
Posttransplant Growth of Container-grown
Wild Coffee, Copperleaf, and Orange Jasmine
Is Affected by Irrigation Frequency

Kimberly A. Moore1,7, Amy L. Shober2, Edward F. Gilman3,

Christine Wiese4, S. Michelle Scheiber5, Maria Paz4,

and Meghan M. Brennan6

ADDITIONAL INDEX WORDS. landscape management, Psychotria nervosa, Acalypha
wilkesiana, Murraya paniculata

SUMMARY. The survival of shrubs planted into the landscape depends on sufficient
irrigation during the establishment period. Few studies have investigated the effect of
irrigation frequency on the posttransplant growth of landscape shrubs. We conducted
twostudies inU.S.DepartmentofAgriculturehardiness zone10bovera2-yearperiod
in which we compared canopy growth index (GI), root extension to canopy spread
ratio, canopy dry weight, and root dry weight of shrubs irrigated at different
frequencies. In the first experiment, wild coffee (Psychotria nervosa) and ‘Lakeview’
orange jasmine (Murraya paniculata) shrubs were planted in Sept. 2004, Dec. 2004,
Mar. 2005, and June 2005 and irrigated for 28 weeks after planting (WAP) every 2,
4, or 8 days with 3 L of water per irrigation event. In the second experiment,
‘Macafeeana’ copperleaf (Acalypha wilkesiana) and orange jasmine shrubs were
planted in Sept. 2005, Dec. 2005, Mar. 2006, and June 2006 and irrigated for 28
WAP every 1, 2, or 4 days with 3 L of water per irrigation event. Canopy GI and root
extension to canopy spread ratio were determined at 28, 52, and 104 WAP. The entire
canopy and roots were harvested 52 and 104 WAP to determine dry weight. In Expt.
1, wild coffee and orange jasmine plants irrigated every 2 days had greater GI than
plants irrigated every 8 days at 28 WAP, but GI was not different at 52 or 104 WAP.
Canopy dry weight at 52 WAP was greater for plants irrigated every 2 days than every
8 days, but there was no difference at 104 WAP. There was no difference in wild coffee
or orange jasmine root dry weight or root extension to canopy spread ratio among the
irrigation frequencies. In Expt. 2, there were no differences in GI, canopy dry weight,
root dry weight, or root extension to canopy spread ratio of copperleaf or orange
jasmine irrigated everyday compared with plants irrigated every 2 or 4 days. From the
data collected in these studies, it appears that irrigating wild coffee or orange jasmine
every 8 days during the first 28 WAP limited canopy growth but not root development.
However, after 52 WAP, rainfall events appeared to be sufficient to eliminate any initial
effects from irrigation frequency. Our data suggest that wild coffee, orange jasmine,
and copperleaf from 3-gal containers can be successfully established in the landscape
when irrigated with 3 L of water every 4 days for the first 28 WAP.

R
apid urban population growth,
droughts, wasteful irrigation
use practices, and other factors

have led to mandatory water restrictions
in parts of the United States. Mandatory
irrigation restrictions in Florida typically
allow daily irrigation for 60 d (or less)
for establishment of newly installed
plant material, regardless of plant type
(e.g., turfgrass, shrubs, trees, or bedding
plants), and then irrigation is ended
(South Florida Water Management
District, 2008; Southwest Florida
Water Management District, 2008;
St. Johns River Water Management
District, 2008). These restrictions are
imposed despite suggestions that
plants installed into the landscape from
3-gal nursery containers require 6 to 12
months to become fully established
(Trenholm et al., 2002).

Most container-grown shrubs
are irrigated one to several times per
day in the nursery. As a result, plants
can become stressed when not prop-
erly irrigated in the landscape during
establishment because their roots are

confined to a small root ball devel-
oped in the container (Costello and
Paul, 1975). Irrigation is required
until the plants develop sufficient root
systems in the landscape soil to allow
the plant to compensate for losses
resulting from evapotranspiration
(Barnett, 1986; Gilman et al., 1996;
Montague et al., 2000). Insufficient
irrigation immediately after planting
may result in poor growth or plant
death (Geisler and Ferree, 1984a;
Harris and Gilman, 1993).

