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Poinsettia Potential: Postharvest Evaluation and Consumer
Acceptance of Winter Rose as a Cut Flower
Christine Coker1, Patricia Knight1, Benedict Posadas1,
James Altland2, Mike Ely1, and Mike Anderson1
1
Mississippi State University, Coastal Research
and Extension Center, Biloxi, MS 39531
2
Oregon State University, North Willamette Research
and Extension Center, Aurora, OR 97002
Index Words: Winter Rose, Postharvest, Vase Life, Preservative, Consumer
Preference
Nature of Work: There are more than 175 commercial varieties of poinsettias
(Euphorbia pulcherrima), while dozens of new varieties are being introduced
each year. Poinsettias generate $250 million per year in wholesale revenues
nationally. They are also the biggest single holiday flowering crop, selling more
than roses at Valentine's Day or Easter lilies in the spring (1). Poinsettias come
in a myriad of colors including non-traditional hues such as purple, cranberry,
dusty pink, mauve, and rich burgundy. Foliage may range from deep green to
variegated with tints of green and gold.
The Winter Rose family of poinsettias (Paul Ecke Poinsettia Ranch) has been
identified as a suitable poinsettia for use as a cut flower. With curly bracts
that resemble rose petals, they may add welcome variety to florists' holiday
repertoire. Winter Rose poinsettias are now available in five cultivars which vary
in color. They are considered late season poinsettias, requiring nine and a half
weeks to mature and come into full color from cuttings.
Traditionally, poinsettia stems have been heat treated in order to stop the flow of
sticky latex from being released from the stem at cutting. Most poinsettias have a
short vase life, making them unsuitable as a floral alternative. Preliminary studies
with Winter Rose cultivars suggest a long vase life of two weeks or more with or
without heat treatment.
The objectives of this study were to determine the suitability of Winter Rose
poinsettia as a cut flower crop by evaluating quality each day following the cut,
stem conditioning treatments, preservative treatments, and consumer preference
for Winter Rose poinsettia as a cut flower.
Four cultivars of Winter Rose poinsettia ('Dark Red', 'Deep Pink', 'White', and
'Marble') were grown at the South Mississippi Branch Station in Poplarville,
MS according to standard cultural practices. Plants were transported to the
Beaumont Horticultural Unit in Beaumont, MS for postharvest analyses. Stems
of each cultivar were submitted to either a heat (flame for 5 seconds) or no heat
conditioning treatment as well as one of three preservative treatments including
water, commercial preservative (AquaPlus™ at 4 tablespoons per gallon water),
or a simple preservative solution (one-half cup sugar and one teaspoon bleach
per gallon of water). Daily quality ratings (0-to-4, where 0 = excellent, 4 = poor)
were assessed for 14 days to determine vase life.
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A single stem of each Winter Rose cultivar as well as a six-stem arrangement
of all four cultivars and the addition of Winter Rose 'Pink', were presented to
consumers attending the Coastal Aquaculture Unit's annual open house in
Gulfport, MS. Participants were asked to fill out a short preference survey.
Consumer demographics were also assessed.
Results and Discussion: Postharvest Analyses- Mean quality rating was
significantly affected by cultivar. Winter Rose 'White' averaged a rating of 3.5,
followed by Winter Rose 'Marble', Winter Rose 'Deep Pink', and Winter 'Rose
Red' with average ratings of 3.13, 3.00, and 2.9, respectively. Stem quality was
not significantly affected by preservative (data not shown). This is in agreement
with data collected in trials at the University of New Hampshire and North
Carolina State University to evaluate the feasibility of producing high quality cut
poinsettia stems (2). However, heat conditioning of the stems at time of cutting
decreased vase life (Figure 1).
Consumer Preference- The level of personal liking by residents of Coastal
Mississippi for 'Dark Red', 'Deep Pink', 'Marble', and 'White' cultivars of displayed
plants was not significantly influenced by their socioeconomic characteristics.
In general, results of Multivariate Analysis of Variance (MANOVA) indicated
that ratings for 'Dark Red', 'Deep Pink', 'Marble', and 'White' were not affected
by respondents' age (in years), gender, level of formal education completed (in
years), household size (number of persons), and household income (data not
shown). Female respondents were strongly attracted to the 'Dark Red' cultivar.
Coastal Mississippi residents clearly revealed their preferences for the four
cultivars displayed. 'Dark Red' was rated highest with 6.06 ± 1.20 SD (out of a
maximum of 7.0). The next preference was 'Deep Pink' with an average rating of
4.57 ± 1.13 and 'Marble' with a mean rating of 4.57 ± 1.67. The least preferred of
the four cultivars was 'White' with a rating of 3.83 ± 1.53.
The likelihood to purchase a poinsettia flower arrangement and willingness
to pay for a six-stem arrangement were not influenced by the socioeconomic
characteristics of Coastal Mississippi respondents. MANOVA results showed
that respondent's age (in years), gender, level of formal education completed
(in years), household size (number of persons), and household income did not
individually or jointly affect their preferences for poinsettia plants.
Coastal Mississippi consumers, however, were more likely to purchase a
poinsettia arrangement with an average likelihood of 5.42 (SD = 1.31). Females
reported higher likelihood to purchase a poinsettia arrangement than male
respondents. Respondents' willingness to pay for a six-stem arrangement
averaged $14.00 (SD = $9.21).
Significance to Industry: Poinsettias are widely produced in greenhouses
across the country. Plants that may be culled because of broken stems may
still have stems suitable for the floral trade. Overstocked plants could also
be marketed to local florists. Selling poinsettias as cut flowers may provide
supplemental income to producers for plants that may have otherwise been
discarded.
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Figure 1. Effect of Heat on Winter Rose Quality Rating.
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Influence of Intradiurnal Temperature Variation
on Growth of Two Herbaceous Perennials
Jean-Jacques B. Dubois and Frank A. Blazich
NC State University, Department of Horticultural Science
State University, Raleigh, NC 27695-7609
Index Words: Delphinium Sp., Rudbeckia Sp., Average Daily Temperature,
Diurnal Temperature Range
Nature of Work: It has been established previously that average daily
temperature alone is insufficient to account for or predict plant primary
productivity on a weekly to monthly time scale (1, 3). In experiments with
Delphinium X cultorum Voss 'Magic Fountains' ('Magic Fountains' delphinium)
and Rudbeckia fulgida var. sullivantii L. 'Goldsturm' ('Goldsturm' black-eyed
susan), Dubois and Blazich (1) demonstrated that at least two temperature
data are necessary per 24–hr period. These data are average temperature
during both the light period, and during the dark period. Alternatively, the
combination of average daily temperature, and temperature difference between
light and dark periods are equivalent algebraically. Dubois and Blazich (1)
also demonstrated that contrary to what is often accepted by growers and
researchers, diurnal temperature cycling, as opposed to constant temperature,
holds no intrinsic benefit for plants with respect to primary productivity. This
contradicts the suggestion first reported by Went (4), but not the findings reported
in the extensive literature on DIF — increasing night temperature above day
(2)—, which has focused on morphology and development, and not on dry
weight (DW).
The light/dark temperature combination at which DW is maximal is dependent
on species, and even on cultivars within species. Under the experimental
conditions utilized in previous research by Dubois and Blazich (1), optimal
light/dark temperature cycle for 'Magic Fountains' delphinium was 15/15°C
(59/59°F) —i.e., constant temperature— and 25/15°C (77/59°F) for 'Goldsturm'
black-eyed susan. Both taxa, however, responded strongly to changes in either
light or dark temperature, and their combinations. In other words, changes in
light/dark temperature difference and daily average temperature have equally
strong effects on plant growth. This is true regardless of the optimal value of that
difference, including zero.
If the course of temperature over 24 hr must be separated into at least two
periods, no empirical evidence has been reported, however, concerning the
effects of temperature variation within either of these two periods. Studies of DIF
(2) suggest that the last hours of the dark period in particular may be critical,
but these studies report morphology rather than biomass data. Therefore, the
objective of the following experiments was to determine the effect of intradiurnal
temperature variation on biomass accumulation in 'Goldsturm' black-eyed susan
and 'Magic Fountains' delphinium.
Two experiments were conducted in which plants of each of the aforementioned
taxa were grown for 40 days under a total of 28 temperature regimes: all regimes
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combined average 12 hr light/12 hr dark temperature of either 15/15°C
(59/59°F), or 25/15°C (77/59°F). In the first experiment, each of the two average
light temperatures was obtained through seven sets of three temperatures, each
maintained for 4 hr, while dark temperature was held constant. In the second
experiment, average dark temperature was obtained using seven sets of three
temperatures, each maintained for 4 hr, with constant light temperature of either
15 or 25°C (59 or 77°F). In the first experiment 140 transplants each of 'Magic
Fountains' delphinium and 'Goldsturm' black-eyed susan were potted on July 29,
2002 in 2.8–L (3–qt) containers filled with a substrate of 8 composted pine bark :
1 sand (by vol.) amended with 1.2 kg/m3 (2 lb/yd3) dolomitic lime. After 24 days of
acclimation in growth chambers set at 20°C (68°F), the plants were transferred to
six chambers set at 15°C (59°F) for 12 hr, and six temperature programs of three
successive 4 hr periods at 5, 15, 25, or 35°C (41, 59, 77, or 95°F) during the light
period. The 14 temperature regimes listed in Table1 were achieved by moving all
plants to appropriate chambers at 0, 4, and 8 hr from the beginning of the light
period. In the second experiment 168 transplants of each taxon were potted on
October 21, 2002 as described for the first experiment, and acclimated in growth
chambers set 20°C (68°F) for 27 days. The plants were then transferred to eight
chambers set at light period temperature of either 15 or 25°C (59 or 77°F), and
eight temperature programs of three 4 hr periods at 5, 15, or 25°C (41, 59, or
77°F) during the dark period. The 14 temperature regimes listed in Table 2 were
achieved by moving all plants to appropriate chambers at 0, 4, and 8 hr from the
beginning of the dark period. An illustration of one set of seven regimes from
each experiment is provided in Figure 1. The experiments were in a completely
randomized block design with size of the transplant at treatment initiation as a
blocking factor. Plants were harvested after 14 and 40 days, five plants per taxon
per temperature regime in the first experiment, and six in the second. At each
harvest, leaf area in addition to shoot and root DW were recorded after at least
96 hr of drying at 70°C (158°F).
Results and Discussion: In the first experiment, there were small differences
in plant DW among temperature regimes within each light/dark temperature
group after 40 days, for each taxon. However, they were not significant at
P > 0.05. Small but significant differences were present after 40 days in the
second experiment within each light/dark temperature group for both taxa. There
were only very small differences among temperature regimes after 14 days,
and in all cases, none were significant. It is uncertain whether the significance
of the differences after 40 days when temperature was variable in the dark
period, as opposed to the light period, was an effect of changes in uncontrolled
experimental conditions, the result of true differences in the response of these
plants to temperature variation in the respective periods, or a consequence of
the slightly larger sample size. Regardless of statistical significance, however, it
must be emphasized that the effects of variations in temperature within light or
dark period were far smaller, and slower to develop, than the effects of variation
between the two periods in the same taxon (1). In other words, while average
temperature during the light and dark periods must be separated to account for
the growth response of plants, the usefulness of information about temperature
changes within each of these periods is far less apparent, at least with respect to
plant primary productivity, rather than morphology.
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Significance to Industry: From a production standpoint, results of these two
experiments strongly suggest that within broad limits, variations in temperature
on an hourly scale have a considerably smaller impact on the growth of
herbaceous perennials than the difference between light and dark temperature.
Therefore, any advantage that may be realized by substantially raising or
lowering temperature during some parts of the day would not be expected to
be offset by loss in plant productivity, as long as average temperature for the
entire light or dark period, and the difference between light and dark average
temperature are reasonably close to the optimum for the crop of interest.
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Average light/dark temperature

