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Abstract. Rooted cuttings of Viburnum odoratissimum were grown outdoors to market
size in 11.4-L containers. Actual evapotranspiration (ET,) of nine plants was determined
daily as was evaporation from three control containers shaded with plastic foliage to
mimic plant growth. The first 60 d after transplanting, substrate evaporation accounted
for most of ET 4. Substrate evaporation was generally constant the first 160 days before
declining, but still remained ~160 mL/day through harvest at market size. ET  increased
with growth and generally followed variations in reference evapotranspiration (ETo).
Mean ET during most of the production cycle was less than 600 mL/day (11.8 mm based
on upper container surface area). With the spring growth flush, mean ET 4 reached 1.3 L/
day as plants achieved market size. Mean cumulative ET to produce 90% of measured
plants to market size was 155 L or 3.1-m depth per plant based on container surface area.
Water need indices, similar to crop coefficients, were highly correlated with percent
canopy closure (%Closure) using an exponential decay equation. When overlain with
previous similar data for Ligustrum japonicum, the correlation for the combined data set
had an 7* = 0.843. This suggests that the %Closure model may provide a method for

ETo-based irrigation of woody shrub species based on canopy size and spacing.

Container production of woody ornamen-
tals requires frequent and abundant irrigation.
In Florida, irrigation up to 2.9 m/year was
common in the mid-1970s in addition to an
annual mean rainfall of 1.1 m (Harrison,
1976). In 1992, maximum allowed rates of
2.29 m of supplemental irrigation were im-
posed by Florida’s Water Management Dis-
tricts. In 2003, this maximum was reduced
22% for nurseries where competition for
potable groundwater with expanding urban
centers occurred. With further restrictions
probable, it becomes imperative to know
how much irrigation is required to produce
container plants and to develop ways nurser-
ies can become more precise in their irriga-
tion applications.

In Florida, overhead irrigation of nurser-
ies has been restricted during most of the
daylight hours since the mid-1990s (South-
west Florida Water Management District,
2009). To cope with this imposition, along
with decreased labor pools, irrigation at most
nurseries queried occurs at night and is
controlled by time clock systems (Beeson,
personal communication). Most irrigation
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managers are unaware of day-to-day changes
inreference evapotranspiration (ETo), a value
that quantifies evaporation potential of the
immediate microclimate, and corresponding
changes in actual evapotranspiration (ET,)
of their plants. During the summer, thunder-
storm rainfall is common after employees
depart for the day, often with time clocks pre-
set. Rain shutoff devices are required, but
they do not function accurately or consis-
tently. Because irrigation in many nurseries
is already centrally controlled and using
electric valves, implementation of a simple
and accurate algorithm relating daily envi-
ronmental conditions to container irrigation
needs could improve plant growth and con-
serve water.

Attempts to develop such an irrigation
model for container-grown woody shrubs
have been limited. Knox (1989) reported
relatively high correlations between pan
evaporation, a growth index, and ET, for
five woody ornamentals during a year’s pro-
duction cycle. However, a working model
was not reported. Fitzpatrick (1983a, 1983b)
reported water consumption for tropical or-
namentals along with monthly ETo derived
from the older Thornthwaite (Thornthwaite,
1948) equation. Irrigation was based on a pre-
viously developed model (Fitzpatrick, 1980)
but was empirically dependent on a specific
growth rate and monthly estimates of ETo

based on historical data and thus had limited
usefulness.