Many studies have reported
increased growth in response to in-
creased irrigation frequency during es-
tablishment (Barnett, 1986; Marshall
and Gilman, 1998; Stabler and Martin,
2000). It appears that irrigation fre-
quency may have a greater impact on
woody plant establishment than irri-
gation volume (Gilman et al., 1996;
Renquist, 1987). Currently, the ma-
jority of studies on the impact of
irrigation frequency during establish-
ment have been conducted on trees.
There have been few studies that
investigated the effect of irrigation
frequency on growth of landscape
shrubs during and after establish-
ment. Furthermore, no studies have
investigated the effect of irrigation
frequency on shrubs grown in the
unique environment and soils that
characterize southern Florida. The
objective of this study was to compare
the effects of irrigation frequency
during establishment on the growth
and quality of wild coffee, orange
jasmine, and copperleaf planted into
the landscape from 3-gal containers.

Materials and methods
Wild coffee, copperleaf, and

orange jasmine obtained from com-
mercial nurseries in 3-gal smooth-
sided pots were planted at the Uni-
versity of Florida, Fort Lauderdale
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Research and Education Center, Fort
Lauderdale (lat. 26�5#6.36$ N, long.
80�14#25.39$ W) located in U.S.
Department of Agriculture hardiness
zone 10b (Cathey, 1990). The soil
(Margate fine sand, siliceous, hyper-
thermic Mollic Psammaquents) had
2.2% organic matter content, 88 lb/
acre estimated nitrogen release, 52
ppm weak Bray phosphorus, 160
ppm strong Bray phosphorus, 14
ppm potassium, 27 ppm magnesium,
1870 ppm calcium, pH 7.1, and 9.6
meq/100 g cation exchange capacity.

All shrubs were planted within
1 week of pickup and were in similar
states of being root-bound. Differ-
ences in initial shrub size were con-
sidered by including initial shrub size
as a covariate in the analysis.

Wild coffee and orange jasmine
shrubs were planted in Sept. 2004,
Dec. 2004, Mar. 2005, and June
2005 and irrigated every 2, 4, or 8 d
(Expt. 1). Copperleaf and orange jas-
mine shrubs were planted in Sept.
2005, Dec. 2005, Mar. 2006, and
June 2006 and irrigated every 1, 2,
or 4 d (Expt. 2). As a result of poor
growthperformance,wild coffee, a low
drought-tolerant plant, was replaced
in Expt. 2 with copperleaf, which is
also classified as a low drought-tolerant
plant.Orange jasminewas used inboth
experiments as a representative of a
high drought-tolerant plant. Further-
more, as a result of poor plant perform-
ance of shrubs irrigated every 8 d in
Expt. 1, this treatment was replaced in
Expt. 2 with irrigating every 1 d.

Six single-plant replicates of wild
coffee, copperleaf, and orange jasmine
shrubs were randomly interplanted
for each irrigation frequency (three)
and planting date (four) combination.
Each treatment combination was
blocked by six rows that were oriented
north to south. Shrubs were planted
according to University of Florida–
Institute of Food and Agricultural
Sciences practices (Gilman et al.,
2009) and maintained in the field
for 104 weeks after planting (WAP).
All shrubs were planted on 12-inch
centers with the top of the root ball
even with the landscape soil surface;
root balls were left undisturbed at
planting. Immediately after planting,
coarse (pieces 3 to 4 inches long)
woody yard waste mulch (Safari Tree
Professionals, Davie, FL) was applied
at a 3-inch thickness in 5-ft-wide rows
with the shrubs in the middle of the
row. No mulch was placed on top of
the root ball. Bahiagrass (Paspalum
notatum) was maintained in 4-ft-wide
strips between planting rows. Shrubs
were sufficiently watered at planting
and irrigation treatments started the
day after planting.

