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Abstract. A greenhouse study was undertaken to investigate whether light-emitting diode
(LED) technology can be used to replace high-pressure sodium (HPS) lighting for cut
gerbera production during Canada’s traditional supplemental lighting (SL) season
(November to March). The study was carried out at the University of Guelph’s research
greenhouse, using concurrent replications of SL treatments within the same growing
environment. LED (85% red, 15% blue) and HPS treatment plots were set up to provide
equal amounts of supplemental photosynthetically active radiation (PAR) at bench level.
This setup was used to assess the production of three cultivars of cut gerbera (Gerbera
jamesonii H. Bolus ex Hook.f): Acapulco, Heatwave, and Terra Saffier. There were no
treatment differences in SL intensity, with average SL photosynthetic photon flux density
(PPFD) and daily light integral (DLI) of 55.9 mmol·mL2·sL1 and 2.3 mol·mL2·dL1,
respectively. Flowers harvested from the LED treatment had a 1.9% larger flower
diameter in ‘Acapulco’; 4.2% shorter and 3.8% longer stems in ‘Heatwave’ and ‘Terra
Saffier’, respectively; and 7.7% and 8.6%higher fresh weights for ‘Acapulco’ and ‘Terra
Saffier’, respectively, compared with flowers harvested from the HPS treatment. There
were no differences in accumulated total or marketable flower harvests for any of the
cultivars. The vase life of ‘Acapulco’ flowers grown under the LED treatment was 2.7 d
longer than those grown under the HPS treatment, but there were no SL treatment
effects on water uptake for any of the cultivars during the vase life trials. There were no
SL treatment effects on specific leaf area for any of the cultivars. There were only
minimal treatment differences in leaf, soil, and air temperatures. Cut gerbera crops
grown with under LED SL had equivalent or better production and crop quality metrics
compared with crops grown under HPS SL.

In Canada, as in other northern regions,
there is not enough natural light for pro-
duction of many greenhouse commodities
during the darker months of the year (i.e.,
October through February). In these regions,
it is necessary for growers of year-round
commodities, such as cut gerbera, to use SL
to meet their crops’ economic minimum
lighting requirements. Until recently, the
only viable options for SL were high-
intensity discharge (HID) systems such as
HPS lamps. LED technology has improved
significantly in recent years, with numerous
proven horticultural applications in as-
similation (both as SL in greenhouses and
as sole-source lighting in growth chambers),
photoperiodic, and photomorphogenic light-
ing (Nelson and Bugbee, 2014; Lopez and
Runkle, 2017; Mitchell et al., 2015; Morrow,
2008). LEDs offer the promise of providing

energy-efficient, wavelength-specific light
in long-lasting fixtures (i.e., >50,000 h).
Owing to their unique ability to modify
the intensity of individual wavebands of
light, LED fixtures can be customized to
provide varying spectral recipes, poten-
tially increasing quantum efficiency as well
as providing greater plasticity for photope-
riod and photomorphological control within
a single fixture (Bourget, 2008). Morrow
(2008), Pinho et al. (2012) and Currey and
Lopez (2013) discussed many relevant hor-
ticultural considerations of both HPS and
LED technologies.

Many commercially available horticul-
tural LED systems are marketed as a direct
replacement for conventional overhead HID
greenhouse lighting systems. LED systems
are often marketed as requiring 30% to 60%
less electricity as HID systems to elicit the
same photosynthetic effect on a crop. This is
due to potentially higher efficacy (i.e., effi-
ciency of converting electricity into light)
and sole production of targeted wavelengths
of blue (B, 400 to 500 nm) and red (R, 600 to
700 nm) light that closely match the maxi-
mum absorption bands for chlorophyll
(McCree, 1972). Conversely, much of the
radiation generated by HID systems falls in
the green (G, 500 to 600 nm) region or outside

of thePAR region altogether (Bergstrand et al.,
2016). Therefore, LED-generatedPARmay be
more efficiently used in many horticultural
production scenarios.