In more recent years, modifications of the
Penman-Monteith equation (Allen et al.,
1998; Walter et al., 2002) have served as
the basis to make daily estimates of ETo and
calculations of corresponding crop coeffi-
cients (Kc). Crop coefficients are unitless
values that relate ET, to ETo and are de-
termined empirically yet robust in applica-
tion. For container-grown plants, ET 4 is most
commonly calculated as changes in mass
of the container-plant system determined by
weighing. However ETo is calculated as
a depth. To calculate a Kc, ET, first must
be converted to a depth of water by dividing
by an area. Burger et al. (1987) used the
container top diameter for calculating the
surface area to convert ET 4 to a depth for
22 woody ornamental species growing in 3.8-
L containers. At market size, Kc ranged from
1.1 to 5.1, depending on species and con-
tainer spacing. High Kc values, relative to
agronomic crops that rarely exceed 1.3
(Doorenbos and Pruitt, 1977), were justified
by large canopy to container surface area
ratios (Burger et al., 1987). Differences in Kc
values between geographically distant loca-
tions were minimum. Niu et al. (2006) used
the same methodology to calculate Kc for
five woody species in western Texas in two
container sizes with different volumes but
identical top diameters. Plants and containers
in this study were larger than those of Burger
et al. (1987). Kc values based on container
top diameter ranged from 0.87 to 4.37,
similar to those reported previously for
smaller plants (Burger et al., 1987; Regan,
1997). Whereas water use per unit leaf area
was similar between container sizes within
species, Kc values of different container sizes
within species varied significantly as a result
of differences in plant size. This underscores
a problem with calculating Kc based on
container top diameter; Kc is dependent on
both container and plant size and varies with
time (Beeson, 1996; Niu et al., 2006). Ad-
ditionally, container top diameter varies
depending on manufacturer and model. Re-
cently Bacci et al. (2008) reported on
a method to adjust Kc for plant growth by
combining Kc as derived by Burger et al.
(1987) with measurements of substrate mois-
ture content derived from tensiometers. Kc
is adjusted based on a sliding 7-d average of
substrate moisture content. The system offers
two concurrent, mostly independent methods
of estimating daily irrigation requirements.
This system relies on accurate measurements
of soil matric potential, a parameter subject
to measurement errors resulting from sensor
placement, root growth, and especially sub-
strate composition and time.

In 1996 Beeson (1996) reported linear
relationships between ETo and ET, based on
projected canopy area (PCA) and container
substrate surface area. PCA was calculated
by multiplying the widest canopy width by
the width perpendicular to the widest width.
Correlations ranged from 0.533 to 0.695 for
well-irrigated treatments when ET, depth

HorTScieNCE VoL. 45(8) August 2010

$S900E 93l) BIA 20-60-S20Z Je /woo Aloyoeignd-poid-swiid-yiewlayem-jpd-awiid//:sdiy woly papeojumoq



was based on PCA. Correlations were also
significant but lower when ET, depth was
based on container surface area (7* < 0.30).
The Kc’s for these Ligustrum japonicum
Thunb. ranged from 1.28 to 6.12 when based
on container surface area, similar to those
reported by others (Burger et al., 1987; Niu
et al., 2006; Regan, 1997). However Kc
ranged from 0.50 to 0.63 when based on
PCA, which is within the range of Kc
reported for agronomic and tree crops. For
all of these studies, data collection occurred
over a single growing season.

Schuch and Burger (1997) were the first
to attempt modeling K¢ for multiyear woody
ornamental crops using ETo. Over a 20-
month production cycle, Kc¢ ranged from
1.0 to 2.5 for woody ornamentals grown in
15.6-L containers based on container top
diameter. To account for quiescent periods
during winter, a Fourier curve transformation
was used. In 2004, a model was presented for
L. japonicum relating ET, to ETo, plant
canopy size, and spacing between containers
(Beeson, 2004). The model, called the Per-
cent Canopy Closure model, was based on
daily ETo and ET determined by weighing
lysimetry for L. japonicum during a year of
production from rooted cuttings to market
size plants. In 2005, an algorithm derived
from the model was used to control irrigation
of L. japonicum from rooted cuttings to
market size plants (Beeson and Brooks,
2008). The algorithm was successful in pro-
ducing a crop 3 weeks earlier and with less
irrigation than the manually adjusted control
that was targeted for 1.8 m of irrigation
annually.