Each shrub was irrigated with 3 L
of water per irrigation event with three
bubbler emitters (Shrubbler 360�;
Antelco, Longwood, FL) regardless
of rainfall. The source of water was a
pond located at the site and the water
had an 0.36 dS�m–1 electrical conduc-
tivity, 94 ppm calcium carbonate total
alkalinity, 0.6 ppm nitrate–nitrogen,
28 ppm calcium, 6 ppm magnesium,
and 22 ppm sodium. Each emitter was
mounted 4 inches aboveground level
with one emitter located on the east
and west side of each plant, 6 inches
from the outside of the root ball; the
third emitter was positioned on the
root ball. Each irrigation frequency
was controlled as a separate zone using
a valve controller (Model SVC;
Hunter Industries, San Marcos, CA).
Irrigation began at 0800 HR and was
completed by 0830 HR. Flow meters
(Model C700; AMCO, Ocala, FL)
were installed for each irrigation treat-
ment to confirm water volume being
applied to each row. Irrigation was
turned off for all plants at 28 WAP
based on data collected from previous
experiments indicating that shrubs
were nearly established 16 to 28
WAP (Scheiber et al., 2007). After
irrigation was ended, supplemental
irrigation (3 L per plant) was supplied

periodically to all shrubs for that plant-
ing date when signs of severe water
stress (wilting, leaf drop, yellowing, or
browning leaves) were apparent and
rainfall was less than 6 mm in any 24-h
period consecutively for 32 d.

Monthly rainfall data were col-
lected by the Florida Automated
Weather Network (University of
Florida, 2008) located within 50 m
of the planting site. Cumulative rain-
fall amounts from 0 to 28, 29 to 52,
and 53 to 104 WAP were determined
by summing the monthly rainfall
totals. Historical averages for monthly
rainfall were obtained from the Na-
tional Oceanic and Atmospheric Ad-
ministration [National Oceanic and
Atmospheric Administration (NOAA),
2002].

All plots were fertilized according
to University of Florida–Institute of
Food and Agricultural Sciences best
management practices (Trenholm
et al., 2002). Controlled-release fertil-
izer was applied every 3 months begin-
ning 30 d after planting at an nitrogen
rate of 1 lb/1000 ft2 by broadcasting
12N–0.9P–11.6K (Southern Orna-
mental and Landscape Fertilizer;
LESCO, Cleveland, OH) uniformly
over a 9-ft2 area around each shrub.
Weeds were controlled by hand or
with periodic applications of glypho-
sate (Roundup; Monsanto, St. Louis,
MO). Shrubs were not pruned during
the study.

To evaluate shrub growth, can-
opy height and width were measured
at planting and at 28, 52, and 104
WAP. Measurements of canopy
height, greatest canopy width (Width
1), and width perpendicular to the
greatest width (Width 2) were used to
calculate canopy growth index in cu-
bic meters (GI = height · Width 1 ·
Width 2). Measurements were taken
on six single-plant replicates per irri-
gation frequency treatment and
planting date. In addition, plant den-
sity and dieback (quality) were visu-
ally rated on all plants on a scale of 1
(dead) to 9 (very good, dense canopy,
no dieback) at 28, 52, and 104 WAP.

Maximum root extension was
measured at 28, 52, and 104 WAP
on three random single-plant repli-
cates per irrigation treatment and
planting date by excavating the lon-
gest root on the east and west side of
the plant and measuring its length
from the trunk. Roots were excavated
by gently removing the mulch layer
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from a section of soil �30 cm wide
and 100 cm from the base of the plant
and digging toward the plant until
the outermost roots were identified.
Root extension to canopy spread
radius ratios were calculated by divid-
ing the mean of the root extension by
the canopy spread where mean can-
opy spread (in centimeters) = ½ ·
(Width 1 + Width 2).

Canopy dry weight and root
system dry weight were measured at
52 and 104 WAP. Three randomly
selected single-plant replicates were
harvested per irrigation treatment
and planting date at 52 and 104
WAP. The entire aboveground can-
opy was harvested and dried to a
constant weight at 105 �C. Two
wedge-shaped sections of soil con-
taining �1/8 of roots extending be-
yond the trunk were harvested from
each shrub where the canopy was
removed. Soil material was removed
using a sieve and root material was
sorted, removed, and then dried at
105 �C for 4 d to determine the dry
weight of roots. Total root system dry
weight was calculated by: root weight
(in grams) = dry root weight har-
vested · 8.

