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Budburst The first stage of the growth cycle where flower or leaf buds begin to open. 
 

Cell division A process by which a cell, called the parent cell, divides into two or more cells, called 
daughter cells. 
 

Critical growth stages The distinct growth stages of a plant. 
 

Crop coefficient A number (factor) that takes into account how a crop’s evapotranspiration differs to 
the evapotranspiration from a grass reference. The aspects considered in developing 
the crop coefficient include groundcover, canopy properties and aerodynamic resis-
tance of the crop. Crop coefficients can be used to determine the irrigation schedule. 
  

Deficit Available Water 
(DAW) 

Soil water held tightly within the soil and is less available for plants to use. 

Distribution  
uniformity 

Is a measure of how uniformly irrigation water is applied to the area being watered, 
expressed as a percentage. 
 

Dwarf rootstocks Rootstocks that have shallow root systems (down to 60cm) that can be highly fibrous 
and dense. 
 

Evapotranspiration (ET 
and ETo) 

The sum of evaporation and plant transpiration from the earth's land surface to the at-
mosphere. ETo is evapotranspiration from a reference surface not short of water. 
 

Fertigation The application of fertilizers, soil amendments, or other water soluble products 
through an irrigation system. 
 

Field capacity Field capacity is the amount of soil moisture or water content held in soil after excess 
water has drained away and the rate of downward movement has materially decreased, 
which usually takes place within 2–3 days after a rain or irrigation in pervious soils of 
uniform structure and texture. 
 

Fruit fill The third critical growth stage for apple and pear trees, where fruit cells begin to fill 
with water and sugars and fruit size increases rapidly. 
 

Irrigation frequency How often irrigation is applied to a crop. 
 

Irrigation regime A combination of the timing, duration, volume and frequency of irrigation water ap-
plied to a crop. 
 

Irrigation scheduling The process used by irrigation system managers to determine the correct frequency 
and duration of watering. 
 

kPa Kilopascal – a unit of pressure measurement. 
 

Readily Available Water 
(RAW) 
 

Soil water that is easily available for plants to use. 
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Regulated Deficit Irriga-
tion (RDI) 

A tool for managing plants with limited water. It aims to maintain water stress within a 
desirable range so that at critical growth stages, plant reactions can be controlled for 
production benefits. 
 

Rootstock A rootstock is a plant, and sometimes just the stump, which already has an established, 
healthy root system, used for grafting a cutting or budding from another plant. 
 

Runtime How long an irrigation system is operated for (the duration). 
 

Single crop coefficient 
(Kc) 

The most basic crop coefficient, Kc, is simply a ratio of ET observed for the crop stud-
ied over that observed for the reference crop under the same conditions. 
 

Soil moisture Soil moisture content or water content is the quantity of water contained in the on a 
volumetric or gravimetric basis. 
 

Soil water content See soil moisture 
 

Soil water tension The force necessary for plant roots to extract water from the soil. Soil water tension re-
flects the soil moisture. The drier the soil, the higher the tension. 
 

Subsoil Is the layer of soil under the topsoil on the surface of the ground. The subsoil may in-
clude substances such as clay and has only been partially broken down by air, sunlight, 
water etc., to produce true soil. 
 

Topsoil Is the upper, outermost layer of soil, usually the top 5-20 cm. It has the highest concen-
tration of organic matter and microorganisms. Plants generally concentrate their roots in 
and obtain most of their nutrients from this layer. 
 

Vegetative vigour The vegetative biomass produced. 
 

Water budget A tool used by irrigators to determine the total water requirement for each orchard 
block. 
 

Water stress coefficient 
(Ks) 

Stress coefficients, Ks, account for diminished ET due to specific stress factors. E.g. 
limited water. 
 

Water use efficiency Can be described in many ways – is a measure of how efficient an irrigation system is 
i.e. how much wastage occurs. 
 

Wetting pattern Where irrigation water spreads after exiting an emitter. 
 

Wilting point The minimal point of soil moisture the plant requires not to wilt. If moisture decreases 
to this or any lower point a plant wilts and can no longer recover its turgidity when 
placed in a saturated atmosphere for 12 hours. 
 



Introduction 
 
Water management is a key issue for apple and pear orchards.  Water scarcity has occurred in many Australian 
regions, especially in the last 5-8 years due to drought and increasing competition for water. Furthermore, there is a 
growing community expectation that horticulture industries will utilise water efficiently to achieve production and 
environmental goals. 
 
As a result of these pressures and as a matter of course, orchardists need to adopt efficient water management 
strategies.   
 
These guidelines aim to provide Australian apple and pear growers with practical information on how to improve 
water use efficiency through collating existing research and development.  This information is intended for use during 
both ‘average’ and water limited seasons. 
 
The guidelines cover: 
 

• Critical growth stages for apples and pears; 
• The impact of different rooting systems on irrigation requirements; 
• Irrigation systems and their key characteristics; 
• Irrigation scheduling including water requirements, soil moisture monitoring and water budgets; and 
• How best to use a limited water supply. 

 
Critical growth stages 
 
It is important to understand the growth stages for apples and pears that are most susceptible to water availability, so 
that irrigation can be tailored and optimised throughout the season. The growth stages for apple and pears are 
described in Figures 2 and 3. How these stages relate to  water supply requirements are explained in this section 
(Boland et al. 2002). 
 
