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Effect of Plug Flat on Plant Growth
and Prevention of Stunting
Aliya A. Donnell and John M. Dole
NC State University, Dept. of Horticultural Sciences, Raleigh, NC 27695-7609
aadonnel@unity.ncsu.edu
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Signiﬁcance to Industry: Plug production is an integral part of today’s
ﬂoriculture industry. Within the past 15 to 20 years, over 25 billion plugs were
produced in the US and Canada alone (Styer and Koranski, 1997). However, one
common problem is that delays in production or market may prevent plugs from
being transplanted in a timely manner. Plugs should be transplanted at “pullable
plug stage” (PPS), which occurs when root balls are sufﬁciently able to hold
together after removal from the plug ﬂat. If seedlings are held in plug ﬂats for too
long after PPS, they may not return to a normal growth rate after transplanting.
Stunting may render plants unsuitable for sale. Our goal is to determine possible
causes of plug stunting and devise strategies for prevention of this problem.
Nature of Work: Studies have shown that with some species plants left in plug
ﬂats for too long exhibit premature ﬂowering, excessive apical dominance and
stunting (Latimer, 1991; van Iersel, 1997). This study examines which species
were most sensitive to the negative effects of being left in plug ﬂats for too long.
This study also aims to determine the possible causes of this damage and
devise strategies for the prevention of the problem. Methods examined in this
paper include addition of gibberellic acid (GA) and creation of a longer drainage
column. Other methods being investigated include addition of nitrogen, teasing
of the root ball before transplanting, obstructing the plugs’ roots, and altering the
light quality in the plug ﬂat.
Species survey
survey: Seed of begonia, callistephus, celosia, dianthus, eustoma,
gazania, impatiens, larkspur, marigold, matthiola, ornamental kale, snapdragon,
sunﬂower, tomato, and viola were sown in 288 size plug ﬂats ﬁlled with a
peat-based commercial growing media. Ten randomly selected plugs were
transplanted to 6 or 6.5 in. pots every one or two weeks for 10 weeks beginning
at PPS. Overall plant height was recorded for all species every one or two weeks.
Plant diameter was recorded every two weeks for begonia, celosia, eustoma,
impatiens, marigold, sunﬂower, and tomato.
Gibberellic acid: Seed of celosia ‘Century Fire’ and vinca ‘Paciﬁca Lilac’ were
sown in 288 size plug ﬂats ﬁlled with a peat-based commercial growing media.
Gibberellic acid (GA) at 0, 100, 200, and 400 ppm was applied one week before
transplanting. Ten randomly selected plugs were transplanted to 6.5 in. pots at
one and three weeks after addition of GA. Transplanting commenced at PPS.
Plant height and diameter were recorded every other week for ten weeks.
Drainage column: Seed of celosia ‘Century Fire’ and vinca ‘Paciﬁca Lilac’ were
sown in 288 size plug ﬂats ﬁlled with a peat-based commercial growing media.
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One ﬂat was grown on top of another ﬂat of media to lengthen the drainage
column and increase media aeration. A layer of thin, gauze-like fabric was
placed at the bottom of the plug ﬂat to prevent roots from growing into the ﬂat
of media below. A control ﬂat was also grown without the ﬂat of soil underneath.
At PPS, ten randomly selected plugs were transplanted into 6.5 in. pots at two
transplanting dates two weeks apart. Plant height and diameter were recorded
every other week for ten weeks.
Results and Discussion: Species survey
survey: For all species, plant height varied
with the amount of time left in plug ﬂats. Generally, the longer the plants were
kept in the ﬂats, the shorter the ﬁnal heights (Fig.1B, 1D). In larkspur, any plugs
held in ﬂats for longer than 4 weeks after PPS did not survive until the end of
the study (Fig. 1C). Some species such as begonia were not affected by plug
production (Fig. 1A). Plant diameter increased for all species except impatiens
and tomato for which there no was effect of time in the ﬂat.
Gibberellic acid: In both vinca and celosia, the concentration of GA affected the
height and diameter of the transplanted plugs. However, it is unclear whether a
speciﬁc concentration of GA yielded better results in terms of ﬁnal plant height
and diameter. In celosia, plugs that did not receive any GA were the largest by
the end of the study. However, vinca plugs that received GA were taller than
those without GA. Celosia growth rates were affected by transplanting date.
Generally, the later the transplanting date, the smaller the ﬁnal size of the plants.
For vinca, transplant date did not have an effect on either height or diameter
growth rate. For both species, there was an interaction effect on the plant height
growth rate for both species between the transplant date and the concentration of
GA used. Only for vinca was there an interaction effect on plant diameter growth
rate between transplant date and GA concentration.
Drainage column: The height of vinca plugs grown on an increased drainage
column was signiﬁcantly greater than that of the control, regardless of transplant
date. However, drainage column had no signiﬁcant effect on plant height or
diameter of celosia.
Summary: The results of the above studies show that: (1) Some species, such
as celosia, larkspur, ornamental kale, and snapdragon are more sensitive to the
negative effects of plug ﬂat holding than others; (2) the addition of GA may help
with posttransplant growth of stunted plugs; and (3) posttransplant growth of
stunted plugs may beneﬁt from a longer drainage column which provides greater
media aeration.
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Fig. 1. Inﬂuence of 0, 2, 4, 6, or 8 weeks additional production time in a plug ﬂat
on begonia,celosia, larkspur and marigold. Plugs at PPS were transplanted at
“pullable plug stage”. Plugs at PPS+X were held in the plug ﬂat for X weeks after
PPS. Means are an average data from 10 plants.
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Varying Application Practices of
Flurprimidol Pre-plant Bulb Soaks
Brian A. Krug, Brian E. Whipker and Ingram McCall
NC State University, Dept. of Horticultural Sciences, Raleigh, NC 27695-7609
bakrug@ncsu.edu
Index Words: plant growth regulators, Topﬂor
Signiﬁcance to Industry: The results of these experiments suggest that the use
of ﬂurprimidol pre-plant bulb soaks is a suitable height control option to prevent
postharvest stretch of hyacinths. Growers have the ﬂexibility of treating either
the day of or up to 7 d in advance of potting; they can soak the bulbs from 2 and
40 min; they can re-use one liter of solution with at least 100 bulbs (at which
time the solution will need to be replenished) and still achieve a similar degree
of height control. Furthermore, the problem of disposing with the residual soak
solution can be overcome by applying the solution as a substrate drench on
another crop (3). Flurprimidol pre-plant bulb soaks offer growers an alternative
treatment method with ﬂexibility for height control on bulb crops.
Nature of Work: Plant growth regulators (PGRs) are often needed to control
