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Abstract  
 

Southern California faces the potential of future water shortages due to increasing population 

and uncertain supplies of water. Over half  of water consumption in the region is attributed to 

residential use with over half of this amount typically attributed to outdoor use. While new 

supply sources should be investigated, conservation efforts can drastically decrease water 

consumption. Numerous sources have pointed to water efficient landscaping practices as an 

effective means by which to accomplish this. 

 

As part of an internship, I helped Orange County Coastkeeper complete work on a 2-acre 

demonstration garden in Orange, CA. The garden will  serve to promote effi cient irrigation 

practices, drought tolerant plants, and other efficient landscaping practices. In order to help 

convey the message of water-efficient landscaping, I developed a geospatial tool that visitors to 

the garden can use to estimate water use when employing practices seen in the garden. The tool 

uses the Landscape Coefficient Method (LCM) and Water Use Classification of Landscape 

Species III (WUCOLS) which were developed by University of California Cooperative 

Extension and initiated by the California Department of Water Resources. Visitors of the garden 

will  be able to access a webpage where they can select their yard or area to be landscaped on a 

Google map. After their selection regional and areal information will be sent to a tool hosted on 

an ArcGIS Server and the resulting water requirements returned to the user. 

 

In addition to helping Coastkeeper promote its message to visitors I have developed a 

maintenance plan for use by those working at the garden. The plan includes pruning, mulching, 

watering, and pest guides relevant to the region, as well as quick reference guides by season and 

a comprehensive species characteristics listing. The plan will help in the operation of the garden, 

and be used as a resource to educate visitors. 
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I n troduct ion  
 
Background: 

 

Southern California is a region which continues to grow in population despite uncertainty in 

water supply. Over half of the water consumed in the region is imported from the Colorado River, 

Owens Valley, and the State Water Project. In recent years continued levels of supply from these 

sources has been in doubt due to drought conditions and mandated reductions in imports from the 

State Water Project. While drought conditions ceased in 2011 and approaches to increase supply 

are being investigated and moved forward, there is no question that water shortage issues will 

loom in the region for many years to come. Supply solutions should continue to be investigated, 

but much alleviation can be achieved by simply focusing on conservation efforts. 

 

Fundamentally, conservation efforts will have to involve educating the public about reducing 

water use in meaningful ways. In 2008 the Orange County, CA Grand Jury concluded in a report 

that despite past conservation efforts there is still  much that can be done in terms of water 

conservation. Whatôs more, they concluded that this was especially true of landscape irrigation. 

In Orange County over 60% of water consumption corresponds to residential use (Orange County 

Grand Jury, 2008).. Furthermore, a questionnaire sent by the Grand Jury to all water agencies in 

the Orange County region indicated that more than half of residential water use is for outdoor 

purposes (of which landscape irrigation represents the major use). Of all  outdoor water usage, it is 

estimated that half will  be wasted (Orange County Grand Jury, 2008). While programs have been 

implemented since the release of this report, the nature of the problem and the opportunities that 

exist are still very much present. Whatôs more, the problems that exist in Orange County are 

representative of much of Southern 
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California. In Los Angeles County, for example, the Department of Public Works estimates that 

 
70% of water consumed for single-family homes goes toward outdoor purposes (ñCounty,ò 2010). 

 

 
Conservation through Water Eff icient Landscaping: 

 

Given the large percentage of outdoor water use in southern California, conservation efforts 

focused on efficient landscaping practices have the potential for substantial water savings. Water 

efficient landscaping efforts have long been around, with the now popular term ñxeriscapeò 

being coined by Nancy Leavitt of the Denver Water public utility in the early 1980ôs. 

Xeriscaping follows seven principles: sound landscape planning and design, limitation of turf to 

appropriate areas, use of water-efficient plants, efficient irrigation, soil amendments, use of 

mulches, and appropriate landscape maintenance (Sovocool & Morgan, 2005). 

 

A multi-year study of residential conversion to xeriscape was performed by the Southern 

Nevada Water Authority (SWNA) with partial funding from the Bureau of Reclamation. The 

results of the study showed a 30% savings in total annual residential consumption for those 

participants who made an average size conversion from turf to xeriscape (Sovocool & Morgan, 

2005). 
 

 
The results of the SWNA study are encouraging. The average 30% savings alone is 

substantial, but it is important to note that it is only taking average values. The range of savings 

is dependent on the amount of land converted to xeriscape practices as well  as the exact practices 

used. This is especially true in southern California where a host of native plants require little or 

even no supplemental irrigation once established. Carefully selecting the right species, irrigation 

method, and landscaping practices could drastically increase savings. 
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Internship: 
 

During the summer of 2011 I interned with a non-profit in Orange County, CA named Orange 

 
County Coastkeeper. Before starting my internship, Coastkeeper received a nearly $600,000 

grant as part of the Nature Educational Facilities Grant Program to complete construction on its 

demonstration garden in Orange, CA. Among other objectives, the demonstration garden will 

promote drought tolerant landscaping and the reduction of urban runoff. 

 

By its completion in spring 2012 the garden will  feature water efficient irrigation technology 

as well  as over a hundred species of native or California friendly drought tolerant plants. The 

garden will  feature six California native habitats as well  as six vignettes modeled after popular 

southern California architectural styles that will allow visitors to see what their own yard could 

look like. 

 

Project:  
 

For my masters project I wanted to help Orange County Coastkeeper better convey the 

benefits of the water efficient practices seen in the garden as well  as help those running and 

working at the garden to maintain the landscape. My project thus has two main components, one 

being a water usage geospatial tool for visitors and the other being a maintenance plan for those 

taking care of the garden. 

 

In order to increase the likelihood that visitors to the garden will  implement the practices and 

species seen in the garden I created a water usage geospatial tool in ArcGIS 10 (ESRI, 2011). 

Visitors to the garden will  be able to access a webpage within Orange County Coastkeeperôs 

website and select an area to be landscaped from a Google map. Once selected the information is 

sent to a tool hosted on an ArcGIS Server. The tool uses areal and regional information from the 

visitorôs selection to determine water requirements for a characteristic mix of plants found
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within the garden. The resulting water requirements are sent back to the user along with other 

relevant information. The tool uses the Landscape Coefficient Method (LCM) and Water Use 

Classification of Landscape Species III (WUCOLS) that were developed by the University of 

California Cooperative Extension and initiated by the California Department of Water Resources 

(ñA Guide,ò 2000). 

 

In addition to the geospatial tool, I developed a maintenance plan for those taking care of the 

garden and as a resource to docents when maintenance or species specific inquiries are made by 

visitors. The maintenance plan includes pruning, mulching, watering, and pest guides relevant to 

Southern California. Additionally, the plan includes a plant characteristics section which 

includes a speciesô location within the garden, physical characteristics, water requirements, 

maintenance information, and a photo for the more than 100 species found in the garden. A quick 

reference section is also included at the back of the plan for pertinent information by season and 

by garden section. 

 

Wa t er  Usa g e Ge ospa t ia l  Too l :  
 

Met h ods  
 

Landscape Coefficient Method and Water  Use Classif ication of Landscape Species III : 
 

 
The purpose of the water usage geospatial tool is to estimate the water requirements for a given 

mix of plants in a user defined area. However, in practice this is difficult due to the variety of 

factors involved. Climatic and environmental conditions, species considerations, soil properties, 

and irrigation efficiency are among the list of factors to consider when determining how much 

water to apply. This having been said, guides have been developed which provide useful 

estimates based on observation and research. A review of available publications suggests 
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that for California the most comprehensive and useful of such guides is, ñA Guide to Estimating 

Irrigation Water Needs of Landscape Plantings in California,ò a publication by the University of 

California Cooperative Extension (UCCE) that was made available by the California Department 

of Water Resources. The guide makes use of the Landscape Coefficient Method (LCM) and the 

Water Use Classification of Landscape Species III (WUCOLS) (ñA Guide,ò2000). The guide also 

utilizes data from the California Irrigation Management Information System (CIMIS, 2010). 

 

The guide uses evapotranspiration (ET) as an indicator of the water needs required to keep a 

plant alive and healthy. ET formulas are generally dependent on a variety of factors which will 

vary with the species and site involved. For this reason, a common practice is to determine a 

reference ET rate for a reference crop whose biophysical properties have been comprehensively 

studied (ET, 2003). For most of its stations CIMIS uses a well-watered, actively growing, closely 

clipped grass that completely shades the soil. By taking the known biophysical properties of the 

reference crop at a given station, along with the weather properties monitored by that station, ET 

can be estimated. (CIMIS uses two evapotranspiration models, the Penman-Monteith equation, 

and a modified version of the Penman equation). 

 

With the evapotranspiration rates derived from above, the actual evapotranspiration rate for a 

given species in a particular microclimate can be derived by taking a coefficient value and 

multiplying it by the reference evapotranspiration rate for the same microclimate under 

consideration (Equation 1). The coefficient frequently employed is a crop coefficient, as this 

method is often employed for agricultural concerns. In the case of landscape plantings a 

landscape coefficient was formulated and used in place of the crop coefficient. The landscape 

coefficient itself is derived from a species factor multiplied by a density factor multiplied by a 

microclimate factor (Equation 2). 
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Equation 1: 
 

 
ETL = KL x ET0 

 

 
Where: 

 

 
ETL = Landscape Evapotranspiration (Used here as an estimate of the water needs of a 

landscape planting). 

 

KL = Landscape Coefficient (As described in Equation 2) 
 

 
ET0 = Reference Evapotranspiration Rate for Applicable Zone 

 

 
Equation 2: 

 

 
KL = Ks x Kd x Kmc 

 

 
Where: 

 

 
KL = Landscape Coefficient 

 

 
Ks = Species Factor 

 

 
Kd = Density Factor 

 

 
Kmc = Microclimate factor 

 

 
The species factor ranges from 0.1 to 0.9 and is separated into four categories that correspond 

to guidelines in WUCOLS (based on field observations). The range of values is set to account for 

varying water needs by species when in dif ferent regional settings. The specific factors are based 

off of water use studies for landscape species. 
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The density factor ranges from 0.5 to 1.3 and is divided into three categories: low, average, 

and high. The intent of this factor is to account for differences in water loss due to vegetation 

density. Vegetation density corresponds to leaf area, with those areas that are denser and more 

mature being assumed to lose more water. Considerations with this factor include the number of 

vegetation tiers and canopy cover. 

