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r-------------------- Abstract ---------------------, 

Liners of Juniperus horizontalis Moench 'Wiltonii', [lex crenata Thunb. 'Rotundifolia', Rhododendron x L. 'Hershey's Red', 
Pyracantha x M.J. Roem 'Teton', and Photinia xfraseri Dress were grown to saleable size in 3.1 1 (1 gal) containers. Plant water 
consumption was measured during 336 days from June 24, 1986, to June 19, 1987. Pyracantha consumed the most water (50.4 I 
(13.3 gal)/plant) while photinia consumed the least water (37.8 I (10.0 gal)/plant). Based on the increase in growth index per liter 
of water consumed, photinia used water most efficiently. Growth index, pan evaporation, or growth index and pan evaporation 
were the best predictors of plant water use. 

Index words: water use 'efficiency; water consumption; evapotranspiration
 
Species used in this study: Blue rug juniper (Juniperus horizontalis Moench 'Wiltonii'); 'Rotundifolia' holly (flex crenata Thunb.
 
'Rotundifolia'); 'Hershey's Red' azalea (Rhododendron x L. 'Hershey's Red'); 'Teton' pyracantha (Pyracantha x M.J. Roem
 
'Teton'); Fraser photinia (Photinia x fraseri Dress)
 

Introduction 

Water conservation and management in nurseries is be
coming an important issue as water supplies become limited 
or restricted due to drought or competition for water with 
urban areas. Water use efficiency in nurseries could be 
improved by grouping plants with similar water require
ments and by scheduling irrigation based on plant needs. 
Nursery irrigation requirements are largely determined by 
plant species, time of year, and geographic location (11). 
Environmental factors such as rainfall, light intensity, tem
perature, relative humidity, and windspeed also influence 
irrigation demand, and these factors vary with time of year 
and geographic location. Other factors that affect water use 
are plant size, plant growth rate, and stage of plant devel
opment. 

Until recently, little interest was expressed in water use 
of container-grown landscape plants. The necessity of ad
equate drainage after heavy rains has resulted in a production 
system that encourages excess irrigation: plants grown in 
porous, well-drained growing media are very tolerant of 
overwatering, but unforgiving when irrigation is neglected. 
With the evolution of plant management as an important 
issue, data on water use has been published for potted chry
santhemums (12), foliage plants (7, 8), tropical and sub
tropical landscape plants (2, 3, 4), and selected temperate 
woody landscape plants (1 , 9). Objectives of this study were 
to record luxury water use throughout one year of a simu
lated production cycle of five species of container-grown 
landscape plants commonly produced in north and central 
Florida. 

IReceived for publication January 2,1989; in revised form May 22,1989. 
This study was partially funded by the Horticultural Research Institute, 
Inc., 1250 I Street, NW, Suite 500, Washington, DC 20005. Published 
as Florida Agricultural Experiment Station, Journal Series No. 9564. 
2Assistant Professor, Extension Horticulturist, Water Management Spe
cialist. 

Materials and Methods 

Liners of Juniperus horizontalis Moench 'Wiltonii', flex 
crenata Thunb. 'Rotundifolia'. Rhododendron x L. 'Her
shey's Red', Pyracantha x M.J. Roem 'Teton', and Pho~ 

tinia x fraseri Dress were grown in 16 x 16.5 cm (6.25 
x 6.5 in) containers (1 gal) filled to within 2.5 cm (1 in) 
of the top with a pine bark, sphagnum peat, sand medium 
(2:1:1 by vol). A slow release 18N-2.6P-9.9K fertilizer 
(Osmocote 18-6-12, Sierra Chemical Co., Milpitas, CA) 
was incorporated in the medium at 5.9 kg/m3 (10 Ibs/yd3) 

and surface applied at 9g (0.3 oz) per container every 4 
n10nths thereafter. Six plants of each species were randomly 
arranged on each of 3 tables under an open-sided structure 
covered with clear vinyl to exclude rainfall but allow am
bient relative humidity, wind, and an average of 67% full 
sunlight. 

Plants were irrigated with 250 ml water (0.5 in/pot) every 
1 to 5 days as needed so that leachate volume was at least 
25 mllpot (0.05 in/pot) per irrigation. Leachate was col
lected, and the amount retained by the medium was con
sidered as the amount lost by evapotranspiration since the 
previous irrigation (i.e., water use). Average water use was 
calculated for each plant during 336 days of the 352 day 
period from June 24, 1986, to June 19, 1987. Problems 
with the irrigation system precluded leachate collection for 
the period October 6 through October 22, 1986, and after 
June 19, 1987. 

