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Abstract: In order to determine the influence of different rates of irrigation and fertilization on the growth, yield, and some yield-related 

characteristics of three genotypes of tomatoes, research was carried out at IVCM - Plovdiv in an unheated steel-glass greenhouse of the 

"Venlo" type. The experiment was carried out with three modes of irrigation: optimal - 100%, reduced - 75%, and increased - 125%, using 

water-saving irrigation technologies and three modes of fertilization - optimal - 100%, reduced - 75%, and increased fertilization - 150%. 

The amount of watering and irrigation norms, the number of waterings for the growing season of greenhouse tomatoes were determined 

based on soil type, and climatic conditions in the region of Plovdiv. An optimal or high irrigation rate combined with reduced or optimal 

fertilization leads to maximum yields in all three tomato varieties. A specific reaction of the variety was observed - in “Hayet” and “Pink 

rock ”varieties, maximum yields (14.1 t/ha and 8.8 t/ha) were obtained in the variants with 100%/75%, while in the “Malduo” variety, the 

highest yield was obtained (8.6 t/ha) in the variant with 125%/100%, irrigation/fertilizer rate. In the three studied varieties of tomatoes, the 

lowest yield was reported when the irrigation rate was reduced by 25%, which shows that the reduction of the irrigation rate by 25% is 

within the limits of the critical, while the reduction of the fertilizer rate by 25% is permissible. 

KEY WORDS: TOMATO, VARIETIES, WATERING AND IRRIGATION RATE, FERTILIZATION, GREENHOUSES, SOIL AND CLIMATIC 

CONDITIONS, AGROTECHNICS. 

 

Introduction 
A decisive role in the cultivation of vegetable crops, 

including and greenhouse tomatoes is the correct combination of 

individual factors from the agrotechnological complex - variety, 

irrigation, fertilization, heat, light, treatments, etc., which condition 

the very technology of growing a given type of vegetable crop 

under certain soil-meteorological conditions. (Delibaltov, 1972). 

Tomatoes are a crop sensitive to the water regime of the 

soil. (Mitova Iv., Hr. Stoikov, 2008) This is explained by their 

ability to develop a large above-ground mass and to form many 

fruits with a higher water content. They have a weaker root system, 

located mainly at a shallow depth and covering a relatively small 

soil volume. There is a close relationship between the amount and 

distribution of the tomato root system and the layered use of water 

from the soil (Kireva, 2020). It was established that the presence of 

58-75% of the roots in the 0-20 cm layer causes 50-52% depletion 

of soil moisture, respectively. Based on the biological 

characteristics and requirements of the plants, the author believes 

that it is best to maintain higher soil moisture in the upper soil 

layers (0-20 cm), through frequent watering and small watering 

rates that reduce fluctuations in soil moisture , i.e. it remains at a 

relatively constant level. This ensures an even supply of water to the 

plants. This same layer is the richest in nutrients. (Kireva, 2020). 

Studies of the mutual influence of different irrigation 

regimes and fertilization rates on the yield of tomatoes grown in a 

polyethylene unheated greenhouse found that the impact of 

irrigation on yield was weaker at lower fertilizer levels, and there 

was a greater effect at higher levels of the irrigation rate, (An. 

Stoyanova, G. Kostadinov, M. Moteva, 2020). 

The results obtained in IVCM on the influence of water 

deficit on flowering, fruit formation and productivity in different 

tomato genotypes show that genotypes with an indeterminate 

growth type are more sensitive to the applied stress. In them, more 

than 60% combing of colors was found, which leads to a decrease 

in productivity by an average of 65%, (Ganeva et al., 2019, Grozeva 

et al., 2018; (Grozeva, G. Pevicharova, 2018). 

Studies of the irrigation regime of tomatoes grown in 

plastic greenhouses using drip irrigation are quite scarce, and those 

carried out in our country are for the conditions of the Sofia field 

(Aboamera M. 1992; Kireva, Aboamera1991; Kireva,2009; Kireva 

R.,2020) and St. Zagora (Stoyanova An., G. Kostadinov, M. 

