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Abstract: 

A study was carried out to determine the crop water requirement and to schedule irrigation of salad cucumber under soilless 

culture in a naturally ventilated playhouse. Crop water requirement was determined by using the FAO CROPWAT model. The 

model determines Reference crop evapotranspiration (ETo) using the FAO Penman Monteith equation. In the study, coir pith was 

selected as media substrate. Four main datasets are used as inputs in the CROPWAT estimation viz climat ic, crop, soil/substrate 

media and rainfall. Total irrigation requirement of salad cucumber was computed by adding irrigation requirement of each stage 

of crop growth and the value obtained was 30.45 cm. From the study it was clear that the estimation of crop water requirement 

can be made effortless, more accurate and less time consuming using the model. The results obtained from the study can be used 

as a guide by farmers for selecting the amount and frequency of irrigation for the crop studied. 
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I.  INTRODUCTION 

 

Poly house farming as well as other modes of controlled 

environment cultivation has been evolved to create favourable 

micro -climates, conducive for crop production, making 

cultivation possible throughout the year or part of the year as 

required. Adopting soilless culture in protected cultivation with 

technical practices like integrated plant protection, fertigation, 

drip irrigation and climate control ensures better yield and 

water use efficiency. Coir pith can be useful as substrate media 

in soilless cultivation. Furthermore, its distinct features like 

water holding capacity and enhanced aeration enables the 

usage for various agricultural purposes. Proper irrigation 

management is essential for improving the productivity and 

quality of crops grown in the greenhouse in which rainfall is 

blocked by the cover. Exact time and amount of irrigation are 

two determin istic factors for the efficient irrigation 

management. Precise selection of operating parameters and 

scheduling of irrigation requirements scientifically can result 

in better yield in soilless production system. Development of 

software would make the process of computation of depth of 

irrigation water requirement much easier. In this context 

CROPWAT appears to be increasingly effective which uses 

the Penman Monteith concept in computation of crop water 

requirement. Coir pith based media has good water holding 

capacity and high volume expansion and there is a scope to 

study the irrigation scheduling on coir pith based media, so 

that frequency of irrigation and quantity of water applied can 

be reduced compared to conventional methods. Generally  

studies on coir pith based media stresses on applying irrigation 

with the same amount of water as in soil. There have been no 

reported studies on the irrigation scheduling in coir pith to find 

out whether lesser amount of application or less frequency of 

irrigation can sustain the crop without effecting yield. Hence a 

study was conducted to calculate the actual crop water 

requirement of salad cucumber grown in coir pith media in the 

naturally ventilated poly house.  

 

II. MATERIALS AND METHODS  

 

The field experiment was conducted by growing salad 

cucumber in a naturally ventilated polyhouse of 292 m
2
 area 

(36 m length and 8 m width) at the Precision Farming 

Development Centre, KCAET, Tavanur, Kerala, India during 

the winter season of 2014. The site is situated on the cross 

point of 10
o 

51’18” N lat itude and 75
o
 59’ 11” E longitude at 

an altitude of 8.54 m above mean sea level.  Agro-climat ically, 

the area falls within the border line of northern zone and 

central zone of Kerala. Most part of the rainfall received in this 

region is from south- west monsoon. The average annual 

rainfall varies from 2500 mm to 2900 mm. The average 

maximum temperature of study area was 31ºC and the average 

minimum temperature was 26ºC. CROPWAT is a decision 

support system developed by the Land and Water 

Development Division of FAO for p lanning and management 

of irrigation. It is a computer program that uses the FAO 

Penman-Monteith model to calculate reference 

evapotranspiration (ETo), crop water requirements and crop 

irrigation requirements (FAO, 1992). The program allows for 

the development of irrigation schedules under various 

management and water supply conditions and to evaluate 

rainfed production, efficiency of irrigation practices and 

drought effects (FAO, 2002). 