 
Stage 1: Budburst and flowering   
Floral budburst is the beginning of flowering and may occur before or after vegetative budburst (where bud tips 
become green and leaves start to develop) depending on the tree variety. When flowering is complete, fruitlets start to 
form. The number of cells that form the fruit are determined now. Enlargement of the fruit will depend on these cells 
getting bigger (i.e. no additional cells will be produced).  
 
As this stage is critical for cell division and the formation of the fruit, it is recommended that soil moisture is readily 
available. In most seasons spring rain will provide adequate moisture.  
 
 
Stage 2: Beginning of rapid shoot growth  
Stage two involves both rapid shoot growth and spring root growth. The fruit grows slowly for pears, however apple 
fruit growth is steady from about 6-7 weeks after budburst to harvest.  
 
For apples, because the fruit cells are either dividing or the fruit is growing, it is important that adequate water is 
provided. 
 
As fruit growth is slow for pears during this stage, irrigation is not as critical and in some instances the soil can dry 
moderately.  
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Stage 3: Beginning of fruit fill  
Stage three starts when the fruit cells begin to fill with water and sugars and the size of the fruit increases rapidly.  
Rapid fruit growth can last between four to eight weeks prior to harvest. Shoot and root growth is slow and bud 
formation for the following season’s fruit begins. Irrigation is critical at this stage and soil moisture should be readily 
available. 
 
 
Stage 4: Harvest  
At the end of fruit fill, mature fruit are picked (usually based on colour and maturity). This completes the third stage of 
the growth cycle and leads into leaf fall. For early varieties shoot growth often starts here. Root growth occurs once 
the fruit is removed. Leaves turn and some nutrients are stored in the tree.  
 
In this final stage of growth after harvest, the amount of water applied can be reduced. However, if you are applying 
post harvest fertiliser, there must be sufficient water in the soil to allow trees to take up these nutrients. 
 
 
Stage 5: Leaf fall  
The tree enters a dormancy phase and leaves fall from the tree. Irrigation is not generally needed.  However, soil 
moisture will need to be monitored at the start of spring to determine when the first irrigation is required for the next 
stage of growth.  
 
These five stages are shown visually below. 

Figure 1: Fruit growers guide to irrigation: the growth cycle (Boland et al. 2002) 
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Figure 2: Apple growth curve (Adapted from Boland et al. 2002) 

Figure 3: Pear growth curve (Adapted from Boland et al. 2002) 
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As outlined above, the irrigation requirements for apples and pears will change depending on the growth stage. It is 
important to realise however, that not all water supplied through the irrigation system will be available to the trees. 
 
While some water is easily available to the tree (called Readily Available Water (RAW)), other water is tightly held in 
the soil and is less available (called Deficit Available Water (DAW)) and some water is not available to the plant. The 
different levels of water availability are shown in the below diagrams. The soil water content for the different levels 
will vary depending on the soil type as explained further ahead. 
 

Figure 4: The break down of total plant available water 
Note: RAW occurs at approximately 8-40kPa, DAW at 40-200kPa and plant damage at 200-1,500kPa. 
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Rooting systems: impact on irrigation 
 
The type of rooting system will influence the volume and frequency of irrigation required. It is recommended that 
growers dig a soil pit (often undertaken as part of a soil analysis anyway) to investigate the root depth, root volume 
and whether any physical barriers exist. This should occur in a small number of locations for practical reasons. Key 
locations for soil pits may be where there is an obvious difference in tree growth or health. Pits should be filled in 
when investigations are complete. 
 
Root depth will vary depending on local conditions (soil type, temperature, moisture) and the variety of tree and the 
tree rootstock. Studies on tree roots at East Malling, England found roots extended down to 1.5-3m depending on the 
local conditions (Westwood 1993). Studies on orchards in the Goulburn and Murray Valleys found that the bulk of 
tree roots are in the top 90cm. Few fibrous roots extend to depths greater that 1.2 m. 
 
Generally dwarf root-stocks have shallow root systems (down to 60cm) that can be highly fibrous and dense. Some 
dwarf trees are poorly anchored because the roots are also brittle (Westwood 1993). The shallow-rooted and dense 
nature of dwarf species means irrigation is required more frequently, to compensate for the increased evaporation at 
shallow soil depths and higher uptake of water (Fereres & Goldhamer 1990).  
 
Dwarf rootstocks exist for apples, however, despite many years effort in searching for and breeding pear dwarf 
rootstocks, there has been little success (Campbell 2003). 
 
Process for digging a soil pit 
 
A soil pit dug at right angles to the movement of field traffic provides a good overview of the whole root zone (soil 
profile) of a crop. It allows for easy sampling of both the topsoil and subsoil. Where important variation in soil 
condition is expected along the plant lines (e.g. soil acidity induced by drip irrigation), the pit wall should be oriented 
in that direction as well. 
 
Depending on your crop you will need to dig to about 1.2 m to 1.5 m deep. Plant roots often extend well below 1 m.. 
A pit width of about 1m is recommended although often it is more convenient to have a narrower pit (depending on 
budget). 
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Irrigation systems 
 
Various irrigation systems exist, all of which differ regarding their key characteristics. It is important growers choose 
the irrigation system that is most suitable for their particular orchard (e.g. soil type), while maximising their 
efficiency.  
 