Table 1. Temperature regimes for first experiment.
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15/
15°C

25/
15°C

0–4
5
25
25
5
15
15
15
15
35
35
15
25
25
25

Light
4-8
15
15
5
25
25
5
15
25
25
15
35
35
15
25

Time (hr)
8-12
25
5
15
15
5
25
15
35
15
25
25
15
35
25

12-16
15
15
15
15
15
15
15
15
15
15
15
15
15
15

Dark
16-20
15
15
15
15
15
15
15
15
15
15
15
15
15
15

20-24
15
15
15
15
15
15
15
15
15
15
15
15
15
15
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Average light/dark temperature

Table 2. Temperature regimes for second experiment.

15/
15°C

25/
15°C
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0–4
15
15
15
15
15
15
15
25
25
25
25
25
25
25

Light
4-8
15
15
15
15
15
15
15
25
25
25
25
25
25
25

Time (hr)
8-12
15
15
15
15
15
15
15
25
25
25
25
25
25
25

12-16
5
25
25
5
15
15
15
5
25
25
5
15
15
15

Dark
16-20
15
15
5
25
25
5
15
15
15
5
25
25
5
15

20-24
25
5
15
15
5
25
15
25
5
15
15
5
25
15
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Figure 1. Twenty four hour course of temperature for seven 25/15°C (77/59°F)
regimes in each of the first and second experiments [15/15°C (59/59°F) regimes
are not illustrated].
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Pot Tulip Growth Control with Ancymidol, Flurprimidol,
Paclobutrazol, and Uniconazole
Brian A. Krug, Brian E. Whipker, and John Dole
NC State University, Dept. of Horticultural Sciences,
Raleigh, NC 27695-7609
Index words: Tulipa, PGRs, A-Rest, Bonzi, Sumagic, and, Topflor
Nature of Work: Potted tulips (Tulipa sp.) are popular greenhouse crops due to
their minimal spacing requirements and short benching time (5). Height control is
a concern to meet shipping requirements and to prevent post production “stem
topple” (3). To control height, plant growth regulators (PGRs) are often required.
Dole and Wilkins (4) recommend an ancymidol (A-Rest) drench of 0.125 to
0.5 mg a.i. per pot with higher concentrations being used for more vigorous
cultivars, while Barrett (1) recommends ancymidol drenches of 1 to
4 mg.L-1 (ppm) per pot within the first two days of greenhouse forcing.
Paclobutrazol (Bonzi) label recommendations are for 0.31 to 2.5 mg a.i. drenches
or one-hour pre-plant soaks in a 2 to 5 mg.L-1 solution. Tulips are listed on the
uniconazole (Sumagic) label, but no concentration is given. The recommendation
for flurprimidol (Topflor) in Europe is two foliar applications at concentrations of
0.25 to 0.5 ml.L-1 one week apart (2). Flurprimidol is available in Europe as a
1.5% concentrate, but the formulation being introduced into the United States
will be a 0.38% concentrate. This study was conducted to determine the efficacy
of flurprimidol, paclobutrazol, and uniconazole pre-plant dips, and ancymidol,
flurprimidol, and paclobutrazol drenches on tulip plant height.
Un-cooled Tulipa 'Prominence' bulbs were planted in 11 cm round [575 ml volume
(4 inch)], plastic pots on 25 Oct. 2002, three per pot. The root substrate was
Berger BM6 (Berger Peat Moss, St. Modeste, Quebec, Canada), which contained
(v/v): 4:1 Canadian sphagnum peat. For 10 weeks the cooler temperature set
point was 5 C (41 F). On 4 Jan. 2003 cooler temperature set point was reduced
to 1 C (33.8 F) until 8 Feb. 2003. Greenhouse forcing began on 8 Feb. 2003 with
day/night set points of 20/18 C (68/64.4 F). Plants were forced under natural
daylength. Pots were fertilized with N at 150 mg/L-1 using 15-0-15 once a week.
On 25 Oct. 2002, pre-plant bulb dips (in mg.L-1) were applied for 10 minutes;
flurprimidol at 25, 50, 100, 200, or 400; paclobutrazol at 25, 50, 100, 200, or 400;
and uniconazole at 5, 10, 20, 40, or 80. The PGR drenches were applied when
the plants were 7.6 to 10.1 cm tall, on 9 Feb. 2003. A foliar spray of flurprimidol
at 5, 10, 2, 40, or 80 mg/L-1 based on the application rate of 204 ml/m2. Substrate
drenches (in mg active ingredient per pot) were applied at 59.2 ml per pot:
flurprimidol at 0.25, 0.5, 1, 2, or 4; paclobutrazol at 0.25, 0.5, 1, 2, or 4; ancymidol
0.0625, 0.125, 0.25, 0.5, or 1. An untreated control was also included. The
experiment was a completely randomized design with six single plant replications
each of the 36 treatments.
At anthesis, plant height (measured from the pot rim to the uppermost part of the
inflorescence), was recorded. Data were tested by analysis of variance using
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general linear model and PROC REG (SAS Institute, Cary, NC) and means were
separated by least significant differences (LSD) at P < 0.05.
Results and Discussion: Pot tulip 'Prominence' responded to substrate
drenches of flurprimidol at 4 mg a.i. (Fig. 1A), ancymidol at 0.5 mg a.i.,
and paclobutrazol at 2 mg a.i. with 17%, 26%, and 25% smaller plants,
respectively, as compared to the untreated control. Fluprimidol sprays (Fig. 1B)
at concentrations of 5 to 40 mg•L-1 resulted in plants taller than the untreated
control, and at 80 mg•L-1 growth was similar to the control. Higher concentrations
of flurprimidol will need to be trialed to determine optimal concentrations.
Flurprimidol pre-plant dips (Fig. 1C) controlled plant height by 41% with
200 mg•L-1, as compared to the control. Less control occurred with paclobutrazol
(y = 25.6 – 0.01x; r2=0.13), with plant height being 16% shorter with 400 mg•L-1.
Uniconazole also controlled height as a pre-plant dip (y = 24.7 – 0.075x; r2=0.40)
with 80 mg•L-1 resulting in 24% shorter plants, when compared to the control.
Flurprimidol at 25 mg•L-1 and uniconazole at 40 mg•L-1 resulted in similar control
with mean plant heights of 21.4 and 21.0 cm respectively. Flurprimidol applied as
a pre-plant dip resulted in greater control than drenches or sprays. Flurprimidol
pre-plant dips resulted in greater control than paclobutrazol or uniconazole preplant dips.
Significance to Industry: The need to control height of floriculture crops is
necessary to meet boxing and shipping constraints for wholesale producers.
Given the high activity of flurprimidol as a pre-plant dip and a substrate drench,
the release of this new PGR will provide growers with another chemical option for
height control. These preliminary results have shown that flurprimidol is effective
on tulips; further work is required considering that dips were too effective,
however, additional cultivars will need to be trialed.
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Figure 1. Effects of flurprimidol on pot tulip 'Prominence' height as drenches (A),
sprays (B), and pre-plant dips (C).
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Actual pH and Potential Acidity of Fertilizer Solutions
Determine the pH of Soilless Mixes
Marc van Iersel
Department of Horticulture,
The University of Georgia, Athens, GA 30602-7273
Index Words: EC, pH, ebb and flow, subirrigation, lime
Nature of work: The pH of the growing medium used in greenhouse production
has important effects on the nutrient uptake and growth of plants (Argo and
Biernbaum, 2002). Medium pH is governed by the composition of the growing
