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Field comparison of drip and hose reel irrigation performance 

results of a three year research project in Italy 

Florence  

Rome  

11 farms 

Sub-humid climate 



Crop 
Irrigation 

System 

Crop water 

requirements 

(mm) 

Effective 

Rainfall 

(mm) 

Net Irrigation 

Requirement 

(mm) 

Seasonal 

Irrigation Supply    

(mm) 

Water 

surplus 

(m3/ha) 

Irrigation 

Efficiency 

(%) 

Onion 
Sprinkler  

256 64 
192 268 760 72 

Drip  192 303 1110 63 

Processing 

Tomato 

Sprinkler  272 
131 

141 160 190 88 

Drip  224 93 115 220 81 

Processing 

Tomato 

Sprinkler  231 60 171 194 230 88 

Drip  229 89 140 245 1050 57 

Tobacco 
Sprinkler  162 

0 
162 189 270 86 

Drip  154 154 238 840 65 

Onion  
Sprinkler  

498 348 
150 224 740 67 

Drip  150 241 910 62 

Processing 

Tomato 

Sprinkler  311 
211 

100 133 330 75 

Drip  296 85 171 860 50 

Processing 

Tomato 

Sprinkler  428 
334 

94 120 260 78 

Drip  414 80 204 1240 39 

Tobacco 
Sprinkler  343 

237 
106 125 190 85 

Drip  338 101 129 280 78 

Onion  
Sprinkler  285 

103 
182 223 410 82 

Drip  253 150 238 880 63 

Processing 

Tomato 

Sprinkler  298 68 230 263 330 87 

Drip  267 71 196 348 1520 56 

Tobacco 
Sprinkler  217 

94 
123 188 650 65 

Drip  211 117 144 270 81 

Field comparison of drip and hose reel irrigation performance 

results of a three year research project in Italy 



Florence  

Rome  

Crop water req: 4000-4500 m3/ha 

Net irrigation req: 3000-3500 m3/ha 

Seasonal irrigation: 6000-6500 m3/ha 

Irrigation efficiency: ~50-60%  

Water losses: up to 3000 m3/ha 

Processing Tomato in South Italy (avg season) 



Florence  

Rome  

SUMMER 2012 

Dams and reservoirs  

(nearly) empty   

Processing Tomato in South Italy (avg season) 



1-There is evidence that: 

• users don’t know crop (irrigation) water requirements; 

• users don’t know how much water they supply;   

• when water is not a limiting factor (availability, cost), water use is 

inefficient in most cases. 



2-There is evidence that: 

• water is fundamental for crop production; 



Plants use water for three major purposes: 
 
1. to transport dissolved chemicals and minerals 

(fertilisers) from the plant root hairs to the rest of the 
plant 
 

2. to control the physical shape and direction of growth 
of the plant (water pressure in plant cells provides 
structure) 
 

3. to assist in control of leaf temperature. 
 

Destination of absorbed water (e.g., annual crops ~98%) 
is the atmosphere.  
 



Water vapour 

CO2 O2 

photosynthesis 

stoma 

Radiation 

Irrigation, Cemagref 

Water transfer from the root system to the atmosphere is called 

TRANSPIRATION 



When evaporation from the soil is computed, the combined condition is 

called EVAPOTRANSPIRATION. 



Analysis of crop water use 

• Water for crop ET is stored in the soil;  

 

• upward water flow starts in the soil; 

 

• understanding soil water balance. 



The water balance estimates the volume of water moving 
into a defined area (e.g., volume of soil, which has defined 
vertical and horizontal boundaries), the change in 
volume of water in the area and the volume of water 
moving out of the area during a given time period. 

Water balance 



Components of soil water balance 

FAO, I&D paper 56 



Components of soil water balance 

FAO, I&D paper 56 



Evolution of soil water content  

FAO, I&D paper 56 



Evolution of soil water content  

FAO, I&D paper 56 

The water lost in the evapotranspiration process is the  

net crop water requirement 



• When adequate moisture is available to the plant there 
is a continuous flow of water from the root hairs up to 
the leaves.   

• If inadequate moisture is present in the soil, then water 
related stress happens. 

• Too much water in the rootzone for long periods can also 
be damaging to plants due to a reduction in oxygen in 
the area around the root hairs. This can occur when 
irrigation is performed too frequently or in too great 
amount for the plant to remove and use. 