A summary of the main irrigation systems is shown below. 
 
Table 1: Characteristics of different irrigation systems 

Waskom 1994   RMCG & Lauren Thompson Consulting 2006  Murray Valley Citrus Board 2005 
Fereres & Goldhamer  Fereres et al. 2003     Boland et al. 2001 

Irrigation 
system 

% Efficiency 
(ML for 
production: 
ML  

diverted) 

Accuracy On-going 
management 
requirement 

Soil  

characteristics 

Application 
rate 

Suitable for  

fertigation 

Relative 
costs 

 

Furrow 50-70 Low High 
Not suitable for 
sandy soils 

8-12ML/ha No Low 

Sprinklers 60-80 High Low 
Suitable for all 
soils 

6mm/hr,  

3-11ML/ha 
Yes Medium 

Mini-
sprinklers/ 
microjets 

70-90 High Low 
Suitable for all 
soils 

5mm/hr, 

6-10ML/ha 
Yes Medium 

Drip 
(surface) 

80-95 Very high 
Low - easily 
automated 

Not suitable for 
sandy soils 

3-8mm/hr, 

 4-8ML/ha  
Yes High 

Subsurface 
drip 
(temporary 
or  

permanent) 

80-95 Very high 

Moderate – 
easily auto-
mated if 
permanent. 
Can have 
issues with 
filter block-
ages. Higher 
management 
if temporary 

Not suitable for 
sandy soils 

2 mm/hr 

4-7ML/ha 
Yes High 
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Irrigation scheduling 
 
Background 
 
Irrigation scheduling is the process used by irrigators to determine the correct frequency and duration of watering. The 
main aim of irrigation scheduling is to apply the right amount of water at the right time (traditionally decided through 
experience and observation). This requires: 
 

• Understanding the changes in tree water use over the season; 
• Measuring soil moisture; and 
• Making informed decisions on when and how much water to apply – by considering the volume of water 

available and the production goals. 
 
With flood and furrow irrigation, there is little control over the efficiency of water application. Micro-irrigation allows 
greater control over the water, but when and how much becomes more critical. The steps in irrigation scheduling are 
described below, with examples. For further information, refer to Boland et al. 2002. 
 
Water scenarios 
 
There are two extreme scenarios when irrigating orchards: 
 

1) When water is non-limiting – growers tend to irrigate their trees with the aim of maximising production. 
Application of the optimal amount of water involves consideration of the amount of fruit produced and its 
quality (related to pack out).  Applying less water has in some instances been shown to improve fruit quality 
parameters such as shelf life. 

 
2) When water is limited (e.g. drought) – maintaining some production is desirable, however an extreme scenario 

may involve irrigating to keep trees alive while sacrificing yield and quality in the short-term. This would 
allow for rapid yield recovery when water availability improves, rather than replanting trees after the drought 
and waiting for them to mature. However, irrigating for tree survival only is not suggested as a long-term 
strategy. It should occur over the short term only. 

 
In between these two extremes is the use of Regulated Deficit Irrigation (RDI) to maintain production while 
minimising water use, as described below. 

What is Regulated Deficit Irrigation (RDI)? 
 
Regulated Deficit Irrigation (RDI) is a tool for managing apple and pear orchards with limited water. It aims to 
maintain water stress within a desirable range so that at critical growth stages, plant reactions can be controlled for 
production benefits (Tim Cummins & Associates 1998).  
 
In other words, RDI involves reducing irrigation during the period of rapid shoot growth and slow fruit growth (stage 
two of the growth cycle), so that water savings can be achieved without reducing fruit quality or yield. RDI controls 
too much vegetative vigour, particularly in high-density orchards and results in increased productivity, fruit quality 
and water savings. There has been considerable work undertaken on the value of RDI for apples and pears. 
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Water requirements 
 
This section examines the water requirement of apples and pears: 

• For the two main growing climates – Mediterranean and cold regions (see ahead for towns in each climate 
zone) 

• Over the five growth stages and  
• For the three water availability scenarios – non-limiting, RDI and drought.  

 
The results therefore represent the maximum and minimum production possibilities. The optimum irrigation needs for 
various yield/quality levels within this range is an area for future research, as little information currently exists.   
 
Understanding the ideal water requirements for apple and pear trees under different scenarios is important to optimise 
growth and production with minimal wastage. This helps improve irrigation efficiency and reduce costs associated 
with water losses. 
 
In the interim, these guidelines have outlined the estimated water requirement for tree survival using an approach 
adopted overseas (FAO56 1998).  However, the FAO approach requires validation for Australian conditions.  
Therefore, the below calculations are intended as a starting point only.  
 
It also assumes water quality is not an issue. A potential issue with highly reduced water applications in areas with 
poor water quality, is salt accumulation in the soil profile. The impacts of this need to be considered when determining 
the irrigation regime. 
 
It is recommended growers undertake a similar process (highlighted under example A and B) for their own orchards, 
so that their specific irrigation requirements for different scenarios can be determined. Calculations have been based 
on a mediterranean and cold climate, to capture the differences in the pomefruit growing areas across Australia. 
 
