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A trickle irrigation system should be designed to match the anticipated peak 
water use required by the crop.  The system design requirement is estab-
lished by the plant water requirement. This is the maximum fl ow rate which 
the system must be capable of supplying. 

A trickle system should never be designed for 24 hours of operation per 
day.  The total system operating time should not exceed 20 hours/day to 
compensate for a reduction in system fl ow rate over time.  As system fl ow 
rates decrease over time, system operating times can then be increased to 
supply the plant’s water needs.  This would not be possible if the system 
was originally designed to operate 24 hours per day.

3.1  Plant Water Requirements
Parameters that must be considered to determine the plant water 
requirement are shown in Figure 3.1  A trickle irrigation system design 
must take into account:

Climatic conditions
The peak evapotranspiration rate will normally occur during the hot-
test period of the growing season.  The system design must be based 
on this peak rate.

 Crop maturity
On all crops, plant water requirement will increase with plant growth 
and leaf coverage.  The system design capacity must be based on the 
irrigation requirements of a mature crop.

 Crop type
Water requirements for various plants will vary due to plant size, 
plant spacing, leaf area and type of leaf surface.
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 Eff ective Soil Water Storage
The eff ective soil water storage is the volume of water stored in the soil 
which is readily available for use by the plant.  It is a function of soil 
type, plant rooting depth and the plant’s ability to extract water from the 
soil. Section 3.3 provides information on soil and water relationships.

 Rooting Depth
Evaluate the plant size and condition and soil type when determining 
the plant rooting depth.  Table 3.2 provides maximum eff ective rooting 
depths for various crops. The actual eff ective rooting depth can vary due 

When the effective soil water storage capability is low, the trickle system 
design capacity must be based on the peak evapotranspiration rates that occurs 
daily. The soil is not able to store adequate water for future use. However, if 
the effective soil water storage is high, the plant can draw on the soil water 
reserve should the trickle irrigation system not supply sufficient water that 
day.

Figure 3.1            Factors Aff ecting Plant Water Requirement

to boundary layers in the soil, soil depth, and root stock selection.
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In these situations the system design capacity can be reduced as the amount of 
water supplied does not need to match the peak evapotranspiration rates that 
occur. The amount of reduction will depend upon crop rooting depth, crop 
type and soil conditions. The soil water storage factor (S) takes this into 
account in Equation 3.1, the plant daily requirement equation.

The  plant water requirement for a trickle irrigation system design is expressed 
in gallons/plant/day (G/P/D) or litres/plant/day (L/P/D). It is calculated by 
using Equation 3.1.

     G/P/D  =   0.623 × ET × S × A × K

where G/P/D =  gallons (U.S.) per plant per day

 0.623 = 27,152 gal/ac-in
43,560 ft2/acre

ET  =    Peak evapotranspiration rate for location (in/day)  
(Table 2.1)

S =     Eff ective soil water storage factor (decimal)
(Table 3.4)

A =     Plant area (ft2) –  calculated from plant spacing
K =  Crop coeffi  cient factor (Table 3.5) (decimal)

Two factors that require further explanation are the eff ective soil water storage 
factor (S) and the crop coeffi  cient factor (K).

Calculating the Eff ective Soil Water Storage Factor (S)
The eff ective soil water storage capacity of the plant root zone depends upon

(i) the  available water storage capacity of the soil (Table 3.1)

(ii)  eff ective rooting depth of mature crops (Table 3.2)

(iii) the availability of the stored water to the crop (Table 3.3)

The  availability coeffi  cient shown in Table 3.3 is the allowable depletion 
of moisture in the soil from fi eld capacity. The  soil water storage factor 
(S) is dependent upon the eff ective soil water storage capacity and peak
evapotranspiration rate (Table 2.1).  Soils and crops that produce a high
eff ective storage capacity will have a lower (S) factor as the crop has more
water to draw on during peak conditions.  Very low eff ective storage capacity
conditions will have a high (S) factor (close to 1.0).  The (S) factor increases as
the peak evapotranspiration rate increases.