 

The microclimate factor ranges from 0.5 to 1.4 and is divided into three categories: low, 

average, and high. The intent of this factor is to account for the impact of structures on 

surrounding temperature, wind speed, and light intensity. Low values correspond to areas that are 

frequently shaded and not exposed to much wind. Average values are assigned to open field 

conditions. High values are assigned to those areas receiving more wind or heat sources from 

nearby structures. 

 

Impact of Ir r igation Efficiency: 
 

 
One important factor to consider when determining total water to apply is irrigation efficiency 

(Equation 3). The UCCE guide explains that irrigation efficiency can be set by calculation, 

estimation, or goal setting. In practice, estimating irrigation efficiency is difficult and the method 

used should reflect the desired usage of the results. 

 

Equation 3: 
 

 
Irrigation Efficiency (%) = (Beneficially Used Water/ Total Water Applied) x 100 
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Why a Geospatial Tool is Helpful:  
 

 
The landscape evapotranspiration formula and landscape coefficient make use of 

evapotranspiration zones and regional information. Additionally, in order to arrive at the total 

gallons needed for a landscape, areal information is needed. For a casual user, going through a 

publication such as the one presented by the UCCE is time consuming, and may necessitate 

information that is not readily available. By presenting visitors with a Google Map that accesses 

an ArcGIS tool with the landscape formulas built into it, the complexity involved is reduced to 

simply drawing a polygon around the desired landscape. The water usage requirements provided 

to the user provide a reasonable estimate which should demonstrate the benefits of converting to 

a water efficient landscape as seen at Coastkeeper Gardens. While certain assumptions are made 

with the implementation of the tool, these assumptions are communicated to the user so as that 

they may take additional site specific information not captured in the tool into account. While the 

tool is primarily intended for residential users, it can be used in other settings as well. 

 

Implementing Landscape Equations in ArcGIS: 
 

 
The landscape equations were primarily implemented in ArcGIS 10 by writing a Python script 

which uses the arcpy module (ESRI, 2011). The script takes advantage of iterative processes that 

make the calculations easier to implement. Additionally, the script allows for quick modification 

of several of the assumptions that go into the final estimated water usage. The script tool itself is 

part of a geoprocessing model which is set up to receive the userôs landscape selection as an input, 

perform some initial steps, and set the output as a table which will hold the calculations of the 

script tool. The following are the general steps taken in implementing the landscape equations and 

information described above into ArcGIS. Specific scripting information with comments can be 

found in the Appendix. 
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Step 1: Data Preparation 
 

 

1.1 Georeferencing Reference Evapotranspiration Zones and Deriving Climatic Regions 
 

 

The landscape equations use ET zones and regional information. This information was only 

available as an image and could not directly be used in ArcGIS. As such, the available ET Zone 

map from CIMIS, as presented in the UCCE publication, needed to be georeferenced so as to 

establish locations in terms of a known map projection and allow for spatial analysis. 

 

Given the likely audience of the tool along with time constraints, the ET Zone map was 

georeferenced only for San Diego, Orange, and Los Angeles Counties. The basemap used for 

georeferencing was the Bing hybrid map provided in ArcGIS.  The reasoning behind this choice 

was that Bing and Google Maps have a WGS 1984 Web Mercator (Auxiliary Sphere) coordinate 

system. As the input to the tool will  be a polygon selected from a Google Map it was deemed 

appropriate to use the Bing map as a basemap (note that a Google Map was not readily available 

as a basemap) so as to forego any additional transformations.  

In the georeferencing process 40 control points were selected such that a point on the 

available ET Zone Map was matched to the same location on a Bing Hybrid Basemap (with a 

known projection) primarily on the basis of county lines. Specifically, control points were 

selected based on identifiable vertices of county boundaries.  

       Root mean square error, a measure of how consistent the transformation is between the 

control points used, was given as 835.23 meters. The error was considered acceptable due to a 

variety of factors. Firstly, areas that are close to the boundaries of evapotranspiration zones may 

experience conditions characteristic of a nearby zone (rather than the one to which it is assigned) 

and this will largely be dependent on the specific area in question. The UCCE guide specifically 

mentions that selection of this information will need to be based on the judgment of the user, 
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and to this extent the zones should not be seen as strict cut offs. This assumption is provided to 

the user, with the acknowledgement that the produced calculations are estimates based on 

assumed local conditions. Additionally, the error is in part due to the small scale map that was 

used in the process. However, control points were well distributed and while there will likely be 

some error near the boundaries of the ET Zones, the large majority of the study area in question 

will be unaffected. The error was thus acceptable given the purpose and circumstances involved.      

Once completed, the georeferenced ET Zone map (Figure 1) was used to derive the climatic 

regional map (Figure 2). This was done as per guidelines available in the regional section of the 

UCCE publication. 

Figure 1: Georeferenced Evapotr anspiration Zone Map 
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Figure 2: Designated Regions 
 

 
 

 

 
1.2 Preparation of Necessary Tables 

 

 

In preparation for the next steps, a table listing all  selected species along with regional water 

needs based on WUCOLS was developed. In this table, separate columns list water needs by 

region. As not all  regions listed in the UCCE guide are applicable, not all  were included. 

Additionally, a table was created listing monthly averaged reference evapotranspiration by ET 

Zone. These values represent a long term average of monthly ET values (ñReference,ò 

2010).
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Step 2: Geoprocessing Model 

 

 

The geoprocessing model (Figure 3) essentially takes the initial polygon selected by a user on 

a Google map and prepares it for use by the Python script. Additionally, the output of the model 

is set to be a table that will hold the results of the calculations performed in the Python script. As 

mentioned previously, the Python script is used for the majority of calculations due to its 

advantages in implementing the calculations and allowing for quick modification of 

assumptions. 

 
An important point to note in the geoprocessing  model is that the created feature class of the 

userôs selection is in a projection appropriate for most aspects of the tool except area calculation. 

An accurate determination of area is necessary for the final calculation of gallons of water needed, 

and thus a projection that preserves area well  was desired. As such, the feature class of the userôs 

selection is projected into UTM Zone 11N, which is applicable to all  the counties of interest. 

 

With the above information, the Python script tool within the geoprocessing model has all the 

information it needs to run accordingly.  For the python script associated with the geoprocessing 

model itself please see Code 1 in the Appendix.
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Figure 3: Geoprocessing Model 

 

 
 

 
 
 

Step 3: Python Script Tool 
 

 

The script tool takes the userôs selection in layer format, as well  as the selectionôs area 

and applies the landscape equations that have been discussed. The following is a general 

overview of the process the script uses. For exact details please see Code 2 in the Appendix.  

 

1)  A table is created that holds the regional water needs of a species by region for the 

selected Coastkeeper Garden plant mix. This information in this table comes from the 

aforementioned WUCOLS listing.  

 
2) The appropriate ET Zone and Region are selected based on the coordinates of the userôs 

polygon selection. Information about the zone and region are joined to the table created 

in step 1. 
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3)  Fields for the species factor, density factor, microclimate factors and resulting 

landscape coefficients are added to the previous table. An iteration statement within 

the script updates these fields for each species based on set values within the script, 

or in the case of microclimate, by the region information joined to the table. Note 

that there are three separate microclimate values in the table, each one corresponding 

to low, average, or high conditions. As such three separate landscape coefficients are 

calculated and placed in separate fields. 

 

4)  Preparatory steps are made for upcoming calculations: 

 

 
a)  The area information calculated in the geoprocessing model is converted to square 

feet. (The final conversion factor outlined in the UCCE guide is based off of 

square feet). 

b)  Irrigation efficiency is set to 70%. See discussion section for explanation of this 

value. 

c)  Relative area is set by the number of species. The total area is divided equally among 

species, so for 5 species the relative area is 20%. As will be discussed later, 

calculations were made assuming hydrozoning. 

d)  Reference evapotranspiration rates by month are joined to the table on the basis of 

the applicable ET Zone. 
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5)  An iterative statement goes through each row (each species) and multiplies the joined 

monthly ET rates by the previously calculated landscape coefficients. The following is 

the general form this takes: 

Given Monthôs Water Requirement = ((Applicable Landscape Coefficient * Applicable 

Reference ET for Given Month)/Irrigation Efficiency) * (Relative Area *  Total Area) * 

0.62 

 
Upon each iteration, the total yearly gallons needed are calculated by summing up each 

 
monthôs calculated water requirement. 

 
6)  The results table created in the geoprocessing model is updated with the area and results. 

 

 
Note that the tool was written to easily allow a new mix or list of species by simply updating 

the initial table with the relevant WUCOLS information and adjusting relative area as needed. 

 

 

Google Map API and ArcGIS Server : 
 

 
A webpage was designed to allow users to select a landscape on a Google map, view the 

 
water requirement results, and understand the context of the results. The website takes advantage 

of the Google Maps Javascript Application Programming Interface (API) Version 2 (Google, 

2006). While version 2 was deprecated due to the release of version 3, it offers compatibility 

with ArcGIS Server not directly supported by the most recent version. Additionally, the version 

is still  fully functional and supported. 

 

When a user selects an area on the Google Map located on the website a Javascript command 

sends the polygon to the ArcGIS tool previously discussed. The tool itself is hosted on a Duke 

ArcGIS Server. The output of the tool is returned to the user in a Google Table. Three separate 

tables are included on the website, one for each of three primary microclimate scenarios. Within 
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each table the amount of gallons required per year, the area (in square feet) selected, and the 

amount of gallons per year per square foot are listed. 

