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Abstract

Southen Californiafaces the potential ofuture water shoreges dueto increasing population
and urcertain suppies ofwater. Over haf of water consumpiton intheregion is attributed to
residental usewith over half of this amountypically attributed to oudooruse.While rew
suppy soures shold beinvestigated, consevation efforts can drastically deaeasewater
consumpiton. Nunerous souces have pointed to water efficient landscgping pradices as an

effective means by which to accompish this.

As part of an internshp, | helped Orange Courty Coastkeeper comgdete work on a2-aae
demonstetion garden in Orange, CA. The garden will seveto promoteefficient irigation
pradices, drought tolerant plants, andotherefficient lands@ping practices. In order to help
conwvey the message of water-efficient lands@ping, | developeda geospatialtool that vistors to
the garden can useto estimatewater use when employing practices sen in thegarden. The tool
uses thé_andscape Coefficient Mehod (LCM) and Water UseClassifcaion of Landscape
Spedeslil (WUCOLS) which were developed by University of California Cooperative
Extensionand intiated by the Califania Department of Water Resources. Visitors ofthe garden
will beable toacessawebpage where they can select their yard or areato belandsgped on a
Goagle map. After their selection regiond and ared information wil be nt to atool hosed on

an ArcGIS Sever and the resulting water requirements eturned totheuser.

In addition to helping Coastkegper promote itsmessageo visitors | have developeda
mainterance planfor useby thoseworking at the garden. The plan ircludes prunirg, muching,
watering, and pest guides relevant to theregion, aswell as quickreference guidesby seasonand
acomprehensive sgdes characteristics listing. The planwill help inthe operation ofthe garden,

and beusedas aresource to edicae visitors.

Page |i



Table of Contents

Y 01 =03 A UUPPURPRRY ..
L= o [ R0 0] (=] o £ P i
ACKNOWIEAGEMENTS......ceeeiiiii ettt e e s rennr e e e e e e e eaan e e e e e e eeesmmme e IV
Introdudion
BaCKGrOUNG..... .o e e e e enrn e e e eeanan 1
Conservation through Water EficientLandscaping..........ccooevvvveevviiiiiieeeiennneeeeee, 2
(T 07 1 1 o PSPPSR 3
(0] o 3

Water Usage Geospatial Tool:

L andscape Coefficient Method and Water Use Classification

Of Landscape SPeCiES I ....ooovvvniiiiiieec e eevveeee e B
Impact of Irrigation EffiCIENCY ....vvviii e 7
Why a Geogpatial Tool iSHEIPIUl..........coooiiiiii e e 8
Implemening Landscape Eqationsin ArcGIS ..o iiiceeeee e 8

Step 1:DataPreparation ..............eiiiiiiiiiiiicceec e 9

Step 2:GeoprocesSINg MO .........ovviiiiiieee e 12

Step 3:PYhon SCript TOOL.........oviiiiciee e 13
Google Maps APl and ArCGIS SEINVEN .......uuiii e eenes 15

Discussion

JLIC0 L0 L 1o U U UUUUPR 16
ST ¥ 1010 ] 110 ST PSPPI 17
Accuracy and Reliability of RESUIS............uuviiiiiiiiiireeeceee e 19
Comparison to Typical Water USage..........ccovviiiiiiiiiiiiiinnne e eeeeeeeeeeeeeeveevveeeas 20
Potential MOIfICAtIONS...........covieiiiiie e ceeer e e e eeenanes 22
Tool Usage Under VardDUS SCENAIIQS..........uuuiiiieeeeeeiiimmmreeeriineeeeeeeeannnnnsemennes 23

Page [ii



Mainternance Plan:

INteNdedUSE AN DESION .....uniiiieeeiice e eeee et eeeeeeee 27
(O] 1[0 1S o] o PSPPI 29
I (=] (=] 0T =F T PRSPPI 30
Appendx

Code 1:Geoprocessng Model Python SCript.........coovvviveiiiiiiiieeeeee e 31

Code 2:Script Tool PythOn SCHPL.......ccovviiiiiee et 34

Maintenance Plan
Mainterance Plan isincluded after Appendix and includes its own Table of Contentsand
page numbeing.

Page liii



Acknowled gemen ts

I would like to thank Dr. Davidt. Hinton for all of his help and encouragement
with this project and John Fay for his help and guidance in using ArcGIS Server and
the Google Maps application programming interface. | waigd like to thank
Austin Brown and Ray Hiemstréor their help during my time at Orange County

Coastkeeper and throughout the creation of the maintenance plan.

Page |iv



| ntroduct ion

Background:

Southen California is aregion whichcontinues togrow in popuation despite uncertainty in
water suppy. Over half of the water consuned in theregion isimported from the Colorado Rver,
Owens Valley, and theStateWater Projed. In recent years continued levels of suppy from these
soures has been in doubt due to dought condtions and mandated eductions in mportsfrom the
StateWater Project. While drought conditonsceased in 2011and apprcaches toincreasesupply
are being invesigated and movedorward, there is no guestion that water shorageissues will
loomin theregion for many years tocome.Suppy soluions should continue tdoe investigated,

but much alleviation an beadieved by simply focusingon consevation efforts.

Fundamenglly, conservation efforts will have to involve educating the public about reducing
water use in neaningful ways. In 2008 theDrange Courty, CA Grand Jury concluded in areport
that despite past congrvation efforts there is till much that can bedone in terms of water
consevation.What 6 sre, ttey concluded that this was esgdally true of lands@peirrigation.
In Orange Courty over 60% of water consumpiton corresponddo residertial use (Orange Courty
Grand Jury, 20@).. Furthermore, a questionraire sentby the Grand Jury to all water agencies in
the Orange Courty region indicated that more¢han falf of residential water use isfor outdoor
purposeqof which landsapeirrigation representsthe majar use). Of all outdoor vater usag, it is
estmated that half will bewasted Qrange Courty Grand Jury, 20@). While programs havédoeen
implemented sirce therelease of this report, thenaure of the problem and the opprtunities that
exist are still very much present. What 6 s e, tmeopoblemsthat existin OrangeCourty are

representativeof much ofSouthen
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California. In Los Angeles Courty, for example, theDepartment of Publc Works estmates tlrat

70% of water consuned for single-family homesgoes tovard outdoorpup o ses (A County, O

Conservation through Water Efficient Landscaping:

Given the brge percentageof outdoorwater use in southen California, consevation efforts
focusedon efficient landscaping practices have the poentia for subgantial water savings. Water
efficient landscaping efforts have long been around, with thenow popudr term fixeriscgped
being coinedby Nancy Leavitt of theDenver Water public utility in theeary 198(s.
Xeriscgping follows ®ven principles: sound landsgpe planning and design, limitation of turfto
appragoriate areas, useof water-efficient plantsgfficientirrigation, soilamendnents, useof

mulches, andappropriate landsgpe mainteance (Sovocool & Morgan, 205).

A multi-year study of residental conversion toxeriscgpewas performed by the Sothern
NevadaWater Authority (SWNA) with patial funding from theBureau of Redamation. The
results of thestudy shoved a30%savings intotal annual residentel consumpion for those
participants who maden averagesize conversion from turf to xeriscgpe (Sovocool & Morgan,

2005.

Theresults of theSWNA study are encouraging. Theaverage 30% savngs alones
subgantial, butit is important to note tlat it is orly taking averagevalues.Therange of savings
is deendent ontheamount of landconverted to xeiscape practices aswell as theexad practices
used.Thisis esgadally truein southen Californiawhere ahost of rative plants requirelittle or
even no suppmentl irrigation orce establishedCarefully sekctingtheright speies, irngation

method,and lands@ping pradices could diastically increase savings.
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I nternship:

During the summerof 20111 interned with anon-profit in Orange Courty, CA namedOrange
Courty Coastkeeper. Before stating my internship, Castkeper received anealy $600,000
grant as prt of the Nature Edwcaional Fadlities Grant Program to compékte constriction on ts
demonstetion garden in Orange, CA. Amang other objedives, thedemonstetion garden will

promotedrought tolerant lands@ping and thereduction of urban runoff.

By its completiorin spring 2012 thegarden will featurewater efficient irrigationtechnology
as well as ower ahunded speies ofnative or Californiafriendy drought tolerant plants. The
garden will feature six California retive habitats as well as $x vignettes modtled after popular
southen Califarnia architectural styles that will allow vistors tosee what their own yard could

look like.

Project:

For my mastes project | wanted to telp Orange Courty Coastkesper better convey the
benefits of thewater efficient practices sen in the garden as well as help thoserunningand
working at the garden to maintain thednds@pe. My project thus fas twomaincomponents, one
being awater usage geospatial tool for visitorsand the otler being a maintenance planfor those

taking care of the garden.

In order to increase the likelihoodthat visitors to the grden will implement the practices and
speies € inthegarden | created awater usage geospatial tool in ArcGIS 10 (ESRI, 2011)
Visitors tothegarden will beable to accessawebpage within Orange Courty Coastkesperés
website and slect an areato be bndscgped from aGoogle map. Orce sekcted the infomation is
sent to atool hosed onan ArcGIS Server. Thetool uses aed and regional information fomthe
visitorés seédion to de¢rminewater requirements br acharacteristienix of plants found
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within the gardenTheresulting water requirementsare sent bad to theuseralong with ather
relevant information. Thetool uses thd.ands@pe Coefficient Method(LCM) and Water Use
Classification of Landscape Spedeslil (WUCOLYS) that were developedby the University of
California Cooprative Extensionand intiated by the Calibrnia Department of Water Resources

(A Guided 2000).

In addition to thegeospatial tool, | developed amainterance planfor thosetaking care of the
garden and as aresouce to doe@nts when maintenance or edes pedfic inquiries ae made by
visitors. Themainterance plan ircludespruning, mulching, watering, and pest guidesrelevant to
Southen Cdifornia. Additionaly, the plan ircludes a pént cheraderistics setion which
includes a spdes 6 cailorowithin thegarden, physical charaderistics, water requirements,
mainterance information, and aphoto forthe mae than 100 spaesfoundin thegarden. A quick
reference section isalso includedat the back of the planfor pertinent informationby seassonand

by garden section.

Water Usage Geospatial Tool:

Methods
Landscape Coefficient Method and Water UseClassfication of L andscape Speaes il :

Thepurposeof the water usage geospatial tool igo estmatethe water requrements foragiven
mix of plantsin auserdefined area However, in pradice this isdifficult due to the sriety of
factors invdved. dimatic and environmental conditions, species consicerations, sd properties,
and irrigation efficiency are among thelist offactors to considewhen determining how much
water to apply. This havingoeen said,guides fave been devel oped which provide uséul

estimaes basd onobservation and research. A review of available publications sugests
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thatfor California themost compehensiveand wseful of suchguides isfiA Guideto Estmating
Irrigation Water Needs of Lands@pe Plantings in California, @ publicaion by the University of
California Cooprative Extension UCCE)that was madeavailable by the California Department
of Water Resources. Theguide mekes use othe Landscape Coefficient Method (LCM) and the
Water UseClassification of Lands@pe Spedes|il (WUCOLS) ( A A Gu i dEhegai@e@®I8o0 )

utilizes cetafrom theCalifornia Irrigation Manaement InformationSystem CIMIS, 2010.

