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 1 kg of apples ……….  

 

200 l of water 

Let’s guess! 



= 



 1 kg of apples ……….  

 1 liter of milk ………… 

 1 beef steak …………. 

 1 Hamburguer ………. 

 

200 l of water 

Let’s guess! 

1,200 l of water 

1,400 l of water 

1,000 l of water 

 1 person/day ……….  3,500 – 4,500 l of water 

 1 family/day ………… 14,000 l of water 

 1 person/year ……….. 1,460 m3 of water 

 1 family/year ………… 5,110 m3 of water 

Water 
demands to 
feed 
population: 



How 





Source: diffen.com 



La utilització d’aigua i necessitats de 
reg 

Source: Taiz L., Zeiger E., 2010 
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How to irrigate? 

Source: USDA 



“ Automating irrigation systems is not simply 
a process of selecting physical components to 
operate valves, motors, pumps, and switches, 
but rather one of collecting and interpreting 
data on soil water status, plant water use 
and stress, and weather, and then using this 
information to schedule irrigation based on 
previously established management goals.” 
 
 
 
 
J. Ayars & C. Phene on Microirrigation for Crop 
Protection. 

Automating irrigation schedulling – basic principles 



• Irrigation schedulling: calculating irrigation 
dose & how to implement it 

 
• Need to know: 
Location & weather 

Crop 
Soil 

Automating irrigation schedulling – basic principles 



R 

E 
Runoff 

Water use & irrigation requirements 

T 
T 

T 

Deep percolation 

Absorption R 

Irrigation 

E + T = ET 



Estimate ETc 
ETc = ETo * Kc 

Irrigation need  ≈  ETc 
 

Weather data 2 

3 

Water balance 

Water Balance with the FAO/Penman-Monteith (FAO-56) model: 

Automating irrigation schedulling – dose 

1 

Source: phys.org 

Source: irrigationglobal.com 



FAO/Penman-Monteith equation (FAO-56) 

Automating irrigation schedulling – dose 



 ETo(grass) 

T 
T 

T T 
T T 

* Kc 



Source: FAO No. 56 



ETc = ETo(grass) * Kc 

T 
T 

T T 
T T 

* Kc 



Apple Water Use in a Humid Climate  
The Problem  

          
             
    

 
            

             
          

ETc = ETo * Kc too much irrigation in NY, 
especially in cool years 

Automating irrigation schedulling – dose 



Tall 
structure of 
apple trees 

affects 
transpiration 

Apple Water Use in a Humid Climate - The Problem  

          
             
    

 
            

             
          

From Jones H.G., Plants and Microclimate 3rd Ed, 2014  

Isolated Plant Low Grass Orchard 

Automating irrigation schedulling – dose 



H 

Egrass = f(Rad, VPD-Stom) 

Etree = f(Rad, VPD, Stom) 

X X 
Source: A.  Lakso 



• Sap flow gauges were used with short-term 
direct calibration with “balloon” gas 
exchange, then balloons removed  

• Key micromet parameters measured 
simultaneously 

Measurement of Tree ET in New York 

Source: A.  Lakso 



Apple-Specific Penman-Monteith Equation 
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Dragoni, D. and Lakso, A.N. 2011. An apple-specific 
ET model. Acta Hort. 903:1175-1180. 



 
Online version: Cornell Apple ET Model 
  
Programmed to automatically calculate daily apple tree ET 
based on data from weather stations in the apple-growing 
regions 

Getting the Model to Users 

Collaboration with Dr. Art DeGaetano, Director 



http://newa.cornell.edu/cropmanagement/appleirrigation 
 

http://newa.cornell.edu/cropmanagement/appleirrigation


-10,526 
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Water requirement calculation 

Irrigation 

Soil 

ESCORRENTÍA 
 
 
 
O.K. 

HIPÒXIA 
 
 
 
O.K. 

EXAMPLE: 
 

Emitter flow = 1 GPH 
Emitters spacing = 3.5 feet 
 
 

Infiltration area =  Emitters spacing 
Infiltration area =  12 ft x 3.5 ft =  42 ft2/tree 
 

 
Application rate =  
 
 
Application rate = 1 / 42 ~ 0.02 GPH / ft2 

 

1037 GPH / acre 
 
 

Flow 
Infiltration area 

GPH 

 
If we need to irrigate 10,526 

gallons/acre: 
 

 
 
 
 

10,526 
1037 

= 10 h  



Sandy soil Clay soil Loam type soil 

Particle 
Pores 

Quick drainage  
Low humidity retention 

Slow drainage, but not limiting  
Good humidity retention 

Very slow & poor drainage 
High humidity retention 

Aireation problems 

Each soil has its own properties 

Source: agriculture.vic.gov.au 



Source: intechopen.com 



Water requirement calculation 

Irrigation 

Soil 

ESCORRENTÍA 
 
 
 
O.K. 