Moteva, 2020); (Stoyanova, A., Kuneva, V., Valchev, 2019). They 

cannot be relevant for the other agro-climatic regions of the country 

with different soil and weather conditions. This gives us the basis 

for researching to establish the influence of the irrigation regime 

and mineral fertilization of tomatoes on the soil and climatic 

conditions of the main vegetable-producing regions, such as the 

region of the city of Plovdiv. 

 

The research aimed to evaluate the influence of different 

rates of irrigation and fertilization on growth, yield and some yield-

related characteristics of three tomato genotypes grown in an 

unheated glass greenhouse. 

  

Materials and methods  
To establish the influence of different rates of irrigation 

and fertilization on the yield of greenhouse tomatoes in 2022, 

experimental studies were carried out in an unheated steel-glass 

greenhouse of the "Venlo" type at the experimental field of IZK 

Maritsa - Plovdiv. 

The experience was carried out in three modes of 

irrigation - optimal, reduced and increased watering - respectively 

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

and in three modes of fertilization - optimal, reduced and increased 

fertilization - 100%, 75 % and 150%. The norm 35N-28P-70K, 

routinely applied in the greenhouse, is considered optimal. 

The optimal irrigation rate (100%) was calculated 

according by the formula: 

m = [10H.α.( ППВ – δт пр. вл.)].K.                                                                                     

where m is irrigation rate, mm; 

 α – the bulk density of the soil в gr/cm3; 

 Н – the depth of the active soil layer, m; 

ППВ – the marginal field moisture (MFM) content in %, 

relative to the absolute dry weight of the soil;  

δт пр.вл – the pre-irrigation soil moisture in %, relative to 

the absolute dry weight of the soil;  

К– the coefficient of reduction of the irrigation rate, 

taking into account the area occupied by the plants in 1 dka, for the 

conditions of the experiment К = 0,66%, i.e. 66% of the area is 

irrigated.  

A drip irrigation system "Drozbach" perforated through 

30 cm was used for irrigation. With drip irrigation, the amount of 

the entire irrigation rate is not given, as with other watering 

methods. A reduction is applied at the expense of the non-irrigated 

area. For this purpose, the formula of (Frecman B., Carzoli. 1980) 

was used, considering the planting scheme. 
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The following options were tried. 

 

Experiment variants, including genotype, irrigation rate, and fertilization rate. 

Genotype, breeder Irrigaton rate,  

% от *ОR 

Fertilization rate, 

% от *ОН 

“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 

““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 

* ОR – Optimal rate 

 

Results 
The results show that 18 waterings were realized for the 

crop's growing season to maintain the soil moisture in the limits 

between 85-100% of the MFM. For the conditions of the town of 

Plovdiv, they were made from the beginning of May to the end of 

July (Table 1). 

The size of irrigation norms by variants varies from 14.9 

to 24.7 mm, and irrigation from 268 to 447 mm. (Table 2). 

Maximum irrigation rates during the most significant water demand 

period can be applied every 3–4 days to meet plant needs. At 1.5 

atm. pressure, one watering takes 2-3 hours. 

The established irrigation rates can be used to size the 

irrigation network and the irrigation rates when compiling the 

overall water balance in the greenhouse complexes. 

 

Table 1. Number of watering, watering, and irrigation rates of greenhouse tomatoes on experimental field IVCM, Plovdiv, for the growing 

season of the study 

 

Options Number of 

watering 

Irrigation rate (mm) Irrigation norm (mm) 

125%М 18 24.7 446 

100%М 18 19.8 357 

75%М 18 14,9 268 

 

Table 2. Distribution of waterings by stages of development of tomatoes grown under greenhouse conditions at the experimental field of 

IVCM, Plovdiv 

 

Phases of development Number of waterings Irrigation periods 

Sowing - 3-rd ten days of January 

Пикиране - 2-nd ten days of March 

Planting Catch irrigation 1-st ten days of April 

Increased growth 1-2 1st tan days of May 

Beginning of flowering, 

Full bloom 

3-4 2-nd tan days of May 

3-rd tan days of May 

Ripening and harvesting of the fruit. 