greenhouse and postharvest height of hyacinths (Hyacinthus orientalis). Preplant bulb dips have advantages over other application methods including
time and labor savings, accurate dosages, and reasonable costs. Extensive
research has been conducted to determine the optimal duration and timing of
pre-plant bulb soaks of lilies (Lilium hybrids) using ancymidol. This information
is not available for applying other PGRs as pre-plant bulb soaks to most other
bulb crops. Preliminary trials indicate that ﬂurprimidol pre-plant bulb soaks are
effective at controlling height of hyacinths as well as many other crops (4, 5, 6, 8).
However, unanswered questions remain pertaining to the application practices
involved with ﬂurprimidol pre-plant bulb soaks. The objective of this study was
to determine the optimal timing, duration, and the efﬁcacy over repeated use of
ﬂurprimidol pre-plant bulb soaks.
One un-cooled hyacinth ‘Pink Pearl’ bulb was planted per 10.2 cm (4 inch)
round plastic pot with a volume of 575 ml (1.2 pints), on 24 Oct. 2003. The
root substrate was Berger BM 6 (Berger Peat Moss, St. Modeste, Que.), which
contained 75% to 80% Canadian sphagnum peat and 20% to 25% perlite. For
10 weeks the cooler temperature set point was 5.0º C (41º F). On 5 Jan. 2004
the cooler temperature set point was reduced to 1.1º C (34º F) until 4 Feb.
2004 when the bulbs were removed from the cooler and allowed to acclimate
overnight. Greenhouse forcing began on 5 Feb. with day/night set points of
20.0/18.3º C (68/65º F). Plants were forced under natural day length. Pre-plant
growth regulator treatments were unique for each experiment as listed below.
Experiment 1 – Determining advanced soak timing. ‘Pink Pearl’ hyacinth
bulbs were soaked for 10 min in 20 mg.L-1 ﬂurprimidol 7 (17 Oct.), 1 (23 Oct.),
or 0 (24 Oct.) d before potting. An untreated control was also included. The
experiment was a completely randomized design with 4 single plant replications
of the 4 treatments.
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Experiment 2 – Determining soak duration. ‘Pink Pearl’ hyacinth bulbs were
soaked in a ﬂurprimidol solution (20 mg.L-1) for 1, 5, 10, 20, or 40 min before
potting. An untreated control was also included. The experiment was a
completely randomized design with 4 single plant replications of 6 treatments.
Experiment 3 – Determining ﬂurprimidol solution efﬁcacy with repeated use.
Twenty batches of 4 ‘Pink Pearl’ hyacinth bulbs were soaked, one batch at a
time, for 10 min in 800ml (27.1 ﬂ oz) of ﬂurprimidol (20 mg.L-1). An untreated
control was also included. The soak solution volume was measured after each
batch was soaked to determine the amount of solution utilized by the bulbs. The
experiment was a completely randomized design with 4 single plant replications
of 21 treatment batches.
Postharvest. Plants from each experiment were placed in a growth chamber at
20.0º C (68º F) after anthesis (one ﬂoret completely open). Fluorescent bulbs
provided light at 24 to 75 µmol.m-2s-1 for 12 hr per d. Plant height was recorded
10 d after anthesis.
Data analysis: Data were tested by analysis of variance (ANOVA) using general
linear model (SAS Institute, Cary, N.C.). Postharvest plant height values were
regressed using PROC REG procedure to determine the best-ﬁt (linear or
quadratic) model. Terms of the model were evaluated for signiﬁcance based on
a comparison of F values at α = 0.05. PROC NLIN in SAS, as modiﬁed by Cox
(1), was used to calculate linear-plateau functions (model IV) relating postharvest
plant height to ﬂurprimidol pre-plant soak durations. The quadratic and the linearplateau models were compared to determine the best-ﬁt based on r2 values.
Mean comparisons were also done using orthogonal contrasts.
Results and Discussion: Experiment 1 – Determining advanced soak timing.
The height of ‘Pink Pearl’ hyacinths were similar when pre-plant bulb soaks
of 20 mg.L-1 ﬂurprimidol were applied the day of potting or 1 d, or 7 d before
potting (Table 1). An application window of up to 7 d would be advantageous to
growers by offering ﬂexibility in scheduling PGR treatment. This ﬂexibility allows
growers to treat a large amount of hyacinth bulbs at one time and plant as labor
is available over a 7 d period.
Experiment 2 – Determining soak duration. ‘Pink Pearl’ hyacinth plant heights
were signiﬁcantly shorter than the untreated control using ﬂurprimidol pre-plant
bulb soaks (20 mg.L-1) at any duration trialed (1, 5, 10, 20, and 40 min) (Fig. 1).
Soaks at any duration, with the exception of 1 min compared to 5 min, were not
signiﬁcantly different from each other (data not shown). Based on regression
analysis, plants were 18.7 cm (7.4 inches) tall, which were 24.7% shorter
than the untreated control, when soaked for 1.3 min. No further increases in
height control occurred at longer soak durations ≥ 1.3 min (Fig. 1). According
to Krug et al. (6) 25 mg.L-1 ﬂurprimidol soaks for 10 min were recommended for
hyacinth. With shorter soak durations providing suitable height control, growers
will be able to save time in the application of ﬂurprimidol pre-plant bulb soaks.
Growers should conduct on-site trials to determine the optimal soak duration for
individual species.
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Experiment 3 – Determining ﬂurprimidol solution efﬁcacy with repeated use.
Hyacinth ‘Pink Pearl’ bulbs were signiﬁcantly shorter than the untreated control
as a result of soaking batches of bulbs over time (Table 2), with the exception of
bulb batches 13 and 18. It is unclear why these two batches were not signiﬁcantly
different than the untreated control. The soak solution utilized by each batch
ranged from 16 to 32 ml (4 to 8 ml per bulb). Batches 13 and 18 absorbed 28 and
24 ml (7 to 6 ml per bulb) of solution respectively, so the absence of control
in those batches was not due to lack of PGR utilization. Removal of tulip bulb
tunics during storage increases respiration (2). From this information it could
be deduced that the presence of a tunic could limit uptake of a PGR solution.
Although the hyacinth tunics were not inspected, the bulbs in batches 13 and
18 may have possessed thicker tunic layers which hindered PGR uptake.
Regardless, plant height was no different between ﬁrst and last soaked bulbs
(Table 2). The repeated use of 800 ml of ﬂurprimidol solution over 20 batches of
hyacinth bulbs did not diminish the efﬁcacy of the solution. Each batch of 4 bulbs
used on average 24.4 ml of solution (data not shown). At this rate of utilization,
only 312 ml of solution were remaining at the end of the 20th batch, which was
the minimum volume needed to completely submerge 4 bulbs. Therefore, due
to utilization by the bulbs, the solution would need to be replenished prior to
any possible loss of efﬁcacy. Similar ﬁndings were found when hybrid lilies were
repeatedly soaked in paclobutrazol (7). This utilization of the PGR soak solution
also decreases the amount of residual solution requiring disposal.
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Table 1. ‘Pink Pearl’ hyacinth plant heights at postharvest (13 d after anthesis)
when treated with a 20 mg.L-1 ﬂurprimidol pre-plant bulb soak the same day of
potting or 1 d or 7 d before potting.
Plant height (cm)
Postharvest
25.0z
20.8
20.9
20.8