HIPÒXIA 
 
 
 
O.K. 

GPH 

 
If we need to irrigate 10,526 

gallons/acre: 
 

 
 
 
 

10,526 
1037 

= 10 h  

 
 
Sandy soils irrigate daily: 1.6 h/day 
 
Clay soils irrigate twice a week: 5 h/day 
 



Why 



Functions of water in plants: 
 Mantenance of cell turgor 
 It regulates the plant temperature  (through transpiration) 
 Uptake & transport of nutrients & secondary plant compounds 
 Element involved in many internally chemical processes (Photosynthesis) 

 

What if water is missing? 
 

 
 

Why irrigate 



1. Transport through the soil 

2. Transport from outside to 
inside the root 

3. Transport through the plant 

Nutrient uptake 

1 

Water is the driving force of the 
plants, and regulates many 

processes, is the major responsible 
for nutrient uptake 

If irrigation fails, fails nutrition. 



Why irrigate 



 DARWIN 
 
Màquina  
per aclarida 
mecànica  
de flors 

Water Stress with Young Trees 

• Limited root system due to digging in nursery 
• Transplant shock  
• Rapid Leaf area development with branched trees 

• Highly feathered trees experience water stress in 
late May and June due to limited root systems 
and extensive leaf area 
 

• Water must be applied frequently to limit water 
stress on newly planted trees. Trickle irrigation 
must be installed within 2 weeks of planting 
 

• Newly planted trees have limited nutrient uptake 
due to damaged root systems. 



2015 Trial 



 DARWIN 
 
Màquina  
per aclarida 
mecànica  
de flors 

2012 Tree ET Data for 
Western NYS 



2015 Data 
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2015 Data 
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Water deficit! 



2012 
Cumulative 
Water Balance 
for Western 
NYS 

Mature Trees 



2012 
Cumulative 
Water Balance 
for Western 
NYS 

YoungTrees 



Assessing Tree Water Status 



Assessing Tree Water Status 

Source: thefullwiki.org 

Source: nrelscience.org 
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Yield (kg) Fruit size (g)

2015 Data 
Geneva 
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2015 Data 
Hudson 

~ 1.5 kg 



Per acre Irrigated Non-irrigated Difference 
Yield 11.2 kg/tree 9.7 kg/tree 1.5 kg/tree 
Yield (1,117 trees) 12,560 kg 10,849 kg 1,710 kg 
Yield (1,980 trees) 22,263 kg 19,231 kg 3,032 kg 
Yield (1,117 trees) 692 bu 598 bu 94 bu 
Yield (1,980 trees) 1,227 bu 1,060 bu 167 bu 
Income (1,117 trees) 7,410 $ 5,858 $ 1,552 $ 
Income (1,980 trees) 13,135 $ 10,385 $ 2,750 $ 

Per ha Irrigated Non-irrigated Difference 
Yield 11.2 kg/tree 9.7 kg/tree 1.5 kg/tree 
Yield (2,778 trees) 31,236 kg 26,982 kg 4,254 kg 
Yield (4,902 trees) 55,118 kg 47,611 kg 7,507 kg 
Yield (2,778 trees) 1,722 bu 1,487 bu 235 bu 
Yield (4,902 trees) 3,038 bu 2,625 bu 414 bu 
Income (2,778 trees) 18,429 $ 14,570 $ 3,859 $ 
Income (4,902 trees) 32,520 $ 25,710 $ 6,809 $ 



Keep in mind 
• Newly planted apple trees can undergo water stress 

soon after growth starts limiting first year growth 

• Trickle irrigation has its largest impact in the first few 
years and so should be installed early in the first year 

• In dry years, the application of water should begin in  
mid-May.  In other years, the application of water can be 
delayed until early June. Check Cornell model 

• Using the ET model to precisely apply the proper amount 
of water will help ensure that proper fruit size is achieved 
each year 

 



 DARWIN 
 
Màquina  
per aclarida 
mecànica  
de flors 

Precision Irrigation 

Thanks for your attention! 
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