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Introduction

The aim of the Introduction to Irrigation Management course is to give you the
skills to manage your irrigation system more effectively and to improve your
water use efficiency.

This workshop provides a brief overview of the usual range of irrigation
techniques, and their characteristics.

You will learn how to test your own irrigation system, and identify changes to
the equipment, or how it is operated, to improve efficiency.

A well-designed, maintained and operated system uniformly delivers the
correct amount of water to the crop, at the correct time, with the minimum of
losses.

Irrigation scheduling aims to ensure the “right” amount of water is applied at
the “right” time.  This course aims to describe the general nature of scheduling
methods as a basis for more detailed study in another module.
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Learning outcomes

When you have completed this workshop you will be able to:

Determine the most appropriate irrigation technique for varying
circumstances.
Understand the meaning of “irrigation efficiency”
Measure and record how evenly your irrigation system applies water.
Appreciate the benefits of irrigation scheduling and understand the
driving principles.
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Irrigation methods

There is a wide variety of irrigation methods, each with advantages and
disadvantages.  The following table aims to give just a cursory assessment of
these methods, particularly for landowners thinking about how best to irrigate
an area of land.

Table 1.  Fixed & portable solid set (seasonal fixed) sprinklers

Capital costs Relatively high; $4,500-$10,000 for 10 ha
system.*

Pumping costs Relatively low low; sprinklers operate at medium
pressures.

Labour requirements Minimal one set up; substantial at set-up and
retrieval of solid set installations.

Uniformity of application Good if property designed with appropriate
sprinkler spacings.
Good uniformity is an advantage for crop quality.

Efficiency High
Best suited Fixed systems only for perennial crops,

particularly for trees.
High value, intensive, vegetable, herb &
ornamental crops.
Offer potential for frost control.

Comments With low labour requirements and good uniformity,
precise irrigation scheduling is possible.

* Costs based on the supply and installation of all components (excluding
power to the site) necessary for a significant irrigation system, designed to
supply water for irrigation needs in a timely and accurate manner.
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Table 2.  Travelling gun & boom irrigators (soft & hard hose types).

Capital costs Modest; a little higher for hard hose types;
$2,000-$3,000* for a 50 ha system.

Pumping costs High, due to high pressure required to
distribute water.
Higher for hard hose machines due to higher
friction losses in the hose (smaller internal
hose diameter and longer hoses.
Booms offer low pressure and energy savings.

Labour requirements Modest; lower for hard hose types; often
untimely (late night machine movement).
Need a reasonable sized tractor to move large
hard hose machines.

Uniformity of application Low; due to lane spacing, wind effects, start &
end of run issues.
Booms possibly higher as distribution along
the boom should be uniform.

Efficiency Low; expect higher for booms.
Best suited For annual crops with low water requirement
Comments Systems very flexible and portable; capable of

modest performance over a range of
conditions.

Table 3.  Centre pivots

Capital costs Modest; $2,500-$3,000* for 50 ha system.
Pumping costs Low; very low pressures required
Labour requirements Low; some labour required for machines to be

towed within the season.
Uniformity of application Very high
Efficiency Very high
Best suited Large areas, crops with high water

requirements, higher value crops
Comments Efficient and low labour requirements mean

precise irrigation scheduling is possible.
Systems robust over rolling terrain.
Very high instantaneous applications towards
the end of the line on large installations can
cause run-off on sloping sites and heavier
soils.
Circles create un-irrigated areas (without end
gun controls, irrigate 78% of a square).
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Table 4.  Linear move
Capital costs Modest-high
Pumping costs Low; higher than centre pivot due to hose

friction losses.
Labour requirements Low
Uniformity of application Very high.
Efficiency Very high.
Best suited Large areas, crops with high water

requirements, higher value crops.
Less appropriate for undulating or irregular
terrain due to the system not being
“anchored”.
Best suited to rectangular areas.

Comments Topography limits less well known in
Tasmania

Table 5.  Long lateral sprinklers
Capital costs Relatively low; $1,750-$2,500*/ha for 20 ha

system.
Pumping costs Modest; friction losses in lateral hoses are

significant.  But for low capital costs can
design to use Night Rate electricity.

