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1. INTRODUCTION:  
 International conferences dedicated to the sustainable development of agriculture and scientific research, such 

as the use of water-saving technologies in greenhouse conditions, the effective use of available land and water 

resources through the management of optimal irrigation, climate, nutrition, and light conditions. It is of particular 

importance to carry out targeted scientific-research works in these areas[8, 30]. 

Water resources, consistent development of agricultural production, further strengthening of the country's food 

security, production of ecologically clean products, and development of greenhouse conditions for significantly 

increasing the export potential of the agricultural sector are considered to be the basis of the reforms implemented in 

our republic. In the Development Strategy of the Republic of Uzbekistan for 2020-2030 [7], Including the use of water-

saving technologies, the development of irrigation procedures for agricultural crops in greenhouse conditions, the 

efficient use of existing water, land, food and energy resources, and the improvement of technologies that allow further 

development of greenhouse farms it is becoming important to carry out directed scientific research [17]. 

The steady increase in the population of our country has increased their interest in the field of irrigated 

agriculture. It creates an opportunity to make additional income through the development of agricultural lands and 

settlements. Even in the cold days of winter in rural areas, the cultivation of vegetable products is one of the urgent 

issues. It is desirable to produce plant products with low content of heavy metals, nitrates and other harmful substances 

and of good quality for consumption[19]. 

Production of environmentally friendly products using new technologies that save energy resources in 

greenhouse conditions remains an urgent task. 

Reducing the negative impact of product production on protected soils, using artificial light sources, using 

energy-saving technologies, and improving the technologies of intensive cultivation of plants are considered desirable. 

It is possible to save resources by using technologies of greenhouse conditions [9]. 

Air temperature, soil salinity, location of seedlings, irrigation and light standards in protected areas for year-

round cultivation of vegetable plants in greenhouse conditions, achieving potential productivity, economically profitable 

it is required to study the analysis and results of the scientific developments carried out in the field 
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 Research of water and resource-efficient technology in the cultivation of tomato plant under the 

influence of local greenhouse indicators (light duration, greenhouse depth, seedling thickness, average temperature 

difference, soil salinity level); 

 development of tomato plant watering procedure in local greenhouse conditions and determination of 

seasonal irrigation norm and productivity based on fractional factor experiments; 

 thermal regime of the greenhouse, soil moisture dynamics, nutrients in the cultivation of tomato plants 

mathematical modeling of consumption and definition of acceptable criteria. 

 

2. RESEARCH METHODS :  In the course of the research, generally accepted methods of conducting experiments 

in greenhouse conditions, as well as observational data processing, analysis, comparison, mathematical statistics, 

mathematical modeling, numerically tested numerical methods were used. 

 

3. ANALYSIS AND DISCUSSION: 

Seedling placement scheme. One of the factors affecting the productivity of the tomato plant is the layout of seedlings. 

There are several methods of planting tomato plants, which are selected depending on the cultivation technology [16]. 

In our research (Fig. 1) we used 40x90x70, 50x80x80, 40x120x120 35x120x120 planting schemes. In this case , the 

yield obtained from the number of seedlings corresponding to 1 m2  area was studied. 

 
 

Figure 1. Planting method 40x90x70 Figure 2. 50x80x80 planting method 
 

Figure 1. In the 40x90x70 planting method 3,2 tomato seedlings are suitable for 1 m2 area. Here, the distance 

between seedlings is 40 cm, and the distance between rows is 90 and 70 cm. 

Figure 2. In the 50x80x80 planting method, 2,5 tomato plants are placed on 1 m2 In this planting method, the 

distance between seedlings is 50 cm. The distance between the rows is 80 cm. 

 
 

Figure 3. Planting method 40x120x120 Figure 4. 35 x 120 x 120 planting method 

 

Figure 3. In the 40x120x120 planting method, 2,5 tomato plants are placed on 1 m2 In this planting method, the distance 

between seedlings is 40 cm. The distance between the rows is 120 cm.   
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Figure 4. In the 35x120x120 planting method, 2,7 tomato plants are placed on 1 m2 In this planting method, the distance 

between seedlings is 35 cm. The distance between the rows is 120 cm. When the tomato plant is pulled to the upper 

wire, it is necessary to pull the plant up from both sides as the distance between the seedlings narrows. 