Bulb treatment
Control
Same day
1d
7d
Contrasts
Control (0 soak) vs any soak timing
Same day vs. 1 d
Same day vs. 7 d

***y
NS
NS

z

Values are means of 4 replicates (plants)

y

NS, *, *** Not signiﬁcant or signiﬁcant at P ≤ 0.05 or 0.001, respectively.

Table 2. ‘Pink Pearl’ hyacinth plant heights at postharvest (13 d after anthesis)
when batches of 4 bulbs were treated with a 20 mg.L-1 ﬂurprimidol pre-plant bulb
soak sequentially in 1 L of solution.
Contrasts
Control (0 soak) vs. any PGR
Batch 1 vs. B5
Batch 1 vs. B10
Batch 1 vs. B15
Batch 1 vs. B20
z

NS, *, Not signiﬁcant or signiﬁcant at P ≤ 0.05

y

with exceptions of batches 13 and 18
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Fig. 1. ‘Pink Pearl’ hyacinth plant heights at postharvest (13 d after anthesis)
when treated with a 20 mg.L-1 ﬂurprimidol pre-plant bulb soak for 1, 5, 10, 20, or
40 min. (values are means of 4 replicates)
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A Novel Automated System for Irrigation and
Simulating Drought Stress in Potted Plants
Krishna S. Nemali and Marc W. van Iersel
Horticulture Department, University of Georgia, Athens, GA 30602, USA
Krishna@uga.edu and mvanier@uga.edu
Index Words: ECH2O dielectric sensor, volumetric water content, watering
system, water-use efﬁciency
Signiﬁcance to Industry: We have developed an automated watering system
that has potential use in the irrigation of greenhouse and nursery crops and
in studies related to drought stress. Using this system, plants can be grown
based on plant water requirement by maintaining a target substrate moisture
level optimal for a particular species. The system results in zero leaching and
minimal wastage of irrigation water and at the same time completely automates
irrigation. The watering system can maintain the volumetric water content of the
substrate at any target level for prolonged periods, which could be very useful in
drought stress research. We hope that this system can be used as a prototype
for a future generation of automated irrigation controllers to achieve signiﬁcant
reductions in labor costs, irrigate plants based on plant water requirement,
minimize runoff and water use, and impose precisely controlled drought stress
in experiments.
Nature of Work: Overhead irrigation systems, like sprinkler-, boom-, and
drip-irrigation, and subirrigation systems, like ebb-and-ﬂow and ﬂooded ﬂoor
irrigation, can reduce labor costs compared to hand-watering, while subirrigation
also prevents leaching. However, these irrigation systems do not irrigate the
substrate based on the actual plant water requirement or with the minimum
amount required for optimal plant growth. This is due to the fact that these
systems can not wet the substrate to a target moisture level desirable for a
particular species. Often times, these systems irrigate the substrate close to
saturation, even if this is not optimal for crop production or to minimize leaching.
An ideal automated irrigation system will turn on irrigation whenever plants
require water and maintain a constant water supply for plants. Accurate and
frequent measurements of substrate moisture status are the key components
in developing irrigation systems based on plant water requirement. Such an
irrigation system can maintain the substrate moisture content (θ) by frequent
measurements of θ and adding small volumes of water to the substrate as
needed to maintain a constant θ. An irrigation system based on plant water
requirement will reduce labor costs for irrigation, wastage of irrigation water,
nutrient leaching, and avoids excess or deﬁcient irrigation. Such an irrigation
system might also have important applications in physiological experiments.
Currently, drought stress often is imposed by completely withholding water from
the plants or by daily addition of only a fraction of the total water transpired by
plants. Both these methods are not ideal for container-grown plants, as in the
former method the rate at which drought stress develops after withholding water
is not controlled and usually faster than under ﬁeld conditions and the latter
method can be time-consuming. Automatic maintenance of a particular θ would
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solve this problem and the target θ can be changed according to experimental
needs. The objective of this research was to test the efﬁcacy of a newlydeveloped automated watering system, which can maintain different levels of
θ for irrigation purposes or simulating drought stress.
Four bedding plant species, Impatiens walleriana Hook. f, Petunia hybrida
Vilm., Salvia splendens Sellow ex Roemer & J.A. Schultes and Catharanthus
roseus (L.) G. Don (vinca) were grown from seed in 96-cell plug ﬂats. One
seedling from each species was transplanted into one of the four corners of a
17.5 L plastic container to ensure that all species were exposed to the same
moisture level. A soilless substrate (Fafard 2P, Fafard, Anderson, SC) was
used with approximately 22.5 g of a slow release fertilizer (Osmocote 14-14-14,
Scotts Co., Marysville, OH) added to each container. Seedlings were irrigated
amply (a θ > 0.4 m3.m-3) for a week after transplanting before subjecting them to
θ treatments. Treatments comprised of four distinct θ moisture levels, with θ set
points of 0.09, 0.15, 0.22, and 0.32 m3.m-3.
We built an irrigation system (Fig. 1) that uses ECH2O moisture sensors
(Decagon Devices, Pullman, WA) interfaced with a datalogger and solenoid
valves connected to a relay controller. Frequent and precise measurements
of the θ were accomplished using calibrated ECH2O dielectric soil moisture
sensors (substrate speciﬁc, Nemali and van Iersel, 2004; log10 (θ, m3.m-3) =
-3.035 + 6.87 × V - 4.305× V2, R2 = 0.91). Substrate temperature was measured
with thermocouples to automatically correct for temperature effects on the
θ measurements. To control irrigation, solenoid valves were connected to a
relay driver (SDM-CD16 AC/DC controller, Campbell Sci.). Each solenoid and
port of the relay driver were related to one of the containers used in the study
and irrigated the substrate in the respective containers. When the datalogger
measured a lower θ than the target value in any container, it opened the solenoid
valve that controlled irrigation of that container. The duration of each irrigation
event was controlled by supplying power to the solenoid valve for a one minute,
during which 100 mL was supplied. The volume of water supplied to the substrate
during each irrigation was controlled using pressure compensated drip emitters
(Rain-Bird irrigation, Tucson, AZ). The water was applied using 30 cm dribble
rings with 7 holes (Dramm, Manitowoc, WI).
Measurements included daily average θ, number of irrigations in each treatment,
total water-use by plants [number of irrigations × 100/1000) + (θinitial - θﬁnal) × 15,
where 100 is the volume (mL) of water added by each irrigation, dividing by
1000 converts mL to L, θinitial is θ before imposing treatments, θﬁnal is the ﬁnal θ
in the substrate, and 15 is the approximate volume (L) of the substrate in the
containers], leaf transpiration rate (E), shoot dry mass, and transpirational water
use [ratio of total crop water use and total shoot dry weight of all four species
in any container]. The experimental design was a split plot design with two
replications. An experimental unit consisted of one of the four plants in each
container. Statistical analyses were performed using Proc GLM of statistical
analysis software (SAS, SAS systems, Cary, NC). In the analyses, different
species and moisture levels were treated as class variables. Means were
separated using Tukey’s HSD or Fisher’s protected least signiﬁcant difference
(LSD) with a P-value < 0.05 considered to be statistically signiﬁcant.
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Results and Discussion: Except for a short period (1 to 2 days) after each
irrigation, and particularly in drier treatments (0.09 and 0.15 m3.m-3), the watering
system maintained the θ at a constant level (Fig. 2). In the drier treatments the
θ was 2-3% higher than the set point for one to two days after each irrigation.
The mean θ maintained was 1-3% higher than the target value in each treatment,
with deviations from the target level being more pronounced in the drier
treatments. Mean shoot dry mass of all species was similar at a θ of 0.09 and
015 m3.m-3. Mean shoot dry mass was higher at a θ of 0.22 m3.m-3 compared
to 0.09 and 0.15 m3.m-3, and was not different between 0.32 and 0.22 m3.m-3
(Fig. 3). Distinct levels of θ resulted in differences in the E and transpirational
water use of plants. The effect of different θ on E of plants depended on the
species (Fig. 4). In general, E was higher at higher θ. There were no differences
in E of species at the two lowest moisture treatments. At a substrate moisture
level of 0.22 m3.m-3, E of vinca was higher than salvia and petunia, and was
not different from impatiens. At the highest moisture level, E was not different
among salvia, petunia, and vinca, however E of vinca was higher than impatiens.
Transpirational water use was highest at the highest θ level, did not differ
between 0.15 and 0.22 m3.m-3, and was lowest in the driest treatment (Fig. 5).
The watering system was able to maintain θ for a long period within an
acceptable range (2-3%) of the target value. Fluctuations in the θ seen in drier
treatments can be minimized by using a shorter irrigation interval (as opposed
to 1 minute used in this study). Based on these results, to maintain a particular
average θ, the set point needs to be 2-3% lower than the desired θ. Unlike other
irrigation systems, which often result in leaching losses and run-off (sprinkler and
boom systems) or saturate the substrate (subirrigation), our system had zero
wastage and resulted in normal growth of all species at a θ level of 0.22 m3.m-3.
The system irrigated plants 3-4 times daily in the two highest θ treatments
with little maintenance. Regardless of the time of the day, the system irrigated
the plants when the substrate moisture fell below the target level. The system
also has a potential use in the ﬁeld of drought stress research. Transpiration
rate and transpirational water use of plants were signiﬁcantly different among
moisture treatments and species indicating that the system resulted in different
physiological responses at different levels of θ. The system was able to precisely
control different levels of drought stress imposed on plants.
Literature Cited:
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Figure 1. Schematic diagram showing various parts of the watering system.
1. pressure regulated water source, 2. water line from source, 3. inlet tubing for
solenoids, 4. solenoid valve, 5. outlet tubing, 6. drip emitter, 7. ECH20 sensor,
8. thermocouple, 9. drip line (ring), 10. CR10x datalogger, 11. AM25T multiplexer,
12. SDM-16AC/DC controller (relay driver). 13. power supply to solenoids,
14. datalogger power supply, 15. connecting wires between CR10x and AM25T,
16. connecting wires between CR10x and SDM-16AC/DC controller. Although
this system can supply water to 16 containers, for clarity only one container
is shown.
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Figure 2. Daily average volumetric water content of the substrate (θ) maintained
in different moisture treatments during the study. The dashed lines indicate the
target θ at which the substrate was irrigated.

