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Summary. Methodology was develop-
ed to estimate water requirements for
production of 20 different potted or-
namental plant species with practical
application for water conservation in
commercial operations. Water require-
ment prediction equations were gen-
erated using pan evaporation to esti-
mate evaporative demand along with
plant canopy height and width and
flower height as input variables. Coef-
ficients of determination (R2) for the
prediction equations among plant spe-
cies ranged from 0.51 to 0.91, with
the lower values mostly associated
with plant species with an open or
less-uniform growth habit. Variation
in water use among different cultivars
of marigold also was associated with
differences in cultivar growth habit.
Estimation of the daily water require-
ments of potted Reiger begonia and
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Ficus benjamina using their developed
prediction equations was compared to
actual water use under common grow-
ing conditions to demonstrate the im-
plementation of the method for plant
species differing in growth habit.
A s concern for environmental is-
sues increases, the management
and protection of natural re-

sources by users such as the horticul-
tural industry have come under greater
scrutiny. Conservation of water re-
sources by ornamental producers can
be accomplished through adoption of
more-efficient irrigation systems in
conjunction with improved manage-
ment practices. Reducing potential wa-
ter quality degradation involves mini-
mizing the loss ofapplied agrichemicals
from the treated area, and often is tied
directly to water management. Proper
irrigation scheduling to meet crop wa-
ter requirements can be an important
management practice aimed at achiev-
ing both conservation of water quan-
tity and protection of water quality.

Estimation of crop water require-
ments can be achieved through use of
direct methods, indirect methods, or
the use ofsimulation models (Hatfield,
1990). Indirect methods generally
employ theoretical and empirical means
(including energy balance and statistical
methods) to estimate evapotranspira-
tion (ET). The use ofsimulation mod-
els involves complex computer algo-
rithms to estimate water use based on
actual physical and plant physiological
processes. Direct methods involve
physically measuring water use through
water budgeting, lysimetric weighing
of water consumption, or even heat
flow measurement of xylem sap flow as
a function of transpiration (Cohen et
al., 1987). To be successful, the prac-
tical use of any method for estimating
crop water requirements must account
for plant species, stage and size of de-
velopment, and environmental grow-
ing conditions. Many models use in-
tensive measurement of both environ-
mental conditions (temperature, hu-
midity, light energy, air speed, etc.)
and plant characteristics (leafarea, fresh
weight, leaf water potential, diffusion
resistance, etc.), which may include
techniques that are destructive to the
plants being measured in order to ac-
count for all the variables needed to es-
timate water requirements (Norman
and Campbell, 1983). Most commer-
cial producers do not have instrumen-
tation, technical expertise, or person-
nel (hours) to use such models.

The objectives of this study were
to: 1) develop a simple, usable means
to estimate water-use requirements for
selected potted ornamental crops; 2)
determine differences in the ability of
the prediction equations to estimate
water use among selected ornamental
plant species; and 3) identify limitations
involved with implementation of the
methodology.

A method of direct measurement
(Stanley and Harbaugh, 1981) was
used to determine actual water use by
selected potted ornamental plant spe-
cies (Table 1) during a 24-h period
and to compare this water use to the
evaporative demand occurring during
the same growing period. This method
uses a capillary-mat irrigation system
to maintain the experimental units at
optimum soil moisture prior to and af-
ter water-use measurements. For each
period ofwater-use determination, six
potted plants were removed from the
capillary mat, weighed on an electronic
balance, and placed on a non-irrigated
bench spaced according to plant spe-
cies requirements. Measurements of
canopy height and width and flower
height for each plant were made im-
mediately after placement, then each
set of plants was left undisturbed for a
24-h period. At the end of 24-h, the
plants were reweighed individually and
placed back on the capillary mat, an-
other set of six plants was removed,
and the procedure was repeated. Each
set of plants was used only once per
week for water-use determinations. The
use of this method effectively treated
the individual pots as small weighing
lysimeters, with water use determined
by a water-balance method. Evapora-
tive demand was estimated simulta-



Table 1. Plant species name (common and scientific) and corresponding range of plant height
(PH), plant width (PW), and pan evaporation (E) measured and used togenerate water
requirement estimation equations.
neously using a Belfort Evaporation
Recorder Model 6075 located in the
same growing area as the plants used
for this study. This instrument had a
250-cm2 evaporation pan with a 24-h
clock and, thus, afforded a continuous
record of amount and rate of pan evap-
oration.

Plant species chosen for the study
included those from flowering, foliage,
and bedding plant groups (Table 1).
Differences within a plant species were
evaluated using six cultivars ofmarigold
(Tagetes patula and T. erecta) that
varied in growth habit. Selected culti-
var types included: dwarf African
(‘Cupid Orange’ and ‘Pineapple
Crush’); intermediate French (‘Hon-
eycomb’ and ‘Midas Touch’); and tall
African (‘Cracker Jack’ and ‘Torea-
dor’).

Data collected during this study
were analyzed by a stepwise multiple-
regression technique (SAS Institute
Inc., 1985). This method allowed ad-
dition or substitution of potential in-
dependent variables in the model to
observe changes in statistical signifi-
cance and improvement in the coeff-
cient of determination (R2) for each
model. The postulated regression
model was:
W = f (PH, PW, FH, E) [Eq. 1]

where W = total daily water use (ml),
PH = plant canopy height (cm), PW =
plant canopy width (cm), FH = flower
height (cm), and E = daily pan evapo-
ration (mm).

Regression analyses were per-
formed for each variable as linear and
quadratic components as well as com-
binations (such as PW*PH) and were
entered into the model as individual
variables. PH, PW, and FH were found
to be significant for both linear and
quadratic terms for some plant species.
However, only linear terms of each
were used in the final equations because
addition of quadratic terms did not
significantly improve the R2, and our
primary objective was to develop a
simplified and practical prediction
equation. The parameters included in
the equations (PH, PW, FH, or E)
were selected based on the best com-
bination of F value and R2.

