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Abstract

The water use and crop cbeient of five woody landscape species were determined by growing the shrubs both in 56-liter (15 gal)
drainage lysimeters and in above-ground 10-liter containers\#&s@r use per plant, crop ctiefent and overall growth parameterg
differed by species and culture system. Of the five species tBatktikia davidii ‘Burgundy’andNerium oleander ‘Hardy Pink’had
higher water use per plant in the lysimeters than in the contaifater use per plant fakbelia grandiflora ‘Edward Goucher
Euonymusjaponica andllex vomitoria ‘Pride of Houstonivas the same for the two culture systems. Crofdicmeft and growth index
of A. grandiflora, E. japonica, andl. vomitoria was similar between the two systeffise growth index oB. davidii andN. oleander
was much higher in the lysimeters than in the contaidgtia grandiflora andE. japonica had more growth in the containers than ip
the lysimeters whilé. vomitoria had slightly lager leaf area in the lysimeters than in the contaifiéxes culture system did notfaét
the water use per unit leaf area of all spedibsrefore, our results indicated that by quantifying the leaf area, the plant water use fin the
two culture systems is exchangeable.

Index words: container plants, landscape irrigation, lysimeters.

Species used in this studyAbelia (Abelia grandiflora Rehd. ‘Edward Gouch®r butterfly bush Buddleia davidii Franch. ‘Bugundy’),
evegreen euonymud(ionymusjaponica Thunb.), yaupon hollyl{ex vomitoriaAit ‘Pride of Houston’), and oleandexériumoleander
L. ‘Hardy Pink’).

Significance to the Nursery Industry amount of water used for landscape irrigation is critically
{important. Irrigation dfciency is improved by grouping

Conserving water in nurseries and landscapes is of greal lants with simil : 4 ) d by scheduling i
interest as water prices increase and water availability becomed?'@n's With Similar water requirements ana by scheduling ir

more limited. Irrigation diciency can be improved by group- ][igatiof‘ based on specificl plant needs. Hovv,el\'m'r:celd ig-

ing plants with similar water use and by scheduling irrigation formation exists on actual water requirements of landscape
based on actual water requiremelt&ter use depends on plants, and in most cases it is given as reference lists based
plant species and size. HoweMétle quantitative informa- on plant perforfm:lamce n mlfxed plantlfngs. : d

tion of the actual water needs for specific ornamental plants Water use of plants is a function of evaporation and tran-
exists. In this studywater use, crop cdient, and the over spiration (evapotranspiration, ET); therefore, it fluctuates with
all grdvvth of five landscape blants grown in both 3-gal con- climatic conditions such as solar radiation, temperature, hu-
tainers (commercial nursery practice) and drainage lysimeters Midity and wind. Crop coétient (K is defined as the ratio

(simulation of landscape conditions) were determined and ©f ET 0f @ specific crop to potential evapotranspiration,JET
comparedWater use per plant and crop dasénts were in- and is widely used for improving irrigatiorfiefency for many

fluenced by species and culture system. Howavater use ~ 2dronomic crops (6Although a lage number of empirical

per unit leaf area was nofedted by the culture system within m_ethods hé_“'e been develo_ped over the_last 20 years world-
speciesThis means that the water use of contagrewn wide to estimate Eflirom different climatic variables, the
plants may be used to predict or estimate the water use of theZnited Nation Food andgricultural Oganization (RO)'s

same species that are grown in a landscape situation, provided€nman-Monteith method is recommended as the sqle ET
that the amount of leaf area can be estimated. method for determining ET1). This method was calibrated

in multiple locations worldwide and can be used for estimat-
ing ET, in a wide range of locations and climates (1).
) ] - ) ) Methods of estimating actual water use include direct
The increasing competition among agriculture, industry measurement by weighing or drainage lysimeters, gravimetri-
and municipal water users in arid and semi-arid regions has c5| method, and soil moisture balancgsimeters have been
brought increased attention to water conservation and thewidely used to determine water use for a number of plant
improvement of irrigation étiency. Since landscape irri-  gpecies, including turfgrass (8), landscape woody ornamen-
gation accounts for 40 to 60% of total household water con- tg|5 (3, 7, 12, 13), and annual bedding plants (16). Planting
sumption in the Southwesti(fl conserving and reducingthe  ¢rops in lysimeters simulates landscape conditions. Levitt et

al. (12, 13) used 190-liter (50 gal) lysimeters to determine
'Received for publication March 10, 2006; in revised form May 1, 2006.
This project was supported AgxasWater Development Board and the the water use of three desert landscape trees and compared

