18 Desert Plants

Water Requirements of Arid-
adapted Groundcover and Sub-
shrub Species for Landscape Use
in Arizona

William R. Feldman
Steven A. Carter and
Kim W. Stone

Boyce Thompson

Southwestern Arboretum
37615 U.S. Highway 60
Superior, Arizona 85273

Introduction and Literature Review

Large amounts of water are used annually in Arizona to irri-
gate landscape plants, including extensive expanses of turf
requiring substantial quantities of water. The average house-
hold in Phoenix consumes 90 gallons per capita per day (gpcd)
inside, and 82 to 94 gpcd externally. For Tucson the corre-
sponding figures are 68 and 37 gpcd (Foster, Karpiscak, and
Brittain, 1988). As civic and political pressures increase to
reduce the ever-growing consumption of our limited water
resources, low water-use plants become increasingly impor-
tant. Replacing even some of our turf and/or other high wa-
ter-use groundcovers with plants having lower water require-
ments would result in a significant reduction of overall water
consumption. Further, if the quantity of water necessary to
maintain established groundcovers in good condition were
known, additional water savings would be realized by limit-
ing irrigation to only that amount which a given plant needs
to maintain good health.

While there are several purportedly drought tolerant
groundcovers in the landscape trade, we know of no studies
in our area which have systematically selected potentially
drought-adapted species and quantified how much water is
necessary to maintain them in good condition. In the ab-
sence of such data, inappropriate plants are used in land-
scapes and water wasted. As Arizona’s water supplies reach
increasingly critical levels in the coming years, knowledge of
the water requirements of extensively planted landscape spe-
cies will become essential to the wise allocation of our water
resources.

Identifying low water-use groundcovers and quantifying their
water needs is of crucial importance to Arizona and the arid
Southwest and will contribute to the conservation of our
limited water resources. The beneficiaries of such informa-
tion are the home-owning public, businesses, government
entities, the nursery and landscape industries, and anyone
else who uses groundcovers and/or consumes water. These
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constituencies will then be enabled to make informed deci-
sions when selecting and irrigating their plantings. In addi-
tion, new introductions will be made available to the public,
providing more choices and stimulating interest in the use of
low water-requiring groundcovers.

Although water requirements for the relatively short estab-
lishment period of a plant may be high, the greatest part of a
landscape planting’s life cycle occurs in the maintenance
period. Plant water consumption during the maintenance pe-
riod is therefore critical in terms of water conservation, as the
largest absolute volume of water is consumed in this period.
Limiting irrigation of groundcover plants to the amount of
water needed to maintain acceptable landscape function could
conserve large quantities of water. Selected low water-use
groundcovers could augment and/or replace some of the more
traditional higher water-use groundcovers such as grasses,
thus conserving water. More basic knowledge will be ad-
vanced through application of infrared thermometry, pres-
sure bomb, and neutron probe technology to monitor the
stress physiology of the plants, and to arrive at insights as
to root system water extraction patterns within the soil pro-
file.

" Previous work aimed at elucidating the water requirements of

ornamental species in the semi-arid Southwest includes stud-
ies conducted both in Arizona and in California. In Arizona,
Ghiblawi (1983) studied Santolina chamaecyparissus,
Rosemarinus officinalis, Lantana velutina, and Teucrium
chamaedrys over a two year period. Water stress was in-
duced by withholding water until soil moisture reached -
1, -4.7,-10.3 or -15 bars as determined by neutron probe, Plants
were ranked as to overall quality (blooming, wilting, disease,
spread, uniformity and general appearance). Rankings from
the best to the worst were as follows: Teucrium, Santolina,
Rosemarinus, Lantana. Pittenger et. al. (1990, 1992) investi-
gated six different groundcovers in southern California at
irrigation rates equal to 100 percent, 75 percent, 50 percent,
and 25 percent of reference evapotranspiration (ET,) based
on the Penman equation, During the following year, rates of
50 percent, 40 percent, 30 percent, and 20 percent were em-
ployed. Irrigation amount was held constant with irrigation
frequency being varied based on the time needed at each ET
rate for the requisite amount of water needed to replenish
root zone soil moisture to evaporate. Performance was rated
based on color, density, disease etc. Gazania hybrid and
Potentilla tabernaemontanii were found to require greater
than 50percent ET irrigation applications in order to main-
tain acceptable long-term quality. Vinca major, Baccharis
pilularis "Twin Peaks," Drosanthemum hispidum, and Hedera
helix all performed acoeptably at well below 50 percent ET,,

