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Summary: Evapotranspiration of a strawberry, ever-bearing variety Polka in three-year (2011- 2013) field experiments with drip irrigation 

on leached cinnamon forest soil in the area of Chelopechene, Sofia district. Different irrigation regimes have been tested: from fully 

satisfying the daily needs of the crop from water to irrigation with 20% and 40% reduced irrigation rates.  

During the research period, the total evapotranspiration rate for the strawberry growing season was 213 mm in average. Average 24-hour 

values vary by date. The highest are in the first and second ten-day period of June (harvest period). 
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 Introduction 

When maintaining optimal soil moisture and sufficient water for 

evapotranspiration (ET), it is determined by two factors: the 

weather conditions and the duration of the vegetation of the 

crop.The evapotranspiration of each crop (as well as that of 

strawberries) is a major cost element in the water balance of the 

active soil layer and is one of the main factors determining the 

parameters of the irrigation regime. The intensity of ET influences 

directly the duration of the inter-election period, ie. the number of 

irrigations and the size of the irrigation rate. 

 

For the conditions of our country the total evapotranspiration of 

strawberries during the vegetation period is 750 - 810 mm for the 

regions with lower altitude, while for the foothills it is 10 - 15% 

smaller, as the requirements of the plants during the vegetation 

period of water are different. They are most demanding when they 

are growing and ripening (Ivanov, 1998). The results of our studies 

under the conditions of our country prove that it is reasonable and 

correct to calculate the evapotranspiration by a formula based on 

the sum of the average daily air temperature. (Zahariev1985, 

Kalsheva1991). 

 

Drip irrigation is the technology that is increasingly used for 

irrigation of berry crops due to the advantages and compared to 

gravity irrigation and sprinkling: water savings (20-60%); lower 

labor costs (40-80%); increase of the quantity and improvement of 

the yield quality (20-60%), possibility of feeding the fertilizers 

simultaneously with the water; uniform distribution of water over 

the area, etc. 

These drip irrigation capabilities are realized thanks to the specific 

mode of action of the irrigation system in which the water is fed to 

certain points around the plants and flows directly into the area 

where their roots are located by wetting only a limited part of the 

soil surface and the soil without seepage or filtration, and the 

watering is carried out on small and frequent irrigations 

corresponding to the water consumption of the crops, which allows 

the humidity in the soil root layer to be maintained and during the 

entire growing season about a higher value without any significant 

fluctuations and placing the plants in the water stress (Bucks et al., 

1982). 

 

This method fully meets the requirements for sustainable 

agriculture and organic production of fruit, incl. provision of high 

yields of product quality, reduces undesirable side effects (Branson 

et al., 1981), 

 

The aim of the paper is to determine the size of the 

evapotranspiration of strawberries grown in drip irrigation on 

cinnamon forest soil (leeched) in the Sofia field. 

 

Methodology of research 
In order to establish the evapotranspiration of Polka 

variety strawberries in the period 2011-2013, a field experiment was 

performed on a field of experiments of NPASP N. Pushkarov in 

Chelopechene, SofiaThe following irrigation variants were tested at 

a pre-irrigation humidity of 85-90% of WHC (Water holding 

capacity): 

1. Irrigation with Water application rate 100% M; 

2. Irrigation with Water application rate 80% M; 

3. Irrigation with Water application rate 60% M. 

 

The magnitude of the irrigation rate is calculated using the 

Kostyakov formula, modified by the coefficients of Fercman, 

Garzoli (1980), taking into account the planting pattern - base-own 

root , forming -line: 0,8 x 0,15-0, 25 m, two-line: 0.9-1.0 x 0.35 x 

0.20-0.25 m. To monitor the dynamics of soil moisture, soil samples 

were taken at variance (100% irrigation rate) at a depth of 0-50 cm 

across 10 cm, which were processed by the weight-thermostatic 

method. Based on the data on soil moisture dynamics during the 

vegetation period, the irrigation carried out and the fallen rain using 

the water balance method, the strawberry evapotranspiration was 

calculated by ten days period and for the whole vegetation period. 

The limit values of the individual elements of the irrigation regime 

were established experimentally. 

 

The soil is cinnamon forest (leeched), slightly sandy-clayey in the 

ore layer formed on the base of old deluvial cone-shaped materials. 