 

 

 

Figure 5. Sampling of soil in excavated conditions Figure 6. Soil sampling 
 

Temperature measurement. Greenhouse conditions were measured using a thermometer inside and outside the 

greenhouse at 8:00 am and 2:00 pm, with a stationary thermometer placed 2 m above the ground to monitor temperature 

throughout the growing season [14]. The average daily temperature was obtained by summing up the results of each 

temperature. The daily average temperatures were combined to determine the monthly average temperature. Electronic 

(Fig. 7) and mercury (Fig. 8) temperature measuring devices were used. Temperature outside the greenhouse ClimWAT 

[3] 

 

  
Figure 7. Electronic thermometer Figure 8. Mercury thermometer 

 

Taking into account that the amount of standard evapotranspiration in the CropWat program is calculated according to 

the Penmann-Monteit formula, an A-type evaporator design was used to determine the suitability of this formula for 

greenhouse conditions. Experiments conducted in the conditions of local greenhouses of different constructions showed 

the high accuracy of the Penmann-Monteit formula [10]. 
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Figure 9. Climate Indicator (CropWAT) 

 
Figure 10. rainfall (CropWAT) 

 

 

 

 

Greenhouse conditions, tomato plants were irrigated using drippers based on FAO's CropWAT program. The 

level of salinity of the soil, the indicator of digging and not digging, the layout of the seedlings, the duration of light and 

the temperature provided have a significant effect on the water consumption of the plant [10]. 

In the conditions of soil salinity level of 4 ds/m, it was required to give more water to the plant. As a result of 

irrigation water, the salts in the soil slowly fell to the lower layers. In greenhouses with dug soil, less evaporation was 

observed than in undigged conditions, which in turn indicates the plant's water consumption requirement. Irrigation 

water given to tomato plants in dug conditions was used 180-220 m3 less than in unexcavated conditions. 

Figure 11. Development (CropWAT) 

 

 

Figure 12. Soil texture ( CropWAT ) 

Figure 13. Water Demand (CropWAT) 

 
Figure 14. Crop Watering Schedule Graph ( 

CropWAT ) 
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Figure 15. Crop Watering Schedule (CropWAT) 
 

Tomato plants were irrigated according to the CropWAT program in the initial (before flowering), development 

(flowering), middle (harvest) and late (ripening) phases. In the initial (before flowering) period, the upper root layer of 

the soil was constantly supplied with moisture for 25 days. During the period of development (flowering), moisture in 

a layer of 0,40 m was provided by watering every 3-5 days for 35 days. During the middle (harvest) period, it was 

irrigated for 35 days. During the last (harvest) period, moisture was provided in the soil layer of 0,4-0,5 meters and 

irrigated in 8-12 days in order to cook and harvest all the crops [5; 6]  . 

 
Figure 16. Watering procedure of tomato plant in unexcavated conditions (2018-2019 year) 

 

In dug conditions, in the initial phase, the upper 0-0,2 m layer of the soil is supplied with moisture every 3-5 

days for 25 days, while in the development phase, to provide moisture in the layer of 0,4 m for 35 days watered. In the 

middle (harvest) phase, it was watered every 4-5 days to ensure moisture in the 0.4 m layer. In the last (ripening) phase, 

it was irrigated for 6-8 days in order to fully ripen and harvest the crop. The FAO method was used to develop the 

irrigation schedule. 
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Figure 17. The procedure for watering a tomato plant in dug conditions ( 2018-2019 year) 

Seedlings were irrigated based on FAO's CropWAT program using drip irrigation technique [13; 18], economy 

of heat energy and water resources was achieved in the conditions of digging 0,75-1 m. Seasonal irrigation rates 

decreased from 4500-5000 m3/ha to 3500-4000 m3/ha. 4510-5012 m3/ha of water was consumed in the traditional 

method, while 3510-4015 m3/ha of water was consumed as a result of using fractional factors. Irrigation water was saved 

by 20-22%. 