 

A temporary version of the website is available at: www.duke.edu/~cwp7/MP/Garden.html  
 

To view the source code, open the webpage, right click, and select view page source. The code 

for this website will  be provided to Orange County Coastkeeper, with discretion given for 

display purposes. 

 

Di scu ss ion  
 

Tool Output:  
 

The water requirement results a user gets when making a landscape selection will  vary 

depending on their location and applicable microclimate. The benefit of drought tolerant plants, 

such as the mix provided to visitors of the website, is that for a given location and microclimate, 

water requirements will be much lower than for plant species that are non-native or inappropriate 

to the area. Whatôs more, it should be noted that some of the drought tolerant plants given in the 

provided mix of plants have no supplemental water requirements in certain regions once 

established. Users of the tool in these applicable regions will have particularly low water 

requirements as a result. 

 

Just how much water savings a person will have is dependent on the current setup of their 

landscape. If litt le attention is paid to irrigation efficiency or appropriate plantings, the water 

savings can be quite large by converting to the plant mix and practices suggested by the tool. 

Due to the variety of factors involved it would be inappropriate to suggest to a visitor of the 

website how much water savings they would have by switching to the example landscape. The 

results give a portrayal of what water requirements would be under certain assumptions based on 

http://www.duke.edu/~cwp7/MP/Garden.html
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observation and research. The user can then make an informed decision based off of their known 

local conditions. 

 

Assumptions: 
 

 
As the assumptions of the tool are important, they are communicated to the user on the 

website before the tool is used. One such assumption is the level of irrigation efficiency. As 

mentioned before, this value can be determined by calculation, estimation, or goal setting. For 

the purposes of the tool, goal setting appears to be the most applicable. It stands to reason that a 

user of the tool interested in water savings by using drought tolerant plants would also be 

interested in improving irrigation efficiency. For this reason, irrigation efficiency is set at 70%. 

This value is definitely achievable using properly designed and managed sprinkler systems 

(Whiting, 2012). Drip irrigation is known to be much more efficient, but irrigation efficiency 

was not set to reflect this so as to remain conservative. The assumption is communicated to the 

user through the website such that it is known that water requirements may be even lower when 

employing more efficient practices. 

 

Directly related to irrigation efficiency is the manner in which plants receive water in the 

landscaped area. When making calculations with the landscape equations, the water needs of the 

plants with the greatest requirements need to be used for the entire landscape unless hydrozoning 

is employed. Hydrozoning involves separating plants in the garden into sections based on their 

water needs. The danger of not hydrozoning is that some native drought tolerant plants in 

Southern California become susceptible to disease if overwatered during certain portions of the 

year. For this reason, and to remain consistent with the goal setting principle the tool employs 

with irrigation efficiency, hydrozoning is assumed. It is important to keep in mind that on the 
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website gallons/year/square foot are given, but this is an average value and not indicative of all 

sections of the garden. Some areas will receive more than this amount, while others will receive 

less due to the hydrozoning assumption made above. 

 

Just as with irrigation efficiency, the chosen mix of plants has implications for the magnitude 

of water requirements. The plants included in the default mix were selected for the following 

reasons: 

 

1)  The chosen plants have WUCOLS recommendations for all  regions under consideration. 

 
2)  The plants are characteristic of the native plant palette at Coastkeeper Garden. 

 
3)  The species vary in their water needs. It is not assumed that visitors will be selecting only 

species that require zero supplemental water when established. A more conservative mix 

which reflects a range of drought tolerant plants is used for this reason. 

 

It should also be noted that water requirements are for established plants and water needs will 

generally be larger when the species are becoming established. This is communicated to users on 

the website. 

 

Another important assumption the tool makes is the density of plants in the landscaped area. 

As mentioned before, density is a function of canopy cover and the number of vegetative tiers. 

While the given mix of plants has two vegetative tiers, a low density is used due to the 

assumption of low canopy cover. Most of the toolôs visitors are assumed to be residential users 

who will likely not be achieving greater than 90% canopy cover upon full establishment of their 

plant mix. Once again, this assumption is communicated to users through the website. 
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Accuracy and Reliability of Results: 

     The accuracy and reliability of the results given to users of the tool are dependent on the 

formulas and estimates provided by the UCCE guide as well as the way in which the 

geospatial tool was implemented. 

     The calculations in the UCCE guide and the information it draws upon are based off of 

observation and research. The guide is promoted by the California Department of Water 

Resources and represents a reasonable means by which to estimate landscape water needs. 

However, the calculations are based off of using evapotranspiration as an indicator of water 

needs. Local conditions such as soil properties will no doubt influence the actual water needs 

for a landscape. Likewise, the ET zones are not strict cut offs in reality, and regional 

differences may necessitate adjustments to total water needs. Even when making the 

appropriate adjustments, the estimates produced by using the guide will vary in their 

accuracy depending on how substantially the local conditions of the user differ from the 

assumptions from which the formulas were derived. 

     The geospatial tool decreases accuracy and reliability further by making assumptions that 

are designed to facilitate the calculation process (with less input by the user). The intent of 

the tool was to give a reasonable estimate of what water needs a user could expect when 

implementing drought tolerant plants and efficient irrigation. As is communicated on the 

website, the figure is an estimate and local conditions will need to be considered when 

actually implementing the practices. Additionally, the necessity to georeference the ET Zones 

and the resulting error means that users along the transitional boundary of ET Zones may get 

results that reflect a different ET zone than what was assigned in the UCCE guidelines. 

However, as was mentioned previously in this paper, the zones should not be seen as strict 

cut offs and the majority of users in the study area will not be impacted by this error.  
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     The assumptions that are made by the tool are conservative and the error involved is 

acceptable given its intent and purpose. The tradeoff of having a tool with minimal inputs is 

that results wonôt be as tailored to a userôs individual landscape conditions. However, 

because of the conservative estimates used the results should typically portray a reasonable 

estimate of what users can expect when implementing practices seen at Coastkeeper garden.  

 

Compar ison to Typical Water  Usage: 
 

 
     The tool uses a method for estimating the water needs of landscape plantings based on the 

UCCE guideôs research and observation driven methods. While comparing the results of the 

given mix of plants to a mix that is more water demanding would illustrate the water savings 

potential, the exact magnitude of this savings would be based on the selected plant mix. Instead, a 

means for comparison is provided by evaluating the range of predictions using the given plant 

mix to estimated average water use in the region for landscaping. 

 

     In order to determine yearly water usage for landscaping for a typical home in Southern 

California, some estimate of yard size is needed. In a 2006 article in California Economic Policy 

the authors assess yard sizes for single family homes in the south coast region of California 

(among others) using county assessor records for lot size and subtracting estimates for building 

footprint (Davis and Hanak, 2006). The south coast region they refer to is the exact same region 

assessed in the tool, with the additional inclusion of Ventura County. The authors estimate the 

percentage of irrigated ñyardò as 35%. This value excludes hardscape or non-irrigated landscape 

and is in line with field studies in the region. Using these estimates, the average area of irrigated 

landscape in the south coast region is about 2,668 square feet per single family household. 

 

     With regard to water usage, a publication by the California Homebuilding Foundation (CPH) in 
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2010 suggests that when factoring in overwatering the average California residential landscape 

uses 115,000 gallons of water per year (Water Use,ò 2010). This figure is based off usage of the 

California Department of Water Resources Model Landscape Ordinance and applicable factors 

for an existing single family residence. Additionally, the amount of gallons listed is based off 

of an EPA benchmark of 4000 square feet for the average landscaped area (EPA, 1998). To 

account for differences in the average size of landscaped areas in Southern California, the 

value of 28.75 gallons/year/square foot is more useful ((115,000 gallons per year) / (4000 

square feet)). Taking both estimates of yearly water usage and estimated irrigated landscape 

for the region, the average single family home in the region will use an estimated 76,705 

gallons/year for landscape irrigation (2,668 square feet x 28.75 gallons/year/square feet). 

 

     Another figure by the Los Angeles Department of Public Works (LADPW) suggests an even 

higher figure for yearly water usage. The LADPW states that the average Southern California 

family home uses 500 gallons per day, of which 70% is typically used outdoors. This amounts to 

as much as 127,750 gallons towards outdoor usage (primarily landscape irrigation) each year for 

a typical Southern California home (500 gallons/day x 0.70 x 365 days/1 year). Note that this 

figure is for the typical residential home. 

 

For comparison, Table 1 shows the results of the water requirements tool, when the least and 

most water intensive conditions are applied. 

Table 1: Tool Output for  Extr eme Conditions 

 Gallons/Year/Square 
Foot 

Gallons/Year Assuming 
Irrigated Yard of 
2668 square feet 

High Output: Tool Output in ET Zone 18/Region 6 
for High Microclimate 
(A selection in Borrego Springs) 

 

 
 

17.76 

 

 
 

47,384 

Low Output: Tool Output for ET Zone 1/Region 2 
for Low Microclimate 
(Near Santa Monica Pier) 

 

 
 

1.14 

 

 
 

3042 
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     Using the more conservative estimate of water usage for a Southern California home (76,705 

gallons/year) savings with the given plant mix and assumed conditions ranges from a 38% to 

96%. While, the 96% figure seems high, it is taking an extreme condition where several of the 

plants will not require any supplemental water in the given environment. The 38% figure comes 

from a low desert area with high microclimate conditions. The Southern Nevada Water Authority 

study mentioned in the introduction found a 30% savings when converting from turf to 

Xeriscape. The study was done in the low desert region of Las Vegas so, while not directly 

comparable (the study compared turf and no distinction is made for microclimate), suggests 

similar results. 

 

Potential Modifications: 

     The tool makes several assumptions in order to minimize input from the user and reduce the 

complexity involved in the calculation process. However, further modifications could be made to 

the tool to allow for more tailored results. This could take the form of drop down menus on the 

website which would allow the user to modify the assumptions or plants that are used in the 

calculation process. However, it is important to remember that when implementing plants and 

practices used at Coastkeeper Garden, users will always need to take into consideration their own 

site specific conditions.
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Tool Usage Under Various Scenarios: 
 

 
     What follows are illustrations of how the output of the tool varies in certain scenarios with 

either a change in microclimate or ET Zone while holding the other factor constant. While the 

tool is primarily intended for residential use, the following examples demonstrate its equally 

valid use in other settings. 