medium (lime content in particular) and on the type of fertilizer being used. The
way different fertilizers supposedly influence the pH of the growing medium is
expressed as the calculated quantity 'potential acidity'. The potential acidity of a
fertilizer is the estimated amount of CaCO3 needed to negate the fertilizer's effect
on the pH of the growing medium. High potential acidity implies that the fertilizer
decreases the pH of the growing medium. This concept is widely used to make
recommendations concerning the use of different fertilizers, but there seems
to be no research that has looked specifically at how fertilizers with different
potential acidity affect the pH of soilless growing media. Thus, the objective of
this research was to determine how the pH of the growing medium is affected by
lime content and fertilizers with different potential acidity. A secondary objective
was to determine how these factors affected plant growth and chlorophyll
content. Chlorophyll content is important because it is an indirect indicator of
nutrient uptake by plants, with low chlorophyll content indicating that a plant does
not take up enough of a certain nutrient.
Plug seedlings of marigold 'Bonanza Mix', begonia 'Ambassador White', and
impatiens 'Cajun Red' were obtained from a commercial plug producer. Plug
seedlings were transplanted into 10 cm (4”) square pots filled with soilless
growing medium. The growing medium consisted of 2:1:1 sphagnum peat:
perlite:vermiculite (V/V) with dolomitic limestone (50% Ca, 0.4% Mg) added at
0, 2, 4, 6, or 8 kg•m-3. The different lime levels resulted in growing media with
an initial pH of 3.7, 6.1, 8.1, 8.5, and 9.1 and an initial electrical conductivity
(EC) of 0.11, 0.19, 0.45, 0.53, and 0.54 dS•m-1, respectively (determined using
the saturated medium extract method). Plants were placed on ebb and flow
benches (0.9 × 1.5 m2; 3 x 5 ft2) and subirrigated daily with a fertilizer solution
containing N at 175 ppm. The fertilizer solutions were made with one of three
water-soluble fertilizers: 20-10-20 Peat-Lite Special, 15-16-17 Peat-Lite Special,
or 15-5-15 Cal-Mag (all from The Scotts Co., Marysville, Ohio), which were
selected because of their differences in potential acidity and actual pH. These
fertilizer solutions had an EC of 1.07, 1.20, and 1.23 dS•m-1, a pH of 6.2, 5.9,
and 3.6, and a potential acidity of 203, 98, and -70 g•kg-1 CaCO3, respectively.
Electrical conductivity and pH of the medium leachate were (determined with the
pour through method), and chlorophyll content of the leaves were measured on
13, 20, 27, and 34 days after transplanting (begonias only). Leachate pH and EC
of the impatiens and marigold were determined once, at harvest. Shoot dry mass
of the plants was collected at the end of the experiment (29, 34, and 42 days
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after transplanting for impatiens, begonia, and marigold, respectively). After dry
mass determination, tissue nutrient levels of the entire shoots were determined.
The experimental design was a randomized complete block with a split-split
plot with five replications. The three different fertilizers were used as the main
blocking factor, plant species as the first split, and growing medium as the
second split. Data were analyzed with ANOVA and non-linear regression.
Results and Discussion: There was an interactive effect of lime level and
fertilizer type on the pH of the leachate. Leachate pH increased with increasing
lime content of the growing medium. Differences in leachate pH due to fertilizer
type decreased with increasing lime level. Apparently, the buffering effect of the
lime negated the effects of fertilizer type when the lime level was 4 to 8 kg•m-3.
At lower lime levels, there was a significant effect of fertilizer type on leachate
pH. 15-5-15 fertilizer resulted in the lowest leachate pH, while 15-16-17 resulted
in the highest pH (Fig. 1). These results are not as would be expected from the
potential acidity of the fertilizers, since 15-5-15 had the lowest potential acidity,
and thus would be expected to result in the highest leachate pH. Instead, this
fertilizer resulted in lower leachate pH than the 20-10-20 and 15-16-17 fertilizers.
Thus, there must have been factors other than potential acidity that affected
leachate pH. One variable likely to affect leachate pH is the actual pH of the
fertilizer solution. However, fertilizer pH could not explain the observed results
either. 20-10-20 fertilizer solution had the highest pH, but resulted in lower
leachate pH than 15-16-17 fertilizer. Leachate pH could be predicted accurately
with an exponential equation, taking into account both the potential acidity
(PA), actual pH of the fertilizer (pHfert), and lime content of the growing medium
(lime): pH = 7.8 + (-11.9 - 0.0157xPA + 2.08xpHfert) x exp-(0.325xlime) (R2 = 0.95).
This equation indicates that leachate pH decreases with increasing potential
acidity, increases with increasing fertilizer pH, and increases asymptotically with
increasing lime content of the medium.
Lime content of the growing medium affected shoot dry mass (Fig. 2) and
chlorophyll content (not shown) of the plants. A lime level of 2 kg•m-3 in the
soilless medium resulted in maximal growth of all three species, independent
of fertilizer type. This is surprising because the different fertilizers resulted in
different leachate pH. For example, the 15-16-17 fertilizer without any lime in
the growing medium resulted in the same leachate pH as the 15-5-15 fertilizer
with 2 kg m-3 lime, yet in both cases 2 kg m-3 lime resulted in maximum dry
mass. Leaf chlorophyll content of the leaves of begonia and impatiens generally
decreased with increasing lime content of the growing medium, while fertilizer
type had little or no effect on the chlorophyll content. In general, the effects of the
lime content of the growing medium on plant growth were much larger than the
effects of fertilizer type.
As expected, lime level of the growing medium also affected nutrient uptake.
N, P, K, B, Mg, Mn, and Zn concentrations all decreased with increasing lime
level, while Ca and Mo increased with increasing lime levels in the growing
medium. The effects of fertilizer type on nutrient uptake were much smaller than
the effects of lime content of the growing medium (results not shown).
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Significance to Industry: The results of this study indicate that fertilizer effects
on the pH of the growing medium cannot be predicted solely from the potential
acidity of the fertilizer. Instead, both potential acidity and the actual pH of fertilizer
solutions should be taken into account when predicting fertilizer effects on the pH
of the growing medium. Despite differences in pH of the growing medium among
the fertilizer treatments, plants of all three species grew best when the growing
medium contained 2 kg•m-3 (3.2 lbs/yard3) of dolomitic lime.
Literature Cited:
1.

