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Summary To determine the overall and average evapotranspiration of tomatoes grown in unheated greenhouses, studies were 

conducted under soil and meteorological conditions in the area of the village of Chelopechene - Sofia with drip irrigation. 

The total evapotranspiration, which reaches 537 mm during the vegetation period of the crop, is experimentally determined, and the 

established daily evapotranspiration values range from 1.50 to 5.5 mm with two minima - at the beginning and end of the growing season and 

one maximum in August. . For the purposes of practice and design, the daily values of the biophysical coefficients Z, R and Kp are also 

calculated, which depends on the biological characteristics of the crop and the meteorological factors. 

  

Introduction 
Determination of evapotranspiration is important for the design of 

the irrigation design and the efficient operation of the irrigation 

area. It is a major cost element in the water balance of the soil, on 

which the number of irrigation, inter-irrigation period and the 

amount of watering and irrigation rates depend. Additionally, the 

values of evapotranspiration are influenced by the biological 

characteristics of the plants and the environmental conditions. 

Finding the connection between evapotranspiration and the factors 

that determine it allows predicting the time for irrigation, an 

important moment in realizing an optimal irrigation regime. 

Predicting evapotranspiration values with the precision required to 

determine the parameters of the irrigation regime to meet the needs 

of plants with water is a matter of great practical value. The 

problem with the cultivation of crops in cultivation facilities that are  

drip irrigated, where the plants have to recover water consumed 

almost daily, has a high degree of relevance. 

Studies have been conducted to establish evapotranspiration of 

vegetables grown under greenhouse conditions are scarce and 

insufficient given the changed conditions. It has been found that 

when growing pepper in drip irrigation in unheated greenhouses in 

Sofia region, evapotranspiration reaches 668 mm [6] and with 

greenhouse small-fruited tomatoes - 373 mm [1]. 

The results obtained from studies [5,7] in our country prove that the 

calculation of evapotranspiration by model, which is the basis of the 

sum of the average daily air temperature. 

The purpose of the study is to determine the magnitude of 

evapotranspiration and the values of biophysical coefficients of 

tomatoes grown in unheated greenhouses with drip irrigation in the 

area of Sofia Field. 

 

Material and method 
To establish the evapotranspiration of tomatoes of the 

Carmelo variety, a field experiment was conducted in plastic non-

heated greenhouses at an experimental field of the Pushkarov 

Institute in Chelopechene district, Sofia. 

The soil is cinnamon-colored (leached), slightly sandy-

clay in the arable layer. It is formed on the base of an old layer of 

deluvial-conical materials. It is poorly stocked with nitrogen 

(mineral N 17.3 mg / kg), average with phosphorus P2O– 14.4 mg / 

100g) and well stocked with potassium (K2O– 45.4 mg / 100gprN 

6.6). 

On average, for the 0-60 cm layer, the soil has the 

following water-physical properties: 

• field capacity - 22.1%; 

• Wilting point - 12.3% by weight of absolutely dry soil; 

• volumetric weight at field capacity - 1.47 g / cm3. 

 For the soil layer 0-100 cm, the same indicators have the 

values: field capacity - 21.8%, wilting point - 12.3% and volume 

weight - 1.50 cm3. 

The experimental establishment of the evapotranspiration 

(ET) of tomatoes by ten days and in total for the growing season 

was made on the basis of data on soil moisture dynamics during the 

growing season by the water balance method. The measurements 

are every 10 cm for the layer from 0 cm to 50 cm deep, which 

contains more than 85% of the main root system. On this basis, the 

values of the biophysical coefficients Z, R and Kp are calculated. 

They are the ratio between the evapotranspiration of the culture and 

the meteorological factors - air temperature, water vapor saturation 

deficits, and daily hours for every ten days in% during the year. 

Water balance calculations were performed [1] using the 

formula: 

 

,mWW=ET КРНАЧ   

where: ЕТ  is evapotranspiration in mm; 

Wнач. –the water supply in the layer 0-50 cm 

at the beginning of the period for which the ET is calculated, in 

mm; 

Wкр. – water stock in the layer 0-50 cm at the 

end of the period in mm; 

m – Water application rate in mm. 

 

Based on the obtained values of culture 

evapotranspiration, the daily values of the biophysical coefficients 

Z, R and Kp were calculated using the following formulas, [4]: 

 

 tETZ / ,  

where: ET is evapotranspiration in mm; 

  – - the daily amount of daily average air 

temperatures in ° C; 

 Z is the biophysical coefficient to be determined for each 

crop individually depending on the final temperature sum of the 

period. 

  

The biophysical coefficient (R) according to [3] is 

determined by the formula: 

 

   ,813.7,45...100
1

 tpETКР  

                   

where: ET is evapotranspiration in mm; 

p - the duration of the daylight hours for each ten-day 

period in% during the year; 

t - average daily air temperature in ° C over the period 

considered; 

Kp- the biophysical coefficient. 

