
Abstract 

Krug, Brian Alan.  The Chemical Growth Regulation of Bulb Crops Using 

Flurprimidol as Foliar Sprays, Substrate Drenches, and Pre-Plant Bulb Soaks.  (Under the 

direction of Brian Earl Whipker). 

 

When producing bulb crops, height control is often required to obtain plants which 

are proportional to pot size, meet shipping requirements, and reduce postharvest stem stretch.  

An effective means of controlling plant height is the use of plant growth regulators (PGRs).  

A number of PGRs are commonly used for bulb crops in the floriculture industry today 

including: ancymidol, ethephon, paclobutrazol, and uniconazole.  Flurprimidol, currently 

available in Europe as a 1.5% formulation, will soon be released in the United States as a 

0.38% formulation under the trade name Topflor.  Experiments were conducted to determine 

how the efficacy of flurprimidol compared to currently used PGRs on caladium, hyacinth, 

lily, narcissus, and tulip crops when applied as a foliar spray, substrate drench, or pre-plant 

bulb soak.  Additionally, production practices for the use of flurprimidol pre-plant soaks with 

hyacinths were explored to determine advance soak timing, soak duration, efficacy over 

repeated use, and disposal of soak solution. 

 

Foliar sprays of flurprimidol were only trialed on tulips and 'Star Gazer' lily.  

Concentrations > 80 mg.L-1 were required for both crops to control stem stretch. 

 

Flurprimidol substrate drenches at 0.5 mg active ingredient (a.i.) controlled plant 

height on tulip and 'Star Gazer' lily.  Stem stretch was controlled on hyacinth with 1 mg a.i 



flurprimidol was required and 2 mg a.i. flurprimidol for 'Red Flash' caladium.  To control 

stem stretch on 'Tete a Tete' narcissus 0.69 mg a.i. was required, substrate drenches were not 

trialed on 'Dutch Master' 

 

Flurprimidol applied as a pre-plant soak controlled plant height on hyacinth and tulips 

at concentrations ranging from 10 to 25 mg.L-1, depending on cultivar.  Narcissus plant 

height was controlled with flurprimidol pre-plant bulb soaks at 30 and 20 mg.L-1 for cultivars 

'Tete a Tete' and 'Dutch Master', respectively.  'Star Gazer' lily height was controlled with a 

25 mg.L-1 flurprimidol pre-plant bulb soak while 'Red Flash' caladiums were not effected at 

concentrations < 40 mg.L-1. 
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Chapter 1 

 

Gibberellin Biosynthesis and Modes of Action of Common Growth Regulators 

 

 



 2

Floriculture crop species often have growth habits that are not well adapted for 

greenhouse pot production.  To be able to produce these species to pot crop production, some 

form of growth control is required.  Control of height can include manipulating temperatures 

in the greenhouse, mechanical pinching, withholding nutrients, and the application of 

chemicals, commonly known as Plant Growth Regulators (PGRs) (Whipker et al., 2003) 

 

Endogenous plant growth regulators such as auxins, gibberellins, cytokinins, ethylene 

and absicisic acid have a number of roles in the plant.  Numerous synthetically produced 

chemicals can mimic or inhibit endogenous PGRs.  Specifically gibberellin biosynthesis is 

often inhibited in ornamental plant production using PGRs. 

 

Gibberellins are diterpenoid compounds serving many roles within a plant including 

seed germination, stem elongation, leaf expansion, trichome development, flower 

development, and fruit development (Olszewski et al., 2002).  In particular, cell wall 

extensibility due to an alteration in calcium distribution is caused by gibberellin activity 

(Taiz and Zeiger, 1998). 

 

Taiz and Zeiger (1998) list a number of common commercial applications of 

gibberellins.  Gibberellins are used in fruit production to increase the fruit size of seedless 

grapes, improve the shape of apples, and delay senescence in citrus fruits.  The malting 

process in brewing can be sped up by gibberellins when barley is germinating.  Gibberellins 

increase cell division and elongation, an effect useful in sugarcane production, where 

increased growth leads to increased yields.  Plant breeding techniques also benefit from 
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gibberellins.  The application of gibberellins can aid in overcoming a long juvenility stage in 

some conifer species.  In cucurbits, gibberellins encourage the production of male flowers.  