Results of research on the effect of irrigation norm on the productivity of tomato plants 

 
 

Figure 18. Effect of seasonal irrigation norm on productivity 

Among the main factors affecting the cultivation of tomato plants in greenhouse conditions; seasonal irrigation 

norm (M), soil salinity level (S), excavation depth (h), light duration (t), seedling density (n) and temperature variation 

(±Tvar) effect on productivity (Y) was studied. Also, the influence of the seasonal irrigation norm on these factors was 

studied [20]. Factor 1, the effect of irrigation norm on tomato plant yield was studied (Fig. 3). Drip irrigation was used 

to irrigate the tomato plant. Option 1 (n= 25 thousand tubs/hectare; h= 0,1 m; t= 14 hours/day; S = 1 ds/m; Tvar = ±5 oC 

change) 3500 m3/ha of water yield was 75 t/ha when given, 83 t/ha when given 4000 m3/ha of water, 84 t/ha when given 

4500 m3/ha of water, 82 t/ha when given 5000 m 3 /ha of water. Option 2 (n=30 thousand tubs/hectare; h-1.0 m; t-16 
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hours/ day ; S = 1 ds/m; Tvar = ±5 oC) 102 t/ha, 4000 m3/ha - 107 t/ha, 4500 m3/ha - 108 t/ha, 5000 m3/ha - 107 t/ha. The 

highest productivity was achieved due to the method of planting in the 2nd option and the depth of the greenhouse.  

 

Effect of soil salinity on tomato plant productivity and water consumption 
A. Chernyshov conductometer based on the Scientific Research Institute of Irrigation and Water Problems (SRIIWP) 

method of salinity level of greenhouse soils [6] was determined using. Experiments were conducted in a non-saline and 

low-saline greenhouse [15]. Option 1 (M = 5000 m3/ha; h = 0,1 m; t = 14 hours/day; n= 25 thousand tubs/hectare; Tvar 

= ±5 oC change) 83 t in non-saline conditions /ha, with weak salinization - yield was 68 t/ha. Option 2 (M = 5000 m3/ha; 

h = 1 m; t = 16 hours/day; n= 30 thousand tubs/hectare; Tvar = ±5 oC change) in non-saline conditions - 104 t/ha, in weak 

saline conditions - yield was 86 t/ha. Tomato plant water consumption was studied in non-saline and weakly saline (4 

ds/m) soils of greenhouse conditions. Option 3 (n= 30 thousand tubs/hectare; h = 0,1 m; t = 14 hours/day; Tvar = ±10 oC 

change) 4129 m3/ha in unexcavated and unsalted conditions, weak sho under the conditions - 4421 m3/ha. Option 4 (n= 

30 thousand tubs/hectare; h = 1 m; t = 14 hours/day; Tvar = ±10 oC change) excavation depth is 1 m and 4014 m3/ha in 

non-saline conditions , in weak saline conditions - was 4238 m3/ha. 

 

 
Figure 19. Tomato plant of soil salinity productivity and impact on water consumption 

 

In the 4th option, it was found that 115 m3/ha less water was consumed in non-saline conditions, and 183 m3/ha less in 

weak salinity conditions. 

 

Effect of greenhouse depth on tomato plant productivity and water consumption. 
The bottom of the greenhouse was studied in unexcavated and excavated conditions  

(Fig. 20). Productivity in the greenhouse made on the soil in option 1 (M=5000 m3/ha; t=14 hours/day; S=1 ds/m; Tvar 

=±5 oC change; n=25 thousand tubs/hectare) 84 t/ha, 105 t/ha in 0,5 m dug greenhouse, 107 t/ha in 1,0 m dug greenhouse, 

102 t/ha in 1,5 m dug greenhouse. Productivity in a greenhouse made on soil in option 2 (M=5000 m3/ha; t=15 hours/day; 

S=1 ds/m; Tvar =±5 oC change; n=30 thousand tubs/hectare) 73 t/ha, 91 t/ha in 0,5 m dug greenhouse, 92 t/ha in 1,0 m 

dug greenhouse, 86 t/ha in 1,5 m dug greenhouse. Option 3 (M=5000 m 3/ha; t=16 hours/day; S=1 ds/m; Tvar =±5 oC 

change; n=35 thousand tubs/hectare). The productivity in the greenhouse made around 0-10 cm above the soil is 95 t/ha, 

in the greenhouse dug 0,5 m 118 t/ha, in the greenhouse dug 1,0 m 119 t/ha, in the greenhouse dug 1,5 m the yield is 

111 t/ha did Productivity in the greenhouse made on the soil in option 4 (M=5000 m3/ha; t=16 hours/day; S=1 ds/m; 

Tvar =±5 oC change; n=40 thousand tubs/hectare) 101 t/ha, 121 t/ha in 0,5 m dug greenhouse, 123 t/ha in 1,0 m dug 

greenhouse, 114 t/ha in 1,5 m dug greenhouse. It was found that energy efficiency is high in earth-excavated greenhouses 

due to the saving of energy resources in the heating and cooling of greenhouses dug up to 0,5-1,0 m. 
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Figure 20. Effect of greenhouse depth on yield and water use of tomato plants 

The water consumption of tomato plants was studied according to the digging depth of greenhouse conditions. 