 

Data requirements for CROPWAT 

  

Four main datasets are used as inputs in the CROPWAT 

estimation: climat ic, crop, soil and rainfall. In this study 

climate and crop data were g ives as inputs, based on local 

values. The climat ic data include maximum and minimum 

temperatures (ºC), mean daily relative humidity (%), daily  

sunshine (hours), wind speed (km/day) and rainfall (mm). The 

crop parameters include: water stress coefficient (Ks), length of 

the growing season, critical depletion level, and yield response 

factor (Ky). The soil data include total available soil water 
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content, maximum infiltrat ion rate, maximum rooting depth 

and initial soil water content at the start of the season. 

 

Climate module  

The daily data of rainfall, minimum temperature, maximum 

temperature, humid ity, sunshine hours, and wind speed for 

twelve months were used to calculate radiation and reference 

crop evapotranspiration (ET0). Measured data of minimum 

temperature, maximum temperature and relat ive humid ity 

inside the naturally ventilated polyhouse were used as input to 

the climate module. Other data on wind speed and sun shine 

hours were taken from the Meteorological station at KAU, 

Thrissur for the year 2012 and suitable correction factors for 

the polyhouse were applied based on literature due to lack of 

the year wise polyhouse data. Wind velocity value was reduced 

by 10% and sunshine hours was assumed to be the same. 

(Neelam et al. 2010). Radiat ion and ETo were calculated by the 

model.  

 

ETo calculation using CROPWAT 

To calculate reference evapotranspiration (ETo), using the 

Penman-Monteith method, daily mean data are required, 

including Maximum and min imum temperatures (°C), 

Sunshine hours (hour), Wind Speed (km/day) and Relative 

Humid ity (%). 

The Penman-Monteith form of the combination equation is,  

 

 
Where, ETo is the reference evapotranspiration (mm day

-1
), Rn 

is the net radiation (MJ m
-2

 day
-1

), G is the soil heat flux 

density (MJ m
-2

 day
-1

), T is the mean daily air temperature at 

2m height (°C), U2  is the wind speed at 2m height, es is the 

saturation vapour pressure (kPa),ea is the actual vapour 

pressure (kPa), (es - ea)  is the vapour pressure deficit of the air 

(kPa), Δ is the slope vapour pressure curve (kPa °C
-1

) and γ is 

the psychometric constant (kPa °C
-1

). 

 

Rainfall module  

 

The input data for the rain module is daily rainfall data. In  

order to account for the losses due to runoff or percolation, 

effective rain fall is  calculated by empirical method viz USDA 

method. In polyhouse cultivation rainfall is considered as zero.  

 

Crop module 

 

The details of crop related to the study such as duration of 

different stages of growth of salad cucumber in days, Kc 

values, rooting depth (m), crit ical deplet ion (fraction), y ield  

response factor and crop height (m) are g iven as input to the 

model.The specific details of salad cucumber were collected 

from FAO, 1998. The respective primary data related to the 

crop of the study area is given in the Table 1. 

 

  Table. 1. Data  for  Crop Module  

Crop name : Salad Cucumber                                   

Stages 

(days) 

Initial  Develop Mid Late Total 

20 32 35 20 107 

Kc values 0.6 0.6 1 0.75  

Rooting 

depth (m) 

0.5 0.5 0.5 0.7  

Critical 

depletion 

(fract ion) 

0.5 0.5 0.5 0.5 0.5 

Yield 

response 

factor 

1.1 1.1 1.1 1.1 1.1 

Crop height 

(m) 

2.75 

In the crop module data, Total duration of the crop was 107 

days. Maximum rooting depth comes to 70 cm. Average crop 

height was taken as 2.75 m. Other data were taken from FAO, 

1998. 

 

Soil module  

 

 In this study coirpith was the media used. Various parameters 

included in soil module were total available water (TAW), 

maximum rooting depth and initial soil moisture depletion. 

