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ABSTRACT 

The estimation of evapotranspiration (ET) and subsequently plant water 

requirements needs to consider the heterogeneity of plants, soils, water, 

and climate characteristics. Methods of estimating water consumption 

use empirical equations, which express the correlation between the total 

water consumptions and climatic factors. Where, the amount of 

evaporation from water surface is a function of temperature, humidity, 

wind and other ambient conditions. The results concluded that, the 

correlation coefficients for the perennial grasses, cabbage, corn, and 

potatoes were 0,926 ± 0,119; 0,927 ± 0,118; 0,907 ± 0,133; 0,928 ± 

0,118 respectively, indicating high correlation between these attributes. 

INTRODUCTION 

lean water for human consumption and for agricultural 

production is rapidly becoming a limiting resource affecting 

daily life in many parts of the world. Various avenues have been 

considered to deal with water scarcity, including increasing water  use  

efficiency  in  agriculture, development of new sources of water 

(desalination; rainfall harvesting) and treatment and reuse of marginal 

(saline and waste) water. A crucial first step in most scenarios addressing 

water scarcity is the reduction of water losses especially those due to 

evaporation from water bodies, which, by some estimates, amount to 

more than 20% of water, used in irrigated agriculture [Rost et al., 2008; 

Gökbulak and Özhan, 2006]. 

Water is commonly stored in small reservoirs and behind dams, and by 

some estimates up to half of water stored may be lost to evaporation 

[Craig, 2005; Rost et al., 2008] exacerbating the scarcity problem. 
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The amount of stored water lost to evaporation depends on many factors 

including atmospheric evaporative demand, size of reservoir and storage 

method. Numerous attempts have been made to reduce evaporation 

losses by altering storage design from increasing reservoir depth, to 

installing windbreaks or covering reservoir surface [Brown, 1988; Craig, 

2005].  

MATERIAL AND METHODS 

This work-study in Dubna, Moscow Oblast, Russia, Latitude: 

56°43′59″N and Longitude: 37°10′00″ E. To achieve a relationship 

between water consumption of different crops and evaporation, three 

coefficients need to caculate: 1) Кпр – which takes into account the 

deviation of the water consumption from evaporation (E); 2) Kδ – crop 

coefficient; 3) KВ – which takes into account the soil moisture content. 

Consequently, the equation of calculating evapotranspiration (ET) as 

follows: 

Ерр = Kрп Kδ KВ ЕО ……. (1) 

Moreover, the values of evaporation and Кпр for each growing crop were 

determined.  

For obtaining of the Кпр., the studies have been conducted using a to 

determine evaporation from water surfaces evaporation and potential 

water use of crops lysimeter (lysimeter type (GGI-3000), cross 2 m
2
, 

depth 2m). Soil moisture in lysimeter maintained at the optimal range 70-

80 % of field capacity. 

The principal difference is in the operation of the apparatus, with the 

contained soil kept at field capacity (the water content of the soil after the 

saturated soil has drained under gravity to equilibrium) by sprinkling a 

known quantity of water on the tank when rainfall is deficient. 

Field capacity assured by maintaining continuous percolation from the 

bottom of the tank. Thus, the vegetation cover allowed transpire freely, 

and the total evaporation loss is depending on the ability of the air to 

absorb the water vapors.  

Existing computational methods use empirical relationships that express 

the correlation between the consumptive use and climate according to 

meteorological observations, some of them determines the evaporation 

EO, i.e. the maximum possible evaporation from the water surface. 
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 For the transition from evaporation to the total water consumption of a 

particular culture, transition rates such as: Кпр, Кб, KВ, should be 

considered, which reflecting the deviation of the potential water 

consumption from evaporation, biological features of crops, and the 

deviation of soil moisture from the optimal values: 

RESULTS AND DISCUSSION 

The relationship of evaporation and the deficit of air humidity 

mathematically can described as the following equation. 
1

1

n

SO
daE 

  ……….. (2) 

The relationship of evaporation with the deficit of humidity shown in 

Fig.1. 

 
Fig., 1. The relationship between evaporation and the sum of average 

deficits of air humidity  

According figure 1. It can concluded that, there were highly correlation 

relationship between E0 and ds value, where the correlation coefficient of 

this relation equal to 0,987+0,051, and the determination coefficient is 

0,974. This means that 97, 4 % of the estimated evaporation caused by 

the fluctuations of air humidity deficit. 

Moreover, water consumption by lysimeters when the soil moisture 

content kept at the optimum range, the regression equation between the 

potential water use ETo of perennial grasses, cabbage, corn, potatoes, and 

the sum of the average deficits of air humidity over decadal periods. 