Fruiting 

4-5 1-st tan days of June 

3-rd tan days of June 

Active fruiting Harvesting 7-8 1-st tan days of July,  

1st tan days of August 
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The watering period for the active vegetation of tomatoes 

grown under greenhouse conditions for the Plovdiv region covers 

the time from the first ten days of May. It continues until the end of 

the fruiting period - the first ten days of August (Тabl. 2). Based on 

tomatoes' biological characteristics and requirements for soil 

moisture, frequent watering with low irrigation rates should be 

provided. Thus, fluctuations in soil moisture are reduced, i.e., it 

remains relatively constant. This ensures a uniform water supply to 

the plants, which is also achieved using drip irrigation technology. 

One of the most important parameters related to 

productivity is the percentage of formed fruits compared to the 

number of set flowers (Fig. 1). The data from the present 

experiment show that, in “Malduo” and “Hayet” cultivars, growing 

conditions did not significantly affect the percentage of fruits 

formed. Plants of the “Pink rock ”variety have a higher sensitivity, 

significantly, when the irrigation rate is reduced by 25% (75%) 

compared to the optimal conditions (100%/100%). 

 

 
 

 
 

 
Fig. 1. Influence of irrigation regime and nutrition on fruit 

formation in three varieties of tomatoes 

 

Under optimal growing conditions (100%/100%/), the 

studied varieties of tomatoes have similar yield values, varying 

from 6.3 to 8.6 t/ha depending on the variety (Table 3). In 

conditions of optimal fertilization (100%), increasing the irrigation 

rate by 25% (125%) leads to an increase in the yield, the average 

weight of the fruit, and the number of fruits per plant, the 

differences being the most significant in the varieties “Hayet” and 

“Malduo”. 

  On the other hand, the reduction of the irrigation rate by 

25% (75%) harmed the yield of the “Pink rock ”and “Hayet” 

varieties, while the plants of the “Malduo” variety kept values close 

to those reported under optimal growing conditions. In terms of 

nutrition, there is an inverse relationship. Under conditions of 

optimal irrigation (100%), increasing the rate of fertilization (150%) 

slightly reduced the investigated traits, while decreasing and (75%) 

led to a slight increase in yield and yield components. This increase 

is most significant in the “Hayet” variety. 

Summarizing the results, the highest yield (14.1 t/ha) was 

recorded for the “Hayet” variety with optimal irrigation and 

lowering of the fertilizer rate (100%/75%). 

Under the same conditions, the highest yield was achieved 

with the “Pink rock ” variety (8.8 t/ha). “Malduo” variety has the 

highest yield (8.6 t/ha) under conditions of increased irrigation rate 

and optimal nutrition (125%/100%). The three investigated tomato 

varieties have the lowest yield when the irrigation rate is reduced by 

25% (75%). 

Connecting these results with the data obtained for the 

percentage of formed fruits, it can be seen that in conditions of 

reduced irrigation rate in the “Malduo” variety, the decrease in yield 

is due to the crushing of the fruit and the formation of less standard 

fruits; in the case of the “Pink rock ” variety - of the formation of 

fewer fruits, while in the case of the “Hayet” variety - of the 

crushing of the fruit. 

 

 

Table 3. Influence of the irrigation rate and fertilization on the yield, the average weight of the fruit, and the number of fruits per plant 

 

Genotype 
Option 

Irrigation/Fertilization 

Early yield 

t/ha 

Total 

yield t/ha 

Average 

weight of 

the fruit g 

Number of 

fruits per 

plant 

Average 

mass of a 

standard fruit 

g 

Standard 

fruits per 

plant 

number 

“M
al

d
u

o
” 