When applying RDI during stage two of the growth cycle (November and December), soil moisture can be dried to 
200 kPa. The best way to apply RDI is to reduce the amount of water applied, but maintain the frequency at which it is 
applied (Boland et al. 2002).  
 
For the RDI examples used in this document, the crop coefficients (discussed ahead) have been halved as a starting 
point (i.e. volume of water has been halved). In reality this may be altered depending on the individual scenario. 
 
There are two ways RDI can be measured to ensure production is not being negatively impacted. Firstly, soil moisture 
monitoring equipment (discussed ahead) can be used to ensure the water tension is at a suitable level. Alternatively (or 
together with the monitoring equipment), fruit growth measurements can be taken for several (e.g. five) trees that are 
well watered and for trees under RDI. These measurements can be compared regularly to ensure fruit growth under 
RDI is occurring at the same or a similar rate to fully irrigated trees.  
 
 
 
 
 
 
 
 
 
 
 

Page 11 



Calculating Water Volumes 
 
Step 1. How much to irrigate? 
 
The maximum amount of water that should be applied with each irrigation will depend on the amount of water that is 
held in the irrigated rootzone and is readily available. Readily Available Water (RAW) is the amount of water that is 
easily available to the tree. This is between field capacity and when the plants start to have difficulty sucking up water 
– between a soil moisture tension of 2–8 and 40–60 kPa. Soil moisture tension describes the amount of energy needed 
to extract water from the soil i.e. how tightly the water is held in the soil. The drier the soil, the higher the soil water 
tension. 
 
To determine the RAW, you can dig a soil pit next to a tree and record the depth and width of roots and the wetting 
pattern of the emitter – this will allow you to determine the volume of the wetted roots. Alternatively the below figures 
and graph can be used as a general guide (Figure 5).  
 
RAW is approximately: 
• 6% of the total soil volume for sandy loam and clay soils and  
• 8% of the total soil volume for clay loam soils. 

 
Figure 5: Distribution of Readily Available Water for different soil types (Boland et al. 2002) 

 
If you know how much RAW you have in the root–zone, you can then calculate the maximum amount of irrigation 
(the most water) that can be applied to the tree. If excess water is added it just goes out the bottom of the root zone.  
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Example for calculating how much to irrigate (run-time) 
 
An orchard on sandy loam soil, has a root depth of 60cm and width of 2m by 2m for each tree. Soil moisture ten-
sion is to be kept between 8-40kpa. 
 
RAW = 6% x 60cm soil depth = 36mm  (or 36 litres/m2) 
 
Maximum volume a tree can receive in one irrigation: 
= 36 litres/m2 x 2m x 2m 
=144 litres 
 
If the irrigation system has an application rate of 36 litres/hour per tree, then the maximum irrigation hours 
needed (run time) assuming no rainfall is: 
 
Max volume needed/application rate (L/hr) 
=144 litres/36 litres/hr = 4 hours 

Step 2. When to irrigate in different regions? 
 
Crop coefficients can be used to determine how much water the trees use for different growth stages and how 
frequently irrigation water should be applied. This is also called an irrigation schedule.  
 
Crop coefficients are a number (factor) that takes into account how a crop’s evapotranspiration differs to the 
evapotranspiration from a grass reference. The aspects considered in developing the crop coefficient include 
groundcover, canopy properties and aerodynamic resistance of the crop. For this reason different crops have a 
different crop coefficient. 
 
Estimated irrigation requirements for the different growth stages in Figure 1 are outlined below for the two main 
climates. These estimates use single crop coefficients (Kc) when water is unlimited and water stress coefficients 
(Ks) when limitations occur. Both are taken from the FAO56 ‘Guidelines for computing crop water require-
ments’.  
 
The FAO guidelines use the same coefficient for apples and pears. A standard coefficient was chosen that as-
sumes no killing frosts or groundcover exists. It is important to note that several factors including rainfall, 
groundcover, frosts, the variety of tree and time of harvest will all influence the results. Furthermore, more appro-
priate coefficients may have been developed for specific regions that take into account the local conditions.  
 
However, as these guidelines have been developed for the national industry and aim to be relevant for all pome 
fruit growing regions, a standard coefficient has been used.  
 
The ETo data is from SILO 2007 and is calculated using the FAO Penman-Monteith formula as described in the 
FAO Irrigation and Drainage Paper 56. Mediterranean ETo figures were based on Tatura (Victoria) data, while 
cold climate ETo figures were based on Bathurst (New South Wales). The ETo relativities between different 
pome fruit growing regions are shown below (Figures 6 and 7). 
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Figure 6: Locations with similar ETo levels to Bathurst 
 

Figure 7: Similar ETo levels between Tatura and Stanthorpe 
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COLD CLIMATES 
 
The following examples describe calculation of water volumes for cold climates (using Bathurst). The effective 
rainfall in an area (considered to be events more than 5mm) will influence the amount of irrigation required. Cold 
climates such as Bathurst tend to have more summer and autumn dominant rainfall. About 3-7ML/ha may be 
contributed by rainfall (based on an average annual rainfall of 630mm in Bathurst). 
 