Cooperative fate Research, Education and Extension Service, U.S. Depart- Water use of turfgrass and ornamental trees by using-a por

Intr oduction

ment ofAgriculture undeAgreement No. 2005-34461-15661. table hoist to lift and transport each container to a top-load-
*Assistant ProfesspfexasA&M University, AREC at El Paso. ing balance. Garcia-Navarro et al. (7) used drainage lysim-
STechnician I1,TexasA&M University, AREC at El Paso. eters (50 gal) to determine water use andkfour land-
“Associate ProfessofexasA&M University, AREC at Dallas. scape plants and compareddbtained from above-ground
SAssociate ProfessoFexasA&M University, AREC at Dallas. containers and lysimetei&hey found that dferences in rela-
ProfessarTexasA&M University, AREC at Dallas. tive water use among species in contagremwn plants were
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consistent with those grown in the lysimeters. Howexay HMP45C, Campbell Scientific Inc., Logan, UT), and wind
average daily water use of plants from July to October in the speed was measured with a RM young wind sentry anemom-
lysimeters was presentéethe diferences in the time course  eter (Model 03101-L, Campbell Scientific Inc., Logan, UT).
of water use over the seasons between the plants grown inAll the sensors were set at 2 m above the soil surface and were
containers and lysimeters were unknown. Plant water use measured every 10 sec using a CR23 datalogger (Campbell

can also be determined from soil moisture reduction (9) and Scientific Inc., Logan, UT)T'he hourly and daily averages of

modeling approaches (2).
The water use and crop cfiefents of a number of con-

all climatic variables and the daily minimum and maximum
temperature and relative humidity were recordée.ET was

tainergrown ornamental woody plants have been determined determined according to Penman-Monteith methodA@).

gravimetrically (4, 13, 16 Although information developed
from containeigrown plants placed on the ground does not

Excel spreadsheet was made for this calculation.

necessarily represent the landscape conditions, it is useful to  Estimation of water use and crop coefficients. Water use

guide the irrigation of containgrown nursery plants and
landscape plants with proper modificatiorysimetry is a

preferred method to estimate plant water use, building lysim-

eters is costlyAmong the above mentioned methods, deter
mining the water use and Kf containergrown plants gravi-
metrically is least costly and most accurdiiee objectives

of containergrown plants was determined by irrigating each
plant to container capacjtgllowing each to drain completely
and then weighing them individuallyhe plants were then
reweighed after 24 hfhe diference between the beginning
and ending weights over the 24 hr period was the water used
in cubic centimeters or millilitersThe estimate for evapo-

of this study were to determine and compare the water usetranspiration (ET) was calculated by the following equation:

and crop codicients of five landscape plants grown in drain-

ET (cm) = volume of water use (ém container surface

age lysimeters and in conventional above-ground containersarea (cr). Similarly, crop codficient (K ) was calculated as

simultaneously in the same field pldhe comparison of these

follows: K. = ET/ET,.

data will determine if the water use of the same plant species Water use (ET) of the plants in the lysimeters was esti-

grown in the two culture systems is exchangeable.

Materials and Methods

Plant material and culture. The following species were
purchased in 2.6 liter containers (# 1) from a local nursery:
Abdliagrandiflora‘Edward Gouchéy Buddleiadavidii ‘Bur-
gundy’, llex vomitoria ‘Pride of Houston’,Euonymus
japonica, andNerium oleander ‘Hardy Pink’. Ten plants of

mated by monitoring the soil moisture depletion using ECH
soil moisture probes (Decagon Devices, Inc., Pulliié),