DATA ANALYSIS. The experiment
was designed as a randomized com-
plete block design with three irriga-
tion frequencies applied randomly to
six single-plant replicates of each spe-
cies within each planting date. Irriga-
tion frequency was the only fixed
effect analyzed. Location in the field
was randomly assigned for each plant-
ing date and planting date was
included in the analysis as a random
effect. Growth index, root extension,
and root extension to canopy spread
ratio were analyzed separately for
each plant species and for each data
collection date (28, 52, and 104
WAP) to investigate differences among
the irrigation frequencies (the fixed
effect) using the PROC MIXED pro-
cedure in SAS (Version 9.1; SAS
Institute, Cary, NC). For analysis of
GI, initial GI at 0 WAP was included
in the model as a covariate to account
for variation in initial plant size at
different planting dates. Plant quality
(density and dieback) data were ana-
lyzed using the PROC GLMIMMIX
program in SAS (Version 9.1) using
the multinomial distribution and the
cumulative logit link function. Differ-
ences in canopy and root dry weight
among the irrigation frequencies

were analyzed separately by species
for 52 and 104 WAP using the PROC
MIXED procedure in SAS (Version
9.1). All pairwise comparisons were
completed using the Tukey least
squares means test with a significance
level of a = 0.05.

Results and discussion
PLANT QUALITY. There were no

significant differences in plant quality
in wild coffee, orange jasmine, or
copperleaf in either experiment as a
result of irrigation frequency (data
not shown). Paine et al. (1992) also
reported no significant differences in
visual appearance among four irriga-
tion frequency treatments for carmel
creeper (Ceanoths griseus var. horizon-
talis), coffeeberry (Rhamnus californ-
ica), and photinia (Photinia ·fraseri).
Fitzpatrick and Burch (1986) initially
observed differences in orange jas-
mine quality resulting from different
irrigation volumes after planting into
the same field site as the current
studies, but after 3 months in the
field, there was no difference in qual-
ity. They speculated that this was
likely the result of the influence of
rainfall events because they recorded
a cumulative total of 59.37 cm of rain
during their 3-month field study. It
is possible that rainfall events during
the course of Expts. 1 and 2 similarly
negated the effects of irrigation fre-
quency of shrub quality (Fig. 1). For
both experiments and all planting
dates, over 150 cm rain fell from 0
to 52 WAP and over 300 cm of rain
from 0 to 104 WAP (Fig. 1). The

rainfall values recorded during these
experiments are close to the historical
average rainfall value of 184 cm per
year for Fort Lauderdale (NOAA,
2002).

For all irrigation treatments and
planting dates in Expt. 1, wild coffee
quality ratings (density, dieback)
ranged from 4 to 5 on a scale of 1 to
9 (9 was considered optimum). Poor
quality performance in Expt. 1 of wild
coffee was attributed to growing it
under full sun conditions. Wild coffee
has been reported to perform best as
an understory shrub in partial to full
shade (Broschat and Meerow, 1996;
Gilman, 1996). When wild coffee
plants are grown in full sun, they
require a lot of water (Gilman,
1996). Wild coffee was included in
Expt. 1 as a representative species of
a low drought-tolerant plant and as a
contrast to orange jasmine, which is
classified as a high drought-tolerant
plant in Florida (Broschat and
Meerow, 1996; Gilman, 1996). As a
result of poor performance, wild cof-
fee was replaced in Expt. 2 with cop-
perleaf, which also is classified as a low
drought-tolerant plant in Florida.

CANOPY AND ROOT GROWTH. In
Expt. 1, wild coffee and orange jas-
mine GI at 28 WAP was greater for
plants irrigated every 2 d than every
8 d (Fig. 2). Although there were no
differences in wild coffee or orange
jasmine GI at 52 or 104 WAP, canopy
dry weight at 52 WAP was greater for
plants irrigated every 2 d than every
8 d (Table 1). We suspect that irriga-
tion frequency during the first 28

