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Summary: The production of green beans in plastic unheated greenhouses is relevant when grown as a intercropping culture. Rrotation of 

crops is an important biological factor for increasing soil fertility, and year round production of vegetables in plastic greenhouses to 

maximize the economic impact of these expensive facilities. 

Considering the biology of the crop and especially its requirements for soil moisture, determinating for obtaining high yields and 

quality production is the implementation of a proper irrigation regime, as well as the use of suitable irrigation technique. 

The aim of the research is to identify the main elements of the irrigation  regime of green beans, cultivated as a second 

intercropping culture, in drip irrigation / watering and irrigation rates, interwatering periods and number of irrigations /. 

Irrigation was carried out with a drip irrigation system type Drossbach. Variations have been tested at 85-90% of pre-watering 

humidity and 120% of irrigation rates- 120%; 100%; 80% and 60%. 

It has been found that the productivity of irrigation water in drip irrigation of vegetable crops grown in unheated greenhouses is 

increased by reducing the irrigation rate. The highest productivity of irrigation water is achieved with the 60% irrigation rate option. 
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The green bean (Phaseolus vulgaris) has valuable biological and 

economic qualities, a short vegetation period and the ability to 

enrich the soil with nitrogen from the tuberous bacteria that develop 

on the roots. It has high content of vitamin A, K, C, B2, B1, B3, B6, 

E, folic acid, fiber, omega 3 fatty acids, magnesium, potassium, 

calcium, iron, phosphorus, silicon, copper, cobalt and nickel. The 

proteins of green beans include amino acids arginine, lysine, 

methionine, tyrosine and tryptophan. 

Green beans are grown as spring and summer crops. He is warm-

preferring, highly sensitive to low temperatures. At -1 degree, the 

whole leaf mass is killed. The optimum flowering temperature is 

about 20 degrees. Light is also needed, especially in the early 

phases of plant growth. They are also demanding for air and soil 

humidity. But when the soil is heavily soaked, the plants do not 

grow regularly, slowing growth and fruiting, Sofkova (2014). 

The production of green beans in plastic unheated greenhouses is 

relevant when grown as an intercropping culture. Cultivation of 

crops is an important biological factor for soil fertility, and as 

Tsekleev (1983) points out that the production of vegetables in 

plastic greenhouses throughout the year is a factor for their 

economic efficiency. The same is confirmed by Murtazov (1974), 

which proves that crop rotation in plastic greenhouses is necessary 

to maximize the economic impact of these expensive facilities. 

Oliveira R., et al. (2008) found that water deprivation at any stage 

of green bean vegetation resulted in a reduction in yield. losses are 

large  when the irrigations are canceled during flowering, and in the 

case of water deficiency in the following phases, losses are below 

20% (Miorini T. et al., 2011). Ucar Y. et al. (2009) confirming the 

criticality of the blooming period, the formation and growth of 

beans in terms of soil moisture, noting that irrigation before and 

after the plants' water stress during this part of the vegetation is not 

able to increase the yield. Based on in-depth studies conducted in 

Zimbabwe, Manjeru P. et al. (2007) found that water stress 

significantly reduced yields in beans, with plants being the most 

sensitive in blooming phase (lasting 2 weeks from the beginning of 

flowering). 

The irrigation of green beans on open areas in the region of Plovdiv 

increases the yields by about 3 times, which for the conditions of 

the experiment are from 1337 to 2015 kg / da, the extra yield varies 

from 952 to 1339 kg / da Nikolova M., P. Petrova, etc. (2017) 

Considering the biology of the crop and especially its requirements 

for the soil moisture, determining for obtaining of high yields and 

quality production is the implementation of the correct irrigation 

regime Petkov (2007) and the use of suitable irrigation technique. 

Such a technique for watering is drip irrigation. It provides the 

possibility to realize a large number of irrigations, control over the 

size of the irrigation norms, dosing and feeding with the necessary 

quantities of nutrients, as well as saving the irrigation water as it is 

applied to the planting scheme and provides moisture only to the 

root  soil layer , Kireva (2003). 

The aim of the present study is to identify the basic elements of the 

irrigation regime of green beans, grown as a second intercropping 

culture, by drip irrigation (watering and irrigation norms, 

interwatering periods and number of irrigations). 

 

MATERIALS AND METHODS 

The survey was conducted in 2001 and 2004. in unheated 

plastic greenhouses type "Polimerstroy" in the experimental field 

Chelopechene-Sofia region. 

The experiments were carried out with green beans Orion 

variety grown as a second intercropping culture after the main crop 

of long-fruit cucumbers. 

The following irrigation variants were tested at a pre-

humidity of 85-90% of WHC ( water holding capacity): 

1. watering with irrigation rate 120% M; 

2. watering with irrigation rate 100% M; 

3. watering with irrigation rate 80% M; 

4. watering with irrigation rate 60% M. 

 

The size of the irrigation rate is calculated according to 

the formula of Kostyakov modified with coefficients of Fercman, 

Garzoli (1980), and has taken into account the pattern of planting. 

The experiment was derived in a four-replicated block 

method on leached-crhomic luvisols. It is characterized by the 

following water-physical properties: WHC 20.2% relative to 

absolutely dry weight of soil bulk density in WHC - 1.54 g / cm 

humidity wilting point 10.38% by weight of absolutely dry soil. 

The dynamics of soil moisture is monitored by taking soil 

samples of the optio with 100% irrigation rate calculated on the 

basis of water-physical properties of the soil and its mechanical 

structure and biology of culture, WHC soil pre watering moisture, 

Zhivkov (2013 ). 