In 20 of the 35 lysimeters (four per species), two 20 cm (8
in) ECH,O soil moisture probes were buried inside each
lysimeter to monitor soil moisture depletiorhe height of
the lysimeters filled with sandy-loamy soil was approximately
40 cm (16 in)The soil moisture probes were wired to a mul-
tiplexer (AM416, Campbell Scientific Inc., Logan, UT) and

each species were transplanted in mid-June into 10 liter con-connected to the same CR 23X datalogger as mentioned
tainers (# 3) filled with a substrate containing composted above.The hourly and daily averages soil moisture contents
mulch and Sunshine Mix no. 4 (SunGro Hort., BelleV&) were recordedlhe hourly average recorded & of each

at aratio of 1 to 1 (by volX-he plants were placed on ground day was used to compute the water use thus minimizing the

and arranged in a completely randomized design in the field temperature éct on the soil moisture content readings.

and were spaced at approximately 10 cm (4 in) to simulate

The containers and the lysimeters had the same diameter

commercial nursery practices. Seven plants from each spe-at the top rim, 25 cm (10 inJherefore, the same container

cies were transplanted to the 56 liter (15 gal) drainage lysim-

eters (detailed description below) in mid-June to simulate
landscape condition3he lysimeters were cylindashaped
with a diameter of 40 cm (16 in) at a height of 52 cm (20.5
in) with a top portion shrinking in diameter from 40 cm to 25
cm (16 to 10 in). ¥simeters were filled with sandy loamy
soil with a 5 cm (2 in) layer of 1.9 cm (3/4 in) gravel at the

bottom. Each lysimeter had a single 3.8 cm (1.5 in) drainage

surface area, 490 ér(i76 irf) was used to calculate the crop
coeficients (K). Although rainfall was recorded, it was dif-
ficult to quantify the amount of rain entering the lysimeters
because of the ddrent geometry of the canopies intercept-
ing rain. Soil moisture content data were excluded on days
when irrigation or rainfall occurred when determining the
moisture depletion in the lysimeters.

hole at the bottom. Once again, the five species were arranged Plant growth measurements. Leaf area per plant in early

in a randomized design within the 35 lysimet&tse lysim-

August and October was estimated by counting the number

eters were spaced at 0.79 m x 1.19 m (2.6 ft x 3.9 ft), which of leaves and shoots categorized in small, medium age lar

yielded an area of 1.75plant (18.9 ft/plant).A controlled-

sizes. For each size, the leaf area of five similar leaves from

release fertilizer (Osmocote; 14N-9P—12K; Scotts-Sierra extra plants was measured using a leaf area meter (LI-3100,

Hort. Products, Marysville, OH) was applied at a rate of 2.1
g/liter (0.26 oz/gal) to both containers and lysimetaitt.

LI-COR, Lincoln, NE).The extra experimental plants were
maintained in 3 gal containers (# 3) in the same field. Plant

plants were well watered every 3 to 6 days depending on height and two perpendicular canopy widths measured in

species and climatic conditions. Irrigation timing was deter

October was used to calculate growth index: growth index =

mined based on container weight or soil moisture content in (height + (canopy width 1 + canopy width 2) / 2) / 2.

the lysimetersX 20% volumetric content).

Measurement of climatic conditionsand calculation of ET,,.

Satistical analysis. The efects of species, culture system
and the interaction between species and culture system on

A weather station was installed on site. Solar radiation was water use, crop coéfient and plant growth was determined

measured using a pyranometer (Model LI200, LI-COR Inc.,
Lincoln, NE). Air temperature and relative humidity were
measured by daisala temperature and humidity probe (Model

J. Environ. Hort. 24(3):160-165. September 2006

using PROC GLM (SAS Institute Inc., CaNC).When sig-
nificant differences were found, means were separated among
species by tdent-Newman-Keuls multiple comparison at
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Table 1. Growth index and leaf aea ofAbeliagrandiflora ‘Edward Goucher’

, Buddleia davidii ‘Burgundy’, |lex vomitoria ‘Pride of Houston’, Euony-

mus japonica, and Nerium oleander ‘Hardy Pink’ grown in containers and drainage lysimeters.

Species A. grandiflora E. japonica B. davidii |. vomitoria N. oleander

Cultur e system Growth index (cmYy

Lysimeter 42.5d 38.1d 98.6a 59.1c 88.5b

Container 37.1c 38.8¢ 54.9b 51.7b 62.6a

t-test NS NS ok NS ok
Leaf area (cnf) August

Lysimeter 297c 1327b 773c 568¢ 2050a

Container 249c¢ 1271b 233c 454c 1712a

t-test NS NS ok * NS
Leaf area (cnf) October

Lysimeter 454d 1586¢ 3059b 706cd 7655a

Container 570bc 2519a 977b 460c 2205a

t_test NS *% *kk * *kk

*Growth index = ((canopy width 1 + canopy width 2) / 2 + height) / 2.