Figure 3. Mean (n = 8) shoot (leaf + stem) dry mass of all species at different
substrate moisture levels (θ). Means were separated using Tukey's HSD. Means
with the same letter are not signiﬁcantly different. Error bars indicate standard
error of the mean.
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Figure 4. Mean (n = 2) transpiration rate (E) of vinca, salvia, impatiens, and
petunia grown at different substrate moisture levels (θ). The error bar represents
the least signiﬁcant difference (P
P < 0.05) to compare means among different
species within a moisture level or among different moisture levels within
a species.

Figure 5. Transpiration water use (mL H2O used per gram of plant dry matter)
of plants in different moisture treatments. Error bars represent standard error
of the mean (n = 2). Means with the same letter are not signiﬁcantly different
(Tukey's HSD).
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Production of Snapdragons in a High
Tunnel in Southeast Alabama
Brad E. Reeder, Wheeler G. Foshee, III and Raymond L. Kessler
Auburn University, Dept. of Horticulture, Auburn, AL 36849
reedebe@auburn.edu
Index Words: Antirrhinum majus, season-extension, nitrogen rates, plant
spacing, plasticulture
Signiﬁcance to Industry: High quality snapdragons can be produced on black
plastic mulch inside a high tunnel with 240 lbs. N/A of control release fertilizer. In
addition, we were successful in growing ‘Overture Red II’ in the late fall and the
3x4 inch spacing was superior.
Nature of Work: Cut snapdragons are a multimillion-dollar crop (5); however
there are very few growers in Alabama where direct marketing has great
potential. High tunnels have been used extensively in Europe and the Middle
East for production of vegetables, annuals, biennials, and other horticultural
plants (7). High tunnels are covered with a single layer of six-mil polyethylene
and are ventilated by manually rolling up the sides. There are no permanent
heating or cooling systems in the high tunnel but water is supplied for drip/
trickle irrigation (3). Pennsylvania State University has extensively investigated
production of many horticultural crops in high tunnels that included snapdragons
(Antirrhinum majus) (3). The Pennsylvania State University high tunnel
production system utilizes many of the traditional production methods of ﬁeld
plasticulture (4).
Recent research has shown that snapdragons grown inside a high tunnel had
longer stems than those ﬁeld grown (2). Snapdragons are divided into four
major groupings based on growth responses due to light levels and temperature
(1). These groupings are recommended to be grown in the following manner:
group I – winter and spring; group II – late winter and spring; group III – late
spring and fall; and group IV – summer (6).
The objective of this study was to 1) evaluate preplant nitrogen (N) rates with a
control release fertilizer and 2) determine optimum snapdragon spacing.
A single high tunnel (21’x96’) was constructed utilizing the Pennsylvania State
University design (3) at the Wiregrass Research Station located in southeast
Alabama in Feb. of 2004. Two studies were conducted at this site that included:
1) N study and 2) plant spacing study. Both studies were grown on black plastic
mulched beds (18 inches) that were prepared with a mulch-bedder (Reddick
Fumigants, Williamston NC) and underlain with Tee-tape (0.45 gpm/100ft) for
irrigation purposes. Irrigation was applied once a week at a rate of 1.0 acre-inch.
Experiment 1. In March of 2004, ‘Monaco Yellow’ Group III (36-cell ﬂat) were
hardened off for one week in order to prepare them for planting inside the
high tunnel. There were four treatments with three replications arranged in
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a completely randomized design experiment with the following treatments:
1) 80 lbs. 2) 160 lbs., 3) 240lbs., and 4) 320 lbs. N/A equivalent. Fertilizer used
in this study was Polyon Sta-Green Control Release (6 mo.) 19-6-12 (Pursell’s
Technologies, Inc. Sylacauga AL). Snapdragons were transplanted in three rows
spaced 4x5 inch apart in two-foot plots. Snapdragons were braced with standard
hog-type wire that was positioned over the rows and held in place with metal
posts. This wire was raised as the plants grew. Data collected included stem
lengths, inﬂorescence lengths, and stem diameters.
Experiment 2. In the fall of 2004, a completely randomized designed experiment
was conducted by planting ‘Overture Red II’ Group II grown at three plant
spacings (3x4, 4x4, and 4x5 inch) with three replicates of each treatment.
Polyon 19-6-12 (6 mo.) (Pursell’s Technologies, Inc.) was applied preplant at
an equivalent rate of 240 lbs. N/A (based on previous N study). Snapdragrons
were grown from seed and transplanted into a black plastic mulch bed as
described previously.
Results and Discussion: Experiment 1. Regression analysis showed a strong
quadratic response to the N rates with the optimum rate being the 240 lbs.
N/A equivalent rate. Total stem length, and inﬂorescence length peaked at the
240 lbs. N/A rate with the Polyon 19-6-12 (Table 1). Stem diameter did not peak
at this rate. The stem diameters from the 240 lbs N/A rate were only 0.1mm
smaller than the 360 lbs. N/A rate and 0.2mm smaller than the 160 lbs N/A rate.
In addition, samples from this experiment were delivered to three local ﬂorists
for a non-replicated evaluation. All of the ﬂorists rated these snapdragons in the
‘excellent’ category. They also indicated that they would purchase snapdragons
of equal quality if grown in the local area throughout the year.
Experiment 2. ANOVA indicated that growth and ﬂower responses for the
‘Overture Red II’ were affected by plant spacing in this experiment. The 3x4 inch
spacing yielded longer inﬂorescence length, stem length, and larger stem
diameter compared to plants in the 4x4 or the 4x5 inch spacing (Table 2). In our
system (growing three rows on each black-plastic row) this spacing would allow
for the greatest number of snapdragons per square foot of bed space. In our
21x96 foot high tunnel this would allow for the production of 6,750 plants per
planting (~6-8 weeks).
Both of these studies produced positive results for growing high-quality cut
snapdragons in a high tunnel production system. Further research with this
high tunnel system is needed to determine the overall feasibility of growing cut
snapdragons for direct-marketing in Alabama.
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Table 1. Effect of fertilizer rate on growth and ﬂower development of ‘Monocco
Yellow’, Group III snapdragons grown inside a high tunnel, March 2004.
Treatment
(lbs. N/A)
80
160
240
320
Signiﬁcance