Most of the greenhouse-based LED sci-
entific research has, thus far, focused on
edible (Dueck et al., 2012; Gomez et al.,
2013; Hernandez and Kubota, 2015; Martineau
et al., 2012; Poel and Runkle, 2017) and potted
floriculture commodities (Currey and Lopez,
2013; Poel and Runkle, 2017; Randall and
Lopez, 2014). Many of these studies are
over short time periods, either investigating
a fast-growing crop (e.g., lettuce) or young
plants (e.g., seedling development). Typi-
cally, these studies use consecutive replica-
tion strategies (i.e., treatments replicated
over time), which can result in vastly dif-
ferent natural lighting conditions between
replications. Moreover, many studies appear
to have relied on fixed experimental plot
locations for their treatments (i.e., treat-
ment locations are not randomized between
replications), which may not give proper
consideration to varied environmental con-
ditions that can occur within a greenhouse
environment.

A largely untested application for horti-
cultural LEDs is in the production of high-
value cut flowers, where they could be used
for assimilation, photoperiod, and photomor-
phological control depending on the crop,
geographic region, and the time of year. The
objective of this study was to determine
whether LED SL can be used to replace
HPS SL in cut gerbera production during
the normal SL season in Ontario, Canada, by
comparing harvest and postharvest metrics of
crops growing under equivalent supplemen-
tal PPFD (mmol·m–2·s–1) in a concurrently
replicated greenhouse trial.

Materials and Methods

Location, trial greenhouse description,
and bench orientation. The study took place
over 19 weeks at the University of Guelph
in Ontario, Canada (lat. 43.55�N, long.
80.25�W) beginning on 1 Nov. 2013 and
ending on 12 Mar. 2014. The study was set
up in two adjacent glass greenhouse com-
partments located in a single-span wing of a
research greenhouse facility. Each 52-m2,
square compartment measured 3.7 m from
floor to gutter and 6.1 m from floor to peak.
Each compartment contained four 4.6 · 1.0 m
parallel benches (0.8 m high), with 0.6 m
spacing between benches. The long sides of
the benches were positioned in the east–west
direction. Each bench was fitted with retract-
able blackout curtains (originally designed
for doing photoperiod control experiments)
that extended 1.78 m above the benches.
These side curtains were lowered 0.46 m
and fixed in place such that blackout curtains
surrounded each plot from 1.32 to 1.78 m
above the benches, which was sufficient to
eliminate spillover of SL from adjacent plots.

Environmental management. The green-
house environmental parameters were set at
similar levels to those at local commercial cut
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gerbera producers: daytime (i.e., during the
supplemental photoperiod) and nighttime
temperature set points were 21.0 and
16.0 �C, respectively the relative humidity
(RH) target was 70% and was maintained
using aerial foggers located at gutter level.
Temperature and RH sensors (HOBO U12-
013; Onset Computer Corporation, Bourne,
MA) were located at canopy level in the
center of each bench and logged temperature
and humidity every 120 s throughout the
study.

Lighting treatments. Each bench had three
fixtures of either HPS or LED lights posi-
tioned above the benches to provide identical
mean PPFD at bench level, distributed as
uniformly as practical. The HPS fixtures
comprised 400-W ballasts with BETA re-
flectors (PL2000; PL Lights, Beamsville,
ON, Canada) and Lucalox lamps (LU400;
GE Lighting Inc., Cleveland, OH). The LED
fixtures were Pro 325 (Lumigrow, Novato,
CA), whose fan-cooled LED arrays consisted
of a combination of blue (B), red (R), and
white (W) LEDs. The W LEDs, which are
present to facilitate crop viewing, were not
used in this study. Peak wavelengths for B
and R were 440 nm and 660 nm, respectively,
and full width at half maximum values were
�20 nm for both colors. Fixture-mounted
controllers allowed for the independent ad-
justment of the intensity of the B and R
wavelength channels. Relative spectral in-
tensity of the HPS and LED SL treatments are
shown in Fig. 1.

The lighting treatments were organized in
a randomized complete block design with
four replicates. Using two identical, adjacent
greenhouse compartments, the treatments
were blocked across bench positioning rela-
tive to the south-facing wall. The lights were
set to run daily from 11.5 h before dusk to
dusk (i.e., 11.5-h supplemental photoperiod,
ending daily at the end of the natural photo-
period).