     Equation 3.1

TDESPAUL
Line
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Example 3.1   Determining the Soil Storage Factor (S)

First calculate the eff ective soil water storage capacity for a high density 
tree fruit crop (5’ x 12’) growing in a loam soil with a peak ET value of 0.24 in /day.

From:  Table 3.1  Available Water Storage Capacity for a loam soil  =  2.1 in/ft
Table 3.2  Rooting depth of tree fruits =  3 ft
Table 3.3  Availability Coeffi  cient =  0.40

Eff ective soil water storage capacity
 =  2.1   in/ft   x  3 ft  x  0.40
 =  2.52 in

The soil water storage factor (S) is interpolated from Table 3.4 using an eff ective soil water 
storage capacity of 2.52 inches and a peak ET rate of 0.24 in/day.

From Table 3.4 the eff ective soil water storage factor (S) would be between 0.80 and 0.75.  
A factor of 0.80 would be used to ensure system capacity is adequate.
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Selecting a Crop Coeffi  cient Factor (K)
The  crop coeffi  cient factor (K) accounts for the fi eld area that is not utilized by 
the plants’ canopy or root area.  The crop coeffi  cient factors listed are for ma-
ture crops and can only be used in the design process if actual plantings closely 
approximate the plant spacings shown in the table.  For larger plant spacings 
the crop coeffi  cient factors may possibly be reduced.

Calculation of Plant Water Requirement
The amount of water to be applied to a parcel of land by a trickle irrigation 
system will depend upon climatic conditions, soil characteristics, crop type, 
and plant spacings. As shown in the following three examples, the plant water 
requirement varies dramatically depending on location, plant spacing and crop 
type.
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Example 3.2 Calculating Plant Water Requirement 
for an  Apple Crop

An apple crop, planted at 5 ft x 12 ft is being grown in Kelowna in a loam soil.  What 
is the plant water requirement during the peak of the season?

G/P/D = 0.623 x ET x S x A x K   (Eq. 3.1)

From:   

Table 3.1   Soil Water Storage Capacity = 2.1 in/ft

Table 3.2   Eff ective Rooting depth of mature crop      = 3 ft

Table 3.3   Availability Coeffi  cient       = 0.40   (40%)

 Eff ective Soil Water Storage Capacity     
=  2.1 in x 3 ft x 0.40 
=  2.52 inches

Table 2.1   Peak ET = 0.24 in/day

Table 3.4 – Based on a 0.24 ET rate and an eff ective water storage capacity of 
2.52  inches an S factor of 0.80 is selected from the table.

Table 3.5   Crop coeffi  cient factor  (K)         =     1.00

          Plant area (A)   = 5 ft x 12 ft        =     60 ft2

Using Equation 3.1:             

G/P/D =  0.623 x ET x S x A x K

G/P/D =  0.623 x 0.24 x 0.80 x 60 x 1.00 

=  7.2 gallons per plant per day
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Example 3.3 Plant Water Requirements for Strawberries

A strawberry crop, on a 1.0 ft x 4 ft planting is grown in Abbotsford in a sandy 
loam soil.  What is the plant water requirement during the peak of the irrigation season?

         From: Table 3.1  Soil Water Storage Capacity        =  1.5 in/ft
Table 3.2  Eff ective rooting depth of mature crop     =  2 ft
Table 3.3  Availability Coeffi  cient      =  0.50
Eff ective soil water storage capacity        =  1.5 in/ft x 2 ft x 0.50

     =  1.5 inches
Table 2.1  Peak ET rate       =  0.15 in/day
Table 3.4  Soil water storage factor (S)      =  0.80  
(Based on 1.5 in storage capacity and an ET rate of 0.15 in/day)

Table 3.5  Crop Coeffi  cient Factor  (K)     =  0.75
Plant area (A)  =  1 ft x 4 ft          =  4 ft2

Using equation 3.1: 
G/P/D =  0.623 x ET x S x A x K
G/P/D   =  0.623 x 0.15 x 0.80 x 4 x 0.75

=  0.22 gallons per plant per day

Example 3.4  Plant Water Requirements for Tree Fruits 
in Osoyoos 

An apple crop, on a 10 ft x 20 ft planting is grown in Osoyoos in a loamy sand soil.  What is 
the plant water requirement during the peak of the irrigation season?