Inﬂorescence
length (cm)
14.4
16.9
18.4
16.6
L*Q**

Total stem length
(cm)
83.9
87.2
89.9
87.7
L***Q**

Stem diameter
(mm)
7.2
8.2
8.0
8.1
L***Q**

Table 2. Effect of plant spacing on ‘Overture II’ Group II snapdragons grown
inside a high tunnel on black plastic mulch, transplanted on 4 Nov. 2004.
Treatment
3x4 inch spacing
4x4 inch spacing
4x5 inch spacing
y

Inﬂorescence
length (cm)
6.9a
4.2b
4.3b

Total stem length
(cm)
36.5a
26.4b
27.4b

Stem diameter
(mm)
5.2a
4.0b
4.4b

Means within columns followed by the same letter are not signiﬁcantly different according to

Duncan’s Multiple Range Test (P≤ 0.05).
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Cut Flower Research in Mississippi
R. Crofton Sloan, Christine E. Coker and Susan S. Harkness
Mississippi State University, North Mississippi Research & Extension
Center, Coastal Research & Extension Center
rcsloan@ra.msstate.edu
Index Words: Cut ﬂower, ﬁeld production, fresh ﬂower
Signiﬁcance to Industry: The production of fresh, cut ﬂowers is virtually
nonexistent in Mississippi. If quality and supply are acceptable and constant,
ﬂorists in Tupelo indicated that they would prefer to buy locally produced ﬂowers
compared to ﬂowers transported for several days from distant farms. A survey
of Mississippi consumers reported that they would pay a premium to purchase
fresh, cut ﬂowers that were grown in Mississippi (3). The survey indicated
that the ﬂowers that Mississippi consumers most often purchased are roses.
Following the rose in the order of purchase preference were daisy, carnation,
iris, lily, and gladiola. They also reported that Mississippi consumers would pay
a premium price for ﬂowers with fragrance. This potential crop could have an
immediate impact in the local and regional retail outlets and farmer’s markets.
Larger volumes of perishable produce generally are marketed wholesale through
established brokers and agents. Entering into the wholesale markets would
require a close working relationship between the grower and the buyer based
on experience and trust. Determining the marketing possibilities for Mississippi
produced cut ﬂowers could be harder to accomplish than establishing cultural
requirements for ﬂower production.
Nature of Work: In 2003 the United States imported cut ﬂowers valued at
more than $611 million while U. S. production of cut ﬂowers was estimated to
be valued at $ 421 million (2). The value of cut ﬂower production in Mississippi
accounts for 0.2% of the value of all ﬂoriculture and nursery crops grown in
the state (1). The objectives of this study are to determine production potential
and market acceptability of greenhouse and ﬁeld grown cut ﬂowers produced
in Mississippi.
Results and Discussion: The ﬁrst four years of this research effort were
devoted to evaluating the ﬁeld production potential of cut ﬂower species
and cultivars. In 2002 six warm season ﬂowers produced large quantities of
marketable ﬂower stems: sunﬂower, zinnia, celosia, amaranthus, gomphrena,
and liatris. Zinnias are ﬂowers that generally are not shipped to distant markets
because they bruise very easily. The Benary Giant Series of zinnia produced
long stems of good quality ﬂowers. The Yoga Mix zinnias also produced a
large number of acceptable stems. Celosia is a species of ﬂower that grows
well in Mississippi. ‘Chief Mix’ was the best cockscomb type of celosia in this
trial. ‘Cramer’s Amazon’ produced large numbers of wheat celosia stems.
‘Opopeo’ amaranthus produced large quantities of large, upright, wine red
ﬂower spikes. ‘Pony Tails’ and ‘Love Lies Bleeding’ are trailing forms of
amaranthus. Gomphrena ‘QIS’ produced large numbers of small, round ﬂowers.
The gomphrena were incredibly productive, and could be marketed as a ﬁller
ﬂower for arrangements or bouquets. Liatris is a perennial bulb ﬂower that is a
Floriculture Section

701

SNA RESEARCH CONFERENCE - VOL. 50 - 2005
wildﬂower in Mississippi. Informal ﬂorists’ surveys indicate that the white liatris
is not commonly available and would be a desirable crop to grow. Cool season
ﬂowers harvested in early spring that exhibited good potential for cut ﬂower
production were delphinium, sweet pea, statice, snapdragon, and lisianthus. The
‘Bellamosum Blue’ and ‘Belladonna Blue’ delphinium were very productive and
well received by the ﬂorists. The ‘Paciﬁc Giant Mix’ was also very productive. The
‘Fortress Mix’ statice produced large numbers of brightly colored ﬂowers over
a long harvest period. ‘Sunset’ produced large numbers of pastel ﬂowers. The
snapdragon cultivars evaluated in this trial were very productive. The Winter Euro
series did not produce as many stems as did the Potomac and Rocket series.
The lisianthus cultivars grown in this trial produced ﬂower stems of very good
quality. The Balboa series ﬂowers produced two strong crops of stems.
An extensive sunﬂower cultivar evaluation was planted in 2003. ‘Moulin Rouge’,
‘Claret’, and ‘Strawberry Blonde’ were in the group that produced the most stems
in the trial on all 6 of the planting dates. ‘The Joker’ was in the group producing
the most stems on 5 of the 6 planting dates. ‘Indian Summer’, ‘Sundown’, ‘Apricot
Twist’, and ‘Goldrush’ were in the group that produced the fewest number of
stems on 5 of the 6 planting dates. ‘Lemon Éclair’ was in the group that produced
the fewest number of stems on 4 of the 6 planting dates.
Cut ﬂower research is continuing at the Mississippi Agricultural & Forestry
Experiment Station at the North Mississippi Research & Extension Center in
Verona and at the Coastal Research & Extension Center in Biloxi.
Literature Cited:
1.

Floriculture and Environmental Horticulture Situation and Outlook Report.
Market and Trade Economics Division, Economic Research Service, U.S.
Department of Agriculture, October 1999, FLO-1999.

2.