Plant height and width were measured every 4 to 6 weeks 
to calc~late a growth index [(height + width)/2]. A plant 
was considered quiescent or dormant when consecutive 
measurements showed an increase in growth index less than 
two times the standard deviation of the species' mean growth 
index. Juniper plants were considered saleable upon attain... 
ing a growth index of 25 to 30, and the remaining species 
were judged saleable upon attaining a growth index of 40 
to 45. 

The first groups of pyracantha and photinia plants grew 
rapidly and required replacement with liners in order to 
obtain year-round data on water use (Fig. 1 and 2). Less 
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Fig. 1. Average water use per plant per day and growth index of 
'Teton' pyracantha from June 24, 1986, through June 19, 
1987. Water use data not collected for October, 1986. Growth 
index = [(height ± width)/2)]. 

favorable growing conditions during winter and quiescence/ 
dormancy resulted in longer production times for the second 
crops. 

Azaleas ceased growing earliest in autumn and pyracantha 
plants resumed growth in spring latest of the 5 species (Fig. 
1 to 5). The duration of quiescence/dormancy ranged from 
11 weeks for photinia to almost 24 weeks for azalea (Table 
1). 

Analysis of variance was performed on each variable in 
the randomized complete block design (with tables serving 
as blocks). Maximum and minimum temperatures and evap
oration from a Class A evaporation pan were recorded daily 
from a site located 110 meters (120 yards) from the exper
iment (Table 2). To determine possible predictors of plant 
water use, mUltiple linear regression was used to correlate 
water use with plant growth index, species, evaporation 
from a Class A evaporation pan, and potential evapotran
spiration as calculated by the Thornthwaite method (2, 10). 

Results and Discussion 

Pyracantha and azalea plants consumed the largest amounts 
of water and photinia plants consumed the least water for 
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Fig. 2. Average water use per plant per day and growth index of 
Photinia x fraser; from June 24, 1986, through June 19, 
1987. Water use data not collected for October, 1986. Growth 
index = [(height ± width)/2)]. 
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Fig. 3. Average water use per plant per day and growth index of 
'Hershey's Red' azalea from June 24, 1986, through June 
19, 1987. Water use data not collected for October, 1986. 
Growth index = [(height ± width)/2)]. 

the entire 336 day period (Table 1). During active growth, 
weekly water use was greatest for azalea and least for pho
tinia (Table 1). Although this study cannot be directly con1
pared to others, the values of water use/week during active 
growth (Table 1) are within reported ranges for water con
sumption during summer for temperate, sub-tropical, and 
tropical woody plants (2, 3, 4, 9). 

Actual amounts of irrigation applied to nurseries in central 
Florida ranges from 142 to 282 cm/year (56 to 111 in/year) 
in 1973, 1975, and 1976 (5), not including the average 
annual rainfall of 140 cm (55 inches). For the container size 
used in this experiment, these values are equivalent to 28 
to 56 I (7.4 to 14.8 gal) of irrigation applied per container, 
plus an additional 28 I (7.4 gal) per container from rainfall. 
The actual fraction of this amount used to provide for the 
water requirements of the plants cannot be determined since 
the 28 to 56 I (7.4 to 14.8 gal) include additional water 
necessary to account for efficiency of the irrigation system, 
specific plant species and sizes, actual environmental con
ditions, leaching requirements, and losses due to evapora
tion, drift, and deflection by foliage. However, based on 
the water requirements for the species studied here, it is 
probable that some nurseries irrigate far in excess of plant 
water requirements. 
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Fig. 4. Average water use per plant per day and growth index of 
'Rotundifolia' holly from June 24, 1986, through June 19, 
1987. Water use data not collected for October, 1986. Growth 
index = [(height ± width)/2)]. 
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Fig.5.	 Average water use per plant per day and growth index of 
blue rug juniper from June 24, 1986, through June 19, 1987. 
Water use data not collected for October, 1986. Growth index 
= [(height ± width)/2)]. 

The increase in growth index per liter of water consumed 
can be considered a rough estimate of water use efficiency. 
Photinia plants used water most efficiently while blue rug 
juniper and azalea were least efficient (Table 1). Blue rug 
juniper's low efficiency of water use and relatively high 
total water consumption (comparable to 'Rotundifolia' holly) 
are not compatible with Juniperus species' reputation for 
being drought tolerant. However, some drought tolerant 
plants do not use water efficiently when soil moisture is 
adequate, as it was in this experiment (6). 

Previous studies have shown strong relationships between 
plant water use and estimates of potential evapotranspiration 
(2, 4, 9). For this study, regression analysis found pan 
evaporation or growth index to be acceptable indicators for 
water use for all species except for growth index with pyr
acantha (Table 3). The combination of pan evaporation plus 
growth index proved to be the best predictor. 

