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Executive Summary

Up to date and detailed knowledge of the extraction of soil moisture from the different soil layers in the garden beds at RBG Melbourne (RBGM) is proving to be extremely valuable in the water management of these gardens. In a collaborative project between the RBGM, Sentek Pty Ltd and the University of Melbourne, landscape soil moisture is being monitored by multiple installations in selected garden beds. This information is continuously relayed at frequent intervals to a host website from where it can be viewed and analysed by the project partners. 

The title of the project is Soil Moisture and Irrigation Methods in a Complex Landscape. In May 2007 the project began with the installation of multi-sensor (5 sensing depths) capacitance type probes (EnviroSCAN®), supplied by Sentek Pty. Ltd. Five garden beds are currently being monitored as part of this project. 

Key outcomes to date include learning the moisture extraction pattern of deep rooted plants, such as trees, and the use of this in the scheduling of the irrigation so that water application is matched to the needs of the plants. The availability of soil moisture through the internet allows the actual soil moisture conditions to be monitored in real time and direct reference made to the condition of the plants. In periods of high temperatures and high evaporative demand this information allows informed water management decisions to be made. The soil moisture data generated allows key indicators to be used to aid in the water management of the landscape. The Evapotranspiration Stress Index (ETSI) has been developed as part of this project and is continuing to be refined.

Several other significant benefits have been achieved through the project including the tools to assess the effectiveness of irrigation and rainfall. Also, in some situations the soil moisture data can be used to indicate hydrophobic conditions. 
Results from the trial have been reported, in a paper titled; Developing Water Management Strategies for Complex Landscapes, at the Irrigation Australia Limited National Conference, in Melbourne, in May 2008. A workshop, attended by 40 professionals, was held in July 2008 to showcase the project to the urban horticulture sector and irrigation industry personnel.

In the next phase of the project there will be a focus on the development of Crop Coefficients for the garden beds, refinement of the ETSI approach and the investigation of water repellent soils through monitoring of soil moisture.

Introduction
Evapotranspiration (ETo) rates of plants and water use in highly diverse urban landscapes are currently considered to be inadequately understood, particularly when considered in the context of water scarcity from increasing population demand, water reform and climate change impacts. 

The Royal Botanic Gardens Melbourne Strategic Water Plan highlights the continuation of partnerships, adoption of current technology and professional development amongst its objectives. 
These objectives are embedded in a partnership project involving RBGM, Sentek Pty Ltd and the University of Melbourne that formally began in May 2007 to study landscape and plant water use to inform adaptive water management practice within the Gardens, and also the wider urban context.
Currently, five distinct management zones within the RBGM are being monitored using multi-sensor, capacitance soil moisture sensor probes (EnviroSCAN). Another 60 sites are being monitored for water repellency and landscape spatial variability across the Gardens using the Diviner® soil moisture sensor probe.
Soil Moisture Sensing (SMS) technology informs the site manager about moisture removal at various root layers. This is extremely valuable for deeper-rooted plants such as shrubs and trees. It can also provide insight into variable factors that influence the soil water balance such as effective rain and irrigation efficiency over time. The SMS system allows real time access to soil moisture information on demand through the internet. This continuously-logged data has many advantages over single point sampling. The data generated allows key water management decisions to be made based on stress indices and also informs the practice of adaptive irrigation scheduling.

This continuing study has produced the following specific outcomes:
· Correct siting of recording equipment is essential
· Site sprinkler Distribution Uniformity (DU) must be understood for correct data interpretation
· Irrigation scheduling failures and variations in plant water demands were readily indicated by the installed equipment
· Greater water savings were indicated to be possible
· Plant canopies and mulches were shown to intercept significant amounts of the available rainfall
· A new plant stress indicator called Evapotranspiration Stress Index (ETSI) was developed. This is based on evaporative demand  and daily water use as indicated from the Sentek equipment and estimated evapotranspiration from an Automatic Weather Station based at the RBGM.
Project Objectives
1. Apply current technology and effectively integrate with horticultural expertise in urban water management

2. Measure the effects of different irrigation methods and soil moisture loss on complex landscape and multi-plant type environments.
3. Assess methods for achieving efficient irrigation practices in complex landscape and multi-plant type environments.

4. Assist in quantifying the proportions of rainfall that are effective in contributing to the soil water balance after accounting for losses from interception of rainfall by vegetation canopies, mulch and water-repellent soils.
5. Develop tools for evapotranspiration estimation and irrigation scheduling of landscapes under restricted water availability regimes. 