Jerado, A. 2004. Floriculture and Nursery Crops Outlook. USDA. Economic
Research Service. FLO-03.

3.

Hudson, D. and E. Grifﬁn. 2004. Market Potential for “Mississippi Grown” Cut
Flowers. Mississippi Agricultural & Forestry Experiment Station Bulletin 1140.

4.

Sloan, R. C. and S.S. Harkness. 2002. Cut ﬂower production in Mississippi.
Annual Report of the North Mississippi Research & Extension Center, Miss.
Agric. & For. Expt. Sta. Info. Bull. 386:314-336.

5.

Sloan, R.C., S.S. Harkness, and K.W. Hood. 2003. Cut ﬂower production
in Mississippi. Annual Report 2002 of the North Mississippi Research &
Extension Center. Mississippi Agriculture & Forestry Experiment Station
Information Bulletin 398:372-463.

6.

Sloan, R.C. and S.S. Harkness. 2004. Branching pollen free sunﬂower
cultivar evaluation. Annual Report 2003 of the North Mississippi Research
& Extension Center. Mississippi Agriculture & Forestry Experiment Station
Information Bulletin 405:350-356.

702

Floriculture Section

SNA RESEARCH CONFERENCE - VOL. 50 - 2005

Scheduling & Economic Considerations in
Commercial Production of Vinca
F.E. Stegelin, P.A. Thomas, B.V. Pennisi and J.L. Woodward
University of Georgia, Depts. Of Ag & Applied Economics, Horticulture, and
Plant Pathology, Athens, GA 30602-7509
fstegelin@agecon.uga.edu
Index Words: Vinca, Catharanthus roseus, production scheduling, economics
Signiﬁcance to Industry: Vinca is one of the top-ten best selling bedding plants
in the Southeastern U.S. (USDA/NASS, 2005). Once established, it blooms all
summer. For Georgia’s hot, dry, sunny sites in sandy loam or Piedmont clay soil
types, Vinca is an exceptional bedding plant that is available in a wide variety of
colors, sizes, and applications/presentations. Unfortunately, many commercial
growers shy away from producing Vinca because Vinca is a specialty crop with
very distinct growing requirements plus a tainted history of poor cultivar genetics
and susceptibility to diseases and other problems.
Nature of Work: Trial garden evaluations indicate the newer Vinca cultivars are
more vigorous, more predictable, and more specialized. Cultivar selection is
important as there are differences among cultivars, ranging from creeping-type
Vinca to dwarf- and border-type Vinca. Because the environmental requirements
for this species are the most stringent of any commercial bedding plant crop,
Vinca should be considered a specialty bedding crop. The secret to growing
and marketing high quality Vinca is maintaining an optimal root environment
(Thomas, et al, 2003).
As for the greenhouse environment, Vinca requires higher light levels, warmer
temperatures, and more air movement than the average or typical bedding
plants, such as begonias or impatiens. Bedding plants that grow well under the
conditions optimal for Vinca and that would therefore complement a greenhouse
production regime with Vinca include salvia and zinnia. Vinca can be grown from
seed and/or plugs. For speciﬁc fertility, disease, watering, media, temperature,
and related plant production information, refer to “A Guide for Commercial
Production of Vinca,” by Paul Thomas, Jean Woodward, Forrest Stegelin, and
Bodie Pennisi, UGA/HORT Bulletin 1219, November 2003.
Results and Discussion: The focus on crop production schedules is to aid
the grower in timing the crop(s) to be available in the marketplace for a speciﬁc
market window or opportunity. Because Vinca has so many uses and potential
markets, many different schedules can produce a quality crop depending on the
container chosen for use. Table 1, that follows, provides some basic schedules
applicable to Georgia growers; these are general estimates as each greenhouse
and production program can affect the timing or speed of development. Note that
the schedules are provided for “north” (Southern Appalachian Mountain regions
of North Georgia) and “south” (Piedmont and coastal areas of South Georgia).
The planting dates assume an April 1 and May 1 wholesale shipping date for the
South and North, respectively, and a May 15 and June 1 landscape installation
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date for the South and North, respectively, so schedules should be adjusted
according to the grower’s market.
Literature Cited:
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Table 1. Suggested production schedules for Vinca.
Vinca Use
Hanging Basket (12”)
4” Pot, Landscape
Installation
4” or 6” Pot, Retail or
Garden Center
Bedding Flat, Retail
Market
Color Bowls, using 72
plugs or ﬂat material

Planting Date
North: February 1
South: March 15
North: March 1
South: February 15
North: February 15
South: February 15
North: February 15
South: February 15
North: March 1
South: March 15

Plants/Unit
6
5 or 6
1
1
3
1 or 3
1
1
2/5” space
1/5” space

Finish Time
16–18 weeks
7 – 9 weeks
10–12 weeks
8 – 10 weeks
14–16 weeks
8 – 12 weeks
12–14 weeks
10 weeks
10 weeks
8 weeks