Thus, the formula of calculation water consumption of agricultural crops 

on floodplain lands given as the following: 
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Ер = a2ds
n2

    ,                  (3) 

Where:   Ep - a potential water consumption crops, 

ds - the sum of daily average deficits humidity  

a2, n2 - empirical coefficients that take into account the climatic zone, 

crop and soil properties. 

Table (1) Empirical coefficients 

no Crops a2 n2 

1 Perennial grasses 1,38 0,79 

2 Cabbage 1,38 0,80 

3 Corn 1,38 0,84 

4 Potatoes 1,38 0,68 

According to formula (2) and (3) evaporation (Eo) and potential water 

use crops (Ер) were calculated. The calculation results given in Table 2. 

 

Table (2) the results of calculation of evaporation (Eo) and potential 

water use crops (Ep) ETO 

In order to use the formula of evaporation from the water surface to 

calculate water consumption, the required transition rate Кпр can 

determined by the formula: 

КРП = Ер/Ео,                  (4) 

Where:  EP potential water consumption of agricultural crops; EO – 

evaporation 

Month A 

decade 

Е0, 

мм/дек 

dS, 
мб/дек 

ЕР,  мм/дек 

Perennial 

grasses 

Cabbage Corn Potatoes 

Jun 1 40 71 40,03 41,77 49,54 25,05 

2 34,7 62 35,96 37,48 44,21 22,84 

3 47,5 87 47 49,15 58,76 28,76 

July 4 35,8 66 37,78 39,40 46,59 23,83 

5 44,2 84 45,72 47,79 57,05 28,08 

6 80,2 145 70,37 73,96 90,25 40,70 

Aug 7 29,3 54 32,25 33,56 39,36 20,79 

8 23,2 40 25,44 26,40 30,59 16,95 

9 24 42 26,44 27,45 31,87 17,53 

Sep 10 14,2 23 16,43 16,95 19,22 11,64 

11 10,5 17 12,94 13,31 14,91 8,48 

12 13,6 22 15,86 16,36 18,51 11,29 
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Table (3) the transition rates Кпр of evaporation from the water surface 

to potentially possible consumption 

Using the value of evaporation (EO) and the Кпр (table.3) reached 

statistical series for each crop and got a regression equation. The results 

of the calculations given in Fig.2 

However, the estimated values of E0 and Кпр for each crop presented at 

the following fig (2). 

 
Fig. 2. The relationship of evaporation from the water surface (EO) and the 

transition factor (Кпр) for the crops. 

M 

 

A  

decade 

Е0, 

мм/дек 

dS, 
мб/дек 

КРП,  мм/дек 

Perennial 

grasses 

Cabbage Corn Potatoes 

Jun 1 40 71 1,00 1,04 1,24 0,63 

2 34,7 62 1,04 1,08 1,27 0,66 

3 47,5 87 0,99 1,03 1,24 0,61 

July 4 35,8 66 1,06 1,10 1,30 0,67 

5 44,2 84 1,03 1,08 1,29 0,64 

6 80,2 145 0,88 0,92 1,13 0,51 

Aug 7 29,3 54 1,10 1,15 1,34 0,71 

8 23,2 40 1,10 1,14 1,33 0,73 

9 24 42 1,10 1,14 1,32 0,73 

Sep 10 14,2 23 1,16 1,19 1,33 0,82 

11 10,5 17 1,23 1,27 1,42 0,81 

12 13,6 22 1,17 1,20 1,36 0,83 
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Thus, Fig.2 shows that the correlation coefficient for perennial grasses, 

cabbage, maize and potatoes, were respectively 0,926±0,119; 

0,927±0,118; 0,907±0,133; 0,928±0,118, this means that, there were 

highly correlation between these considered characteristics. 

Then, according to the presented results in table (4) and illustrated in fig 

(3), the transition coefficients of Кпр can highly recommended for the 

practical use. 

Using the regression equation in Fig.3 the ratio of Кпр calculated, and 

the calculation results summarized in table.4. Thus the transition 

coefficients of the Кпр for practical use. 

Biological factors Kδ given in table (5). 

Table (4) Evaporation from the water surface and the coefficients of the 

Кпр 

Ео, 

мм/дек 

coefficient  Крп 

Perennial grasses Cabbage Corn Potatoes 

10 1,180 1,218 1,386 0,806 

15 1,156 1,195 1,367 0,781 

20 1,133 1,172 1,348 0,757 

25 1,109 1,149 1,329 0,732 

30 1,086 1,126 1,310 0,708 

35 1,062 1,103 1,291 0,683 

40 1,039 1,080 1,272 0,659 

45 1,015 1,057 1,253 0,634 

50 0,992 1,034 1,234 0,610 

55 0,968 1,011 1,215 0,585 

60 0,945 0,988 1,196 0,561 

60 0,945 0,988 1,196 0,561 

On the other hand, as mentioned above, to estimate the crop requirements 

for different agriculture crops, Kδ coefficient should be expressed. 