Biennials can be manipulated to bolt using gibberellins. 

 

Excluding gibberellins within the plant also has benefits in plant production.  

Disrupting the biosynthesis of gibberellins is an effective way of limiting stem elongation 

due to cell expansion and elongation.  Chemicals that are commonly used to inhibit 

gibberellins include ancymidol [A-Rest (a-cyclopropyl-a-(p-methoxyphenyl)-5-

pyrimidinemethanol)], chlormequat [Cycocel ((2-chloroethyl)trimethylammonium chloride)],  

daminozide [B-Nine (butanedioic acid mono (2,2-dimethylhydrazide)], flurprimidol [Topflor 

(α-(1-methylethyl)-α-(4-(triflromethoxy)phenyl)-5-pyrimidinementhanol)], paclobutrazol 

[Bonzi or Piccolo ((+)-(R*,R*)-β-[(4-Chlorophenyl)methyl]-α-(1,1-dimethylethyl)-1H-1,2,4-

triazole-1-ethanol], and uniconazole [Sumagic ((E)-(+)-(S)-1(4-chlorophenyl)4,4-dimethyl-

2(1,2,4-triazol-1-yl)pent-1-ene-3-ol)].  These PGRs are applied to plants via foliar sprays, 

substrate drenches, injections, or as a pre-plant treatments where the root ball, bulb, or seed is 

soaked in a solution. 

 

Rademacher (1991) discusses the benefits of gibberellin inhibitors in agriculture and 

horticulture.  In cereal and rice production PGRs, are applied to help reduce lodging.  Cotton 

can be planted at higher densities when vegetative growth is reduced with the use of PGRs.  

With oilseed rape PGR applications result in a more desirable canopy structure allowing light 

to penetrate throughout the stand leading to higher yields.  Orchards can lower expenses 

when trees are treated with PGRs which facilitates harvest and reduces the need for pruning 
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(Rademacher, 2000).  Many utility companies and municipalities apply PGRs on trees 

growing near power and telephone lines and near roads.  This helps reduce time and money 

used to trim branches that may interfere with traffic, block views of drivers, or be hazardous 

to utility lines.  Applications of PGRs on turf grasses can limit mowing requirements 

(Rademacher, 2000).  PGRs are used extensively in the production of ornamental plants to 

produce shorter, more compact plants (Rademacher, 1991).  Vettakkorumakankav (1999) 

reported that PGRs can initiate stress protection by reducing the amount of endogenous 

gibberellins in barley plants.  The stress protection may be due to higher amounts of 

chlorophyll.  Also, the unbalanced gibberellin-to-absicisic acid ratio causes stomata to close, 

reducing water vapor loss. 

 

Gibberellin Biosynthesis 

Over 125 gibberellins are known today, but only a few are biologically active.  Most 

are intermediates and precursors to active gibberellins (Rademacher, 2000).  Gibberellin 

synthesis is primarily carried out in young tissues such as shoot apices, new leaves, 

developing fruits, developing seeds, and young roots (Srivastava, 2001).  The pathway of 

gibberellin synthesis is broken down into three stages (Fig. 1) (Rademacher, 2000; 

Srivastava, 2001; Taiz and Zeiger, 1998). 

 

Stage 1 

The gibberellin pathway begins with geranylgeranyl diphosphate (GGPP) in the 

proplastids.  Two cyclization reactions take place, first forming copalyl diphosphate (CDP) 
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and ultimately producing ent-kaurene.  Two enzymes catalyze the cyclization reactions in 

Stage 1: copalyl diphosphate synthase and ent-kaurene synthase. 

 

Stage 2 

The second stage of gibberellin biosynthesis takes place in the endoplasmic 

reticulum.  A series of oxidations, involving several cytochrome P450 monooxygenases, take 

place to produce ent-kaurenoic acid from ent-kaurene.  Intermediates of this process include 

ent-kaurenol and ent-kaurenal.  The final product of Stage 2 is GA12-aldehyde, which is the 

first form of gibberellin produced in all plants. 

 

Stage 3 

From GA12-aldehyde, all other gibberellins are produced during stage three.  The 

specific gibberellins formed and the processes used are species specific.  Stage 3 generally 

takes place in the cytosol  and involves at least one hydroxylation and one oxidation reaction.  