The target for bench-level supplemental
PPFD was 55 mmol·m–2·s–1, to match SL
intensities measured in a local commercial
cut gerbera greenhouse. Fixture positioning
and determination of SL uniformity distribu-
tion patterns were done in each plot, at night,
using a USB2000 + spectrometer with a
400-mm diameter ultraviolet-VIS optical fiber
with a CC-3 cosine corrector (Ocean Optics,

Dunedin, FL), which was calibrated for abso-
lute irradiance between 350 and 800 nm. The
spectrometer was tethered to a laptop running
the PARSpec subroutine within the Spectra-
Suite (Ocean Optics) software package. PPFD
measurements were taken at 0.25 m above the
bench (i.e., at canopy level) at 15 locations on
each bench, on a uniformly spaced 3 · 5 grid.
The light fixtures were hung such that the
bottoms of the fixtures were 1.5 and 1.7 m
above the benchtop for the HPS and LED
fixtures, respectively. The brightness of the B
and R channels on all LED fixtures were set to
8 (out of 10) while the W LEDs were turned
off. This provided a spectral output with a
targeted photon flux ratio of B15:R85. The
average (± SE) SL PPFD was 55.9 ± 0.47
mmol·m–2·s–1, with no differences between
treatments (Table 1). With an 11.5-h photo-
period, the SL daily light integral (DLI) was
2.3 mol·m–2·d–1.

Sunlight-calibrated quantum sensors (SQ-
110; Apogee Instruments Inc., Logan, UT),
located just above canopy level in the geo-
metric center of each plot and connected to
U12-HOBO dataloggers (Onset Computer
Corporation), were used to monitor crop-
level PPFD at 120-s intervals. Before the
start of the trial, measurements were taken
under SL in the absence of natural light (i.e.,
at night) to determine the offset in day-
time PPFD measurements arising from the

sensors’ disparate responses to the different
spectra of the SL. These correction factors
were then applied to (i.e., subtracted from)
logged PPFD data during each SL photope-
riod before calculating canopy-level DLIs
from natural sunlight. Average weekly
canopy-level natural DLI ranged from
1.4 to 4.8 mol·m–2·d–1 with an overall average
of 2.8 mol·m–2·d–1 (Fig. 2). Combined with
SL, the average canopy-level total DLI was
5.1 mol·m–2·d–1.

Plant distribution and cultural management.
Three cut gerbera (Gerbera jamesonii H. Bolus
ex Hook.f) cultivars were used for this trial:
‘Acapulco’ (standard), ‘Heatwave’ (standard),
and ‘Terra Saffier’ (miniature). Plants were
sourced from a local, commercial production
greenhouse and were all of similar size and
maturity (i.e., had already been producing mar-
ketable flowers for 3 to 4 months). Flower stems
longer than 3 cm were removed at the begin-
ning of the study. Each bench had seven pots
(19 cm diameter · 19 cm tall) of each cultivar,
spaced evenly in two rows of 11 pots. The
cultivars were arranged in an alternating pattern
(such that every third plant was a common
cultivar), with the starting positions of each plant
randomized. There was one empty position (i.e.,
spare irrigation dripper) on each bench which
was used tomonitor irrigationwater quantity and
quality. The vacant position on each bench also
simplified the process of moving pot locations,

Fig. 1. Relative quantum flux of the high-pressure
sodium (HPS; solid line) and light-emitting
diode (LED; dotted line) supplemental lighting
treatments over the photosynthetically active
radiation spectral range (i.e., 400 to 700 nm).

Table 1. Uniformity distribution of supplemental photosynthetic photon flux density (PPFD) measured (at
night) in both high-pressure sodium (HPS) and light-emitting diode (LED) plots.

PPFD (mmol·m–2
·s–1)

HPS LED

Block Max Min Meanz Max Min Mean

A 69.0 35.4 55.5 ± 2.99 72.4 33.7 55.0 ± 4.15
B 70.3 31.5 53.8 ± 3.61 72.6 34.8 56.3 ± 3.76
C 72.3 35.6 56.7 ± 3.16 78.4 34.8 58.4 ± 4.55
D 77.5 34.7 55.4 ± 4.12 76.7 34.5 56.2 ± 4.21
zMeans are ± SE (n = 15).

Fig. 2. Weekly mean natural daily light integral (DLI) at bench-level throughout the 19-wk trial. The
overall mean natural DLI at bench level was 2.8 ± 0.98 mol·m–2·d–1 (mean ± SD, n = 19).
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which was done weekly by shifting each plant
one position in the clockwise direction, to
normalize the growing environment for each
plant throughout the trial.