YMeans within each row followed by the same letters are not significarféyetif tested byt8dent-Newman-Keuls multiple comparisorPat 0.05.
*NS, *, **, *** nonsignificant, significant aP = 0.05, 0.01, 0.001, respectivebetween the two culture systems.

P = 0.05 and the dérences between the two culture sys-
tems were analyzed Iytest.

Results and Discussion

The growth index determined in OctoberBdavidii and
N. oleander plants was much greater in the lysimeters, where
growing conditions were similar to those in a landscape, than
for the containegrown plants (@ble 1).The growth index
of the remaining species was similar in both culture systems.
Among the species, the growth indexBoflavidii was greater
thanN. oleander, |. vomitoria, A. grandiflora andE. japonica
in descending order in lysimeterafile 1). In the container
systemN. oleander had the greatest growth index, followed
by B. davidii, |. vomitoria, E. japonica andA. grandiflora. In
August the leaf area of the lysimetgownB. davidii andl.
vomitoria plants were significantly lger than those of the

Table 2. Average wateruse and cop coeficients of Abelia grandiflora ‘Ed

same species maintained in the contaikdidia grandiflora
andE. japonica had greater leaf area in the containers as com-
pared to lysimeterdhis is possibly due to the tfences in
growing media or to the individual species response to the
micro-environment in the two culture systeffisere was no
significant change in the growth bfvomitoria between the
two systems. In contrast, the leaf are®Boflavidii in both
systems and thi. oleander in the lysimeters increased ap-
proximately 300% in two month$here were significant in-
teractions between culture systems and species on growth in-
dex and leaf area in Octobeiaflle 3).

Due to the dierences in plant size and leaf area, water use
of plants was expressed in daily water use per plant and per
unit leaf area (determined August and OctobeiTable 2,

Fig. 1).Water use per plant and crop dozént differed by
species and culture system, but water use per unit leaf area
within species was notfatted by the culture systemale

ward Goucher’, Buddleia davidii ‘Burgundy’, Ilex vomitoria ‘Pride of

Houston’, Euonymus japonica, and Nerium oleander ‘Hardy Pink’ grown in containers and drainage lysimeters ovethe four months.

Species A. grandiflora E. japonica B. davidii |. vomitoria N. oleander

Cultur e system Water use perplant (L/d)

Lysimeter 0.23B 0.30b 1.13a 0.46b 1.16a

Container 0.31b 0.39ab 0.39ab 0.40ab 0.54a

t-test NS NS ok NS ok
Water use perunit leaf area (mL/cn?/d)

Lysimeter 0.60a 0.21b 0.59a 0.72a 0.24b

Container 0.76ab 0.20c 0.64b 0.87a 0.28c

t-test NS NS NS NS NS

Crop coeficient (K )

Lysimeter 0.84b 1.20b 4.37a 1.78b 4.30a

Container 0.93b 1.29ab 1.29ab 1.30ab 1.74a

t-test NS NS ok NS ok

“Means within each row followed by the same letters are not significarféyetif tested byt8dent-Newman-Keuls multiple comparisorPat 0.05.
YNS, *, **, *** nonsignificant, significant aP = 0.05, 0.01, 0.001, respectiveletween the two culture systems.
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Fig. 1.

Crop coefficient (K )

Water use perplant and crop coeficient of Abelia grandiflora ‘Edward Goucher’, Buddleia davidii ‘Burgundy’, llex vomitoria ‘Pride of

Houston’, Euonymusjaponica, andNerium oleander ‘Hardy Pink’ grown in containers and drainage lysimeters fsm July to October. Vertical
bars indicate standard errors.
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Table 3. Significance of culture system (cultue) and species on gwth index and leaf aea, wateruse perplant (L/d) and per unit leaf area (mL/cn#/
d) and crop coeficient (K ) of Abelia grandiflora ‘Edward Goucher’, Buddleia davidii ‘Burgundy’, Ilex vomitoria ‘Pride of Houston’, Euony-
musjaponica, and Nerium oleander ‘Hardy Pink’.

