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Abstract: To determine the irrigation water productivity for raspberries during their cultivation in the soil-meteorological 

conditions of the area of the village of Chelopechene - Sofia, studies have been carried out with drip irrigation of a plantation with the 

variety "Lyulin". Various regimes have been studied - from full satisfaction of the daily needs of the culture to water, to irrigation with 20% 

and 40% reduction in irrigation regulations. 

The meteorological conditions during the study period determined the number of irrigations and the size of the irrigation and 

irrigation norms of the culture. 

On average, over the survey period, the highest yields were obtained with the watered with 100% irrigation norm option. The 

increase in yields resulting from the irrigation is about three times the non-irrigated option in surface drip irrigation. 

The highest irrigation water productivity of 4.3 kg of raspberries per cubic meter of water is obtained in variants irrigated with a 

40% reduced irrigation rate. 

KEY WORDS: IRRIGATION, YIELD, IRRIGATION SCHEDULING, DRIP IRRIGATION, IRRIGATION WATER PRODUCTIVITY, 

RASPBERRIES 

 

Introduction 

Reducing the water supplies as a result of climate change 

and a steady rise in the cost of irrigation water raises the question of 

its rational and sparing use. This implies the use of water-saving 

technologies, techniques and irrigation regimes for agricultural 

crops. 

The studies carried out on raspberries irrigation, show that 

for the yields to grow it is very important water be provided before 

the ripening of the fruits and during the whole harvest period 

(Kuiesza, W., 1973). According to the same author, droughts have 

the greatest negative impact on yield two weeks before fruit 

harvesting and during ripening. Through maintaining a limited 

water deficit in the soil, the yield of raspberries increased by over 

9.6% and in dry years by 27.6% compared to non-irrigated variants. 

(Mackenrron, D. K. L., 1982). Growth and fruit bearing can be 

regulated through the so-called irrigation with regulated deficit of 

drip irrigation(RDI). In this case, 100% irrigation rate is reduced by 

observing moderate levels of water stress in plants (Goodwin and 

Boland, 2002). 

Growing of crops in areas with unsustainable natural 

humidity implies optimization of the parameters of the irrigation 

regime by growing crops in the conditions of regulated water 

deficit. Research carried out in this field shows that the desired end 

result is the maximum saving of irrigated water with minimal yield 

losses (Goranov, Hr., G. Kraftti, 1982), (Zhivkov, G., A. Matev 

2004 .), (Kireva R., J. Zhivkov, 2003) (Kireva, R., V. Petrova, 

2016). 

Applying a proper irrigation regime to drip irrigation of 

raspberries and establishing yields and loss of production at reduced 

irrigation rates are a real basis for increasing irrigation water 

productivity. 

The aim of the study is to establish the irrigation water 

productivity in raspberry drip irrigation and production losses in 

reducing the irrigation rates. 

Material and method 

In order to establish the effect of irrigation,watering and 

irrigation norms, losses of production from barred water, and its 

productivity in the experimental field of the Pushkarov Institute in 

Chelopechene, Sofia, a multi-year Polish experiment with 

raspberries in drip irrigation conditions, was carried out. The soil is 

leptosol, slightly sandy loam in the plowing layer. It is formed on 

the base of an old diluvial cone made of sediment materials. It is 

poorly stocked with nitrogen, average stocked with phosphorus and 

well stocked with potassium. On average, for the layer 0-60 cm, the 

soil has the following water-physical properties: a water holding 

capacity/WHC/  - 22.1%, a humidity till wilting 12.3% by weight of 

absolutely dry soil ,bulk dencity at WHC 1,47 g /cm3. For the soil 

layer 0 - 100 cm, the same indicators have the following values: 

WHC - 21.8%, humidity till wilting - 12.3% and bulk density - 1.50 

cm3. Suitable for growing raspberry plantations. 

 

The following irrigation options have been researched: 

1. Option irrigation with 100% irrigation rate; 

2. Option irrigation with 80% irrigation rate; 

3. Option irrigation with 60% irrigation rate; 

4. Option without irrigation. 

The irrigation rate is calculated using the formula of Frecman and 

Garzoli. (Frecman and Garzoli, 1980). To monitor the dynamics of 

soil moisture soil samples were taken in option 1 (100% i.r.) at a 

depth of 0-60 cm over 10 cm, which were processed by the weight-

thermostatic method. Irrigation is carried out with a droplet 

installation type Drospach. 

Results 

Meteorological conditions of the experiments 

The productivity of each agricultural crop depends on a set of 

factors, the main ones being: the type of crop, the variety 

characteristics, the applied agro-technology, the number of 

irrigations, the way in which water was deposited and, last but not 

least, the meteorological conditions. 

Available data over a multi-year period indicate that the 

temperature sums during the vegetation of the main crops are 

relatively stable, i.e. they are not a limiting factor for their normal 

growth and development. That is not the case with precipitation/ 

rainfall. In terms of quantity and distribution, they vary significantly 

not only by months and ten days but also by years. 

