[image: image8.png]



[image: image2.jpg]



Design – Module 5:
Irrigation Design
Water is a major requirement for plant survival. The amount of water that each plant requires to survive and thrive differs between species and even individual plants. The challenge for landscape professionals is to design gardens and irrigation systems in a manner that will cater for such great variability in plant water requirements within a single garden.

Hydrozoning
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Hydrozoning is the creation of a number of different irrigation zones throughout a landscape, determined by plant water requirements.   
‘Low watering’ areas may only require supplemental water during extended dry and hot periods, ‘medium watering’ areas may contain species that require supplemental water during summer and ‘high watering’ beds may require year round irrigation. It is expected that high water use garden beds are restricted to as small an area as possible. Lawn areas are separated from all other areas due to their specific requirements and the ban on lawn irrigation across much of Australia.

Garden bed location can influence water requirements and should be considered. It may be necessary to further divide garden beds by environmental factors to enhance the efficiency of an irrigation system.
Water delivery

How water is delivered to plants is critical to the overall efficiency of irrigation systems. An effective water delivery method can immediately decrease water use by up to 60%. Systems with low precipitation rates that do not spray water are the most efficient. A dripper system is an example of such a system. Dripper systems have very low precipitation rate allowing the water to soak into the soil rather than running off. Dripper systems are not affected by such variables as wind and plant growth that can quickly make spray based irrigation systems ineffective.
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Dripper systems are available with a variety of options to suit the individual requirements and conditions of each site. Drip emitters may be used individually for watering pot plants or sparsely planted garden beds and are available with a range of pre-selected flow rates, from 2 to 8 litres per hour. This allows you to cater for a range of plant requirements on a single irrigation line.

Drip emitters may be impregnated into tubing at a set spacing. This product is known as dripline and is ideal for garden beds with a medium to high planting density. Dripline is best laid in a grid system so that the entire garden bed receives even watering. How tightly spaced the grid is made is dependant on the plant type and the soil type of the area. 
Table 1. Appropriate dripper spacing for various soil types
	Soil Type
	Clay
	Loam
	Sand

	Drip Spacing (cm)
	50
	40
	30

	Line Spacing (cm)
	50-100
	40-100
	30-100


Irrigation scheduling
Irrigation scheduling is part science, part experience and part prophecy. 
The science of irrigation scheduling

Every plant requires a specific amount of water to survive. Plants access this water from the soil and lose it through the stomata on their leaves through a process known as transpiration. At the same time water is being evaporated from the soil directly into the atmosphere, this is called evaporation. The combination of transpiration and evaporation gives the total upward loss of water from soil referred to as evapotranspiration (ET).
The ET of a particular plant species (or garden bed) is determined by three main factors; weather conditions, planting (e.g. type, age and density) and local environmental conditions (e.g. aspect, soil structure and mulching). As every plant species has a different ET rate, a crop factor is used to calculate the amount of water that the plant would use compared to the evaporation from an open water source. 
Evapotranspiration (ET) = Evaporation   X   Crop Factor
Evaporation rates can be sourced from the bureau of meteorology www.bom.gov.au. The crop factor for many ornamental species can range between 0.25 and 0.9 depending on the species. Drought tolerant species may have a crop factor of  0.3 while cool season grasses can be as high as 0.85

Table 2. Crop factor values for a range of ornamental plant types (adapted from Connellan 2002)

	Plant
	Crop Factor

	Trees
	0.3 – 0.8

	Shrubs
	0.3 – 0.7

	Ground covers
	0.6 – 0.6

	Vegetables
	0.4 – 0.9

	Cool Season turf
	0.65 - 0.85

	Warm Season turf
	0.25 – 0.7


Example: 
Client A has a lush cool season lawn area that they would like to maintain. The average evaporation for Canberra during Summer is 7mm per day. The crop factor for a cool season turf is 0.7

The turf will therefore require 4.9mm of water per day.


Client B lives next door and ripped out their lawn a couple of years ago, replacing it with drought tolerant ground covers and shrubs. The crop factor for these species is approximately 0.3.


The lawn alternative will therefore require 2.1mm of water per day.

How often a landscape requires water is dependant on root depth and the water holding capacity of the soil.