Labour requirements High, and regular
Uniformity of application Very low.
Efficiency Low due to poor uniformity.
Best suited Pasture only (not suited to crops)
Comments A low capital cost system but with long term

and demanding labour needs.
Well suited to areas of irregular shape, and
steep/undulating topography.
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Table 6.  Micro irrigation facilities
Capital costs Generally high; $5,000 - $12,000*/ha for 10 ha

system.
Pumping costs Low; low pressure operating, and can be

designed for Night Rate electricity.
Labour requirements Very low; some seasonal maintenance, eg.,

flushing the lines.
Uniformity of application High (all emitters delivering similar flows).
Efficiency Potentially very high, losses minimal.
Best suited Permanent installations of high value

perennial crops.
Comments Generally recommended for vines and tree

crops as watering pattern can develop as
plants grow.
Only water the area of land necessary.
Very good control of irrigation is possible.
Requires water free of sediment etc, and good
filtration.
Can use more saline water than other
methods (leaves not wet).
New management opportunities of fertigation
& disease management.

Table 7.  Flood irrigation
Capital costs Low; higher with border check designs and

with land levelling.  Very low for “wild flood”
layouts.

Pumping costs Generally low; no pressure required to spread
the water; but application efficiency is very low
so more pumping is required.

Labour requirements Relatively low.
Uniformity of application Very low, particularly for Wild Flood layouts
Efficiency Very low; uneven application, and losses to

run-off and seepage.
Best suited Pasture, even slopes and where large flows of

low cost water are available.
Comments Low application efficiency can lead to

environmental problems (water logging and
salinity); not widely recommended in
Tasmania.
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Irrigation efficiency

How efficiently is your current system operating?

YES NO DON'T
KNOW

Does your irrigator apply water relatively evenly across the crop?

Do you know how much variation in water distribution is occurring?

Can you apply irrigation volumes at a rate less than the infiltration rate
of the soil?
Does the irrigation system on your property have the capacity to meet
peak crop water demand?
At peak periods can you meet the time/labour commitments of your
system?
Does your irrigation system have the flexibility to apply water just to
the required soil depth?
Is the system operating as efficiently as in previous seasons? (Do you
have previous records of pump pressure?)
Do you know which irrigation systems best suit your farm?

Does your farm water storage capacity (or irrigation license) exceed
the requirements of the cropping or fodder irrigation program?

This workshop aims to give you the skills to be able to assess some aspects
of your system’s efficiency.

The aim of efficient irrigation

The aim of efficient irrigated agriculture is to get maximum production for the
same or less input: for example, growing more crop with the same or less
amount of water.

One measure of efficiency relates product to unit of water applied, for
example, tonnes of product per megalitre of water applied. This is water use
efficiency: it combines system, crop and agronomic aspects.

Irrigation efficiency is the percentage of water that actually gets into the soil
and is used by the crop, compared with the amount pumped into the system. 

In an efficiently operating, well-designed and well-managed pressurised
sprinkler system, nearly all the water supplied will be used by the plant.
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Avoiding waste

Over-irrigating or irrigating inefficiently not only wastes water but also money
and adversely affects the environment: consider the cost of unnecessary
pumping and or nutrient wastage (particularly with fertigation, applying
fertiliser with the water).

Water is lost through run-off, deep drainage and evaporation (both direct
evaporation from foliage and the soil surface).  Evaporative losses are less
with drip systems. 

Losses occur typically through over-watering, system leakage or system
drainage.

If the irrigation system used on a property is appropriate for the soil type and
crop, and is installed and maintained correctly, it can apply the correct amount
of water to the crop without excessive losses.

Applying water evenly

If losses are low, and the volume of water flowing through the sprinkler nozzle
is correct, the system can still be inefficient if the water is not applied evenly
where it is needed. If the application is not even or uniform, some areas will
get over-watered while some won't get enough.

There are many ways of assessing the efficiency of the components of an
irrigation system, but in this workshop we are concerned with only one
method, measuring the rate and uniformity of water application.  We assume
that the pump, pipelines, valves, supply and other associated components are
all working at their best.