Scenario 1: Changing Microclimate 

 

     The following scenario illustrates variation by microclimate. The first selection is an open field 

which would be assigned an average microclimate condition, while the second selection is near a 

parking lot and would receive a high microclimate condition. The second site is assigned a higher 

microclimate because of the proximity to heat sources such as the parking lot. While microclimate 

is different between each site, the ET Zones are the same. 

 

For  Forrest E. Hull Park in Lancaster, CA, (30th St W and Lupin Way Lancaster, CA 93536) the 

following relevant results are returned for an open field area: 

 

Table 2: Forest Hull  Park selection with average microclimate. 

 
Category Results 

Yearly Water Requirements (Gallons Per Year) 109103 

Area Selected (Square Feet) 8273 

Gallons/Year/Square Foot 13.19 
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Forest E Hull  Park Average Microclimate Selection:  
 

 

 
 

 
For the same park, a selection was made for a landscape section near the parking lot (parking 

lot pictured in top left of image above) and the following results returned: 

 

Table 3: Forest Hull  Park selection with  high microclimate. 
 

Category Results 

Yearly Water Requirements (Gallons Per Year) 48520 

Area Selected (Square Feet) 2943 

Gallons/Year/Square Foot 16.49 

 

 

Forest E. Hull  Park High Microclimate Selection: 
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     As is evident at Forrest E. Hull Park, the amount of yearly water required on a square foot 

basis is higher for areas in a high microclimate (receiving heat from nearby sources such as a 

parking lot). This is built into the microclimate factor in the landscape coefficient. 

 

Scenario 2: Changing ET Zone 

 

     The following scenario illustrates variation by ET Zone. Both selections have a similar 

microclimate, in that they are shaded a large portion of the day. However, the second selection is 

further away from the coast and falls in an ET Zone where reference ET is higher.  

(Please see Google Earth Snapshot (Scenario 2 Sites) on next page to see where selections are in 

relation to each other). 

 

For a frequently shaded area near a building on the campus of the University of California, Los 

 
Angeles the following relevant results are returned: 
 

 

Table 4: UCLA Low  Microclimate Selection. 
 

Category Results 

Yearly Water Requirements (Gallons Per Year) 3864 

Area Selected (Square Feet) 2387 

Gallons/Year/Square Foot 1.62 

 

UCLA Low  Microclimate Selection 
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     The same microclimate for a different location with higher reference ET values (California State 

 
University Northridge in Northridge, CA) produces the following results: 

 
Table 4: CSUN Low Microclimate Selection. 
 

Category Results 

Yearly Water Requirements (Gallons Per Year) 17721 

Area Selected (Square Feet) 3365 

Gallons/Year/Square Foot 5.27 

 

CSUN Low Microclimate Selection. 

 
 

     As is illustrated, for the same microclimate conditions the yearly water required per square 

foot is higher for the location with greater ET reference values. 

Scenario 2 Sites (Google Earth, 2012) 
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Ma in t ena n ce  Pl an :  
 

Intended Use and Design: 
 

 
The maintenance plan is intended for those taking care of Coastkeeper Garden as well  as a 

resource for docents when visitors have questions. As the garden relies on many volunteers with 

varying knowledge of the garden and its practices, the plan is comprehensive, assuming no 

previous experience in the garden. However, the plan is still an effective resource for those with 

gardening experience, as species specific information is included for the more than 100 species 

found in the garden. 

 

The primary benefit of the maintenance plan is that it draws upon several resources and 

presents the material in a concise format with specific considerations to the garden included. The 

maintenance plan includes a map, guides for pruning, mulching, watering, and pests, a 

comprehensive plant characteristics section, and a quick reference section. These sections were 

designed to meet the needs discussed with the garden manager, Austin Brown. What follows is a 

discussion of the design of the major sections. For further information, please refer to the plan 

itself  at the end of this document. 

 

1)  Guides: A literature review was performed on publications relating to pruning, mulching, 

watering, and pests specific to the Southern California region. In some circumstances 

information that was from different regions was used due to its universal applicability. As 

volunteers with little gardening experience will  need to use the maintenance plan, guides 

begin with basic information. For example, the mulching guide lists what mulch is, the 
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types that exist, and how to apply it correctly. Special considerations for the garden are 

listed, such that the guide is still  of use to someone more familiar with the practice. 

 

2)  Plant Characteristics: The plant characteristics section lists the common and scientific 

name of a species, their garden locations, physical description, foliage type, bloom time 

and color, relevant maintenance information, and a photo if available. Due to the large 

variety of species in the garden, having a central collection of facts and information about 

each species saves those using the plan time from referring to multiple sources, some of 

which may not be readily available on site at the garden and are not solely applicable to 

the species found in the garden. 

 

3)  Quick Reference: The quick reference was designed to follow standard practices for most 

maintenance plans, separating tasks by season. Listing tasks by month was deemed 

inappropriate given the large number of species and considerations in the garden. As 

volunteers may be assigned to certain sections of the garden, they may refer to their 

section and quickly know based on the time of year what is needed. They may then refer 

to the guides to understand how to carry out the tasks listed. 

 

The ultimate goal of the maintenance plan, as was with the geospatial tool, is to help 

Coastkeeper in their ability to promote water conservation and efficient landscaping practices. It 

will  hopefully not only be useful to those caring for the garden, but to docents informing visitors 

about certain species or practices found in the garden. 

 

The plan is included at the end of this paper in its entirety. The references it draws upon are 

listed at the end of the maintenance plan, and not in the reference section of the main body of this 

paper. 
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Con clu s ion  
 
 
 

The water usage geospatial tool and maintenance plan were designed to help Orange County 

Coastkeeper in its objectives at Coastkeeper Garden. Increasing the publicôs knowledge of water 

conservation practices through drought tolerant landscaping and efficient irrigation is a vital 

service in a region that is growing in population and faces uncertain amounts of future water 

supplies. The geospatial tool helps by allowing visitors to get a sense of the low water 

requirements for their own landscape when using plants and practices used at Coastkeeper 

Garden. The maintenance plan helps those actually taking care of the garden to efficiently 

maintain it so as that it may continue to serve as a valuable resource to the public. While 

Southern California will need to explore many options in securing future water supplies, water 

conservation efforts serve as an effective means to reduce the demand for such supplies in the 

fi rst place. 
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Ap p end ix  
 

Code 1: Geoprocessing Model Python Scr ipt 

(Comments are in bold) 
 
 import arcpy 

# Load required toolboxes 

arcpy.ImportToolbox("F:/cwp7/ETZones20/ETZones1/WaterTool.tbx") 

 
# Scr ipt arguments 

 
Polygon = arcpy.GetParameterAsText(0) # Sets userôs landscape selection from website as input parameter 

 
if  Polygon == '#' or not Polygon: 

 
Polygon = "in_memory\\{ 1C728847-A938-45E3-85D7-E2B8662E3AEF}"  # provide a default value if 

unspecified 

 
 

 
Results1_dbf = arcpy.GetParameterAsText(1) #Output Table where results of script tool will be stored 

 
if  Results1_dbf == '#' or not Results1_dbf: 

 
Results1_dbf = "%scratchworkspace%\\Results1.dbf" # provide a default value if unspecified 

 

 
# Local var iables: 

 
v_scratchworkspace_ = "%scratchworkspace%" 

 

 

Polyfeat_shp = Polygon 

polyproj_shp = Polyfeat_shp 

Area_shp = polyproj_shp 

PolygonL = Polygon 

PolygonL_lyr = PolygonL 

v_scratchworkspace_   2_ = "%scratchworkspace%" 

Final = "Final" 
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# Process: Feature Class to Feature Class (Done in preparation for more accurate area calculation) 

 
arcpy.FeatureClassToFeatureClass_conversion(Polygon, v_scratchworkspace_, "Polyfeat.shp", "", "SHAPE_Leng 

\"SHAPE_Leng\" false true true 0 Double 0 0 ,First,#,in_memory\\{ 7AB83568-EEFE-4FFE-AFA1- 

2862D5741E2F},SHAPE_Length,-1,-1;SHAPE_Area \"SHAPE_Area\" false true true 0 Double 0 0 

,First,#,in_memory\\{ 7AB83568-EEFE-4FFE-AFA1-2862D5741E2F},SHAPE_Area,-1,-1", "")  
 

 

# Process: Project  

#Projected to UTM Zone 11N so that a more 

accurate #area calculation can be done. 

arcpy.Project_management(Polyfeat_shp, polyproj_shp, 

"PROJCS['NAD_1983_UTM_Zone_11N',GEOGCS['GCS_North_American_1983',DATUM['D_North_American_ 

1983',SPHEROID['GRS_1980',6378137.0,298.257222101]],PRIMEM['Greenwich',0.0],UNIT['Degree',0.01745329 

25199433]],PROJECTION['Transverse_Mercator'],PARAMETER['False_Easting',500000.0],PARAMETER['False 

_Northing',0.0],PARAMETER['Central_Meridian',- 

117.0],PARAMETER['Scale_Factor',0.9996],PARAMETER['Latitude_Of_Origin',0.0],UNIT['Meter',1.0]]", 

"NAD_1983_To_WGS_1984_1", 

"PROJCS['WGS_1984_Web_Mercator_Auxiliary_Sphere',GEOGCS['GCS_WGS_1984',DATUM['D_WGS_1984', 

SPHEROID['WGS_1984',6378137.0,298.257223563]],PRIMEM['Greenwich',0.0],UNIT['Degree',0.017453292519