Excavation in weakly saline (4 ds/m) conditions in option 5 (n= 30,000 tubs/hectare; t = 14 hours/day; S=4 ds/m; Tvar = 

±10 oC change) when the depth is 0,1 m, the seasonal irrigation norm is 4336 m3/ha, 0,5 m - 4292 m3/ha, 1,0 m - 4210 

m3/ha and 1,5 m - 4047 m It was3/ha. Option 6 (n= 30 thousand tubs/hectare; t = 14 hours/day; S=1 ds/m; Tvar = ±10 oC 

change) when the digging depth is 0,1 m in non-saline conditions, seasonal irrigation norm was 4238 m3/ha, 0,5 m - 

4200 m3/ha, 1,0 m - 4124 m3/ha and 1,5 m - 3976 m3/ha. When the 5th and 6th options are compared, the difference 

between the seasonal irrigation standards is 98 m3/ha when the digging depth is 0,1 m, 0,5 m - 92 m3/ha, 1,0 m - 86 

m3/ha and 1,5 m – 71,0 m3/ha of water were used. Although less water was consumed when the soil depth was 1,5 m, it 

was found that the efficiency of light and heat energy was at 1,0 m depth. 

 
Figure 21. Effects of photoperiod duration on yield and water consumption of tomato plants 

 

Effects of photoperiod duration on tomato plant productivity and water consumption. In greenhouse conditions, 

the duration of light was increased by using diode lamps from artificial light sources and the effect on yield was studied 

(Fig. 21). In this case, 8 diode lamps were placed on an area of 20 m2, providing the same light flow distribution to the 

plants. In option 1 (M=5000 m3/ha; h=0,1 m; S=1 ds/m; Tvar=±5 oC change; n=25 thousand tubs/hectare) with natural 

light At the same time, the yield was 73 t/ha when 14 hours/day of light was provided. 87 t/ha when 15 hours/day was 

provided, and 92 t/ha when 16 hours/day was provided. Option 2 (M=5000 m3/ha; h=1,5 m; S=1 ds/m; Tvar = ±5 oC 
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change; n=30 thousand tubs/hectare) 14 hours/day light In the period of 2016, the productivity was 79 t/ha, 90 t/ha at 

15 hours/day, 94 t/ha at 16 hours/day. In option 3 (M=5000 m3/ha; h=1 m; S=1 ds/m; Tvar = ±5 oC change; n=35 thousand 

tubs/hectare) in 14 hours/day light 98 t/ha, 106 t/ha at 15 hours/day and 108 t/ha when provided with additional light 

for 16 hours/day. Let's see if option 3 is effective in terms of productivity possible In the 4th option (n=30 thousand 

tubs/hectare; h=0,1 m; S=1 ds/m; Tvar = ±10 oC change) the light duration is 14 hours/ The standard of seasonal irrigation 

was 4147 m3/ha when provided daily, 4198 m3/ha at 15 hours/day , and 4237 m3/ha at 16 hours/day . Excavation depth 

in option 5 (n=30 thousand tubs/hectare; h=1 m; S=1 ds/m; Tvar = ±10 oC change) [26] 1,0 m, 4008 m3/ha at 15 h/day at 

14 h/day light duration under non-saline conditions 4043 m3/ha, at 16 hours/ day - 4098 m3/ha of water was consumed. 