Theguide uss evapotranspiration (ET) as anindicator of thewater needs required to keep a
plantalive and healthy. ET formulas ae generally dependent on avariety of factors which will
vary with the species andsite involved. For this reason, acommon practice is to determinea
reference ETrate for areference crop whosebiophysical properties have been comprehensivdy
studed (ET, 2003. For mostof its dationsCIMIS uses avell-watered, actively growing, closely
clipped grassthat compktely shales the soil.By taking the knavn biophysicd properties ofthe
reference crop a agiven station,alongwith theweaherproperties moniored by that station, ET
can beestimated. (CIMIS uses twaevapotranspration models, thdPenmanMonteith equation,

and amodfied version ofthe Penran equation).

With theevapotranspiration rates drived from above, theactual evapotranspiration rate for a
given species n aparticular microclimatecan bederived by taking a coeffi cient value and
multiplying it by the reference evapotranspirtion rate for the same microclimate unagr
consiceration (Equation 1). Thecoefficient frequently employed is acrop cafficient, as tis
method is ofn employed for agricultural concerns. In thecaseof landsape plantings a
landscgpe coefficient was formulatedand u®d in place of thecrop coefficient. Thelandscape
coefficient itself is derived from a spdes factor multiplied by a density factor muliplied by a

microclimatefactor (Equation 2).
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Equation 1:
ET . =K_ X ETp
Where:

ET_ = Lands@pe Evapatranspiration (Used here as anestimateof thewater neels of a

landsgoe planting).
K. = Landsape Coefficient (As desribed in Equation 2)
ETo = Reference Evapotranspiration Ratefor Applicable Zone
Equation 2:
KL=KsX Kg X Kine
Where:
K. = Landscape Coefficient
Ks= SpedesFador
Kq = Density Fador
Kmc = Microclimatefactor

Thespeiesfactor ranges from 0.1to 0.9and isseprated into four categories that corespond
to guidelines inWUCOLS (based on field ob®rvations. Therange of values is st to account for

varying water nealsby specieswhen in dfferent regional setings. The speific fadorsare based

off of water usestudiesfor landsape species.
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Thedensity factor ranges from 0.5 to 1.3 and is diged into three categories: low, average,
and high. Theintent of this fador isto account fordifferences inwaterlossdueto vegetation
density. Vegetation dengy corresponddo leaf area, with thoseareas that ae denserand more
matue being assumed tolose morewater. Considarations withthis fador include thenumberof

vegetationtiers andcanopy cover.

Themicroclimatefador ranges from 0.5 tol.4 and is divided into three categories: low,
average, and high. The intent of this fador isto account forthe impat of ructures on
suroundingtempeature, wind speed, and light intensty. Low valuescorrespond to aess thatare
frequently shaded and not exposedio much wind. Averagevauesare assgned to operfield
conditions. Hgh valuesare assgned tothoseareas recaving more wind or hed soures from

neaby structures.

Impact of Ir rigation Efficiency:

Oneimportant factor to consider when determining total water to apply is irrigation efficiency
(Equation 3. TheUCCE guideexplains ttat irrigation efficiency can beset by calculation,
estimation, orgoal seting. In practice, esimating irigation dficiency is dfficult and themethod

usal should efl ect the desired usage of the results.

Equation 3:

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

Thelandsgoe evapotranspiration formulaand landsgpe coeffi cient maeke useof
evapotranspration zones andregional information. Additonally, in order to arrive at thetotal
gallons reeded for alandscgpe, areal informationis nesded. For a casual user, goingthrough a
publicaion sich as theone pesented by the UCCE s time consumirg, and may necesstate
informationthat is notrealily available. By presenting visitorswith a Google Map that accesses
an ArcGIS tool with thelands@peformulas builtinto it, thecompexity involved is educed to
simply drawing a padygon around the cesired lardscgpe. The water usage requirements provied
to theuserprovide areasondle estmate wheh should demonstte thebenefits of converting to
awater efficient landsapeas sen at Coastkegper Gardens. While certain assumptionsare made
with theimplementation of theiodl, theseassumptionsare communicated totheuserso ashat
they may take additional site speific informationnot captured in thetool into account. While the

tool is primarily intended for residential users, itcan beusedin other settings aswell.

I mplementing L andscape Equationsin ArcGIS.

Thelandsgpe equationswere primarily implemened in ArcGIS 10 by writing a Python ript
which uses thearcpy module (ESRI, 2011) The script takes advantage of iterative psses that
make the calculations easier to implement. Additionally, the script allows for quick modification
of several of the assumptions that go into the final estinaéger usagel he saipt tool itself is
pat of ageoproessngmodelwhichissetup o r ecei ve the userods | ands
perform some initial steps, and set the output as a table which will hold the calculations of the
script tool The followingare the genera steps Bken inimplementingthe kbndscape equations and
information aescribed aboveinto ArcGIS. Specific scripting information with comments can be

found in the Appendix.
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Step 1: Data Peparation

1.1 Georeferencing Reference Evapotranspration Zones and Deriving Climatic Regions

Thelandsgoe equations useéET zones andregional information. This infomation was ony
available as an image and could notdiredly be used in ArcGIS. As sich, theavailable ET Zone
mapfrom CIMIS, as presented in thedJCCE pubicaion, reeded to begeoreferenced so as to

establish loations in terms of a kmen map projection and allow for spatial analysis.

Given the likdy audience of thetool along with time constiints, theET Zone mapwas
georeferenced ony for San Diego, Orange,and Los Angeles Courties The kasemap ugd for
georeferencing was theBing hybrid map provided in ArcGIS. Thereasoning lehind this choice
was thatBing and Gamgle Maps rave aWGS 1984Neb Mercator (Auxiliary Sphere) coordirete
system. As lhe inputto thetool will bea paygonselectedfrom a Google Map it was deaned
appropriateto use the Bing mapas a lasemap (note thet a Google Map was notreadily available
as a basemap) so as to faego any additionaltransformations.

In the georeferencing process 40 control points were selected such that a poent on t
available ET Zone Map was matched to $henelocation on a Bingdybrid Basemap (with a
known projectionprimarily on thebasis of county lines. Specifically, control points were
selected basenh identifiable vertices afounty boundaries.

Roa 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 evapatation zones may
experience conditions characteristicaafiearby zone (rather than the one to which it is assigned)
and this will largely be dependent on the specific area in question. The g@@dspecifically

mentions that selection of this infoaton 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 laal conditions. Additionallythe error is in part due to tisenall scale magphat was

used in the procesklowever, control points were well distributed ankiiler there will likely be

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

will be unaffected. The error was thus acceptable given the purpose and circumstances involved.
Once competed, he georeferenced ET Zonemap (Figure 1) was used to dive theclimatic

regional map Figure 2). This was doneas per guidelines aailable in the rgional ®dion ofthe

UCCE publcaion.

Figure 1: Georeferenced Evapotr anspiration Zone Map

California Irrigation Management Information System
Reference Evapotranspiration Zones for San Diego County,
Orange County, and Los Angeles County
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Figure 2: Designated Regions

Region Designation for San Diego County,
Orange County, and Los Angeles County.
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1.2 Preparation of Necessary Tables

In preparation for thenext steps a table lising all selected sgciesalong with regional water
needs basd onWUCOLS was developed.In this table separate columns list water needs by
region. As notall regionslisted inthe UCCE guide are applicable, notall were incluced.
Additionally, atablewas created listing morihly averaged reference evapotranspirtion by ET
Zone. Thesevalues represent a Iang term average of montHy ET values( Reference, 0

2010.
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Step 2: Gopracessng M odel

The geoprocessing model (Figure 3) essentially takes the irotigggn selected by a user on
aGoogle 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 Pythomscript.
mentioned previously, theyfhon 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 hlearéaedfeaure class of thke
userd selecsonis in aprojedion apprapriate for mostaspects ofthe tool except area calculation.
An acaurate determination of areais necessay for thefinal cdculation ofgallons ofwater needed,
and thus grojection that peserves area well was desired. As suth, thefeature classof theuse6 s

selection is gojected into UTMZone 11N, which isapplicable toall the counties of intaest.

With theaboveinformation,the Python ript tool within thegeoproessng model tas all the
informationit needs to un acwordingly. For the python ript associated with thegeoprocessng

model tself pleasesee Codel inthe Appendix.
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Figure 3: Geoprocessng Model
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Step 3:Python Script Tool

Thescript tool takes the use selecgon inlayer format,as well as theselectionés aea
and applies thelandsgpe equations that havebeen discussd. Thefollowing is ageneral

oveview of the pocessthe script usesFor exad detils pleasesee Code2 inthe Appendix.

1) Atable is created that holds thegional 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 appropriateT Zoneand Region are selectebased on thecoordinates of thaserés
polygonselection. Information aboutthe zoneand region are joined to the table created

in step 1.
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3)

4)

b)

d)

Fields forthe pedesfador, denstty factor, microclimatefactors andresulting
landscape coefficientsare added tothe previous tabléAn iteration staement withn
the gript updates theséields foreat gecies ased on &t values within thesaipt,
or in thecaseof microclimat, by theregion informationjoined to thedble. Note
that there are three ssparate microclimatevalues in thetable, each one correspondng
to low, average, or high conditions.As such three separate lands@pe coefficientsare

cdculated and placed in seprate fields.

Preparatory steps ae madefor upcoming calculations:

Theareainformation cdculated in the geoprocessing model isconverted to square
feet. (Thefinal conversion factooutlinedin the UCCE guide is based off of
square feet).

Irrigation efficiency is se to 70%. See discussion adion for explaretion ofthis
value.

Relative areais set by the numler of spedes. Thetotal areais dvidedequally anong
speies, sdfor 5 gpedestherelative areais 20%. As will be dizussed dter,
cdculations were made assuming hydrozonirg.

Reference evapotranspiraton ratesby morth are joined to theableon the basis of

theapplicable ET Zone.
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5) An iterative staementgoes throwgh each row (each spedes)and multiplies the joired
morthly ET ratesby the pevioudy calculated landscape coefficients. Thefollowing is
thegenera form this takes:

Gven Mont hds Wat((ApplicRlelanudTape€oaféicient* Applicable
Referenc&T for Given Month/Irrigation Eficiency) * (Relative Area* Total Areq) *
0.62

Uponead iteration, thetotal yearly gallonsneeded are calculated by sunming up each

morthés cdculated water requiremert.

6) Theresults table ceated in the geoprocessng model is upditedwith thearea and results.

Notethat thetool was written to eady allow anew mix or list of sgdesby simply updating

the intial table with therelevant WUCOLS informationand adjugting relative area as needed.

GoogleMap API and ArcGIS Server:

A webpagewas designed toallow ugers to ®lect a lands@pe on aGoogle mep, viewthe
water requirementresults, andunderstand thecontext of theresults. Thewebsite takes advantage
of the Google Maps Javascript Applicaion Programming Interface (API) Version 2(Google,
2006).While version 2 was degrecated dueto thereleaseof version 3, it offers compatiblity
with ArcGIS Server not directly supported by the mostrecent version. Additonally, theversion

is sill fully functional and suppded.