9 

433]],PROJECTION['Mercator_Auxiliary_Sphere'],PARAMETER['False_Easting',0.0],PARAMETER['False_Nort 

hing',0.0],PARAMETER['Central_Meridian',0.0],PARAMETER['Standard_Parallel_1',0.0],PARAMETER['Auxili

a ry_Sphere_Type',0.0],UNIT['Meter',1.0]]") 

 
 

 
# Process: Calculate Areas 

arcpy.CalculateAreas_stats(polyproj_shp, Area_shp) 

 

 
# Process: Table to Table (Creates a table where results of script tool will be stored) 

 
arcpy.TableToTable_conversion(Final, v_scratchworkspace  2_, "Results1.dbf", "", "Field1 \"Field1\" true true 

false 9 Long 0 9 ,First,#,F:\\cwp7\\ETZones20\\ETZones1\\Data\\Final.dbf,Field1,-1,-1;Results \"Results\" true true 

false 9 Long 0 9 ,First,#,F:\\cwp7\\ETZones20\\ETZones1\\Data\\Final.dbf,Results,-1,-1;Area \"Area\" true true 
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false 9 Long 0 9 ,First,#,F:\\cwp7\\ETZones20\\ETZones1\\Data\\Final.dbf,Area,-1,-1;Results2 \"Results2\" true true 

false 9 Long 0 9 ,First,#,F:\\cwp7\\ETZones20\\ETZones1\\Data\\Final.dbf,Results2,-1,-1;Results3 \"Results3\" true 

true false 9 Long 0 9 ,First,#,F:\\cwp7\\ETZones20\\ETZones1\\Data\\Final.dbf,Results3,-1,-1", "")  

 
 

 
# Process: Make Feature Layer  (Makes user selected polygon a layer for use in script tool) 

 
arcpy.MakeFeatureLayer_management(Polygon, PolygonL, "", "", "OBJECTID OBJECTID VISIBLE 

NONE;SHAPE SHAPE VISIBLE NONE;SHAPE_Length SHAPE_Length VISIBLE NONE;SHAPE_Area 

SHAPE_Area VISIBLE NONE") 

 
 

 
# Process: Save To Layer File  

 
arcpy.SaveToLayerFile_management(PolygonL, PolygonL_lyr, "RELATIVE") 

 
 

 
# Process: Scr ipt (Script tool ï see next code section) 

 
arcpy.gp.toolbox = "F:/cwp7/ETZones20/ETZones1/WaterTool.tbx"; 

 
arcpy.gp.Script()
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Code 2: Python Script Tool within Geoprocessing Model 

(Comments are in bold) 
 
import sys, os, arcpy  

 

#Determines current script path 

scriptPath = os.path.dirname(sys.argv[0]) 

#Separates script folder from rest of path 

path = os.path.split(scriptPath) 

#Sets scratch workspace 

scratchPath = arcpy.env.scratchWorkspace 

#Sets path to data folder 

dataPath = path[0] + r"\Data" 

 

#Allows for overwrite of file if it already exists 

arcpy.env.overwriteOutput = 1 

 

#-(Step 1)- A table is created that holds the regional water needs of a species by region for 

#the selected Coastkeeper Garden plant mix. The information in this table comes from the 

#aforementioned WUCOLS listing. 
 

#Creates new Table for use in tool.  

arcpy.TableToTable_conversion(dataPath + r"\Native.dbf",scratchPath,"NativeNew.dbf") 

 

 

#-(Step 2)- The appropriate ET Zone and Region are selected based on the coordinates of 

#the userôs polygon selection. Information about the zone and region are joined to the table 

#created in step 1. 
 

#Creates new Et Reference Evapotranspiration Table for use in tool (contains reference ET for all zones)  

arcpy.TableToTable_conversion(dataPath + r"\Schedule.dbf",scratchPath,"SchNew.dbf") 

 

 

#Makes feature class a layer for use in selection process 

arcpy.MakeFeatureLayer_management(dataPath + r"\ETZones.shp", dataPath + r"\ETZones.lyr") 

 

#Makes feature class a layer for use in selection process 

arcpy.MakeFeatureLayer_management(dataPath + r"\Regions.shp", dataPath + r"\Regions.lyr") 

 

#Make selection of ET layer based on user defined area (landscape polygon) 

arcpy.SelectLayerByLocation_management(dataPath + r"\ETZones.lyr","INTERSECT",scratchPath + 

r"\PolygonL.lyr","#","NEW_SELECTION") 

 

#Create new feature class with ET Zone of interest 

arcpy.CopyFeatures_management(dataPath + r"\ETZones.lyr",scratchPath + r"/ETZonesAct.shp","#","0","0","0") 

 

#Make selection of Region layer based on user defined area 

arcpy.SelectLayerByLocation_management(dataPath + r"\Regions.lyr","INTERSECT",scratchPath + 

r"\PolygonL.lyr","#","NEW_SELECTION") 

 

#Create new feature class with Region of interest 

arcpy.CopyFeatures_management(dataPath + r"\Regions.lyr",scratchPath + r"\ActualReg.shp","#","0","0","0") 
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#Join Region information to table with regional water needs of plants. 

arcpy.JoinField_management(scratchPath + r"\NativeNew.dbf","Field1",scratchPath + 

r"\ActualReg.shp","Id","Region") 

 

#Join ET information to table with regional water needs of plants. 

arcpy.JoinField_management(scratchPath + r"\NativeNew.dbf","Field1",scratchPath + 

r"\ETZonesAct.shp","Id","ET") 

 

# -(Step 3)-  Fields for the species factor, density factor, microclimate factors and resulting 

#landscape coefficients are added to the previous table. An iteration statement within the 

#script updates these fields for each species based on set values within the script, or in the 

#case of microclimate, by the region information joined to the table. Note that there are 

#three separate microclimate values in the table, each one corresponding to low, average, or 

#high conditions. As such three separate landscape coefficients are calculated and placed in 

#separate fields. 
 

 

#Add field that will hold the actual species factor ActSF based on region 

arcpy.AddField_management(scratchPath + 

r"\NativeNew.dbf","ActSF","FLOAT","#","#","#","#","NON_NULLABLE","NON_REQUIRED","#") 

 

#Add field that will hold the density factor DensF  

arcpy.AddField_management(scratchPath + 

r"\NativeNew.dbf","DensF","FLOAT","#","#","#","#","NON_NULLABLE","NON_REQUIRED","#") 

 

#Add field that will hold the microclimate factor MicroF (Type 1 Low) 

arcpy.AddField_management(scratchPath + 

r"\NativeNew.dbf","MicroF","FLOAT","#","#","#","#","NON_NULLABLE","NON_REQUIRED","#") 

 

#Add field that will hold the microclimate factor MicroF (Type 2 High) 

arcpy.AddField_management(scratchPath + 

r"\NativeNew.dbf","MicroF2","FLOAT","#","#","#","#","NON_NULLABLE","NON_REQUIRED","#") 

 

#Add field that will hold the microclimate factor MicroF (Type 3 Average) 

arcpy.AddField_management(scratchPath + 

r"\NativeNew.dbf","MicroF3","FLOAT","#","#","#","#","NON_NULLABLE","NON_REQUIRED","#") 

 

#Add field that will hold the calculated Landscape Coefficient  KL (Using MicroF 1) 

arcpy.AddField_management(scratchPath + 

r"\NativeNew.dbf","KL","FLOAT","#","#","#","#","NON_NULLABLE","NON_REQUIRED","#") 

 

#Add field that will hold the calculated Landscape Coefficient  KL (Using MicroF 2) 

arcpy.AddField_management(scratchPath + 

r"\NativeNew.dbf","KL2","FLOAT","#","#","#","#","NON_NULLABLE","NON_REQUIRED","#") 

 

#Add field that will hold the calculated Landscape Coefficient  KL (Using MicroF 3) 

arcpy.AddField_management(scratchPath + 

r"\NativeNew.dbf","KL3","FLOAT","#","#","#","#","NON_NULLABLE","NON_REQUIRED","#") 

 

#Add field that will hold the names of any plants not applicable to selected region 

arcpy.AddField_management(scratchPath + 

r"\NativeNew.dbf","NA","TEXT","#","#","#","#","NON_NULLABLE","NON_REQUIRED","#") 

 

dense = 0.7 #Setting value for density factor (low density) 

micro = 0.7 #Setting value for microclimate factor (type 1) 
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micro2 = 1.25 #Setting value for microclimate factor (type 2) 

micro3 = 1 #Setting value for microclimate factor (type 3) 

 

n = 0.20 #For use with relative area of plants later 

 

# Create update cursor 

rows = arcpy.UpdateCursor(scratchPath + r"\NativeNew.dbf")  

 

for row in rows: 

    #Based on the region (dependent on what area the user selects) the appropriate 

    #species factor is assigned. 

    if row.Region == 3: 

        row.ActSF = row.SpecFacR3 

    if row.Region == 4: 

        row.ActSF = row.SpecFacR4 

    if row.Region == 5: 

        row.ActSF = row.SpecFacR5 

    if row.Region == 6: 

        row.ActSF = row.SpecFacR6 

    if row.Region == 7: 

        row.ActSF = 0 

    #Assigning Density Factor  

    row.DensF = dense 

    #Assigning Microclimate Factor  

    row.MicroF = micro 

    row.MicroF2 = micro2 

    row.MicroF3 = micro3 

    #Calculating landscape coefficient 

    row.KL = row.ActSF * row.DensF * row.MicroF 

    row.KL2 = row.ActSF * row.DensF * row.MicroF2 

    row.KL3 = row.ActSF * row.DensF * row.MicroF3 

    rows.updateRow(row)  

# Delete cursor and row objects to remove locks on the data  

del row  

del rows 

 

#-(Step 4)-  Preparatory steps are made for upcoming calculations: 

 

#a)  The area information calculated in the geoprocessing model is converted to square feet. 

#(The final conversion factor outlined in the UCCE guide is based off of square feet). 

#b)  Irrigation efficiency is set to 70%. See discussion section for explanation of this value. 