Fig. 1. Cumulative rainfall amounts from 0 to 28, 29 to 52, and 53 to 104 weeks
after planting (WAP) as determined by summing the monthly rainfall totals. Shrubs
in this 2-year study were planted in Sept. 2004 and 2005, Dec. 2004 and 2005,
Mar. 2005 and 2006, and June 2005 and 2006. Monthly rainfall levels were
recorded by the Florida Automated Weather Network (FAWN) located within 50 m
(164.0 ft) of the planting site; 1 cm = 0.3937 inch.
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WAP had a carryover effect on canopy
dry weight at 52 WAP. Gilman et al.
(1998) reported a similar carryover
effect with live oak (Quercus virgin-
iana) in the second year after planting
to the landscape, observing that trees
grew faster when irrigated frequently
for the first 41 WAP than when
irrigated infrequently for the first
26 WAP. Several reports confirm
that frequently irrigated trees in the
landscape have greater shoot growth
(e.g., trunk diameter, crown spread,
height) than infrequently irrigated
plants (Gilman et al., 1998; Marshall
and Gilman, 1998; Paine et al., 1992;
Stabler and Martin, 2000). Addition-
ally, Scheiber et al. (2007) reported
that sweet viburnum (Viburnum
odorotissimum) plants grown in a

rainout shelter and irrigated every
2 d had greater leaf area, shoot dry
weight, and biomass compared with
plants irrigated every 7 d; and ‘Varia-
gata’ pittosporum (Pittosporum
tobira) irrigated every 2 d had greater
leaf area, shoot dry weight, biomass,
and final GI compared with plants
watered every 4 or 7 d.

Limiting irrigation in Expt. 1 to
every 8 d during the first 28 WAP
reduced wild coffee and orange jas-
mine canopy development but not
root development at 52 WAP (Table
1). Wild coffee and orange jasmine
root extension to canopy spread ratio
was not different among the irriga-
tion frequencies at 28, 52, or 104
WAP (Table 1). Root dry weight of
both species at 52 and 104 WAP also

was not different among the irriga-
tion frequencies (Table 1). Gilman
et al. (1996) also reported that ‘Bur-
fordii Nana’ chinese holly (Ilex cor-
nuta) shoot dry weight and new
shoot numbers were greater for plants
receiving daily irrigation after trans-
planting than those receiving periodic
irrigation, but there was no difference
in total weight of regenerated roots
into the landscape soil. It is well es-
tablished that reduced shoot growth
during establishment is often the re-
sult of greater plant resources being
allocated to root regeneration (Kramer
and Kozlowski, 1979). Research sug-
gests that shoot growth is closely
related to the availability of water
and that shoot growth is inhibited
by water stress induced by root prun-
ing or planting into the landscape
(Geisler and Ferree, 1984a, 1984b;
Watson and Himelick, 1982). Geisler
and Ferree (1984b) reported that with
the development of new ‘Golden Deli-
cious’ apple (Malus ·domestica) roots,
water relations in the plant improved
and shoot growth rates increased.

There are many factors that indi-
cate when a shrub or tree is established
in the landscape. One definition for an
established tree is the point when
shoot growth resumes pretransplant
rates (Watson, 1985). Kramer and
Kozlowski (1979) stated that tree
shoot growth resumes when a natural
root to shoot ratio is re-established
after planting. Wild coffee had a root
extension to canopy spread ratio of
1.0 at �104 WAP, whereas orange
jasmine had a ratio of 1.0 � 52 WAP
(Table 1). We believe this is the reason
we did not see differences in GI or
canopy dry weight at 104 WAP for
either species (Table 1). Further evi-
dence to support that these shrubs
resumed canopy growth after 52
WAP is that we observed signs of
severe water stress for each planting
in Expt. 1 between 28 and 52 WAP,
which required that we apply 3 L of
supplementalirrigationbyhand.How-
ever, after 52 WAP, none of the shrubs
planted in Expt. 1 showed signs of
water stress or required supplemental
irrigation.

When planting trees into well-
drained sandy soils as found in much
of Florida and other parts of the
country, it has been suggested that
trees require near daily irrigation after
transplanting to maintain maximum
rates of root regeneration (Beeson

Table 1. Mean root extension to canopy spread ratio, shoot dry weight, and root
dry weight at 52 and 104 weeks after planting (WAP) for wild coffee and orange
jasmine irrigated every 2, 4, or 8 d with 3 L (0.8 gal) of water average across four
planting dates in USDA hardiness zone 10b (Expt. 1).

