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 Given the importance of greenhouse cultivation, accurate and precise estimates of water 

requirement of greenhouse crops in order to have a good and effective management of 
irrigation in controlled conditions is inevitable. This study has also done with the 

purpose to identify the impact of deficit irrigation tension and salinity on water 

requirement and crop coefficient of greenhouse bell pepper during the winter and spring 
of 2013-2014 in the experimental greenhouse located in Ferdowsi University of 

Mashhad. Soil moisture has been measured at a depth of 10 cm of the pot by using 

REC-P55 sensors. The results of the present study has shown that evapotranspiration 
rate, soil moisture and irrigation water consumption have been reduced by increasing 

salinity and reducing irrigation water. Potential evapotranspiration amounts were 

almost constant during growth period. The dual crop coefficient values were calculated 
at different periods of growth for applied treatments in this study by examining the 

changes process of crop coefficient. Results show that crop coefficient value is 
decreased by increasing salinity and shortage of irrigation water. Results evaluation has 

shown that it is needed the coefficients related to the plant be estimated and planning 

irrigation carried on based on the situation in order to determine the water requirement. 
If applying tension (deficit irrigation / salinity), it is better the dual crop coefficient used 

instead of using a single crop coefficient to increase planning accuracy to determine the 

water requirement. 
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INTRODUCTION 

 

Agriculture is the most important water consumer and increasing water productivity and proper 

consumption of water in this sector contribute to its continuity. Salinity stress in the second rank after water 

stress is one of the most important environmental stresses that affect plant growth and decrease the growth of 

those plants that are highly sensitive to salinity [9]. Thus, the irrigation water management for plant growth and 

for controlling soil salinity level is very important [19]. Meanwhile, the necessity of doing research on plants’ 

water requirement to be able to grow in saline soils is clear. Developing a proper irrigation program and 

practicing a specific and informed management involve estimating the level of plant evapotranspiration. Several 

studies have already been conducted in the greenhouse plantation, but the water requirement and irrigation 

scheduling of greenhouse plants have not been considered significant so far [6]. Given the importance of 

greenhouse cultivation, accurate estimation of water requirement of these plants in order to have a good and 

effective management of irrigation in controlled conditions is inevitable [2]. In recent years, some researches 

have been done for determining the evapotranspiration of greenhouse plants, including researches conducted by 

[4,7,11,18 and 20]. One of the common methods used in determining evapotranspiration potential in the country 

is to use of Class A evaporation pans (with a diameter of 121 cm and a depth of 25.5 cm). These pans can 

determine the evapotranspiration potential in a correct way only when their coefficient is determined correctly 

[1]. Class A pans have been widely used in irrigation scheduling [10 and 14]. Therefore, there are many of these 

pans in weather stations in the developed countries, but they are not used in some countries due to their high 

costs [23]. To reduce the cost of these equipments, some small, inexpensive pans are used in weather stations to 

determine the potential evapotranspiration. In China, more than 1736 weather stations use the pans with a 



89                                                               Mohammad Salarian et al, 2014 

Advances in Environmental Biology, 8(19) Special 2014, Pages: 88-99 

 
diameter of 20 cm instead of Class A pans to determine the potential evapotranspiration. Regarding the 

advantages of the 20 cm pans, one can refer to their benefits such as small size, easy handling, low cost and ease 

of measurement. In a report, [13] compared the potential evapotranspiration of the 20 cm pans through FAO 

Penman-Monteith method [1]. The results showed that these pans can be used for periods of 3, 5, 7 and 10 days. 

Yuan used these 20 cm pans to calculate the water requirement of tomato in 2001 [25], the greenhouse potato in 

2003  [26], and also for greenhouse strawberry in 2004, [27]. Tüzel estimated the evapotranspiration of 

greenhouse tomato, [24]. The results showed that tomato evapotranspiration is different in different seasons and 

different culture media. An important factor in determining plants’ water requirement (plants 

evapotranspiration) is to determine the crop coefficient (Kc). Crop coefficient is the ratio of plant 

evapotranspiration under standard conditions to potential evapotranspiration or evapotranspiration of the 

reference plant [5]. Crop coefficient mainly depends on the characteristics of the plant and has a little 

dependency on the climate. This feature lead to the use of standard crop coefficients in different regions and 

climates, and its acceptance as an important parameter in calculation of crop water requirement [8]. The main 

factors that affect the rate of crop coefficient are plant type, climate, soil evaporation and plant growth stages. 

