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Cyclanilide as a Potential Branching
Agent for Indian Hawthorn
Amanda S. Holland, Gary J. Keever and J. Raymond Kessler, Jr.
Auburn University, Dept. of Horticulture, Auburn, AL 36849
hollaam@auburn.edu
Index Words: Apical Dominance, Chemical Growth Regulation, Chemical
Pruning, Mechanical Pruning, Rhaphiolepis indica
Signiﬁcance to the Industry: Indian hawthorn often requires multiple prunings
during nursery production to develop compact, well-branched plants. Although
pruning induces branching, the process requires costly labor and often lengthens
production time. Chemical growth regulators have the potential to induce
branching without mechanical pruning. Foliar sprays of 25 to 300 parts per million
(ppm) cyclanilide (CYC) increased lateral branching of ‘Eleanor Taber’ and ‘Olivia’
Indian hawthorn by 28% to 212%. These results suggest chemical pruning
with CYC may serve as a supplement or substitute for mechanical pruning of
Indian hawthorn.
Nature of Work: Apical dominance inhibits axillary branching of many woody
ornamental shrubs, potentially reducing their marketability. Pruning removes
apical dominance and stimulates lateral shoot development, a requirement for
well-branched, marketable shrubs (3, 4, 5). Production of Indian hawthorn often
requires multiple prunings. Typically, plants sold in one gallon containers are
pruned at least once during the 18 to 20 month production time, while those
in 3 gallon containers are pruned at least twice during their additional 9 to
12 months production time (Tom Dodd Nursery, pers. comm.).
Chemical growth regulators have shown potential as alternatives to mechanical
pruning, yet none are widely used in landscape nurseries. In studies at
Washington State University cyclanilide (CYC), a bioregulator recently made
available for testing by Bayer Environmental Science, stimulated lateral
branching of apple and sweet cherry trees without long-term growth reduction
or damage to the terminal meristem (1, 2). These are the only published results
of CYC effects on tree fruits, and there are none on CYC effects on landscape
crops. The objective of our study was to determine the potential of CYC as a
branching agent of Indian hawthorn during nursery production.
We examined effects of both single and multiple foliar sprays of CYC on two
cultivars of Indian hawthorn. ‘Eleanor Taber’ and ‘Olivia’ were repotted from
#1 into #3 containers using an amended 7:1 pine bark:sand mix and placed
outdoors in full sun under overhead irrigation. In 2004, a single application of 0,
25, 50, 100 or 200 ppm was applied to ‘Eleanor Taber’ shortly after maturation
of new spring foliage. This experiment was repeated in 2005 using both cultivars
and CYC rates of 0, 50, 100 or 200 ppm.
Because branching induced by a single application was limited to a single ﬂush
of growth, multiple foliar sprays of 0, 100, 200 or 300 ppm CYC were applied
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for three consecutive weeks to both cultivars in another experiment. Treatments
were not begun until June 2005, well after the ﬁrst growth ﬂush of the season. At
this time most shoot tissue was mature (previous season’s growth) or recently
matured (current season’s growth), although developing foliage was present.
Data collection in all experiments included growth index [GI = (height + widest
width + width perpendicular to ﬁrst width) / 3)], shoot counts (new shoots at least
1 cm in length) and a subjective quality rating (QR) of 1 (lowest) to 5 (highest).
Results and Discussion: Branching of both cultivars increased in response
to single CYC applications. In 2004, a single CYC application increased new
shoots in ‘Eleanor Taber’ by 200% to 300% at 30 days after treatment (DAT),
and QR was higher in treated plants 120 DAT (Fig. 1). In 2005, CYC increased
shoot counts in ‘Eleanor Taber’ by up to 195% at 60 DAT. In ‘Olivia’, 100 ppm
CYC promoted the most lateral shoots and the highest QR (Fig. 2). Increased
new shoot counts in both cultivars were limited to the ﬂush immediately
following application.
Both cultivars developed a stunted appearance that persisted for several weeks
following three applications of CYC. Foliar injury was evident as early as 20 days
after ﬁrst treatment (DAFT) and ranged from moderate yellowing of new foliage
(100 ppm) to more severe yellowing and stunting of new foliage (300 ppm). By
the end of the growing season, adverse symptoms were no longer evident.
Shoots of ‘Eleanor Taber’ increased by as much as 335% at 60 DAFT and QR
increased up to 34% at 120 DAFT (Fig. 3). Branching of ‘Olivia’ were more
pronounced than with ‘Eleanor Taber’, primarily because fewer shoots formed
on control plants of ‘Olivia’. Shoot counts increased 20 to 23 fold at 60 DAFT in
CYC-treated plants compared to non-pruned controls, and QR was up to 67%
higher 120 DAFT (Fig. 3) with no effect on plant size. During the peak ﬂush
stimulated by CYC, shoot growth was at least as vigorous as during spring and
in stark contrast to shoot growth of the controls. Effects of multiple applications
lasted longer than a single application, and some treated plants carried effects
into Spring 2006.
While other factors must be addressed before this new bioregulant is useful to
the nursery industry, our results suggest CYC has potential as a branching agent
that will lessen or eliminate manual pruning in Indian Hawthorn.
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Figure 1. New shoots on ‘Eleanor Taber’ Indian hawthorn 30 days after applying
cyclanilide, 2004.