        G/P/D = 0.623 x ET x S x A x K
        From:  Table 3.1  Soil Water Storage Capacity              =  1.2 in/ft

       Table 3.2  Eff ective Rooting depth of mature crop     =  4 ft
       Table 3.3  Availability Coeffi  cient               =  0.40
       Eff ective soil water storage capacity               =  1.2 in/ft x 4 ft x 0.40

=  2.0 in
       Table 2.1  Peak ET rate              =  0.28 in/day
       Table 3.4  Soil water storage factor  (S) =  0.85

Based on 2.0 in eff ective soil water storage capacity and an ET rate of 0.28 in/day. 
       Table 3.5  Crop coeffi  cient factor (K) =  0.90
       Plant Spacing (A)               = 10 ft x 20 ft              =  200 ft

        G/P/D = 0.623 x 0.28 x 0.85 x 200 x 0.90
= 26.7 gallons per plant per day
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Comparison of Crop Water Requirements of Various Crops
Due to the variance in water requirements of diff erent crops, a trickle system 
designed for a certain crop is not necessarily transferable to another crop, even 
if both crops are grown under the same soil and climatic conditions.  A trickle 
system must be designed for the specifi c site conditions that exist.  This is 
exemplifi ed in Table 3.6.  Note the daily per acre water requirement of various 
crops at peak conditions, assuming the same soil and climatic conditions, 
vary from 2830 – 4070 gallons per day per acre.  (Plant spacings chosen are 
typical of the industry).  The water requirements shown in Table 3.6 are for 
the specifi c soils and climatic conditions stated.  They are to be used for 
illustrative purposes only.  The purpose of the table is to indicate that diff erent 
crops will require various supply rates even when climate and soil conditions 
remain the same.

3.2 Calculating Trickle System Design Requirement
Section 3.1 provides information on how to calculate the amount of water a 
crop requires during peak times if irrigation is applied through a trickle system.  
However to ensure that the crop receives suffi  cient water, irrigation system 
effi  ciency, distribution uniformity and leaching requirements should be taken 
into account.  Figure 3.2 indicates the considerations  that must be taken into 
account when calculating the amount of water that must be applied by a trickle 
irrigation system. 

 Leaching Requirement  
Irrigation water contains some salts.  To prevent the buildup of salts within 
the wetted plant root volume, additional irrigation should be applied to ensure 
salts are leached beyond the plant rooting zone.  To ensure that the trickle 
system has the capacity to apply the leaching requirement it must be added 
to the design requirement.  Table 3.7 provides information on selecting an 
appropriate leaching factor. 
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In the drier regions of the province a 5% leaching factor is used for shallow 
rooted crops (< 2 ft) and 10% for deeper rooted crops (> 2 ft).  Lower leaching 
factor can be used for shallow rooted crops as rainfall is likely to provide 
some leaching assistance.   In the wet coastal regions a leaching factor is not 
necessary unless fertigation is used. See Table 3.7.

The  leaching factor selected is included in Equation 3.2.  The trickle system 
manager must ensure that enough water is applied during the irrigation season 
to ensure that leaching of salts does occur.

ngiseDmetsySnoitagirrIelkcirTrofsrotcaFgnihcaeL7.3elbaT
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Application Effi  ciency
The  application effi  ciency takes into account losses due to evaporation during 
the application process and from the soil surface after application.  Not all of 
the water applied will be available to the plant.

Properly designed and operated trickle irrigation systems are much more 
effi  cient than sprinkler irrigation systems. Normal sprinkler irrigation system 
effi  ciencies are 65-75% while trickle systems can be as high as 85-95%. Table 
3.8 provides information on trickle irrigation system effi  ciencies for various 
system types and installation methods.  

Mulches and minitunnels are used on row crops to enhance the plant’s 
environment, especially in the early part of the growing season.  In the case 
of minitunnel systems, the plastic cover is quite often removed later in the 
growing season.  Trickle irrigation systems are very compatible with this type 
of technology and are often used to supply the water and nutrients to the crop.  
Crop water usage under these types of systems are usually reduced while the 
minitunnel is in place.  However the amount of water saving have not been 
accurately determined.  