When ausersekcts an area on the Google Map located on thevebsite a Javascript command
sends thepaygon tothe ArcGIStool previoudy discused. Thetool itself is hoged on aDuke
ArcGIS Server. The outputof thetool is returned to the usr in aGoogle Table. Three separate

tables aeincluded on thevebsite, onefor each of three primary microclimate enarios. Within
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ead tabe theamountof gallonsrequired per year, thearea(in square feet) selected,and the

amountof gallons per year per square footare listed.

A temporary version ofthewebsite is awailable at: www.duke.edu/~cwp7/MP/&den.html

To viewthe souce code, open thewebpage, right click, and select view page saurce. The code
for this website will beprovided to Grange CountyCoastkeeper, with discretion given for

dispay purposes.

Discussion
Tool Output:

Thewater requirement results a usr gets when makingalands@pe sekction will vary
depending on theirlocation and applicable microclimate. Thebenefit of drought tolerant plants,
suchas the mixprovided to vistors of thewebsite, is that for a given location and microclimate,
water requirements willbe much lower thanfor plant sgedes tret are non-native or inapprapriate
tothearea. What 0 sre, itretiould benoted tlat some ofthe dought tolerant plantsgiven in the
provided mixof plantshave no suppémentl water requirements incertain regions orce
established. Us's ofthe tool in theseapplicable regions will have particularly low water

requirementsas aresultt.

Just how mgh water savirgs apersonwill have is degendent onthe current setup of thir
landscgpe. If little attention is @id to irrigation efficiency or appraopriate dantings, thewater
savings can bequite large by converting to the plant mix and practices suggestedby the todl.
Dueto thevariety of factors invdved it would beinappopriate © suggestto avisitor of the
website how much water savings they would have by switching to theexample landsgpe. The

results give aportrayal of what water requirementswould beunder certain assumptions lased on
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obseavation and research. Theusercan then nake an informed dkcision besed off of their known

loca conditions.

Assumptions:

As theassumptions of thetool are important, they are communicated tothe useron the
website before the toolis usedOnesuchassumptionis thelevel of irrigation efficiency. As
mentioned Bfore, this valuecan bedetermined by cdculation, esmation, orgoal seting. For
the puposes othe tool,goal seting appears to bethe mostapplicable. It tands to eason that a
userof thetool interestedin water savings by using drought tolerant plants wouldalso be
interested in improvingrrigation efficiency. For this reason, irigation efficiency is set at 70%.
This value is déinitely achievable usihg properly designed and maraged sprinkler systems
(Whiting, 2012. Drip irrigation is known to benuch moreefficient, butirrigation efficiency
was not set toefl ect this so as to remaincongervative. The assumption iscommunicated to the
userthrough thewebsite suchthat itis known ttat water requirements nay be even lower when

employing moreefficient pradices.

Directly related to irigation efficiency is themanrer in which plntsreceive water in the
landsgped area. When makingcalculations with the dnds@pe equations,the water neals of the
plants withthe greaestrequirements eed to beused for theentire landsgpe unlessiydrozoning
is empbyed. Hydrozoninginvolves sgarating plantsin thegarden into sections kased on their
water needs. Thedanger of not hydrozoning is that same native drought tolerant plantsin
Southen Califarnia bkeaome suseptible to digaseif overwatered during certain portions of the
yea. For this reason,and to remainconsisent with thegoal setting principle the tool empbys

with irrigation efficiency, hydrozoning is assured. It is important to keg in mind that on the
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website gallondyear/square foot are given, but ths isan averagevalue and notindicative of all
sedions ofthe garden. Someareas will receive more than thisamourt, while others will receive

less dudo the hydrozoningassumption madesbove.

Just as withrrigation efficiency, thechasen mix of plants hasmplicaions forthe megnitude
of water requirements.Theplants irtluded in thedefault mix were sekeded for thefollowing

reasons:

1) Thechosemnplantshave WUCOLS recommendations forall regions une¥ consiceration.

2) Theplantsare characteristic of thenativeplant palette at Coastkesper Garden.

3) Thespedesvary in their water needs. It is notassumed tlat visitors will be sekedingonly
speies that require zero suppementl water when establishedA more conservative mix

which refleds arange of drought tolerant plantsis usedor this reason.

It should also benoted hat water requirements ae for establisheglantsand water needs will
generally belarger when the sgdesare becoming establishedThisis commurtaed to usrs on

thewebsite.

Another important asumption thetool makesis thedensity of plantsin the ands@ped area
As mentioned before, denstty is afunction of canopy cover and the numier of vegetative tiers.
While thegiven mix of plants has two egetativetiers, alow density is used dueto the
assumption oflow canopy cover. Mostof thetod sivisitors ae assumed to beresidental users
whowill likely not beachieving greaer than 90%canopy cover upon full establishment of thr

plant mx. Once again, this assumpbn iscommunicated to usrs through the website.
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Accuracy and Reliability of Results

The accuracy and reliability of the results given to useteofool 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 reaech. 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. Loal 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 neaking th
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 dezases accuracy and reliability further by making assumptions that
are designed to facilitate the cdltion process (with less inpby 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 georefererte€ #unes
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 zonelsl statlbe 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 tfhdébaving a tool with mimnal inputs is
thatresultsvon 6t be as tailored to a userods individu
because of the conservative estimates used the results should typically portray a reasonable

estimate of what users can exp@&ben implementing practices seen at Coastkeeper garden.

Comparison to Typical Water Usage:

Thetool uses anetlod for estimatingthewater needs of Bndsape plantings bagd on the
UCCE guideds research and ob®rvation diven methods. While comparing theresults of the
given mix of plantsto amix that is morevater demandingvould illustrate the water savings
potential, theexad magnitudeof this svings wauld be lased on theseleded plant nix. Instead, a
means forcompaisonis providced by evaluating therange of predictionsusingthe given plant

mix to estimagd average water use in theregion for landsaping.

In order to determineyealy water usagefor lands@ping for atypical home inSouthen
California, somesstimateof yard szeis nesded. In a2006article in California EconomicPolicy
theauthorsassesyard sizes for single family homes inthe southcoast region of California
(amongothers) using county assessr records forlot 9ze and subtecting estimates for building
footprint (Davis andHanak, 200§. Thesouthcoast region they refer to istheexad sameregion
assesad inthetoadl, with theadditional inclusion ofVenturaCourty. The authorsestmate the
percentage of irrigated fiyard @s 3%%. This valueexcludes lardscgpe or non-irrigated landscape
and is inlinewith field studiesin theregion. Usingtheseestimaies, theaverage areaof irrigated

landcgpein the southcoast region is alout 2,668 sqare fed per single family household.

With regard towater usagg, apublication by the California Homebuitling Foundation (CPH) in
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2010 sugeststhat when factoring in overwatering the averageCaliforniaresidental landscape
uses 115,000ajons ofwater per year (Water Use, 2010. This figureis ba®d off usage of the

California Department of Water Resources Model Landscape Ordinance and applicable fadors

for an existing single family residence. Additionaly, the amountof gallons Isted is bad off
of an EPA tkenchmark of 4000 square fed for the average landscgped area (EPA, 1998) To
acount for differences inthe average size of landcaped areas in Southen Califarnia, the
value of28.75gallongdyear/square footis more usdul ((115,000 gallongper yeay / (4000
square feet))Taking both estimags of yearly water usage and estmated irrigated landscgpe
for theregion, the average single family home in theregion will usean estmated 76,705

galondyear for lands@peirrigation (2,668 sgare feet x 28.75gallongdyear/squere feet).

Another figure by the Los Angeles Department of PublicWorks (LADPW) suggestsan even
higher figure for yearly water usage. TheLADPW stages that theaverageSouthen California
family home ges 500 gllons gr day, of which 70% istypically usedoutdoors This amounts to
as much as 1I2750gallons tovards outdoor usage (primarily landscape irrigation) gaahfor
atypica Southen California homeg(500gallons/day x 0.70 x365 dhys/1year). Notethat ths

figureis for thetypical residental home.

For comparison, Table 1 shavs theresults of thewater requirements tool, when the lest and
mostwater intensiveconditions ae applied.

Table 1: Tool Output for Extreme Conditions

Gdlong/ Year/ Square Gélong Year Assiming
Foot Irrigated Yard of
2668 square et

High Qutput: Tool Output in ETZone 18/ Regon 6
for High Microclimate
(A =lection in Borrego rings) 17.76 47,384

Low Output: Tool Output for ET Zone 1/Region 2
for Low Microclimate
(Near Sata MonicaPier) 1.14 3042
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Usingthe mae conservative estimateof water usageor a Southen California homeg(76,705
galondyear) savings with thegiven dant mix and assumed condiions ranges from a 38%to
96%. While, the 96%figureseems high, itis taking an extreme condition where several of the
plants will notrequire any suppementl water in the given environment. The 38%figure comes
from a low @sert areawith high microclimateconditions. The Southen NevadaWater Authority
study mentioned in thentroduction found a 30%savings when converting from turfto
Xeriscagpe. Thestudy was donein thelow desert region of Las Vegas so,while not drectly
compaable (thestudy compared turfand no disinction is maddor microclimat), suggsts

similar resuls.

Potential Modifications:

The tool makes several assuiops in order to minimize inpdtom the useand reduce the
complexity involved in the calculation procebwever furthermodifications could be made to
the tool to allow for more tailored results. Thsuldtake the form of drop down mas on the
welbsite whichwould allow the user to modify the assumptions or plants that are used in the
calculation proces$iowever, it is important to remember thaten implementing plants and
practices used at Coastkeeper Garden, useralwidlysneedto take into onsideration their own

site specific conditions.
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Tool Usage Under Various Scenarios

What follows ae illustrationsof howthe output of the toolaries in certain scenarios with
either achangein microclimate orET Zonewhile holdingthe other fator constantWhile the
tool is primaily intended for residentel use, theollowing examples demonstete itsequally
valid usein other settings.

Scenario 1: Changing Microclimate

Thefollowing scenaridllustrates \ariation by microclimate. Theifst selection is an open field
which would be assignedhaverage microclimate conditiowhile the second selectiognear a
parking lot and would receive a high microclimate conditidme second site is assigned a higher
microclimate because of theguimity to heat sources such as the parkingwWtile microclimate

is different between each siteg ET Zones are the same.

For Forrest E. HullPark in Lancaster, CA, (30thSt W and Lupin Way Lancaste, CA 9353%) the

following relevant results ae returned for an open field area:

Table 2: Forest Hull Park sekedion with averagemicroclimate.

Category Results
Y ealy Water Requirements (GallonsPer Year) 109103
Area Selected (Square Feet) 8273
Gallons/Yea/Square Foot 13.19

Page | 23



Forest E Hull Park AverageMicroclimate Selection:

For the sme park, a selection was maddor alands@pe section rea the parking lot (parking

lot pictured intop left of image abovegnd the following results returned

Table 3: Forest Hull Park sekedion with high microclimate.

Category Results
Y ealy Water Requirements (GallonsPer Year) 48520
Area Selected (Sguare Feet) 2943
Gallons/Yea/Square Foot 16.49

Forest E. Hull Park High Microclimate Selection:
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As is evidnt atForrest E. HullPark, the amountof yearly water required on asquare foot
basisis higher for areasin a high microclimateréceiving heat from nearby soursgh as a

parking lot) Thisis bult into the microclimae factor in thelandsgpe coefficient.