Argo, W.R. and P.R. Fisher. 2002. Understanding pH management for
container-grown crops. Meister Publ. Willoughby, Ohio.

Figure 1. The effect of lime level and fertilizer type on the pH of the leachate of
the growing medium of begonia (averaged over the duration of the experiment).
Leachate pH could be described as a function of the lime level in the growing
medium, and potential acidity and actual pH of the fertilizer solution. Lines show
the predicted leachate using the equation in the results and discussion.
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Figure 2. The effect of lime level in the growing medium of three bedding plant
species. Data shown are averaged over the three fertilizer types, because
fertilizer type had little or no effect on plant growth.
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Fertilizer Discharge Reduced When Poinsettias
are Grown in Clay Amended Substrates
Christopher J. Catanzaro, Sarabjit M. Bhatti,
Jaeyong Park and Haval Kamake
Tennessee State University, Cooperative Agricultural
Research Program, Nashville, TN 37209
Index Words: fertilization, water quality, Euphorbia pulcherrima
Nature of Work: Clays in various forms are used for many types of
environmental remediation. One calcined clay used in container production
is arcillite, a montmorillonite and illite clay processed to obtain a stable pore
structure (5). Arcillite has been used as a substrate to recover root systems of
containerized plants without damage or substrate adherence (3,4). Arcillite has
also been used as an amendment to other substrates, since heterogeneous
substrates offer the combined advantages of their components. When arcillite
was added to gravel/vermiculite and pine bark substrates, available water
holding capacity and nutrient retention were increased (5,7). Growth of 'Carolina
Sapphire' smooth Arizona cypress grown in arcillite was maximized at a relatively
low nitrogen concentration (20 ppm) (6). Arcillite incorporated into a peatbased substrate at 10 or 20% (v/v) reduced discharge of excess nutrients from
container-grown chrysanthemum without reducing plant quality (1); however, it
reduced plant height and shoot dry weight. In another study, shoot dry weight
was reduced when arcillite (10% v/v) was layered at the bottom of containers, but
not when it was incorporated (2).
The objective of this study was to determine whether various calcined clay
amendments to a peat-based substrate decreased discharge of excess nutrients
from containers without limiting growth or quality of poinsettias.
Rooted cuttings of 'Christmas Cookie', 'Christmas Dream' and 'Christmas
Season' poinsettia (Euphorbia pulcherrima Willd. ex Klotzsch) were grown in
15 cm (6 inch) azalea containers in a glass greenhouse during autumn 2002. A
peat-based commercial substrate (Fafard 2, Conrad Fafard Inc., Agawam, MA)
was used alone or amended with 8.5% (v/v) of one of the following clays and
mesh sizes: attapulgite 16/30, 8/16; Fuller's earth 5/20; montmorillonite 16/30,
8/16, 5/30 (Oil-Dri, Chicago, IL). Plants were otherwise grown according to
standard commercial practices. Plants were arranged in a randomized complete
block experimental design with 4 single-pot replicates and 7 treatments. Plants
were topdressed with Osmocote (Scotts Co., Marysville, OH) 19N-2.6P-10K
(19-6-12, 3-4 month release, 9 g/pot) and then irrigated by treatment each time
container weight dropped to 50% of container capacity. Sufficient irrigation
with tap water was applied to attain a leaching excess near 20% of the volume
applied (leaching fraction = 0.2. Leachate was collected at each irrigation and
analyzed for pH and electrical conductivity (EC). Final growth data, which
included plant height, width and weight data and a visual quality rating, were
collected as each cultivar reached anthesis.
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Results and Discussion: Analysis of data on visual quality, plant height, plant
width and dry weight revealed no consistent differences among the substrates
tested. Finished plants of 'Christmas Cookie' and 'Christmas Season' met
standards for commercial quality.
Initial nutrient discharge [measured as electrical conductivity (EC)] levels were
relatively high, ranging between 2 and 3 dS/m. EC levels dropped rapidly during
the first month, after which levels became more constant, suggesting that the
substrate solutions approached steady state nutrition. For all three cultivars, EC
levels averaged across dates were highest for the no clay control and lowest for
Fuller's earth. Fuller's earth reduced average EC during production from 24%
(1.46 vs. 1.93 dS/m) with 'Christmas Season' up to 39% (1.45 vs. 2.38 dS/m)
with 'Christmas Cookie.' All clays demonstrated at least some ability to adsorb
nutrients in comparison with the peat-based control substrate. Although findings
suggest that finer particle sized may increase nutrient adsorption, more studies
are needed to confirm this trend.
Significance to Industry: Calcined clays incorporated into the substrate
reduced discharge of excess nutrients from container-grown poinsettias
throughout the production cycle without negative effects on plant growth or
quality. Fuller's earth was most effective at reducing nutrient discharge. Clay
products such as Fuller's earth buffer against nutrient discharge in container
leachate when nutrient supply exceeds demand, which often occurs early in the
crop production cycle. The use of substrate amendments that improve nutrient
holding capacity enables the nursery industry to use fertilizers more efficiently to
protect water resources.
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Survival of Thielaviopsis Spores on Re-used Plug Trays and
Efficacy of Disinfestants on Spore Viability
Colleen Y. Warfield and Kelly M. Konczal
North Carolina State University, Department of
Plant Pathology, Raleigh, NC 27695-7616
Index Words: Black Root Rot, Thielaviopsis basicola, Disinfectant, Disinfestant,
Hydrogen Dioxide, ZeroTol, Greenshield
Nature of Work: Black root rot is a serious disease of pansy and other bedding
plant hosts that accounts for large economic losses each year. Infected plugs
purchased as growing stock are a common method for introduction of this
disease into a greenhouse operation. Reused greenhouse pots and trays have
long been suspect for harboring plant pathogens, and reused, molded plastic
plug trays have recently received even closer scrutiny due to reoccurring disease
outbreaks. A study was undertaken to determine if spores of the black root rot
fungus are capable of surviving on recycled plug trays, and to evaluate common
greenhouse disinfestants for efficacy in reducing the viability of Thielaviopsis
basicola spores.
Two sets of 288 cell, plastic molded plug trays were obtained for the study.
The first set of trays had been reused multiple times and had been sitting in
a producer's storage facility since the previous season. The second set of
288 cell plug trays was obtained from a recent shipment of vinca plugs that had
been shipped to a grower in North Carolina and were severely infected with
Thielaviopsis.
Three plug trays, from the stored set of trays, were sown with pansy seed to
determine if there was enough viable inoculum in the trays to cause black
root rot. Fifty seedlings were uprooted from each of the three sown trays after
5 weeks. The roots were then microscopically examined for signs of the black
root rot fungus.
The remaining plug trays were sampled prior to treatment to confirm the
presence of viable Thielaviopsis spores. Any loose, residual potting mix was
knocked out of each tray prior to sampling. Using sterile, cotton-tip swabs,
inside walls of randomly selected tray cells were thoroughly swabbed. The
swab was then swirled in a plate of culture medium that was selective for the
growth of the black root rot fungus (Specht and Griffin, 1985). The culture plates
were incubated for three weeks, and then evaluated for the presence of fungal
colonies growing on the culture medium.
Once each plug tray was confirmed positive for the black root rot fungus, the
trays were ready for treatment. One half of the plug trays were power-washed
with water using a high-pressure nozzle to remove as much residual organic
matter as practical. The remaining trays were left unwashed. Disinfestants were
then applied to each set of trays using either a hand-held pressure sprayer or by
dipping the trays into a 20-gallon plastic tub, according to the directions on the
disinfestant label. Two rates of ZeroTol (27% hydrogen dioxide a.i.) were applied
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to the trays as spray applications, spraying until run-off. One rate of Greenshield
(quaternary ammonium 20% a.i.) was applied by submerging the trays in
20 gallons of solution for 10 or 20 minutes. A 10% solution of Chlorox (5.25%
sodium hypochlorite a.i.) was applied by submerging the trays for 10 minutes.
Each treatment was applied to four plug trays.
Results and Discussion: Fifty pansy seedlings were uprooted from each of the
sown trays. Black root rot developed on seedlings in 100% of the seeded trays,
infecting 10%, 64%, and 76% of the seedlings, respectively, in each of the three
trays evaluated. This confirmed that Thielaviopsis spores are capable of not only
surviving on recycled plug trays, but they are also capable of infecting new crops
seeded into reused plug trays.
Thielaviopsis spores were eliminated from infested trays with the 2.5 fl. oz/gal
rate of ZeroTol applied as a spray, or by a 10-minute dip in 10% bleach (Table 1).
The higher rate of ZeroTol and the bleach treatment were effective regardless
of whether the trays were first washed. Greenshield significantly reduced the
number of viable spores on the reused vinca plug trays, but it did not eliminate
the fungus on these trays. Increasing the exposure time from 10 minutes to
20 minutes increased the efficacy of the Greenshield treatment on unwashed
trays, but had no added benefit if the trays were first washed. The lower ZeroTol
concentration (0.5 fl. oz/gal) was ineffective in eliminating viable fungal spores.
Results were similar for the set of reused plug trays from storage; however,
Greenshield was effective in eliminating the fungus from these trays when
they were first washed with water (data not shown). The stored plug trays had
significantly fewer viable Thielaviopsis spores per tray compared to the vinca
plug trays prior to treatment. Residual organic matter (potting mix and roots)
significantly reduced the efficacy of some disinfestants.
All disinfestants are eventually deactivated and expend their ability to affect
microorganisms, and this process can happen even more quickly when organic
matter is present. Bleach and ZeroTol are both excellent oxidizing agents making
them highly corrosive by nature and unstable. Therefore only fresh solutions
should be used, and consideration should be given to how long a solution can be
used before it is changed.
Significance to Industry: The production practice of re-using plug trays
introduces a significant risk of black root rot infection on new plug crops, and the
subsequent introduction of this devastating disease into finishing greenhouse
operations. Not all disinfestants are effective at their label rates for complete
disinfestation of Thielaviopsis spores on production surfaces, and residual
organic matter (potting mix and roots) significantly reduces the efficacy of some
disinfectants. The removal of organic material prior to treating with disinfectants
will increase the amount of time that the disinfestant solution will remain
efficacious before it must be replaced.
Literature Cited:
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Table 1. Efficacy of disinfestants on reducing the viability of Thielaviopsis
basicola spores on naturally infested plug trays.