Table 2.	 Mean monthly maximum and minimum temperatures and 
pan evaporation at Monticello, Florida, from June 1986 
through June 1987. 

Maximum Minimum Class A Pan 
Temperature Temperature Evaporation 

Year Month eF) eF) (in) 

1986 Jun 94 68 0.26 
Jul 93 71 0.27 
Aug 90 69 0.18 
Sep 89 68 0.18 
Oct 81 56 0.18 
Nov 76 57 0.10 
Dec 64 46 0.07 

1987 Jan 60 38 0.08 
Feb 64 41 0.10 
Mar 71 49 0.16 
Apr 76 48 0.22 
May 86 62 0.22 
Jun 89 68 0.20 

Significance to the Nursery Industry 

Over the course of almost 1 year, average luxury water 
use by 5 species of landscape plants in 16 X 16.5 cm 
containers (6.25 x 6.5 in) ranged from 50.4 l/container 
(13.3 gal/container) for 'Teton' pyracantha to 37.8 lIcon
tainer (10.0 gal container) for photinia. In decreasing order 
of total water use, the species were 'Teton' pyracantha, 
'Hershey's Red' azalea, 'Rotundifolia' holly, blue rugjun
iper, and photinia. Based on increase in growth index per 
liter of water consumed, photinia used water most effi
ciently, followed by 'Teton' pyracantha. These results in
dicate that maximum water requirements of container-grown 
plants are primarily determined by plant species and plant 
size. Results suggest that measurements of plant size and 
estimates of potential evapotranspiration might be used to 
estimate nursery water requirements for a given species. 

Table 1. Water use and characteristics of growth of 5 species of containerized woody landscape plants from June 24, 1986, through June 19, 
1987. Species was significant at the 1% level or less for each characteristic. 

'Teton' 
'Hershey's Red' 'Rotundifolia' 'Wiltonii' Pyracan-

Azalea Holly Juniper thaz PhotiniaY 

Active Growth 
Duration (wks) 27.3 ± LOx 29.2 ± 0.6 30.1 ± 0.9 34.6 ± 0.4 39.9 ± 0.7 
Water Use (1) 34.4 ± 1.1 33.1 ± 0.7 32.5 ± 1.0 40.8 ± 0.8 33.5 ± 1.6 
Avg. Water Use per week (l/wk) 1.27 ± 0.03 1.14 ± 0.03 1.09 ± 0.03 1.18 ± 0.02 0.85 ± 0.04 
Increase in Growth Index (cm) 21.2 ± 0.5 27.3 ± 0.8 18.6 ± 0.8 54.4 ± 1.1 55.8 ± 2.9 
Increase in Growth Index (cm) 0.63 ± 0.03 0.83 ± 0.04 0.58 ± 0.03 1.34 ± 0.03 1.67 ± 0.06 

per liter of water consumed 

Quiescence 
Duration (wks) 23.7 ± 1.0 21.8 ± 0.6 20.8 ± 0.9 16.4 ± 0.4 11.1 ± 0.7 
Water Use (1) 13.8 ± 0.8 10.2 ± 0.6 9.4 ± 0.7 9.6 ± 0.3 4.3 ± 0.4 
Avg. Water Use per week (l/wk) 0.58 ± 0.02 0.46 ± 0.02 0.44 ± 0.02 0.59 ± 0.02 0.38 ± 0.02 
Total Water Use (1) 48.2 ± 0.9 43.3 ± 1.1 41.9 ± 0.9 50.4 ± 0.8 37.8 ± 1.7 

ZTwo crops were produced: the first crop from June 24, 1986, through September 3, 1986, and the second crop from September 3, 1986, through June 
19, 1987. 

YTwo crops were produced: the first crop from June 24, 1986, through October 6, 1986, and the second crop from October 6, 1986 through June 19, 
1987. 

xNumbers represent the mean ± standard error for 18 plants. 
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Table 3. R2 values for linear regression models expressing the relationships between water use of each of 5 species and pan evaporation, PET 
by the Thornthwaite method, and growth index. 

Variables in ~Hershey's Red' 'Rotundifolia' 'Wiltonii' 'Teton' 
Model Azalea Holly Juniper Pyracantha Photinia 

Pan Evaporation .57 .51 .55 .73 .69 
PET-Thornthwaite .15 .26 .25 .27 .41 
Growth Index .71 .56 .68 .33 .69 
Thornthwaite and .67 .72 .81 .26 .49 

Growth Index 
Pan Evaporation and .86 .79 .88 .79 .78 

Growth Index 
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