Growth index Leaf area (cnf) Water use
(cm) Aug Oct (L/d) (mL/cm?/d) K.
Spec'es *kk 2 *kk *k%k *k%k *kk *kk
Culture *kk * *kk *kk NS *kk
Culture x Species rkk NS Fkk rkk NS rkk

NS, *, **, *** nonsignificant, significant aP = 0.05, 0.01, 0.001, respectively

2). In both culture systems, water use per plant was highest inwere stressedVater use and Kof the same sweetgum tree
B. davidii andN. oleander, which had the highest growth in-  (Liguidambar styraciflua L. ‘Moraine’) differed in three con-
dex;A. grandifloraandE. japonica had the lowest water use.  trasting regions (10), possibly due to thdatiénces in sto-
When expressing water use per unit leaf area, there were namatal behaviorlt is well-known that stomatal conductance

significant diferences among. grandiflora, B. davidii, and changes with not only atmospheric humidity (vapor pressure
I. vomitoria. Water use per unit leaf area&fjaponica was deficit) but also soil moisture contefitherefore, irrigation
similar to that oN. oleander. Culture system and species had regimens may alsofaftct water use and KWhen comparing
significant efect on water use per plant and(®able 3). results of water use and,Kegional climate and irrigation

The water use per plantkhjaponica was generally higher management need to be considered.
in containergrown plants than those in lysimeters from early Since atypical landscape usually consists of multiple plant
July toAugust (Fig. 1). Plants in the lysimeters were widely species, a landscape digént, instead of individual crop
spaced so that there was no shading from adjacent plants andoeficient, may be more suitable (5, 9). For example, land-
it is possible that heat load (heat stress) was higher in lysim- scape coditients can be estimated from individual crop co-
etergrown plantsThere were 10 days in July with maxi- efficients by considering planting density and microclimate
mum temperatures over 40C (104F) and 25 days with solar (5): Landscape coifient = species factor x density factor x
radiation over 30 MJ/#d. Similarly, water use oh. grandi- microclimate factarin this equation, species factarhich
florawas higher in the containers than lysimeters for the sameis the same as crop ctieient, is the key information to be
period.The water use d. davidii andN. oleander was much determinedThe estimation of other factors is relatively easier
higher from mid-August to September because of their rapid Landscape coéi€ients may also be determined by real-time

growth. measurement. Havlak (9) installed soil moisture probes at
The average Kover the four months &. grandiflora, E. 64 locations at three depths to estimate the combined water
japonica, andl. vomitoria was the same for the two culture  use of a landscape with multiple plant species and determined
systems and among the specieab{& 2), although Kof I. the monthly landscape cdiefent to be 0.51 to 0.67 for a
vomitoria was higher in the lysimeters because afdateaf typical irrigated landscape in southéfexas. It would be

area (Bble 1).The K of B. davidii in the lysimeters was 3.3  desirable to compare this information obtained at a typical
times lager than in containeggrown plants due to the leaf landscape site with that determined by other methods.
area in the lysimeters exceeding 3.1 times that of the con- In summary water use and crop cdiefent differed by

tainergrown plants. SimilarlyK of N. oleander in the lysim- species, growth, and months or days for both culture sys-
eters was much higher than that of contagremwn plants. tems.Water use per unit leaf area of the same species was
Therefore, K of an individual plant varies not only by plant  similar in both culture systems. Crop dogént of the same
species, but also by leaf area and/or growth\étaout quan- species was also similar for the two culture systems when
tifying plant size, it is dffcult to compare the water use per growth index was similalherefore, water use of landscape
plant and crop coétients for containegrown ornamental plants can be accurately estimated from contagnewn
plants, even though same container size is used. For rapidlyplants, provided that growth index and leaf area can be quan-
growing plant species suchBiglavidii andN. oleander, water tified. When applying this information to landscape situa-
use per plant and crop céiefent increase rapidly with time.  tion, planting densities as well as growth rate need to be con-
In addition to species, water use andflictuated with sidered.
sampling dates (Fig.1Yhese diferences were caused by
climatic conditions and growing stages of the plawister Literatur e Cited
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