  

RESULTS AND DISCUSSION 

The results obtained from the two experimental years are straight 

because the experiment was conducted under controlled conditions 

and the experimental years 2001 and 2004 have almost similar 

meteorological conditions. In terms of temperature characteristics, 

they are defined as warm. 

Studies on irrigation norms, taking into account the water and 

physical soil characteristics, make it possible to determine the size 

at which the biological needs of the crop are most fully met without 

the possibility of large water losses. 

The presented results of the implemented irrigation and irrigation 

norms show that for the maintenance of the soil humidity between 

85-90% of the WHC in green beans, 6-8 irrigations are given in the 

tested variants. 

74

INTERNATIONAL SCIENTIFIC JOURNAL "MECHANIZATION IN AGRICULTURE & CONSERVING OF THE RESOURCES" WEB ISSN 2603-3712; PRINT ISSN 2603-3704

YEAR LXV, ISSUE 2, P.P. 74-77 (2019)



For the region of Sofia Field they are conducted for the period from 

the middle of August to the end of October. Inter- watering periods 

during the growing season are different. 

At the beginning of its vegetative development the moisture 

requirements are small and watering is done between 6-7 days. 

During this period the plants have a small leaf surface, lacking 

fertile organs and fruits. They are characterized by a poorly 

developed root system. As the growing season progresses, the beans 

for a short period of time form a large leaf surface, fruiting organs 

and fruits. The needs of plants from soil moisture also increases. 

At high tensions of weather factors, to satisfy the needs of plants, 

both in field and greenhouse conditions, irrigation takes place every 

4-5 days. Towards the end of the vegetation, when the pressure of 

the weather factors decreases, the watering takes place every 10 

days. 

irrigation rates ranges from 9.7 to 18.7 mm, and irrigating from 65.0 

to 130.0 mm. At 1.5 atm pressure the irrigation norms are realized 

for 1-2 hours.

  

Table 1. Number irrigations, irrigation depths and seasonal irrigation depth 

2001 2004 

Variants Number 

Irrigations 

Irrigation 

depth mm 

Seasonal 

Irrigation 

depth mm 

Number 

Irrigations 

Irrigation 

depth mm 

Seasonal 

Irrigation 

depth mm 

120%М 6 19.4 116.4 8 18 144 

100%М 6 16.1 96.4 8 15 120 

80%M 6 12.9 77.4 8 12 96 

60%M 6 9.7 58.2 8 9.6 72 
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 Fig.1. Average values of irrigation and irrigation norms for green beans growing in unheated plastic greenhouses, as a 

intercropping culture. 

 

The influence of the irrigation norm on the yields of the different options is given in Table 3 and Table 4.

  

 

Table 3. Yield of the green beans on variants 2001 

Variants Yield kg/dka Diffeences Relative yield 

120%М 641 +159 133 

100%М 482 ST 100 

80%M 253 -229 52 

60%M 244 -238 51 

  

Table 4. Yield of the green beans on variants 2004 

Variants Yield kg/dka Differences Relative yield 

120%М 613,0 83 115 

100%М 531,0 ST 100 

80%M 493,0 -38 92 

60%М 430,0 -101 81 
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 In the irrigated regimes, the highest yields in both years 

were obtained in variant 1 (120% M) - 641 kg / ha (2001) and 

613,63 kg / ha (2004). These yields exceed the standard (100% 

M) from 15 to 33%. Table 3 and Table 4. 

Reducing the irrigation rates by 20 and 40% has led to a 

reduction in yields of 8 - 19% in 2004 and to 50% in 2001, with 

the highest reduction is for option 4 (60% M), where yields 37.88 

to 238 kg / ha. This shows that, with a 40% reduction in the 

irrigation rate of green beans in unheated plastic greenhouses, it 

leads to great losses, which is not justified in cultivating the crop 

under greenhouse conditions. 

The analysis of the results of the irrigation water productivity 

shows that the increase of the water supply of the plants reduces 

the productivity of irrigation water. This is best expressed in the 

variant with 120% implementation of the irrigation rate. The 

results obtained (Figure 2) show that the average of the two years 

has the highest irrigation water productivity, amounting to 5.08 

kg. green beans per 1 cubic meter of water was obtained with 

60% irrigation water. 

 

Table 5. Irrigation water productivity 2001 – 2004 

2001 2004 

Variant Yield, 

kg/dka 

Seasonal irrigation 

depth, mm 

Produktiviti, 

1m³/kg 

Yield, 

kg/dka 

Seasonal irrigation 

depth, mm 

Produktiviti, 

1m³/kg 

120%M 641,4 116,4 5,5 613,0 144 4,26 

100%М 482,0 96,6 4,9 531,0 100 4,43 

80%M 253,0 77,4 3,3 493,0 96 5,14 

60%М 244,0 58,2 4,2 430,0 72 5,97 
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Fig.2. Average value of irrigation water productivity for green beans grown in unheated plastic greenhouses as an intercropping culture 

 

 

CONCLUSIONS: 

1. In the cultivation of green beans as a second 

intercropping culture in unheated plastic greenhouses watered by 

dripping, irrigation norms of 9.6 to 19.4 mm are used to maintain 

soil humidity in the 85-90% range of WHCs; 6 - 8 number of 

irrigations.  

2.In average for the two experimental years, the highest 

yield of green beans was obtained with a variant with a 120% 

irrigation rate of 641 kg / ha, and the lowest with a 40% reduction 

of the irrigation rate of 244 kg / ha. 

3. The irrigation water productivity of drip irrigation of 

vegetable crops grown in unheated greenhouses increases as the 

irrigation rate is reduced. The highest irrigation water productivity 

is obtained with the 60% water irrigation option.  
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