Figure 2. New shoots on ‘Eleanor Taber’ and ‘Olivia’ Indian hawthorn 60 days
after applying cyclanilide, 2005.
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Figure 3. New shoots on ‘Eleanor Taber’ and ‘Olivia’ 60 days after ﬁrst
application of cyclanilide, 2005.
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Inﬂuence of Cytokinins on Lateral Branching
of Iris germanica Rhizomes
Todd Leeson and Richard L. Harkess
Mississippi State University, Dept. of Plant and Soil Sciences,
Mississippi State, MS 39762
tml100@msstate.edu
Index Words: Tall Bearded Iris, Benzylamino purine, Side Branching
Signiﬁcance to Industry: Tall bearded iris often grow only 2 side branches
after ﬂowering. Iris germanica ‘Immortality’ and ‘Painted Clouds’ were treated
with basal sprays of 0, 100, or 200 mg Benzylamino Purine (BA)/L to encourage
axillary bud development. Concentrations of BA at 200 mg/L resulted in increased
axillary bud development. The resulting lateral branches results in a greater
number of bloom stalks the following year.
Nature of Work: The wholesale market for cut ﬂowers and foliage is $512 million
with the number of American cut ﬂower growers continuing to increase each
year (Laws, 2002). Species grown in the United States for cutting have changed
from traditional roses, chrysanthemums, and carnations to specialty cut ﬂowers
like peonies, celosia, zinnia, and sunﬂower. The specialty cut ﬂower industry
has proven to be proﬁtable for American growers allowing them to compete with
imports (Armitage, 1993). New species are constantly being sought to help keep
American growers proﬁtable and ahead of the foreign competition.
Tall bearded iris grow from a rhizome producing a large fan of sword shaped
leaves. From the terminal growing point, a 29-40” ﬂower stalk bearing several
blooms is produced. Tall bearded iris has great potential as a cut ﬂower due to
its fragrance, showy display, limited availability, and high value. Tall bearded iris
wholesale for about $2.50 per stem. In particular, the group of tall bearded iris
classed as re-blooming has great potential for producing cut iris for the fall and
winter holiday seasons. The number of ﬂower stalks produced is directly related
to the number of fans or lateral branches that develop from the rhizome.
Studies have shown that BA application increases offshoot development in Hosta
cultivars (Garner et al, 1997). The objective of this study was to use cytokinins to
stimulate dormant rhizome axillary buds to develop into lateral branches.
Plants were obtained from a commercial iris propagator. The variety ‘Immortality’,
a large white, was selected as it is most often reported as reliably re-blooming
and preliminary studies have proven it to re-bloom in the greenhouse. ‘Painted
Clouds’ is pink with amber beards and was selected as it also has been reported
to be a reliable re-bloomer. ‘Immortality’ and ‘Painted Clouds’ were potted in
8” pots 15 August 2005 in Sunshine mix 1 and grown in the greenhouse at
nighttime temperatures of 20°C. Plants were treated with 3ml basal spray of
0, 100, or 200 mg BA on 16 September 2005. In addition, plants received 50,
100, 150, or 200 mg N/L from Peter’s 20-10-20 (Scott’s Company, Marysville,
Ohio) at every irrigation. Plants were divided into a split plot arrangement with
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fertilizer treatments as the main plots. The experiment had 2 subsamples and
4 replications for a total of 192 plants. The number of lateral branches longer
than 2.5 cm was counted on 3 February 2006.
Results and Discussion: There was no difference between BA at 100 or
200 mg/L for either ‘Immortality ‘or ‘Painted Clouds’ (Table 1). However, more
lateral branches did develop on Immortality when BA was applied than when no
BA was applied.
Treatments with BA may need to be at a higher concentration or applied before
planting. Work done by Garner et al. (1997) has shown that BA applications
of 1250, 2500, and 3750 ppm BA were effective in increasing the number of
offshoots in Hosta cultivars. More research needs to be done using higher
concentrations of BA, possibly around 1000 mg/L, and application method to
determine if BA is effective at increasing the number of lateral branches on
Iris germanica.
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Table 1. Inﬂuence of 3 ml basal spray application of benylamino purine on lateral
branch development of Iris germanica rhizomes one month after planting. Lateral
branches greater than 2.5cm tall were counted.

Treatment

‘Immortality’

‘Painted Clouds’

0 mg BA/L

4.9 b

5.4 a

100 mg BA/L

5.4 a

5.5 a

200 mg BA/L

5.3 a

5.6 a

Means within columns separated using LSD P=0.05
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Height Control of Four Herbaceous Perennials with
Uniconazole in Container Production
Yan Chen1 and Charles Meister2
Louisiana State University AgCenter,
Hammond Research Station, Hammond, LA 70403
2
University of Florida, IFAS, Gainesville, FL 32611
yachen@agcenter.lsu.edu
1