Option 6 (n= 30 thousand tubs/hectare; h=0,1 m; S=4 ds/m; Tchek= ±10 oC change) in unexcavated, weak saline 

conditions, 14 hours/day 4238 m3/ha, 15 hours/day in light duration - 4347 m3/ha, at 16 hours/day - 4452 m3/ha of water 

was consumed. Option 7 (n=30 thousand tubs/hectare; h=1 m; S=4 ds/m; Tchek= ±10 oC change) dug 1,0 m in weak 

saline conditions, 14 hours/day 4067 m3/ ha at 15 hours/day - 4143 m3/ha, at 16 hours/day It consumed 4292 m3/ha of 

water. As the duration of light increases, energy costs increase. Therefore, at 14 hours/ day It was determined that tomato 

plant water consumption is lower than other options in options 5-7 for light continuity, non-saline and weakly saline 

conditions [21; 26]. 

Effect of plant density on yield and water consumption of tomato plants 

 
Figure 22. Effect of planting density on yield and water use of tomato plants 

The number of tomato seedlings per 1 ha area was studied (in Figure 22). In option 1 (M=5000 m3/ha; h=0,1 m; 

t=14 hours/day; S=1 ds/m; Tchek=±5 oC change) under conditions made on soil the number of chats is 61 t/ha for 25 

thousand bushes/ha, 100 t/ha for 30 thousand bushes/ha, 107 t/ha for 35 thousand bushes/ha, 96 t/ha for 40 thousand 

bushes/ha, organized. Option 2 (M=5000 m3/ha; h=1 m; t=16 hours/day; S=1 ds/m; Tchek=±5 oC change) i.e. soil 1,0 

m the number of seedlings corresponding to 1 in the conditions dug in the depth is 79 t/ha for 25,000 bushes/ha, 104 

t/ha for 30,000 bushes/ha, 108 t/ha for 35,000 bushes/ha, 40,000 bushes/ha yield was 106 t/ha. In the studies of Professor 

Oner Setin (Turkey), 25 thousand bushes/ha - 109 t/ha, 30 thousand bushes/ha - 121 t/ha, 35 thousand bushes/ha - 113 

t/ha and 40 thousand bushes/ha - 104 t/ha organized productivity [23]. The water requirement of the tomato plant in the 

greenhouse depends on the density of the seedlings, among other factors. Option 4 (h=0,1 m; t=14 hours/day; S=1 ds/m; 

Tvar = ±10 oC change) when 25,000 seedlings per hectare , 3890 m3/ha, 4204 m3/ha for 30 thousand seedlings , 4357 

m3/ha for 35 thousand seedlings and 4452 m3/ha for 40 thousand seedlings . In option 5 (h=1 m; t=14 hours/day; S=1 

ds/m; Tvar = ±10 oC change), when 25 thousand seedlings per hectare correspond to 3707 m3/ha, 3920 m3/ha for 30 

thousand seedlings, 4093 m3/ha for 35 thousand seedlings and 4151 m3/ha for 40 thousand seedlings . Option 6 (h=0,1 

m; t=14 hours/day; S=4 ds/m; Tvar = ±10 oC change) unexcavated greenhouse, 25 thousand bushes per 1 hectare in weak 

saline conditions according to chat, 3967 m3/ha, 30 thousand bushes - 4298 m3/ha, 35 thousand bushes - 4506 m3/ha and 

40 thousand bushes - 4598 m3/ha water was consumed. Option 7 (h=1 m; t=14 hours/day; S=4 ds/m; Tvar = ±10 oC 

change) soil 1,0 meter dug greenhouse, 1 by 25 thousand in weak saline conditions 3846 m3/ha per bush, 4047 m3/ha in 
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30 thousand bushes, 4225 m3/ha in 35 thousand bushes and 4285 m3 in 40 thousand bushes/ha of water was consumed. 

As the number of seedlings increases, water consumption also increases, but the yield does not necessarily 

increase. We can see that the option corresponding to 30-35 thousand bush/ha is acceptable due to the fact that human 

movement is regularly observed among the seedlings. The number of tomato seedlings per 1 ha area was studied. In the 

1st option (h-0,1 m), i.e., in the conditions on the ground, the number of tomato seedlings is 104 t/ha for 25 thousand 

pieces/ha, 143 t/ha for 30 thousand bushes/ha, 35 150 t/ha for 1,000 bushes/ha, 139 t/ha for 40,000 bushes/ha. In the 

2nd option, i.e., in the condition that the soil is dug to a depth of 1 m, the number of seedlings corresponding to 1 is 25 

thousand bushes/ha 122 t/ha, 30 thousand bushes/ha 147 t/ha, 35 thousand bushes/ha 

 

Effect of temperature changes on yield and water consumption of tomato plants 

The effect of temperature on productivity in greenhouse conditions is considered one of the important factors [11,12]. 