The unstableness of this meteorological factor predetermines 

irrigation as a major event of the agro-technical complex, with a 

significant contribution to obtaining high and sustainable yields 

from cultivated crops. 

Table 1 Rainfall during raspberries vegetation period (2001– 2005 years.) 

Periods Total rainfall, mm Rainfall factor security, % 

Years 2001 2002 2003 2004 2005 2001 2002 2003 2004 2005 

м. ІV – ІХ 358 418 329 258 765 37,1 17,3 59 94,6 1,4 

Аverage multi-annual 365 365 365 365 365 - - -   

м. VІІ – VІІІ 75 158 104 73 400 76,8 9,3 47 74,8 1,4 

Average multi-annual 110 110 110 110 110 - - -   
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Regarding the amount and distribution of rainfall during the 

April-September vegetation period, the conditions during the 

individual years are characterized by variety and manifestation of 

extremes. According to the provision of rainfall, defined in the 

1956-2005 series (Table 1 and Figure 1), three of the years - 2001, 

2002 and 2005 are humid, one - 2003 - average and one - 2004 - 

very dry. Summer droughts lasting more than ten days are observed 

during all years of the surveyed period. 

The sum of precipitation in 2001, which is characterized as 

averagely humid in April - September, is almost the same as the 

average multi-year series - 358 mm, and in July - August it is 75 

mm (Table 1). In the dry 2004, rainfall for the April to September 

period is 258 mm, which is 30% lower than the average for the 

period. In July and August the rainfall was 73 mm, almost the same 

as in the averagely humid year (2001). This rainfall was insufficient 

for the development of raspberries, which also predetermined a 

larger number of irrigations. In the series of annual rainfall sums, 

2002 is characterized as very humid, with a provision of 15.3%. 

This is due to the falling unusual rainfall in July, August and 

September. The most humid year with 1.4% coverage of the rainfall 

factor during both subperiods is 2005, which is characterized by 

extremely high rainfall for the period April - September 765 mm, 

which are 1.7 to 5.7 times higher than the average for the 104-year 

series. 

 

а)          b)  

Fig. 1 Coverage curves for the fifty-year series (1956-2005) for the periods: (a) April to September; b) July-August. 

                                                                                                                            

а)     b)  

 

Fig. 2. Coverage of the temperature sums for the fifty-year series (1956-2005) for the periods: a) April-September; b) July-

August. 

 

The temperature and deficiency of saturation of air with 

water vapor influence the speed of the life processes of the plant, 

incl. on the intensity of photosynthesis. The temperature sums, both 

for the April-September and the July-August vegetative period, 

show that without exception the years are warm (Figure 2). 

The need for irrigation to maintain optimum soil moisture 

in the 0-60 cm layer is mainly due to the amount and distribution of 

rainfall during the vegetation period of the crop. The lounges are 

realized with a soil moisture drop in the layer 0-60 cm below 85% 

of the WHC. The results show that in individual years, the number 

of irrigations varies from 8 to 22, and the irrigation rate from 1440 

to 4000 m3 / ha. On average, during the vegetative period of the 

rape, 16 irrigations with an average irrigation rate of 180 m3 / ha 

and an irrigation rate of 2880 m3 / ha were submitted, with the 
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highest number of irrigation being carried out during the dry year 

2004, at least during the wet 2005 -8 pieces. 

In accordance with the concrete manifestation of 

meteorological factors, the basic quantity and distribution of rainfall 

in the first three years for the optimization of the water factor have 

been realized from 15 to 18 irrigations and in the dry 22 units. For 

variants with a 20% and 40% reduction in irrigation, the watering 

rate during the years of research is from 928 to 3159 m3 / h (Table 

2). The optimization of the factor water, leads to an increase of the 

yields in each year by more than two times compared to the non-

irrigated option, which is indicative of the fastidiousness of the 

culture to the soil moisture (Table 1). The resulting yields in the 

realized irrigations predict a good productivity of the supplied 

water. The results obtained by years and the average for the survey 

period, indicate that the different irrigation regimes of raspberries 

affect the irrigation water productivity. On average, over the period 

of the survey, the highest irrigation water productivity was 4.3 kg of 

raspberries per cubic meter of water, was obtained for variants 

irrigated with a 40% reduction in irrigation norm with the highest 

irrigation water productivity for the tested variants was obtained in 

the humid year 2004 - 9 kg of raspberries for one cubic meter of 

water, the lowest is the productivity of the water supplied in the 

variant, irrigated with 100% irrigation norm. The results show that 

lowering the water supply of the plants reduces the irrigation water 

productivity. 

The amount of loss of raspberry production from not 

provided water in individual years is predetermined by the specific 

occurrence of meteorological factors and the size of the deficit. 

