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Abstract: Irrigation plays a key role in growing vegetable crops. The efficiency of irrigation is expressed in obtaining optimal yields in terms 

of quantity and quality. The use of water resources should be water and energy saving in order to reduce the costs of vegetable production 

and to be environmentally friendly. The main criteria for assessing the effectiveness of irrigation are the total and additional net incomes. In 

order to meet the set requirements for irrigation, the best effect is obtained by applying drip irrigation. When growing tomatoes, the value of 

the irrigation system is redeemed in the first year for areas over 5 dka, for areas below 5 dka it takes 2 years. Drip irrigation of tomatoes has 

shown that the frequency and size of irrigation rates affect the weight, diameter and length of the fruit, their number and hardness. 
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1. Introduction 
In the conditions of climate change and growing 

population, the cultivation of agricultural crops requires increased 

energy efficiency and environmentally friendly use of resources. 

Vegetable crops, in particular tomatoes, are grown mainly in 

greenhouse conditions due to the sensitivity of the crop to climatic, 

soil conditions and the availability of water resources. Irrigation 

plays a key role in increasing the amount of yield and its quality 

indicators. The application of drip irrigation provides the necessary 

amount of water for growing tomatoes and helps reducing water 

consumption. Furrow irrigation reduces yields due to longer inter-

irrigation periods and longer periods of soil drought, respectively 

(Wang et al., 2007). Drip irrigation saves water consumption by up 

to 50% compared to furrow irrigation. 

When growing tomatoes in greenhouses, irrigation is 

especially important due to the high temperatures in them and the 

lack of natural rainfall. The amount of irrigation water affects both 

the yields and the qualitative indicators of production (Dumas et al, 

1994). The application of reduced or increased irrigation rates 

affects the development of tomato plants and, accordingly, the 

quantity and quality of yield. 

 

2. Materials and methods 
Drip irrigation systems are PE irrigation pipelines 

(irrigation wings). These pipelines take water from ground or 

underground distribution pipelines. Dropper holes are factory-

installed along the length of the irrigation pipeline or are mounted 

on the hose, as the water supplied to the irrigation wings comes out 

in the form of drops from the dripper holes only in the root system 

of the plants. This technology allows the submission of the 

necessary irrigation standards with great accuracy, both in time and 

in the amount of water volume (Gadjalska at al, 2017). 

Determining irrigation rates is possible through several 

basic methods. Depending on the specific experimental conditions, 

the irrigation rate can be determined by the weight-thermostatic 

method. In this method, a soil sample is taken the day before 

watering, its weight is measured, dried at 105 ° C, measured again 

and the difference in weight of the wet and absolutely dry sample is 

determined. The irrigation rate can be determined by means of class 

"A" evaporators installed in the greenhouse or by using soil 

moisture meters, reading moisture every 10 cm, at a depth of up to 

60-80 cm. 

When supplying irrigation water, it is possible to consider 

variants of experimental setting with increasing or decreasing 

irrigation norms. There are also options for irrigation with a fixed 

inter-irrigation period and you vary depending on the soil's water 

supply. Another variation of experimental formulation is to apply 

water deficiency during different stages of culture development. 

The aim is to determine the possibilities for reducing the irrigation 

norms for obtaining optimal yields in terms of quantity and quality. 

 

 

 

 

 

3. Results  
 Experimental setting with varying frequency and 

amount of irrigation water. 

 It has been established that the irrigation rate and the 

frequency of its supply have a significant impact on the efficiency 

of irrigation water use. When using an evaporator to determine 

irrigation rates and apply different coefficients of the evaporator, 

the efficiency of irrigation water use increases with the increasing 

frequency of irrigation. With the same frequency of application of 

the irrigation rate with increasing its amount, the efficiency 

decreases. 

As the frequency of watering increases, the yields, the 

number of fruits, the total content of soluble substances, and the 

hardness of the fruits increase. As the amount of irrigation water 

increases, the number of fruits, the average weight of a tomato, and 

the length and diameter of the fruit increase, but the total content of 

soluble substances and the hardness of the fruit decrease (Hao et al., 

2013). 