The following budget (Table 2) typiﬁes the cost of producing and marketing about
2,500 Vinca (2 benches of greenhouse capacity, or 160 ﬂats). The variable cost
per salable plant (from ordering 10 trays or 2,880 plugs and expecting a 5% loss
upon delivery plus an additional 10% plant loss during production and marketing
leaves 2,462 marketable plants) is 96¢. The ﬁxed cost (overhead on property,
facilities and equipment actually used in production during the 8-week production
period) is 12¢ per plant, for a total cost for production and marketing of $1.08
per plant.
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Table 2. Estimated costs of producing Vinca in Georgia, Zone 7.
Item
Description
Unit
Qnty.
$/Unit
Materials:
Plugs
Catharanthus roseus
each
2,880
.065
Containers
4” press ﬁll pots
case
6
45.00
Flats/Trays
18-count for 4”
case
3
28.50
Root Media
3 cu. ft. bags
bag
19
14.00
Plant Id Stakes
300/bundle
bundle 9
6.00
Fertilizer
Pansy Vinca Special
bag
8
23.00
Pesticide/Herbicide Truban 30WP
bag
28
8.15
Chemical/PGR
PG Manager
bag
1
83.00
Machinery/Equipment/Greenhouse:
Greenhouse (30’ x 90’ complete + 2 rolling carts) [hvac, lighting, irrigation]
Pot Filler (160 – 4” pots/hour capacity)
Truck (2-ton box, used; 200-mile driving radius) [driver, fuel, permits]
Labor, Hired Production
hours
52
7.00
Labor, Marketing/Administrative
Interest on Operating Capital (0.14 @ 12%)
Total Variable Cost
Variable Cost/Marketable Plant (2,462 salable plants)
Fixed Costs (debt repayment, depreciation, repairs/maintenance)/Plant
Total Cost Per Salable Plant
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$/Crop
187.20
270.00
85.50
266.00
54.00
184.00
228.20
83.00
44.00
56.00
200.00
364.00
200.00
37.33
$ 2,258.23
0.96
0.12
$ 1.08
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Nutrient Deﬁciencies of Dwarf Creeping Chenille
Kim Strickland and James L. Gibson
University of Florida, Dept. of Environmental Horticulture, Milton, FL 32583
jlgibson@uﬂ.edu
Index Words: Nutritional Disorders, Acalypha pendula, Summer Love
Nature of Work: Perennials are proﬁtable crops to grow because of their
popularity among consumers, and have subsequently become an important
component of an ornamental plant producer’s inventory. In 2003 production totals
of perennials were reported at $571 million, up 15% from the previous year, and
are the fastest-growing segment of ﬂoriculture crops (5). With the popularity of
perennials has come an increased demand for production information. Little
information has been published regarding their mineral nutrition requirements,
speciﬁcally nutrient foliar standards and nutrient deﬁciency symptoms. Most
research in these areas has focused on annual ﬂoriculture crops (3, 6), leaving
plant producers, researchers, and commercial laboratories to rely on experience
or adapt recommendations for other ﬂoriculture crops.
Dwarf creeping chenille (Acalypha pendula) is a durable tropical perennial hardy
to USDA Zones 8 through 11 and can be used as a containerized ornamanetal
or groundcover. Dwarf creeping chenille performs best in dry, acidic to slightly
alkaline soils, full sun conditions, and has very few pest problems (1). Fertilizer
recommendations suggest N at 200 to 250 mg.L-1 to increase the length of
ﬂowers (4). Nutrient deﬁciencies can occur during production, the symptoms
of which have been reported as chlorosis of the young leaves (iron deﬁciency)
and lower leaf yellowing (N or Mg deﬁciency) (R. Schoellhorn, personal
communication). Therefore, our research will generate visual symptoms of
nutrient deﬁciencies in the chronological order in which they appear from incipient
to advanced stages for N, P, K, Ca, Mg, S, Fe, Mn, Cu, Zn, and B in dwarf
chenille plants.
Unrooted stem cuttings of Acalypha pendula were inserted in Oasis horticultural
foam (3.7 x 3.0 x 1.8 cm) (Smithers Oasis, Kent, Ohio) containing only Ca and
Mg from dolimitic limestone on November 19, 2004. Cuttings were grown with a
half-strength Hoagland’s [complete] nutrient solution containing NH4NO3, KNO3,
K2HPO4, Ca(NO3)2.4H2O, MgSO4.7H2O, and FeDTPA until roots were visible at
the edges of the rooting cube. Cuttings were pinched by removing 2 cm of growth
from the terminal tip. After establishment, plants were transplanted on December
20 into 4.87-L aluminum painted plastic tubs containing a complete nutrient
formula. Plants were subjected to a complete nutrient formula for approximately
two weeks in order to have sufﬁcient biomass for tissue sampling. On January
12, 2005 all treatments were induced that included a complete nutrient formula
and complete minus one of the nutrients N, P, K, Ca, Mg, S, B, Cu, Fe, Mn and
Zn (2). Six replications, each consisting of one tub with six rooted cuttings, were
assigned to 12 treatments.
Plants were monitored daily to document and photograph sequential series of
symptoms on youngest, young, recently mature, and mature leaves as they
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developed. Plants within each deﬁciency treatment were grown until the ﬁrst
symptom appeared relative to the control. At that point, recently fully expanded
leaves were sampled from the deﬁcient treatment and from the control treatment
(three replications of each experimental unit). Once symptoms advanced, a
second set of leaf samples were collected. Plant tissue was dried for shoot dry
weight and foliar analysis.
All the data were subjected to ANOVA using PROC GLM SAS program (SAS
Inst., Cary, N.C.). Where the F test indicated evidence of signiﬁcant difference
among the means, LSD (P
P ≤ 0.05) was used to establish differences between
means.
Results and Discussion: The number of days to each symptom refers to
time from the start of deﬁciency treatments (Fig. 1). Initial and advanced
shoot dry weight comparisons to the control are indicated in Figure 2. Dwarf
creeping chenille appears to be most sensitive to Fe deﬁciency due to the rapid
appearance of symptoms 9 days after the initiation of treatment. Plants were
moderately sensitive to Ca, K, N that followed at day 12 and B and P at day 15.
Plants were fairly resistant to Cu, Mg, and Zn (day 19), while Mn and S were
the slowest at day 30. During the initial stage, all nutrient deﬁciencies resulted
in similar in dry weight when compared to the control. Only N and P deﬁciencies
resulted in notable plant weight loss as an advanced symptom (Figure 2).
Synoptic and unique visual symptoms for dwarf chenille plant were as follows:
N - recently mature and mature leaves were cupped upward from margin
with interveinal chlorosis and some marginal yellowing on youngest leaves;
P - mature leaves completely chlorotic with necrotic spotting and leaf drop;
K - mature leaves showing uniform chlorosis, marginal chlorosis, and some
necrotic spotting; Ca - bristle-like lateral roots with blackened tips with mature
leaves showing necrotic spotting and no sign of axillary growth; Mg - mature
leaves chlorotic with necrotic tips and recently mature, young and youngest have
interveinal chlorosis; S - recently mature leaves developing marginal necrosis
with young and youngest leaves light green to yellow in color; B - rosette
formation of shoot tips with necrotic spots on recently mature leaves; Cu - a loss
of sheen on stunted, clump-like upper shoots; Fe - yellowish-green chlorosis
on the young leaves to bleach white young leaves with pale green veins and
tan spots; Mn - recently mature leaves cupped with necrotic tips and young and
youngest leaves distorted; Zn - young leaves are thin and strap-like showing
necrotic margins, interveinal chlorosis, and cupping.
Signiﬁcance to the Industry: Fertility monitoring and management for dwarf
creeping chenille requires a balancing of the plant’s needs. Growers must be
aware and manage the root substrate pH, electrical conductivity (EC) and provide
adequate, but not excessive, levels of all essential elements. Nutrient deﬁciency
descriptions are unavailable for most ﬂoriculture crops, yet growers must often
make quick diagnoses. This study determined and discussed the progression
of visual symptoms of nutrient deﬁciencies in creeping chenille. For actually
growing young plants creeping chenille appears to be most sensitive to Ca, Fe,
K and N. Using a plant diagnostic lab to identify the source of problems is still the
best way to ensure accurate diagnoses, since many nutritional, physiological,
insect and disease problems can mimic each other. In order to help prevent the
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development of deﬁciencies, minimal critical tissue levels have to be determined
for adaptation by the greenhouse industry for nutritional monitoring.
Acknowledgements:
The authors gratefully acknowledge Shannon Crowley, Susan Haddock, and
Sharon Wombles for their technical assistance and plant material from Hachett
Creek Farms, Gainesville, FL. Appreciation is also expressed to Smithers-Oasis
for providing the rooting substrate.
Literature Cited:
1.

Gilman, E. 1999. Acalypha pendula. University of Florida Cooperative
Extension Service Fact Sheet FPS-5. <http://hort.ifas.uﬂ.edu/shrubs/
ACAPENA.PDF>.

2.

Hoagland, R.J. and D.I. Arnon. 1950. The Water-Culture Method for Growing
Plants Without Soil, Circ. 347 (Rev. Ed), California Agric. Exp. Sta. Berkley,
Calif.

3.

Pitchay, D. 2002. Impact of 11 Elemental Nutrient Deﬁciencies on Shoot and
Root Growth, and Foliar Analysis Standards of 13 Ornamental Taxa with
Emphasis on Ca and B Control of Root Apical Meristem Development. Ph.D.
dissertation. North Carolina State University, Raleigh, NC.

4.

Robrick Nursery, Inc. 2005. Chenille Firetail. <http://www.robrick.com/plants/
plant_information.asp?ref=5>.

5.