 
Figure 23. Effects of temperature variation on yield and water consumption of tomato plants 

The night temperature +14 oC and the daytime temperature +28 oC are considered favorable conditions for the tomato 

plant, and we took the average as +21 oC. Option 1 (M=5000 m3/ha; h=0,1 m; t=14 hours/day; n=25 thousand bushes/ha; 

S=1 ds/m) Tvar ±5 oC 106 t/ha, Tvar ±10 o C 98 t/ha, Tvar ±15 oC 63 t/ha. Option 2 (M=5000 m3/ha; h=1 m; t=16 hours/day; 

n=30 thousand bush/ha; S=1 ds/m) Tvar±5 oC 118 t/ha , Tvar ±10 oС 108 t/ha, Tvar ±15 oС 84 t/ha, yield was obtained. 3 - 

According to the results obtained from the research of Yer Huyevelink (Netherlands), the yield was 343 t/ha when Tvar 

±5 oC, 322 t/ha at Tvar ±10 oC, and 127 t/ha at Tvar ±15 oC. Keeping the temperature around +21 oC Tvar±5 oC during the 

growing season is difficult and requires additional funds. Therefore, it was found that economic efficiency is high when 

Tchek changes around ±10 oC. In option 2, since 1,0 m of soil was excavated, it was possible to save heating resources 

in winter months and ventilation resources in summer months. In greenhouse conditions, water consumption by the 

tomato plant increased as the temperature increased. Option 4 (n=30 thousand bush/ha; h=0,1 m; t=14 hours/day; S=4 

ds/m) in unexcavated, weakly saline conditions, the temperature is +21 oC ± 5 oC when changed, 4569 m3/ha, when ±10 
oC changed 4292 m3/ha, when ±15 oC changed 3956 m3/ha of water was consumed. In option 5 (n=30 thousand 

bushes/ha; h=1 m; t=14 hours/day; S=4 ds/m) the soil is excavated 1,0 m, ±5 oС in weakly saline conditions 4309 m3/ha 

when changing, 4047 m3/ha when changing ±10 oC, 3736 m3/ha when changing ±15 oC was consumed. Option 6 (n=30 

thousand bush/ha; h=0,1 m; t=14 hours/day; S=1 ds/m) in non-excavated, non-saline conditions 4412 m3/ha, 4138 m3/ha 

when changing ±10 oС, 3808 m3/ha when changing ±15 oС. In option 7 (n=30 thousand bushes/ha; h=1 m; t=14 

hours/day; S=1 ds/m) the soil is excavated by 1,0 m, when ±5 oC changes in non- saline conditions Water consumption 

was 4081 m3/ha, 3833 m3/ha when changing ±10 oC, 3544 m3/ha when changing ±15 oC. The price of the product does 

not pay for itself due to the high energy costs used to maintain the temperature in the greenhouse at ±5 oC. Therefore, it 

was reasoned that the yield and water consumption at a change of ±10 o C is acceptable and the use of options 5-7 is 
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appropriate [24]. Currently, developed countries are predicting the yield of tomato plants based on genetic algorithms 

and wavelet neurons. Such results were obtained by Y. Wang, R. Xiao and others from the scientists of the People's 

Republic of China (PRC) [28]. 

Evapotranspiration is equal to the total sum of transpiration from the soil surface and plant evaporation. 

According to FAO manual 24, the amount of evapotranspiration can be determined using evaporites and formulas. 

When determining the standard evapotranspiration value ( EET 0 ) of plants, the plant is not diseased, the soil 

fertility is excellent, and all the conditions for the growth and development of the plant are normal, such as irrigation, 

sunlight, and climate. , the evaporation from the 8-12 cm grown standard plant (a lawn with a full surface) is understood 

[27]. On the basis of field experiments, standard evapotranspiration values were determined using "A" type evaporator 

(Figure 3.8.1) and on the basis of the following formulas: 

 

 
 

Figure 24. Construction and appearance of type "A" evaporator
 

00 EkET r     (3.8.1) 

In this case , Kr – is the coefficient of the evaporator, depending on the location of the structure, it varies in the range of 

0,35-0,85, ETo – is the water evaporated from the evaporator, mm. 