The biophysical coefficient (R) according to [2] is 

determined according to the final sum of the average daily water 

vapor saturation deficits for the period. 

 

 
 

Where:   are the daily sums of daily average water 

vapor saturation deficits in mb; 

ET is evapotranspiration in mm; 

R is the biophysical coefficient. 
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Results 
The intensity of ET directly affects the duration of the inter-

irrigation period and, consequently, the number of irrigations and 

the size of the irrigation rate. 

During the irrigation period, 33 irrigation units were realized in the 

variant with a irrigation rate of 16.5 mm (100% irrigation rate), with 

the irrigation rate for the vegetation of the crop being 544 mm. 

 On the basis of data on the dynamics of soil moisture during the 

growing season and the submitted waterings, the course and the 

change of the evapotranspiration of tomatoes was determined. For 

the period from the second week of May to the end of September 

the total water consumption was 536 mm (Table 1, Figure 1). The 

highest daily average ET values were in the second week of July 

and the first in August. Measured ET daily values are in the range 

of 1.5 to 5.5 mm and the average value for the growing season is 

3.7 mm. At the beginning and end of the growing season, the values 

are lowest, which is due to the lower stress of the weather factors 

and the lower crop needs for water. In general, changes in ET 

during the growing season follow the evolution of the culture and 

changes in meteorological factors. 

To meet the needs of water use planning, methodologies and 

models have been developed to determine evapotranspiration in a 

computational way. For their application, it is necessary to 

determine the biophysical coefficients experimentally. They reflect 

the specificity of water consumption, depending on the biological 

requirements of the culture, the phase of development, the 

manifestations of meteorological factors. 

Calculated daily values of biophysical coefficients based on 

experimental determination of evapotranspiration and daily sums of 

mean daily air temperature (for coefficient Z), duration of daily 

hours for each ten day in% during the year. (for the coefficient Kp), 

the weekly sum of the average daily water vapor saturation deficits 

in mb (for the coefficient R); are presented in (Table 1, Figure 1). 

Changes in the values of these coefficients follow changes in 

evapotranspiration during the growing season of the crop. The 

determined values of the biophysical coefficients represent an 

objective basis for determining the design irrigation regime and 

forecasting the irrigation time of the crop. 

The values of the biophysical coefficient Z of culture varied from 

0.14 to 0.27, of the coefficient Kp from 0.38 to 0.98, and of R from 

0.27 to 0.64 on average over the study period. 

 

Table 1: Total and average daily evapotranspiration (ET) and biophysical coefficients (Z, Kb, R) of tomatoes grown on the Chelopechene 

field, Sofia, 1988-1990 

 

Months Ten-day ET 

Ten-day 

sums(mm) 

ET 

Mid-day 

(mm) 

Biophysical 

coefficients 

Z 

Biophysical 

coefficients 

Kb 

Biophysical 

coefficients 

R 

May II 19 1.9 0.14 0.38 0.38 

 ІІІ 25 2.3 0.19 0.47 0.48 

June І 29.17 2.9 0.17 0.53 0.45 

 ІІ 34.63 3.4 0.22 0.66 0.58 

 ІІІ 44.17 4.4 0.23 0.76 0.64 

July І 51.00 5.1 0.21 0.77 0.34 

 ІІ 54.17 5.4 0.27 0.90 0.43 

 ІІІ 53.00 4.8 0.22 0.81 0.35 

August І 55.33 5.5 0.27        0.98 0.40 

 ІІІ 49.83 4.9 0.23 0.88 0.37 

 І 50.67 4.6 0.23 0.89 0.40 

September І 37.67 3.8 0.23 0.82 0.55 

 ІІ 32.00 3.2 0.20 0.74 0.45 

 IIІ 15.50 1.5 0.11 0.38 0.27 

Average  Total 537 3.83 0.21 0.71 0.44 

 

Conclusions 
The total amount of evapotranspiration was determined 

for the growing season of tomatoes and daily average values 

ranging from 1.5 to 5.5 mm with two minima - at the beginning and 

end of the growing season and one maximum - in July and August. 

The established values of the biophysical coefficients and 

the limits within which vary over the study period, respectively: the 

coefficient Z ranges from 0.14 to 0.27, the coefficient Kp - 0.38 to 

0.98, and the coefficient R - 0.27 to 0.64. 

The determined values of the biophysical coefficients are 

an objective basis for determining the design irrigation regime and 

forecasting the irrigation time of the crop 
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Figure 1 Daily evapotranspiration (ET, mm) and biophysical coefficients (Z, R, Kb) of tomato by drip irrigation for the vegetation 

period in Chelopechene, Sofia, average for the period 988-1990. 
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