Index Words: plant growth regulation, Sumagic, Penstemon hybridus, Hibiscus
moscheutos, Buddleia davidii, Perovskia atriplicifolia
Signiﬁcance to Industry: Fast-growing herbaceous perennials present height
control challenge in container production. Buddleia davidii Pink Delight, Hibiscus
moscheutos Luna Blush, Penstemon hybridus Hot Rose, Perovskia atriplicifolia
Mona Lavender grown in greenhouse were treated with uniconazole as foliage
spray at various rates and application frequencies. A 20 to 30% height reduction
was observed when buddleia and Russian sage were treated with two sequential
applications one and two weeks after transplant at 20 mgL-1. Hibiscus is more
sensitive and two applications at 10 mgL-1 provided effective height control over
a 6-week production period. Some leaf injuries and stunting were observed
in these species treated at 40 mgL-1. Height control effect of Sumagic on
penstemon was less signiﬁcant than other species.
Nature of Work: Containerized herbaceous perennials are becoming a major
crop in recent years. Many new varieties are characterized with merits such
as vernalization-free and ﬁrst-year ﬂowering, and production time can be
signiﬁcantly shortened with vegetatively propagated varieties. Potted ﬂowering
perennial plants can be grown in greenhouse for early spring market. Height
control is often necessary to achieve desirable plant size and shape to reduce
shipping damage and meet market demands for plant quality. Uniconazole
(Sumagic, Valent U.S.A.) is a plant growth regulator that has shown height
control effect in bedding plants, lilies, some herbaceous perennials and woody
ornamentals (1, 2). It signiﬁcantly improves plant appearance by maintaining
plant size that reduces rigors of transportation. The objective of this study
was to evaluate the effect of uniconazole as foliage spray on four fast growing
herbaceous perennials grown in 6-inch containers.
Rooted cuttings of hybrid penstemon Hot Pink, Perovskia atriplicifolia Mona
Lavender, and Buddleia davidii Pink Delight were received on February 27,
2005 and transplanted to 6-inch pots on March 10 in pine bark based potting
media (MetroMix 510, 45% composted pine bark, 25% sphagnum peat moss,
15% processed bark ash, and 15% medium grade horticultural vermiculite).
OsmocotePlus 18-6-12 was incorporated at 3.6 kg N •m-3. Russian sage
and Pink Delight buddleia plants were pinched to the third node right after
transplant, and new shoots were just emerging at the time of the ﬁrst Sumagic
treatment. Foliage sprays of uniconazole using a hand-held sprayer (rate of
2 qt/100ft2) were applied on March 15 (week 0). Treatment rates were 0, 10, 20,
and 40 mg•l-1. Second application with the 10 and 20 mg•l-1 rates were applied
332

Growth Regulators Section

SNA RESEARCH CONFERENCE - VOL. 51 - 2006
one week later (week 1). Seeds of H. moscheutos Luna Blush were planted on
March 17 and seedlings were moved to production greenhouse and grown in
3-inch pots until transplanted to 6-inch pots on April 12, 2005. First uniconazole
application at 0, 10, 20, and 40 mg•l-1 was applied on April 27 (week 0 for hibiscus
treatments) when hibiscus plants were about 5 inches tall. The second application
with 10 and 20 mg•l-1 was applied on May 5 (week 1 for hibiscus treatments).
Each species was arranged in complete randomized block design with 4 blocks
and 4 sub-samples (pots) in each experimental unit. Greenhouse temperatures
were set at 55 to 85F during the experiment. Temperatures at the time of
treatment recorded by HOBO sensors (OnSet Corp.) were 65 to 70F. Relative
humidity was 43 to 63%. Plant height and two widths (maximum plant width and
perpendicular width) were measured at weekly intervals until plants were in full
bloom (weeks 5 or 6). Days from treatment to ﬂowering were recorded. Foliage
greenness was measured with SPAD chlorophyll meter. After full bloom, plant
quality was evaluated with an overall quality rating at a scale of 1 to 10, where
10 represents premium quality considering plant size, shape, ﬂower display
and foliage greenness. Phytotoxicity was evaluated with ratings range from
0 to 10, where 0 represents no injury and 10 represents completely kill. Data
were subjective to ANOVA (SAS PROC MIXED with repeated measurements).
Treatment means were compared using Tukey pair-wise comparison.
Results and Discussion: For buddleia, hibiscus, and penstemon, data were
collected over ﬁve weeks until plants were in bloom. For Russian sage, data
were collected for six weeks. All plants within a species had similar height at the
time of treatment. There is a signiﬁcant treatment x week interaction for buddleia,
hibiscus, and Russian sage.
Buddleia (Figure 1): Applying 10 mg•L-1 Sumagic twice did not reduce plant
height and plants were even taller than untreated plants at week 5 when plants
began ﬂowering. Applying 20 mg•L-1 twice signiﬁcantly reduced plant height by
week 2 (30% height reduction) and was remained effective at week 3 and 4
(25% height reduction). Control effect was gone at week 5. Applying 40 mg•L-1
of Sumagic reduced plant height at week 2 and 3 but not week 4. Plants treated
at this rate had puckering young leaves that persistent at week 5. Similar, but
less intensive injury that disappeared with time was found on plants treated with
20 mg•L-1.
Hibiscus (Figure 2): Applying 10 mg•L-1 Sumagic twice reduced plant height from
week 3 to 5 (31, 25, and 29% height reduction, respectively). Applying 20 mg•L-1
twice achieved similar effects as low rate at week 2 and 3. However, 40 mg•L-1
resulted in 33 and 46% height reduction in week 4 and 5, respectively. Plants
were stunted and did not recover from the 46% reduction by the time of ﬂowering.
In addition, plants also had puckering leaves as a result of uniconazole injury.
Penstemon (data not shown): Treatment x week interaction was not signiﬁcant,
so treatment effect was consistent over time. Applying 10 or 20 mg•L-1 Sumagic
twice did not reduce plant growth. Applying 40 mg•L-1 provided some height
control. All plants had similar height by week 5 when plants were in bloom.
Plants treated with 40 mg•L-1 had slightly deformed young leaves but damage
was temporary.
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Russian sage: Applying 10 or 20 mg•L-1 Sumagic twice or 40 mg•L-1 once
did not reduce plant growth until week 3 (15, 31, and 25% height reduction,
respectively). The control effect of 20 (twice) and 40 mg•L-1 lasted into week 6
when plants began ﬂowering. Plants treated with 40 mg•L-1 had deformed leaves
that were noticeable at the time of blooming.
All penstemon and hibiscus plants treated with Sumagic had increased leaf
chlorophyll content and improved plant quality (data not shown). Based on these
results, we recommend two applications of Sumagic foliage spray at 20 mg•L-1 for
buddleia and Russian sage and 10 mg•L-1 for hibiscus to achieve effective height
control and to avoid phytotoxicity. Application can be repeated two or three weeks
after the previous application if more compact growth is desired. Sumagic was
less effective in reducing penstemon plant size.
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Figure 1. Plant height of buddleia Pink Delight treated with uniconazole at 0, 10,
20, and 40 mg•L-1after transplant (week 0) and with 10 and 20 mg•L-1 one week
after (week 1).
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Figure 2. Plant height of Hibiscus moscheutos Luna Blush treated with
uniconazole at 0, 10, 20, and 40 mg•L-1after transplant (week 0) and with 10 and
20 mg•L-1 one week after (week 1).