Scenario 2: Changing EZone

Thefollowing scenarioillustrates \ariation 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 wiheference 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 afrequently shaded area near a building on thecampus of theJniversity of California, Los

Angeles hefollowing relevant results ae returned:

Table 4: UCLA Low Microclimate Selection.

Category Results
Y ealy Water Requirements (GallonsPer Year) 3864
Area Selected (Square Feet) 2387
Gallons/Yea/Square Foot 1.62

UCLA Low Microclimate Selection
,”‘. '1. i P
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Thesamemicroclimatefor adifferent location with higher reference ET values(California Sate
University Northridge in Northridge, CA) produces thefollowing resuls:

Table 4: CSUN Low Microclimate Selection.

Category Results
Y ealy Water Requirements (GallonsPer Year) 17721
Area Selected (Square Feet) 3365
Gallons/Yea/Square Foot 5.27

CSUN Low Microclimate Selection.

- g
F o 4 0
[
4
4
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As is illustrated, dr the sme microclimatecondiionsthe yearly water required per square
footis higher for the lacaion with greaer ET reference values.

Scenario 2 SitegGoogle Earth, 2012)

¥ ¢ California State University Nortlhrndge

‘ University of California; Lcl)s Angeles
o Los Angeles oPomona

oRiyerside

o Lo,ng Beach

olrvine
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Maintena nce Plan:

Intended Use and Design:

Themainterance planis intended for those &king care of Coastkegper Garden as well as a
resource for docents when vigitors have questions. As the grden relies onmany volunteers with
varying knowledge of the garden and its pradices, theplan iscomprehensve, assuning no
previous experience in the garden. However, theplan is gill an effective resource for thosewith
gardening experience, as species sgedfic informaiton is incluad for the norethan 100 sgcies

foundin the garden.

Theprimary benefit of the mainterance plan isthat itdraws upon evera resources and
presentsthe material in aconciseformat with sgecific considerations to thegarden included. The
mainterance plan ncludes a nap, guides for pruning, muching, watering, and pests, a
comprehensiveplant characteristics sction, and aquick reference section. Thesesedions were
designed to meet the neads digussed with the garden marager, Ausin Brown. What followsis a
discusson ofthe design of the major sections.For furtherinformation, plesserefer to theplan

itself at theend ofthis daument.

1) Guides: A literaturereview was peformed on pubcations elating to prunirg, muching,
watering, and pestsspeific to the Southen Californiaregion. In somecircumgances
informationthat was from different regions was used dueto its unversal applicability. As
volunteaswith little gardening experience will need to usethe maintenance plan, guides

begin with basic information. For example, the mulchingguide lists wiat mulch is,the
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2)

3)

types that &ist, and howto appy it correctly. Special consicerations forthe garden are

listed, sich that theguideis still of useto someonenorefamiliar with thepractice

Plant Cheracteristics: The plant charaderistics setion liststhe common and scentific
name ofa spedes, theirgarden locations, fysical description, foliage type, bloomtime
and color, relevant maintenance information, anca photoif available. Due to thelarge
variety of species inthe garden, having acentra colledion offacts and ifiormation about
eadt species sves thase usingthe plan imefrom referring to multiple sources, sane of
which may not bereadily available on siteat the garden and are not soléy applicable to

the spdesfound inthe garden.

Quick Reerence: Thequick reference was desgned to follow standrd practices formost
mainterance plans, separating tasksby season. Listing tasksby morth was deemed
inappopriate given the large numkber of speciesand consicerations in thegarden. As
volunteas may beassgned to ertain sedions ofthe garden, they may refer to their
sedion and quicky know based on the tine of yea what is needed. They may thenrefer

to theguides to undrstand how tocary outthetaskslisted.

Theultimate goal of the mainteance plan,as was with thegeospatialtool, is to telp

Coastkegper in their ability to promde water conservation and efficient lands@ping practices. It
will hopefully notonly be usdul to thosecaring for the garden, butto dacentsinforming visitors

about @rtain spedes orpractices foundin the garden.

Theplan is irtludedat theend ofthis pae in its entiety. Thereferences it draws uponare

Paper.

listedat theend of themaintenance plan,and notin thereference section ofthe main body of this
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Conclusion

Thewater usage geospatial tool and naintenance planwere designed to help Orange Courty
Coastkegper in its obpdives at Coastkaper Garden.Increasingthe publicd knowledgeof water
consevation pradices through drought tolerant lands@ping and efficientirrigation is avital
servicein aregion that is growing in popuation and faces uncertain amaunts offuturewater
supplies. Thgeospatialtool helps by allowing visitors toget a €nse of thelow water
requirements or their own landggpewhen using plantsand pradices usecdat Coastkesper
Garden. The mainterance plan helpsthoseactually taking care of the garden to é&ficienty
maintain it so as tht it may continueto seve as avaluableresaurce to the public. While
Southen Californiawill need to explore many options inseauring future water supplieswater
consevation efforts save as aneffective meansto reduce the demandfor such supplies in the

first dace
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Ap pend ix

Code 1:Geoprocessng Modd Python Script
(Comments are in bold)

import arcpy
# Load required toolboxes

arcpy.lmportToolbox("F:/cwp7/ETZone2U0ET Zonesl/WataToal.tbx")

# Saipt arguments
Polygon = arcpy.GefParameterAsText(O) #Setsis er 6 s | a n d sfom websites as iInmutcparaneter
if Polygon=="# or not Polygon:

Polygon = "in_memory\\{ 1C728847-A938-45E3-85D 7-E2B8662E3AEF}" # provide a default value if
unspecified

Resultsl_dif = arcpy.GeParameterAsText(1) #0utput Table where results of script tool will be stored
if Resultsl_dif =="# or not Reaultsl_dH:

Realltsl dif = "%scratchworkspace¥o\\Resultsl.dbf" # provide a default value if unspecified

# Local variables:

v_scratchworkspace = "%scratchworkspace%"

Polyfeat_shp = Polygon
polyproj_shp = Polyfeat_shp
Area_shp = padyproj_shp
PolygonL = Polygon
PolygonL _lyr = PolygonL
v_scratchworkspace 2 ="%scratdhworkspace%"

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

arcpy.FedureClassToFeatireClass_conversion(Polygon, v_scratchworkspace , "Polyfeat.shp”, ", "SHAPE_Leng
\"SHAPE_Leng\" falsetrue true 0 Double O O ,First#,in_memory\\{ 7AB835@-EEFE-4FFE-AFA1-

286 D5741E2F},SHAPE_Length,-1,-1;SHAPE_Area\"SHAPE_Area\" false true true 0 Double 0 O
,First#,in_memory\\{ 7AB8356-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, polypro_shp,

"PROJCS[NAD_1983 UTM_Zone_11IN',GEOGCS['GCS_North_American_1983 DATUM['D_North_American_
1983,SPHEROID['GRS_198),637813.0,298.257222101]], PRIMEM['Greenwich',0.0],UNIT['Degree',0.0174529
25199433]],PROJECTION][ Transverse_Mercator],PARAMETER['Falke_Easitng,5000®.0],PARAMETER['Fdse
_Northing,0.0],PARAMETER]['Central_Meridian',-

117.0), PARAME TER['Scale Facbr',0.9996)PARAMETER]['Latitude_Of Origin',0.0],UNIT['Meter',1.0]]",
"NAD_1983 To_ WGS 1984 1",

"PROJCS[WGS 1984 Wb Mercator_Auxiliary_Sphere', GEOGCY'GCS WGS 1984,DATUM['D_WGS 1984,
SPHEROID['WGS _1984,63781370,298.257223563]],PRIMEM['Greenwich',0.0],UNIT['Degree',0.017453292519
9

433]],PROJECTION['Mercator_Auxiliary_Sphere],PARAMETER['False_Easitng,0.0], PARAMETER['Fadse_Nort
hing,0.0],PARAMETER]['Central_Meridian',0.0], PARAMETER]['Standard_Parallel_1',0.0],PARAMETER['Auxili
ary_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 , "Resultsl.dbf", ", "Field1 \"Field1\" true true
false9 Long 0 9,First#,F\\cwp7\ET Zone<20\\ET Zonesl\\Data\\Final.dbf,Field1,-1,-1;Reaults \" Results\" true true
false9 Long 0 9,First#,F:\\cwp7\ET Zone<20\\ET Zonesl\\Data\\Final.dbf,Results,-1,-1; Area\" Area\" true true
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false9 Long 0 9,First#,F\\cwp7\ET Zone<20\ET Zonesl\\Data\Final.dbf,Area,-1,-1; Results2 \" Results2\" true true
false9 Long 0 9,First#,F\\cwp7\ET Zone<20\ET Zonesl\\Data\Final.dbf,Results2,-1,-1; Results3 \" Results3\" true
truefalse 9 Long 0 9,First#,F:\\cwp7\\ETZones20\\ET Zones1\\Data\\Final.dbf,Results3,-1,-1", ")

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

arcpy.MakeFetureL ayer management(Polygon, PolygonL, "", ™, "OBJECTID OBJECTID VISIBLE
NONE;SHAPE SHAPE VISIBLE NONE;SHAPE_LengthSHAPE_LengthVISIBLE NONE;SHAPE_Area
SHAPE_AreaVISIBLE NONE")

# Process Save To Layer File

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

# Process Saipt (Script tool i see next code section)

arcpy.gp.toolbox = "F:/cwp7/ET ZoneLUET Zonesl/WataTool.tbx";

arcpy.gp.Saipt()
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Code 2:Python Script Tool within Geoprocessing M odel
(Comments are in bold)

import sys, 0s, arcpy

#Determines current scrpt 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] +\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 needsf a species by region for
#the selected Castkeeper Garden plant mix. Thenformation in this table comes from the
#aforementioned WUCOLS listing.

#Creates new Table for use in tool.
arcpy.TableToTable_conversion(dataPath\Native.dbf",scratchPath,"NativeNew.dbf")

#-(Step2)- The appropriate ET Zone and Region are selected based on the coordinates of
# h e supslygondselection. 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\$aiedule.dbf",scratchPath,"SchNew.dbf")

#Makes feature class a layer for use in selection process
arcpy.MakeFeatureLayer _management(dataPatkEf Zbnes.shp”, dataPath AETZones.lyr")

#Makes feature class a layer for use in selection process
arcpy.MaleFeatureLayer_management(dataPatiRegions.shp”, dataPath AREgions.lyr")

#Make selection of ET layer based on user defined area (landscape polygon)
arcpy.SelectLayerByLocation_management(dataPatkEd Zones.lyr","INTERSECT",scratchPath +
r"\PolygonL.lyr","#","NEW_SELECTION")

#Create new feature class with ET Zone of interest
arcpy.CopyFeatures_management(dataPatkEl Fones.lyr",scratchPath + r"/ETZonesAct.shp”,"#","0","0","0")

#Make selection of Region layer based on user defined area
arcpySelectLayerByLocation_management(dataPatiRegions.lyr","INTERSECT",scratchPath +
r"\PolygonL.lyr","#","NEW_SELECTION")

#Create new feature class with Region of interest
arcpy.CopyFeatures_management(dataPatkRegions.lyr",scratchPath +\ActualReg.shp","#","0","0","0")
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#Join Region information to table with regional water needs of plants.
arcpy.JoinField_management(scratchPathMativeNew.dbf","Field1",scratchPath +
r"\ActualReg.shp","Id","Region")

#Join ET information to table with regional water needs of plants.
arcpy.JoinField_management(scratchPath\MativeNew.dbf","Field1",scratchPath +
r"\ETZonesAct.shp","Id","ET")

#-(Step3)- Fields for the species factor, density factor, microclimate factors and resulting
#landscape coefficierd 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 factorActSF 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_ranagement(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.#Setting value for densityfactor (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\WNativeNew.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

#-(Step4)- 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 explanationtbis 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 evapotraspiration rates by month are joined to the table on the basis of the
#applicable ET Zone.