Plants were fertigated via pressure-
compensated drip irrigation lines (4 L·h–1),
using 20N–3.5P–16.6K All Purpose water-
soluble fertilizer (250 ppm N, pH 5.5; Plant
Products Co. Ltd., Brampton, ON, Canada)
with temporary substitutions of clear well
water [pH 7.9 and electrical conductivity
(EC) 1005 mS·cm–1], when necessary, to
maintain an approximate leachate pH of 5.5
and EC of 2500 mS·cm–1. Pulse irrigation
occurred every second day at 0915 and 1315
HR for 180 s each time, with the goal of
producing 10% to 25% leachate. Hand water-
ing was used to supplement the drip irriga-
tion, when needed. The pH and EC of
irrigation water and leachate were monitored
weekly using a portable meter (Oakton PC
300; Oakton Instruments, Vernon Hills, IL).

Cut flower harvesting and quality metrics.
Flowers were deemed harvestable once they
developed one complete ring of matured
anthers. Flowers were harvested three times
per week, during which times fresh weight,
flower diameter (measured petal tip to petal
tip across the widest part of the flower), and
stem length (measured from the heel to the
base of the flower) were measured on each
harvested flower. Flower quality was classi-
fied subjectively as either marketable or un-
marketable according to the severity of
malformations and pest damage. Marketable
flowers had no visual signs of mutation or
disease, and the flower head was not mal-
formed or any malformations were slight and
not easily noticed. Unmarketable flowers
were visually unattractive with petal malfor-
mations or discoloration, or visual signs of
disease present in the center of the flower or
on the petals. Flowers were considered un-
marketable if they met one or more of these
criteria.

Vase life. Vase life trials were performed
by collecting one marketable flower from
each cultivar in each plot during flower
harvests on 17 and 20 Jan. 2014 (trial 1),
and again on 12, 14, and 18 Feb. 2014 (trial
2). Heels were removed from the stems by
making a lateral cut 2 cm from the bottom of
the stem, after which the stems were placed
in sterilized graduated cylinders containing
100 mL of deionized water. The vase life
trials occurred inside a windowless room
that was lit constantly with fluorescent
lamps at 5 mmol·m–2·s–1 and maintained at
a constant temperature of 23.0 �C and an
average RH of 18.6% (a low but not un-
common humidity level in occupied envi-
ronments during Canadian winters). Flowers
were considered to have reached the end of
their vase life when any of the following
symptoms developed: petal wilting (flaccid
petals), petal abscission, petal discoloration,
and/or development of a bent neck (i.e., 90�
bend at the peduncle region; Robinson et al.,
2009). Flowers were evaluated daily for the
onset of the preceding symptoms. To quan-
tify water consumption, remaining water

volumes in the graduated cylinders were
measured after 7 d.

Specific leaf area measurement. On 5
Mar. 2014, three young, fully expanded
leaves were harvested per plant, on three
plants per cultivar per plot. Petioles and
central veins were removed, and the com-
bined area of the leaf tissues sampled from
each plant was measured using a leaf area
meter (LI-COR 3100; LI-COR Biosciences,
Lincoln, NE). Leaves were oven-dried at
65 �C until the weights were constant, then
dry weights were measured. Specific leaf area
(SLA) was calculated as SLA = leaf area/dry
weight.

Leaf, growing substrate, andair temperatures.
Leaf temperature was measured on one
plant of each cultivar located near the mid-
dle of the two centrally located plots (i.e.,
under each of the lighting treatments) in
one of the greenhouse sections. A small
(9.5 mm long and 2.0 mm diameter) therm-
istor (MA100GG103A NTC; GE, Lewis-
town, PA) was attached to the underside
of the youngest fully expanded leaf of
each tested plant using Fisherbrand green
paper labeling tape (1590120C, Fisher Sci-
entific, Ottawa, ON, Canada). Leaf temper-
ature was logged at 120-s intervals for 4 d
(15 to 18 Feb. 2014) using U12-HOBO
data loggers (Onset Computer Corporation).
Daily mean leaf temperatures were calcu-
lated by averaging the logged data from
each thermistor for the following time pe-
riods: day (1000 to 1600 HR) and night
(0000 to 0600 HR).