Scenario 1: Unlimited water 
 
In an unlimited water situation, the total seasonal water requirement would be approximately 8.5ML/ha. However, 
when rainfall is considered the total irrigation demand would range from 1-5ML/ha (Table 2). 
 
Table 2: Irrigation demand for cold climate growing regions when water is unlimited 
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Scenario  2: Regulated Deficit Irrigation (RDI) 
 
In an RDI situation, the total seasonal water requirement would be approximately 4ML/ha. However, when rain-
fall is considered the total irrigation demand would range from 0-1ML/ha (Table 3). 
 
Table 3: Irrigation demand for cold climate growing regions using RDI 

Scenario 3: Major water shortages (drought) 
 
In a water limited situation, the total seasonal water requirement would be approximately 1.5ML/ha. However, 
when rainfall is considered the total irrigation demand would range from 0-2ML/ha (Table 4).  
 
Table 4: Irrigation demand for cold climate growing regions when water is severely limited 
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Growth Stage Month
Coefficient 

(Ks)

Ave daily 
water 

requirement 
(mm/day)

Ave mthly 
water 

requirement 
(mm/mth)

ML/ha/
mth

September 0.2 0.3 8 0.1
October 0.2 0.4 11 0.1

November 0.2 0.7 22 0.2
December 0.2 0.8 25 0.3
January 0.2 0.8 26 0.3
February 0.2 0.8 21 0.2

March 0.2 0.7 20 0.2
April 0.2 0.4 12 0.1
May 0.2 0.3 8 0.1
June 0.3 0.1 3 0.0
July 0.3 0.1 3 0.0

August 0.3 0.1 4.6 0.0
Total water requirement (ML/ha/season) 1.6
Effective rainfall (ML/ha) 3 to 7
Total irrigation demand (ML/ha/season) 0 to 1

Beginning of fruit 
fill

Harvest

Leaf fall

Rapid shoot 
growth

Budburst and 
flowering



MEDITERRANEAN CLIMATES 
 
The following examples describe calculation of water volumes for mediterranean climates (using Tatura). The effec-
tive rainfall in an area (considered to be events more than 5mm) will influence the amount of irrigation required. 
Mediterranean climates such as Tatura tend to have fairly consistent rainfall over winter and spring with less in sum-
mer and autumn. About 1-5ML/ha may be contributed by rainfall (based on an average annual rainfall of 480mm in 
Tatura). 
 
Scenario 1: Unlimited water 
 
In an unlimited water situation, the total seasonal water requirement would be approximately 10ML/ha. However, 
when rainfall is considered the total irrigation demand would range from 5-9ML/ha (Table 5). 
 
Table 5: Irrigation demand for mediterranean climate growing regions when water is unlimited 
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Scenario  2: Regulated Deficit Irrigation (RDI) 
 
In an RDI situation, the total seasonal water requirement would be approximately 5ML/ha. However, when rainfall is 
considered the total irrigation demand would range from 0-4ML/ha (Table 6). 
 
Table 6: Irrigation demand for mediterranean climate growing regions using RDI 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Scenario 3: Major water shortages (drought) 
 
In a water limited situation, the total seasonal water requirement would be approximately 2ML/ha. However, when 
rainfall is considered the total irrigation demand would range from 0-2ML/ha (Table 7).  
 
Table 7: Irrigation demand for mediterranean climate growing regions when water is severely limited 
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Information in the irrigation tables (previously) can be used to determine the irrigation schedule for apple and pear 
trees at a specific time. After determining the maximum irrigation hours required (as per previous example), the 
approximate irrigation interval can be determined for each month by dividing the RAW by the average daily water 
requirement for each month (as shown below). 

 
Soil moisture monitoring 
 
Step 3. Check on how much and when to irrigate 
 
Monitoring soil moisture is important to identify how much water to apply per irrigation session and when irrigation 
should occur. It is important for assessing when to start irrigation (at the beginning of the season) and for determining 
the impacts of rainfall.  
 
Different measurement tools and their key characteristics are shown ahead. For those growers who want to begin soil 
moisture monitoring and do not have access to an expert/consultant, gypsum blocks are a useful entry point as they 
are: 
• Cheap; 
• Easy to use; 
• Have low maintenance; and 
• Use measurement language common to that used in soil moisture monitoring science.  
 
For further information refer to Charlesworth 2005, which provides a comprehensive guide of specific monitoring 
products. 

Example for calculating when to irrigate (frequency) 
 
January irrigation interval (mediterranean climate) = RAW / average daily water requirement 
36mm / 5.6mm/d 
=  6.4 days 
 
Therefore for January the approximate irrigation schedule would be four hours of irrigation (from Example A) 
over a 6 day period.  
 