Figure 3. Plant height of Russian sage Mona Lavender treated with uniconazole
at 0, 10, 20, and 40 mg•L-1after transplant (week 0) and with 10 and 20 mg•L-1
one week after (week 1).
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The Role of Ethylene in Water-deﬁcit Stress
Responses in Betula papyrifera Marsh
Mengmeng Gu1, James A. Robbins2 and Curt R. Rom1
University of Arkansas, Dept. of Horticulture, Fayetteville, AR 72701
2
University of Arkansas, Cooperative Extension Service, Little Rock, AR 72203
mgu@uark.edu
1

Index Words: Paper birch, Leaf abscission
Signiﬁcance to Industry: Paper birch (Betula papyrifera Marsh.) is commonly
used as a landscape tree for its attractive white bark. Water deﬁcit is a severe
environmental stress to paper birch. Previous research indicated paper birch
had more leaf abscission than the other three birch genotypes and maintained
high gas exchange levels when exposed to water deﬁcits (unpublished data).
Defoliation might be a mechanism to remobilize and redistribute assimilates for
coping with water stress, which supplies limited assimilate for newer and upper
leaves when dealing with severe water stress (1). Ethylene biosynthesis may
be stimulated under various environmental stresses, including water-deﬁcit
stress (2).Whether ethylene plays a positive role on water stress-induced leaf
abscission was investigated in paper birch.
Nature of Work: Exogenous application of ethylene or the ethylene precursor
(1-aminocyclopropane-1-carboxylate) can accelerate leaf abscission, while
inhibitors of ethylene synthesis and action (e.g. aminoethoxyvinylglycine and
Ag+) retard leaf senescence (3). Silver thiosulfate (STS) has been used to inhibit
ethylene action to prolong vase life of cut ﬂowers (Cameron and Reid, 1981).
1-methylcyclopropene (1-MCP), a recently identiﬁed gaseous inhibitor of ethylene
action, binds to ethylene receptors (4), and has been shown to speciﬁcally but
transiently suppress ethylene responses. The objective of this study, involving
three studies, was to explore the role of ethylene in responses of paper birch to
water deﬁcit.
Study one: Both well-watered and water-stressed plants were treated with
20 ppm (v/v) ethylene for 96 h. The percentage of leaf abscission was calculated.
Study two: Plants were randomly assigned to one of the following six treatments:
1) Well-watered /Control (CC); 2) Water-stressed (CS); 3) 1-MCP + wellwatered (MC); 4) 1-MCP + water-stressed (MS); 5) STS + well-watered (TC);
6) STS + water-stressed (TS). Gas exchange, ψpredawn, chlorophyll ﬂuorescence
and ethylene production measurements were taken at 1, 2, 6, 9, 13, 26, and
35 day(s) after treatment (DAT).
Study three: Plants were selected and randomly assigned to each of the following
four treatments: 1) Well-watered/Control; 2) Water-stressed; 3) Well-watered +
1 ppm ethylene; 4) Water-stressed + 1 ppm ethylene. Gas exchange, ψpredawn,
chlorophyll ﬂuorescence and ethylene production measurements were taken at 0,
1, 2, 3, 4, 5, and 12 DAT as described in experiment two.
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Results and Discussion: The effect of ethylene on leaf abscission on birch
trees has not been reported before. Paper birch abscised more than 50% of total
leaves regardless of plant water status after exposure to a high concentration
(20 ppm) of exogenous ethylene for 96 h, which suggests that ethylene may be
involved in leaf abscission of paper birch. Application of a physiological level
(1 ppm) of ethylene however, did not cause increased leaf abscission in either
well-watered or water-stressed paper birch.
1-MCP and STS delayed leaf abscission at 26 DAT. Neither 1-MCP nor STS
had effect on plant water status, gas exchange and chlorophyll ﬂuorescence
(data not shown). A signiﬁcant increase in ethylene production was not detected
in water-stressed paper birch prior to 26 DAT (Fig. 1). A signiﬁcant increase in
endogenous ethylene production was observed in water-stressed paper birch
after signiﬁcant leaf abscission (Fig. 1).
Based on these observations, it would appear that ethylene plays a minor role in
water stress-induced leaf abscission in paper birch, although its effect could not
be totally eliminated. Other hormonal factors such as abscisic acid or cytokinin
might be worth exploring to investigate the effects on leaf abscission on paper
birch under water deﬁcit conditions.
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Figure 1. Ethylene production of B. papyrifera at 1, 2, 6, 9, 13, 20, 26,
and 35 day(s) after treatment (DAT) of different irrigation regimes and
ethylene inhibitors. Data points represent mean ± SE (Tukey’s adjusted;
n=4). CC= well-watered; CS= water-stressed; MC= 1-MCP+ well-watered;
MS= 1-MCP + water-stressed; TC= STS + well-watered; TS= STS +
water-stressed.
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Paclobutrazol Liner Dips Control Growth of
Alternanthera dentata and Salvia gauranitica
‘Black and Blue’
Jude Groninger and James L. Gibson
University of Florida, Dept. of Environmental Horticulture, Milton, FL 32583
jlgibson@uﬂ.edu
Index Words: Paczol, B-Nine, Daminozide, Alternanthera, Salvia, Liner soak
Nature of Work: Alternanthera dentata and Salvia gauranitica ‘Black and Blue’
are popular greenhouse crops to produce because of their rapid ability to root in
propagation and quick production schedules. Unfortunately, controlling growth
in the liner and pre-ﬁnished stage are some of the greatest challenges southern
growers face. Excessive stretching can reduce the marketability of the product.
Plant growth retardants (PGRs) can be used in propagation or during the
hardening off stage (commonly termed stage 4) to prevent undesirable stretch,
but they should be used cautiously and selected carefully.
Most PGRs (plant growth regulators) are effective as foliar sprays in controlling
height of vegetatively-propagated annuals and perennials. Concentrations of
foliar sprays for B-Nine (daminozide) range from 1,000 to 2,500 ppm while
Cycocel (chlormequat chloride) is normally applied at rates between 750 and
1,500 ppm (4). A study conducted in Northwest Florida by Gibson and Groninger
(3) reported that B-Nine foliar sprays were ineffective for controlling the height