To determine the evenness of application, we:

measure the pressure and flow at various points in the system and
compare this to the manufacturer's data
calculate the mean application rate (MAR) and compare this to the
soil infiltration rate to make sure it is acceptable 
calculate the evenness of application at various points in the system
(that is, the distribution uniformity, DU)

Pressures and flows

Incorrect pressures and flow rates are common causes of system inefficiency.
If pressure is restricted then the flow will be reduced. Operating pressure can
dramatically affect the sprinkler/emitter pattern and output, and therefore the
evenness of application. 
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A variation in pressure between sprinklers/emitters of more than +/-10% is an
indication that the system is not operating efficiently. Pressure compensating
sprinklers/emitters are used in many systems to maintain the flow rate across
a wide range of pressures along the sprayline or due to differing positions in
the paddock of travelling systems.

Similarly, a flow variation of greater than ± 5% is unacceptable. 

Reasons for pressure and flow variations include:
• wear and blockages in sprinklers/emitters
• system not designed correctly
• system not being used as designed
• system leakages
• pump not performing. (The pump may be worn or not being

operated at best efficiency.) 

When evaluating your system you must measure pressures and flows and
compare these to the pump and sprinkler/emitter specifications. In table 2 you
can compare some typical sprinkler/emitter pressures and flows.

Table 8.  Common operating pressures and flows of various irrigation
systems

Sprinkler/emitter type Pressure range Flow rate range

(kPa) (L/h)

Dripper 90–110 1.2–8

Micro-jet 100–150 25–200

Mini-sprinkler 130–200 35–350

Low-throw impact
sprinkler

180–300 300–1200

Overhead impact
sprinkler

240–400 700–3000

Centre pivot 100–400 100 000–200 000

It is important to run your system at the designed pressure. If a
sprinkler/emitter is operated below its correct pressure, large droplets tend to
be thrown further than small droplets, resulting in a 'doughnut ring' shaped
output. If pressure is too high, more water falls close to the sprinkler/emitter,
or fine droplets are caused, creating a fine mist, and excessive wind drift and
evaporation.
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Uniformity of irrigation

Evenness of application
The aim of a sprinkler system is to evenly apply water to the application area,
while with drippers it is important to apply the water evenly at each point.

Even distribution of water is important. If your system distributes water
unevenly, some areas may be over-watered while others are under-watered.
This is inefficient. 

A common tactic to compensate for uneven watering is to apply the water for
longer. While this may mean that all areas get sufficient water (thus increasing
yield) there may also be penalties from over-watering:

increased water use
increased pumping costs
excessive run-off and losses to deep drainage
reduction in the area that can be irrigated
decrease in yield due to waterlogging roots.

Wetting patterns for sprinklers
Actual application rates over a wetted area often vary greatly. To illustrate
this, look at the following typical sprinkler patterns.

Note: The numbers on these charts represent the water falling at that point in
millimetres per hour.

Figure 1. Water distribution pattern from a single sprinkler, at 200 kPa
(left) and 350 kPa (right).

Each number in the pattern represents the application rate in mm/hour at that
point.
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Figure 2. Water distribution profiles at increasing distance from the
sprinkler

Figure 3. Water distribution pattern with overlapping sprinklers
There is a sprinkler at each corner of the chart. Each number in the pattern
represents the application rate in mm/h at that point.

[Figure 3 uses the term MPR (mean precipitation rate) instead of our term
MAR.]

Two terms are used to describe the uniformity of application rate and the
uniformity of coverage of sprinklers and emitters: these are mean application
rate (MAR) and distribution uniformity (DU). When you are able to calculate
these for your own system you will be able to evaluate how effectively it is
operating.
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Mean application rate (MAR)
The mean application rate (MAR) is the average rate (in mm/h) that water is
applied to the wetted area of the soil. It is very important that the MAR does
not exceed the infiltration rate for the soil, otherwise run-off will result. 

(With travelling systems the situation is different because the machine moves
over the field. In this case it is the instantaneous application rate (not the
MAR) that must not exceed the long-term infiltration rate of the soil. Increasing
travel speed does not reduce the instantaneous application rate. Less water
is applied (less RAW is replaced) but you may be just filling the cracks
between the soil. This is a common occurrence with travellers.)