Note: this does not mean applying all four hours of irrigation in one session. E.g. mature trees may be watered for 
one hour per day, while dwarf trees may be watered three times a day for 20 minutes each. The number of  
irrigation sessions depends on the characteristics of the orchard. 
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Table 8: Key characteristics of soil moisture monitoring techniques (Charlesworth 2005; Boland et al. 2002) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Method of 
measure-
ment 

Type of     
device Advantages Disadvantages Example       

products 

Suction      
measurement   

Porous media 
instruments 

Relatively cheap 
Easy to install yourself 
Can be read by yourself 
Allows continuous monitoring 
Gypsum blocks & granular matrix 
sensors are suitable for drier soils & 
RDI 
Accuracy of tensiometer/blocks, 
granular matrix – 0.5-1.0kPa 
Accuracy of soil matrix sensor - +3% 
 

Can be labour intensive to collect & record 
data 
Requires regular maintenance 
Can be inaccurate in very wet or dry soil 
Tensiometers are not suitable to measure soil 
water suction greater than 75kPa – so unsuit-
able for RDI or partial rootzone drying 
 

Tensiometers, 
Resistance blocks 
(gypsum block) 
Granular matrix 
sensor 
Equitensiometer 
Soil matrix poten-
tial thermal heat 
sensor 

 Wetting front 
detectors 

Cheap – don’t need continuous out-
puts that are calibrated to the soil 
water content. 
Can be used for warning signals, 
regulating how much water is irri-
gated and collecting soil water sam-
ples. 

Only information provided is when the wet-
ting front reaches a set depth in the soil. Full stop 

Volumetric 
water content 
measurement 

Soil dielectric 
including time 
domain reflec-
trometry 
(TDR) & fre-
quency domain 
reflectometry 
(capacitance) 

Continuous monitoring 
Accurate at all depths 
Enables rapid reading and recording 
of results 
Robust data 
TDR has little need for recalibration 
between different soil types 
Accuracy + 0.1-3% when calibrated 
for most products 

Very expensive – need additional electronic 
equipment 
Need skills for interpreting data 
Many capacitance probes have a small meas-
urement sphere (10cm radius) – so are sensi-
tive to inconsistencies introduced at installa-
tion e.g. air gaps. 

Gopher, C-Probe, 
EnviroPro, WET 
sensor, Sentek 
EnviroSCAN, 
Aquaflex, Water 
Content Reflecto-
meter, TRASE 
System 1 

 Neutron mod-
eration 

Portable – can be moved around sites 
Very reliable and accurate 
Measures a relatively large volume of 
soil 
Accuracy +0.5% when calibrated 

Not suitable for continuous monitoring 
Equipment is expensive & contains radioac-
tive material, so usually used by consultants 
Less accurate in the top 10cm soil 

Neutron Moisture 
Meter 

 Heat dissipa-
tion 

Suitable for time series measure-
ments & high-resolution spatial data 
gathering. 

Small measurement sphere (1cm diameter), 
so needs many probes in a small area 
Needs sophisticated loggers to measure tem-
perature, power variables and control the 
measurement timing 

Combination de-
vices – volumetric 
sensor embedded 
in suction sensor 
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The range of soil moisture tensions that different soil moisture monitoring methods measure, are described in Figure 8. 

 
Figure 8: The measurement range for different soil moisture monitoring techniques (Based on Charlesworth 2005) 

 
Water budgets 
 
Step 4: Keep track of your total water requirements 
Developing a water budget is a useful and practical way of identifying the total water requirements for different blocks 
within an orchard. Water budgets provide important information for irrigation decisions, especially if allocations are 
highly variable from season to season.  
 
The previous examples involved developing an irrigation schedule to identify how long to irrigate and for how often.   
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Example for determining a water budget 
 
Assumes a 10 hectare, mature orchard block near Bathurst (cold climate) with no groundcover and approximately 
90% canopy cover. Rainfall from 2006 was used. 
 
Step 1. Enter the maximum and minimum water requirement (ML/ha) for each month “assuming 100% canopy 
cover” (as shown below), using the irrigation schedule tables mentioned previously. Ensure data is chosen that repre-
sents the right climate zone and groundcover option for your orchard. 
 
2. Determine the approximate canopy cover in the orchard block (which takes into account the crop load, tree age 
and type of trellis used) and multiply the water requirement by this percentage to determine the water requirement 
“specific to the orchard canopy cover”. 
 
3. Determine the water contribution from rainfall (by dividing the millimetres of rain by 100 to get ML/ha) and mi-
nus this amount from the irrigation requirement. If the value is a negative (i.e. rainfall provides more than is needed), 
change the value to a zero. 
 
3. Multiply the water requirement “accounting for rainfall” by the number of hectares in the block. 
 
4. Follow this procedure for each block and use the results to inform your decision-making depending on your allo-
cation for the season (as shown in the flow diagram in the following section ‘how best to use a limited water sup-
ply’). 
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Month

Maximum water 
requirement per 
season (ML/ha)

based on Kc

Minimum water 
requirement per 
season (ML/ha)

based on Ks

Maximum water 
requirement per 
season (ML/ha)

based on Kc

Minimum water 
requirement per 
season (ML/ha)

based on Ks

mm/mth ML/ha^

July 0.12 0.03 90% 0.11 0.03 146.6 1.47
August 0.18 0.05 90% 0.16 0.04 35.2 0.35
September 0.33 0.08 90% 0.30 0.07 6.4 0.06
October 0.47 0.11 90% 0.42 0.10 6.8 0.07
November 1.19 0.22 90% 1.07 0.19 6.8 0.07
December 1.47 0.25 90% 1.33 0.23 35.2 0.35
January 1.52 0.26 90% 1.37 0.23 61.6 0.62
February 1.22 0.21 90% 1.09 0.19 4.2 0.04
March 1.06 0.20 90% 0.95 0.18 23.2 0.23
April 0.53 0.12 90% 0.48 0.11 2.8 0.03
May 0.33 0.08 90% 0.29 0.07 59.0 0.59
June 0.11 0.03 90% 0.10 0.03 32.3 0.32
Total 8.53 1.63 90% 7.68 1.47 420.1 4.20

