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SummaryIn order to establish the parameters of the dependence of irrigation norm - yields of long - fruit cucumbers a field experiment was 

carried out in the period 2001-2004, on a chromic luvisols soil (chromic forest soil) . Different irrigation regimes have been tested - from full 

satisfaction of the culture's daily needs of water, to irrigation with  irrigation norms reduced with 20% and 40% .The soil moisture content in 

the layer 0-0.5 m is used as a criterion for determining the time for making a polish. Under optimal variant (variant 2), the same is 

maintained with over 85% of WHC. 

It has been found that reducing the irrigation rate leads to a corresponding reduction in yield but it is disproportionate. In all 

cases, the reduction in yield is less than the decrease in the irrigation rate.Parameters of "water-yield" dependency are determined by the 

two-step formula of Davidov, which approximates the test points by S-curve at a correlation coefficient R = 0,999. The results show the 

variation of yields depending on the reduction of the irrigation rate. In the calculations obtained, the values of the gradation indicators n = 

2,25 and m = 1,48  can be used to optimize the irrigation regimens of long-fruit cucumbers. 
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Introduction 
Obtaining a good effect of irrigation and the efficient use 

of irrigation water is done by applying a proper irrigation regime, 

taking into account the biological features of the cultured crop. In 

the case of irrigation water deficiency, in order to achieve optimal 

yields, the irrigation regime is optimized using the link between 

irrigation rate and yield  (Varlev I., et al., 2012) (Varlev, 1981). 

This dependence has been studied in a large part of the agricultural 

crops grown in our country. (Davidov D. 1982). The dependencies 

"yield - irrigation rate" are necessary in solving a number of 

technical and economic tasks. When designing the irrigation 

system, it is necessary to determine which is the most economically 

advantageous norm for which the system should be dimensioned 

(Petkov P., et al. 2013). In the exploitation stage, by the dependence 

considered, it can be determined which irrigation rate provides 

maximum economic impact for water users (Varlev I. 2013.) It is 

clear from the above that the dependencies "yield - irrigation rate" 

have wide applicability because of which they are subject of 

numerous studies. 

By establishing the parameters of the dependence of the irrigation 

rate and the yield, the question of the nature of variation of the 

relative yield with the respective change of the relative irrigation 

rate is clarified. As a starting material for the study of the irrigation 

rate-yield connection, experimental data on yields obtained from 

irrigation with different irrigation rates are used. 

The aim of the present study is to establish the parameters of the 

"irrigation rate - yield" dependence on long - fruit cucumbers grown 

in the Sofia field under greenhouse conditions. 

 

Material and methods 
To determine the parameters of the desired dependence, 

data from carried field experiments with irrigation regime of long-

fruit cucumbers were used. 

During the 2001-2004 on the experimental field of 

Chelopechene - Sofia, there was a field experiment with long-fruit 

cucumbers sort "Gergana" grown in unheated greenhouses type 

"Polimerstroy with  surface drip irrigation. The soil is a chromic 

luvisol (cinnamon forest), medium heavy in mechanical 

composition, with WHC for the layer 0-60cm - 20.2% relative to 

the absolute dry weight of the soil and volume density with WHC - 

1.54 g / cm3. 

The dynamics of soil moisture is monitored by taking soil samples 

processed by the weight-thermostatic method, and the irrigation is 

carried out with a drip installation. 

The weather conditions of the area are suitable for 

growing vegetables in unheated greenhouses, the temperature sums 

for the vegetation period of the crops meet their requirements. 

To measure the impact of the irrigation rate on the yield, 

the experimental variants/ options were tested and determined as 

follows: 

Option 1 - watering with 120% of the irrigation rate determined in 

the optimal variant (120% m); 

Option 2 - watering with full  irrigation rate(100% m) - optimal 

irrigation (control); 

Option 3 - watering with 80% of the irrigation rate determined in 

the optimal variant (80% m); 

Option 4 - watering with 60% of the irrigation rate determined in 

the optimal variant (60% m); 

 

The irrigations in the optimal variant (variant 2) are fed 

with a soil moisture drop of up to 85% of the WHC in the 0 - 0.5 m 

layer and the irrigation rate is calculated for moisturing up to the 

WHC of the entire active soil layer (0-60 cm).The irrigation rates  

in the optimal variation are calculated using the formula: 

   1......10 KKвлпрППВотHm ТT   , 

where: m е is the amount of irrigation rate in mm; 

α – the bulk density of the soil in gr/cm3; 

Н –the depth of the active soil layer in  m (in the 

experiment Н = 0,5 m); 

δт from WHC optimal water holding capacity in % to 

absolute dry weigh of the soil; 

δт пр. Вл. –pre irrigation humidity of soil in % to 

absolute dry weigh of soil; 

К – the irrigation rate reduction ratio taking into account 

the area occupied by the plants in 1 dka. In the experiment К = 

0,525, i.e. it has irrigated 52,5% of the surface. 

