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Summary:  To determine the total and average evapotranspiration of pears during its cultivation under soil and meteorological conditions 

in the area of the village of Chelopechene - Sofia, studies were conducted on drip irrigation (KP-4.6 drip trays) of pear plantation of the 

variety "Hardenponova maslovka". 

Meteorological conditions during the study period influenced the size and daily average values of culture evapotranspiration. 

The total evapotranspiration for the pear growth period of 536 mm was determined, and the daily values of biophysical coefficients Z, R and 

Kp were calculated for practical use and design, which depend on the biological features of the crop and the meteorological factors. 
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Evapotranspiration (ET) of each crop (including that of 

pears) is a major cost element in the water balance of the active soil 

layer and is one of the main factors determining the irrigation 

regime parameters. Knowledge of real evapotranspiration is 

necessary to predict irrigation of crops and to determine project 

irrigation 

The results of the conducted studies in the conditions of 

our country [7, 8]  prove that the calculation of evapotranspiration 

according to the formula based on the sum of the average daily air 

temperature is justified and correct [6,9,10]. 

The growing water deficit in our country, as well as the 

economically disadvantageous use of irrigation rates to a greater 

extent in the cultivation of fruit crops, incl. and pears, necessitates 

the use of water-saving irrigation techniques. 

Drip irrigation is a technology that is increasingly used for 

irrigation of crops due to the ability to effectively control the 

processes in the irrigation system, irrigated planting and even in 

individual plants [4] .This method fully meets the requirements of 

sustainable agriculture and organic fruit production, including high 

yields and quality of production, reduces unwanted side effects [3] . 

The aim of this paper is to determine the amount of 

evapotranspiration and the values of biophysical coefficients of 

pears grown under surface drip irrigation with KP - 4.6 drippers of 

two for every tree in the area of Sofia Field. 

Materials and method 
In order to establish the evapotranspiration of pear 

plantation, the Hardenponova Maslowka variety was conducted a 

field experiment at an experimental field of the Pushkarov Institute 

in Chelopechene district, Sofia, with a planting scheme 4/2 m and 

irrigation wings with a length of 50 m and the placement of drip 

traps. -4.6 surface two pieces of wood per meter. 

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

clay in the arable layer, formed on the basis of old deluvial conical 

materials. It is stocked poorly with nitrogen (mineral N 17.3 mg / 

kg), average with phosphorus P2O– 14.4 mg / 100g) and well with 

potassium (K2O– 45.4 mg / 100g at pH 6.6). The average for the 

layer 0 - 60 cm the soil has the following water-physical properties: 

WHC = 22.1%, moisture content - 12.3% by weight of absolutely 

dry soil, volume weight at WHC - 1.47 g / cm3. For the soil layer 0-

100 cm the same indicators have values: WHC- 21.8%, wilt 

moisture - 12.3% and volume weight - 1.50 cm3.  

When determining the irrigation rate for drip irrigation, a 

crop coefficient is used to reduce the technological area. It 

determines the actual area over which the irrigation rate is to be 

distributed and depends on the age of the plantation. The size of the 

irrigation rate is given by the formula: 

m=m1хР, 

where : m1 is the actual irrigation rate m3/dka, (15 mm);

Р - the technological area reduction factor. P = 0.67 for 

the experimental year. 

For soil moisture dynamics monitoring, soil samples were 

taken in the variant irrigated with Drosbach surface and KP-4,6 on 2 

pieces of wood with irrigation rate of 16 mm in depth. 

The experimental establishment of evapotranspiration (ET) of pears 

by ten days and in total for the growing season was made on the 

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

season and the irrigation carried out in layers of 10 cm and a total 

depth of 0-60 cm for the soil layer in whitch more than 85% of the 

main pear root system is contained, by the water balance method. 

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 light hours for every ten days in% 

throughout the year. 

The water balance calculations were done by the formula: 

ЕТ = Wнач. – Wкр. + m, 

where: ЕТ   is the evapotranspiration in mm; 

Wнач. – the water stock in the 0-60 cm layer at the beginning of 

the ET period in mm; 

Wкр. – water stock in the 0-60 cm layer in the end of the period 

in mm; 

m     – irrigation rate in mm. 

From the evapotranspiration data of the crop (pears), the 

daily values of the biophysical coefficients Z and Kp were 

calculated according to [5]: 

𝐸𝑇 = 𝑍. t, 

where: ЕТ is the evapotranspiration in mm; 
 t – the daily sum 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. 

  Or according to [2]: 

𝐸𝑇 = 𝐾𝑝 . 𝑝. (45,7. 𝑡 + 813)/100 ,

където: ЕТ   is the evapotranspiration in mm; 

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

period in% during the year; 

t   –  the average ten-day period air temperature in °С 

for the period; 

Кр – the biophysical coefficient. 

The biophysical coefficient (R) according to [1],  which 

is determined according to the final sum of the average daily water 

vapor saturation deficits for the period. 

