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Soil 
Soil characteristics the choice of crop to be grown. 

Influence planning of irrigation and Nutrigation™. 

soil is composed of three components: sand, silt and clay.  

affects the soil's texture, influencing its  

Water retention rate. 

In most soil types the particles form 

bigger units, known as aggregates. 

Between the particles, aggregates and 

 clods there are pores. 



It determines how quickly the soil accepts water,  

and it should be known prior to design of a 

irrigation system since it influences emitters flow  

rate and spacing. 

 

It determines how much water the root zone  

water reservoir holds, and how much of that  

water is  available to the plant. 

Soil texture affects irrigation scheduling in two important ways: 



Soil Types 

Gravel: Rock fragments 2 mm to 75 mm in diameter. 

Sand: A soil particle between 0.05 and 2.0 mm in diameter 

Silt: A soil separate consisting of particles between 0.05 and 

0.002 mm in equivalent diameter. 

 Clay: As particle-size term – a size fraction less than 0.002 

mm in equivalent diameter. 

Soil texture: The relative proportions of the various soil 

separates in a soil. 



Properties of Soil Separates 

 Sand 
Sand-sized particles (2 mm – 0.05 mm diameter) are irregular 

in size and shape.  

Sand feels gritty when pressed between figures.  

The large pores between sand particles promote drainage 

and aeration in soil. 

PERCOLATION M”M/H – INFILTRATION RATE M”M/H  

Sand / Gravel soils  - 25- 200 mm/h. 



 Silt 
Silt-size particles (0.05 mm – 0.002 mm diameter) are essentially 

micro-sand particles.  

Silt feels smooth as flour.  

Silt-sized particles are much smaller than sand-sized particles. 

The size of pores between particles is smaller.  

Water are held by capillary forces and against the force of 

gravity. 

Silt by itself is not sticky or plastic even when wet, and this is 

what differentiate silt from clay. 

 Silt / loam  -   fine texture – 4-7 mm/h. 



 Clay 

Clay-sized particles (smaller than 0.002 mm diameter) have 

large ratio of surface to volume, 10-1000 m2/g, in compare to 

Silt – 1 m2/g and Sand – 0.1 m2/g. 

Clay particles have a tremendous capacity to absorb water and 

other substances on its surfaces. 

Clay is sticky when wet, and hard and cloddish when dry. 

Clay soils are slow in water and air movement. 

The presence of expanding clay leads to cracking of soil during 

dry spells. 

PERCOLATION M”M/H   – INFILTRATION RATE M”M/H 



Soil Structure 

The combination or arrangement of primary soil particles into 

secondary particles. 

 

Soil structure is a fundamental property, which makes the soil a 

porous medium. 

 

A number of physical, chemical and biological processes are 

affected by soil structure. 
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USABLE UNITS IN IRRIGATION 

Dunam = 1000 m^2 

Acre = 2500m^2 

Hectare = 10000^2 = 10dunam = 4 acre 

1 m’ 
                              m’1,000 

AREA UNITS 

VOLUME UNITS       
1000 liter =  1 m^3 

1m^3/dunam = 1 m”m/duam 
 מ"מ 1

1,000 m’  x 1 m’ x 0,001 m’ = 1 m^3/dunam =  10m^3/hectare 

          area = m^2  x  volume m’   = m^3 water amount                        



Irrigation System Design 

Soil Types 

The shape of the wetted zone (bulb 

“onion”) depends on the physical 

properties: 

 

-In light soils the distribution of the 

water will be narrow and deeper. 

 

-In heavy soil the distribution of 

the water will be relatively 

spherical shape. 
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Steady 

State or 

Basic 

Infiltrati

on Rate 

Infiltration rate in soil, is a measure of the rate that soil is able to 

absorb rainfall or irrigation.  

 

Soil Infiltration rate is expressed by mm/h or inch/h 

 

Can be measured by Infitrometer 

 

If the precipitation rate exceeds the  

infiltration rate, runoff will usually occur 
 

 

Soil infiltration rate 

Soil Components 

Sand 

Silt 

Clay 

The relative amount of each 

component effect the soil texture 

and the infiltration rate 
 

 



APPLICATION RATE m”m/h 
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Irrigation basic formulas 

Soil Infiltration Rate 

The soil’s ability to absorb water over a set period of time. 

This rate is expressed in units of mm per hour. 

On-surface water runoff 

The on-surface water runoff is created when the irrigation or 

rainfall application rate is higher than the soil infiltration 

rate.  