That is, the crop coefficient of a given plant during the growing season is changed due to differences in the 

evapotranspiration differences in various stages [22]. Evapotranspiration and crop coefficients diminish with 

increasing salinity. [3] tested evapotranspiration and crop coefficients of greenhouse cucumber under different 

salinity levels. They reported the mean temperature outside the greenhouse and the mean evaporation from 

greenhouse pan equal to 19.3 ° C and 1.7 mm/day. According to the reports, the value of Kc was 0.8 at the 

beginning, which increased to 1.6 during the development and fruiting stages and remained constant until the 

end of the growing season. These investigators determined the water consumption after 82 days and with 

plantation density of 2.5 m shrubs per square meter equal to 2.55 mm per day in terms of water irrigation with 

EC = 1.5 dS/m; also the cumulative amount of water in 100 days was equal to 180 mm. They concluded that the 

evapotranspiration and crop coefficients of greenhouse cucumber decrease due to salinity water. They noted that 

the decline in the rate of evapotranspiration follows a a linear relationship. [15] examined the effect of deficit 

irrigation on the yield of greenhouse cucumber and found that the performance of the product is under the 

influence of the intensity of the total volume of irrigation water in each period of growth stage. Given that 

salinity and water shortage mainly limit the crop production in arid and semi-arid areas, the plants in these areas 

are under the simultaneous effects of water stress and salinity stress in terms of water quality and quantity. This 

study examines the effects of deficit irrigation and salinity stress on water requirement and crop coefficient of 

bell pepper in greenhouse condition.  

 

MATERIALS AND METHODS 

 

In order to understand the effect of water stress and salinity on water requirement and crop coefficient of 

bell pepper in greenhouse, an experimental research was done in the greenhouse of Faculty of Agriculture in 

Ferdowsi University of Mashhad during the winter and spring in 2013-2014. The studied plant was green bell 

pepper (Capsicum annuum L.). According to the experiments conducted by the researchers, pepper is a sensitive 

or semi-sensitive plant to salinity stress. This study was a factorial experiment in a completely randomized 

design with three treatments of salinity, three irrigation treatments and three replications. In this experiment, the 

electrical conductivity of water was applied at three levels: 1.2 (S1), 3 (S2), and 6 (S3) dS/ m.
 
The irrigation 

treatments were applied at three levels:  100% (I1) as a control, 85% (I2) and 70% (I3) of the pepper water 

requirement. The features of control irrigation water are shown in Table 1. Since both salinity and irrigation 

treatments were applied simultaneously, 9 different irrigation and salinity treatments with three replicates were 

used (Table 2). The control treatment in this study was S1I1 (i.e., salinity of 1.2 dS/ m and irrigation water of 

100% is needed for the bell pepper). 

 
Table 1: Characteristics of Irrigation Water of Experimental Greenhouse (control) 

SAR Mg Cl Hco3
 -1 Co3

-2 Ca Na pH EC parameters 

- meq/L meq/L meq/L meq/L meq/L meq/L - (dS/m) unit 

2.72 3.80 4.00 3.10 0.20 3.00 5.00 8.20 1.23 amount 

 

Table 2: Different combinations of irrigation treatment and salinity in experiment 

Salinity treatment S1 S2 S3 

Irrigation treatment I1 I2 I3 I1 I2 I3 I1 I2 I3 

The combined effect S1 I1 S1 I2 S1 I3 S2 I1 S2 I2 S2 I3 S3 I1 S3 I2 S3 I3 

 

An aluminum foil with a thickness of 40 microns was put on the plants to prevent surface evaporation. The 

trial period of growth was 119 days (17 weeks) (Figure 1). In the first two weeks, the seeds were planted in the 

pans. The soil moisture was measured at a depth of 10 cm of the pots by using REC-P55 sensors. The trial soil 

moisture was considered at the field capacity level (FC) and the permanent wilting point (PWP) was 31% and 
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10% of the volume, respectively. The sensors applied in the test calculated the soil moisture, the calibrated soil 

salinity and the percentage of soil humidity according to the temperature.  