USDA. 2003. Floriculture Crops 2003 Summary. National Agricultural
Statistics Service (NASS), Agricultural Statistics Board, U.S. Department of
Agriculture.

6.

Whipker, B.E., D.S. Pitchay, J.L. Gibson, P.V. Nelson, and C.R. Campbell.
2000. How to correct nutritional problems. GMPro 20(6):38-40, 42-44, 46.

708

Floriculture Section

SNA RESEARCH CONFERENCE - VOL. 50 - 2005
Figure 1. Days to develop speciﬁc initial nutrient deﬁciency symptoms or
necrosis for dwarf creeping chenille.

Figure 2. Shoot dry weight of nutrient deﬁcient plants of dwarf creeping chenille
expressed as a percentage of control plants at initial and advanced stages. NS,
*, ** denotes not signiﬁcant at P ≤ 0.05, signiﬁcant at P ≤ 0.05 and P ≤ 0.01,
respectively.
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Somaclonal Variation of Astilbe Microshoots
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Signiﬁcance to Industry: In recent years somaclonal variation has been used
as a method of introducing variation in ornamental plants. Somaclonal variation
has been deﬁned as the genetic change of a plant when regenerated through a
tissue cultured procedure. The beneﬁts of somaclonal variation in improvement
of crops such as sunﬂower (Helianthus annuus L.), chili pepper (Capsicum
annuum L.), and rose-scented geranium ( Pelargonium graveolens L. Herit.) has
previously been reported (1,2,3). We investigated the possibility of somaclonal
variation in Astilbe x arendsii microshoots regenerated from in vitro seedlings.
Astilbe is an increasingly popular genus of herbaceous perennials in the nursery
and landscape industry, consistently ranking among the top ﬁve perennials by the
Perennial Plant Association. Development of novel Astilbe would be beneﬁcial to
the industry.
Nature of Work: In November of 2003, seeds obtained from Stokes Seed
Co.(Buffalo, N.Y.) of A. × arendsii were germinated in a growth chamber (16 h
photoperiod, 22-28 µmol.m-2.s-1, 25°C ) on sterile germination paper. Germinated
seedlings were dipped in 50% Plant Preservative Mixture (PPM) (Plant Cell
Technology, Washington D.C.) for 30 sec and transferred to woody plant medium
(WPM) (4) supplemented with 30 g·l-1 sucrose, 100 mg·l-1 myo-inositol, 7 g·l-1
phytagar, 0.186 mg·l-1 naphthaleneacetic acid (NAA), 2.125 mg·l-1 kinetin and the
antibiotic cefotaxime at 250 mg·l-1.
Seedlings with multiple shoot proliferation were divided under sterile conditions
and subcultured every 3 weeks and returned to the growth chamber. In
February 2004, cultures representing 5 seedlings were selected for vigor and
resulting somaclones (10 to 14 representing each seedling) were acclimated
to the greenhouse under 50% shade for 4 wks. Once acclimated, somaclones
were transferred to 15.2 cm square plastic pots and grown without shade in
the greenhouse in a completely randomized design. From October 2004 until
March 2005, plants were over-wintered in a cold-frame for vernalization, then
transferred back to greenhouse for observation.
Data were collected from Astilbe somaclones on varying aspects of plant
development, plant size, plant morphology, and ﬂowering. Degree of emergence
was rated 2 wks after transfer back into the greenhouse from the cold-frame. In
late April 2005, leaf ratio, petiole length, and chlorophyll content were averaged
from three different leaves per somaclone. Flower number, ﬂower height,
plant height, and plant width were also rated at this time. In early June, data
were recorded on the ﬂowers of somaclones including average ﬂower height
and average ﬂower width. ANOVA was used to determine differences among
seedling families and multivariate analysis was used to detect somaclones within
seedling families.
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Results and Discussion: Variability of vegetative and ﬂoral morphology
among the ﬁve seedling families could be detected visibly. One seedling family
was characterized by red pigment in the mid-veins and petioles, whereas
another seedling family consistently had dark green, thick leaves. Other visible
differences among seedling families were ﬂower color, leaf structure, and overall
plant size. ANOVA revealed signiﬁcant differences among the seedling families
for each character measured (Table 1). This variation is not expected to be
somaclonal variation but genetic variation among seedlings within the seedlot.
Using multivariate and cluster analysis, we revealed potential somaclones within
seedling families by their departure from most family members detected on plots
of canonical variables representing several traits. Three potential somaclonal
variants have been found within the ﬁve seedling families (Table 2). Clone 6
(familiy A) had signiﬁcantly more ﬂowers, a high leaf ratio and greater plant width
than most other clones in the same seedling family. The other two proposed
somaclones (clone 3 of seedling family B; clone 6 of seedling family E) were the
largest plants in width, height and leaf ratio in comparison to other clones within
their respective families.
Our results show the potential for generating somaclonal variation among
populations Astilbe seedlings propagated through tissue culture. Thus, it is likely
that novel phenotypes and new cultivars of Astilbe could be generated through
our micropropagation routine. In future research, we would like to examine the
ploidy of clones through ﬂow cytometry, evaluate clones in the ﬁeld to see if
differences persist, and determine whether differences will maintain through a
vegetative or sexual cycle.
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11

12

10

14

B

C

D

E

2.6 a

2.0 b

1.0 c

2.1 b

2.7 ax

0 – 3y

16.0 b

15.8 b

16.8 b

20.5 a

15.9 b

cm

Plant Height

Emergence was rated on a 0 (dormant) to 3 (fully emerged) scale.

7.8 c
13.1 b

27.5 b

X

8.4 c

18.2 a

12.7 b

cm

Leaf Ratio

30.4 ab

29.6 ab

32.7 a

27.2 b

cm

Plant Width

Mean separation by Ryan-Einot-Gabriel-Welsch multiple range test (REGWQ)(α= 0.05).

Y

Z

Number of clones regenerated per seedling and used in analysis.

12

A

Seedling family nz

Emergence

9.4 b

10.1 ab

10.0 ab

12.1 a

8.5 b

cm

Petiole Length

4.6 a

0.3 b

1.2 b

1.3 b

5.3 a

#

Flower Number

14.9 a

1.1 b

5.0 b

6.0 b

16.4 a

cm

Flower Height

Table 1. Mean for seven traits among ﬁve seedling families regenerated through tissue culture of A. × arendsii. The traits were
measured on greenhouse plants 14-16 months after acclimation and 2-4 months after vernalization.
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Table 2. Range of plant height, plant width, leaf ratio, and ﬂower number for
clones of A. × arendsii regenerated from in vitro seedlings. Potential somaclonal
variants are placed in parentheses as well as their respective values within
the range.

Seedling
family

Plant Height
(cm)

Plant Width
(cm)

Leaf Ratio
(cm)

Range (clone)

Range (clone)

Range (clone)

Flower
Number
Range
(clone)

A (clone 6) 13.0 - 19.0 (15.0) 22.0 - 31.5 (26.5) 7.6 - 17.4 (16.7) 2 - 10 (10)
B (clone 3) 16.0 - 24.0 (24.0) 26.0 - 37.5 (37.5) 11.7 - 22.5 (20.3)

1 - 3 (3)

E (clone 6) 13.0 - 23.0 (23.0) 25.5 - 35.0 (35.0) 10.3 - 18.3 (18.3)

1 - 8 (3)
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