Although not located in the Southwest per se, Staats (1993),
working in Colorado, conducted pertinent studies on three
non-turf groundcovers in comparison to Kentucky Bluegrass
(KBQG). Irrigation treatments were based on decreasing per-
centage of ET, (based on a modified Penman equation) in 25
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percent increments from 100 percent to 0 percent (ambient
rainfall only). In addition to KBG, Potentilla
tabernaemontanii, Sedum acre, and Cerastium tomentosum
were analyzed in terms of visual ratings, growth, soil mois-
ture and canopy temperature. Staats found that the opti-
mum rate for KBG was 50 percent of ET,, and that for
Cerastium was 25 percent once well established. Potentilla
required water at between 50 and 75 percent of ET,, with Sedum

maintaining good aesthetic appearance at 25 percent of ET,.

Research into the economic uses of arid-adapted plants has
been an important part of the mission of the Boyce Thomp-
son Southwestern Arboretum (BTSA) since its dedication in
1929. Current research at the Arboretum is in keeping with
the above mission, and focuses on screening promising
. drought tolerant groundcover species to determine their hor-
ticultural potential (Sacamano and Feldman, 1984) and the
minimum quantity of water necessary to maintain the plants
in good condition (Feldman and Niemiera, 1990).

The objectives of these studies were twofold:

1. To identify promising new groundcover and sub-shrub
species with landscape potential for low and middle eleva-
tions in Arizona

2. To screen new and established (in the trade) groundcover
and sub-shrub species as to their maintenance water require-
ments at low and middle elevations in Arizona

Methods and Procedures

To identify promising new groundcover and sub-shrub spe-
cies with landscape potential species at low and middle el-
evations in Arizona: Promising candidates were either new
cultivars of existing landscape groundcovers, or species new
to the trade drawn from either native or exotic sources. Gen-
erally, sced were obtained from other botanical institutions
or from professional seed collectors. The resulting plants
were then planted out in existing screening plots at the Boyce
Thompson Southwestern Arboretum near Superior. The
plants were grown through at least one winter season (some
died during the first season) to determine cold hardiness.
Horticultural evaluation as to plant density, color, rate of
spread, flowering or fruiting characteristics, disease or in-
sect problems, and potential weediness was conducted for
these plants.

To screen new and established (in the trade) groundcover
and sub-shrub species as to their maintenance water re-
quirements at low and middle elevations in Arizona: Plants
were planted-out at a water requirement test facility located
at the Boyce Thompson Southwestern Arboretum. Each plant
was grown in its own 227 liter drum sunk into the soil. The
test facility can accommodate twenty individuals each of five
species and is set up to support a randomized complete block
design for data analysis. The test facility was constructed in
two phases, with the first phase consisting of 60 open-bot-
tomed lysimeters in which weed barrier separates the soil
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from a 15 cm "chimney" of concrete rock in the bottom of
each drum. The facility’s second phase consists of 40 closed-
bottom lysimeters.

Water applied as treatments was based on evaporation from
an adjacent Class A evaporative pan located within the test
facility, and was begun once plants were fully established,
from March to May depending upon the species in question.
Treatments were 100 percent, 75 percent, 50 percent and 25
percent of the water evaporated from the pan in the three or

.four days previous to treatment application. Treatments were

initially phased-in over a period of weeks to allow plants an
opportunity to acclimate or metabolically regulate. In terms
of ET, (applying an ET to ET_ factor of 0.8), these treatments
are roughly equivalent to 125 percent, 94 percent, 62.5 per-
centand 31.25 percent ET,,

Basic treatment responses were gauged in terms of survival
and general plant vigor, which was rated ona scale of 1 to 5,
with 1 signifying a dead plant and 5 a plant that was growing
excellently. The vigor rating denotes a plant’s physical ap-
pearance and integrates such factors as density, color, shini-
ness and general thriftiness. A rating of 3.5 or greater indicates
that a plant is in an acceptable condition for landscape use.

The nine species studied intensively between 1988 and 1995
as to their maintenance water requirements included some
already well-established in the trade such as: Dalea greggii,
Myoporum parvifolium, Verbena peruviana, V. tenuisecta,
Acacia redolens “Desert Carpet,” and Gazania rigens; along
with promising groundcover introductions new to the land-
scape trade, such as: Hertia chirifolia, Rhagodia (Chenopo-

dium) gaudichaudianum, and Dalea versicolor var. "sessilis."