The primary objective of the research
presented here was to quantify cumulative
ET4 of Viburnum odoratissimum Ker Gawl
(viburnum) to expand the database of woody
shrub water requirements during production.
The second objective was to analyze the data
using the Percent Canopy Closure model and
compare results with those obtained earlier
with L. japonicum.

Materials and Methods

On 3 Mar. 2005, rooted cuttings of Vibur-
num odoratissimum produced in 5.7-cm peat
pots (7000004 1; Jiffy Products of American,
Lorain, OH) were transplanted into 11.4-L
black polyethylene containers (C1200; Nurs-
ery Supply, Chambersburg, PA) at the Mid-
Florida Research and Education Center in
Apopka, FL. Substrate was commercially pre-
pared (Florida Potting Soil, Inc., Apopka, FL)
and consisted of 55% pine bark fines:36%
Nupeat:9% sand amended with 2.9 kg-m™
dolomite limestone and 0.86 kg-m™ micro-
nutrients (Micro-Max; Scotts Company Inc.,
Marysville, OH). NuPeat is a mixture of equal
parts of composted hardwood bark, com-
posted yard waste, and Florida sedge peat that
passes through a 12.5-mm screen. Containers
were placed on black polyethylene ground
cloth in a square arrangement within a pro-
duction area measuring 9.2 m X 9.8 m and
irrigated at 1200 R as needed with overhead
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impact sprinklers situated at each corner.
Before container placement, sprinkler heads
were adjusted to achieve a Christiansen Uni-
formity Coefficient of 0.85 or better (Haman
et al., 1977). Application rate was also calcu-
lated at that time.

Nine plants were selected and placed in
suspension lysimeters for 30-min recording
of individual container-plant mass. Lysimeters
consisted of 22.7-kg load cells (SSM-AJ-50;
Interface Inc., Scottsdale, AZ) suspended from
2.2-m tripods from which a basket was hung
that suspended a container ~25 mm above the
ground surface. Tops of lysimeter containers
were less than 4 cm above surrounding con-
tainers. Load cells were read using a CR10X
data logger and AM416 and AM-32 multi-
plexers (Campbell Scientific, Inc., Logan,
UT). Lysimeters were placed in the middle
of three banks of plants to prevent edge
effects in a completely randomized design.
Each bank was five rows wide and 19 plants
long. Three additional lysimeters suspend-
ing substrate-filled containers without plants
were included within the production area
to measure evaporation. Plastic foliage was
added to these as needed to mimic canopy
shading of substrate surfaces that occurred in
containers of measured plants and did not
interfere with substrate rehydration. Con-
tainers were spaced on 0.44-m centers at the
inception of the study and not re-spaced.
Daily ET4 for live plants and evaporation
for controls were calculated by the data
logger based on changes in container-plant
mass between 0600 Hr and 2200 HR. For days
with rain, calculations involved manual sepa-
ration of ET, from rain-induced changes in
mass for each lysimeter as detailed by Beeson
(2006).

Daily reference evapotranspiration (ETo)
was calculated using Campbell Scientific’s
Application Note 4. Temperature and relative
humidity were recorded using a CS-215
sensor (Campbell Scientific). Wind was mea-
sured with an anemometer (014A; Met One,
Grants Pass, OR) at 2 m above ground level.
Solar radiation was measured with a pyran-
ometer (LI-200X; LI-COR Inc, Lincoln, NE).
ETo was calculated from data collected
within 50 m of the experimental site.

For the first 3 weeks after transplanting,
all plants were irrigated with 6 mm of over-
head irrigation daily to establish the plants.
Thereafter, irrigation treatments were con-
trolled by the lysimeter system. Irrigation of
the production area was based on maximum
ET, of lysimeter plants multiplied by a can-
opy shedding/irrigation uniformity factor set
at 1.0 initially. This was increased in late
summer to 1.2 to account for canopy shed-
ding of overhead irrigation once canopies
extended beyond container diameter (Beeson
and Yeager, 2003). After the first 3 weeks,
irrigation depths less than 6.3 mm were
deferred to the next day and added to that
day’s irrigation application.