Supplementary to the preceding leaf
temperature measurements, ‘Acapulco’
plants from the same plot locations were
selected to monitor air, growing substrate,
and leaf temperatures concurrently, using the
same sensors and loggers. The growing sub-
strate temperature probes were placed half of
the distance between the edge of the pot and
the center of the plant crown, on the opposite
side of the pot as the irrigation dripper and
about 10 cm deep. The air-temperature
probes were shielded from direct radiation
by placing them under white polystyrene
shields (Great Value disposable soup bowls;
Walmart Canada, ON, Canada) and placed
�20 cm above the plant canopy on bam-
boo stakes. The leaf-temperature probes
were attached using the method described
above. Temperatures were recorded (120-s
intervals) between 1100 and 1800 HR on
19 Feb. 2014.

Statistical analysis.Vegetative and flower
production metrics were analyzed using JMP
(version 13; SAS Institute Inc., Cary, NC). In
addition, analyses of SL uniformity, total
DLI, temperatures (leaf, growing substrate,
and air), and SLAwere performed with Prism
(version 5.03; GraphPad Software Inc., La
Jolla, CA), using two-tailed t tests and a
significance level of P < 0.05. Least squares
analysis models were used for: flower di-
ameter, stem length, and fresh weight of all
marketable flowers; accumulated total and
marketable flowers harvested per plant; and
vase life and postharvest water usage. When

differences were found between means, these
differences were evaluated using Tukey’s
honestly significant difference test, with a
significance level of P < 0.05.

Results

Lighting treatments. Summary data on the
supplemental light levels within each plot
(Table 1) indicate the mean PPFD and uni-
formity distribution were similar for each
plot. A t test (data not shown) comparing
supplemental PPFD within each treatment
(n = 60) indicated no treatment differences
(P = 0.26) and an overall mean supplemental
PPFD of 55.9 ± 0.47 mmol·m–2·s–1.

Cut-flower yield and quality metrics.
‘Terra Saffier’ flowers under the HPS treat-
ment produced about 15% more flowers than
under the LED treatment. However, both
‘Heatwave’ and ‘Terra Saffier’ had higher
percentages of marketable flowers under the
LED treatment (Table 2), resulting in higher
total numbers of marketable flowers. Flowers
under the LED vs. HPS treatment had a 1.9%
larger flower diameter in ‘Acapulco’, 4.2%
shorter and 3.8% longer stems in ‘Heatwave’
and ‘Terra Saffier’, respectively, and 7.7%
and 8.6% higher fresh weights for ‘Acapulco’
and ‘Terra Saffier’, respectively (Table 2).

Vase life. The only treatment effect on
postharvest quality was a 2.7-d increase in
vase life for ‘Acapulco’ in the LED treatment
(Table 2). There were no treatment effects for
any of the cultivars for water uptake during
the first 7 d postharvest.

Specific leaf area. There were no treat-
ment effects on SLA for any of the cultivars
(Table 2).

Leaf, growing substrate, and air
temperatures. The daytime air temperature
in the HPS treatment was 0.7 �C warmer than
the LED treatment, but there were no treat-
ment effects on daytime growing substrate
temperature (Table 3). The increased day-
time air temperature in the HPS treatment
did not, however, result in higher daytime
leaf tissue temperatures (Table 4) in any of
the cultivars. The night leaf temperature in
the HPS treatment was slightly (�0.1 �C)
warmer than that in the LED treatment.

Discussion

Weekly flower production rates ranged
from 0.41 to 0.75 stems/plant, depending on
the cultivar. This was consistent with rates
reported by local growers (personal commu-
nication) during the darker months and also
other greenhouse cut gerbera production re-
search. Sirin (2011) reported weekly flower
stem production rates of 0.24 to 0.67 stems/
plant during a 58-week production cycle in
Turkey, and Tsirogiannis et al. (2010) re-
ported 0.56 to 0.65 stems/plant during late
spring/early summer production in Greece.
Both of these trials occurred at lower lati-
tudes (<40� N) and times of the year when
natural light levels are typically higher.
Therefore, although the natural and supple-
mental DLIs may have been relatively low in

HORTSCIENCE VOL. 54(1) JANUARY 2019 97



the present study, flower production rates
were within normal ranges. The plants in
the HPS treatment produced more flowers in
the Terra Saffier cultivar; however, higher
marketability percentages under LED for both
Terra Saffier and Heatwave resulted in higher
marketable flower production in plants of these
cultivars in the LED treatment.

