
 

 316 

Deterimining the irrigation regime and the water consumption 
for cucumber crops grown in solariums 
 

Bei Mariana1*, Apahidean S.2,Al., Domuţa C.1 

 
1
University of Oradea – Faculty of Environmental Protection, 

2
 University of Agricultural Sciences and 

Veterinary Medicine Cluj-Napoca,  
 

*Corresponding author. Email: domocosmariana@yahoo.com 

  

Abstract         As compared to other agricultural species, vegetables need 
higher water-consumption levels and are negatively influenced by the 
absence of water, which determines a diminution in terms of both quantitative 
and, in most situations, qualitative aspects of production. 

The central method for improving the water regime in the soil is the 
irrigation of crops, which leads to a significant improvement of production and 
ensures a higher-quality of vegetables. 
The management of the soil moisture regime for the cultivation of cucumbers 
in solariums has aimed to maintain the water reserve on the depth of 0-50 cm 
between the values of the minimum limit and the field moisture capacity. The 
minimum limit was established at 2/3 (66%) from the active humidity interval. 
Therefore the humidity of the soil has been determined every 10 days, using 
the gravimeter technique. 

Key words 
 
irrigation regime, 
cucumbers, solariums 
 

 

 
Irrigation involves a series of technical and 

organizational measures, in order to establish an 

irrigation system that is rigorous and rational as regards 

the assessment of water needs, the dimensions of the 

irrigation norms and the succession of irrigation 

applications, which would reflect a deep understanding 

of relationships among soil, water and plants. 

Factors that jointly contribute to the setting of 

the irrigation regime are: the biologic peculiarities of 

agricultural species; the length of the vegetation 

period; the appropriate period for beginning the crop; 

the critical stages for water provision: consumption or 

the monthly potential evapoperspiration during the 

vegetation period; the evaluation of water quantities 

needed for supplying the active layer of the soil, 

montly and during the vegetation period; the hydro-

physical properties of the soil on the depth of the active 

layer. 

The main elements of the irrigation regime 

are: watering norms, the frequency of watering, the 

irrigation norm, the time and duration of watering, the 

watering graphic. 

 

Material and Method 

 
In protected spaces, irrigation may influence 

the growth and development of plants, as it allows the 

choice of the watering system and the determination of 

the hydric regime of the soil, thus ensuring an optimum 

balance between water, air and soil. 

The main elements of the irigation system 

being the watering norm, the frequency of watering, 

the irrigation norm, the moment and duration of 

watering, and the watering graphic, the present 

approach has analysed the prognosis and notification of 

watering, which represents the set of measures that 

allow the correct determination of the time for 

irrigation, an operation of special importance both for 

crops grown in the field and for the ones grown in 

protected spaces, as the moment of watering 

application may be correctly determined, while the 

optimum and uniform provision of water for crops is 

also ensured. Starting irrigation earlier than necessary 

may cause, though for short periods of time, excess of 

humidity, oversize irrigation rules, water and energy 

waste, and have negative consequences upon both 

plants and the soil. Delayed irrigation may lead to 

hydric stress in the soil, with eventual negative 

consequences upon the agricultural production 

(Domuţa, 1995). 

In determining the irrigation regime and te 

water consumption for the cucumber crops in 

solariums, soil samples have been taken every 10 days, 

while the preservation of the water reserve between the 

minimum limit and the field capacity has ensured an 

optimum water regime for the plants. Drip irrigation 

has been used for the purpose of the present 

experiment. 

At the beginning and the end of each month, 

soil samples have been taken on a depth of 0-150 cm, 

thus ensuring conditions necessary for the calcualtion 
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of the crop’s optimum water consumption (ETRopt). 

Calculations concerning the assessment of water 

quantities in the soil are presented in table 1. 