of perennial liners. Foliar sprays of the triazole-type PGRs paclobutrazol (Bonzi,
Piccolo, or Paczol) and uniconazole (Sumagic) may reduce PGR applications,
however excessive rates and concentrations can lead to stunting in the liner tray
or ﬁnished container. Propagators that are having difﬁculty with vigorous bedding
plant species are ﬁne-tuning their approach with drench applications to trays of
rooted cuttings through subirrigation which is also called a liner soak or dip. In
North Carolina Whipker et al. (5) reported effective control of scaevola in ﬁnished
containers with liner dips of 2 to 4 ppm.
In Florida liner dips of Sumagic were applied to coleus at 0.5 to 1 ppm, double
impatiens at 0.2 to 0.4 ppm, and calibrachoa at 1 to 2 ppm (1). Researchers did
not provide recommendations; rather they addressed the inﬂuence of liner dip
solution depth, liner age, moisture level of rooting substrate, and post treatment
holding time on liner growth. Based on their results efﬁcacy is greater with
increasing solution depth, younger liners, drier substrates, and shorter holding
intervals. Our study’s objective was to determine the growth response of vigorous
herbaceous plants in ﬁnished containers that were treated with B-Nine foliar
sprays and Paczol liner dips.
Terminal stem cuttings of Salvia gauranitica ‘Black and Blue’ and Alternanthera
dentata were rooted on 17 Feb. 2006 in a 72-cell plug tray. B-Nine (daminozide)
sprays (using a volume of 0.5 gallons per 100 ft2) of 1250, 2500 or 5000 ppm
or liner dips (using a drench of Paczol (paclobutrazol) at 3, 6, or 12 ppm were
applied on March 7. An untreated control was included. After 2 days, cuttings
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were transplanted into 4-inch round containers (0.47 L) containing Fafard
4P [4 sphagnum peat : 2 pine bark : 2 vermiculite: 1 perlite (by volume)] on
9 March. Plants were fertilized at each watering with N at 200 ppm using Total
Gro 14-4-14 (14N-1.8P-11.6K) (Winsboro, LA). The plants were grown under
natural daylength. The experiment was a randomized complete-block design
with 24 single-plant replications of the 7 treatments. On 17 and 28 March, plant
height (measured from the container rim to the highest growing point), and plant
diameter (measured at the widest point and then turned 90º) were recorded. Data
were tested by analysis of variance by general linear model (SAS Inst., Cary,
NC). Means were separated by least signiﬁcant differences (LSD) at P ≤ 0.05.
Wholesale Production Growth Control Standards: Wholesale production growth
control standards for total height are typically 20 to 35% shorter plants, when
compared to untreated plants (2). Plant diameter wholesale standards normally
range from 15 to 25% smaller plants, when compared to untreated plants.
Results and Discussion: For alternanthera the week x treatment interaction
was signiﬁcant for total height and diameter. One week after applying PGRs,
B-Nine concentrations at 1250 to 2500 ppm were similar to the untreated control,
while plants treated at 5000 ppm were 16% shorter than untreated plants (data
not shown). All 3 concentrations of liner dips produced plants that were 49%
shorter than the untreated control. For plant diameter B-Nine concentrations of
1250 to 2500 ppm were similar to the untreated control, while B-Nine at 5000
ppm was similar to Paczol at 6 ppm. All liner dip treatments produced similarsized plants that were 20% smaller than the control. Two weeks after applying
PGRs to alternanthera liners, B-Nine treated plants were similar in height to the
control while liner dips produced 52% shorter plants, when compared to the
control (Table 1). Similar results occurred with plant diameter, however Paczol at
3 ppm produced smaller plants than 6 ppm (Table 1).
For salvia the week x treatment interaction was signiﬁcant for total height
and diameter. One week after applying PGRs, B-Nine concentrations at
2500 ppm were similar to the untreated control, while plants treated at 1250 or
5000 ppm were 26% shorter than untreated plants (data not shown). All three
concentrations of liner dips also produced plants that were 26% shorter than the
untreated control. For plant diameter B-Nine concentrations of 1250 to 5000 ppm
were similar to the untreated control, while all liner dip treatments produced
similar-sized plants that were 23% smaller than the control. Two weeks after
applying PGRs to salvia liners, B-Nine treated plants were shorter than the
control with B-Nine at 5000 ppm producing similar sized plants to Paczol liner
dips of 6 ppm. All liner dips produced 38% shorter plants when compared to
the control (Table 1). For plant diameter, B-Nine at 5000 ppm was shorter than
the control, but similar to all other B-Nine treatments. All liner dip treatments
produced 21% smaller plants when compared to the control (Table 1).
Signiﬁcance to Industry: Producers of vigorous growing herbaceous
ornamentals require plant growth regulators to maintain compact growth. Overall
wholesale growth control standards for plant height and diameter and were
maintained with the highest concentration of B-Nine and liner dips at 3 ppm; liner
dips greater than 6 ppm caused plants to appear stunted two week after planting.
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Concentrations were based under Florida conditions and should be adjusted for
other areas. Liner dips of Paczol at 3 ppm controlled growth of Alternanthera
dentata and would cost the producer $0.02 per pot minus labor costs. Foliar
sprays of B-Nine at 5000 ppm ($0.005 per pot) or Paczol liner dips at 3 ppm
($0.02 per pot) controlled height and diameter for Salvia gauranitica ‘Black and
Blue’ 2 weeks after potting. Although liner dips may cost more per pot growers
may ﬁnd that labor costs are minimized with the reduced square footage of
treatment area associated with liner dips compared to sprays.
Acknowledgements: The authors gratefully acknowledge TotalGro for fertilizer,
Fafard for root substrate, and Chemtura for PGRs and grant support.
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Table 1. Total height and diameter response of alternanthera and salvia to BNine and Paczol two weeks after treatment.