Greenhouse conditions were defined as evapotranspiration, which evaporates from the indoor area where tomato 

plants are grown: 

0EТkET СС       (3.8.2) 

Here: ks is the coefficient taking into account the growth period of the tomato plant. 

Once a day, every day at 9:00 a.m., the amount of water evaporated from the "A" type evaporator used in 

greenhouse conditions was determined and recorded. As a result, water demand was studied and compared with the 

Penmann-Montey method. We can see that the difference between them does not exceed 5-6% [2; 5; 18; 25]. 

1 – table 

Table of comparison with FAO method (2017-2020) 

The date 

T- air 

temperature 

Air humidity, 

% 

u
 2

 -
 w

in
d

 s
p

ee
d

, 

m
/s

 Penmann-

Monteita 

method 

This is the 

vaporizer 

Difference, 

% 

M
ax

im
u
m

 

M
in

im
u

m
 

M
ax

im
u
m

 

M
in

im
u

m
 

11.01.2020 12,3 9,2 98 91 1,36 0,70 0,7 -3,7 

06.02.2020 14,6 7,9 89 38 3,4 5,08 5,3 4,3 

18.03.2020 19,5 4,9 94 36 2,45 6,81 7,2 6,1 

20.04.2020 14,9 5,1 91 54 3,33 3,99 4,0 1,4 

05/03/2020 19,2 8,5 91 57 3,08 4,84 5,0 2,8 

08.06.2020 26,8 11,6 89 46 3,39 9,16 9,7 5,7 

11.07.2020 35,7 15 79 26 2,74 20,01 20,8 3,7 

18.08.2020 31,7 13 87 25 2,62 16,01 15,1 -5,6 
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21.09.2020 39,3 16,2 52 11 1,31 28,64 29,8 3,9 

03.10.2020 25,9 11,2 89 43 1,84 8,91 9,3 4,1 

04.11.2020 16,3 5,7 87 45 1,45 5,07 5,3 5 

22.12.2020 12,1 6,9 97 83 2,73 1,24 1,3 3,1 

 

4. CONCLUSION: 

 Researches were carried out in greenhouse conditions in the farms of Andijan and Tashkent regions. 

Experiments were carried out in greenhouses excavated in places where the water table (SSS) is below 4-5 

meters, and in the conditions where the SSS is up to 3 meters. One of the main reasons for this is that the 

capillary rise reaches a height of 2-2,5 meters, which caused several problems in the development of the tomato 

plant. Therefore, regions with low SSS were selected. The temperature indicators of the external environment 

were obtained from the ClimWAT program. The temperature indicators of the greenhouse conditions were 

recorded daily using a thermostat placed stationary at a height of 2 meters above the soil surface and were 

brought to the monthly average value. 

 was conducted in 20 m2 area, the border between experiments was not less than 5 meters. Experiments were 

conducted with light duration control, 14 hours, 15 hours and 16 hours. We used energy-efficient LED lights to 

ensure continuous light. Illuminance was measured using a luximeter ( HS1010A digital light meter). 

o Based on the FAO method, irrigation for greenhouse conditions is carried out using special drippers 

and flexible hoses. Irrigation was carried out through the CropWAT program. 

o Factors affecting the productivity of the tomato plant, structural elements of the greenhouse (seasonal 

irrigation standards, soil salinity, greenhouse depth, seedling thickness, light period, temperature range) 

was selected. Based on them, methodological experiments were conducted and the effect of each factor 

on the tomato plant was evaluated. 

 On the basis of conducted methodological experiments, the KOE matrix was created and the table of interaction 

of factors was formed. A formula was developed that evaluates the effect of seasonal irrigation standards, soil 

salinity, greenhouse depth, seedling thickness, light period, and temperature variation on the productivity of this 

tomato plant. 

 The applicability of FAO's CropWAT program for greenhouse conditions was justified, and with the help of 

this program, the irrigation procedure of tomato plant "Lamia F1" was developed. In particular, economy of 

heat energy and water resources was achieved in the conditions of digging 0,75-1 m. Seasonal irrigation rates 

decreased from 4500-5000 m3/ha to 3500-4000 m3/ha. 

 The economic indicators of tomato cultivation in greenhouse conditions were considered and resource-saving 

structural elements were studied. 
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