#c)  Relative area is set by the number of species. The total area is divided equally among 

#species, so for 5 species the relative area is 20%. As will be discussed later, calculations 

#were made assuming hydrozoning. 

#d)  Reference evapotranspiration rates by month are joined to the table on the basis of the 

#applicable ET Zone. 
 

#Area of landscape selected by user 

TotArea = 0 #Total area for use in calculations (square feet) 

 

 

#Get area information from area output in geoprocessing model and convert to square feet 

for row in arcpy.SearchCursor(scratchPath + r"\Area.shp"): 

    TotArea = TotArea + (row.F_AREA*10.7639104) 
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del row 

 

#Calculations will be carried out in the joined monthly ET information fields. 

#As there are three microclimate scenarios used, the join is done three times 

#so as that three different calculations can be performed.  

 

#Join Reference ET information for actual ET Zone user is in to table 

arcpy.JoinField_management(scratchPath + r"\NativeNew.dbf","ET",scratchPath + 

r"\SchNew.dbf","Zone",["Jan","Feb","Mar","Apr","May","Jun","Jul","Aug","Sep","Oct","Nov","Dec"]) 

 

#Join Reference ET information for actual ET Zone user is in to table 

arcpy.JoinField_management(scratchPath + r"\NativeNew.dbf","ET",scratchPath + 

r"\SchNew.dbf","Zone",["Jan","Feb","Mar","Apr","May","Jun","Jul","Aug","Sep","Oct","Nov","Dec"]) 

 

#Join Reference ET information for actual ET Zone user is in to table 

arcpy.JoinField_management(scratchPath + r"\NativeNew.dbf","ET",scratchPath + 

r"\SchNew.dbf","Zone",["Jan","Feb","Mar","Apr","May","Jun","Jul","Aug","Sep","Oct","Nov","Dec"]) 

 

 

 

#Irrigation Efficiency  

IE = 0.70 

 

#Relative area of landscape taken up by species (split evenly) 

relA = n 

Total = 0 #Used to hold total needed water for landscape 

Total2 = 0 #Used to hold total needed water for landscape 

Total3 = 0 #Used to hold total needed water for landscape 

 

#-(Step 5)-  An iterative statement goes through each row (each species) and multiplies the 

#joined monthly ET rates by the previously calculated landscape coefficients. The following 

#is the general form this takes: 

#Given Monthôs Water Requirement = ((Applicable Landscape Coefficient * Applicable 

#Reference ET for Given Month)/Irrigation Efficiency) * (Relative Area * Total Area) * 0.62 

 

#Upon each iteration, the total yearly gallons needed are calculated by summing up each 

 
#monthôs calculated water requirement. 
 

 

#Create update cursor  

rows = arcpy.UpdateCursor(scratchPath + r"\NativeNew.dbf") 

 

 

for row in rows: 

    #At this point the table used for calculations has the reference ET values for each month based on 

    #the user selected location. This for statement will take the known landscape coefficient based on 

    #region, and multiply by the reference ET in each month field to arrive at the landscape 

    #evapotranspiration value. This value is then divided by irrigation efficiency to arrive at the total 

    #amount of water to apply (in inches). This value is then multiplied by the relative area of the total 

    #area selected by the user and multiplied by a conversion factor to arrive at total amount of water to apply 

    #by gallon for the given month. 

    row.Jan = ((row.KL * row.Jan)/IE) * (relA * TotArea) * 0.62 
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    row.Jan_1 = ((row.KL2 * row.Jan_1)/IE) * (relA * TotArea) * 0.62 

    row.Jan_12 = ((row.KL3 * row.Jan_12)/IE) * (relA * TotArea) * 0.62 

    row.Feb = ((row.KL * row.Feb)/IE) * (relA * TotArea) * 0.62 

    row.Feb_1 = ((row.KL2 * row.Feb_1)/IE) * (relA * TotArea) * 0.62 

    row.Feb_12 = ((row.KL3 * row.Feb_12)/IE) * (relA * TotArea) * 0.62 

    row.Mar = ((row.KL * row.Mar)/IE) * (relA * TotArea) * 0.62 

    row.Mar_1 = ((row.KL2 * row.Mar_1)/IE) * (relA * TotArea) * 0.62 

    row.Mar_12 = ((row.KL3 * row.Mar_12)/IE) * (relA * TotArea) * 0.62 

    row.Apr = ((row.KL * row.Apr)/IE) * (relA * TotArea) * 0.62 

    row.Apr_1 = ((row.KL2 * row.Apr_1)/IE) * (relA * TotArea) * 0.62 

    row.Apr_12 = ((row.KL3 * row.Apr_12)/IE) * (relA * TotArea) * 0.62 

    row.May = ((row.KL * row.May)/IE) * (relA * TotArea) * 0.62 

    row.May_1 = ((row.KL2 * row.May_1)/IE) * (relA * TotArea) * 0.62 

    row.May_12 = ((row.KL3 * row.May_12)/IE) * (relA * TotArea) * 0.62 

    row.Jun = ((row.KL * row.Jun)/IE) * (relA * TotArea) * 0.62 

    row.Jun_1 = ((row.KL2 * row.Jun_1)/IE) * (relA * TotArea) * 0.62 

    row.Jun_12 = ((row.KL3 * row.Jun_12)/IE) * (relA * TotArea) * 0.62 

    row.Jul = ((row.KL * row.Jul)/IE) * (relA * TotArea) * 0.62 

    row.Jul_1 = ((row.KL2 * row.Jul_1)/IE) * (relA * TotArea) * 0.62 

    row.Jul_12 = ((row.KL3 * row.Jul_12)/IE) * (relA * TotArea) * 0.62 

    row.Aug = ((row.KL * row.Aug)/IE) * (relA * TotArea) * 0.62 

    row.Aug_1 = ((row.KL2 * row.Aug_1)/IE) * (relA * TotArea) * 0.62 

    row.Aug_12 = ((row.KL3 * row.Aug_12)/IE) * (relA * TotArea) * 0.62 

    row.Sep = ((row.KL * row.Sep)/IE) * (relA * TotArea) * 0.62 

    row.Sep_1 = ((row.KL2 * row.Sep_1)/IE) * (relA * TotArea) * 0.62 

    row.Sep_12 = ((row.KL3 * row.Sep_12)/IE) * (relA * TotArea) * 0.62 

    row.Oct = ((row.KL * row.Oct)/IE) * (relA * TotArea) * 0.62 

    row.Oct_1 = ((row.KL2 * row.Oct_1)/IE) * (relA * TotArea) * 0.62 

    row.Oct_12 = ((row.KL3 * row.Oct_12)/IE) * (relA * TotArea) * 0.62 

    row.Nov = ((row.KL * row.Nov)/IE) * (relA * TotArea) * 0.62 

    row.Nov_1 = ((row.KL2 * row.Nov_1)/IE) * (relA * TotArea) * 0.62 

    row.Nov_12 = ((row.KL3 * row.Nov_12)/IE) * (relA * TotArea) * 0.62 

    row.Dec = ((row.KL * row.Dec)/IE) * (relA * TotArea) * 0.62 

    row.Dec_1 = ((row.KL2 * row.Dec_1)/IE) * (relA * TotArea) * 0.62 

    row.Dec_12 = ((row.KL3 * row.Dec_12)/IE) * (relA * TotArea) * 0.62 

    #Total is the sum of all months (arrives at yearly value) 

    Total = Total + row.Jan + row.Feb + row.Mar + row.Apr + row.May + row.Jun + row.Jul + row.Aug + row.Sep + 

row.Oct + row.Nov + row.Dec 

    Total2 = Total2 + row.Jan_1 + row.Feb_1 + row.Mar_1 + row.Apr_1 + row.May_1 + row.Jun_1 + row.Jul_1 + 

row.Aug_1 + row.Sep_1 + row.Oct_1 + row.Nov_1 + row.Dec_1 

    Total3 = Total3 + row.Jan_12 + row.Feb_12 + row.Mar_12 + row.Apr_12 + row.May_12 + row.Jun_12 + 

row.Jul_12 + row.Aug_12 + row.Sep_12 + row.Oct_12 + row.Nov_12 + row.Dec_12 

     

    rows.updateRow(row)  

# Delete cursor and row objects to remove locks on the data  

del row  

del rows 

 

# -(Step 6)-  The results table created in the geoprocessing model is updated with the area 

#and results. 
 

 

#Create insert cursor 

rows = arcpy.InsertCursor(scratchPath + r"\Results1.dbf") 
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x = 0 

 

#insert row to hold results 

while x < 1: 

    row = rows.newRow()  

    rows.insertRow(row)  

    x = x + 1 

del rows 

del row 

 

#Create update cursor 

rows = arcpy.UpdateCursor(scratchPath + r"\Results1.dbf") 

 

#Update  

for row in rows: 

     

    row.Results = abs(long(Total)) 

    row.Results2 = abs(long(Total2)) 

    row.Results3 = abs(long(Total3)) 

    row.Area = abs(long(TotArea)) 

    rows.updateRow(row) 

 

del row 

del rows 

 

TotArea = 0 #Sets total area back to 0
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Introduction  
 

 

How  t o  Use  t his  Main t en ance  Plan  
 

Coastkeeper Garden is home to a variety of native and California Friendly plants. The two acre garden includes six native Southern 

California habitats as well as six vignettes which allow visitors to get a sense of what their own landscape could potentially look like. 

This maintenance plan is to be primarily used by those helping take care of the garden. It is designed such that even someone 

completely unfamiliar with the garden can quickly and efficiently help in its maintenance. Additionally, this plan may also serve as a 

resource for docents and volunteers to provide additional information to visitors of the garden. 
 

 
 

For those new to the garden: 
 

The quick reference guide at the end of this maintenance plan is the fi rst place to go if the user is unfamiliar with the garden. The 

quick reference provides season by season information for each of the six habitats and six vignettes found in the garden. Use the map 

located at the beginning of this plan to identify where the applicable garden area is located. The guides at the beginning of the 

maintenance plan provide more detailed information and elaborate on the tasks listed in the quick reference section. For help in 

identifying species and understanding maintenance concerns for individual plants please see the plant characteristics section. 
 