Month

Maximum water 
requirement per 
season (ML/ha)

based on Kc

Minimum water 
requirement per 
season (ML/ha)

based on Ks

July 0 0 10 0.00 0.00
August 0 0 10 0.00 0.00
September 0.23 0.01 10 2.34 0.08
October 0.36 0.03 10 3.56 0.30
November 1.00 0.13 10 10.01 1.26
December 0.97 0 10 9.75 0.00
January 0.75 0 10 7.53 0.00
February 1.05 0.15 10 10.52 1.51
March 0.72 0 10 7.23 0.00
April 0.45 0.08 10 4.51 0.80
May 0 0 10 0.00 0.00
June 0 0 10 0.00 0.00
Total 5.54 0.40 10 55.44 3.95

Total min. water 
required (ML)

Accounting for rainfall

Total max. water 
required (ML)

Assumes 100% canopy cover

Actual 
equivalent 

canopy 
cover*

Specific to orchard canopy cover

Hectares

Rainfall contribution



Irrigation Scheduling Summary 
 
Step 1: How much to irrigate? 
 
The amount of water that should be applied to an orchard in each irrigation will depend on the wetted root volume 
and the soil type. 
 
• The wetted root volume is the volume of roots that are wet up by the irrigation system. These are the effective 

roots that provide water to the tree 
• The soil type will determine how much water is readily available to the tree. 
 
The amount of water to apply in one irrigation will be the area of wetted root volume by the readily available water. 
 
Step 2: When to irrigate in different regions? 
 
How often to irrigate will depend on the stage of tree growth and the climatic conditions. This varies considerably 
between regions and over the season. It will also vary depending on if you have limited or unlimited supplies. 
 
Cold Climate 

 
Mediterranean Climate 

 
Step 3:  Check how much and when to irrigation 
 
Soil moisture monitoring is a way of checking if your estimates of how much to irrigate and how often to irrigation are in the 
ball-park. The theory of how much water the soil can hold and how much water the tree is using needs to be tested. Putting the 
theory into practice will demonstrate that no region or orchard or tree is the same and there will need to be adjustments made. 
 
Step 4:  Keep track of total water requirements 
 
A water budget is a useful way of tracking the total amount of irrigation that is needed over a season and potential shortfalls. 
Refer to the tables on the previous page and select the climate scenario for your region (Cold Climate and Mediterranean) and 
the irrigation approach being adopted (unlimited, RDI, water shortages). This will give you a rough estimate for water volumes 
required. 
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 Unlimited Water Regulated Deficit 
Irrigation 

Major Water 
Shortages 

Total Water Requirement (Ml/ha/season) 8.5 4.3 1.6 

Effective Rainfall (Ml/ha/season) 3 to 7 3 to 7 3 to 7 

Total Irrigation Demand (Ml/ha/season) 1 to 5 0 to 1 0 to 1 

 Unlimited Water Regulated Deficit 
Irrigation 

Major Water 
Shortages 

Total Water Requirement (Ml/ha/season) 10.0 5.0 1.8 

Effective Rainfall (Ml/ha/season) 1 to 5 1 to 5 1 to 5 

Total Irrigation Demand (Ml/ha/season) 5 to 9 0 to 4 0 to 2 



How best to use a limited water supply 
 
If not managed carefully, limited water supplies can have a detrimental impact on yield and fruit quality for apples and 
pears. The results of your water budget may indicate supplies are likely to be limited.  A variety of tools exist to help 
growers manage their trees and water resources during these periods. Several of these tools are discussed in Figure 9. 

 

Figure 9: Decision tree for managing limited water supplies (based on HAL 2006) 
 
 
Efficient Irrigation Systems 
 
Irrigation efficiency varies dramatically across different types of irrigation systems. It is currently recommended that 
drip, microjet or under tree mini-sprinklers be used as these allow optimal root hydration. However, it is important that 
the chosen system irrigates the main root area only. In doing so, irrigation water is focused on the plant uptake zone 
(drip zone) rather than being applied onto non-productive parts of the orchard that may also be more exposed to 
evaporation. 
 
Furthermore, misting from the irrigation system should be avoided by instead using high output, low-pressure 
sprinklers. This reduces water loss through evaporation and improves irrigation efficiency. 
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Pulse irrigation 
 
Pulse irrigation involves setting an irrigation controller to turn an irrigation shift on and off periodically throughout an 
irrigation event (Murray Valley Citrus Board 2005). More frequent, but shorter irrigation intervals (‘pulses’) allow 
more water to be held higher in the soil profile. This is useful in sandy soils, which tend to have long and narrow 
wetted patterns due to higher leaching (Murray Valley Citrus Board 2005). Dwarf trees are also commonly pulse 
irrigated due to their shallower root systems. 
 
Pulse irrigation can have production benefits through optimising nutrient and water uptake over longer periods and 
consequently improving production and fruit quality for a given volume of water. This method is now used across 
several Australian horticulture industries. 
 