Most of the treatment effects on harvest
and postharvest quality metrics of marketable
flowers indicated that the LED treatment
usually produced higher-quality flowers than
the HPS treatment. One exception was stem
lengths, which were �2 cm longer and
shorter under LED vs. HPS for ‘Terra Saffier’
and ‘Heatwave’, respectively. It is unclear
whether the magnitude of any of the observed
treatment differences would result in eco-
nomically significant increases in crop pro-
ductivity or profit. Others have found similar
results when comparing HPS to LED tech-
nologies as SL on different crops. Poel and
Runkle (2017) found comparable quality
attributes between HPS and LED for bed-
ding plants and vegetable seedlings grown
at a crop-level supplemental PPFD of 90
mmol·m–2·s–1. The absolute quantity of SL
supplied to the crops was not reported (for the
first two replications) in their paper; however,
the crops were grown at a similar latitude
(42.7�N), time of year (for their first repli-
cate), and greenhouse light transmission as
the present study. Hernandez and Kubota
(2015) found 28% higher shoot biomass in

the HPS treatment when they compared the
growth of cucumber transplants grown under
HPS or monochromatic R or B LEDs at a
canopy-level PPFD of about 57 mmol·m–2·s–1

with an 18-h photoperiod (i.e., 3.7mol·m–2·d–1).
They attributed the higher shoot biomass in
the HPS treatment to higher air temperatures;
however, it is uncertain that the air temper-
ature in the HPS plot was significantly
higher than that in the LED plot. Martineau
et al. (2012) did not observe any treatment
differences between HPS and LED for hy-
droponic lettuce production, despite having
HPS treatments that provided both twice and
half the supplemental PPFD as the LED
treatment. This may, in part, be due to the
relatively low proportion of supplemental to
total PPFD, at roughly 20%, 10%, and 5%
for the HPS-high, LED, and HPS-low treat-
ments, respectively. Currey and Lopez
(2013) reported minor differences between
HPS and LED treatments for the production
of cuttings of Impatiens, Pelargonium, and
Petunia. Randall and Lopez (2014) reported
similar or higher seedling quality metrics in
Antirrhinum, Catharanthus, Celosia, Impa-
tiens, Pelargonium, Petunia, Tagetes, Sal-
via, and Viola grown under 5.7 mol·m–2·d–1

(accounting for �40% to 70% of total DLI,
depending on the natural lighting condi-
tions in their consecutively replicated trial)
of supplemental LED vs. HPS, indicating
that LEDs could be a suitable replacement
for HPS for SL in greenhouse production
systems.

Postharvest vase life metrics were similar
to those reported by De Silva et al. (2013) and
Safa et al. (2012) for solutions without added
preservatives. With treatment differences
found for only one cultivar in the present
study, further studies are required to elucidate
the effects that LED SL could have on vase
life.

It is a commonly held belief that supple-
mental HPS lighting increases the canopy
temperature relative to supplemental LED
lighting, due to inherently higher levels of
radiant heat directed from HPS fixtures to-
ward the canopy (Faust and Heins, 1997).
Whether added heat is a benefit or a liability
depends on the production scenario and
environment control strategy, although foliar
heating (and thus rapid drying) is often touted
as a benefit of HPS lighting technologies vs.
LEDs. This trial showed a 0.7 �C higher
daytime air temperature, measured just above
canopy level, in the HPS vs. LED treatments.
However, the increase in air temperature in
the HPS treatment did not carry over to
daytime leaf and growing substrate tempera-
tures or alter leaf morphology. Given that the
plants were adequately hydrated, it appears
that they were sufficiently able to manage the
additional heat load (from HPS lighting)
through transpiration in the experimental
setting of the present study.

Conclusion

The levels of supplemental PAR tested in
this trial showed that horticultural LEDs were

Table 3. Representative daytime growing substrate
and air temperatures measured on single plants
(‘Acapulco’) in the center of two adjacent high-
pressure sodium (HPS) and light-emitting
diode (LED) plots (the two central benches in
one of the greenhouse compartments), on 120-s
intervals between 1100 and 1800 HR on 19
Feb. 2014.

Temperature (�C)z

HPS LED Py

Growing
substrate

19.9 ± 0.09 19.8 ± 0.09 0.45

Air 21.5 ± 0.06 20.8 ± 0.06 <0.001
zData are means ± SE (n = 210).
yP = P value of the difference between means,
compared using paired two-tailed t tests.