Treatment
Untreated
Control
B-Nine
Paczol

Conc
(ppm)

Plant height (cm)
Alternanthera
Salvia

0
1250
2500
5000
3
6
12

Signiﬁcancez
LSD
(∝≤
≤ 0.05)
z

Plant diameter (cm)
Alternanthera
Salvia

14.8
13.9
14.8
13.4
7.3
7.3
6.8
***

13.4
11.2
11.8
9.9
8.5
8.7
8.1
***

20.6
20.6
22.1
19.7
13.7
15.6
14.2
***

19.7
18.5
19.3
17.9
16.0
15.5
15.2
***

1.5

1.3

1.5

1.4

***Signiﬁcant at P ≤ 0.001.
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Use of Florel and Sumagic to Control the Growth of
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Signiﬁcance to Industry: Blanketﬂower (Gaillardia pulchella) is generally
characterized by having long internodes, giving plants a leggy appearance.
Application of growth regulators may help extend the amount of time these
plants can be held before distribution and sale. Two different plant growth
regulators were applied to ‘Torch’ and a native blanketﬂower ecotype to reduce
ﬁnal production size. Florel (ethephon) was applied as a spray at 500 and
1,000 mg·L-1 (ppm) one and two times per plant. Sumagic was applied as a spray
at 60, 120, and 180 mg·L-1 (ppm) or as a drench at 6, 12, and 24 mg·L-1 (ppm)
one and two times per plant. The blanketﬂower ecotype did not respond to Florel
or Sumagic treatments, regardless of the application rate, number or method.
Torch blanketﬂower did not respond to any of the Sumagic spray treatments but
were 8 to 31% more compact when treated with Sumagic drench and 14 to 26%
more compact when treated with Florel spray, as compared to untreated controls.
Nature of Work: Blanketﬂower (Gaillardia pulchella Foug.) is an herbaceous
annual in the Aster family. It is native throughout most of the U.S. (USDA
NRCS, 2006), and cultivated varieties are grown world-wide. A preliminary
study was conducted by applying B-nine (daminozide) as a spray, Cycocel
(chlormequat chloride) as a spray, a tank mix of B-nine/Cycocel as a spray,
and Bonzi (paclobutrazol) as a drench on a blanketﬂower cultivar (‘Torch’), and
on an uncultivated blanketﬂower ecotype native to north Florida. Regardless
of application rate, number, or method, PGR treatments were ineffective in
controlling stem elongation (data not shown). Subsequently, two additional
growth regulators were tested: Florel (ethephon, Southern Agricultural
Insecticides, Inc., Palmetto, FL), and Sumagic (uniconazole, Valent U.S.A.
Corporation, Walnut Creek, CA). The methodology and results associated with
these treatments are presented herein.
Unrooted torch blanketﬂower cuttings (Ball FloraPlant, West Chicago, IL) were
stuck in Fafard #2 medium (Fafard Inc., Apopka, FL) in 72-cell trays. Seeds of a
blanketﬂower ecotype were collected from a naturalized source in Crestview, FL
and sown in Fafard #2 medium in 128-cell trays. Rooted cuttings or seedlings
were transplanted into 3.8 L (1 gal) containers with Fafard #2 medium. Drip
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tubes delivered fertilized irrigation as needed throughout the study. Sumagic
was applied with a CO2 sprayer at 60, 120, and 180 mg·L-1 (ppm), or as a
drench at 6, 12, and 24 mg·L-1 (ppm). Florel was applied using a CO2 sprayer
at 500 and 1,000 mg·L-1 (ppm). The second Sumagic and Florel application (for
treatments which received two applications) was applied one week following the
initial treatment.
On the ﬁrst and last day of the experiment, the height and widths of all plants
were measured. At harvest visual compactness was assessed based on a scale
from one to three, where 1=not compact, 2=somewhat compact, and 3=highly
compact. All plant material above soil level was put into separate paper bags and
dried in an oven at 70C for one week, after which dry weights were recorded. The
study utilized a complete randomized block design with three blocks having three
replications of each treatment. Means were separated using the Waller-Duncan
K-ratio t Test.
Results and Discussion: Regardless of application rate, number, or method,
Florel and Sumagic did not affect blanketﬂower ecotype growth (data not
presented). As a spray, Sumagic also did not have a signiﬁcant effect on torch
blanketﬂower (data not presented). However, as a drench, Sumagic reduced
torch blanketﬂower growth by 8 to 31% as compared to untreated controls
without signiﬁcantly affecting ﬂowering (Table 1, Figure 1). Growth index,
dry weight, and visual compactness of plants treated with Sumagic at a rate
of 24 mg·L-1 (ppm) were signiﬁcantly less than untreated plants; and plants
responded similarly with one or two applications (Table 1). Likewise, Florel
reduced torch blanketﬂower growth by 14 to 26% as compared to untreated
controls (Table 2, Figure 2). At 500 or 1,000 mg·L-1 (ppm), plants responded
to a second application of Florel, with smallest growth indices obtained by
administering two applications at 1,000 mg·L-1 (ppm) (Table 2). Regardless of
application rate or number, the Florel treatment delayed ﬂowering. In a similar
study with a related blanketﬂower species, Gaillardia x grandiﬂora, Latimer et al.
(2006) observed good height control for Gaillardia x grandiﬂora ‘Burgundy’ when
treated with two applications of B-nine [5,000 mg·L-1 (ppm)], one application
of B-Nine/Cycocel [5,000 /1,500 mg·L-1 (ppm)], or one application of Sumagic
[60 mg·L-1 (ppm)]; yet Gaillardia x grandiﬂora ‘Goblin’ was not responsive.
This illustrates the varying responses of blanketﬂower species and cultivars to
plant growth regulators. Also, it should be noted that these experiments were
conducted during late summer in Florida, therefore rates may need to be lowered
for northern growers.
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Table 1. Growth index, dry weight, compactness rating and ﬂower number
of torch blanketﬂower (Gaillardia pulchella ‘Torch’) drenched with Sumagic
(uniconazole).
Rate
No. of Growth
Dry
Compactness Flower no. Flower no.
(ppm) drenches indexz weight (g)
ratingy
at 3 weeks at 4 weeks
Control
6
6
12
12
24
24