#Area of landscape selected by user
TotArea = O#Total area for use in calculations (square feet)

#Get area information from area output in geoprocessing model @hconvert to square feet
for row in arcpy.SearchCursor(scratchPath\Ama.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 microclimae scenarios used, the join is done three times
#s0 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\MativeNew.dbf","ET",scratchPath +
r"\SChNEW.dbf","Zone",["Jan","FEb","Mar","Apr","M&y","JUﬂ","JU|","AUg","Sep","OCt","NOV","DEC"])

#Join Reference ET information for actual ET Zone user is in to table
arcpy.JoinField_management(scratchPath\MativeNew.dbf","ET",scratchPath +
r"\SchNewdbf","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\MativeNew.dbf","ET",scratchPath +
r"\SchNew.dbf","Zong["Jan","Feb","Mar","Apr","May","Jun","Jul","Aug","Sep","Oct","Nov","Dec"])

#lrrigation 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

#-(Step5)- An iterative statement goes through each row (each species) and multiplies the

#oined monthly ET rates by the previously calculated landsape coefficients. The following

#is the general form this takes:

#Gi ven Mont hdéds Water Requirement = ((Applicabl
#Reference ET for Given Month)/Irrigation Efficiency) * (Relative Area * Total Area) * 0.62

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

#tmont hés cal cul ated water requirement

#Create update cursor
rows = arcpy.UpdateCursor(scratchPath\WNativeNew.dbf")

for row in rows:
#At this point the table used for céculations 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 landsqse
#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 mufilied 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 =(¢ow.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 * Tdtrea) * 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)E) * (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 = ((rowKL3 * 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_bw.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_ldbw.Nov_12 + row.Dec_12

rows.updateRow(row)
# Delete cursor and row objects to remove locks on the data
del row
del rows

#-(Step6)- The results table created in the geoprocessing model is updated with the area
#and results.

#Create inset cursor
rows = arcpy.IlnsertCursor(scratchPath YRE'sults1.dbf")
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x=0

#insert row to hold results

while x < 1:
row = rows.newRow()
rows.insertRow(row)
XxX=x+1

del rows

del row

#Create update cursor
rows = arcpy.UpdateCursor(scratchiratr\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 = O#Set total area back to 0
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Introduction

How to Use this Mainten ance Plan

Coastkesper Garden is home to aariety of native and Califania Friendly plants. Theéwo aae garden includes $x native Southen
California hebitats as vell as sixvignettes which alow visitors toget a ®nse of what their own landscape could pdentially look like.
This mainenance plan isto be pimarily used by those lelping take care of the garden. It is desgned sich thateven soneone
competely unfamiliar with thegarden can quicy and efficiently help in its mainenance Additionally, this plan may also serve as a
resouice for docents andvolunteas to povide additional informationto visitors of thegarden.

For those newto the garden:

Thequickreference guideat theend ofthis maintenance plan is thefirst daceto go if theuser is urfamiliar with thegarden. The
quick reference provides sesonby season irformation for each of thesix habitats and sixvignettes found inthe garden. Use the nap
located at the beginning of this plan toidentify where the applicable gardenareais located. The guides at thebeginning of the
mainterance plan provide moredetailed nformaion and elabarate on thetaskslisted in the quick reference section. For help in
identifying species and understanding mainterance concernsfor individual plants péaseseethe plant characteristics dion.

For thosefamiliar with the garden:

Themostusdul resaurce to thosefamiliar with the grden may be the gant charaderistics se&tion. Information on a sgies
scientific name, garden sedion, physical description, foliagetype, bloomtimeand color, as well as mainterance information is
included. Additonally, theguide sections irclude special consicerations that een thosefamiliar with the grden can benefit from.
Refer to thequick reference section if you are unsure of season speific consideations.
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Map of Coastkeeper Garden

Noti ncluded in this online

ver si on

of

Master 6s

Project.
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Guid es

Pruning

Why Prune?
Pruningis theremovalof parts ofaplant. Thismay bedone for four primary ressongMil ler, 2008):
1) Improving Appearance
2) Directing Growth
3) Encouraging Fruit or Flowers
4) MaintainingHealth

Perhaps themostimportant of theseeasmsis for maintainingthe hedth of theplant. Tkt having been said, it nay be desirable to
improve appearance and encouragefruit or flowers in sedions of thegarden thatare frequented by visitors orare designed to appea a
cetain way. Thisis esjgcially true for the vignette sections.

Thequick reference guide within this maintenance plan gives recommendations forsomeof theplantsto pruneduring agiven
season.Information onwhen to prunds alsogeneraly available by spedesin thetree and shrulb/groundcover and vinescharacteristics
sedions. Havever, if damaged, deal, or diseased limbs ae present onaplant, they should beremoved immedately. If not donein
time, theplant may be attadked by fungi or parasites (Miller, 2009.

Pruning Tools

Usingthe corred tool for pruning is particularly imporiant. Tools shold besteilized before use and after ead cut to prevent
sprea of disease. Sterilization may be accompgished in segral ways, incuding the useof Lysol or rubbingacohol. Thefollowing
tods shold beusedas desribed if they are available (Landis etal., 2000.
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1)
2)
3)
4)

5)

Hand Sheas: A shat handled tool they shouldbe usedfor branches thatare a quarter inch in dameter or snsller.

Loppers: A long handledtodl, they shoud beusedfor branches betwveen a quarter inch tothree quarters ofan inch in dianeter.
Hedging Shears: A long bladed tod, usedo trim hedges.

PruningSaw: A curved bladetodl, usedo trim branches thatare greaer than three quarters of an inch in dametr.

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

Types of Pruning/Gro oming

Theway in whichaplantis prured orgroomed will depend on the spdesand the @sired result. Care mustbetaken in
determining the appragpriate method, as incoect pruningcan severely damageor even kill theplant. Additonally, removing more
than aquarter of the foliage will likely do moreharm than goodfor the pbnt (Landis etal., 2006).

Pleasenote ttat only those techniques mostelevant to thegarden are included.

1)

2)

3)

Dead-heaing: This pruning method invéves theremoval ofdea flowers from aplant. It is primaily doneto either create a
longer bloom ®ason, orto create amore well groomedappearance. This must be dondefore seeds have been produced and on
aspeies tht is capable of producing moreflowers (Landis etal., 2006).This methodis beneficial, but notnecessay, for most
dedduous shrubs. Do naise thismethod on pants wtere fruit or seed-heads ae desired (Cuter, 2003).

Edging: This teehniqueis used to puneplants abng edges andwill mosttypically be doneaong the pathways inthe garden.
While this isnecessay for an orderly appearance, care shouldbe taken tonot cutall branches bad to the sme point. Thiswill
resultin an unmtural look and could cause further problems forthe plnt. A stringlinetrimmermay beused to accompish this
technique(Landis etal., 2006.

Healing Badk: This technique involvesutting back all of thestems of thelant. After heading badk, new growth will take
place below where the gant was cut lack to. Most nativeshrubscan handlelight pruningin this method whereby only the tips
of the stemsre pruned (Landiset al., 200§. Kegy in mind that heading does not tend to eserve the natural shape of aplant

A

as thinningdoes. Thismethod shouldyeneraly only beused to keep the pant within certain desred boundries.What 6 sre, mo
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as withedging, care shauld be eken notto heal al stems bak to the samelength. Hand slears should be sl if possible
(Cutler, 2003).

4) Pinching: Theremovalof thetips of thestemsto inducemoregrowth and create a fuller appearance. This method lequires no
tods andcan simpy bedoneby hand. Thistedniquecan be donewhen the péntis having alot of new growth, orwhen
flowering has ceased (Landis etal., 2006).

5) Thinning: This method involvesemoving entire stems ocutting back to thetrunk.Unlike heading bad, this technique ends
to preserve the natural form of the pbnt. In addition, ths techniqueallowsfor better air circulationand allows mordight to
reach the innerportionsof the plant(Cutler, 2003).

Consider ations When Cutting Bran ches

Whenever cutting larger branches itis imporiant to makeclean cuts andcut back to the collar without leaving any stuls. Thecollar
is theareawhere the lranch is coneded to theree and is mportant bah for reinforcing the branch, but pehaps mae importanty,
protecting the trunk from posgble attadk by fungi if the branch is damaged (Landis etal., 2006). Thus, ats should neer be made
flush withthetrunk. Thecollar can vary visualy depending on the tee. Generally, it is a bulgenear the tunk, ormay also bevisible
as ridges inthebark nea where the branch conredsto the tee (Mil ler, 2008). For small stems cuttg back to thetrunkis appropriate
(Landis etal., 2006).

Larger branches shold be removed in sctions. Thiscan beaccompishedin thefollowing manrer (Mil ler, 2008):
1) Cutintotheundersideof thebranch 6 indes fromthecollar. (Do notcompgetely cut through branch)
2) Makeasecondcut all theway through the lvanch 4 inches farther out thanthefirst cut.

3) Finally, cut thestub ofthe branch off leavingonly thecollar.

Timi ng Considerations

For timing consderations ingenera pleaserefer to thequick reference section. For specific information on a spdes pkaserefer to
the pbnt charaderistics sedion.
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Mul ching

What is Mulch?

Mulchis a potective covering of either inorganic or organic material. Mulch can protect plants from excessve evaporation, pests,
wedls, and theimpad of rain (Landis etal., 2006). Organic mulchcan add nutrients bak to the soil, ercourageearth worm
popuhtions, and iarease water infil tration by reducing runoff among other benefits. Additionally, if materials at the garden aren@
sufficient or do not red the desired requirementsfor mulching agarden section, much matrials ae sonetimesavailable for free
from pubic parks departments, priate arborists, and tree maintenance companes (Clark & Dreistadt, 2004).

Types of Mulch

Inorganic mulch isgenerally best suited for desert and chaparral plants while @ganic mulch is bettefor woodland, forest, and
riparian plants.norganic mulch should prinarily include gravel androcks. For organic mulch, thespedeswill determinewhich
materials are best, butin general it can contain sihedded berk, compostmaterials, and leaves (Landis etal., 2006).

For opimal results, thefollowing may beuse:
1) For chaparral andcoastal sagesaub sedions useshredded redwood lark (Wilson, 2012).