6. Confirm or quantify actual landscape coefficients in the RBGMM with transferability to other urban landscapes.
7. Determine manageable levels of acceptable plant water stress and or quantify levels of desired plant performance  for efficient allocation of scarce water resources

8. Measure and monitor the affects of various treatments for the sustainable management of water-repellent (hydrophobic) soils.
9. Provide the project results to open space water managers such as local government parkland and garden areas through workshops, papers and presentations.
Project Outcomes to Date
A paper Developing Water Management Strategies for Complex Landscapes was presented at the Irrigation Australia national conference in May 2008. Project outcomes were also presented to an industry workshop of about 40 attendees in July 2008. The other outcomes to date include the following:
1. Careful positioning of soil moisture sensors was reinforced by the trial. Highlighted were the influence of prevailing microclimates, vegetation palette, edaphic characteristics, temporal and spatial dominance of root extraction, and irrigation uniformity.
2. High vegetation density impedes sprinkler uniformity, and irrigation design must compensate for this as much as possible.
3. Effective hydro-zoning of irrigation control is essential. Difficulties in irrigation management occur when significant ‘wet’ and ‘dry’ zones overlap in one control zone. For instance, in the RBGM1A trial site at the Species Rose Collection, the observed influence of root systems of proximate trees (even when separated by major pathways) was also a major factor highlighted for hydro-zoning consideration.
4. Irrigation scheduling discrepancies and faults such as malfunctioning sprinklers and pressure variations were more readily and promptly identified. This was demonstrated through the deviation of historical wetting patterns through the soil profile from standard scheduling events. In many cases, these anomalies would not have been readily detected from walk-through inspections or spot sampling.
5. Seasonal divergences in plant water use were readily observed by soil moisture sensors compared to typical irrigation practices. This indicated significant variation in landscape coefficient values between cooler and warmer seasons. The RBGM has opportunities to save more water during these transitional periods by more precise adjustments to irrigation schedules.
6. Plant canopies and mulch layers intercepted significant amounts of precipitation from being added to the soil water balance. Daily rainfall amounts ranging from 0.2 mm to 7 mm were observed to be ineffective. More typically, daily rainfall amounts needed to be over 4-5 mm to measurably increase levels of soil moisture.
7. The hydrology of water-repellent landscape soils in the RBGM, and the potential for improvement from treatments is still poorly understood.

8. The Evapotranspiration Stress Index (ETSI) was proposed as a tool to aid landscape water managers in irrigation scheduling under water-restrictive environments.  It is based on the assumption that plants are under moisture stress if the availability of soil moisture is less than the potential evaporative demand of the plant.  The ratio of the reference evapotranspiration rate (ETo) to the actual amount of water extracted by the plant provides a measure of the availability of water or, as proposed with this index, the level of moisture stress. The ratio, referred to as the Evapotranspiration Stress Index (ETSI), is calculated by dividing ETo with the daily water use (DWU): 

ETSI = (ETo /DWU).  
The traditional irrigation approach is to assume a soil water depletion amount to identify a refill point for irrigation. In the ETSI approach, the soil water conditions, including the degree of plant stress, can be continuously monitored. The ETSI also has the potential capacity to identify critical levels of plant stress. This is even more relevant for current water management when the objectives are often about maintaining plant survival rather than levels of amenity.
Project Outlook

Further work has been identified to build on and improve the project outcomes including the following actions:
1. Undertake site-specific calibration for soil water-holding characteristics to correlate EnviroSCAN readings with actual soil moisture content.

2. Compare the application of the ‘Landscape Evapotranspiration Formula’1 methodology to Australian conditions, particularly within the RBGM.

3. Improve the precision and practical application of the ETSI:

· Assign stress thresholds (ETSI values) to selected garden beds, including identifying critical stress points

· Seek RBGM horticultural expertise in identifying a broad range of indicator plants for early water stress across the landscape.
4. Maintain a comprehensive digital photographic record of the trial sites, and identified indicator plants from fixed points during stages of moisture drawdown.
5. Establish and monitor selected trial sites for the treatment of water-repellent soils using EnviroSCAN technology.
6. Monitor multiple access tubes using Diviner 2000® to further understand the spatial variability within the greater gardens area.

7. Develop conceptual model(s) of the landscape soil water balance.
1Costello LR and Jones KS (2000) Water Use Classification of Landscape Species (WUCOLS III), in A Guide to Estimating Irrigation Water Needs of Landscape Plantings in California, Sacramento, California Department of Water Resources.
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