𝑅 =
𝐸𝑇

 D
 ,  

where:  D  are the daily sums of the average daily water vapor 

saturation deficits in mb; 

ЕТ is the evapotranspiration in mm. 
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Results and discussions 
The meteorological conditions under which the field experiments 

with the crop were conducted in terms of rainfall during the period 

April - September 1995 are characterized compared to the  multi-

year observation period by a 15.3% humidity reserve . For the 

period May-June it was 13.3%, and for July - August it was 47.0%. 

Despite the temporary drought in July, the year is characterized by 

good natural water security. The deficit ratio for the period April - 

September is 78.8%. This value characterizes the year as one of the 

relatively wet ones. With this deficit, the amount of rainfall and the 

supply of air temperature for the period - 62.9% and characterize 

the year as humid and relatively cool except for the period June - 

August, which is relatively warm. 

The course of daily average values of temperatures and water vapor 

saturation deficits are the same and close to the average of multi-

annual values (Table 1). 

 

Table 1 Meteorological factors coverage in 1995 

Meteorological factors coverage by vegetation periods 

 

Meteorological factor 

April - 

September 

May-

September 

April- 

June  

May - 

June 

June -

August  

July – 

august  

rainfall 15,3 11,3 17,3 13,3 - 47,0 

Daily average temperature values 62,9 56,9 - - 41,1 43,0 

Daily average values of water vapor 

saturation deficits 

78,8 76,8 60,9 66,9 - 74,0 

 

The need for irrigation of pears to maintain optimum soil 

moisture in the 0-60 cm layer is mainly determined by the amount 

and distribution of rainfall during the growing season. 

The intensity of the ET directly affects the duration of the 

inter-irrigation period and hence the number of irrigations and the 

size of the irrigation rate. 

The active soil layer under the 15 mm irrigation variant under 

study was prepared by feeding a single 45 mm irrigation in early 

July. During the irrigation period, 10 waterings were realized, the 

actual irrigation rate being 210 mm. 

On the basis of the fallen rainfall and the submitted irrigation 

norms, the course and the amount of evapotranspiration of the pears 

were determined. For the period from the second week of May to 

the end of September the total water consumption is 536 mm. 

The main part in the formation of the total value of the ET, in 

the relatively wet year, is the fallen rainfall - 307 mm, ie. 57%. The 

irrigation rate of 210 mm forms about 39%. The highest daily 

average ET values were recorded in the second and third days of 

July, when the period is relatively dry and warm. 

The average daily ET values are in the range of 2 to 5.6 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. The course of ET changes during the growing 

season is followed by the development of the culture and changes in 

meteorological factors. 

Calculated daily values of biophysical coefficients based on 

experimental determination of evapotranspiration and daily sums of 

daily average air temperature (for factor Z, calculated by the 

Delebaltov, Hristov, Tsonev formula) and air temperature, duration 

of ten hours of light hours during this year. (for the coefficient Kp 

according to the Blanney, Criddle formula), the weekly sum of the 

average daily water vapor saturation deficits in mb (for the 

coefficient R calculated according to the Alpatev formula); are 

shown in Table 2 and 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 factor Z for the culture range from 

0.15 to 0.28, for the Kp coefficient from 0.44 to 1.01, and for R 

from 0.35 to 0.66 on average over the study period. 

 

Table 2.Total and mid-day evapotranspiration (ET), and biophysical coefficients Z ,R and  Kб  during the growing season of pears  

Months Ten-day ЕТ 

(mm) 

Mid-day ЕТ(mm) Z R Kб 

May II 20.5 2.05 0.15 0.44 0.44 

 ІII 30.5 2.75 0.16 0.35 0.52 

Jun І 35.4 3.54 0.20 0.48 0.64 

 ІІ 39.7 3.97 0.21 0.64 0.68 

 ІII 40.8 4.08 0.21 0.53 0.70 

July І 44.0 4.40 0.22 0.47 0.75 

 ІІ 47.1 4.71 0.23 0.60 0.79 

 ІII 57.3 5.21 0.24 0.50 0.87 

August І 56.2 5.62 0.25 0.66 1.01 

 ІІ 44.4 4.44 0.22 0.42 0.82 

 ІII 36.1 3.28 0.19 0.47 0.67 

September I 32.8 3.28 0.20 0.47 0.72 

 II 31.4 3.14 0.18 0.43 70 

 III 20.0 2.00 0.17 0.54 - 

Total ЕТ  536(mm) 3.75 0.20 0.50 0.71 

 

Conclusions 
1. The total amount of evapotranspiration, which for the 

growing season of pears reaches 536 mm, as well as the daily 

average values and values, which range from 2.0 to 5.6 mm with 

two minimums - at the beginning and end of the growing season 

and one maximum - in July and August. 

2. The percentage share of the forming elements of ET is 

established, with the largest share in the formation of the ET being  

the fallen rain 57% and the irrigation rate forming about 39%. 

 

3.For practical use of the design results, the daily values of the 

biophysical coefficients - Z R and Kp, which depend on the 

biological characteristics of the culture and the meteorological 

factors, have also been calculated. 
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Fig.1Mid-day evapotranspiration (ET, mm) and biophysical coefficients (Z, R, Kб) of drip irrigation pears for growing season 
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