Total availab le water for co irp ith was determined using the 

pressure plate apparatus. TAW of coirpith was calculated by 

the equation, 

 

TAW = Field capacity – Permanent wilting point. 

 

Maximum rooting depth was taken from FAO, 1998. In itial 

soil moisture depletion was fixed at 50% level. 

The input data to soil module are presented in Table 2. 

 

Table .2. Soil Module-Input data  

Total availab le soil moisture (FC -WP) 275.05 

mm/meter 

Maximum rooting depth 70 cm 

Initial soil moisture depletion (as % TAM) 50 % 

Initial available soil moisture 137.5 mm/ 

meter 

 

Crop Water Requirement module  

 

The amount of water required to compensate the 

evapotranspiration loss from the cropped field is defined as 

crop water requirement. Crop water requirement refers to the 

amount of water that needs to be supplied, while crop 

evapotranspiration refers to the amount of water that is lost 

through evapotranspiration. The crop water requirement 

module includes calculations, producing the irrigation water 

requirement of the crop on a daily basis and over the total 

growing season, as the difference between the Crop 

evapotranspiration under standard conditions and the Effective 

rainfall.  

is termed as the crop water requirement (CW R) in  

mm/day. It is defined as “the depth of water needed to meet the 

water loss through evapotranspiration of a disease free crop, 

growing in fields under non-restricting soil conditions 

including soil water and fertility and achieving full production 

potential under the given growing environment”(Doorenbos 

and Pruitt, 1977).The model calculates ETc  as,  

where, Kc is the crop 

coefficient 

The crop water requirement (ETc) of salad cucumber 

was computed by multip lying the crop coefficient (Kc) with 

ET0 at different growth stages and irrigation requirement is 

computed as, 

Irrigation requirement = ETc - Peff. In this case as, under 

greenhouse conditions Peff was zero  the irrigation requirement 

was same as ETc. 

 

III. RES ULTS AND DISCUSSION 

 

The input data i.e. climate, soil/substrate media and crop 

related to the study area were fed to the CROPWAT model to 

estimate the crop water requirement. Data of monthly average 

values of climate data collected from the observatory and the 

calculated radiation and ETo are  g iven in the Table 3. High  



International Journal of Engineering Science  and Computing, December 2016           3547                                                        http://ijesc.org/ 

values of ET0 are obtained  during the months of February, 

March, April and May. The highest value of ET0 is estimated is 

4.37 mm per day in February. The lowest value of ET0 is 

estimated is 2.86 mm per day in Ju ly.  

 

Table. 3. Monthly Average Values of Climatic Parameters 

Month 
Min temp 

°C 

Max temp 

°C 

Humidity 

% 

Wind 

Km/day 

Sun 

hours 

Rad 

MJ/m
2
/day 

ETo 

mm/day 

January 24.8 34.2 62 15 8.5 19.6 3.76 

February 25.9 37.1 63 12 8.7 21.3 4.37 

March 25.2 36.1 65 10 7.5 20.7 4.34 

April 25.6 35.7 71 10 6.2 19.1 4.17 

May 24.3 33.2 75 9 6.1 18.6 4.01 

June 22.8 28.6 85 8 2.8 13.4 2.87 

July 22.5 28.4 86 8 3.2 14.1 2.86 

August 22.9 30.0 85 11 2.9 13.8 2.88 

September 23.9 29.9 82 8 4.6 16.3 3.30 

October 23.5 33.2 74 10 6.2 17.8 3.59 

November 23.8 33.8 54 8 7.0 17.8 3.27 

December 24.9 34.7 45 13 7.1 17.2 3.14 

Average 24.2 32.9 71 10 5.9 17.5 3.55 

 

 
Figure. 1. Monthly Variation of Minimum Temperature (ºC), Maximum Temperature (◦C), Relative humidity and ET0  

(mm/day) 

 
Figure. 2. Monthly Variation of Sunshine duration (hours), ETo (mm/day) and Radiation (MJ/m

2
/day) 
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Fig.1 shows the monthly variation of min imum temperature 

(°C), maximum temperature (°C), Relat ive humidity and ET0. 