With drip irrigation, the full amount of the total 

irrigation rate is not fed the same as for other watering methods. A 

reduction is required at the expense of the non- irrigated area. For 

this purpose, the formula of (Ferckman, Grazoli, 1980) was used, 

taking into account the planting scheme. After calculating the 

irrigation rate for option 1, the norms of the other variants are 

determined by its size. 

Parameters of the water-yield relationship are established 

by the formula (Davidov, 1994) 
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Where: D is the yield with reduced irrigation rate; 

D0 – yield with full irrigation rate; 

M- reduced irrigation rate; 

М0 – full irrigation rate; 

m and n are gradation indicators. 

Results 
Experiments conducted under greenhouse conditions with 

long-fruit cucumbers grown for fresh consumption indicate that 

economically viable yields in regards to irrigation water are 

obtained with full irrigation rate and with soil moisture content 
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above 85% of the WHC, corresponding most to the biological needs 

of plants and the water-physical properties of the soil. 

It has been established that the reduction or increase of the 

irrigation rate leads to a corresponding change in the yield obtained 

(Table 1). By increasing the water supply of plants, the productivity 

of water for irrigation is reduced. With a 20% increase in the 

irrigation rate, yields rose only by 5%, which does not justify the 

cost. 

On average, for the study period, with a 20% reduction in 

the irrigation rate, the yield was reduced by 8%. Accordingly, at a 

40% reduction, the yield decreased by 25%. 

The difference in yields is due to the introduction of 

different irrigation rates. The data show that with an increase in the 

irrigation rate the yield is increasing, indicating that the cucumber 

produces a significant amount of water. 

From the analysis of the experimental data, it can be 

concluded that in case of irrigation water shortage, it is possible to 

successfully reduce the irrigation rate by 20%. 

Table 1: Dependence of water-yield of long-fruit cucumbers  / 

average over the survey period / (2001 - 2004) 

Options yields Irrigation rate 

kg/dкa % m3/dкa % 

120%М 8391 1,04 449 120 

100%М 8010 100 374 100 

80%М 7411 92,5 300 80 

60%М 6055 75,5 230 60 

On the basis of the results obtained during the survey 

period / table 2 / the values of the degree indicators n and m in the 

Davidov formula can be determined. after the done calculations, the 

following values were obtained: for n = 2.25 and for m = 1.48. They 

can be used to solve the optimization in the field of the project 

irrigation regime of long-fruit cucumbers. 

Table 2 :Output data to determine the parameters of the relation 

yield-irrigation rate 

Yields 2001 - 2004 irrigation rate 

Yield, kg/da Relative yield, 

% 

mm Relative irrigation 

rate, % 

8391 1,04 449 1,2 

8010 1,00 374 100 

7411 0,92 300 0,8 

6055 0,75 230 0,6 

The experimental data from Table 2 was processed with a 

specialized computer program YIELD (Davidov, 1994). 

As the amount of water supplied increases, the yields 

increase as they reach their maximum rate of irrigation with full 

irrigation (100% m) and then decrease due to over-wetting of the 

soil (Figure 1). 

Fig.1 Relationship irrigation rate - yield is determined using the 

formula of (Davidov,D., 1994.) 

Figure 1 is a graphical representation of the water-yield 

relationship established by Davidov's two-step formula, which 

approximates the test points by an S-curve at a correlation 

coefficient R = 0.999. The results show the variation in yields 

depending on the irrigation rate. 

Conclusions: 
1. It has been found that reducing the irrigation rate leads

to corresponding reductions in the possible maximum yield but 

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

the decrease in the irrigation rate. 

2. From the analysis of the experimental data, it can be

concluded that under conditions of water deficiency irrigation can 

successfully be applied with a reduction of the irrigation rates by 

20% and achieve acceptable yields in greenhouse conditions 

3. The computed values of the rate indicators can be used

to solve the optimization in the field of the project irrigation regime 

of long-fruit cucumbers. 
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