It is depleted with nitrogen (mineral N 17.3 mg / kg), on average 

with phosphorus (P2O- 14.4 mg / 100g) and well stocked with 

potassium (K2O- 45.4 mg / 100 mg / kg). On average, for the 0-60 

cm layer, the soil has the following water-physical properties: WHC 

= 22.1%, wilting point - 12.3%, compared to the the weight of 

absolutely dry soil; volume weight at WHC - 1.47 g / cm3. For the 

soil layer 0-100 cm, the same values have values: WHC - 21.8%, 

wilting point - 12.3% and bulk density - 1.50 cm3. Experimental 

establishment of strawberry evapotranspiration for the vegetation 

period is based on the data on soil moisture dynamics during the 

vegetation period and on the surface waterings for variant 1 over 10 

cm and for the soil layer 0-50 cm depth where the layer is more than 

85% of the root system of strawberries, using the water balance 

method. 

 

The water-based calculations were made using the formula: 

ЕТ = Wнач. – Wкр. + m , 

where: ЕТ – evapotranspiration in mm; 

Wнач –water reserve in the layer 0-50 cm at the 

beginning of the period, in which ET is calculated, mm; 

Wкр. – water reserve in the layer 0-50 cm at the end of 

the period. mm; 

m – water application rate, mm. 
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Installation for drip irrigation of outdoor 

strawberries 
 

The drip irrigation installation consists of a command node and 

three irrigated batteries. The control unit includes a master tap for 

water entry and measurement, a filter and an injector for feeding 

fertilizers into the plant along with irrigation water and the 

necessary connecting elements. 

 

Each irrigation battery can operate independently. It consists of a 

distribution pipe of PE pipes with a diameter of ф 40 with a length 

of 12 m and seven irrigation wings with a length of 18 m. 

Separation of irrigation wings from the distribution pipeline is 

carried out with a water absection with a fitted plastic shut-off 

faucet for self-activating and deactivating the operation of the 

wings. The scheme of the drip irrigation installation and the 

parameters of its main elements are designed to ensure a uniform 

distribution of the irrigation rate along the rows of strawberries. 

 

The required watered area around the plants depends on the 

development of their root system. It is generally assumed that the 

area where the roots extends is equal to the area covered by the 

plant crown and should be moistened. 

 

Results and discussions 

Meteorological characteristics 
In the cultivation of strawberries, one of the most important 

meteorological factors, which depends to a large extent on the yield 

quantity, is the amount of precipitated rainfall. 

 

The coverage of rainfall for the April-September period in the fifty-

year series characterizes the vegetation period of the crop during the 

years of research as very dry with a rainfall guarantee of 80% 

(2013) to 86% (2012) fewer rainfalls have fallen in 2011 (244mm) 

and 2012. (245mm), and in 2013 (260mm), (Table 1). Fallen 

rainfall during the vegetation of the crop is unevenly distributed, 

which has led to the realization of irrigation in the three years of 

experience. The temperature for the period April-September 

characterizes 2012 (3510,0 оС) and 2013 (3300,7 оС), with very 

warm and 2011 (3137,0 оС) as warm with a guarantee of 5,36% to 

1, 36% 

 

Table 1 Rainfall during strawberry vegetation period (2011 – 2013 

г.) 

 

PERIODS 

YEARS 

2011 2012 2013 

April-September 244 245 260 

April-september 

Longtermaverage (50 

years) 

365 365 365 

May-Jun 73 114 188 

Mdy-Jun 

Longtermaverage (50 

years) 

 

156 

 

156 

 

156 

 

The need for irrigation to maintain optimal soil moisture in the layer 

0-50 cm is mainly due to the quantity and distribution of rainfall 

during the vegetation of the crop. The irrigations are realized when 

the soil moisture in the layer 0-50 cm drops below 85% of the 

WHC. On average during the research period during the vegetation 

period of strawberry, eight irrigations were applied with an average 

irrigation rate of 17.2 mm and an irrigation rate of 137.6 mm were 

submitted, the water application rates being implemented for the 

period from the beginning of May to the end of June. 

 

The intervals between irrigations for strawberries growing season 

are of varying length and depend on the quantity and distribution of 

rainfall, as well as the stages of the development of the crop. It has 

been found that the requirements of strawberries for soil moisture 

are greater in the periods of flowering, ripening and harvesting of 

fruit, where the highest number of irrigations has been realized, 

which is why moisture in the soil during this period should be 

maintained in range 80-85% of WHC. (Table 2), 

 

Table 2 Averagnumber of irrigation during vegetation season of 

strawberry with application of the 100% required water depth   

DEVELOPMENT  

STAGES 

NUMBER 

IRRIGATIONS  

IRRIGATION 

PERIODS 

1.Initial stage 
0 

1-st  Decade of 

April 

2. Beginning of 

flowering 
0-1 

3-rd  Decade of 

April 

3.Full flowering  2 May 

4. Ripening and 

harvesting of fruits 

4-5 June 

 

Establishing the evapotranspiration of each culture is one of the 

major issues in meliorations and essential for the design and 

operation of irrigation systems. 