2) For conifer species, useof fir bark, pine bark, or redwood lark works well. Thistype of mulchis also suitablefor mostspecies
in the southern cek woadland ®dion.

3) Fordesert sedions usenorganic mulchconsistng of rocks.

Any mulch used should not beompo®d of lawn clippings, manue, or staw as thesaiswally wond work well for the plantsfound in
the garden (Wilson, 202).
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Mulc hing Correctly

Whenever mulching is dore, thefollowing primary guidelinesapply (Landis etal., 2006):
1) Beforemulch is appled, weads shoild beremoved.
2) All irrigation equipment that is reeded should benstalled before mulch application.
3) Mulch should be-4 inches thck in order to work as intended.

4) Mulch shouldsurroundthe pbnt and should babout 6inches avay from thebase. Falure to leave about 6inches cauld
encouragecrown/root rotand otrer problems r theplant.

Special Considerations

Mosttrees andshrubs inthe garden will benefit from suroundingmulch when planed. Thisis esgcially true for trees andshrubs
that have shallowrootsand can sufer grealy from extended periods ofdrought (Sarbuck, 2008. For broadleaf evergreen shrubsand
trees much is particularly effective. Drying during the winter can cause foliage to smrch ordiscolor and could even lead to the plant
dying. Apply coarseorganic mulcharoundtheseplantsat least as widess the plants banches extendand posgbly further. (Starbuck,
2008.

Mosttrees banefit fromtheleaf litter they leave and this shold not beremoved.An exception applies tothe California Sycamore
(Plantanus raemosg, whichfirst set offallen leaves shold beremovedbecaiseof the lrge possbility of infection by Sycamore
blight. (Landis etal., 2006). Additionally, the Caifornia Sycamore generally does notbenefit from the addition of surounding mulch.
Some pbntslike penstemons andages shold not eceve mulcheither, or should eceve somein limitedamourts, as tley do not
tolerate excessve moistureat their basewell. Additionaly, much shouldbe usedspaingly or not atall for sometypes of rushes,
sedges, wildflowers, and grasseqWilson, 2012).

Ultimaiely, muching should beaaceptableand infact very beneficial for most gantsin thegarden. Maintaining6 inches from the
baseof theplant when applying mulch shouldeliminate most prblems that can arisefrom applicaion. When deddingto reapply,
assess how miohing has worked for theplant inthe past and its crrent date.
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Watering

Watering in General

Most of theplants found in thgarden requirelittle if any water onceestaldished. Califonia retives are accustaned to winter
rainfall and summedrought. Howvever, during dry winters, suppementl water may be needed even for those pants with vey low
water needs. Site spexific consicerations mght alo warrant supplerental water. Additionally, someplantsrequirewater duringthe
sunmer to appea in good condition (Landis etal., 200§. Thisguidewill outline when and how toapprapriately water theplants
foundin the garden. Keep in mind that water will aready be being delivered usinghe WeaherTrak irrigationsystem. Thusitis
important to first credk how much water is being delivered to anareaand weigh the prosand consof delivering additional water
either by adjuging the system or land watering.

Water Needs

Theplantcharacteristics se&tions nclude alisting ofthe pbn t 6ater nesds. Thoseplants tlat are listedas vay low require no
suppkementl water under narmal conditions while thae listedas low require a smallamountof additional water. Plants lided as
having mediumrequirements ned amoderate amount and thoskstedas high may require a considerable amountof additional water
(Landis etal., 2006)

Theplantcharacteristics gctions listwater needsfor establishelants.Water needs and theway wateris delivered is different for
plants lefore they are well establishedThis will of coursevary by plant, lut could takefrom 1 to 3yeas. For thefirst year after
planting, many drought tolerant plants will need supplemnental water delivered totheroot ball (Gilcemesier, 2002). In the ®oondand
subsegant yeas water should bedelivered lessand lessrequently.

Native and Medierranean plantsare accustaned to winterrainfall. If the winter is dry and plants Bve not received typical amourts
of rainfall suppemerta water shoutl beprovided. During the winter, check the soil masturearoundthe phnt. If dry, consder
suppkementl water (Landis et al., 2006 During the sumnrer it can bevery detrimentl to many natives anddrought tolerant plants to
water. This wil leal to excessve moisturearoundthe leseof the plant that will encourage disease. If wateris needed duringthistime
it should bedelivered infrequently.
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How to Water

Much ofthe garden has drip irrigation whichefficiently delivers water straight to theplant. Howvever, prablemscan stil arisewith this
delivery methodand itis important to montor dions to makeurethey are not geting too much ortoo little water.

Typicaly, most soures will recommend infrequent butdeep watering when needed for drought tolerant plants. While ideal, the highly
clay soils of the grden may make this difficult. Monitor how well wateris infiltrating. If necessary, stop vatering for awhile and
resume éterto avoid puddes.

If hand watering, avoid wetting the stemand leaves of dought tolerant plants. Velvety or hairy leaves annot function acordingly
when saked (Gildemeiser, 2002).

If possble, avoid watering during the midde of the day. Watering during the morning will reduce theamountof water that evaporates.
In mostareas of the garden drip irrigation will be covered with mulch which shouldeliminate mwch evaporation.
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Pests & W eeds

In General

Pestsin thegarden may includerodents,insects, baderia, viruses, andiungi amongotheas. Weeds ae simply the pbnts found in
the garden thatare undesirable ormay causeproblems forotherestablishedlants. Many of the plants found inthe garden are well
suited to del with pestsand if maintaired well will nottypically require action. Hovever, urder certain environmental conditionsand
if not properly maintaired, pestscan become amajor problem.lt is therefore important to moritor the plants inthe garden for signs of
stress and to iderfty the cause erly. Preventativemeasures will of coursereduce the likelihood ofproblems and should alays bethe
first dan of action.

Dueto thelarge variety of spedes in thegarden this guide isby no mens comprehensive. Thantention of thisguide is to @tail
someeffective preventaive measures, identfy the mostlikely causeof a problemand detail how best to procea with eliminatingthe
problem.For more comprehensive inbrmation pleasesee Care & Maintenance of Souhern California Native Plant Gardens by
Landis,Madkey, and OBrien (Landis etal., 2005).

Preve ntative Measures
Thefollowing are effedive preventative measures that will often eliminate theoppatunity for peststo thrive (Landis etal ., 2006):

1) Mulch: As is detiled in themulching guide, muth eliminatesmany of the problemsencounteed with pests andvedls.
Follow theguidelines in thanulching section and rememter to removeweeds tkefore applying anew layer.

2) Avoid Overwatering: Many of the plants found in theagden requirelittle or no suppmentl water once establishedIf plarts
are overwatered, particularly during the sumner, it can leave them suseptible to digase.

3) Dond PlantInfected Rants: Before plantinganything, assessthe condition of theplantand whether it issuffering from
attack. While this meassuremay seem obvous, itis easy to ovelook andcould spead to dher plantsif not identified ealy.

4) PruneEffectively: Damaged limbsthat are not pruned corredly can leave atree open to attak by fungi. Refer to thepruning
guide on howto best punein thegarden.
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5)

Encouragethe Natural Enemies of Peststf certain pestsare known tobe problemsin the grden it may be of value to lookinto
encouraging the presence of their natural enemies. A gred resource relevant to thegarden is Natural Eremies Handboolby
Dreistadt andFlint (Dreistadtand Flint, 1998).

Problems and Solutions

Thefollowing sedion liststhe souce of potential problemsand whet sgnsto look for as well as suggested soltions:

1)

2)

Vertebrates:
Pests include:mice, rabbits, squirrels et.

Signs. Oneof themoreobvious vays tospot a psdble problem with roéntsis tolook for tunnelng aroundthe phnt.
Additionally, stripped lark, gnawed semsand leaves, andmissng leaves off of younger plants pointto a possike rodent
problem.

Possble Solutions: Rodents do vell when they have plerty of places to hde. For thisreason dbris and wood piles should be
kept to aminimum. It is also mportant to disposeof ripered fruit as ths will certainly attract attenton. Dueto health
consiceration trapping should beavoided. Paicularly if rabbits aethe goblem,consider surounding young plants with a
chicken-wire cylinder. Additionaly, consicer amesh larrier to stricturesthat are raised df the ground (University of
Cdlifornia, n.d).

|nvertebrates
Pests includeants, aphids, beetles, borers, mites, gall makers, leafhoppers, mealybugs, scales, etc.

Signs. The signs of pest problems with this class of pest are num&kiad.follows ae a listing of some commonly

encountered signs in Southern Califoriitarly 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 bettigssolf 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 particular
large population of snailso consider them as a likely source in these areas. For hdilagki 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 specidisiae often

Page |11

y



3)

4)

Possble Sdutions: 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 proVuriehing helps reduce the likelihood of
beetle attack. If beetles dedome a problem make sure to prune off infested parts before Npaucing 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 shadyiremment.

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 ishttp://www.ipm.ucdavis.edu/PMG/ma.homegarden.html

Diseases
Diseasesnclude: blight, branch diebaclcanker, 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 shoatsehahdh
blacken. Canker is a depression in plant tissue that can be found on brBistwered 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 ofeaves 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.

Possble Solutions: Pruning and disposing of infectedigis 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 fagtinfected 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 overhed
watering should be avoided for certain species.

Wedls

Weeds indude: Certain grasses, yellow star thistle, mustards, clover, nutsedgarei@lant that is not desired in the garden)

Signs:. Mustard is one of thmmostcommon weeds in the garden and is identified by four petal yellow flowers. Along
with certain thides, 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 plan

ad
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characteristics section fadditional help in this aspect.

Possble 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 neimer to remove weeds by hand or withisdeefore 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 gard&mr persistent weeds in areglsere mulch and hand removal is insufficient or fredjyamecessary

more advanced techniques may be requifédse techniques will generally involkidling weed seedlings selectively. As
advanced techniques will require careful planning, consult the University of California Statewide Integrated Pest
Managenent Program online first to come up with an effective solution specific to the weed of concern.
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Pla nt Character istics

Notes

Thefollowing sedions irclude iformation on ajiven sped  elecéion inthe garden, physicd characteristics, foliage type, bloom
timeand color, pest corsiderations, otler maintenance information that isapplicable, and aphotoif available. Rants ae grouped either
as trees or strub/grounctover & vines.

Location infarmation was compiled from amasterplanfor the garden. Some Iaaions may have changed sirce planting and may
no lorger apply. Plant descriptions ae based off of information fom the plant datbaseof the University of Texas atAusind Eady
Bird JohnsonWildflower Centerwebsite unless therwise notedfiLady Bird , nal). Water needs ae classified as followsand are
based off the water usage section of Care and Maintenarte of Souhern California Naive Plant Gadensby Landis, Makey, and
O@rien (Landis et al. 2006, pp. 3748). This guide was also mfred to for pruningnd pestonsiderations.

Water Needs:

Very Low: No supplenental weter needed.

Low: Minimal amount ofsuppkementl water needed.
Medium: A moctrate amount of supplerental water is needed.
High: A large amountof suppkementl wateris needed.

Note: Water informationis included incasesuppementl water is needed. Refer to thewatering guide and rememberthat nost of the
garden aready receiveswater according to the Weahe Trak system.