Table 4. Average day and night leaf temperatures
of cut gerbera plants grown under high-pressure
sodium (HPS) and light-emitting diode (LED)
treatments, logged at 120-s intervals from 15 to
18 Feb. 2014. Daily mean leaf temperatures
were calculated by averaging the logged data
from each thermistor for the following time
periods: day (1000 to 1600 HR) and night
(0000 to 0600 HR).

Leaf temp (�C)z

HPS LED Py

Night 15.1 ± 0.04 15.0 ± 0.02 <0.001
Day 20.4 ± 0.20 20.9 ± 0.16 0.087
zData are means (averages of three sensors, one per
cultivar, collected on 120-s intervals for 4
consecutive days) ± SE (n = 12).
yP = P value of the difference between means,
compared using two-tailed t tests.

Table 2. Flower harvest and postharvest metrics and specific leaf area of ‘Acapulco’, ‘Heatwave’, and
‘Terra Saffier’ cut gerbera plants grown under high-pressure sodium (HPS) and light-emitting diode
(LED) supplemental lighting (SL) treatments from 1 Nov. 2013 to 12 Mar. 2014.

Acapulco Heatwave Terra Saffier

Total no. of harvested flowers per plant HPS 7.67 ± 0.41y 8.39 ± 0.41 14.3 ± 0.63
LED 7.71 ± 0.47 9.14 ± 0.51 12.2 ± 0.59
Px 0.95 0.19 0.016

Percent marketablez HPS 91.2 ± 3.1 51.2 ± 4.0 65.4 ± 4.1
LED 96.8 ± 1.1 67.2 ± 3.3 88.4 ± 2.7
P 0.064 0.001 <0.0001

Flower diameter (cm) HPS 10.2 ± 0.04 9.8 ± 0.05 7.2 ± 0.03
LED 10.4 ± 0.04 9.8 ± 0.04 7.2 ± 0.02
P 0.0015 0.66 0.55

Stem length (cm) HPS 47.3 ± 0.44 56.0 ± 0.58 51.9 ± 0.40
LED 48.0 ± 0.45 54.2 ± 0.43 54.2 ± 0.28
P 0.26 0.01 <0.0001

Fresh weight (g) HPS 28.7 ± 0.40 30.0 ± 0.50 20.8 ± 0.23
LED 30.4 ± 0.41 29.4 ± 0.39 22.7 ± 0.18
P 0.0032 0.3002 <0.0001

Vase life (d) HPS 11.0 ± 0.71 9.8 ± 0.37 12.8 ± 1.4
LED 13.4 ± 0.60 10.3 ± 0.73 11.1 ± 0.77
P 0.02 0.55 0.33

Water uptake (mL·wk–1) HPS 54.5 ± 3.62 44.0 ± 3.47 62.9 ± 4.03
LED 51.5 ± 1.63 45.4 ± 0.3.18 62.8 ± 1.79
P 0.46 0.77 0.98

Specific leaf areaw (cm2·g–1) HPS 140 ± 10 205 ± 5.2 179 ± 6.7
LED 143 ± 8.2 206 ± 6.3 178 ± 6.0
P 0.8 0.83 0.9

zFlower quality was classified subjectively as either marketable or unmarketable according to the severity
of malformations and pest and disease damage.
yData are treatment means ± SE. For number of flowers per plant and percent marketable, n = 28. For flower
diameter, stem length, and fresh weight, n = the total number of marketable flowers for each respective
‘cultivar · SL treatment combination’ (presented at the top of the table). For vase life and water uptake, n =
8. For specific leaf area, n = 24.
xP = P value of the difference between means, compared using two-tailed unpaired t tests. The Welsh’s
correction was used for flower diameter, stem length, and fresh weight data to account for unequal sample
numbers.
wFor specific leaf area, three young fully expanded leaves were harvested per plant and combined,
excluding petioles and central veins, for three plants per cultivar per plot.

98 HORTSCIENCE VOL. 54(1) JANUARY 2019



comparable or superior to HPS as SL in terms
of typical production and postharvest metrics
for greenhouse production of cut gerbera.
Although economic factors of the different
technologies were not investigated, horticul-
tural LEDs appear to be a viable alternative to
HPS as SL for greenhouse production of cut
gerbera during the darker months at northern
latitudes.
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