Each container was top-dressed with 55 g
of a controlled-release fertilizer (18N-2.6P—
9.9K; 18-6-12 Polyon, 8 to 9 months; Har-
old’s Fertilizer Inc, Clermont, FL) on 8 Mar.

2005 and was treated with pre-emergence
herbicide (Ornamental Herbicide II; Scotts
Co.). On 4 Apr. 2005, each container was
given =150 mL of a 300 ppm nitrogen liquid
fertilizer (Peter’s 20-20-20; Scotts Co.) solu-
tion by hand. On 23 Feb. 2006, each container
received 34 g of 14N-6P-11.6K Osmocote
(14-14-14; Scotts Co.).

Canopy measurements of widest width,
width perpendicular to widest width, and
average height were recorded on each lysim-
eter plant and four adjacent border plants
generally every 3 weeks beginning shortly
after transplanting. Canopy measurements
were also recorded for border plants of the
three control containers. The two widths were
multiplied to calculate PCA for each plant.
On 25 Mar. 2006, greater than 90% of mea-
sured plants had achieved market size based
on Florida Grades and Standards (DACS,
1994). For this species and container size,
minimum market size was an average height
of 0.60 m and average width of 0.45 m.

Daily ET  and evaporation were analyzed
as repeated measures using GLM in SAS
(Version 9.2; SAS Institute Inc., Cary, NC)
with container water loss (ET, and evapora-
tion) as the main plot and time as the subplot
(Snedecor and Cochran, 1980). 7 tests (P <
0.05) were used to compare between vari-
ables for each day.

The %Closure was calculated for each
lysimeter plant for each measurement date
by adding the mean of half the PCA of each
border plant to half the PCA of the respec-
tive lysimeter plant and then dividing by
allocated bed area per plant (1972 cm?).
Allocated bed area was essentially the square
of the distance on-center between plants.
With growth, canopies filled the space be-
tween containers. Because containers were
not re-spaced, canopies overlapped each other
as individual shoots of each plant expanded
outward and up. Because %Closure was cal-
culated on a fixed allocated bed area, this
overlap resulted in calculation of %Closure
greater than 100%.

For modeling, only data for a 7-d period
centered on each growth measurement date
was used. Daily ET, (cm?) of each lysimeter
plant was converted to a depth by dividing
by its PCA (cm?). ET, depth (cm) was then
divided by the corresponding ETo (cm) and
averaged over the 7 d to estimate a water
needs index (WNI; Beeson and Brooks,
2008) for each lysimeter plant at each mea-
surement date. WNI is similar to a Kc but
does not meet the constraints of a large
uniform fetch as defined for Kc (Doorenbos
and Pruitt, 1977). The likelihood of a uniform
fetch, an expansive extent of uniform vege-
tation of the same species, in production
nurseries is rare. Hence, coefficients derived
for ornamental nursery plants, by definition,
cannot be called crop coefficients. WNI was
coined to provide a name for coefficients
derived from ornamental plant research.
WNI values of the nine lysimeter replicates
for each date were plotted against their re-
spective %Closure. The plot was fitted to
a three-parameter exponential decay curve as
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reported by Beeson (2004) using SigmaPlot 1400
(Version 10; SPSS Science, Chicago, IL).

Data from the viburnum were combined with 1200 -
similar previous data from Ligustrum japoni-

2005 2006
—e— PlantET,
—o— Substrate evaporation

cum and the plot fitted to the same exponential -3 1000
decay curve using SigmaPlot. £ )
» 800 L =LSD
Results and Discussion 5
5 600 1
As was found with L. japonicum in 2001 ®
(Beeson, 2004), for the first 56 d after trans- = 400 -
planting, evaporation from substrate surfaces
accounted for most of the daily water loss 200 -
(Fig. 1). During this period, there were no
differences between ET, and evaporation. 0——— : SE - -
Between then and the next 34 d, ET, 100 200 300 35 90
exceeded evaporation only 9 d. After the first Calendar Day