Photos vere obtaired with pemisson fromthe University of ArizonaCampus Aboretum and theLady Bird JohnsonWildflower
Cente. Individual phatograplers are listedunder applicable photos.
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Plant Characteristics: Trees
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Scientific Name &|Garden |Physical Description, Foliage Type, |Photo
Common Name Section [(Bloom Time (color), and

Maintenance
Cercidium floridum Ranch Vig. (It is a relatively short tree that is leafless most of
Blue Palo Verde Desert the year. The trunk is a blue-green color. When

blooming, the flowers of the tree are bright yellow.
Its foliage type is deciduous. Blooms between May
and June (yellow).

Prune in the winter. Surround with inorganic mulch

if available.
Very Low to Low Water Use : . ;- e L
Pests include borers, caterpillars, and mites and the R {is EMlil > 5 R T

plant can be harmed by mistletoe.

Chilopsis linearis Desert It is a relatively small tree with twisting trunk, long
Desert Willow narrow green leaves, and spreading crown. When
blooming, the blossom is funnel-shaped and pink or
purple. Foliage type is deciduous. Blooms between
April and September. (White, Pink, Purple)

Prune in winter. Surround with inorganic mulch if
available.

Low Water Use

Tree can suffer from aphids, leaf spot, and rots.

Lagerstromia indica Desert This tree's trunk is grey with some dark spots while
Crape Myrtyle leaves are oval and green. Its foliage type is
deciduous. Blooms between July and October.
(Pink. Purple, Red, or White)

Prune in winter.

Surround with mulch as needed to protect plant.
The Crape Myrtyle attracts the Crape Myrtyle
Aphid which is fed on by many beneficial insects.
These insects may help eliminate other pest
problems nearby.

The University of Arizona Campus Arboretum
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Scientific Name &|Garden |[Physical Description, Foliage Type, |Photo
Common Name Section |[Bloom Time (color), and
Maintenance
Lyonothamnus Bungalow  [This tree has red-brown bark and fern-like leaves.
floribundus Vig. Its foliage type is evergreen. It blooms between
Fern-Leaved Catalina Native Vig. |May and June. (White)
Surround with mulch when planted and as needed
to protect tree. Leaf litter may be left under tree as
it is beneficial.
Low Water Usage
The primary pest to this tree is the Cottony cushion
scale. <
Wasowski, Sally and Andy, Lady Bird Johnson Wildflower Center
Pinus coulteri Ranch Vig. |This plant is an evergreen pine tree with long No Photo Available
Coulter Pine Native Vig. |needles and large cones. Its foliage type is
evergreen. Surround with mulch when planted and
as needed to protect plant.
Conifers such as this one need space and can be
harmed by other plants being too close. Structural
problems with the tree can be pruned in Fall or
early Winter. Otherwise pruning can occur
throughout the year as needed.
Medium Water Use
Pinus torreyanna Italian Vig. |Medium sized tree with spreading crown and
Torrey Pine Bungalow [needle leaves. Its foliage type is evergreen.
Vig. Should not require pruning, but if needed can be
Native Vig. [done throughout the year.
Southern Surround with organic mulch if available. Renew as
Oak needed to protect plant.
Woodland  [Low Water Use
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Scientific Name &|Garden |[Physical Description, Foliage Type, |Photo
Common Name (Section |[Bloom Time (color), and
Maintenance
Platanus racemosa Spanish Vig. [It is a large tree with five-lobed leaves and white
California Sycamore Ranch Vig. [bark. Branching starts close to the ground. Foliage
Native Vig. [type is deciduous. Blooms in April. (Yellow)
Chaparral Prune tree in winter if needed, but mature trees
Southern should be pruned sparingly.
Oak Do not surround with mulch. The first set of fallen
Woodland |leaves should be removed from base of tree.
Riparian Medium Water Use
Mistletoe can infest older trees. The tree is also
particularly susceptible to sycamore blight.
Populus fremonti Riparian It is a large tree with wide spreading branches. Bark
Western Cottonwood is white and appears cracked. Leaves are triangular
and green, but turn yellow in the fall. Foliage type
is deciduous. Blooms in March and April. (White)
Prune during the winter if needed.
Surround with mulch when planted and as needed
to protect tree.
Medium to High Water Use
Prosopis glandulosa Native Vig. |Itis a small tree with branching spread out at least
Texas Honey Mesquite  [Desert as great as height of tree. It has bright green

leaflets. When blooming, flowers are yellow-green
and fragrant. Foliage type is deciduous. Blooms
between February and September. (Yellow)

Prune in winter if needed.

Very Low Water Use

This tree is susceptible to borers, mealybugs, and
scales.
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Scientific Name &

Garden

Physical Description, Foliage Type,

Photo

Common Name (Section |[Bloom Time (color), and
Maintenance
Prosopis juliflora Ranch Vig. [Itis a relatively small tree with thick brown bark ~ [No Photo Available
Arizona Mesquite Native Vig. |with sometimes hairy-like leaves and pods. Its
Desert foliage type is deciduous.
Prune in winter if needed.
Surround with mulch when planted and as needed
to protect tree.
Very Low Water Use
This tree is susceptible to borers, mealybugs, and
scales.
Quercus agrifolia Spanish Vig. |It is a large tree with oval glossy leaves that
Coast Live Oak Bungalow  [resemble holly. Foliage type is evergreen. Blooms
Vig. between March and May. (Red, Yellow, Green)
Native Vig. [Prune between mid-July to September.
Chaparral  |Surround with mulch as needed to protect tree.
Southern Medium Water Use
Oak Avoid pruning in winter and spring as this leaves
Woodland  [the tree susceptible to mildew. Evaluate tree often
as it is suceptible to a variety of pests and diseases
such as sudden oak death.
Quercus chrysolepis Bungalow  [This tree has oval toothed leaves with a felty
Canyon Live Oak Vig. underside. Its foliage type is evergreen. Blooms
Native Vig. |between March and May. (Yellow)
Southern Surround with mulch when planted and as needed
Oak to protect plant.
Woodland  |Medium Water Use

Evaluate tree often as it is suceptible to a variety of
pests and diseases such as sudden oak death.
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Scientific Name &|Garden |[Physical Description, Foliage Type, |Photo
Common Name Section |[Bloom Time (color), and
Maintenance
Quercus engelmanni Italian Vig. [An evergreen tree with spreading branches and No Photo Available
Engelmann Oak Ranch Vig. [lobed grey-green leaves. Its foliage type is
Native Vig. |evergreen. Blooms between March and May.
Southern Pruning should not be needed, but if done should be
Oak carried out between August and September.
Woodland  [Surround with mulch when planted and as needed
Grassland  |to protect plant.Very Low Water Use
Evaluate tree often as it is suceptible to a variety of
pests and diseases such as sudden oak death.
Rhus lancea Spanish Vig. |A large evergreen tree that though not deciduous,
African Sumac Ranch Vig. [looses some of its leaves in the summer. Its foliage
type is evergreen. It has white flowers when in
bloom.
Surround with mulch when planted and as needed
to protect plant.
Salix Gooddingii Riparian This plant's leaf blades are long and narrow. When
Black Willow in bloom, it has yellow flowers arranged in clusters.

Its foliage type is deciduous. Blooms in April and
May. (Yellow)

Prune during the winter.

Surround with mulch as needed to protect tree.
High Water Use

Tree grows quickly and may require stakes when

young.
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Scientific Name &|Garden |[Physical Description, Foliage Type, |Photo
Common Name (Section |[Bloom Time (color), and
Maintenance
Salix lasiolepis Riparian This tree has narrow green leaves and light colored
Arroyo Willow bark. Its foliage type is deciduous. Blooms in
Spring.
If pruning is needed., it is best done during the
winter.
Surround with mulch when planted and as needed
to protect plant.
Medium Water Use
Sambucus mexicana Chaparral It is a small tree which can have white colored
Mexican Elderberry Southern flowers when in bloom. Its foliage type is
Oak deciduous. Blooms in summer.
Woodland |This tree has weak wood. Pruning should be done
Riparian in the winter if needed.
Surround with mulch when planted and as needed
to protect plant.
Very Low to Low Water Use
This tree may be attacked by aphids and borers.
Citrus Spanish Vig. [Orange tree with aromatic evergreen leaves. Its
Valenica Orange Italian Vig. |foliage type is evergreen. It bears fruit twice a year.

Branches that are lower than 1 foot from the ground
may need to be removed. Remove water sprouts
from plant.

Some additional water in the Spring ma be
necessary to prevent wilting.

Surround with mulch when planted and as needed

to protect plant.
Plant can suffer from mites, mealybugs. aphids, and
fruit flies.

Pictured is Citrus aurantiu. The University of Arizona Campus
Arboretum
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Scientific Name &
Common Name

Garden
Section

Physical Description, Foliage Type,
Bloom Time (color), and
Maintenance

Photo

Washingtonia filifera
California Fan Palm

Spanish Vig.
Native Vig.

It is a palm tree with large green leaf blades. When
leaves die they fold against the trunk. Its foliage
type is evergreen. Blooms in June. (White)

Prune dead and dry fonds as desired.

Low to Medium Water Use

Never prune live palm fronds as it may spread
disease. Otherwise these trees generally require
little attention.

X Chitalpa tashkentensis
Chitalpa

Ranch Vig.

It is a small to medium sized tree that produces
pink flower in spring to fall. Its foliage type is
deciduous. Blooms between Spring and Fall. (Light
Pink)

Prune during the winter.

Surround with mulch as needed to protect plant.
Low Water Use

Verticillium wilt can occur when this tree is
watered too frequently. The tree may also suffer
from mildew under certain conditions.

The University of Arizona Campus Arboretum
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Plant Characteristics: Shrubs, Groundcover, and Vines
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Scientific Name
& Common
Name

Garden
Location/s

Physical Description, Foliage Type,
Bloom Time (Color), and Maintenance

Photo

Abutilon palmeri
Indian Mallow

Desert Scrub

This is a compact evergreen shrub which has velvet-like
leaves. It can grow between 4-5 feet tall.

Its foliage type is evergreen. Blooms in the summer.
(Orange)

Low Water Use.

No Photo Available

Prune after spring and before summer bloom. If a denser
plant is desired, pinch often when it is young.

Surround with mulch when young and as needed to
protect plant.

Very Low Water Use

Adenostoma Chaparral This plant has red bark and clusters of needle like leaves. |No Photo Available
fasciculatum When blooming it has clusters of white flowers. Blooms
Chamise between February and July. (White, Yellow)
Prune after Spring bloom. Denser plants should be
pinched often when young.
Surround with mulch when planted and as needed to
protect plant.
Very Low Water Use
Adenostoma Chaparral This tree-like shrub has red bark and when in bloom has
sparsifolium small white tubular flowers. Its foliage type is evergreen.
Redshanks Blooms between July and August. (White)

Wasowski, Sally and Andy, Lady Bird Johnson
Wildflower Center
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Desert Country Plant

Desert Scrub

Blooms in June. (Yellow)
Flowering stems may be removed as needed.
Very Low Water Use

Scientific Name |Garden Physical Description, Foliage Type, Photo

& Common Location/s |[Bloom Time (Color), and Maintenance

Name

Agave deserti Ranch Vig. This succulent has sword shaped blue green leaves. No Photo Available

Agave shawii
Shaw's Century Plant

Ranch Vig.
Native Vig.
Coastal Sage
Scrub

This succulent has spiny trunks surrounding the base. Its
foliage type is evergreen. Blooms between May and
September. (Yellow, Green)

Flower stems can be removed as desired.