Dioxygenase enzymes including 3β-hydroxylase catalyze these reactions.  During Stage 3 

biological active gibberellins are produced. 

 

Gibberellin Biosynthesis Inhibition 

Plant growth regulators are commonly split into two distinct groups, Type I and Type 

II.  Type I and Type II PGRs inhibit cell division and cell elongation, respectively.  Type I 

PGRs include dikegulac-sodium and ethephon.  Ancymidol, chlormequat, daminozide, 

flurprimidol, paclobutrazol and uniconazole are all Type II PGRs.  However, they do not all 

disrupt the gibberellin biosynthesis pathway in the same manner and can be further organized 
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into categories defined by the mode through which they disrupt the gibberellin biosynthesis 

pathway. 

 

Chlormequat is an onium-type compound which disrupts the pathway during stage 

one.  The enzymes copalyl diphosphate synthase and ent-kaurene synthase are inhibited by 

chlormequat (Rademacher, 2000).  With these two enzymes inhibited during stage one, the 

cyclization reactions which form ent-kaurene from GGPP do not take place. 

 

A larger sub-group of the Type II PGRs is the N-heterocyclics, compounds with a 

nitrogen containing heterocycle.  This group includes ancymidol, flurprimidol, paclobutrazol, 

and uniconazole (Bai and Chaney, 2001; Grossmann, 1992).  N-heterocyclics inhibit 

gibberellin biosynthesis in stage two of the pathway.  These PGRs all have a structural 

element, a lone pair of electrons on the sp2-hybridized nitrogen atom in the heterocycle, in 

common (Grossmann, 1992).  As stated before, a series of oxidations, involving several 

cytochrome P450 monooxygenases, takes place to produce ent-kaurenoic acid from ent-

kaurene in stage two of the pathway.  The N-heterocyclics interfere with the oxidations by 

binding to iron of the cytochrome P450 and therefore block the production of ent-kaurenoic 

acid (Grossmann, 1992). 

 

Daminozide is in a group of its own (Burpee et al., 1996), has a similar mode of 

action as a group containing acylcyclohexadione compounds.  Daminozide interferes with 2-

oxoglutarates dependent dioxygenases causing the inhibition of gibberellins in stage three of 

the pathway (Rademacher, 2000).   
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Understanding exactly how each of the different PGRs interferes with the gibberellin 

biosynthesis pathway is beneficial when applications are done on crops.  Growers often use a 

combination application of chlormequat and daminozide; it is not surprising that a synergistic 

interaction is observed after realizing each PGR inhibits gibberellin production at a different 

site. 

 

Plant growth regulators exhibit varied plant interactions.  Each PGR can be unique in 

absorption and activity on different parts of plants such as roots, stems, and leaves.  For 

example, ancymidol, a pyrimidine, is actively absorbed by the stems, roots, and leaves 

(Whipker et al., 2003), while B. Whipker reports (personal communication) flurprimidol is 

most actively taken up by the stems.  PGR efficacy is also dependent on the species of plant 

(Dole and Wilkins, 1999).  

 

Additional Plant Growth Regulator Benefits 

In addition to controlling height, some PGRs have other beneficial effects on plants.  

Growers report observing that, after application of paclobutrazol, plants appeared to have 

become darker green.  It had been hypothesized that either more chlorophyll was being 

produced or the chlorophyll was more concentrated.  Upon application of paclobutrazol, a 

build-up of GGPP is produced.  This extra GGPP is shunted away from gibberellin synthesis 

increasing production of phytyl, an essential part of the chlorophyll molecule (Chaney, 

2003).  Vettakkorumakankav et al. (1999) studied the change in chlorophyll concentration 

using barley plants, concluding that plants treated with paclobutrazol contained more 

chlorophyll than the untreated control.  Flurprimidol application also results in darker green 
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leaves on California privet (Sterrett and Tworkoski, 1987a).  Since flurprimidol blocks 

gibberellin synthesis at the same location as paclobutrazol it is likely that a similar increase 

in phytyl production may be taking place. 