 
 

Fig. 1: Period of bell peppers grown in the greenhouse (days) (adopted from 

            http://www.fao.org/nr/water/cropinfo_pepper.html) 

 

Plant Evapotranspiration: 

Plant evapotranspiration is calculated using the following equations: 

 

                                                                      (1)  

                                                                      (2)  

                                                                (3)  

 

Where  is plant evapotranspiration (mm),  is potential evapotranspiration (by pan) (mm), I is 

irrigation water (mm), D is effluent (mm),  is moisture changes during the period   was calculated (mm) 

and  is crop coefficient. 

 

Potential Evapotranspiration: 

Potential evapotranspiration rates have been calculated by standard evaporation pans ( ) with a diameter 

of 20 cm (20 cm of diameter and 11 cm deep). It can be mentioned to some advantages of 20 cm pans such as 

being small, easy handling, low cost and ease of measurement. Pan coefficient ( ) is considered equal with 

0.85. Correction factor value ( ) is considered 0.88 to convert the calculated amount of evaporation pans into 

the pans of class A [1]. To calculate the potential evapotranspiration from the following formula is used: 

 

                                                                    (4)  

                                                                                                              (5)  

 

Crop Coefficient after Applying Salinity and Deficit Irrigation:  

Evaporation pan (Epan) or potential/ reference evapotranspiration (Eto) are the two measures to quantify the 

effects of climate. However, the plant role and lack of soil moisture are incorporated evenly by the crop 

coefficient (Kc) in computing the water requirements. According to equation (2), crop coefficient is a factor that 

links the reference evapotranspiration (ETo) to the actual amount of the water used by plants (ETc). The value of 

this coefficient in the early growth period (rooting depth and low vegetation) is small. Gradually, with the 

growth of vegetation, plants absorb more radiation and thus increase plant transpiration. The plant access to 

water is the most effective factor in plant transpiration rate. When the plant faces stress (lack of access to 

sufficient water), evapotranspiration rate decreases. The effects of factors affecting the crop coefficient are 

http://www.fao.org/nr/water/cropinfo_pepper.html
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shown in Figure 2. The peaks in this figure represent a sharp increase of evaporation from the soil surface 

immediately after each irrigation. Any decline in the height of these peaks during the growing season is 

proportional to vegetation growth (reducing evaporation from the soil surface). From the middle of the growing 

season, the plant had faced to water stress, which in turn had reduced plant transpiration. This had diverted the 

actual evapotranspiration from potential evapotranspiration (the dotted line). The model presented in equation 

(2) is not able to express these fluctuations in real evapotranspiration. For this reason, another model (Equation 

3) with the dual crop coefficient (Dual Kc) has been developed. 

 
Fig. 2: Impact of effective factors (the period of growth and development of vegetation, soil moisture level and 

water tension) on crop coefficient [16] 

 

Two separated components have been used to calculate evapotranspiration in the dual crop coefficient and 

its equation is as follows [1]: 

Where;  

 

                                                                                                                                        (6)  

 

 is crop evapotranspiration,  is basis crop coefficient,  is impact factor of tension on transpiration, 

 is evaporation coefficient from the moisture soil surface and  is the evapotranspiration of the reference 

plant. After replacement of Equation 6 in Equation 5, we have: 

 

                                                                                            (7)  

 