90 d, ETA exceeded evaporation of artifi-

cially shaded containers each day except for Fig. 1. Mean daily water loss through actual evapotranspiration (ET ) by Viburnum odoratissimum and

10 d. Bight of these were associated with rain evaporation from containers with artificial foliage bf:tween early Mar. 2005 and Mar. 2006. Dajly ETa
) of live plant and evaporation from control containers were calculated based on changes in mass
amounts greater than 8.8 mm. The other 2 determined from weighing lysimeters. The ET 4 line is representative of nine plant replicates, whereas
d were in mid-December when ETo was less the evaporation line is representative of three replicates. The least significant difference (Lsp) line is the
than 0.44 mm and rain occurred. Daily water F-protected least significant difference between two means at o. = 0.05.
loss ranged from 50 to 300 mL (1.0 to 6.3 mm
based on substrate surface area) from trans-
planting until approximately Day 160 (90
d after transplanting). Low water losses from
Day 98 to 108 were the result of malfunction-
ing irrigation solenoids. Irrigation was not
supplied; thus, evaporation and transpiration
were diminished these days. Viburnum trans-
planted in early spring would require irriga-
tions of 6.3 mm or less daily for the first 3
months given similar ETo conditions (Fig. 2).
This was similar to that reported for L.
Jjaponicum in 2001 (Beeson, 2004).
Increases in ET, began in late June
(approximately Day 175) with ET, being
generally 50% more than evaporation as

a result of increases in shoot size represented 0 ‘ T ‘ !
by mean canopy width (Fig. 3). Daily ETo 100 200 300 3% 8
was generally less than 1 month previous Calendar day

(Fig. 2). In Florida, daily ETo peaks in May
to early June at the end of the dry season.
Peak ETo occurs as a result of low humidity
and little cloud cover combined with solar
radiation nearing its peak. Generally the wet
season begins the second week of June and

Fig. 2. Daily reference evapotranspiration (ETo) from Mar. 2005 through Mar. 2006 at the Mid-Florida
Research and Education Center, Apopka, FL. during the production of Viburnum odoratissimum.

80

continues until early October. The wet season

is associated with midday to afternoon cloud 2005 2006

cover and high relative humidity that gener- . —w— Percent Canopy Closure r200

ally limits de}lly ETo to 5 mm or less. g 60 - —O— Canopy width 5
Evaporation from artificially shaded con- - 2

tainers was relatively constant at 200 mL (4 g 150 O

mm) until early October (Day 275). At this H 2

point, mean canopy width of lysimeter plants > 40 4 e

was 33.5 cm with a %Closure of 51% (Fig. 3). s s

Thereafter, evaporation declined slowly to S r 100 ,,O_,

a baseline of 160 mL (3.1 mm) by late : 5

November (Day 325) and remained relatively S 20 | §

constant until plants obtained market size. = Fr50 o

During these last 5 months of near constant

substrate evaporation, ETo varied between

1.2 to 4.6 mm/day (Fig. 2). This suggests that 0 . . . . , 0

during this period, substrate evaporation was 100 200 300 35 85

not coupled to the environment (Noble, 1999).

In previous research with viburnum, ET, de- Calendar Day

clined 40% when. %Closu.re }ncreased from Fig. 3. Mean canopy widths measured for Viburnum odoratissimum and calculated %Closure from canopy

67% to 100% attributed principally to reduc- widths and spacing between plants during production from rooted cuttings to market size plants for

tions in whole canopy transpiration caused by 13 months beginning in early Mar. 2005. Each mean is representative of nine single plant replicates.

decoupling of lower leaves (Beeson, 2010). By Error bars are the sp of nine plant replicates.
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late Nov. 2005, mean %Closure was 94%.
This level of %Closure likely also decoupled
substrate evaporation, as shown previously
for ET 4.