 

The application of paclobutrazol on barley can protect plants from heat stress 

(Vettakkorumakankav et al., 1999).  The induced stress protection is probably due to both a 

change in the balance of the gibberellin and absicisic acid ratio and increased production of 

chlorophyll.  The use of PGRs can also cause thickening of leaves, which can help reduce 

water loss and aid in protection from insects and diseases (Chaney, 2003). 

 

Another Proposed Mode of Action for Flurprimidol and Paclobutrazol 

Bai and Chaney (2001) proposed that flurprimidol and paclobutrazol not only disrupt 

the biosynthesis of gibberellin, but also interfere with energy transfer in plant mitochondria.  

Electron transfer from cytochyrome c to molecular oxygen involves the electron carrier 

cytochrome oxidase.  As mentioned earlier, flurprimidol and paclobutrazol, both N-

heterocyclics, bind to iron in the cytochrome P450 and prevent the production of ent-

kaurenoic acid (Grossmann, 1992).  Like carbon monoxide, potassium cyanide, and sodium 

azide, it is possible that flurprimidol and paclobutrazol react similarly with iron in 

cytochrome oxidase, resulting in blockage of electron flow.  In addition, binding of 

flurprimidol and paclobutrazol to an iron-sulfate protein at P450 could inhibit NADH 

oxidation. 
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After isolating mitochondria from European black alder (Alnus glutinosa L.) 1.0 x 10-

5 to 2.5 x 10-3 mg.L-1of flurprimidol and paclobutrazol were applied in vitro.  A UV-visible 

spectrophotometer was used to assay NADH oxidation and cytochrome c reduction.  When 

mitochondria were treated with flurprimidol or paclobutrazol, NADH oxidation was reduced, 

except flurprimidol at 5.0 x 10-5 mg.L-1and paclobutrazol at 5.0 x 10-4 and 1.0 x 10-3 mg.L-1.  

Concentrations greater than 1.5 x 10-3 mg.L-1 flurprimidol and 2.5 x 10-1 mg.L-1 paclobutrazol 

inhibited cytochrome c. 

 

Before this study, it was generally accepted that growth control using flurprimidol 

and paclobutrazol resulted from inhibiting the synthesis of gibberellins.  This work suggests 

that it is possible to interfere with electron transfer within the mitochondria using 

flurprimidol and paclobutrazol.  Therefore, observed height control may also be influenced 

by inefficiencies in energy metabolism (Bai and Chaney, 2001). 

 

However, the study by Vettakkorumakankav et al. (1999) using barley plants treated 

with paclobutrazol reported that electron transfer during photosystem II was actually more 

efficient when plants were treated with paclobutrazol as compared to untreated control.  

These results are contradictive of Bai and Chaney’s (2001) work. 

 

The differences between the two studies can most likely be attributed to two reasons.  

First, the concentrations used and the method of application of treatments varied.  

Vettakkorumakankav et al. (1999) applied treatments in vivo and at higher concentrations 

than those used by Bai and Chaney.  It is difficult, if not impossible, to know exactly how 
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much of the PGR is penetrating into specific sites within the plant.  Second, it is probable 

that in vitro and in vivo treatments react differently. 

 

The advent of this proposed mode of action for PGRs could have a great impact on 

PGR use and development in the future.  Researchers now have another direction to pursue in 

the study of plant height control other than gibberellin inhibition.  More research in this area 

may bring forth new chemicals and new uses of current chemicals, expanding the tools 

growers have to improve crop quality.  

 

History of Flurprimidol 

Research on flurprimidol began in the United States in the early 1980s.  The use of 

flurprimidol on turfgrasses has been somewhat successful; flurprimidol is labeled for turf in 

the United States under the trade name Cutless (Johnson, 1993; Johnson, 1994; Johnson and 

Murphy, 1995; Menn et al., 1991).  Research has also been conducted on the use of 

flurprimidol on woody ornamentals (Arron, 1986; Burkhart and Meyer, 1991; Graham et al., 

1994; Hield et al., 1981; Keever and Gilliam, 1994; Keever et al., 1994; Premachandra et al., 

1997; Sterrett and Tworkoski, 1987a; Sterrett and Tworkoski, 1987b; Wolff and Warmund, 

1987) and fruit and nut trees (Coleman and Estabrooks, 1992; Numbere et al., 1992; Wood, 