Factors affecting evapotranspiration 

SOIL: 
-texture 
-structure 

CLIMATE: 
-temperature 
-relative humidity 
-radiation 
-wind 

PLANT: 
-type 
-growth stage 



Climate 
and 

Evapotranspiration 



Sunlight (solar radiation).  
Sunlight provides most of the energy used in the 
evaporation of water from the soil and in the process of 
plant transpiration, which is the transformation of water 
in the soil to the water vapour that leaves the plant 
through leaf surfaces.   
Sunlight is measured in terms of its intensity and duration 
and is influenced by cloud cover, altitude and the shading of 
nearby plants, structures, or terrain. 



Wind.  
Wind moves air across leaf and soil surfaces 
and increases the amount of water vapour 
removed from the landscape.  Wind is 
measured in terms of its velocity, direction 
and duration and may be slightly influenced by 
trees and other crops. 



Air Temperature.  
Temperature influences the rates of transpiration from the 
plant and evaporation from the soil.  Higher temperatures 
result in more rapid removal of water from the landscape. 
 



Humidity.  
Humidity is a measure of the water vapour content of the air.  
Lower humidity (dry air) provides a greater differential 
between the moist leaf surface and the air, which increases 
the rate of water loss from the plant.  Humidity is typically 
quantified in terms of relative humidity (relative to completely 
saturated air). 



The influence of meteorological 

parameters on crop water requirements 

is summarized by the FAO approach 

into the 

reference evapotranspiration (ETo)  



FAO definition for the reference surface:  

"A hypothetical reference crop with an assumed crop height of 0.12 

m, a fixed surface resistance of 70 s m-1 and an albedo of 0.23." 

The reference surface closely resembles an extensive surface of green 

grass of uniform height, actively growing, completely shading the ground 

and with adequate water. The requirements that the grass surface 

should be extensive and uniform result from the assumption that all 

fluxes are one-dimensional upwards.  

 

FAO, I&D paper 56 



The FAO Penman-Monteith method is 

selected as the method by which the 

evapotranspiration of this reference surface 

(ETo) can be unambiguously determined, 

and as the method which provides 

consistent ETo values in all regions and 

climates.  

 FAO, I&D paper 56 



FAO Penman-Monteith 



FAO methodology to calculate ET crop from ETo 



Crop water use will vary with climate, weather conditions and stage of crop 

development. To relate crop water use to Reference Evapotranspiration (ETo), 

crop coefficients (Kc) have been developed for most crops.   

FAO methodology to calculate ET crop from ETo 



ETo represents an index of climatic demand 
 
Kc varies predominately with the specific crop characteristics 
and only to a limited extent with climate.  
 
This enables the transfer of standard values for Kc 
between locations and between climates.  

FAO methodology to calculate ET crop from ETo 



Crop 
and 

Irrigation  



Components of soil water balance 

FAO, I&D paper 56 



Crop and irrigation 

A crop develops under optimal conditions when the 
water need is met during the growing time. 

• Irrigation is (1) the human activity that results in 
supplying water, in addition to precipitation, to 
encourage crop growth (ICID).  

• Irrigation is (2) the application of water 
supplementary to that supplied directly by 
precipitation for the production of crops (Proceedings of 

the Consultation on Irrigation in Africa, Lomé, Togo, 1997).  



Crop and irrigation 

Irrigation water is supplied to the soil by using different 
systems and according to different strategies 
(management). 

Irrigation Management aims to manipulate soil water 
content in order to achieve specific objectives (e.g., 
crop yield, quality). 

Management is described by the irrigation parameters  
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Sprinkler  



Micro  



Management example 
Strategy: keep soil water content in a range to avoid 

both water deficit and excess  

FAO, I&D paper 56 

Excess zone 

Management zone 



Irrigation parameters 

-Irrigation requirement (net to gross); 
 

-Irrigation time; 
 

-Irrigation Interval or Frequency. 



Irrigation requirement (IR) 

-Net IR = Etc; 
 

-Gross IR (to be supplied) = Etc/system efficiency 



Irrigation time 

-Irrigation time = duration of an irrigation event 
 



Irrigation interval 

-Irrigation Interval or Frequency = time from the start 
of two subsequent irrigations 



• Assessment of crop water requirements 

and irrigation management is quite 

complex. 



 







Output NET IRRIGATION REQUIREMENT can be 
manage by design support tools, able to assess 
 

-  Gross Irrigation Application Depth; 
 

- Irrigation Time; 
 

- Water losses; 
 

- Energy requirements. 









• Sustainable water use in agriculture is achievable 

 

• Importance to strenghten the role of Met services to 

supply Eto information and take care of data quality 

 

• Agrometeorological networks to support irrigation 

practice under different conditions of water avalaibility  

 

• Support the participation of Water users associations 

and Agric Extension services in the framework of the 

CAMI project objectives. 

Future perspectives 



Thank you! 