 

 

Table 1 

The assesment of water quantities in the soil (0-150 cm) and the daily average consumption of cucumber 

crops in solarium conditions 

                                                                                                                                 Husasău de Tinca, 2009 

Variety Interval No. 

of 

days 

Initial 

reserve 

Watering Total 

in the 

soil 

Final 

reserve 

Total 

consumption 

of water 

Daily 

consumption 

of water m
3
/ha 

From Until 

Crop 

without 

mulch 

24.06 31.07 38 3970 1450 5420 4010 1410 37,1 

01.08 31.08 31 4010 1090 5100 3370 1730 55,9 

01.09 30.09 30 3370 800 4170 3210 960 32,0 

14.06 30.09 99 3970 3340 7310 3210 4100 41,4 

Crop 

with 

mulch 

24.06 31.07 38 4010 1450 5460 4100 1360 35,8 

01.08 31.08 31 4100 1090 5190 3540 1650 53,2 

01.09 30.09 30 3540 800 4340 3390 950 31,7 

14.06 30.09 99 4010 3340 7350 3390 3960 40,0 

 

The watering norm, as first element of the 

irigation regime, represents the quantity of water, 

expressed in m
3
/ha, used for one single watering of the 

crop. 

In cultivating cucumbers in solarium 

conditions, for the varieties mulched with balck film 

and the unmulched varieties, the formula 

recommended by Vlad Ionescu Siseşti and all., 1982, 

(adapted after Keller and Karmeli) has been used in 

order to calculate the watering norm: 

 

mp = 
100

)(100 P
y

COCGvH
 

 mp – the drip irrigation norm; 

Gv – the volumeter weigh of the soil, t/m
3
 or 

g/cm
3
; 

H – the depth of the soil that is about to be 

moistened, expressed in m; 

C – the soil’s field capacity for water, in %; 

CO – the withering coefficient, in %;  

Y – the fraction from the active humidity 

interval (C-CO) which is about to be completed with 

water (represents the easily available water, between 

the minimum level and C); 

y = 0,3 for crops that are highly sensitive to 

drought; 

y = 0,6 for crops less sensitive to drought; 

P – the percentage of moistened soil (50-

80%); 

ŋ – the rating of uniformity along the irrigaton 

pipe (0,8-0,9). 

In managing the regime of soil humidity, 

attention was paid to maintaining the water reserve at 

the depth of 0-50 cm, between the minimum limit and 

the field capacity. The minimum limit was determined 

at 2/3 (66%) of the active humidity interval. In order to 

achieve this, the humidity of the soil was determined 

every 10 days, with the help of the gravimetric method. 

As it adds rigor to watering the cucmbers 

growing in solarium conditions and saves an important 

quantity of water, the Piché evaporimeter has been 

used in order to establish the moment for watering. 

Even compared to the gravimetric determination of soil 

humidity, the use of the Piché evaporimeter for 

determining the moment of watering presents 

important advantages as it does not require the taking 

of soil samples, or their weighing and driyng. 

In order to correctly anticipate the moment of 

watering, with the help of the Piché evaporimeter, it is 

necessary to obtain exact data about the hydro-physical 

indices of the soil (field capacity, the withering 

coefficient, the minimum limit). 

The method also allows a high degree of 

automatization, as the monthly record cards may be 

word processed and coputer software, which control 

and ensure the automatic stopping of the irrigation 

works. (Domuţa C., 2005) 
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The daily potential evapoperspiration, during 

the vegetation period considered for the purpose of our 

experiment, in solarium conditions, has been registered 

with the help of two Piché evaporimeters, placed on a 

stand with a height similar to the meteorologic shelter, 

as in field conditions the Piché evaporimeters are 

generally placed inside a meteorologic shelter. The 

stand with the two evaporimeters has been placed in 

the middle of each solarium. 

The determination of the Piché evaporation 

was done every morning at 8 o’clock, the data being 

registered in a file. The daily values obtained during 

the research period are prezented in table 2. 