1988).  Height control with flurprimidol on perennial species such as Achillea 'Coronation 

Gold', Canna x generalis, Coreopsis verticillata 'Moonbeam', Coreopsis rosea 'American 

Dream', and Gaura lindheimeri 'Corrie’s Gold' have been researched (Bruner et al., 2001; 

Burnett et al., 2000a; Burnett et al., 2000b; Kessler and Keever, 1998).  Although 

flurprimidol was not initially labeled for use on floriculture crops in the United States, its 
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application has been investigated on a number of crops including chrysanthemums, exacum, 

Easter lilies, Mexican sage, osteospermum, poinsettias, sunflowers, verbena, and zinnias 

(Barrett, 1982; Barrett et al., 1986; Burnett et al., 2000c; McDaniel, 1986; Olsen and 

Andersen, 1995; Premachandra et al., 1996; Sanderson et al., 1989).  Since the early 1990s 

flurprimidol has been labeled in Europe for use on floriculture crops.  Extensive research has 

been conducted in the U.S. on a number of floriculture crops including Dianthus 

caryophyllus 'Snowmass', Dendranthema grandiflora 'Altis' and 'Surf', Alstroemeria x 

hybrida 'Juanita', Streptocarpus hybridus 'Pink Nana' and 'Blue Nana', Osteospermum 

ecklonis 'Calypso', Asiatic hybrid 'Prima' lilies, and Zantedeschia aethiopica (Gonzalez et al., 

1999; Olsen and Andersen, 1995; Pobudkiewick, 2000; Pobudkiewick and Nowak, 1992, 

1994, 1997; Podwyszynska et al., 1997).  Flurprimidol is available in Europe as a 1.5% 

formulation.  Topflor (0.38% flurprimidol) will be available in the United States and labeled 

for use on floriculture crops. 

 

No research has been conducted to determine the efficacy of flurprimidol on bulb 

crops.  The objective of the studies presented here was to determine the efficacy of 

flurprimidol (0.38%) on caladium hyacinth, tulip, narcissus, and Oriental lily as a substrate 

drench and pre-plant bulb soak.  
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Fig. 1.  Gibberellin biosynthesis pathway.  Adapted from Chaney (2003) and Rademacher 
(2000). 
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Summary.  Pre-plant bulb soaks of flurprimidol, paclobutrazol, and uniconazole; foliar 

sprays of ethephon and flurprimidol; and substrate drenches of flurprimidol were compared 

for height control of 'Anna Marie' hyacinths (Hyacinthus orientalis).  Pre-plant bulb soak 

concentrations of flurprimidol and paclobutrazol were from 25 to 400 mg.L-1 (ppm), and 

uniconazole from 5 to 80 mg.L-1.  Height control was evaluated at anthesis and 11 d later 

under postharvest conditions.  Ethephon (250 to 2000 mg.L-1) and flurprimidol (5 to 80 mg.L-

1) foliar sprays were ineffective.  Flurprimidol [0.25 to 4 mg active ingredient (mg a.i.)] 

drenches had no effect during forcing, but controlled postharvest height at concentrations > 

0.25 mg a.i. with at least 4% shorter plants than the untreated control.  Pre-plant bulb soaks 

resulted in height control with flurprimidol > 25 mg.L-1, paclobutrazol > 100 mg.L-1, and 

uniconazole > 40 mg.L-1; having at least 9, 6, and 19%, respectively, shorter plants than the 

untreated control.  Based on our results, flurprimidol pre-plant bulb soaks have a greater 

efficacy than either uniconazole or paclobutrazol.  Pre-plant PGR soaks are a cost effective 

method of controlling plant height of hyacinths because of the limited amount of chemical 

required to treat a large quantity of bulbs. 
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Introduction 

The vivid colors and intense fragrance of hyacinths make them an excellent potted 

crop (Nowak and Rudnicki, 1993).  However, excessive stem growth can be a concern.  