Distribution uniformity (DU)

The DU, often expressed as a percentage, gives an indication of how evenly
your sprinklers/emitters are operating or overlapping. 

The higher the DU, the more evenly your water is being distributed. A DU
greater than 75% is acceptable for sprinkler systems. New drip systems
should have a DU of 95%, while in older drip systems a DU of 85% is
acceptable.

DU is affected by pressure variations, sprinkler/emitter wear, and, with
overlapping systems, the sprinkler/emitter position. Incorrect spacing of
sprinklers in both fixed and travelling systems will result in a low DU.
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Evaluating your system

By evaluating your irrigation system you can tell whether it is causing or
contributing to any of the problems mentioned earlier. Depending on your
exact system and layout, the evaluation procedure will vary. (The worksheets
cover evaluation methods in more detail.)

In general there are four steps.

Step 1: Check components
Before you take any measurements, you should conduct a general physical
check of all components and make sure the system is operating as correctly
as possible. This means checking that there are no leaks or suction problems,
and that the number of outlets operating, their size and their pressure match
the system design.

Step 2: Measure pressure and flow
If possible you should have the original design figures for the system
available. As a minimum you should have the pressure and flow charts for the
sprinklers/emitters.
Check pressures and flows at various points within each block and across the
whole system. After taking the readings, make any adjustments needed
before continuing.
You may find the output and distribution of a system is correct at one point,
and not at another. 

This could be because:
a different supply main or hydrant is being used (end or high point
versus start and low point)
a hydrant is not set correctly (these can be adjusted to adjust pressure),
or
other sections are being irrigated. 

Make sure all testing is done with the system operating in its normal
configuration.

Measuring across a whole shift and within a block
One way to check pressures and flow for any system, including drip, is to
measure at the ‘near’, ‘far’, ‘high’ and ‘low’ points of the complete system.

After that, each individual block or section should be tested.

With travelling systems, it is important to check the pressure when the
traveller is at high and low points.
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Step 3: Measuring mean application rate (MAR)
To measure MAR, catch cans are placed in the irrigated area and the amount
of water (mL) collected is measured, converted to a depth in mm, and then
divided by the number of cans to give a MAR in mm/h.

MAR = total depth (mm) collected in catch cans per hour ÷ no. of catch
cans

For drip systems, the procedure varies slightly. The output from a dripper is
collected over a measured time, and the amount collected divided by the
wetted area.

Dripper MAR = volume collected from the dripper ÷ average wetted area

The result then needs to be converted to an hourly basis.

If the MAR exceeds the infiltration rate of the soil (or half the infiltration rate,
with some overlapping sprayline systems), you should make adjustments to
reduce the MAR. This is further explained in the worksheets.

Remember it is the instantaneous application rate (rather than the MAR) that
must not be exceeded with travelling irrigators.

Step 4: Measuring distribution uniformity (DU) 
Distribution uniformity (DU) was defined earlier. When all the volumes have
been converted to depths, the lowest 25% are selected. The average of the
lowest 25% is divided by the MAR to give the DU figure.

DU = Average depth of lowest 25% of cans ÷ MAR
(For drippers use the volumes of the lowest 25% of the drippers being
checked.)
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Comparing systems by MAR and DU
To see how distribution uniformity affects water usage, we'll compare the
effect of a particular irrigation system operating at two different pressures:
200 kPa, and then 350 kPa. The example system is a fixed srprinkler system
operating on 33 hectares of perennial ryegrass and clover pasture.
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System details
Sprinklers – Naan 233/91 – 4.4 mm x 2.5 mm jets, spacing 18 m x 18 m with
each of 126 sprinklers having 9 shift positions.
This system requires each sprinkler to be moved twice per day for an irrigation
interval of 4.5 days in times of peak demand.

System 1 System 2

Operating pressure 200 kPa 350 kPa

Flow rate 1312 L/h 1670 L/h

Mean application rate (MAR) 4 mm/h 5.2 mm/h

Distribution uniformity (DU) 55.4% (0.554) 76.6% (0.766)

Time to apply (say) 20 mm:

= application depth ÷ MAR ÷ DU = 20 x 4 x 0.554

= 9 hours

= 20 x 5.2 x 0.766

= 5 hours

Pump flow required:

= no. of sprinklers x flow rate = 126 x 1312

= 165,312 L/h

= 126 x 1670

= 210,420 L/h

(Note the higher
flow rate required.)