 
 
 

For those familiar with t he garden: 
 

The most useful resource to those familiar with the garden may be the plant characteristics section. Information on a species 

scientific name, garden section, physical description, foliage type, bloom time and color, as well  as maintenance information is 

included. Additionally, the guide sections include special considerations that even those familiar with the garden can benefit from. 

Refer to the quick reference section if you are unsure of season specif ic considerations. 
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Map of Coastkeeper Garden  
 
Not i ncluded in this online version of Masterôs Project. Map created internally by Coastkeeper. 
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Gu id es  
 
 

Pr uning  
 

 

Why  Prune? 
 
Pruning is the removal of parts of a plant. This may be done for four primary reasons (Mil ler, 2008): 

 
1)  Improving Appearance 

 
2)  Directing Growth 

 
3)  Encouraging Fruit or Flowers 

 
4)  Maintaining Health 

 
Perhaps the most important of these reasons is for maintaining the health of the plant. That having been said, it may be desirable to 

improve appearance and encourage fruit or flowers in sections of the garden that are frequented by visitors or are designed to appear a 

certain way. This is especially true for the vignette sections. 
 

The quick reference guide within this maintenance plan gives recommendations for some of the plants to prune during a given 

season. Information on when to prune is also generally available by species in the tree and shrub/groundcover and vines characteristics 

sections. However, if damaged, dead, or diseased limbs are present on a plant, they should be removed immediately. If not done in 

time, the plant may be attacked by fungi or parasites (Miller, 2008). 
 

Pruning  Tools 
 

Using the correct tool for pruning is particularly important. Tools should be sterilized before use and after each cut to prevent 

spread of disease. Sterilization may be accomplished in several ways, including the use of Lysol or rubbing alcohol. The following 

tools should be used as described if they are available (Landis et al., 2006). 
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1)  Hand Shears: A short handled tool, they should be used for branches that are a quarter inch in diameter or smaller. 

 
2)  Loppers: A long handled tool, they should be used for branches between a quarter inch to three quarters of an inch in diameter. 

 
3)  Hedging Shears: A long bladed tool, used to trim hedges. 

 
4)  Pruning Saw: A curved blade tool, used to trim branches that are greater than three quarters of an inch in diameter. 

 
5)  String Line Trimmer: An electric or gas powered tool used to mow, edge, or dead-head. 

 

Types of Pruning/Gro om ing  
 

The way in which a plant is pruned or groomed will  depend on the species and the desired result. Care must be taken in 

determining the appropriate method, as incorrect pruning can severely damage or even kill the plant. Additionally, removing more 

than a quarter of the foliage will  likely do more harm than good for the plant (Landis et al., 2006). 
 

Please note that only those techniques most relevant to the garden are included. 
 

1)  Dead-heading: This pruning method involves the removal of dead flowers from a plant. It is primarily done to either create a 

longer bloom season, or to create a more well  groomed appearance. This must be done before seeds have been produced and on 

a species that is capable of producing more flowers (Landis et al., 2006). This method is beneficial, but not necessary, for most 

deciduous shrubs. Do not use this method on plants where fruit or seed-heads are desired (Cutler, 2003). 
 

2)  Edging: This technique is used to prune plants along edges and will  most typically be done along the pathways in the garden. 

While this is necessary for an orderly appearance, care should be taken to not cut all  branches back to the same point. This will 

result in an unnatural look and could cause further problems for the plant. A string line trimmer may be used to accomplish this 

technique (Landis et al., 2006). 
 

3)  Heading Back: This technique involves cutting back all of the stems of the plant. After heading back, new growth will take 

place below where the plant was cut back to. Most native shrubs can handle light pruning in this method whereby only the tips 

of the stems are pruned (Landis et al., 2006).  Keep in mind that heading does not tend to preserve the natural shape of a plant 

as thinning does. This method should generally only be used to keep the plant within certain desired boundaries. Whatôs more, 
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as with edging, care should be taken not to head all  stems back to the same length. Hand shears should be used if possible 

(Cutler, 2003). 
 

4)  Pinching: The removal of the tips of the stems to induce more growth and create a fuller appearance. This method requires no 

tools and can simply be done by hand. This technique can be done when the plant is having a lot of new growth, or when 

flowering has ceased (Landis et al., 2006). 
 

5)  Thinning: This method involves removing entire stems or cutting back to the trunk.Unlike heading back, this technique tends 

to preserve the natural form of the plant. In addition, this technique allows for better air circulation and allows more light to 

reach the inner portions of the plant (Cutler, 2003). 
 

Consider ati ons When Cut t ing  Bran ches 
 

Whenever cutting larger branches it is important to make clean cuts and cut back to the collar without leaving any stubs. The collar 

is the area where the branch is connected to the tree and is important both for reinforcing the branch, but perhaps more importantly, 

protecting the trunk from possible attack by fungi if the branch is damaged  (Landis et al., 2006). Thus, cuts should never be made 

flush with the trunk. The collar can vary visually depending on the tree. Generally, it is a bulge near the trunk, or may also be visible 

as ridges in the bark near where the branch connects to the tree (Mil ler, 2008). For small stems cutting back to the trunk is appropriate 

(Landis et al., 2006). 
 

Larger branches should be removed in sections. This can be accomplished in the following manner (Mil ler, 2008): 
 

1)  Cut into the underside of the branch 6 inches from the collar. (Do not completely cut through branch) 
 

2)  Make a second cut all the way through the branch 4 inches farther out than the first cut. 
 

3)  Finally, cut the stub of the branch off  leaving only the collar. 
 

Timi ng Considera t ions  
 

For timing considerations in general please refer to the quick reference section. For specific information on a species please refer to 

the plant characteristics section. 
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Mul ching  
 

 

What  is Mulch? 
 

Mulch is a protective covering of either inorganic or organic material. Mulch can protect plants from excessive evaporation, pests, 

weeds, and the impact of rain (Landis et al., 2006).  Organic mulch can add nutrients back to the soil, encourage earth worm 

populations, and increase water infil tration by reducing runoff among other benefits. Additionally, if materials at the garden arenôt 

sufficient or do not meet the desired requirements for mulching a garden section, mulch materials are sometimes available for free 

from public parks departments, private arborists, and tree maintenance companies (Clark & Dreistadt, 2004). 
 

Types of Mulch 
 

Inorganic mulch is generally best suited for desert and chaparral plants while organic mulch is better for woodland, forest, and 

riparian plants. Inorganic mulch should primarily include gravel and rocks. For organic mulch, the species will determine which 

materials are best, but in general it can contain shredded bark, compost materials, and leaves (Landis et al., 2006). 
 

For optimal results, the following may be used: 
 

1)  For chaparral and coastal sage scrub sections use shredded redwood bark (Wilson, 2012). 
 

2)  For conifer species, use of fir bark, pine bark, or redwood bark works well. This type of mulch is also suitable for most species 

in the southern oak woodland section. 
 

3)  For desert sections use inorganic mulch consisting of rocks. 
 

Any mulch used should not be composed of lawn clippings, manure, or straw as these usually wonôt work well  for the plants found in 

the garden (Wilson, 2012). 
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Mulc hing  Correctly  
 
Whenever mulching is done, the following primary guidelines apply (Landis et al., 2006): 

 
1)  Before mulch is applied, weeds should be removed. 

 
2)  All irrigation equipment that is needed should be installed before mulch application. 

 
3)  Mulch should be 3-4 inches thick in order to work as intended. 

 
4)  Mulch should surround the plant and should be about 6 inches away from the base. Failure to leave about 6 inches could 

encourage crown/root rot and other problems for the plant. 
 

Special  Considera t ions  
 

Most trees and shrubs in the garden will  benefit f rom surrounding mulch when planted. This is especially true for trees and shrubs 

that have shallow roots and can suffer greatly from extended periods of drought (Starbuck, 2008). For broadleaf evergreen shrubs and 

trees mulch is particularly effective. Drying during the winter can cause foliage to scorch or discolor and could even lead to the plant 

dying. Apply coarse organic mulch around these plants at least as wide as the plants branches extend and possibly further. (Starbuck, 

2008). 
 

Most trees benefit f rom the leaf litter they leave and this should not be removed. An exception applies to the California Sycamore 

(Plantanus racemosa), which first set of fallen leaves should be removed because of the large possibility of infection by Sycamore 

blight. (Landis et al., 2006). Additionally, the California Sycamore generally does not benefit f rom the addition of surrounding mulch. 

Some plants like penstemons and sages should not receive mulch either, or should receive some in limited amounts, as they do not 

tolerate excessive moisture at their base well. Additionally, mulch should be used sparingly or not at all  for some types of rushes, 

sedges, wildflowers, and grasses (Wilson, 2012). 
 

Ultimately, mulching should be acceptable and in fact very beneficial for most plants in the garden. Maintaining 6 inches from the 

base of the plant when applying mulch should eliminate most problems that can arise from application. When deciding to reapply, 

assess how mulching has worked for the plant in the past and its current state. 
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Wa t er ing  
 

 

Wat ering  in General  
 

Most of the plants found in the garden require little if any water once established. California natives are accustomed to winter 

rainfall  and summer drought. However, during dry winters, supplemental water may be needed even for those plants with very low 

water needs. Site specific  considerations might also warrant supplemental water. Additionally, some plants require water during the 

summer to appear in good condition (Landis et al., 2006). This guide will  outline when and how to appropriately water the plants 

found in the garden. Keep in mind that water will  already be being delivered using the WeatherTrak irrigation system. Thus, i t is 

important to first check how much water is being delivered to an area and weigh the pros and cons of delivering additional water 

either by adjusting the system or hand watering. 
 