Very Low Water Use

Wasowski, Sally and Andy, Lady Bird Johnson
Wildflower Center

Aloe nobilis
Noble Aloe

Bungalow Vig.

This succulent has dark green leaves and red-orange
flowers when in bloom. Blooms in summer. (Red-
orange)

Low Water Use

No Photo Available
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Scientific Name |Garden Physical Description, Foliage Type, Photo

& Common Location/s |Bloom Time (Color), and Maintenance

Name

Arcostaphylos 'Pacific |Bungalow Vig. |This variety of manzanita is a quick grower. It has narrow [Please see photos of other manzanita varities.
Mist' Native Vig. green leaves and may have white flowers when in bloom.

Pacific Mist Manzanita

It blooms in winter. (White)

Prune between flowering and early summer.

Surround with mulch when planting and as needed to
protect plant.

Low to Medium Water Use

Plant can suffer from a variety of insects as well as
canker, leaf gall, and rots.

Do not prune during the winter as it may cause the spread
of fungal pathogens.

Arctostaphylos glauca
Big Berry Manzanita

Chaparral

This plant has light green leaves and mahogany colored
bark. Its green berries will turn a pinkish color. Foliage
type is evergreen. Blooms in winter (White, Pink)

Prune between flowering and early summer.

Surround with mulch when newly planted and as needed
to protect plant. Low Water Use.

Do not prune manzanita in winter as it may spread fungal
pathogens. It has numerous pests, including aphids,
caterpillars, and whiteflies and is susceptible to crown
rot.

Arctostaphylos
'Howard McMinn'
Howard Mcminn
Manzanita

Bungalow Vig.

This manzanita variety has shiny green leaves and light
pink flowers when in bloom.Its foliage type is evergreen.
Blooms between winter and spring. (Light Pink)

Prune between flowering and early summer.

Surround with mulch when planting and as needed to
protect plant.Low to Medium Water Use.

Plant can suffer from a variety of insects as well as
canker, leaf gall, and rots.

Do not prune during the winter as it may cause the spread
of fungal pathogens.

Please see photos of other manzanita varities.
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Scientific Name |Garden Physical Description, Foliage Type, Photo
& Common Location/s |Bloom Time (Color), and Maintenance
Name
Arctostaphylos 'Lester |Ranch Vig. This manzanita has dark pink flowers when in bloom. Please see photos of other manzanita varities.
Rountree' Leaves are a blue-green color. Its foliage type is
Lester Rowntree evergreen. Blooms in winter and spring. (Dark Pink)
Manzanita Prune between flowering and early summer.
Surround with mulch when planting and as needed to
protect plant.Low Water Use.
Plant can suffer from a variety of insects as well as
canker, leaf gall, and rots.
Do not prune during the winter as it may cause the spread
of fungal pathogens.
Arctostaphylos Chaparral This plant has light green leaves and smooth red bark. No Photo Available
otayensis When in bloom it has many white flowers. Its foliage
Otay Manzanita type is evergreen. Blooms in winter (White)
Prune between flowering and early summer.
Surround with mulch when newly planted and as needed
to protect plant.
Low Water Use
Do not prune manzanita in winter as it may spread fungal
pathogens. It has numerous pests, including aphids,
caterpillars, and whiteflies and is susceptible to crown
rot.
Arctostaphylos Chaparral This manzanita branches out and has mahogany colored
peninsularis bark. Its foliage type is evergreen. Blooms between

Peninsular Manzanita

Winter and Spring. (White)

Prune between flowering and early summer.

Surround with mulch when planting and as needed to
protect plant.

Low Water Use

Plant can suffer from a variety of insects as well as
canker, leaf gall, and rots.

Do not prune during the winter as it may cause the spread
of fungal pathogens.
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Coastal Sage
Scrub

Scientific Name |Garden Physical Description, Foliage Type, Photo
& Common Location/s |Bloom Time (Color), and Maintenance
Name
Arctostaphylos 'Sunset’ |Bungalow Vig. |This plant's leaves are shiny and are reddish when new.
Sunset Manzanita Native Vig. Its foliage type is evergreen. Blooms in Winter. (White,
Pink)
Prune between flowering and early summer.
Surround with mulch when planted and as needed to
protect plant.
Low Water Use
Do not prune manzanita in winter as it may spread fungal
pathogens. It has numerous pests, including aphids,
caterpillars, and whiteflies and is susceptible to crown
rot.
Aristida purpurea Ranch Vig. Leaf blades of this grass can rise above a foot. Three
Purple Three Awn Chaparral bristles occur from each flower. Foliage type is

deciduous. Blooms between April and October. (Purple)

Hampton, Nan, Lady Bird Johnson Wildflower Center

Artemisia californica
Coastal Sagebrush

Native Vig.
Chaparral
Coastal Sage
Scrub

This plant grows 1-3 ft in height with foliage that is soft
and a grayish-green. Its foliage type is evergreen. Blooms
between June and November. (Pink, Yellow, Green)
Prune in December after flowering.

Very Low Water Use

It can be attacked by certain aphids and mites. It is
particularly susceptible to rot and does poorly in wet
soils. Do not plant on flat clay areas.

Wasowski, Sally and Andy, Lady Bird Johnson
Wildflower Center
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Douglas Mugwort

high. The leaves of this plant are aromatic. Blooms
between June and October. (White)

Plant should be cut to the ground every year from about
late November to early January.

Surround with organic mulch as needed to protect plant.
Low to Medium Water Use

Pests of this plant include aphids and mites. The plant
can suffer from rots and rusts.

Scientific Name |Garden Physical Description, Foliage Type, Photo

& Common Location/s |[Bloom Time (Color), and Maintenance

Name

Artemisia douglasiana |Riparian This plant has gray-green leaves and can grow 2-3 feet ~ |No Photo Available

Atriplex lentifornis
Coastal Quail Brush

Coastal Sage
Scrub

This shrub is wide spreading and can have spiny branches
with triangular leaves. Its foliage type is deciduous.
Blooms between July and October.(Green)

If pinched frequently when young the plant will have
dense growth.

Surround with mulch when planted and as needed to
protect plant.

Very Low Water Use

Invertebrate pests include scales. It can suffer from
canker and rusts.

No Photo Available

Baccharis Emoryi
Emory's Baccharis

Riparian

This evergreen shrub has thick oval leaves. Its foliage
type is evergreen.

Prune in January or February before new growth occurs.
Surround with mulch as needed to protect plant.

Pests include beetles, borers, caterpillars, and scales. It
can suffer from mildew and rots.

No Photo Available
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Low Water Use

Scientific Name |Garden Physical Description, Foliage Type, Photo
& Common Location/s |Bloom Time (Color), and Maintenance
Name
Baccharis pilularis Ranch Vig. This shrub has bright shiny oval leaves. Its foliage type is
Coyote Brush Native Vig. evergreen. Blooms between July and October. (Yellow,
White)
Prune in January or February before new growth occurs.
Low to Medium Water Use
Pests include beetles, borers, caterpillars, and scales. It
can suffer from mildew and rots.
Wasowski, Sally and Andy, Lady Bird Johnson
Wildflower Center
Baccharis salicifolia  |Riparian This shrub appears similar to a willow and grows 3-10
Mule Fat feet tall. It has numerous white to yellow flowers. Foliage
type is semi-deciduous. Blooms between March and
November. (White)
Pinching or shearing can be done between winter and
early summer.
Medium Water Use.
Pests are numerous and include beetles, borers,
caterpillars, mites, gall makers, and scales. It can also : 3 :
suffer from mildew and rots. Loughmiller, Campbell and Lynn, Lady Bird Johnson
Wildflower Center
Bougainvillea Spanish Vig. An evergreen shrub that grows between 2-4 feet. Its No Photo Available
'Rosenka’ foliage type is evergreen. Blooms in summer and fall.
Bougainvillea (Orange, Pink)
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Scientific Name |Garden Physical Description, Foliage Type, Photo
& Common Location/s |Bloom Time (Color), and Maintenance
Name
Buchloe dactyloides  |Bungalow Vig. |A soft green turf grass. The leaf blades can appear curly.
Buffalo Grass The grass should grow to between 3-12 inches. Mow as
desired.
Low to Medium Water Use
Marcus, Joseph A., Lady Bird Johnson Wildflower
Center
Caliandra californica |Ranch Vig. A slow growing evergreen shrub which has red flowers
Baja Fairy Duster when in bloom.
Its foliage type is evergreen.
Surround with mulch when planted and as needed to
protect plant.
Bloom time is in Spring. (Red)
Low Water Use
Wasowski, Sally and Andy, Lady Bird Johnson
Wildflower Center
Ceanothus 'Concha’  |Spanish Vig. An evergreen shrub with blue flowers when in bloom.  |No Photo Available
Ceanothus 'Concha’ Bungalow Vig. |Foliage type is evergreen. Blooms in spring. (Blue)
Native Vig. Pinch and prune in spring after flowering.

Surround with mulch when planted and as needed to
protect plant.
Low Water Use

Pests include aphids, borers, caterpillars, and scales. The
plant may also suffer from canker, leaf spot, mildew, and

rots.
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Scientific Name |Garden Physical Description, Foliage Type, Photo
& Common Location/s |Bloom Time (Color), and Maintenance
Name
Ceanothus griseus var. |Native Vig. This evergreen groundcover has dark green glossy leaves
horizontalis and grows 2-3 feet tall. Its foliage type is evegreen.
Ceanothus 'Yankee Blooms March through May. (Blue)
Point' Pinch and prune in spring after flowering.
Surround with mulch when planted and as needed to
protect plant.
Low to Medium Water Use.
Pests include aphids, borers, caterpillars, and scales. The
plant may also suffer from canker, leaf spot, mildew. and v ;
rots. Wasowski, Sally and Andy, Lady‘Bird Johnson
Wildflower Center
Ceanothus 'Joyce Traditional Vig. |An evergreen shrub with small dark green leaves and No Photo Available
Coulter' clusters of blue flowers. Its foliage type is evergreen.
Ceanothus 'Joyce Blooms in spring. (Blue)
Coulter' Pinch and prune in spring after flowering.
Surround with mulch when planted and as needed to
protect plant.
Low to Medium Water Use.
Pests include aphids, borers, caterpillars, and scales. The
plant may also suffer from canker, leaf spot, mildew, and
rots.
Ceanothus Chaparral An evergreen shrub with white or light green bark.
leucodermis Its foliage type is evergreen. Blooms April through June.
Whitebark Lilac (White, Blue)

Pinch and prune in spring after flowering.

Surround with mulch when planted and as needed to
protect plant.

Low Water Use

Pests include aphids, borers, caterpillars, and scales. The
plant may also suffer from canker, ;leaf spot, mildew, and
rots.

Wasowski, Sally and Andy, Lady Bird Johnson
Wildflower Center
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