In this case water is accumulating or flowing over the soil 

surface. 
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SATURATION 
TOO MUCH 
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WILTING POINT 
TOO LITTLE 

17 



FIELD CAPACITY 
“THE GOOD LIFE” 
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THE SOIL WATER BALANCE 

ET = I + P – RO – DP + CR    SF    SW  Water balance equation: 

Where: 

 I  = Irrigation 

 P  = Precipitation 

 RO  = Surface runoff 

 DP  = Deep percolation 

 CR  = Capillary rise 

 SF  = Subsurface flow 

 SW  = Soil water storage 
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Evaporation pan 

Evaporation Pan 

A standard water pan (class 

“A” pan) used for 

measuring the daily 

evaporation (in mm) from 

free water surface. 

Evaporation Pan Coefficients 

Experimental coefficients found for various crops. 

The daily pan evaporation reading is multiplied by these 

coefficients to determine the exact water quantity required 

for irrigation. 

 



The amount of water evaporating during 24 hours  

from a free water surface (sea, lake, reservoir, etc.) 

Average Evaporation Rate in central part of Israel (mm/day )* 

   April      May      June     July    August   September  October  

November 

                          

    4.4       5.9        6.8         6.9        6.6             5.7              4.3             

3.0 

Evaporation ‘A Class’ Pan 

Evaporation 



Crop Coefficient 

In most of the cases, bringing back only part of the evaporated 

water, according to the plant’s  

age and growing season. 

April     May      June     July    August   September  October  

November 

                          

    0.4        0.5        0.6        0.8         1.0            0.8              0.5           0.3 

Example:  Transpiration factor of  0.4 means bringing back  

                   only 40% of the evaporated water  

Irrigation 

Bringing back the amount of water that the plant 

consumed according to it’s size and the season 



Evaporative demand  
Of the Atmosphere  

Well watered crop 
Optimal agronomic  

conditions 

Crop Water  
Requirement  



Radiation 

wind 

Humidity 

 Temperature 

Drainage 

Percolation 

Transpiration 

Evaporation 

Factors influence plant position. 



Flowering and fruit 

set 

Fruit growth and maturity 

CROP water requirement: tomato open field 

0.2 0.6 0.9 

No days          20                                   20                                       20                                40              total 100 

0.8 

vegetative 

harvest 

kc 
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Irrigation basic formulas 

Transpiration 

Water loss by plant via the leaves, depends on the type of 

plant (wide or narrow leaves, etc.) and climate conditions. 

Evaporation 

Water loss from the soil’s surface , depends on type of 

soil, climate conditions, etc.  

 

Evapotranspiration 

Total loss of water from the plant and the soil’s surface to 

the atmosphere. 
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Irrigation basic formulas 

Kc Values - 0.5-1.2 

 

Calculation of the Daily Water Requirement (DWR): 

 

Data 

Pan evaporation           ETo = 8.4 mm/d 

Crop coefficient            Kc = 0.75 

 

DWR = 8.4 * 0.75 = 6.3 mm/d = 63 m3/ha/d 
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Irrigation basic formulas and concepts 

Calculating the Precipitation Rate (Pr) 

 

Data 

Dripper flow rate Q = 0.5 l/h 

Distance between drippers E = 0.5 m 

Distance between dripperlines D = 1.8 m 

 

Calculation 

Calculate the hourly irrigation rate as follows: 

 

Precipitation rate (Pr) =       Q        =      0.5       = 0.55 mm/h 

                                         (E x D)       0.5 x 1.8 



 29 

 

Irrigation basic formulas 

 

b. Calculate the total number of drippers per hectare: 

Drippers/ha = 5555 meter = 11111 drippers 

                           0.5 

 

c. Calculate the hourly irrigation rate: 

Irrigation Rate (IR) =       11111 drippers x 0.5 l/h =  

                                                             1000  

 

                                             = 5.5 m3/ha/h 
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Irrigation basic formulas 

Calculate the required irrigation duration (hours/day): 

 

Data 

irrigation rate:     IR = 5.5 m3/ha/h 

Irrigation time = DWR  = 63 m3/ha/d  = 11.45 (11 hours 27 min) 

                               IR       5.5 m3/ha/h 
 

Conversion of decimal hours to minutes: (decimal hours/100)*60 

Conclusion 

Based on the calculations, it takes less than 12 hours to 

irrigate the required area (63 m3/ha/d). This means that the 

effective crop area can be doubled if the equipment is 

operated twice a day. 



    

 THANK  
 YOU 
 


