tomato cultivation studies due to its average 

performance. 
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