Plant transpiration dipped in Dec. 2005 as
a result of shorter days, lower ETo (Fig. 2),
and termination of shoot growth in mid-
December. ET, increased in mid-February
(Fig. 1) with increasing ETo (Fig. 2) and
initiation of bud break. This began a large and
continuous shoot flush (Fig. 3), which dou-
bled ET, over the course of ~3 weeks (Fig.
1). With this shoot flush, plants achieved
market size by the end of March, ~13 months
after transplanting. As plants were approach-
ing market size, ET  was over a liter/day. In
previous research (data not shown) with
viburnum in the same containers with similar
substrate and plant size, total plant-available
water was determined to be 3.5 L (Beeson,
2007). Assuming similar plant-available wa-
ter, at the peak in ET» at market size, 30% to
40% of plant-available water was likely lost
to evapotranspiration each day.

When summed over the production pe-
riod, average ET, was 155+ 17.8 L or 3.08 +
0.35 m in depth based on the top substrate
surface area. ET 5 ranged from 132.4 to 192.9
L per plant. Rainfall during production was
1.40 m. Although much of the rainfall sup-
plemented overhead irrigation, rainfall in
excess of container capacity was of no value.
The capacity to retain rainfall would have
varied day to day but would have generally
increased as plants grew larger and transpired
greater daily volumes of water. Nightly
irrigating based on highest ET 4 ensured that
transpiration was fully coupled to ETo for all
plants. At harvest, canopy widths averaged
0.75 m and average height was 0.6 m. This
was wider than the three-fourths height min-
imum (0.46 m) specified in the Florida Grades
and Standards (DACS, 1994) and contributed
to higher cumulative ET, compared with
142.8 + 9.1 L (2.8 = 0.18 m depth based on
top substrate surface area) that was determined
for L. japonicum in 2002 (Beeson, 2004).

The plot of WNI as a function of %Clo-
sure was fitted to an exponential decaying
curve with an 7 = 0.868 and P = 0.001 (Fig.
4). This curve was based on individual plants
because PCA was not uniform. Thus, the
equation models individual plant WNI rather
than a population WNI, which accounts for
some of the variability. WNI declined rapidly
with small increases in plant size with the
decline slowing ~20% canopy closure at
experimental spacing. Similar sharp declines
for young plants were previously reported
for L. japonicum (Beeson, 2004). For these
viburnums, this slowing of the decline in
WNI would have been when an average plant
canopy covered ~80% of the container sub-
strate top surface, occurring around calendar
Day 180.

The rapid decline in WNI at low canopy
coverage occurred with increases in canopy
growth for both species. Transpiration was
strongly coupled to the environment charac-
terized by ETo, whereas substrate evapora-
tion was not or was only weakly coupled as
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Fig. 4. Relationship between water needs index (WNI) values and corresponding %Closure for Viburnum
odoratissimum during production from rooted cuttings to market size plants in 11.4-L containers.
Points are the mean of individual weeks for each of nine individual plant replicates. The equation
defines the decaying exponential curve that characterizes the relationship.

evidenced by consistent surface evaporation
rates (Fig. 1). For young plants, PCA was
quite small, 6% to 12% of the top substrate
surface area (data not shown). The contribu-
tion of transpiration to ET, was also quite
small in contrast to surface evaporation. With
ET, driven by evaporation, not plant tran-
spiration, but divided by a plant’s small PCA
compared with the much larger substrate
surface area, calculated WNI was high. With
plant growth, both PCA and transpiration
increased, resulting in transpiration account-
ing for a larger portion of ET,; thus, ETx
became more responsive to ETo resulting in
lower WNI.