Regulated Deficit Irrigation (RDI) 
The previous examples have shown how RDI can save water while having limited, if any, impact on fruit yield and 
quality. For this reason, RDI is a key method for reducing water use. 
 
Scheduling and water budgets 
 
As discussed in previous sections of these guidelines, developing irrigation schedules and water budgets is an essential 
part of responsible water management. 
 
Reduce Competition for Water 
 
Weeds and groundcover plants established intentionally between tree rows can compete with apples and pears for soil 
moisture. This can have a negative impact on the trees if moisture is limited. Therefore regular mowing of the inter 
row, weed elimination and using herbicides to kill off inter-row plants after heavy rainfall periods (e.g. winter rains) 
can reduce competition while maintaining some of the groundcover benefits (PIRSA 2006). 
 
Reduce Soil Evaporation 
 
Soil water is not only removed through plant processes, but can be evaporated directly from the soil surface. Mulching 
around trees during dry periods can reduce soil temperatures and evaporation. A 10-15cm loose layer of mulch should 
be distributed beyond each tree’s drip line, but should not accumulate around the trunk. Coarsely cut crops such as  
oats, sorghum, setaria (possibly mixed with a legume such as lupins) are desirable. However, finely cut soft material 
should not be used due to the increased risk of fungal disease. 
 
Irrigating at night can also minimise evaporation and increase the proportion of water entering the soil column for use 
by the trees. However, it is important to regularly check the condition and distribution uniformity of the irrigation 
system during daylight to ensure no unexpected water losses are occurring (PIRSA 2006). 
 
Reduce evaporation from water storages 
 
On-farm storages can be a source of water loss through evaporation (predominantly) and seepage. Research in 
Queensland has found several products are available that can substantially reduce evaporation from storages as shown 
below (Craig et al. 2005) (Table 9). 
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Table 9: The effectiveness of different evaporation control methods (based on Craig et al. 2005) 

 
 
The chemical monolayer examined in this study involved a single molecule layer of acetyl alcohol that rapidly spreads 
across the water surface. The effectiveness of this product can be affected by the wind. Another product is modular 
systems (e.g. Raftex), which are best suited to intermediate storage areas (less than ten hectares) (Craig et al. 2005). 
 
Netting 
 
Netting is primarily used for pest animal control (e.g. birds) or to reduce damage from hail. Some sources indicate 
netting can reduce the effect of drought by increasing the humidity around trees and consequently reducing 
transpiration (water loss) from the leaves (Middleton et al. 2007). Therefore, if netting is available it may be used in 
conjunction with other water saving strategies during drought periods. 
 
Stumping and thinning 
 
It is possible to reduce water usage by implementing orchard canopy management strategies. Stumping lower 
productivity blocks (main limbs cut in half or lower) will greatly reduce water requirements. Tree wounds following 
stumping should be treated to avoid disease. Older trees that have low productivity may be removed entirely so water 
can be focused on the most productive parts of the orchard (Schneider 2003). 
 
Blossom thinning early after flowering should also occur to reduce competition between fruit, maximise fruit size and 
reduce water needs. Additional thinning may be required six weeks after fruit set. The most productive blocks should 
be pruned first so that decisions about abandoning lower production blocks to save water can be made later in the 
season depending on rainfall (Schneider 2003). 
 
 
 
 
 
 
 
 
 
 
 

Evaporation  
reduction (%)  

Suitable for  Installation 
cost ($/m2)  

Operating & 
maintenance 

cost  
($/ha/yr)  

Breakeven 
cost ($/ML 

saved)  Measured 
small tanks 

Potential commercial 
storage 

Floating plastic 
cover (e.g. E-

VapCap) 
94-100% 85-95% Storages <1ha, 

permanent water $5.50-8.50 $112-572 $302-338 

Suspended shade 
cloth structure 
(e.g. NetPro) 

69-71% 60-80% Storages <5ha, 
permanent water $7-10 $112-537 $296-395 

Chemical 
monolayer (e.g. 

WaterSavr) 
10-40% 5-30% 

Storages >10ha, 
dry for significant 

periods 
$0-0.38 $826-4050 $130-1191 

Type  
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The Efficient Irrigator’s Checklist 
 
Below is a list of recommendations, summarized from these guidelines, on how to improve water management for 
apple and pear orchards. How does your orchard compare? 
 

 
 
 
 
 
 
 
Further information 
 
For further information contact: 
 
Horticulture Australia Limited 
  
Phone: +61 2 8295 2300 
Fax: +61 2 8295 2399 
 
Level 1, 50 Carrington Street 
SYDNEY  NSW  2000 
www.horticulture.com.au/water and www.horticulture.com.au/drought 
 
OR 
 
Apple & Pear Australia Limited 
www.apal.org.au 
 
 

Recommendation  Tick a box checklist 

   

Choose an efficient irrigation system that is suited to local conditions including soil type   

   

Determine RAW (dig a soil pit and investigate the root zone volume)   

   

Develop an irrigation schedule for each block and growth stage   

   

Monitor soil moisture regularly to inform the irrigation schedule   

   

Develop a water budget to inform decision-making   

   

 Implement water efficient orchard and irrigation management decisions  
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