The amount of water that a soil can hold is determined by the soil properties. A rich healthy loam soil can hold up to 20% of its volume as water while a free draining sand may only be able to hold as little as 6% of its volume.
Table 3.  Available Water holding capacities of various soil types (adapted from Connellan 2002)

	Soil Type
	Available water (mm/m)

	Sand
	60

	Sandy loam
	110

	Loam
	170

	Clay loam
	165

	Clay
	140


The deeper the root system, the greater the amount of water available to the plant. The plant available water (PAW) is calculated by multiplying the available water holding capacity by the depth of the root zone. Once the maximum PAW is reached, any further irrigation is wasted as the soil will have reached field capacity and the water will either run-off or alternatively travel lower than the roots can access. Rather than allowing the soil to entirely dry out is preferred that irrigation is scheduled to occur when the PAW is depleted to 50% of field capacity.

Once PAW is calculated it is possible to determine watering interval for particular plant species or garden bed.
Example:
You improved Client B’s soil after removing their lawn. The new water holding capacity of the soil is approximately 130 mm/m. The average root depth of the drought tolerant ground covers and shrubs is 200mm. The PAW is therefore 13% of 200mm or 26mm. If irrigation scheduling is set to top up PAW once it reaches 50%, during January, 13 mm of water would evapotranspirated from the soil at a rate of 2.1mm of water per day resulting in an irrigation interval of once every 6 days.

An irrigation schedule of once every 6 days would be sufficient for 
this site operating for a period that will replenish the 13mm lost due to evapotranspiration.
Fortunately many of the latest irrigation controllers can calculate all this for you so all that is needed to be set is the type of garden bed, soil type, slope and how much sun the area receives. [image: image5.png]/y//
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Site knowledge
Irrigation scheduling is an ongoing process that requires constant fine tuning to ensure the optimal amount of water is getting to the plants when they need it. External factors may influence the amount of irrigation required by particular areas of the garden. The influence of drainage lines and neighbouring vegetation can have a great impact on plant irrigation requirements. Always closely inspect the plants in the garden, if they are wilting, there is lack of leaf gloss, colour tinting, partial flower or leaf drop, curling of leaf edges, or small stunted growth they may not be getting enough water. Determine if the problem is isolated to a particular species or entire garden bed. If the under-watering is limited to a single species it may be that it is not suited to the site. If all the plants in the area are under water stress alter the irrigation schedule to supply more water to that particular part of the garden. Supplying too much water can also have a negative effect. An over-watered plant has a greater chance of disease and problems than plants slightly under watered.
Moisture, Rain sensors & Weather Forecasting Services
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The installation of a soil moisture sensor or rain sensor has been compulsory on all automatic water systems in Victoria since 1 September 2005.

These sensors will prevent the system from operating when it is raining or there is already sufficient moisture in the soil. Sensors can be set to turn the system off after receiving a specific level of water. 

Sensors will only shut down the system after the rain has fallen. Turning off the system if rain is expected in the next few days can save significant quantities of water. This does, however, require assistance from the homeowner to shut the system off and then remember to turn it back on again when it is required again.
Seasonal variation and system maintenance
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Supplemental water requirements change throughout the year. Plant water requirements can drop by as much as 85% in the cooler months in southern Australia compared to the middle of summer. Irrigation systems need to mimic this change and be adjusted accordingly. In many situations supplemental water will not be required during this period when rainfall alone is sufficient. Monitoring watering systems across all seasons ensures that overall efficiency is maintained. 

As a landscape evolves, irrigation systems need to change to suit. A system can quickly become inefficient as the plants’ watering requirements change or the composition of garden beds is altered.

Blockages and leaks need to be recognised and repaired quickly, large leaks can sometimes go unnoticed for an extended periods of time, especially when the system only operates at night and distribution occurs subsurface. When visiting a site, look for uncharacteristically wet or dry areas that are symptoms of an irrigation system not operating efficiently. 
Irrigation regulations

Across much of Australia there are restrictions on how and when mains water can be used for irrigation. It is always recommended that you maintain up to date information on the current restrictions. This information will be available from the relevant water authority. 

Alternative water sources
Rainwater can be used as a substitute to mains water in all irrigation systems. Stored rainwater simply needs to pass through a filter prior to entering the system. A 150 micron filter is normally sufficient to prevent any material through that may block emitters. A pump may also be required as most irrigation systems also require water to enter the system under pressure. In periods of prolonged hot dry conditions greywater may also be a viable option for irrigating parts of a landscape. Greywater should not be distributed through the potable or rainwater irrigation pipes due to potential health risks. 

For further information on rainwater refer to Design module 4: Water capture
For further information on greywater refer to Design module 3: Water recycling
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