Results and Discussion

Promising new groundcover and sub-shrub species with
landscape potential at low and middle elevations in Arizona:
Table 1 presents the groundcovers screened at the Boyce
Thompson Southwestern Arboretum from 1988 to 1996
ranked by the product score for performance x appearance
ratings. Both the performance and appearance ratings were
made ona 1 to 10 basis thus the highest possible score would
have been 100. The highest actual score attained was 64 for
Stemodia lanata, followed by Rhagodia gaudichaudianum
at 63, and both Vifex rotundifolia and Hertia chirifolia at 49.
Of the 36 species screened, nine had a score of 40 or over, a
low number considering the time and effort needed to screen
these species for groundcover suitability. This points out
how difficult it actually is to find new groundcover species
for use in low and middle elevations in Arizona. Detailed
evaluation information for the most promising nine species
appears in Table 2. These nine species are: Stemodia lanata
(64), Rhagodia guadichaudianum (63), Vitex rotundifolia
(56), Hertia chirifolia (49), Kunzea pomifera (49), Teucrium
chamaedrys c.v. "prostratus" form (42), Teucrium majoricum
(42), Rhyncosia pyramidalis (40), and Rhyncosia edulis (40).
All nine merit further attention.
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Maintenance water requirements of new and established
(in the trade) ground-cover and sub-shrub species at low
and middle elevations in Arizona: Table 3 presents work
over six research seasons from 1988 through 1995. The rela-
tive performance of the tested species in terms of water needed
for acceptable landscape function once established was found
to be: Acacia redolens "Desert Carpet” (<25 percent ET) =
Rhagodia gaudichaudianum (<25 percent ET) < Myoporum
parvifolium (25 percent ET) < Dalea greggii (50 percent ET)
= Verbena tenuisecta (50 percent ET) < Dalea versicolor
var. "sessilis" (>50 percent ET) = Gazania rigens (>50 per-
cent ET) < Verbena peruviana (75 percent ET) (see page 24).
Hertia chirifolia was studied but became diseased and the
data forthcoming was not considered to be representative of
what this species true requirements are likely to be based on
earlier work suggesting that 50 percent of pan ET was prob-
ably adequate for its maintenance. It is interesting to note
that the three best performing species are all native to the
semi-arid regions of Australia.
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Genus and Species

Stemodia lanata

Rhagodia guadichaudiana

Vitex rotundifolia
Hertia chirifolia
Kunzea pomifera
Teucrium chamaedrys

cv. “prostratus”
Teucrium majoricum
Rhyncosia pyramidalis
Rhyncosia edulis
Teucrium scordium

ssp. scordium
Ruta graveolens

prostrate form
Rhyncosia precatoria
Teucrium montanum
Salvia repens var. repens
Galactia wrightii
Dorycnium hirsutum
Rhagodia condoleana

ssp. condoleana
Carpobrotus rossii
Lotus oroboides
Micromeria graeca

ssp. graeca
Helichrysum apiculatum
Biscutella laevigata
Thymus herba-barona
Melaleuca wilsonii
Kennedia rubicunda
Ambrosia sp.
Sophora nuttaliana
Neptunia sp.
Nissolia schottii
Parietaria officinalis
Onobrychis caput- galli
Swainsonia lesertifolia
Solanum sp.
Nepeta x faassenii
Galenia secunda
Dorycnium rectum

Water Reéluirements Feldman et al.

Acc.#
93.416

93.184
84.__

91.065
93.185

93.060
91.185
91.186
93.187

93.045

91.184
93.098
87.197
91.181
92.007
88.__

90.336
91.189
92.002

91.068
88.637
93.282
88.726
84.089
91.005
91.188
94.504
91.180
88.648
92.004
88.715
95.259
92.089
93.362
92.005

Score*

64
63
56
49
49
42

42
40
40
36

30

28
25
25
25
24
24

24
21
18

18
18
15
15
15
14
12
12
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SUMMARY OF GROUND COVER PERFORMANCE DATA

(1988 - 1995)

SPECIES 1988 | 1990 1991 1993 1994 1995 Avg.

Acacia redolens <25% | <25% | <25% | <25%
"Desert Carpet”

Dalea greggii <50% | >50% | 50% 50%
Dalea versicolor >50% | >50% | >50%
var, sessilis

Gazania rigens >50% | >50% | >50%
Myoporum <25% <50% 25% 25%
parvifolium

Rhagodia <25% | <25% <25%
gaudichaudiana

Verbena 75% 75%
peruviana

Verbena 50% 50%
tenuisecta

Table 3. Average representing our best approximation of overall performance for
groundcovers tested at the Boyce Thompson Southwestern Arboretum from 1988 to

1995.

The minimum percent of pan evaporation at which a species performed acceptably was
often somewhere between our treatment percentages.