Increasing inter-irrigation periods combined with 

decreasing irrigation rates impair the quantity and quality of yield 

(Zhai et al., 2010).` 

Experimental setting with varying irrigation rates 

depending on the stage of development of tomato plants. 

When applying water deficiency in different phases of 

plant development, it was found that it has a significant effect on 

yield during flowering and fruit formation, in contrast to the stage 

of fruit ripening. Compared to the submission of the full irrigation 

rate, the reduction of yields is in the range of 16-24% and 30-40%, 

respectively, in mild and moderate water deficit in the phase of 

flowering and fruit formation. In the phase of fruit ripening, the 

efficiency of irrigation water use increases with increasing water 

deficit (Li at al., 2022). 

The application of full irrigation or a slight deficiency 

during the flowering and fruit formation phase is crucial for yield 

(Liu at al, 2019). It has been found that water deficiency has a 

significantly more adverse effect on yield in the flowering and fruit 

formation phase than in the fruit ripening phase. Irrigation water - 

the efficiency of use is highest when the level of irrigation is 70-

90% in the phase of flowering and fruiting and 40-60% in the phase 

of fruit ripening (Buttaro et al., 2015) 

 

Determining the efficiency of irrigation water use 

The efficiency of irrigation water use is defined as the 

ratio between relative yields to the irrigation rate. 

Y
IWE

I
  

where: IWE is the efficiency of irrigation water use 

 Y – yield [kg/dka] 

 I – irrigation rate [m3/dka] 

 Criteria for irrigation efficiency 

 The main criterion for assessing the effectiveness of 

growing a crop is the total and additional net income from 

irrigation. The payback period of the capital investments for 

irrigation equipment is an additional criterion that guides the 
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producers for how long the investments for the new irrigation 

equipment will be repaid. 

 Total net income is calculated by the following 

formulas: 

ЧДо = Ц х Д – Рнап ,  

Where: ЧДо is total net income, [lv/dka]; 

 Ц – price of the production, [lv/kg]; 

 Д – yield by irrigation, [kg/dka]; 

 Рнап - costs of growing the crop under irrigation, 

[lv/dka]. 

 The costs for growing crops under irrigation are 

determined by the following formula: 

Рнап= Росн / F + Ренер +Ртех + (Рпол x N), 

Where, Росн is the main cost of growing the crop, [lv/dka]; 

 F - the total amount of the actually irrigated area, [dka]; 

 Ренер - energy costs for water pumping, [lv/dka]; 

 Ртех - depreciation costs of irrigation equipment, 

[lv/dka]; 

 Рпол - labor costs for one watering, [lv/dka]; 

 N - number of waterings. 

 The additional net income from irrigation, which is the 

main criterion for the efficiency of growing crops under irrigated 

conditions, is determined by the following formula: 

ЧДоп = Ц х (Д - Дс) –(Рнап – Рс)  

Where, Чдоп is additional net income from irrigation, [lv/dka]; 

   Рс - costs of growing the crop without irrigation, 

[lv/dka ]; 

   Дс - yield without irrigation [kg/dka]. 

 In order for a crop to be irrigated effectively, both total 

and additional net income must be positive. 

4. Conclusion 
 The application of drip irrigation has the best effect on the 

amount of yield and its quality indicators. The technology provides 

both energy efficiency and water saving, which is especially 

important in the context of climate change. 

The application of reduced irrigation norms would lead to 

additional savings of water and energy resources, without leading to 

a significant reduction in yields. It is extremely important that the 

application of reduced irrigation rates is in accordance with the 

stages of plant development. 

Inter-irrigation periods and the size of irrigation norms 

have an impact on the quantity and quality of yield. It is not 

recommended to apply large inter-irrigation periods with reduced 

irrigation rates. 

The use of objective criteria to assess the efficiency of 

irrigation water use and irrigation efficiency allows to determine the 

optimal conditions for growing tomatoes in greenhouses. 
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