Treatment

Washw

Non-Treated
Non-Treated
ZeroTol
ZeroTol
ZeroTol
ZeroTol
Greenshield
Greenshield
Greenshield
Greenshield
Bleach
Bleach

w

+
+
+
+
+
+

Rate
Application
per gallon

0.5 fl oz
0.5 fl oz
2.5 fl oz
2.5 fl oz
1 Tbsp
1 Tbsp
1 Tbsp
1 Tbsp
12.8 fl oz
12.8 fl oz

Spray
Spray
Spray
Spray
10 min dip
10 min dip
20 min dip
20 min dip
10 min dip
10 min dip

# colonies
Thielaviopsis basicolaxy
Before
After
Treatment
Treatment
94 az
>100 az
>100 a
71 b
>100 a
>100 a
>100 a
23 c
>100 a
0e
>100 a
0e
>100 a
71 b
>100 a
2 de
>100 a
15 dc
100 a
2 de
87 a
0e
>100 a
0e

A + indicates trays were power-washed with water prior to treatment, a – indicates trays were not
washed prior to treatment.

x

For practical reasons, a maximum of 100 fungal colonies were counted per culture plate but the actual
number of colonies may have exceeded one hundred.

y

Mean number of colonies per 10 cells. Ten randomly selected cells were sampled before treatment, and
20 cells were sampled after treatment per replicate, four replications.

z

Values within a column followed by the same letter are not statistically different according to the WallerDuncan K-ratio t-test (p ≥0.01).
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Diamonds are Forever…But How Long
Do Valentine's Roses Last?
Jennifer H. Dennis1, Bridget K. Behe1, Rachel Walden1,
and R. Daniel Lineberger2
1
Department of Horticulture, Michigan State University, MI 48824
2
Department of Horticultural Sciences, Texas A & M University, TX 77843
Index Words: marketing, customer satisfaction, regret, roses, florists
Nature of Work: Customer service is the provision of courtesy and or kindness
extended in the process of delivering a product. It is critical for customer
satisfaction, repeat business, and building customer loyalty. Companies that
understand the lifetime value of a customer place significant emphasis on
excellent customer service. It is much easier to retain current customers than
entice new customers (Barton, 1999). Without customer service, businesses
fail to keep their customers. When asked why customers stopped purchasing
from a store, the reason provided by the greatest number of respondents (68%)
was “they were treated poorly by a salesperson or employee” (St. John and
Fish, 1998). Whitely (1991) reported that customers are five times more likely
to switch venders due to perceived service problems than for price or product
quality concerns. Service quality delivered by employees is a key to business
success. Providing traditional floriculture outlets such as florists with information
on increasing customer satisfaction can be one key way to help them maintain
their competitive advantage.
How satisfied are customers with their Valentine's roses? Researchers
understand some dimensions of satisfaction, but many questions remain
unanswered. Could having a guarantee improve customer satisfaction, when
customers know they can take wilted or damaged roses back for a refund?
Once, exchanged, replaced, or refunded, does customer satisfaction improve?
This study attempted to answer some of these questions to increase customer
satisfaction. Increasing customer satisfaction may help to improve customer
loyalty, as loyal customers spend more of the horticultural dollars with one retailer
(Behe and Barton, 1999).
On February 14, 2003, consumers of a midwestern campus floral shop were
asked to participate in a study to monitor the satisfaction experienced with
roses (following informed consent protocols established by the MSU Committee
for Research Involving Human Subjects). Consumers who purchased a
single to a dozen or more roses were asked to participate. Upon agreement,
consumers were given a postcard with a website address printed on the
card that would serve as a reminder of the survey URL address and starting
date. The respondents were asked to log-on after a one-week minimum timeperiod had elapsed, at a point in time when enjoyment would most likely
cease. Participants were e-mailed one week later as a reminder to log-on and
participate. Respondents received a $5 certificate redeemable at Amazon.com as
an incentive for completing the survey. Participants were asked to evaluate their
purchase over a one-week time period and answer questions about a number of