Wat er Needs 
 

The plant characteristics sections include a listing of the plantôs water needs. Those plants that are listed as very low require no 

supplemental water under normal conditions while those listed as low require a small amount of additional water. Plants listed as 

having medium requirements need a moderate amount and those listed as high may require a considerable amount of additional water 

(Landis et al., 2006) 
 

The plant characteristics sections list water needs for established plants. Water needs and the way water is delivered is different for 

plants before they are well  established. This will of course vary by plant, but could take from 1 to 3 years. For the first year after 

planting, many drought tolerant plants will need supplemental water delivered to the root ball (Gildemesiter, 2002). In the second and 

subsequent years water should be delivered less and less frequently. 
 

Native and Mediterranean plants are accustomed to winter rainfall. If the winter is dry and plants have not received typical amounts 

of rainfall  supplemental water should be provided. During the winter, check the soil moisture around the plant. If dry, consider 

supplemental water (Landis et al., 2006). During the summer it can be very detrimental to many natives and drought tolerant plants to 

water. This will lead to excessive moisture around the base of the plant that will encourage disease. If  water is needed during this time 

it should be delivered infrequently. 
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How  to  Wat er 
 
Much of the garden has drip irrigation which efficiently delivers water straight to the plant. However, problems can still arise with this 

delivery method and it is important to monitor sections to make sure they are not getting too much or too little water. 
 

Typically, most sources will  recommend infrequent but deep watering when needed for drought tolerant plants. While ideal, the highly 

clay soils of the garden may make this difficult. Monitor how well  water is infiltrating. If necessary, stop watering for a while and 

resume later to avoid puddles. 
 

If hand watering, avoid wetting the stems and leaves of drought tolerant plants. Velvety or hairy leaves cannot function accordingly 

when soaked (Gildemeister, 2002). 
 

If possible, avoid watering during the middle of the day. Watering during the morning will reduce the amount of water that evaporates. 

In most areas of the garden drip irrigation will be covered with mulch which should eliminate much evaporation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Page | 10  

 

 

 

Pests & W eed s  
 

In  General 
 

Pests in the garden may include rodents, insects, bacteria, viruses, and fungi among others. Weeds are simply the plants found in 

the garden that are undesirable or may cause problems for other established plants. Many of the plants found in the garden are well 

suited to deal with pests and if maintained well  will  not typically require action. However, under certain environmental conditions and 

if not properly maintained, pests can become a major problem. It is therefore important to monitor the plants in the garden for signs of 

stress and to identify the cause early. Preventative measures will of course reduce the likelihood of problems and should always be the 

fi rst plan of action. 
 

Due to the large variety of species in the garden this guide is by no means comprehensive. The intention of this guide is to detail 

some effective preventative measures, identify the most likely cause of a problem and detail how best to proceed with eliminating the 

problem. For more comprehensive information please see Care & Maintenance of Southern California Native Plant Gardens by 

Landis, Mackey, and OôBrien (Landis et al., 2006). 
 

Preve ntati ve Measures 
 
The following are effective preventative measures that will often eliminate the opportunity for pests to thrive (Landis et al., 2006): 

 
1)  Mulch: As is detailed in the mulching guide, mulch eliminates many of the problems encountered with pests and weeds. 

Follow the guidelines in the mulching section and remember to remove weeds before applying a new layer. 
 

2)  Avoid Overwatering: Many of the plants found in the garden require little or no supplemental water once established. If plants 

are overwatered, particularly during the summer, it can leave them susceptible to disease. 
 

3)  Donôt Plant Infected Plants: Before planting anything, assess the condition of the plant and whether it is suffering from 

attack. While this measure may seem obvious, it is easy to overlook and could spread to other plants if not identified early. 
 

4)  Prune Effectively: Damaged limbs that are not pruned correctly can leave a tree open to attack by fungi. Refer to the pruning 

guide on how to best prune in the garden. 
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5)  Encourage the Natural Enemies of Pests: If certain pests are known to be problems in the garden it may be of value to look into 

encouraging the presence of their natural enemies. A great resource relevant to the garden is Natural Enemies Handbook by 

Dreistadt and Flint (Dreistadt and Flint, 1998). 
 

Problem s and  Soluti ons 
 
The following section lists the source of potential problems and what signs to look for as well  as suggested solutions: 

 

1)   Vertebrates: 
 

Pests include: mice, rabbits, squirrels etc. 
 

Signs: One of the more obvious ways to spot a possible problem with rodents is to look for tunneling around the plant. 

Additionally, stripped bark, gnawed stems and leaves, and missing leaves off  of younger plants point to a possible rodent 

problem. 
 

Possible Solutions: Rodents do well  when they have plenty of places to hide. For this reason debris and wood piles should be 

kept to a minimum. It is also important to dispose of ripened fruit as this will certainly attract attention. Due to health 

consideration trapping should be avoided. Particularly if rabbits are the problem, consider surrounding young plants with a 

chicken-wire cylinder. Additionally, consider a mesh barrier to structures that are raised off the ground (University of 

California, n.d.). 
 

2)   Invertebrates 
 

Pests include: ants, aphids, beetles, borers, mites, gall makers, leafhoppers, mealybugs, scales, etc. 
 

Signs: The signs of pest problems with this class of pest are numerous. What follows are a listing of some commonly 

encountered signs in Southern California. Early leaf or fruit drop is typically the result of aphids, beetles, borers, leafhoppers, 

mealybugs, psyllids, thrips, and whiteflies. Holes in leaves are often the result of beetles or thrips. If the holes have slime around 

what remains, slugs and snails are the likely source. The grassland and riparian areas have been known to have a particularly 

large population of snails so consider them as a likely source in these areas. For holes in bark, borers are the likely cause. 

Shriveled leaves are typically the result of whiteflies.  

 

If a species looks like it is unhealthy refer to the plant characteristics section, as common pests to the species are often listed. 
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Possible Solutions: Aphids typically do not represent a problem and hosing off the plant with water is often sufficient to    

alleviate the problem. Hosing off the plant is also effective for mealybug problems. Mulching helps reduce the likelihood of 

beetle attack. If beetles do become a problem make sure to prune off infested parts before March. Pruning off dead limbs and 

caring for trees correctly will minimize problems related to borers. To avoid snail and slug problems avoid overwatering as 

these pests require a moist shady environment. 

 

 If a plant continues to suffer from pest infestation please refer to the University of California Statewide Integrated Pest 

Management System which is a comprehensive resource available online.  

The website is: http://www.ipm.ucdavis.edu/PMG/menu.homegarden.html 
 

3)  Diseases 
 

Diseases include: blight, branch dieback, canker, leaf spot diseases, mildew, rots, rusts, sudden oak death etc. 
 

Signs: Signs of blight and branch dieback include tanning and wilting leaves, stem decay, and shoots that shrivel and 

blacken. Canker is a depression in plant tissue that can be found on branches. Discolored and sometimes reddish spots 

are typically the sign of a leaf spot disease. Distorted or stunted stems along with purple or brown patches on the 

underside of leaves are often caused by mildew. Dying roots and twig and branch dieback can be caused by root and 

crown rot. This is a likely cause in areas that potentially receive more water than they should.  
 

Possible Solutions: Pruning and disposing of infected twigs can often solve several disease related issues. It is important to 

remember to sterilize the pruning equipment after removal is performed. Leaf spot diseases can be reduced by removing 

infected leaves and fallen debris around the infected plant. Any infected leaves or branches should be carefully separated and 

disposed of to avoid spreading disease to other species in the garden. Always avoid overwatering and take note that overhead 

watering should be avoided for certain species. 

 
 

4)  Weeds 

 

Weeds include: Certain grasses, yellow star thistle, mustards, clover, nutsedge etc. (Any plant that is not desired in the garden) 
 

Signs: Mustard is one of the most common weeds in the garden and is identified by four petal yellow flowers. Along 

with certain thistles, these weeds can often be identified by their somewhat sporadic growth throughout the garden. Due 

to the variety of species in the garden it is best to positively identify the plant before removal. Please refer to the plant 
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characteristics section for additional help in this aspect.    

 
 

Possible Solutions: In many instances weeds in the garden will be controlled by physical means or by preventative actions 

such as the application of mulch. It is important to remember to remove weeds by hand or with tools before applying mulch. 

Additionally, make sure that equipment is cleaned before moving to a new area, as this represents an easy way to spread 

weeds across the garden. For persistent weeds in areas where mulch and hand removal is insufficient or frequently necessary 

more advanced techniques may be required. These techniques will generally involve killing weed seedlings selectively. As 

advanced techniques will require careful planning, consult the University of California Statewide Integrated Pest 

Management Program online first to come up with an effective solution specific to the weed of concern.  
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Pla n t  Ch aracter i st i cs  
 
 

Notes  

 
The following sections include information on a given speciesô location in the garden, physical characteristics, foliage type, bloom 

time and color, pest considerations, other maintenance information that is applicable, and a photo if available. Plants are grouped either 

as trees or shrub/groundcover & vines. 

 
Location information was compiled from a master plan for the garden. Some locations may have changed since planting and may 

no longer apply. Plant descriptions are based off of information from the plant database of the University of Texas at Austinôs Lady 

Bird Johnson Wildflower Center website unless otherwise noted (ñLady Bird,ò n.d.). Water needs are classified as follows and are 

based off the water usage section of Care and Maintenance of Southern California Native Plant Gardens by Landis, Mackey, and 

OôBrien (Landis et al., 2006, pp. 37-48). This guide was also referred to for pruning and pest considerations. 

 

  Water Needs: 

 
Very Low: No supplemental water needed. 

 
Low: Minimal amount of supplemental water needed. 

 
Medium: A moderate amount of supplemental water is needed. 

High: A large amount of supplemental water is needed. 

Note: Water information is included in case supplemental water is needed. Refer to the watering guide and remember that most of the 

garden already receives water according to the WeatherTrak system. 

 
Photos were obtained with permission from the University of Arizona Campus Arboretum and the Lady Bird Johnson Wildflower 

Center. Individual photographers are listed under applicable photos.
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Plant Characteristics: Trees  
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Plant Characteristics: Shrubs, Groundcover, and Vines  
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