Irrigation
frequency (d)

Root extension:
canopy spread

(ratio) Canopy dry wt (g)z Root dry wt (g)

52 WAP 104 WAP 52 WAP 104 WAP 52 WAP 104 WAP

Wild coffee
2 0.59 ay 0.85 a 237 a 436 a 317 a 506 a
4 0.59 a 0.87 a 195 ab 468 a 318 a 515 a
8 0.72 a 0.90 a 170 b 439 a 273 a 477 a

Orange jasmine
2 0.92 a 1.07 a 1,041 a 3,487 a 729 a 1,764 a
4 1.00 a 1.13 a 1,057 a 3,341 a 723 a 1,645 a
8 0.92 a 1.12 a 897 b 3,190 a 698 a 1,443 a
z1 g = 0.0353 oz.
yMean separations within columns and species using Tukey least squares means test at P = 0.05 (N = 12). Letters
denote significant differences among irrigation frequency treatments for each species and planting date.

Fig. 2. Canopy growth index (GI) of wild coffee and orange jasmine 28 weeks after
planting (WAP). Shrubs were planted in Sept. 2004, Dec. 2004, Mar. 2005, and
June 2005 and irrigated every 2, 4, or 8 d with 3 L (0.8 gal) of water averaged across
four planting dates. Mean separations within a species using Tukey least squares
means test at P = 0.05 (N = 24). Letters denote significant differences among
irrigation frequency treatments for each species (Expt. 1); 1 m3 = 35.3147 ft3.

• October–December 2009 19(4) 789



and Gilman, 1992). Harris and Gilman
(1993) reported that ‘East Palatka’
holly (Ilex ·attenuata) plants from
plastic containers irrigated daily had
greater root dry weight, root volume,
and root extension than plants irri-
gated periodically. As a result of the
poor performance of plants irrigated
every 8 d in Expt. 1 and literature
suggesting the benefits of daily irriga-
tion, the 8-d irrigation frequency was
replaced in Expt. 2 with the every 1-d
(daily) frequency.

In Expt. 2, there was no differ-
ence at 28, 52, or 104 WAP in orange
jasmine or copperleaf GI, root exten-
sion to canopy spread ratio, canopy
dry weight, or root dry weight among
the irrigation frequencies (1, 2, or
4 d) (data not shown). This supports
our results from Expt. 1 with orange
jasmine in which there was no differ-
ence in growth between the 2- and
4-d irrigation treatments. It also
appears that there was no added ben-
efit to irrigating every 1 d versus every
2 or 4 d for either orange jasmine
or copperleaf. Although Montague
et al. (2007) reported that shoot
dry weight of ‘Victor’ crapemyrtle
(Lagerstroemia indica), spirarea (Spi-
raea ·vanhouttei), and photinia was
greater for plants irrigated with high
(100% reference ETO = 6875 L) and
medium (75% reference ETO = 5156
L) irrigation than with low irrigation
(50% reference ETO = 3438 L), they
suggest that these species should
be irrigated with the 75% ETO and
mulched to conserve over 1700 L of
water. They also reported that using
organic mulch and irrigating plants at
50% reference ETO produced growth
and aesthetic qualities that would be
acceptable in landscape situations and
would save�3400 L of water. Results
from our two experiments suggest
that irrigating plants every 4 d during
the first 28 weeks will produce accept-
able plants in the landscape and save
over 390 L of water compared with
irrigating plants every 1 d and save
over 90 L of water compared with
irrigating every 2 d.

Conclusions
Wild coffee, copperleaf, and

orange jasmine grown under condi-
tions similar to these experiments
should be irrigated no less frequently
than every 4 d with 3 L of water
for �28 weeks for optimum canopy
growth and development. There

appears to be no benefit (e.g.,
increased growth) to increasing irri-
gation frequency to either every 1 or 2
d. After 28 weeks in the ground with
irrigation, in years receiving a nor-
mal rainfall pattern, rain fall events
should be sufficient to keep these
shrubs alive and growing and irriga-
tion can be ended. Supplemental irri-
gation should be applied, after 28
weeks irrigation has been discontin-
ued, for 2 years only when shrubs
exhibit signs of severe water stress
(e.g., wilting, leaf drop, or yellowing
or browning leaves) and when rainfall
is less than 6 mm in any 24-h period
consecutively for 30 d.
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