1
2
1
2
1
2

31.8 ax
29.2 b
26.7 c
25.8 c
25.9 c
21.9 d
22.5 d

15.4 a
14.9 abc
12.9 bcd
12.4 cd
15.1 ab
10.7 d
12.4 d

1.0 b
1.3 b
1.4 b
1.4 b
2.2 a
2.7 a
2.4 a

4.7 a
3.0 a
3.2 a
4.3 a
2.7 a
3.2 a
2.3 a

9.5 a
11.0 a
5.0 a
9.5 a
3.5 a
5.5 a
5.0 a

z

Growth index was calculated by the equation: [height+(width 1+width 2)/2]/2.

y

Compactness rating was a visual assessment based on a scale of 1-3, where 1=not compact,
2=somewhat compact, and 3=highly compact.

x

Mean separation by Waller-Duncan, p=0.05.

Table 2. Growth index, dry weight, compactness rating, and ﬂower number of
torch blanketﬂower (Gaillardia pulchella ‘Torch’) sprayed with Florel (ethephon).
Rate
(ppm)

No. of
sprays

Control
500
500
1000
1000

1
2
1
2

Growth
Dry
Compactness Flower no. Flower no.
indexz weight (g)
ratingy
at 3 weeks at 4 weeks
26.3 ax
22.6 b
20.8 cd
22.2 bc
19.4 d

8.9 a
6.1 bc
6.5 bc
7.5 b
5.9 c

1.2 c
2.0 b
3.0 a
3.0 a
3.0 a

2.3 a
0.0 b
0.0 b
0.0 b
0.0 b

12.3 a
7.3 b
0.0 c
0.7 c
0.0 c

z

Growth index was calculated by the equation: [height+(width 1+width 2)/2]/2.

y

Compactness rating was a visual assessment based on a scale of 1-3, where 1=not compact,
2=somewhat compact, and 3=highly compact.

x

Mean separation by Waller-Duncan, p=0.05.
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Figure 1. Response of torch blanketﬂower (Gaillardia pulchella ‘Torch’) drenched
with Sumagic (uniconazole) at 0, 6, 12 or 24 mg·L-1 (ppm) once (top) or
twice (bottom).