At ~70% canopy closure, the rate of de-
cline in WNI slowed as %Closure increased.
This level of canopy closure is within the
range where ET, declines as a function of
mutual sheltering among plants. At 100%
canopy closure, ET was 40% lower for the
same plants than at 67% closure or less
(Beeson, 2010). Percent closures greater than
100% occur during production when plant
canopies overlap. The greater the overlap, the
denser and more uniform the overall canopy
becomes, increasing overall boundary layer
resistance to water vapor transfer (Noble,
1999). Increased resistance to vapor transfer
lowers ET 5 of individual plants, seen here as
declines in WNI as %Closure increases.
Nearly identical responses were observed
for L. japonicum in the previous experiment
(Beeson, 2004). For forest trees, Rose (1984)
predicted this response based on shading of
lower leaves and strong reductions in hori-
zontal air movement through the lower can-
opy. Immediately after forests are thinned,
the mirror image effect occurs as transpira-
tion (Bréda et al., 1995) and boundary layer
conductance of water vapor (Teklehaimanot
et al., 1991) increase as a result of greater
coupling of a tree’s entire canopy to atmo-
sphere rather than just the upper portion.

WNI calculated here and for L. japonicum
is severalfold higher for young plants and

proceeds in the opposite direction of Kc
calculated for agronomic crops (Allen et al.,
1998) and other woody species in containers
(Burger et al., 1987; Niu et al., 2006; Regan,
1997; Schuch and Burger, 1997). Crop co-
efficients increase with plant growth over
time as a result of increased leaf area. Here,
however, WNI is plotted against %Closure,
not time. Although %Closure is related to
time, it functions differently. Percent closure
was chosen for several reasons. Foremost it is
a direct function of plant growth and there-
fore independent of plant growth rate and
regional climates. When plant growth arrests
resulting from dormancy or episodic cycles,
WNI does not change. Plant transpiration is
assumed to remain coupled to the environ-
ment characterized by ETo to the same
degree with existing leaves exhibiting a con-
sistent response. This eliminates need for
Fourier curve transformations to account for
changes in ET, or growth when production
extends across winter dormancy as proposed
by Schuch and Burger (1997). Theoretically,
%Closure should also be independent of
container size and spacing within limits. For
evergreen plants such as viburnum or L.
Jjaponicum, the %Closure model functions
year-round, except when plants are exposed
to sub-freezing temperature (Beeson, unpub-
lished data). For deciduous shrubs, the %Clo-
sure model would only be applicable when
plants are nearing or in full leaf. Factors that
govern ET, for evergreen plants would be
similar to deciduous shrubs with a full canopy.

Data from the L. japonicum study were
overlain with the viburnum results reported
here to compare response of WNI to %Clo-
sure between species and years (Fig. 5).
Statistics calculated for the combined data
set by SigmaPlot (SSPS) indicate the co-
efficients for the resulting equation were
significant (P < 0.0001). The exponential
decay equation for combined data had an
7> = 0.843. This suggests that the combined
equation could be used to determine WNI
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Fig. 5. Overlay of calculated water needs index (WNI) versus %Closure for Ligustrum japonicum data
collected in 2001 to 2002 and Viburnum odoratissimum data collected in 2005 to 2006. Each point
represents data from nine plant replicates over 7 continuous days. The equation was derived from

combined data shown.

required for estimating irrigation require-
ments for either species. This also suggests
that the %Closure model may be an avenue
for the grouping of woody shrub species into
general irrigation regimes based on canopy
size and spacing.

The %Closure model presented here of-
fers a way to relate ETo to plant size and
spacing for calculation of precise irrigation
rates from simple measurements. The process
is based on plant canopy responses to the
environment and lends itself to automation.
Once the relationship between %Closure and
WNI is established, estimation of daily ET s
can be easily accomplished through spread-
sheet calculations or with a computer algo-
rithm. In practice, an irrigation manager
would input container spacing likely once
or twice during production, mean plant can-
opy width triweekly, with only ETo input
daily. The greatest short-term variability in
a crop’s water use is directly related to the
variability in solar radiation, which varies not
only daily, but regionally. ETo in northwest
Oregon can be 50% higher than in central
Florida during the summer, mainly as a result
of day length. Thus, actual ET 5 reported here
is marginally consistent at 32° latitude and
a coarse estimate 800 km north. Models
based on physiological principles are the best
avenue to make limited lysimeter data avail-
able to nursery industry worldwide.
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