 

 

Table 2 

The Piché daily evaporation (mm) in solarium conditions 

                                                                                                          Husasău de Tinca, 2009 

Day / 

month 

June July August September 

1 6,1 6,2 7,9 3,7 

2 6,2 6,4 7,5 3,0 

3 6,3 6,9 7,5 3,1 

4 6,4 7,1 7,4 3,2 

5 6,5 7,5 7,3 3,0 

6 6,0 7,6 7,2 3,1 

7 5,9 8,0 6,9 3,3 

8 5,8 8,5 6,5 3,4 

9 6,2 8,6 6,2 3,0 

10 6,2 8,7 5,9 2,2 

11 6,1 8,6 5,8 - 

12 6,3 8,5 5,7 - 

13 6,4 8,4 5,6 - 

14 6,5 7,9 5,5 - 

15 6,3 7,6 5,4 - 

16 6,7 7,7 5,7 - 

17 6,8 7,8 5,8 - 

18 6,4 7,9 5,4 - 

19 6,2 8,1 5,2 - 

20 6,5 8,0 5,0 - 

21 6,6 7,6 4,8 - 

22 6,7 7,2 4,7 - 

23 6,6 7,3 4,6 - 

24 6,3 7,4 4,5 - 

25 6,4 7,0 4,3 - 

26 6,5 6,9 5,1 - 

27 6,6 6,8 5,2 - 

28 6,7 7,3 4,0 - 

29 6,0 7,6 4,0 - 

30 5,8 8,0 3,9 - 

31  8,0 3,8 - 

Media  6,33 7,64 5,62 3,10 

 

A necessary element for the prognosis of 

irrigation is the dayly water consumption. This has 

been determined by the balance method, based on 

controlling the soil humidity. The decadal 

determination of soil humidity, on the depth of 0-50 

cm, ensured not only the preservation of the water 

reserve between the minimum limit and the field 

capacity, but also the optimum supply of water for 

plants and the securing of the most advantageous 

values of water consumption, for both mulched and 

unmulched cucumber crops.  

The Kc crop coeficient, as it is known in 

international literature, has also been determined, by 

relating the daily water consumption of the crop to the 

daily reference evapoperspiration, in this case the daily 

Piché evaporation. 

By multiplying the Piché evaporation of a 

certain day, as presented in the table above, with the 

Kc coeficient for the respective month, one can obtain 
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the the water consumption of the crop in the chosen 

day. By subtracting this value from the value of the 

water reserve at the beginning of the day, we can 

obtain the value of the water reserve existing in the 

soil, as registered at the end of the day. If this water 

reserve is at the level of the minimum limit, irrigation 

is needed. 

 
Results 

 
The soil taken into consideration for the 

purpose of this experiment is an average (medium) 

soil, with an apparent density (volumetric weight) of 

1,49 g/cm
3
 on the watering depth (H), the watering 

depth for cucumbers being of 50 cm. On this depth, the 

field capacity has the value of 24%, while the 

withering coeficient presents the value of 9.7%. The 

distance between the irrigation pipes is of 75 cm, and 

the droppers had the debit capacity of 1.5 l/h in average 

soil. Most authors (Dumitrescu et all., 1998, Horgoş, 

1999, Popescu, 2003) recommend a humidity of over 

65-70% from the active humidity interval (AHI). For 

the local irrigation of vegetables, through innitial 

planning, it is generally considered that the moistened 

area shoud be of 50% (Budiu, 2003, Vermeiren, 

Iobling. 1980). 

According to Vlad Ionescu Siseşti est al., the 

proportion of moistened soil should be of 88%. Taking 

these elements into account, the watering norm has 

been calculated in the following way: 

 

mp = 
100

99
3,0

9,0

)7,924(49,15,0100
 

= 313 m
3
/ha 

Therefore we have obtained the value of 31.3 

l/m
2
 , while for a debit of l/h and 3.8 droppers per m

2
 , 

with a debit of 5,7 l/m
2
/h , the time needed for one 

watering session is of 5,5 hours. 