75%/150% 0.9a-c 4.8ef 75.1f 18.0a-f 100.8b 10.4bc 

75%/100% 1.2a-c 6.5c-f 83.4d-f 22.7a-c 92.8b 18.0a-c 

75%/75% 0.1c 4.9d-f 107.7b-f 13.2a-f 112.6ab 12.4a-c 

100%/150% 1.0a-c 5.5c-f 93.3c-f 16.9a-f 97.6b 15.9a-c 

100%/100% 0.9a-c 6.3c-f 93.3c-f 19.3a-f 98.9b 17.8a-c 

100%/75% 0.7a-c 7.5c-e 116.7a-f 18.4a-f 117.9ab 18.0a-c 

125%/150% 1.2a-c 7.1c-f 82.1ef 24.7ab 114.7ab 18.9a-c 

125%/100% 1.4a-c 8.6bc 107.8b-f 23.2a-c 113.6ab 21.2ab 

125%/75% 1.0a-c 6.2c-f 98.7b-f 17.8a-f 107.2ab 15.4a-c 
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“P
in

k
 r

o
ck

” 

75%/150% 1.5a-c 6.5c-f 93.1c-f 20.7a-e 99.0b 17.4a-c 

75%/100% 0.7a-c 3.7f 102.1b-f 10.4f 102.1ab 10.4bc 

75%/75% 0.5a-c 6.3c-f 119.5a-f 15.7c-f 126.7ab 14.4a-c 

100%/150% 1.8a 4.7ef 111.6a-f 12.2ef 179.6ab 7.2c 

100%/100% 1.3a-c 7.7b-e 143.5a-d 15.2c-f 222.3a 11.3bc 

100%/75% 0.8a-c 8.8bc 157.4ab 15.9b-f 160.7ab 15.4a-c 

125%/150% 1.3a-c 5.9c-f 116.8a-f 14.4c-f 149.9ab 11.4bc 

125%/100% 1.0a-c 8.0b-e 142.8a-e 15.9b-f 142.8ab 15.9a-c 

125%/75% 1.6ab 8.4b-d 150.0ab 15.5c-f 142.0ab 9.5bc 

“H
ay

et
”
 

75%/150% 1.0a-c 8.6bc 100.6b-f 25.0a 108.7ab 21.6ab 

75%/100% 0.2bc 5.7c-f 103.4b-f 16.1a-f 103.4ab 16.1a-c 

75%/75% 0.1c 6.0c-f 98.4b-f 17.8a-f 98.4b 17.8a-c 

100%/150% 1.4a-c 8.1b-e 120.0a-f 19.8a-e 120.0ab 19.8a-c 

100%/100% 0.6a-c 8.6bc 147.8a-c 17.1a-f 147.8ab 17.1a-c 

100%/75% 0.3bc 14.1a 171.7a 21.6a-d 171.7ab 21.6ab 

125%/150% 1.0a-c 11.2ab 133.0a-f 24.6ab 133.0ab 24.6a 

125%/100% 0.6a-c 11.2ab 154.4ab 21.2a-e 154.4ab 21.2ab 

125%/75% 0.3a-c 9.0bc 135.0a-f 19.5a-e 135.0ab 19.5a-c 

a,b,c…- Duncan’s Multiple Range (p≤0.05) 

 

Conclusions 
The amount of irrigation and irrigation norms and the 

number of irrigations during the growing season of greenhouse 

tomatoes for the soil and climatic conditions of the region of the 

city of Plovdiv have been determined. 

The relationship between irrigation and fertilization had a 

statistically significant effect on total yield and fruit number. 

Increasing the irrigation rate by 25% leads to an 

acceleration of growth. The results show that an optimal or high 

irrigation rate combined with reduced or optimal fertilization led to 

maximum yields in all three varieties. 

With varieties "Hayet" and "Pink rock" maximum yields 

(14.1 t/ha and 8.8 t/ha) were obtained in the variants with 

100%/75%, while with variety "Malduo" the highest yield ( 8.6 

t/ha) in the variant with 125%/100%, irrigation/fertilizer rate. 

In the three studied varieties of tomatoes, the lowest yield 

was reported when the irrigation rate was reduced by 25%, which 

shows that the reduction of the irrigation rate by 25% is within the 

limits of the critical, while the reduction of the fertilizer rate by 

25% is permissible. 
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