Because the regression equation
used to estimate daily water require-
ment for each plant species is only valid
for the range of data for which it was
developed, the data ranges for PH,
PW, and E are presented in Table 1.
The majority of the flowering and
bedding plant evaluations were initi-
ated at the transplant stage (exception
was hibiscus). The differences in pan
evaporation for each plant species re-
flect the time of year that evaluations
were made, length of production pe-
riod, and growing environment (glass
greenhouse, shadehouse, or completely
exposed) where the crops were grown.
In order to increase the range of evap-
orative demand conditions that the
plants experienced, some crops were
grown in more than one growing en-
v i r o n m e n t .

Table 2 contains the final regres-
sion equations for estimating water
requirements for each of the plant spe-
cies. All of these equations were sta-
tistically significant (P < 0.01). Over-
all, the flowering plant group tended
to have the highest R2 values, averag-
ing 0.82, with the foliage group hav-
ing the lowest, averaging 0.67. This
can be attributed to the within-group
variability in growth habit. The foliage
group tended to have a higher degree
of variation for canopy height and
width, with fewer but larger leaves,
and an open canopy. The flowering
group and, in general, the bedding
plant group, tended to have a more
predictable, closed, and uniform plant
canopy.

Verification of the usability of the
prediction equations for chrysanthe-
mum and poinsettia were reported
(Stanley and Harbaugh, 1984,1989).
Irrigation was scheduled for crop
production using the developed daily
water requirement equations and es-
timated water needs were compared to
actual water use during the same
growing period. The predicted daily
water use amounts were plotted against
measured water use and were in gen-
eral agreement, except for a tendency
to underestimate water needs during
periods of high demand. This tendency
was true for both plant species.

The results presented in Fig. 1 for
two diverse species (Reiger begonia
and F. benjamina) illustrate the com-
parison of actual vs. predicted water
use. The R2 of the prediction equa-
tions for Reiger begonia and F. ben-
jamina were 0.84 and 0.59, respec-
tively. A similar relationship as that
reported for chrysanthemum and
poinsettia (Stanley and Harbaugh,
1984, 1989) was observed for Reiger
begonia in that, for the most part, the
prediction equation performed well
although there was still a tendency to



Table 2. Regression equations to estimate daily water requirements for selected potted ornamen-
tal crops.

zW=estimated daily water requirement (ml); PH = plant canopy height (cm); PW = plant canopy width
(cm); FH = flower height (cm); and E = daily pan evaporation (mm).

Fig.1. Measured daily water use vs. estimated
water use determined from the respective de-
veloped water requirement estimation equa-
tions for Reiger begonia and F. benjamina
(Table 2).
underestimate water use during peri-
ods of high evaporative demand when
the crop canopy was full. The results
for F. benjamina show a less-accept-
able relationship for this plant species,
reflecting the low R2 for the prediction
equation.

The results from the evaluation of
the marigold cultivars revealed that,
within a plant species, there may be a
need to account for the effect of diverse
plant growth habit on water use. Al-
though the regression equations to
predict daily water requirements for all
marigold cultivars had high R2 values,
the equation coefficients and intercept
values varied among cultivars. These
results indicate that perhaps additional
evaluation of the water requirement
differences of cultivars within a plant
species is needed before a general equa-
tion is used, especially if there is a di-
verse range in plant canopy or growth
characteristics.

In conclusion, we demonstrated
that daily water requirements could be
estimated with rather simple method-
ology using pan evaporation, plant
height, and plant width. The method
was useful for potted ornamental plant
species chosen from bedding, foliage,
and flowering plant types. Although
regression prediction equations for
some plant species resulted in higher
coefficients of determination than
others, in general, plant species with a
more uniform, closed canopy respond-
ed more favorable. Similarly, results
for plant cultivars within a species varied
with growth habit. Because there arc
many growing conditions outside the
ranges experienced in this study, and
there arc different cultivars of the plant
species that may be grown, these results
may need to be expanded to fit the
crops and growing conditions in other
locations. The outcome of this stud)
satisfied the objective ofdeveloping a
simplified (grower-friendly) method
for estimating daily water requirements.

Literature Cited
Cohen, Y.M., M. Fuchs, V. Falkenburg and
S. Moreshet. 1987. Calibrated heat pulse
method for determining water uptake in
cotton. Agron. J. 80:398-402.

Hatfield, J.L. 1990. Methods ofestimating
evapotranspiration, p. 435474. In: B.A.
Stewart and D.R. Neilsen (eds.). Irrigation
of agricultural crops. ASA-CSSA-SSSA,
Madison, Wis. Agronomy no. 30.

Norman, J .M. and G. Campbell .  1983.
Application of a plant--environment model
to problems in irrigation, p. 155-158. In:
Daniel Hillel (ed.). Advances in irrigation.
vol. 2. Academic, New York.

SAS Institute Inc. 1985. SAS user’s guide:
Statistics. 5th cd. SAS Institute Inc., Gary,
N.C.

Stanley, C.D. and B.K. Harbaugh. 1981. A
rapid and simple method for determining
evapotranspiration requirements for pot-
ted ornamental crops. Proc. Fla. State Hart.
Soc.  94:83-85.

Stanley, C.D. and B.K. Harbaugh 1984.
Estimating daily water use for potted
chrysanthemum using pan evaporation and
plant height. HortScience 19:287-288.

Stanley, C.D. and B.K. Harbaugh. 1989.
Poinsettia irrigation based on evaporative
demand and plant growth characteristics.
HortScience 24:937-939,