The average daily values are specific to each 

month of the vegetation period, being generally lower 

for the types without mulch (see table 3 below): 

 

Table 3 

The optimum water consumption level for the cucumber crop under greenhouse conditions 

                                                                                                                            Husasău de Tinca, 2009 

Type Month 

June July August September 

m
3
/ha/d

ay 

% m
3
/ha/d

ay 

% m
3
/ha/ 

day 

% m
3
/ha/d

ay 

% 

Crop without mulch 37,1 100 37,1 100 55,9 100 32,4 100 

Crop with mulch 35,8 96,5 35,8 96,5 53,2 95,2 31,7 97,8 

 

The data presented above indicate the fact that 

the values of the Kc coeficient are sub-unitary for all 

the months of cucmbers’ vegetation period, except the 

month of September, and the values registered for the 

crops with mulch are higher than the values registered 

at the culture without mulch (see table 4). 

 

Table 4 

The Kc coeficients for the transformation of the Piché evaporation in optimum water consumption for 

cucumbers grown in solariums 

                                                                                                                           Husasău de Tinca, 2009 

Type Month 

June July August September 

Crop without mulch 0,59 0,49 0,99 1,05 

Crop with mulch 0,57 0,47 0,95 1,02 

 

Table 5 

The irrigation regime used for cucumbers in order to maintain the water reserve on the watering depth 

(0-50 cm) between the minimum limit and the field capacity in solarium conditions 

                                                                                                                                         Husasău de Tinca, 2009 

Year VI VII VIII IX VI - IX 

2009 Σm n Σm n Σm n Σm N Σm n 

500 2 950 4 1090 4 800 3 3340 13 

Σm – the irrigation norm (m
3
 water/ha) 

n – number of waterings 
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It can be observed that the water reserve 

determined at the beginning of the cucumber crop was 

under the level of the soil’s field capacity, on a depth 

of 0-150 cm, 5611 m
3
/ha. 

For the type without mulch, the total water 

consumption, in the case of cucumbers, has been of 

4100 m
3
/ha. For the type with mulch, the total water 

consumption has decreased with 3,0% (140 m
3
/ha). 

The difference of 140 m
3
/ha is the result of he fact that, 

for the type without mulch, cucumbers consumed more 

water, namely 140 more m
3
/ha. As a result, the 

quantity of water consumed from the soil reserve in the 

total consumption of water for cucumbers is larger, 

18,5% as compared to 15,6% (table 6). 

 

Table 6 

Analysing the influence of mulch upon the total consumption of water in the case of cucumbers grown in 

solarium conditions 

                                                                                                                                         Husasău de Tinca, 2009 

Year Type Total water consumption Sources for ensuring the need for water consumption 

From the soil reserve From irrigations 

m
3
/ha % m

3
/ha % m

3
/ha % 

2009 Without mulch 4100 100 760 18,5 4840 81,5 

With mulch 3960 97,0 620 15,6 4840 84,4 

Difference -140 -3,0 -140 -2,9 0 + 2,9 

 

Conclusions 

 
1. The highest value of the daily average 

water consumption has been registered in July at the 

type without mulch - 59,3 m
3
 /ha and, respectively, 

56,1 m
3
 /ha at the type with mulch. The situation was 

the same for each year of the period taken into 

consideration. 

2. The decadal determinations of soil humidity 

indicate the fact that, in order to maintain the water 

reserve within the values of the minimum limit and the 

field capacity, on a depth of 0-50 cm, the following 

irrigation norms have been used:  

- 500 m
3
/ha in June (2 waterings), 950 m

3
/ha 

(4 waterings) in July, 1090 m
3
/ha (4 waterings) in 

August and 800 m
3
/ha (3 waterings) in September. 

3. The total water consumptin of the 

cucumber crop with mulch has reached the value of 

3960 m
3
/ha, thus being more reduced (with 140 m

3
/ha) 

than in the case of the total consumption of water for 

the type without mulch.  

4. The values of the daily consumption of 

water for the cucumber crop with mulch have also been 

low. For both types, the highest value of water 

consumption has been registered in July. 

5. The daily determinations of the Piché 

evaporation resulted in montly average values of 6,33 

mm/day in June, 7,64 mm/day in July, 5,62 mm/day in 

August and 3,10 mm/day in September. 
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