< = requires less water than our treatment percent of pan evaporation to
perform acceptably in the landscape. )
> = requires more water than our treatment percent of pan evaporation to
perform acceptably in the landscape.

*score = appearance x performance, best possible = 100

Table 1. Groundcovers tested at the Boyce Thompson
Southwestern Arboretum from 1988 to 1996 ranked by the

product for performance x appearance ratings.




1997

Desert Plants

22

*Fuuds w
SNOJOA IMoIZoX 661 Suuds
‘oMM T PaI2A00Y 103§ Iuus W punol3 %
* 89A13p 9T
_as.a 01 $9733YJ w_ﬁ& Ul KI9A003I Ul UM0Iq powm FE—— eotezoios 1903) (d 0T 1529 18 o ¥0eq Suikp oo | o somersio],
Jowrwns-prar Iojum Uy punosl sywerd e reak 01) 20URINO} P[Od A 5,00 U8 1SnoIp pue pIey
i . pue 183y JUI[OXH pue 183y JUS[[0XH 1501 ‘Joymm 1s01/1e9H
W $50N8 Swos 01 SIp ‘e0uRIS0} pug -reaf 181 PUE 1897 poop 01 MO $91RIS[0} Jeo JuaTIeOXH ¥
smoTs “20mersiop teoy poop | w vowerajo; 1ol *20ueI[0} W awenLiop
19y poop pue 123y poop 1oy poon Aporopdumoo s20p
Fumeors SEUSAN[T
JSUIUINS PIou Jrerd 01 Summo piey Yoeq mo
T01U0d 3738 Joj fonueo ouoy | Aew ‘aAL 9y o3e o | preq pumsmm wed SI501) 9 1811 Suroq saressjor QuoN swajqoxd T
Suronud pasu Kepy ozs sjqissod sy | swos Sumore Suop | ‘sresd ¢ Jo Z Ioye Ioe Yoeq 1D ‘s1eaf TeroAss nused/eomeusiurey
’ 120x ‘auoN PUE $19m0[J PIO Jo Yoeq Supesy Apoom somooog Iaye Apoom
—19A00
poq po ped] paonpas
-te3urr “yusoefpe ur M ‘sreaf
vore ofrer | pIpvs-Ios isynpo Souerseyy o3erog §°C I9e 19U si0d Surmearos Jo B Iom01s 0 Juerd
SPOST ‘s01081A g0 rems | oy sey oSemoq w13 You {001 pIemor Apoom SPISING. J59MM0A ‘aauﬂoi 9A smotoSia “o3emof woyy Sumpwerq sousuaoRIey)
Aamanxo ‘s3Aea] AreTiofn 18y .9 wem wayj sy q "wouq 01 20U0 POAIRSqo Saor * o £e18 Amuuojrmm eper ‘puncas |moIn
‘Bupmus ‘Bupmesds s59] “Smpunowr ‘smas Suore P18 UOWS | <15000 asuop aymb 1 ‘7B .81 ‘o138 9sIop 01 9500 K19A
‘Bunmerds ‘SnoIoBIA ‘asmq spo01 ‘oensord | WM swas Surgore ‘Smpunow gy “yorm A13A Swots Srensolg
‘Suqren “yoedurey ‘Surmmm KA ‘.S ‘osmq pajfue mo]
3uuds Alres 03
IoWuIms 93E] Mo[s
squowr spuom sreak JoUmEnS-pI sreak sreak R WOSESE S0 uoseas punoss
QU W 9Fe1sa0o QU U J9A0O 6T W SI9A00 o1 Bouds-pra §'T W SI9A00 ST W 0800 | gy gron00 Yysey W s19A00 sE e s8] W 19A00 0} Sum
™y fsey 1op Ty Gsey Krop asey Apreropoy | T 1) weaf 7w ‘se] Kpererapopy ey Apareropojy ’ i SI9A00 ‘158] ATOA PUE J1eI IMOID
SI9A0D {JRISPOIA )
25e1[0] X518
[C0> TeJ yanory Jowums -oN[q dApdERINE wioA-enIq
moTak i s3wero ey pue Sunds-pro Ajres ginorm paramoyy ‘osodwod Mok sAmeIe A19A yreonyTaBsur Jourums Suuamory
JWNG IS 9 Iouruns Suump Anipeass “IopusAe] Suuds orey JOAQU sUelq wBuq ‘Suuromory “Iourmns-prur ur SIOMOL] Tre opdimd pue A3ojousyd
moySnoIm s1aMOf ‘MO[[A SIIMOT] Frep sIoMO[d IOPUQA®] SIOMOL] ‘Sunds-Aireg | Suuomop smsog W3 sIomorq
661 Y661 100V 661 Ted 661 661 30 TTed 7661 T S661
edv 01 1661 1dos 01 T661 “1dog o £661 Sunds | red o1 go6T Ted §661 O 2661 1661 01 ¥861 | o1 661 Jo Tred o1 8861 "AoN | Tred 01 €661 Tred PoHad ToRen[EAY
STex15010
SNpo ETs00uATy sieprured wnowofew A sKIpoeureyo elopmod eozuny| EOJLTY THIH erjoJIpuniox euerpneyorpens ejeue|
wIs00uATy wnpom ], wnono, XA erpoeny epowAg