 

It varies depending on the weather conditions. For the years of the 

experiment, the highest values reached 246 mm in 2012, and in the 

other two years the values are close, respectively 192 mm for 2011 

and 202 mm for 2013. This is due to the similar weather conditions 

of the these years (Table 3). On average, during the research period, 

the total ET for the strawberry growing season is 213 mm. (Table 

3). 

 

In order to satisfy the plants' needs of water, it is necessary to 

establish the rate of change of the evapotranspiration by ten days 

and on average over the period. In this aspect, the practical value 

associated with the forecast has the option of having an optimal 

irrigation rate. 

 

Year-on-year evapotranspiration ranges from 1.5 to 5.5 mm, with 

the highest values reaching 2013 in the third ten days of May and 

the first ten days of June (Figure 1) 

 

For the experimental years the mean daily values of the 

evapotranspiration range from 1.6 to 4.8 mm. In the initial phase of 

the development of the crop, the values are lower, due to the smaller 

size of the plants, which use insignificant quantities of water and the 

lower evaporation capacity of the atmosphere. Optimization of soil 

moisture increases the water consumption of strawberry, the degree 

of growth depends on the climatic situation in the given year and 

the number of water courses. Data for years of experience is given 

in Table 3. 

With entering of strawberry plants in an intensive growth 

phase at beginning in May, a more intense increase in ET is 

observed. In the second and third ten day period of May, it reached 

3.5-4.5 mm on average during the study period. The maximum 

average daily values of evapotranspiration are related to the 

ripening period, fruit harvesting, which coincides with the period of 

high evaporation capacity of the atmosphere. This period covers the 

entire month of June. The maximum ET is in the first ten days of 

June. In individual years, it varies from 4.5 to 4.8 mm (Table 3), 

(Figure 1). 

The calculated ten-day values of the biophysical 

coefficient Z based on the experimental determination of the 

evapotranspiration and the daily sums of the average daily air 

temperature calculated by the formula (Delibaltov, Hristov et al., 

1962) are presented in Table 3 and Fig.1-2.  

Changes in the values of this coefficient follow the 

changes in the evapotranspiration during the growing season of the 

crop and reflect the specificity of water consumption depending on 

the biological requirements of the crop, the stage of development, 

the manifestations of the meteorological factors. 
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Figure 1. Average daily evapotranspiration by years 

 

The set values of the biophysical coefficient Z represent 

an objective basis for determining the project irrigation regime and 

predicting the time for irrigation of the crop. 

On average for the experimental period, the values of the 

biophysical factor Z of the culture range from 0.14 to 0.29, their 

values being the lowest at the beginning of the growing season and 

the highest during the formation and ripening of the fruits. These 

results give a real opportunity to develop the design and 

exploitation of the irrigated regime of strawberries in the conditions 

of water deficit. 

 

 
 

Figure2. Average daily evapotranspiration, average for 2011-2013 

 

 

Table 3 Evapotranspiration of strawberry during vegetation period 

 

 

Months 

Evapotranspiration, mm/day Biophysical coefficient 

10 days 2011 2012 2013 3 years 

average 

Average 

mm/day mm/day mm/day mm/day in ten days 

April 2 1,5 1,82 - 1,6 0,14 

3 1,7 2,1 - 1,9 0,16 

May 1 2,3 2,8 3,1 2,7 0,18 

2 2,8 3,5 4,2 3,5 0,23 

3 3,4 4,2 5,5 4,5 0,29 

June 1 4,1 4,8 5,5 4,8 0,25 

2 4,6 5,1 4,2 4,6 0,23 

Sumforvegetationperiod 192 246 202,0 213 medium for vegetation  0,21 

 

 
 

Figure 3 Values of the biophysical coefficient Z average for the 

period 2011-2013 

 

Conclusions 
1. it is established that the total evapotranspiration rate for the 

growing season for strawberries is 213 mm in average. 

2.The average daily values of evapotranspiration have been 

established. In the individual years of the experiment, they range 

from 1.5 to 5.5 mm and reach maximum values during the first ten-

day period of June (ripening period, fruit harvesting). 

 

3. It is shown that the dynamics of the average daily values of the 

evapotranspiration during the vegetation period follows the stages 

in the development of the culture and the changes of the 

meteorological factors. 

4. The determined biophysical coefficient values (Z) provide an 

objective basis for determining the irrigation regime and forecasting 

irrigation periods for the crop. 
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