Total volume per application: 

= pump flow x time/shift x shifts = 165,312 x 9 x 9

= 13,390,272 L

= 13.39 ML

= 210,420 x 5 x 9

= 9,468,900 L

= 9.47 ML

If there are 18 irrigations over the 33
hectares per season, then the
total water use: = 13.39 ML x 18 

= 241 ML 

or 7.3 ML/ha

= 9.47 ML x 18 

= 170 ML 

or 5.2 ML/ha
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You can see that the system operating at the higher pressure and flow is
applying 71 ML less every year. The higher water use of System 1 is the
result of its poor (low) distribution uniformity. System 1 uses a lower pressure
and flow rate, but takes almost double the time to achieve an irrigation of 20
mm over the area. 

Having a higher DU results in savings of water and time. Pumping costs are
also reduced - however, higher pressures may not always be the solution. An
alternative sprinkler may provide the best option.

Always make sure that the MAR does not exceed the infiltration rate of the
soil.

Conclusion
When you have completed the evaluation exercises you will know how to
measure the pressures and flows within a system and determine the mean
application rate and distribution uniformity of a pressurised irrigation system. 

More detail on the methods for evaluating the various irrigation systems are
provided in the following notes.
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Principles of irrigation scheduling

Crop water use
For given climatic conditions, crop water use depends on the type of crop and
its stage of growth. This is one of the reasons crops are separated into
individual fields or blocks, so that irrigation applications can be matched to a
particular crop's needs.

Water evaporates from the soil and is used by the plant by transpiration.

Evapotranspiration is a term used to describe the combined losses of water
vapour from soil (evaporation) and through plants (transpiration).

Crop growth stages
Figure 4 shows how crop water use changes with crop growth stages. In the
early stages of growth, the water requirements are low. Much more water is
needed later, nearer crop maturity, and then water use tapers off. The amount
of water used varies according to crop and environment: for example, at peak
growth, a lucerne crop uses about twice as much water as a grape crop.

Figure 4.   Variation in crop water use over the growing season
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What drives crop water use?
Crop water use is driven by the weather conditions of its environment:

Solar radiation provides the energy that drives water use. The energy
received, and therefore water use, may also be affected by aspect of the crop
to the sun. 

Humidity: In a high humidity environment, a plant uses less water than it
does at the same temperature in a dry environment, because the air
surrounding the plant is less able to remove the water vapour coming out of
the plant's leaves.

Wind speed: Evapotranspiration increases with wind speed, because the
wind removes the vapour that the plant is transpiring.

Temperature: Hotter temperatures increase the rate of photosynthesis.
These four aspects of the crop's environment, which combine as
evapotranspiration, set the peak water use for the crop. Some farming
practices (such as tillage, cover crops, fertiliser, pest and disease
management, plant density) can affect how closely actual water use
approaches this peak capacity.

Water balance method using pan evaporation

The water use of a crop (evapo-transpiration) can be estimated from
measurements of these weather conditions.  The most common method uses
evaporation from an evaporimeter (the weather Bureau has pans at about 12
stations in Tasmania with US Class A pans), and applies a Crop Factor that
relates estimated crop evapo-transpiration to pan evaporation.

Daily water use is accumulated until the “Refill Point” is reached, and then
irrigation is applied.

Example calculation; assumes the soil is at field capacity 31 December

A B C D E F
Date Pan

Evap

(mm
)

CF ET crop
( A x B )

Effective rain
or irrigation

(mm)

Daily change in
water balance (D –

C)

Cumulative
water deficit

(mm)

1 Jan 5.5 0.8 4.4 0 -4.4 -4.4

2 Jan 6.0 0.8 4.8 0 -4.8 -9.2

3 Jan 3.8 0.8 3.0 4.0 +1.0 -8.2
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4 Jan 6.0 0.8 4.8 0 -4.8 -13.0

When irrigation is applied, presumably the soil is returned to Field Capacity.