Due to putting aluminum foil on pots in this experiment, the amount of evaporation from the soil surface is 

almost zero and the amount of  has been deleted from the computations. The effect of water tension amount 

on evapotranspiration rate can be calculated by using  factor.  is calculated based on the soil moisture 

discharge  compared to the total available water in plant root development zone (TAW). In fact, TAW is the soil 

water holding capacity (useful for plant), and its value is equal to the distance between field capacity and 

permanent wilting point: 

 

                                                                                                                                              (8)  

 

Where  is root depth in meters and  are values in percent. The amount of remaining water 

in the root development zone (available to plant) is calculated as follows: 

 

                                                                                                                                                  (9)  
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Where is the percent of available soil moisture. Ratio (%) remaining and available water is determined by 

the following equation: 

 

                                                                                                                                              (10)  

 

It is obvious that the amount of ASW is changed between zero ( ) and one ( ). Now, Ks is 

defined as follows: 

 

                                                                                                                           (11)  

 

Critical value of “the remaining water”   is product sensitivity function to the drought; and its 

amount is changed from 25% in drought resistant plants to 50% in the drought-sensitive plants. 

 

RESULTS AND DISCUSSION 

 

Temperature and humidity are atmospheric factors affecting the determination of evapotranspiration. 

Relative humidity and temperature were measured inside and outside the greenhouse as a daily average. Facts 

and figures related to environmental temperature and humidity during the study period was compared with the 

figures related to the outside of the greenhouse which had been developed by weather station of Faculty of 

Agriculture, Ferdowsi University of Mashhad. In Table 3, the mean of minimum, average, and maximum 

extents of temperature and average relative humidity inside and outside the greenhouse are given. The results 

show that the bell peppers have been grown up at an optimal temperature because optimal growth temperature 

for peppers in greenhouse conditions is between 15 and 26 degrees Celsius. Figure 3 and 4 show the mean of 

temperature, minimum as well as maximum temperatures outside and inside the greenhouse, respectively.  

 
Table 3: Variables temperature and relative humidity inside and outside of greenhouses 

 Minimum Temperature (C)  Maximum temperature 

(C)  

The average temperature 

(C)  

Moisture (%) 

Inside Outside Inside Outside Inside Outside Inside 

March 22.93 3.63 30.78 15.53 24.98 9.43 85.00 

April 21.80 5.14 31.74 19.49 25.63 12.30 87.00 

May 16.72 12.91 31.65 29.76 23.76 21.63 90.00 

June 16.45 13.95 30.64 32.04 24.45 23.61 90.00 

Average 19.48 8.91 31.20 24.21 24.71 16.74 88.00 

  

 
 

Fig. 3: minimum, maximum and average temperature outside the greenhouse 
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Fig. 4: minimum, maximum and average temperature inside the greenhouse 

 

Concerning the temperature, the sensors applied in the test calculate the moisture and salinity of the 

calibrated soil and the percentage of the soil humidity. Table 4 shows the changes in temperature and soil 

moisture in the tested pots. According to this table, treatments with  low level of salinity (S1) have higher 

humidity than other ones. With increasing salinity and decline of irrigation water, soil moisture content 

decreased so that the highest moisture content was observed in the treatments with full irrigation. At a level of 

salinity with a decrease in irrigation water and at one level of irrigation water with salinity increase, soil 

moisture has been decreased. Figures 5-7 show variations in soil moisture when salinity is constant and 

irrigation water is variable. The moisture content decrease with decreasing irrigation is clearly shown. 

 
Table 4: Changes in temperature and soil moisture in the pots 

S3I3 S3I2 S3I1 S2I3 S2I2 S2I1 S1I3 S1I2 S1I1             

29.32 27.72 25.24 27.30 26.05 25.74 27.12 27.03 26.81 (C) The temperature 

21.90 23.93 27.15 22.06 24.12 27.78 22.10 24.56 27.99 (%) The moisture 

  

 
Fig. 5: Soil moisture changes in salinity 1.2 dS m (S1) with deficit irrigation levels 100%, 85% and 70% water 

requirement of bell pepper 

 