‘9661 YSnoxy) 8861 WOy wngaIoqry uosduroy], 99£0g ay) 18 pusaIds sardads Joaoopunoid Suistuoxd sow suIN ‘7 9[qEL




23

Water Requirements  Feldman et al.

‘sn

JreIs|oy JyBnoIp JopM Jo Aquom
*s3umwerd Ajeresspow woneiodeas
Buxds moefpe JmBm suswoads wgar suosess uvouendioard | «possans sopem jou | Adowewiiop Imim wed v “Joyum ut Jood
ur are] sofiomd wed ‘ooeds ofrey | -oqIv uosdwoyy | Sumols oms roye AISSX3 | mogm Jojoo oferjoy | BUOT ‘U0SEIS WO | gxery o gc7 WO sy00] ‘syrerd fUIWWOD)
*foueutiop SPOON "sSoUnosn 2Ahog om0 ssew orensoid o1 onp sdeiad poos ‘Suuds oW Jourep 8 oM $90p YoTgm Sumos ey
o Fuof sy KowemLiop W Youqap oN ‘asuap € yumiog 'S6-96 30 Jonmm fywes w momoyy | O wmoad “umerd wreid ojqemp | Aenondaoxa wy
“ed oAoRIe UV o Suor] OBGIP 21949 sAmeIe A19A SAmdeINE TY Apwanxs oy
@xv)
or or w (44 (14 (24 9 €9 24 Suuer [rersAQ
8 8 9 9 L L 8 L 8 QoUEULIOLId
< 3 T T 2 2 2 3 g RueTedv |
CWIUOYdOIoRIA sio0[d
‘89 ‘TIos M 159] 9sn Iojem
‘g A pare smojqoad 3n W PAIUNOOud
PAAISQO QUON PAAIISQO QUON -12085E J0 Jmsal POAIISGO SUON .sh:u o Q 001 Fumoajye PAAISSQO SUON PAAIISGO JUON PAAI28QO JUON £1594 pue $I5eIsIq
Aiqeqoxd swroy ¥ : 8 153d Jo aseastp
-qoud ourmmg peyuuapITn
Hqey I5uIp “SuANS
ondsop mo13 Jo Surddeyzono
. Aouewwiop Kdowed 9sopo 03 0] SpoIM Mmof[e Adowed peSuerre Aoweuriop omI P
g Mderao s Suoy MO[S 1eYMOWOs Furrds/roymm 9500] YSnorp Kjosuap pue opim B>u2. . ou ‘mmosd a8erjoy osreds 19A00 T[N 32
Jjo woky |, . . Aprey ‘osuop .
swas Smddeproao IMIJ pUe SIoMOL) w ymor3 | uonencued 13T 01 $OABI[ {5pIom osUOp ‘medrdIons Pk qey woynedwo) peam
Awewr ‘mmois | Ajereropowm .
Awewr s oq Jo mmoi3 MO[8 ‘sas0[0 | onp soBers Ares wm 150W N0 $IPeYS ‘dejroao suroys Surpowerq erper
95mp A1A—-poop . —poo3 01 Irey
o3 osup “areq SUIP--JUS[30XY Adowes uun wo[qoid € 5peopy | 19400 9smIp--poop Auew--poon . —-ouews|qold
STIensoId
STnpe e1s0ouATy streprureIid wmouofew A sKIpoeureyo eropmod eszmmy eOJUTp TuisH eoJIpumox ewerpneyompens ejewe]
EI00TATRY wWnona Y, woEons L, XOUA epoSeny epows




24

Myoporum parvifolium

Rhagodia gaudichaudianum

Acacia redolens
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Dalea versicolor var. sessilis

Verbena tenuisecta
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Dalea gregg

Groundcover Experiment Site

Groundcover barrels

ia rigens

Gazan