548

Floriculture Section

SNA RESEARCH CONFERENCE - VOL. 48 - 2003
variables. Questions asked included their level of satisfaction associated with the
decision purchase, regret (if any) about the outcome associated with the roses,
affect of irreversibility of the outcome (plant guarantees), purchase intention to
buy again, decision difficulty with the choice made, responsibility associated with
making the purchase, switching behavior if dissatisfaction or regret occurred, and
demographic information. A total of 17 usable surveys were collected. All data
were analyzed using SPSS 10.1.
Results and Discussion: The average respondent was male with a college
education (16 years). The spread in annual income would suggest a range of
people frequented the campus floral shop such as students, staff, and faculty
members. There was a diverse range in age from 20-51. The largest age group
was 23 years, which is congruent with the typical age of a consumer of a college
campus florist. Approximately 76 percent of the respondents were male and
approximately 23 were female, typical of the consumer demographic profile for
Valentine's Day purchases. Respondents had an average of two people living in
the home (44%).
Expectations of Roses
Respondents were asked to report on the expectations of the flowers by
answering how many days the roses lasted (a point where at least half of
the roses were still performing) and how many days respondents expected
the flowers to last. The typical amount of time for roses to stay within optimal
performance (again the point where at least half were still alive – no bent neck)
was five days. Half of the respondents reported roses lasting five days, 25%
stated 7 days, and 12.5% reported 8 days. Expectations were not exceeded,
but not far off, based on the question asking how long they expected the flowers
to last. The typical amount of time expected was 7 days. A third of respondents
expected the product to last 7 days, 26.7 % stated six days, and 13.3% stated
3-4 days. This shows that the store was not far from delivering roses that
satisfied or exceeded expectations.
Quantifying Satisfaction
The first objective of the survey was to quantify the level of customer satisfaction
for roses and to determine a difference in risk as price increased. In other
words, were there differences in satisfaction dependent on the amount paid for
roses (i.e. high–, medium-, or low-priced)? Results shows on average 73.6% of
customers were satisfied with their rose purchases. This compares to an average
of 8.9% who were in some way dissatisfied with their rose purchase. There were
no significant differences for money paid and the level of satisfaction received for
each product (χ2=10.86, df=6, p=0.093).
Flower Guarantees
The second objective of the survey was to determine if guarantees had an effect
on the level of satisfaction experienced. Our hypothesis was that consumers
experience more satisfaction with a product when the outcome has a chance of
being reversible meaning customers may be happier if they can return a product.
Survey questions asked whether the florist outlet had a guarantee on the roses
purchased. 11.8 % of respondents stated yes, 76.5% were unsure whether a
guarantee was offered, 5.9% said no, and 5.8% did not respond. Guarantees
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at the florist outlets did not affect the decision to go to that particular location as
stated by 58.8% of respondents. The guarantee also was not a deciding factor
when choosing a flower as stated by 52.9% of the respondents.
Significance to the Industry: According to the Society of American Florists
(SAF), Valentine's Day is the #1 holiday for florists capturing 34% of holiday
transactions and 36 percent of dollar volume. Approximately 130 million roses
were estimated to be sold for Valentine's Day 2002. This holiday creates the
biggest demand for single stemmed roses. Consumer trends for SAF show cut
flowers are the second largest category bought (29%), trailing only to outdoor
bedding and garden plants (48%).
Floral outlets have lost market share as competition intensifies from nontraditional outlets, such as supermarkets and mass-merchandisers. The
intensified competition has forced many traditional floral outlets to seek creative
ways to remain profitable. Understanding customers of the floral segment and
their perceived value will help fuel profitability. Increasing customer satisfaction
may be one way to address this problem of adding value.
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Control of Flowering of Strobilanthes
dyerianus Mast. (Persian Shield)
Erin E. Gamrod and Holly L. Scoggins
Department of Horticulture,
Virginia Tech, Blacksburg, VA 24061
Index words: Photoperiod, ethephon, propagation
Nature of Work: Strobilanthes dyerianus Mast., common name Persian
Shield, has become a popular landscape color crop in the past few years.
Strobilanthes dyerianus is a tropical native with large purple-, silver-, and greenpatterned leaves. It produces pale blue flowers, but they rarely appear in the
landscape. The flowers do not contribute to the aesthetics of S. dyerianus and
cause problems for growers trying to propagate via cuttings. In a greenhouse
environment, S. dyerianus becomes reproductive during the winter. Flowering
causes the stock plants to decline (marginal necrosis of leaves, followed by
abscission), reducing the number of cuttings that may be obtained from the
plant.. Flowering has been controlled in several floriculture species by using
photoperiod and temperature manipulation and also by applying ethephon
(Florel) (Dole and Wilkins, 1999; Pallez and Dole, 2001). The objective of
this research was to examine environmental factors and growth regulators
as methods for controlling flowering to make propagating the plant easier for
growers.
To determine approximate critical photoperiod, plugs of S. dyerianus were potted
in trade gallon containers on 10 October 2001 and grown in a glass greenhouse.
Plants were grown for 4 weeks under supplemental lighting consisting of four
100 watt incandescent bulbs which were used to extend the natural photoperiod
to 14 hours. Plants were then selected for uniformity of height and approximate
leaf area and placed under one of four photoperiod treatments: 8 hour, 10 hour,
12 hour, and 8 hour plus 4 hour night interruption. There were nine reps for each
treatment. Black cloth was removed between 7 AM and 9 AM each morning and
benches were recovered 8 hours later. Incandescent bulbs (100 watts) were
placed under the 10 hour, 12 hour and night interruption cloth. The 10 hour and
12 hour benches received additional supplemental lighting from the incandescent
bulb for 2 hours and 4 hours, respectively, while the night interruption treatment
received 4 hours of supplemental lighting from 10 PM to 2 AM. The experiment
lasted 77 days, with data taken including date to visible bud, leaf area, and
shoot dry weight. This experiment was modified and repeated with the addition
of temperature treatments at the Southeastern Plant Environment Laboratory
(Phytotron) at N.C. State University. Plugs were planted in 6-inch containers
on 24 October 2002 and were grown for 10 days with supplemental lighting
as previously described. Plants were placed in reach-in growth chambers on
5 November 2002. Treatments consisted of three photoperiods, 8, 12 and
16 hour, with two temperature regimes, 17ºC/14ºC and 24ºC/21ºC day/night
temperature, with 10 reps of each. Day and night temperature corresponded with
the photoperiod: for example, under the 8 hour warm treatment, plants received
8 hours at 24ºC and 16 hours at 21ºC. Data taken included days to visible bud,
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leaf area and shoot dry weight at termination of the experiment, which was
15 weeks after initiation of treatments.
A separate experiment examined ethephon applications for maintaining
vegetative plants of S. dyerianus. On 10 Oct. 2001, S. dyerianus plugs were
potted in trade gallon containers and were grown under supplemental lighting
as previously described for 4 weeks, at which point 90 plants were selected
for uniformity of height and approximate leaf area. Treatments consisted of six
rates of plant growth regulator (PGR) and three frequencies of applications;
there were five replications of each treatment. On 5 November 2001, plants
were sprayed with 0, 150, 300, 450, 600 or 750 ppm Florel. Plants were sprayed
weekly (10 total applications), biweekly (6 total applications) or monthly (3 total
applications). Black cloth was pulled over the benches from 5 PM to 9 AM to
achieve an 8 hour photoperiod. The experiment ran for 11 weeks after initiation
of treatment.
Results and Discussion: For the greenhouse photoperiod experiment, there
was no correlation with bud initiation and photoperiod, with plants initiating buds
under each photoperiod treatment. There was a positive correlation between
shoot dry weight and bud initiation and a positive correlation between leaf
area and bud initiation, indicating a possible link between plant size and bud
initiation. In the growth chamber photoperiod experiment (N.C. State) there was
no correlation between photoperiod and bud initiation or between temperature
and bud initiation. Bud initiation was sporadic, with only 8% of plants showing
visible buds at termination of the experiment. In the growth chamber experiment,
contrary to previous results, shoot dry weight and leaf area were not correllated
with bud initiation (Table 1).
Applications of Florel at the tested rates were not sufficient to inhibit floral
initiation, as plants under all treatments showed visible buds at conclusion of the
experiment except the 600 ppm applied weekly treatment (Table 2). Additionally,
we noted phytotoxicity on many of the plants under rates reported by a grower as
successful in delaying flowering.
Significance to Industry: Neither photoperiod nor temperature treatments
were well- correlated to the onset of flowering in S. dyerianus, so manipulation
of these environmental factors to control flowering and improve propagation
may not be an option. Plant size (leaf area and dry weight) may be important to
floral initiation and development. Florel at the rates tested was not affective for
maintaining vegetative plants. However, other rates or application frequencies
and timing may be successful.
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Table 1. Correlation coefficients for floral initiation of Strobilanthes dyerianus and
shoot dry weight and leaf area in the photoperiod experiments. Shoot dry weight
and leaf area were measured at harvest, 11 weeks after initiation of treatment
for the greenhouse experiment and 15 weeks after initiation of treatment for the
growth chamber experiment.

Shoot dry weight (greenhouse)

Leaf area (greenhouse)

Correlation with floral initiation

P-Value

0.78

<0.0001*

0.74

<0.0001*

Shoot dry weight (growth chamber) -0.07

0.6 NS

-0.06

0.7 NS

Leaf area (growth chamber)
NS, *

Not significant or significant at P≤0.05.