 
Fig. 6: Soil moisture changes in salinity of 3 dS m (S2) and deficit irrigation levels 100%, 85% and 70% water 

requirement of bell pepper 
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Fig. 7: Soil moisture changes in salinity of 6 dS m (S3) with deficit irrigation levels 100%, 85% and 70% water 

requirement of bell pepper 

 

Table 5 shows the potential evapotranspiration calculated by a 20-inch pan and the evapotranspiration of 

bell pepper as well. According to this table, the potential evapotranspiration was almost constant during the 

growing season. The plant evapotranspiration was variable at different growth stages. That is, in all treatments, 

plant evapotranspiration had its lowest rate in the primary stage of growth and was variable during its middle 

stage. Approximately 70 days after planting, plant evapotranspiration was at its highest rate in control treatment 

S1I1 (1.84) and the lowest rate in treatment S3I3 (0.88). By increasing salinity and decline of irrigation water, 

plant evapotranspiration also declined. According to the last row of Table 5, due to the simultaneous effect of 

water stress and salinity on water consumption by bell pepper, there was a significant difference among the 

treatments at the 5% level where most of the water was consumed by the control treatment S1I1 (72.83). This 

treatment had no significant difference with the treatment S2I1 (70.48) because both of these treatments were 

fully irrigated. Increasing the salinity and decreasing the irrigation water led to decline of irrigation water 

consumption. 

 
Table 5: Plant, potential evapotranspiration and water consumption of bell pepper under two water tensions and salinity in greenhouse 

Treatment 
ETo 

(mm/day) 

ETc (mm/day) 

S1I1 S1I2 S1I3 S2I1 S2I2 S2I3 S3I1 S3I2 S3I3 

Elementary 2.12 0.79 0.74 0.50 0.76 0.57 0.46 0.68 0.51 0.42 

Developmen

t 
2.34 1.29 0.99 0.61 1.25 0.93 0.55 1.00 0.74 0.52 

Middle 2.42 2.79 2.64 1.81 2.43 2.33 1.72 2.27 2.06 1.65 

Final 2.49 2.47 1.89 1.38 1.99 1.88 1.22 1.75 1.09 0.94 

Average 2.35 1.84 1.56 1.07 1.61 1.43 0.99 1.43 1.35 0.88 

Water used (L) a72.83 b53.39 d26.65 a70.48 bc52.08 d25.17 e63.49 c49.74 d24.70 

 

To determine the crop coefficient of bell pepper, the Equation 2 was used and the crop coefficient was 

calculated by dividing the actual evapotranspiration into potential evapotranspiration regardless of drain water 

from the pot. Given that both salinity and deficit irrigation were imposed on the plant, the crop coefficient was 

obtained according to Equation 6. As noted, with regard to placing the aluminum foils on the pots in this 

experiment, the amount of evaporation from the soil surface was almost zero and the Ke was deleted from the 

calculations. Concerning the relations 8-11, the effect of stress on evaporation was calculated (Table 6). In 

treatments with full irrigation, the stress effect was considered one. Salinity increase and correspondingly 

reduction of irrigation water decreased the impact of this factor. Treatments with full irrigation had the highest 

value and treatment S3I3 had the lowest one. After calculating these values, formula 6 was used to calculate the 

dual crop coefficient of bell pepper (Table 7). The highest amount of crop coefficient was in the middle period 

of growth. Its lowest amount was observed during the primary stage of treatments growth. With increasing 

salinity and decreasing irrigation water the crop coefficient had been dropped. In comparison with the results of 

researches conducted by [1, 12, 17 and 21] who examined the amount of crop coefficient of bell pepper in 

greenhouse conditions of course by ignoring stress, this result indicates that the crop coefficient was low in the 

early stages of growth and reached to its maximum level in the middle period. Also, with increasing salinity and 

decreasing irrigation water at any stage of plant growth, the crop coefficient decreases. Figures 8 to 16 indicate 

the crop coefficient of bell pepper in terms of imposing both salinity and deficit irrigation in different stages. 
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Table 6: The average amount of stress effect on transpiration (Ks) in a period of growth in different treatment 