Production losses, both by years and on average over the study 

period, are reduced from 5-12% in the 20% reduction of irrigation 

options and reach 21% with a 40% reduction in the irrigation rate. 

The results obtained, show that the reduction in raspberry yield is 

not adequate for the reduction of the irrigation rate. It is found that 

reducing the irrigation rate due to limited water supply leads to a 

corresponding reduction of the maximum possible yield, but not 

proportionally. In all cases, the reduction in yield is less than the 

decrease in the irrigation rate (Table 3). On average, during the 

study period, the reduction of the irrigation rate by 20% resulted in 

a 5% decrease in the yield of raspberries, while in the case of a 40% 

reduction in the irrigation rate, the yield decreased by 21%. The 

data show that with an increase of the irrigation rate, the yield is 

increasing, which shows that fort the raspberries yields are 

produced with significant amounts of water, and the nature of the 

meteorological conditions has also a big impact. 

 

 

Table 1 Yield of raspberries using drip-irrigation 

Years 2001 2002 2003 2004 2005 Average 

 

Variant Yield 

 

kg/ha 

Relati

ve 

yield

% 

Yield 

 

kg/ha  

 

Relati

ve 

yield

% 

Yield 

 

kg/ha 

Relati

ve 

yield

% 

Yield 

 

kg/ha 

Relati

ve 

yield

% 

Yield 

 

kg/ha 

Relati

ve 

yield

% 

Yield 

 

kg/ha 

Relati

ve 

yield

% 

Non 

irrigation 

2480 100 4240 100 3500 100 3310 100 6720 100 4050 100 

100%M 8710 351 8220 194 9550 272 10000 302 9910 147 9278 229 

80%M 

 

7690 306 7940 187 8850 252 9360 283 9140 136 8600 212 

 60%M 6890 277 7880 186 7980 228 7940 239 8280 120 7790 192 

 

 

Table 2 irrigation water productivity for raspberry per years 

Years 2001 2002 2003 2004 2005       Average 

Variant Irrigat

ion 

rate 

m3/ha 

 

Water 
producti

-vity,,     

kg/ m3 

 

Irrigat

ion 

rate 

m3/ha 

 

Water 
producti

-vity,,     

kg/ m3 

 

Irrigat

ion 

rate 

m3/ha 

 

Water 
produ

cti-

vity,     

kg/ 

m3 

 

Irrigat

ion 

rate 

m3/ha 

 

Water 
produ

ctivity

, kg/ 

m3 

 

Irrigatio

n rate 

m3/ha 

 

Water 
produ

c-

tivity,     

kg/ 

m3 

 

Irrigat

ion 

rate 

m3/ha 

 

Water 
producti

-vity,     

kg/ m3 

 

 

100%M 

 

 

3060 

 

2,8 

 

2640 

 

3,0 

 

3294 

 

2,8 

 

3960 

 

2,5 

 

1440 

 

6,8 

 

2880 

 

3,2 

 

80%M 

 

 

2448 

 

3,14 

2115 

 

 

3,75 

 

2628 

 

 

3,4 

 

 

3168 

 

3,0 

 

1152 

 

7,9 

 

2303 

 

3,7 

 

 60%M 

 

 

 

1972 

 

3,5 

 

1695 

 

4,64 

 

2106 

 

 

3,8 

 

 

2552 

 

3,2 

 

928 

 

9,0 

 

1830 

 

4,3 

 

 

 

 

 

 

 

 

33

INTERNATIONAL SCIENTIFIC JOURNAL "SCIENCE. BUSINESS. SOCIETY" WEB ISSN 2534-8485; PRINT ISSN 2367-8380

YEAR III, ISSUE 1, P.P. 31-34 (2018)



Table 3 Yields at optimal irrigation and water deficit 

Years 

 

2001  

 

 

2002  

 

2003 2004 2005 Average 

 

Variant Yield 

kg/ha 

% Yield 

kg/ha 

% Yield 

kg/ha 

% Yield 

kg/ha 

% Yield 

kg/ha 

% Yield 

kg/ha 

% 

100%М 8710 100 8220 100 9550 100 10000 100 9910 100 9290 100 

80% 7690 88,0 7940 95 8850 92 9360 93 9140 92 8600 92 

60% 6890 79,0 7880 95 7980 83 7940     79 8280 83 7790 84 

 

Conclusions 

1. Drip irrigation of raspberries during the growing season 

leads to an increase in yields on average over the study period of 

40 to 57%. 

2. Growing raspberries under conditions of irrigation water 

shortages by reducing irrigation rates does not lead to a 

proportional reduction in yields. As the water deficit rises from 

20% to 40%, the yields decrease from 5 to 21% compared to the 

yields obtained at 100% of the irrigation rate 

3. It has been established that, when reducing the irrigation 

norms, the irrigation water productivity increases to 9.0 kg of 

raspberries per cubic meter of water in the variant with a 40% 

reduction in the irrigation rate. 
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