Table 2. Number of Strobilanthes dyerianus plants with visible buds for each
combination of rate x frequency of ethephon application observed at 11 weeks
after initiation of treatment.
Rate of ethephon (mg·L-¹)

Application
frequency

0

150

300

450

600

750

Totalz

Monthly

2

1

4

3

2

3

15

Biweekly

2

3

2

3

4

3

17

Weekly

2

3

2

2

0

2

11

Totaly

6

7

8

8

6

8

43x

z

Total out of 30 possible plants by frequency

y

Total out of 15 possible plants by rate

x

Total out of all plants in the experiment (n=90)
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Medium-incorporated PEG-8000 Affects Growth and
Hypocotyl Height of Salvia splendens
Stephanie Burnett, Marc van Iersel, and Paul Thomas
University of Georgia, Department of Horticulture, Athens, GA 30602
Index Words: annual salvia, growth regulation, seedling, polyethylene glycol,
osmotic stress
Nature of Work: Bedding plant seedling quality is stringently controlled since
plugs are sold to growers who demand quality, consistency, and uniformity.
Leggy, low quality transplants do not meet these demands. In addition, tall, leggy
bedding plants are more expensive to ship and dry out more frequently between
irrigations than compact seedlings.
For these reasons, growth of annual seedlings is often restricted by the use of
chemical growth retardants. However, chemical growth retardants are usually
not applied until after plants have their first true leaves, when much of the
stem elongation had already occurred. In addition, over-application of growth
retardants may permanently stunt plant growth, so many growers are hesitant to
use them on tender, young seedlings.
Reducing irrigation frequency and duration can decrease plant growth by
decreasing turgor potential (Taiz and Zeiger, 1998). Drought has been observed
to decrease growth of annual salvia (Salvia splendens F. Sellow ex Roem. &
Schult.) and other horticultural crops and is commonly used to reduce plant
growth (Eakes et al., 1991; Latimer and Sevenson, 1997). Unlike chemical
growth retardants, water may be restricted beginning early in plant development
to reduce growth. However, since the rooting volume of plugs is typically quite
small, the moisture content of the growing medium can fluctuate rapidly. For
this reason, it is difficult to prevent excessive drought, which can result in plant
damage. So, it is desirable to find a method of restricting plant-available water
without causing plant damage.
Osmotic compounds, such as polyethylene glycol (PEG) form hydrogen bonds
with water, decreasing the water potential of soil or growing media and causing
water to be less available to plants. PEG has been used in physiology studies
to restrict water in a controlled fashion since the amount of drought stress
depends on the amount of PEG added (Michel, 1983). Incorporation of PEG into
a commercial growing medium decreases plant-available water and may reduce
seedling growth without causing plant damage. Therefore, the objective of this
experiment was to determine whether incorporation of PEG into a commercial
medium decreases growth of annual salvia, a popular bedding plant.
Polyethylene glycol 8000 was mixed with water and added to a commercial
peat-based growing medium (Germinating Mix, Fafard, Anderson, S.C.) at the
following rates: 0, 0.021, 0.045, 0.065, 0.082, 0.125, 0.167, 0.250, or 0.330 g
PEG-8000/mL growing medium. Treated growing medium was placed in 6 x 6 cell
sections cut from 288-trays. Two salvia 'Bonfire' seeds were planted in each
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cell and then thinned to one seedling/cell at 33 days after seeding. Plants were
grown on a mist bench and irrigated approximately 20 s every 30 min from
9: 00 a.m. to 5:30 p.m. This misting cycle prevented leaching, which would result
in loss of PEG and thus change treatment levels. Each experimental unit was
weighed daily and misting was adjusted so that the medium had a gravimetric
water content (grams of water per gram of dry medium x 100%) of approximately
75% ± 10%. All seedlings were fertilized once weekly with 20-20-20 General
Purpose fertilizer (Scotts Company, Marysville, OH) at 100 ppm N after the first
true leaves were visible (25 days after seeding) and twice weekly at 200 ppm N
beginning 45 days after seeding.
Height at germination and height and width 5, 7, and 9 weeks after seeding (at
harvest) were measured. Five weeks after seeding, leaf water, osmotic, and
turgor potential were measured using thermocouple psychrometers (J.R.D.
Merrill Specialty Equipment, Logan, UT).
The experimental design was a complete randomized block design with seven
blocks, nine treatments, and 16 subsamples/treatment. Data were analyzed
using linear regression in SAS (SAS Institute, Cary, NC).
Results and Discussion: Salvia height was increasingly reduced with increasing
PEG concentration up to 0.0125 g PEG/mL growing medium (Figure 1). None
of the seeds sown in media containing 0.167-0.33 g PEG-8000/mL growing
medium germinated, so these treatments will not be further discussed. The
relative differences in height among treated and control plants steadily increased
as seedlings developed. At emergence, PEG-treated plants were up to 25%
shorter than controls (P= 0.0008). Five, seven and nine weeks after seeding, the
plants were up to 54, 60, and 68% shorter than non-treated plants (P= 0.0001
for all dates). Treated plants were also 49, 48, and 52% less wide than control
seedlings at five, seven, and nine weeks after seeding, respectively (P= 0.0001
for all dates, Figure 2).
Salvia leaf water potential decreased from –0.62 MPa in control seedlings to
–1.12 MPa in plants grown in 0.082 g PEG-8000/mL growing medium (P=0.0003,
Figure 3). Leaf osmotic potential decreased from –0.68 MPa to –1.12 MPa
(P=0.0029). There was a trend for leaf turgor potential to decrease with
increasing PEG concentration; however, this trend was not statistically significant
(P=0.077). Growth reduction in salvia was likely caused by a change in plant
water relations, since water potential and its components, specifically turgor
potential, are among the driving forces for cell elongation and hence plant growth
(Taiz and Zeiger, 1998).
Significance to Industry: Incorporation of polyethylene glycol in a commercial
growing medium reduces the height of annual salvia seedlings. This will provide
a new method for reducing growth of seedlings. In addition, PEG-8000 reduces
height at seedling emergence. Since chemical growth retardants are usually
applied after the first true leaves expand, PEG-8000 can be applied earlier. Since
much of the seedling stem elongation occurs before the first true leaves expand,
PEG-8000 may be a valuable new tool to plug growers.
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Figure 1. Effects of the addition of PEG-8000 to the growing medium on salvia
height from seedling emergence until plants are marketable plugs (harvest). Error
bars represent the standard error bars and lines represent significant linear or
quadratic effects (P < 0.05).
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Figure 2. Effects of the addition of PEG-8000 to the growing medium on salvia
width from seedling emergence until plants are marketable plugs (harvest). Error
bars represent the standard error. Lines show significant linear and quadratic
effects.
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Figure 3. Effects of the addition of PEG-8000 to the growing medium on salvia
leaf water, osmotic, and turgor potential five weeks after seedings. Error bars
represent the standard error and lines represent linear or quadratic trends.
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Photosynthesis – Light Response of Whole Plants of Wax
Begonia Grown Under Different Light Intensities
Krishna S. Nemali and Marc W. van Iersel
Department of Horticulture, University of Georgia, Athens, GA 30602
Index words: acclimation, Begonia semperflorens, light compensation point, light
saturation point, light saturated photosynthetic rate, quantum yield
Nature of Work: Many species have the ability to acclimate to low light
intensities, allowing them to more efficiently capture light and maximize
photosynthesis under low-light conditions. Acclimation responses to shade
include higher shoot to root ratio and increased leaf area per unit dry mass
(thinner leaves). Both of these acclimation responses enable plants to produce
a larger leaf area and therefore to capture a larger fraction of the available light.
At the cellular level, there may be an increase in the chlorophyll concentration
and size of the light harvesting complex per reaction center. In contrast,
acclimation to high light involves thicker leaves with more chloroplasts (but not
necessarily more chlorophyll), smaller light harvesting complexes, more nitrogen
per unit leaf area, and increased amounts of Rubisco compared to shadegrown plants. Wax begonias are classified as obligate shade plants (shade
ʻlovingʼ) and listed among the top five bedding plants grown in the South. In the
South, wax begonias are grown under various light levels and, interestingly,
perform well under a wide range of light intensities. However, there have been
no studies examining physiological and/or morphological responses of wax