S3I3 S3I2 S3I1 S2I3 S2I2 S2I1 S1I3 S1I2 S1I1 Treatment 

0.34 0.74 1.00 0.37 0.71 1.00 0.39 0.82 1.00 KS 

 
Table 7: The calculated values of crop coefficient (Kc) for different growth stages because of the effect of tension water and salinity 

S3I3 S3I2 S3I1 S2I3 S2I2 S2I1 S1I3 S1I2 S1I1 

Shukla  

et al. 
(2013)  

Orgaz  

et al. 
(2005)  

Allen  

et al. 
(1998)  

Koopayee 

et al. 
(2011) 

        

0.20 0.24 0.32 0.22 0.26 0.35 0.23 0.34 0.32 0.86 0.20 0.48 0.25 Elementary 

0.22 0.32 0.43 0.22 0.40 0.50 0.26 0.43 0.51 1.05 0.78 0.66 0.53 Development 

0.64 0.82 0.93 0.71 0.92 0.96 0.73 0.99 1.11 1.21 1.35 0.84 1.03 Middle 

0.40 0.83 0.70 0.47 0.76 0.75 0.55 0.75 0.99 1.28 0.90 0.72 0.75 Final 

0.39 0.61 0.65 0.45 0.65 0.73 0.49 0.69 0.83 1.00 0.81 0.68 0.64 Average 

 

 
 

Fig. 8: Crop coefficient value of pepper in the treatment S1I1 

 
 

Fig. 9: Crop coefficient value of pepper in the treatment S1I2 

 
 

Fig. 10: Crop coefficient value of pepper in the treatment S1I3 
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Fig. 11: Crop coefficient value of pepper in the treatment S2I1 

 

 
Fig. 12: Crop coefficient value of pepper in the treatment S2I2 

 

 
 

Fig. 13: Crop coefficient value of pepper in the treatment S2I3 

 

 
 

Fig. 14: Crop coefficient value of pepper in the treatment S3I1 
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Fig. 15: Crop coefficient value of pepper in the treatment S3I2 

 

 
 

Fig. 16: Crop coefficient value of pepper in the treatment S3I3 

 

The reason of small variations in the values obtained in other results in Table 7 is that in some cases due to 

the overlapping of plant growth stages, four stages of growth are turned into three stages, that is, the growth 

stages in the early and middle stages are incorporated. Thus, the numbers are slightly different from each other. 

If growth and development phases are separated from each other, the numbers will be closer together. 

 

Conclusion: 

In order to understand the effect of water tension and salinity on water requirement and crop coefficient of 

bell pepper in greenhouse condition, one experiment has been done in experimental greenhouse in the 

experimental greenhouse located in Faculty of Agriculture of Ferdowsi University of Mashhad during the winter 

and spring of 2013-2014. The results of the present study have shown that soil moisture percent has been 

decreased by increasing salinity and reducing irrigation water. Potential evapotranspiration amounts were almost 

constant during growth period. Crop evapotranspiration rates have been reduced by increasing salinity and 

reducing irrigation water; so irrigation water consumption rates has been decreased. The crop coefficient values 

for bell pepper during the growing season in daily form showed that crop coefficient holds initially an increasing 

trend, then an almost constant trend and finally a downward trend. The crop coefficient values were calculated 

at different periods of growth for applied treatments in this study by examining the changes process of crop 

coefficient. The results show that the crop coefficient value is decreased by increasing salinity and shortage of 

irrigation water. The examining of the results indicate that having precise information of changes in greenhouse 

climates is vital for irrigation management in new planting systems such as greenhouse, because the 

greenhouses often have a half-controlling system and the outside conditions have great influence of inside 

conditions of greenhouse. It is also necessary to determine the water requirement that the coefficients related to 

the plant be estimated and planning irrigation carried on based on the situation. If applying tension (deficit 

irrigation / salinity), it is better used the dual crop coefficient instead of using a single crop coefficient to 

increase planning accuracy to determine the water requirement. 
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