Figure 2. Response of torch blanketﬂower (Gaillardia pulchella ‘Torch’) sprayed
with Florel (ethephon) at 0, 500, or 1,000 mg·L-1 (ppm) once (middle) or
twice (right).
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Evaluation of Growth Regulators on In Vitro
Hibiscus Shoot Regeneration
Hamidou F. Sakhanokho and Cecil Pounders
USDA-ARS, Thad Cochran Southern Horticultural Laboratory,
810 Hwy 26 West, P.O. 287, Poplarville, MS 39470
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Index Words: Hibiscus acetosella, N-phenyl-N’-1,2,3-thidazol-5-ylurea, (TDZ),
6-benzyladenine (BA), multiple shoot induction
Signiﬁcance to Industry: Since its development (Morel, 1960), the technique
of in vitro shoot tip culture has been an invaluable tool that is used for many
purposes, including the development of virus-free or indexed plants, mass
propagation of plants, preservation of endangered species (8; 4; 6; 2), in vitro
mutagenesis (13; 3), and in vitro screening for disease or salt tolerance
(7; 12). Using the cytokinins BA and TDZ, we have developed protocols
capable of inducing multiple shoots in two variants (red and green-leaf) of
Hibiscus. acetosella.
Nature of Work: Growth regulators such as thidiazuron (N-phenyl-N’-1,2,3thidazol-5-ylurea, TDZ) and 6-benzyladenine (BA) have been shown to
induce multiple shoots from various explants (1; 11; 10), rendering in vitro
micropropagation more efﬁcient. In addition, multiple shoot induction makes
more explant targets available for genetic engineering of a given species using
either particle bombardment or Agrobacterium transformation. The purpose of
this paper was to establish one or more efﬁcient and reproducible regeneration
systems from shoot apices of the two variants (red or green-leaf) of Hibiscus
acetosella using growth regulators BA and TDZ. Shoot apices were removed
from 5-10 day old in vitro grown seedlings by excising and discarding the
cotyledons and radicals. The apices were transferred upright with the base
into 175 ml- (98.5 mm x 59 mm) vessels containing 50 ml of 16 different shoot
induction media. The 16 different media consisted of MS (9) basal medium
supplemented with Gamborg’s vitamins (5), sucrose 20 g/l, myo-inositol 0.2 g/l,
casein hydrolysate 1 g/l, thiamine 1 mg/l, MgCl2 0.75 g/l, and combinations of
TDZ (0, 0.125, 0.250, and 0.500 mg/l), and BA (0, 1, 2, and 3 mg/l). The pH was
adjusted to 5.8 before addition of the gelling agent (Gelrite 2 g/l) and autoclaving
for 15 min at 121 ºC. The 16 different media were designated as M0 to M15.
The cultures were then placed into an incubator where the temperature was
maintained constant at 28 ºC with a light intensity of 13170 lux and a photoperiod
regime of 16 h light and 8 h dark. There were 20 explants per treatment and the
study was replicated twice. After 30 days, cultures were evaluated for multiple
shoots, callus, and root formation. The amount of callus formation at the base
of the explants was visually assessed and given numerical values, with 1, 2,
and 3. A value of 1 corresponded to no callus production, 2 to some callus
formation, and 3 to excessive callus formation necessitating immediate removal
of the callus from the base and transfer of the explant to new fresh media to
avoid complete callusing of the entire explant. Rooted plants were washed with
tap water gently to remove residues from the gelling agent and transferred to
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moistened Jiffy pellets and covered with plastic bags. After three days, holes
were punched in the plastic bags to allow for gradual acclimatization of the plants
before transfer into soil in the greenhouse. The plants were kept in a growth room
where the temperature was maintained at 22 ºC with a light regime of 16 h light
and 8 h dark. The plants that did not form roots after 30 days were transferred
into a rooting medium. The rooting medium consisted of MS basal medium
supplemented with Gamborg’s vitamins, sucrose 15 g/l, and MgCl2 0.75 g/l. The
pH 5.8 was adjusted to 5.8 before addition of the gelling agent (Gelrite 2 g/l) and
autoclaving for 15 min at 121 ºC.
Results and Discussion: Shoot induction was achieved in all media types
tested for both variants of H. acetosella. Several treatments produced multiple
shoots in both genotypes (Tables 1 & 2.). For the green form of H. acetosella,
M1, M2, M6, M9, M13, and M14 produced the highest numbers of shoots/explant
(Table 1). For the red-leaf form of H. acetosella, the majority of the media
produced about 3 shoots per explant (Table 3). Media with high concentrations
of TDZ produced shorter and abnormal-looking plants. M9 was one of the best
performing treatments for multiple shoot induction for both genotypes. These
results can help pave the way for in vitro mass propagation and also regeneration
via somatic embryogenesis since they have identiﬁed the best media capable of
inducing callus in H. acetosella (Tables 1 & 2).
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Table 1. Effect of BA and TDZ on callus and multiple shoot induction from shoot
apex explants of Hibiscus acetosella (green genotype).

Medium
M0
M1
M2
M3
M4
M5
M6
M7
M8
M9
M10
M11
M12
M13
M14
M15

TDZ
(mg/l)
0
0.125
0.250
0.500
0
0.125
0.250
0.500
0
0.125
0.250
0.500
0
0.125
0.250
0.500

BA
(mg/l)
0
0
0
0
1
1
1
1
2
2
2
2
3
3
3
3

*Mean callus
rating/explant
1.00b
1.7ab
1.9ab
2.20a
1.5ab
1.8ab
2.4a
2.3a
1.8ab
2.1a
1.7ab
1.7ab
2.0a
2.0a
1.8ab
1.9ab

Mean number of
shoots/explant
1.0c
3.1a
2.8a
2.3abc
1.3bc
2.5abc
3.3a
2.5ab
1.2bc
3.3a
2.4abc
2.0abc
1.3c
2.9a
2.9a
2.3abc

*Callus rating: 1 = no callus formation; 2 = some callus formation; 3 = excessive callus formation. Means
within a column followed by different letters are signiﬁcantly different at the 5% level according to
Tukey’s test.
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Table 2. Effect of BA and TDZ on callus and multiple shoot induction from shoot
apex explants of Hibiscus acetosella (red genotype).

Medium
M0
M1
M2
M3
M4
M5
M6
M7
M8
M9
M10
M11
M12
M13
M14
M15

TDZ
(mg/l)
0
0.125
0.250
0.500
0
0.125
0.250
0.500
0
0.125
0.250
0.500
0
0.125
0.250
0.500

BA
(mg/l)
0
0
0
0
1
1
1
1
2
2
2
2
3
3
3
3

*Mean callus
rating/explant
1.14b
2.0ab
1.6ab
2.5a
1.7ab
2.2a
2.1a
2.1a
2.3a
2.07a
2.0ab
2.2a
2.4a
2.0ab
2.3a
2.5a

Mean number of
shoots/explant
1.0c
3.0a
2.8a
2.8a
1.1c
3.2a
3.1a
2.80a
1.1c
3.8a
3.0a
2.6ab
1.3bc
2.7a
2.64a
3.4a

*Callus rating: 1 = no callus formation; 2 = some callus formation; 3 = excessive callus formation. Means
within a column followed by different letters are signiﬁcantly different at the 5% level according to
Tukey’s test.
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