begonias to different light intensities. The objective of this study was to quantify
the physiological and morphological responses of wax begonia to varying light
intensities and to use that information to provide recommendations on the light
requirements for the commercial production of wax begonias.
Seedlings were grown in 36-cell flats filled with a soilless growing medium
(Fafard 2P mix, Fafard) inside whole-plant gas exchange chambers (van Iersel
and Bugbee, 2000) arranged in growth chambers. Plants were grown under
four light levels (here referred to as growth irradiance) for a period of 25 d by
covering individual gas exchange chambers with shade cloth. The average daily
growth irradiance measured at the top of the canopy in the different treatments
was 5.3, 9.5, 14.4, and 19.4 mol/m2/d (corresponding to 730, 1300, 1970, and
2660 foot-candles for 14 hours per day). After 25 days, 12 plants from each
experimental unit were used to determine whole-plant photosynthesis-light
response curves. Plants were initially placed in darkness for 10 h. Then, plants
were exposed to increasing levels of photosynthetic photon flux (PPF) up to
700 µmol/m2/s (4830 foot-candles) in approximate increments of 50 µmol/m2/s
(345 foot-candles). Dark respiration (i.e. the CO2 exchange rate at 0 µmol/ m2/ s)
and net photosynthesis were measured, while gross photosynthesis was
calculated as the sum of net photosynthesis and dark respiration. The measured
CO2 exchange rates were divided by the total leaf area of plants to estimate net
photosynthesis and dark respiration per m2 leaf area (Pn and Rd, respectively,
µmol/m2/s). The following asymptotic equation was fitted to Pn data using
PROC NLIN of SAS (SAS institute, Cary, NC): Pn = Pmax x (1-e-αI/Pmax) - Rd where
Pmax is the gross photosynthesis per m2 leaf area (Pg) at light saturation, α is
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the quantum yield (maximum number of moles of CO2 fixed per mole of PPF
incident on the plants, i.e. the slope of the photosynthesis-light response curve
at a PPF of 0 µmol/ m2/ s), and I is the PPF incident on top of the plants. The
light compensation point (LCP) was determined as the PPF at which Pn was
estimated to be 0 µmol/ m2/ s and the light saturation point (LSP) was defined
as the PPF at which Pg was 95% of Pmax. The net amount of carbon which the
plants would have gained at different PPF levels in a day with a 14-h light and
10-h dark period [mol/m2/d, the net assimilation rate (NAR), a measure of growth
rate per unit leaf area] was estimated as (14 x Pn - 10 x Rd ) x 0.0036, where
0.0036 converts µmol/ m2/ s to mol/m2/hour. Growth measurements included
leaf chlorophyll concentration per m2 leaf area (SPAD-502, Minolta), leaf area
(LI-3100, Li-Cor), and total dry weight of plants (including roots). Leaf area ratio
(LAR) of plants was estimated as the ratio of leaf area to total dry weight. The
experimental layout was a randomized complete block with two replications
(growth chambers) each containing four PPF treatments (four gas exchange
chambers), and each experimental unit (gas exchange chamber) consisted of
12 plants. The photosynthetic parameters were analyzed using PROC GLM
(replication as a class variable and PPF as continuous variable). The light
response curves were fitted using PROC NLIN (nonlinear regression) of SAS. In
both cases, P < 0.05 was considered to be statistically significant.
Results and Discussion: An asymptotic equation accurately described the
response of Pn to increasing PPF (R2 = 0.98 - 0.99). Net photosynthesis of plants
from all growth irradiances initially increased rapidly as PPF was increased from
0 to 200 µmol/ m2/ s, and photosynthesis in all treatments became light saturated
at approximately 530 µmol/ m2/ s (Fig. 1). At high light levels, photosynthesis is
limited by the ability of plants to utilize the absorbed light to assimilate carbon.
At these PPF levels, factors such as stomatal conductance, CO2 concentration
inside the leaf, levels of Rubisco, other enzymes, or various substrates involved
in the photosynthetic pathway may become rate-limiting. Despite the similar
LSP in all treatments, plants grown at 14.4 or 19.4 mol/m2/d had higher Pmax
rates than plants grown at 5.3 or 9.5 mol/m2/d (Table 1). This indicates that
wax begonia undergoes a physiological acclimation in response to high growth
irradiance, allowing it to use high PPF levels more efficiently than plants grown
at low irradiance. One likely reason for this acclimation is that plants grown at
high light generally contain more Rubisco in their leaves, which increases their
photosynthetic capacity. However, other possibilities like more efficient electron
transport systems, proteins, or pigments of the light harvesting complexes in
plants grown at high growth irradiance cannot be ruled out. The LSP of wax
begonia (500 to 550 µmol/ m2/ s, Table 1) was only about 30% of full sunlight in
summer, which is low compared to the LSP of other species. This low LSP may
limit their photosynthetic capacity, since the plants cannot efficiently utilize high
PPF levels. When compared to normal Pmax values seen in many other species
(15 to 25 µmol/ m2/ s) (Jones, 1992), wax begonias had a low Pmax (3.6 to
4.4 µmol/ m2/ s).
There were no differences in quantum yield among treatments (Table 1). Dark
respiration increased linearly with increasing growth irradiance (Table 1),
probably because of the increased carbohydrate supply at higher irradiance.
Generally, an increase in Rd also results in an increase in the LCP of plants,
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because plants with a high Rd need to photosynthesize more to offset respiration.
However, there were no differences in the LCP among treatments. The LCP
is defined as the light level above which there is an instantaneous net gain of
carbon in plants. Thus, the LCP does not take into account any loss of carbon
from respiration at night. Therefore, plants which are grown at the LCP for part
of a day, and in the dark for the rest of the day, will have a net loss of carbon
during a 24-h period. The 'true' LCP, which would result in zero carbon gain or
loss during a 24-h period, can be determined by estimating the NAR (Fig. 2).
To determine the 'true' LCP, we fitted an asymptotic equation [NAR = NARmin +
(NARmax - NARmin) x (1-e-b x PPF)] to the relationship between NAR and PPF
(NARmin = NAR at a PPF of 0, NARmax = NAR at light saturation). The 'true' LCP
increased linearly with increasing growth irradiance (Table 1) . The estimated
NARmax for plants grown at 5.3, 9.5, 14.4, and 19.4 mol/m2/d was 0.22, 0.21, 0.26,
and 0.27 mol/m2/d, respectively.
At low PPF levels, Pn is mostly limited by the amount of light absorbed by the
plants. Wax begonia acclimated to low growth irradiance by increasing the
chlorophyll concentration in the leaves (Table 1), which helps the plants to
capture light more efficiently. Total dry weight and leaf area of plants increased
linearly with increasing growth irradiance, while chlorophyll concentration
decreased linearly with increasing growth irradiance (Table 1). There were no
differences in leaf area ratio and shoot to root ratio among treatments.
Significance to Industry: This study has shown that wax begonias have the
potential to acclimate to various light levels during their growth. At high growth
irradiance, their photosynthetic capacity (Pmax) was increased, which allowed the
plants to use high PPF more efficiently. At low growth irradiance, wax begonias
increased the chlorophyll concentration of the leaves, thus capturing the available
PPF more efficiently. We did not find any evidence of morphological acclimation
to growth irradiance. Acclimation to different light levels allows wax begonias
to be grown under a wide range of growth irradiances, although they do grow
faster under higher irradiance. Plants grown under 9.5 to 19.4 mol/m2/d were of
commercially-acceptable quality.
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Table 1. The effect of different growth irradiance on photosynthetic and growth parameters of wax begonia. Pmax = light saturated gross
photosynthesis, Rd = dark respiration rate, LCP = light compensation point, 'true' LCP = true light compensation point, LSP = light
saturation point, chl = leaf chlorophyll concentration, TDW = total dry weight, and LAR = leaf area/ total dry weight.
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Figure 1. Response of net photosynthesis (Pn) in wax begonia to increasing
photosynthetic photon flux (PPF). Photosynthesis is expressed per unit leaf
area. Before the light response curves were determined, plants were grown at
5.3 (closed circle), 9.5 (open triangle), 14.4 (closed square), and 19.4 (open
circle) mol/m2/d for a period of 25 days.

Figure 2. Effect of increasing photosynthetic photon flux (PPF) on the net
assimilation rate (NAR) of wax begonias. The arrow points at the true 'light'
compensation point at which net cabon uptake during a 24 h period is zero.
Plants were grown at 5.3 (closed circle), 9.5 (open triangle), 14.4 (closed square),
and 19.4 (open circle) mol/m2/d for a period of 25 days before determining the
light response curves.
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