The maximum temperature was recorded during the month of 

February and min imum temperature was recorded during the 

month of July. From the figure it is evident that ET0 values 

vary with temperature and humid ity and maximum ET0 was 

recorded during the month with maximum temperature.  

Fig.2 presents monthly variation of sunshine (hours), ETo 

(mm/day) and radiation (MJ/m
2
/day). The maximum sunshine 

hours was recorded during the month of February and the 

minimum sunshine hours was recorded during the month of 

July. The maximum ETo and radiat ion were recorded during 

February and the minimum during the month of July. From the 

data it is understood that sunshine and radiation influences the 

reference evapotranspiration. Table 4 presents the output of 

CWR calcu lations for salad cucumber. Total irrigation 

requirement was computed by adding irrigation requirement of 

each stage of the salad cucumber and the value obtained was 

30.45 cm. 

 

Table .4. Estimation of Crop Water Requirement of Salad Cucumber  

ET0  station : Tavanur                                                               Crop : Salad cucumber  

                                                                                                      Planting date : 24/11                                                                                                       

Month Decade Stage Kc  ETc  ETc  Eff. rain Irr. Req. 

   coeff mm/day  mm/dec mm/dec mm/dec 

Nov 3 Init  0.60 1.86 13.0 0.0 13.0 

Dec 1 Init  0.60 1.90 19.0 0.0 19.0 

Dec 2 Deve 0.62 1.96 19.6 0.0 19.6 

Dec 3 Deve 0.71 2.21 24.3 0.0 24.3 

Jan 1 Deve 0.79 2.92 29.2 0.0 29.2 

Jan 2 Mid 0.86 3.24 32.4 0.0 32.4 

Jan 3 Mid 0.86 3.29 36.2 0.0 36.2 

Feb 1 Mid 0.86 3.65 36.5 0.0 36.5 

Feb 2 Mid 0.86 3.77 37.7 0.0 37.7 

Feb 3 Late 0.79 3.50 28.0 0.0 28.0 

Mar 1 Late 0.70 2.86 28.6 0.0 28.6 

Total Irr. 

Req (mm) 
    304.5  304.5 

 

Even though, Coirpith media is characterized by good physical 

properties such as high water-holding capacity and high air 

filled porosity, the water requirement of salad cucumber for 

polyhouse cultivation with coirpith media as computed by 

CROPWAT model was almost same as that in open field. This 

may be because, for poly house cultivation, rain input to the 

module was given as nil and effective rainfall component was 

nil. Other weather parameters like wind speed, radiation etc are  

 

 

less inside poly house which would contribute to lesser water 

requirement value. The  advantages of low wind speed include 

low evapotranspiration rate that means lesser water 

requirements (Abou-Hadidet al., 1994). The plants inside the 

polyhouse received about 18-20 % less energy as net solar 

radiation form than the outside condition. The type of roof 

material used causes  the reduction of the total solar radiat ion 

inside the polyhouse. The reduction of solar energy received 

by the plants also results in the reduced evapotranspiration 

(Neelam et al., 2010). 

 

IV. CONCLUS ION 

 

The crop water requirement of salad cucumber was determined 

using the CROPWAT model. Four main datasets were used as 

inputs in the CROPWAT estimation: climate, crop, soil and 

rainfall. The details of these parameters were fed to the 

CROPWAT model to estimate the crop water requirement. The  

total crop water requirement of salad cucumber obtained was 

30.45 cm. From the study it was clear that the computation of 

total CWR became effo rtless, less time consuming and more 

accurate. The results obtained from the study can be used as a 

guide by farmers for selecting the amount and frequency of 

irrigation fo r the crops studied. 
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