Formula Pchelkin (2003) highly describe this relation between water 

consumptive by crops and the Biological coefficient Kδ given in table (5). 

Ерф = Кбa2ds
n2

    ,                  (5) 
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Table (5) Biological factors crops on drained 
Month A decade Perennial 

grasses 

Cabbage Corn Potatoes 

May 1 0,5-1,4 0,5-1,6 0,8-1,6 0,7-1,6 

 2 0,56 - - - 

 3 0,78 - - - 

Jun 1 0,97 0,73 0,77 0,78 

 2 1,00 0,81 0,84 0,,83 

 3 0,85 0,88 0,89 0,90 

July 1 0,88 0,93 0,93 0,95 

 2 1,00 0,97 0,95 0,98 

 3 1,00 0,99 0,97 0,99 

Aug 1 1,00 1,00 1,00 1,00 

 2 1,00 1,00 0,94 0,99 

 3 1,00 0,99 0,92 0,97 

Sep 1 1,00 0,96 0,87 0,94 

 2 0,98 0,92 - 0,89 

 3 0,80 0,87 - - 

However, from formulas (1) and (5) the relationship between the actual 

water consumption Ерф which calculated by the formula (5) and Ерр, 

calculated by formula (1) was illustrated in fig. (3). 

 
 

Fig.3. relationship of the actual consumption ЕРФ calculated by the 

formula (5) with the calculated ЕРР calculated by the formula (1) 

Fig.3 shows that the correlation coefficient was 0,989±0,027, which 

suggests a close connection between the considered characteristics. 

Therefore, the formula (1) highly recommended for practical use. 

CONCLUSIONS 

In recent study, the relationship between evaporation from the water 

surface and the water requirements of crops presented and described in 

formula (1). 
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The transition rate of the Кпр from evaporation (EO) to potentially 

possible water use ЕР expressed. 

The relationship between the actual water consumption Ерф which 

calculated by the formula (5) and Ерр, calculated by formula (1), the 

correlation coefficient of this relation was 0,989±0,027, consequently this 

relation can be highly recommended for practical use.   
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 انمهخص انعربي

 انعلاقة بين معذل انتبخر من سطح انماء والاحتياجات انمائية نهمحاصيم 

 في أراضي انسهىل انفيضية

 د/محمىد محمذ عهى**و   أ. د/ فيتاني بيتشىنكن*    ،أ. د/انكسنذر ايفانىفتش جهفانىف*   

يٛجذ ٚ يؼرثز اٌثخز ٔرخ اٌمياسي ِٓ أُ٘ اٌؼٛاًِ ٌذساب الادرياجاخ اٌّائيح ٌٍّذاصيً اٌّخرٍفح

طز ق ِثاشزج ٌذساب الادرياجاخ اٌّائيح ِثً اٌٍيزِرزاخ ٚطزق اخزٜ غيز ِثاشزج ذؼرّذ ػٍي 

اٌجٛيح , إلا أْ دلح ٘ذٖ اٌّؼادلاخ اٌري ذسرخذَ ٌذساب اٌثخز ٔرخ تاسرخذاَ تيأاخ الأرصاد 

الادرياجاخ . ٚذؼرّذ طزق ذمذيز اٌّؼادلاخ ذخرٍف دسة ػذج ػٛاًِ ِٕٙا اٌثيأاخ إٌّاخيح

ديث أْ وّيح اٌرثخز ِٓ  .ػٍٝ اٌؼلالح تيٓ ِجّٛع اسرٙلان اٌّياٖ ٚاٌؼٛاًِ إٌّاخيحاٌّائيح 

 .اٌّذيطح الأخزٜسطخ اٌّياٖ ِزذثطح تىلا ِٓ درجح اٌذزارج ٚاٌزطٛتح ٚاٌزياح ٚاٌظزٚف 

ٚذُ ذذذيذ ليُ اٌرثخز  ٌذٌه, ٌرذميك ٚجٛد ػلالح تيٓ اسرٙلان اٌّياٖ ٌٍّذاصيً اٌّخرٍفح ٚاٌرثخز

ٚذُ ػًّ ذجزتٗ  .ّذاصيً ٚ٘ي ػشة إٌجيً, ٚاٌٍّفٛف, ٚاٌذرج ٚاٌثطاطسلأرتغ أٛاع ِٓ اٌ

ِؼذي الارذثاط  دمٍيح تاسرخذاَ اٌٍيزِيريز ٚخٍصد إٌرائج اٌٝ صذح اٌّؼادٌح اٌساتمح ٚواْ

  9.0..ٚ 9.0..يرزٚح تيٓ 
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