The plant water requirement for minitunnel systems should be determined as if 
the minitunnel is not there, i.e. similar to fi eld conditions.  A grower can then 
be assured that the system capacity will be able to supply enough water during 
peak conditions.  The system operating time must then be adjusted to apply the 
correct amount of water while the minitunnels are installed.
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Plastics and other mulches are usually in place year round once applied.  Trick-
le irrigation systems will be more effi  cient under a mulch system.  A higher 
application effi  ciency for trickle irrigation systems operating under a mulch 
should be used as shown in Table 3.8.

Emission Uniformity
There is often confusion between the terms “ distribution uniformity (DU)” 
and “ emission uniformity (Eu)”.  See sections  4.3 and 4.5 for a more detailed 
explanation.  Emission uniformity assesses the uniformity of a new system and 
uses the manufacturer’s coeffi  cient for the emitter (Cv) and pressure variation.  
Distribution uniformity measures the actual performance of the emitters in the 
fi eld.

The emission uniformity of a system will be highest when it is new.  Over time 
the system’s emitters will become partially plugged or worn and the Eu will 
be reduced. The emitter is usually installed in close proximity to the plant to 
ensure eff ective water application is achieved.  It is important to note that to 
obtain a good Eu not all the plants need to obtain the same amount of water, 
only the plants of the same size growing in the same soil.

For the purposes of trickle design an emission uniformity (Eu) of  85 - 90% 
should be used.  Trickle irrigation systems should be designed to operate for 
only 12 - 18 hours a day, allowing an additional 6 to 12 hours to be available to 
compensate for system fl ow deterioration over time.  

seicneiciffEmetsySnoitagirrIelkcirT8.3elbaT
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Trickle System Design Requirement
The  trickle system design requirement must take into account the plant water 
requirement (G/P/D), a leaching factor, an application effi  ciency and an 
emission uniformity.  The trickle system design requirement is calculated from 
the formula:

    TC =  G/P/D × L
E × Eu

where  TC =   trickle system design capacity
G/P/D =   plant water requirement
L =   leaching factor (Table 3.7)
E =   application effi  ciency (decimal) (Table 3.8)
Eu =   emission uniformity (decimal)

Equation 3.2

Figure 3.2 Factors To Determine Trickle System Design Requirement



23B.C. Trickle Irrigation Manual – 1999

3 
Pl

an
ts

, S
oi

l a
nd

 W
at

er

The following three examples are used to illustrate other design principles 
throughout the manual. The symbols in the upper right are used to designate 
when these examples are continued through the remainder of the manual.

Example 3.2 Calculating Plant Water Requirement 
for an Apple Crop  (Continued)

A point source drip system is used to irrigate a high density apple (5’ x 12’ spacing) orchard in 
Kelowna. An Eu of 90% is used.  The trickle system design requirement (TC) will therefore be:

From  Table 3.7              L =  1.10
From  Table 3.8              E =  0.90

Eu =  0.90
G/P/D =  7.2 (calculated previously)
TC =  7.2 G/P/D x 1.10  =  9.8 G/P/D

0.90 x 0.90

Example 3.3 Plant Water Requirements for Strawberries
(Continued)

A linear tape system under plastic mulch is used to irrigate a strawberry crop in 
Abbotsford. The Eu for this system is 80%. The trickle system design requirement (TC) will be:

From Table 3.7              L           =  1.0
From Table 3.8              E =  0.95

Eu =  0.80
G/P/D =  0.22 (calculated previously)
TC =  0.22 G/P/D x 1.0  =  0.29 G/P/D

         0.95 x 0.80
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Example 3.4 Plant Water Requirements for Tree Fruits
in Osoyoos (Continued)

A microjet system is used to irrigate an apple crop in Osoyoos in loamy sand soil.  
Due to the sloping terrain the system will be designed to an Eu of 0.85.  The trickle 
system design requirement (TC) will be:

From Table 3.7              L =  1.10
From Table 3.8              E =  0.85

Eu =  0.85
G/P/D =  26.7 (calculated previously)
TC =  26.7 G/P/D x 1.10   =   40.7 G/P/D

           0.85 x 0.85

3.3 Soils
An understanding of soils is imperative to ensure that enough water is applied 
to each plant. The lateral movement of water in the soil is determined by the 
soil texture and rate of irrigation application. The eff ective wetted soil volume 
that can be achieved by each emitter will determine the emitter spacing and 
the number of emitters per plant. Establishing an irrigation schedule requires 
knowledge of soil water holding capacity and allowable depletion. Chapters 5, 
6 and 13 provide additional information on emitter selection, placement and 
scheduling using soil texture information. Chapter 15 provides information for 
landscape drip systems.

Soil Texture
 Soil texture is defi ned in terms of the size distribution of the mineral 
components in the soil. Soil particles are grouped into four particle sizes: clay, 
silt, sand and gravel. Table 3.9 outlines the size range of particles in each of 
these groups.

Soil texture refers to the relative percentage of sand, silt, and clay sized 
particles in the soil material. It is generally estimated in the fi eld with the hand 
feel method as explained in Table 13.1. If the composition of sand, silt and 
clay are known the soil texture can be determined from the textural triangle in 
Figure 3.3.

It is often convenient to place soil textures or types into four main groups and 
describe the important properties that are common to each group as in Table 
3.10. Soil texture is a permanent soil characteristic and will not change unless 
a large quantity of material with another texture is added.
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Figure 3.3 Soil Texture Diagram

scitsiretcarahCdnaeziSelcitraPlioS9.3elbaT

elcitraP eziS seitreporP

levarG mc5.7-mm2 .stnemgarfkcoresraoc,dednuoR
.esooldnadeniargelgniS

dnaS mm0.2-mm50.0 dnadeniargelgnis,dednuortahwemoS
.esool

.tirgsatlefebnaC

tliS mm50.0-mm200.0 ylisae,sdolcsmrofyllareneg,dednuoR
,yrettubroypaos,yrdnehwyruolf,nekorb

.tewrotsiomnehwykcitstontub

yalC mm200.0nahtsseL ,yrdnehwsdolcdrahsmrof,selcitraptalF
.tewrotsiomnehwcitsalpdnaykcits

Soil and Water
The following terms explain mechanisms by which water is transported and 
held by the soil.

Hygroscopic Moisture is water held tightly by soil particles and is not 
normally available to the plant.

Capillary Moisture is the water held in pore spaces by the surface tension 
between the water and soil particles.  Capillary moisture is the primary source 
of water for plants.

Gravitational Water is the water that moves freely through the soil under the 
infl uence of gravity. After a soil has been saturated gravitational water moves 
downward leaving the soil at fi eld capacity.

Field Capacity is the water left in the soil after the infl uence of gravity.  A 
soil that has been saturated by rainfall or irrigation is usually at fi eld capacity 
if allowed to drain for 24 hours. The soil will lose very little water after it has 
drained to fi eld capacity except to evaporation and transpiration by the plant.
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 Permanent Wilting Point is the soil moisture content at which the plant will 
wilt and often die.

 Available Soil Moisture is the diff erence between the amount of water in the 
soil at fi eld capacity and the amount at the permanent wilting point. The total 
available water holding capacity of a soil is determined by multiplying the 
plant rooting zone depth by the soil holding capacity values shown in Table 
3.1. 

 Allowable Depletion
Maximum allowable depletion is the amount of available water that can be 
removed from the soil before the plant is stressed. The availability coeffi  cient 
in Table 3.3 can be used to calculate the maximum amount of water that should 
be removed from a soil at fi eld capacity for agricultural crops.

Drip irrigation systems are designed and operated to keep the soil moisture 
content at a level above the maximum allowable depletion by using frequent 
applications of irrigation.  An allowable depletion of 25% should be used for 
agricultural drip systems and 30 % for landscape systems. 

Allowable depletion is used to determine an irrigation interval. Section 13.4 pro-
vides further information for agricultural drip irrigation system scheduling. Section 
15.4 provides information on landscape drip irrigation system scheduling.