DeHertogh  suggested that an optimal hyacinth plant, including the pot [8.5 cm (3.5 inches)], 

was 20 to 30 cm (8 to 12 inches) tall.  A potential postharvest problem of hyacinth is “stem 

topple,” the downward curvature of the flower scape due to postharvest elongation and the 

heavy inflorescence.  To limit growth, strengthen the flower stalk, and prevent “stem topple”, 

foliar applications of ethephon [(2-chloroethyl)-phosphonic acid] are recommended at 

concentrations between 500 and 2000 mg.L-1.  Limited research has been conducted using 

other plant growth retardants (PGRs) such as paclobutrazol [(+)-(R*,R*)-β-((4-

Chlorophenyl)methyl)-α-(1,1-dimethylethyl)-1H-1,2,4-triazole-1-ethanol] (Bonzi, Syngenta, 

Greensboro, N.C.) or uniconazole ((E)-1-(p-chlorophenyl)-4,4-dimethyl-2-(1,2,4-triazol-1-yl-

1-penten-3-ol)) (Sumagic, Valent USA, Marysville, Ohio).  Drenches and pre-plant soaks of 

paclobutrazol and uniconazole have been studied, but no recommended concentrations are 

available (Miller, 2002).   Flurprimidol (α-(1-methylethyl)- α-[4-(trifllromethoxy)phenyl]-5-

pyrimidinementhanol) (Topflor, SePRO Corp., Carmel, Ind.) is currently available in Europe 

(Topflor) as a 1.5% concentrate, however there are no recommended concentrations for 

hyacinth.  A U.S. formulation will become available at a 0.38% concentration.  This study 

was conducted to determine the efficacy of pre-plant bulb soaks of flurprimidol, 

paclobutrazol, and uniconazole, foliar sprays of ethephon and flurprimidol, and substrate 

drenches of flurprimidol on hyacinth plant growth. 
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Materials and Methods 

Un-cooled hyacinth 'Anna Marie' bulbs were planted in 10.2 cm (4 inch) round plastic 

pots with a volume of 575 ml (1.2 pints) on 25 Oct. 2002.  The root substrate was Berger BM 

6 (Berger Peat Moss, St. Modeste, Quebec, Canada), which contained 75% to 80% Canadian 

sphagnum peat and 20% to 25% perlite.  From potting to 4 Jan. 2003, bulbs were held at 5.0° 

C (41° F).  On 4 Jan. 2003 temperature was lowered to 1.1° C (34° F).  Greenhouse forcing 

began on 27 Jan. 2003 with day/night set points of 20.0/18.3° C (68/65° F).  Plants were 

forced under natural day length.  The experiment was a completely randomized design with 6 

single plant replications of 31 treatments.   

 

Plant growth regulator treatments. On 25 Oct. 2002, 15 of the 31 treatments were 

applied as a pre-plant bulb soak for 10 min (in mg.L-1): flurprimidol (0.38%) at 25, 50, 100, 

200, or 400; paclobutrazol at 25, 50, 100, 200, or 400; and uniconazole at 5, 10, 20, 40, or 80.  

Foliar sprays and substrate drenches were applied on 04 Feb. 2003 when shoots were 7.5 to 

10 cm tall, before any pink color was visible on the inflorescences.  Foliar sprays based on an 

application volume of 204 ml.m-2 (0.5 gal/100 ft2) (in mg.L-1) consisted of ethephon at 250, 

500, 1000, 1500, or 2000; and flurprimidol at 5, 10, 20, 40, or 80.  Flurprimidol substrate 

drenches, 59.1 ml (2 fl oz) per pot, consisted of 0.25, 0.5, 1, 2, or 4 mg a.i., or an untreated 

control.  Anthesis date (one floret completely open), and total plant height at anthesis 

(measured from the pot rim to the uppermost part of the inflorescence) were recorded. 

 



 23

Postharvest. Four plants, randomly selected from each treatment, were placed in a 

growth chamber at 20.0° C (68°F) after anthesis.  Fluorescent cool white bulbs provided light 

at 24 to 75 µmol.m-2.s-1.  Plant height was recorded 11 d after anthesis. 

 

Data analysis. Data were tested by analysis of variance (ANOVA) using general 

linear model (SAS Institute, Cary, N.C.) and means separation by least significant differences 

(LSD) at P < 0.05.  Forcing and 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 (1992), was used to calculate linear-plateau functions (model 

IV) relating forcing and postharvest plant height to flurprimidol pre-plant soak 

concentrations.  The quadratic and the linear-plateau models were compared to determine the 

best fit based on r2 values. 