Effective rainfall is rainfall that enters the crop rootzone and is available for
crop water use.
To determine how effective a rainfall event has been, consider:

if it falls just after an irrigation it may go to run-off or drainage;
heavy downpours may lead to run-off with insufficient infiltration.

Estimating crop water use by examining the plant
Some farmers may irrigate when a section of a paddock starts to show wilting,
and due to light soil types and therefore less soil water in the rootzone this is a
good indicator for the rest of the paddock if it has better soil and therefore
more soil water.

 In many cases, however, waiting until the plant wilts means that crop water
use has already slowed, reducing the final yield or quality. 

Wilting can also be a sign of waterlogging or root disease; also, some plants
roll their leaves on a hot, windy day despite the fact that soil water content is
adequate, whilst other plants only show wilting when water is severely limited. 

Because of these factors, monitoring the plant is not recommended as the only
or prime method of monitoring crop water use.

More technologically advanced methods of plant monitoring, including sap
flow and pressure bomb meters, do work well, but are not in common use by
farmers.

Measuring crop water use with soil water monitoring
tools

Three basic methods of determining the volume of water in the soil are:
1. gravimetric, as with a digstick or drying a soil sample in an oven
2. volumetric, using nuclear or electrical methods
3. tension, such as in tensiometers or gypsum blocks. Tension is the

effort a plant needs to use to extract water.

New soil water monitoring tools are constantly becoming available and each
has advantages and disadvantages.   (For further reading, P.Charlesworth,
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CSIRO Land and Water, “Soil Water Monitoring”, phone 1800-776-616 to
order a copy).

Selecting sites for soil water monitoring
When monitoring soil water the measurements only sample a small amount of
soil.

To ensure maximum reliability, it is important to select monitoring sites which
are representative of the irrigated area. Selecting monitoring sites is easier on
properties where soil surveys have been conducted and water distribution
uniformity is good. 
Wheel tracks and areas where soil is compacted should be avoided, as
should disturbed soil, outside rows, or areas near stunted or sick plants.

Placing the soil water monitor in a 'representative' site means knowing how
the location relates to the rest of the field. You are trying to select a soil type
that indicates the water-holding capacity for the area, making sure the location
includes the whole rootzone of the crop, and supports a crop of a height and
yield that is average for the area. 

You should use more than one sensor site in a paddock, and will get a better
idea of what is happening across the whole area by locating sensors in, for
example, the higher/lower or drier/wetter parts of the field, or by placing
sensors in several more representative areas.  One sensor in a paddock is
risky; you should aim for a minimum of three (often at least one will be
unreliable or un-representative).

A soil water monitoring tool shows how the water content varies at different
depths and over time.  If you know how dry the soil should be allowed to
become before irrigation is required, you can use the monitoring to schedule
irrigation, and thus determine how much to apply.



3 Irrigation Systems V3.doc  01/11/02 Page 22

Irrigation scheduling
An irrigation schedule predicts when the crop needs its next irrigation, and the
amount required. Irrigation scheduling is a process of fine-tuning to achieve
the quality and yields required, and uses data on crop water use.   Figure 4
illustrates how yield is affected by too little or too much water.

Figure 5.  The
relationship
between crop
yield and water
applied

Figure 5 shows that:
1. Yield increases without irrigation
2. Irrigation contributes to continued yield increase
3. More water causes no increase in yield
4. Too much water and yield declines due to waterlogging

When both weather data and soil water monitoring tools are available for
irrigation scheduling they are often used for cross-checking crop water use in
the particular situation. This is particularly the case with high value crops. 

Effective irrigation scheduling generally aims to avoid stress to the plant,
although specialised management techniques may be used in some crops or
where water resources are limited.

For example:
Vines: Although it is accepted practice to avoid water stress during
flowering, fruit quality can be improved by stressing the plant at certain
stages of growth. Seek further information if you are interested in these
techniques.
Stone fruit: Avoid any water stress during flowering and keep water up
during the 4-6 weeks prior to harvest to ensure adequate fruit size.
Vegetables: Avoid any water stress during the life of shallow-rooted
plants as it can lead to a reduction in yield.