 

Results and Discussion 

The response of 'Anna Marie' hyacinth plants to flurprimidol pre-plant soaks during 

forcing was best fit to a linear-plateau model in which the shortest plants (8.0 cm tall) 

resulted from treatment with flurprimidol at concentrations > 134.4 mg.L-1 (Fig. 2A).  No 

further increases in height control occurred at higher concentrations.  Plants treated with 

134.4 mg.L-1 were 44% shorter than the untreated control.  Flurprimidol soaks delayed 

anthesis by 4, 8, 10, 13 d at concentrations of 50, 100, 200, and 400 mg.L-1, respectively, 

compared with the untreated control, P < 0.05 (data not shown).  Response to flurprimidol 

soaks during the postharvest evaluation also was best fit to a linear-plateau model in which 
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the shortest plants (15.1 cm tall) resulted from treatment with flurprimidol > 102.8 mg.L-1 

(Fig. 2A).  No further increases in height control occurred at higher concentrations.  Heights 

of plants treated with 102.8 mg.L-1 were on average 43% shorter than the untreated control.  

Flurprimidol soaks > 50 mg.L-1 provided excessive control of growth.  Commercially 

acceptable plants were produced with 25 mg.L-1 flurprimidol, and additional trials to confirm 

optimal concentrations and cultivar response should focus on that concentration range. 

 

Paclobutrazol pre-plant soak of 400 mg.L-1 controlled plant height in greenhouse 

forcing, with no delay of anthesis (data not shown), resulting in plants 23% shorter than the 

untreated control (Fig. 2B).  During the postharvest evaluation, control occurred at 100, 200, 

and 400 mg.L-1, resulting in 17, 28, and 28% shorter plants, respectively, as compared to the 

untreated control (Fig. 2B).  The high concentration of paclobutrazol required to provide 

height control may limit its suitability as a commercially viable alternative.  Growers will 

need to evaluate how paclobutrazol compares economically with the other PGRs. 

 

Pre-plant bulb soaks > 40 mg.L-1 of uniconazole controlled height during greenhouse 

forcing, resulting in plants 19% shorter than the untreated control (Fig. 2C).  Anthesis was 

delayed 7 d with 80 mg.L-1 uniconazole pre-plant soaks which would be considered excessive 

by a commercial grower (data not shown).  In the postharvest evaluation, the  

relationship between height and uniconazole concentrations of 10, 20, 40, and 80 mg.L-1 was 

linear, resulting in 4, 7, 15, and 30% shorter plants, respectively, than the untreated control 

(Fig. 2C). 
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At the concentrations tested (< 2,000 mg.L-1), ethephon did not control height during 

forcing or during postharvest evaluation.  Anthesis was significantly (P < 0.05) delayed at 

concentrations of 1,500 and 2,000 mg.L-1, by 1.8 and 1.6 d respectively, as compared to the 

untreated control (data not shown).  The lack of response contradicts the commercial 

recommendations of applying ethephon prior to coloration of the florets , corresponding to 8 

d after commencement of greenhouse forcing.  It is unclear why ethephon had no effect on 

height.  The chemical apparently penetrated the plant tissue, as flowering was delayed at the 

highest concentrations. 

 

Flurprimidol foliar sprays did not control height at any concentration tested (< 80 

mg.L-1).  Sprays of 80 mg.L-1 flurprimidol resulted in a slight delay of anthesis by 1.8 d (P < 

0.05), compared to the untreated control (data not shown).  Earlier applications may provide 

control of plant height, but control is still likely to be minimal because a limited amount of 

leaf area is present during the initial 8 d of forcing.  Higher concentrations of flurprimidol 

foliar sprays should be tested for its effectiveness. 

 

Flurprimidol substrate drenches had no effect on height during greenhouse forcing, 

but did limit postharvest elongation.  Plants treated with 0.25, 0.5, 1, 2, 4 mg a.i. resulted in 

4, 8, 14, 23, and 22% shorter plants during the postharvest evaluation, respectively, than the 

untreated control (Fig. 2D).  The lack of growth control during greenhouse forcing may be 

due to applying the drenches 8 d after forcing began.  The root system was well developed 
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when greenhouse forcing began; therefore, applying drenches within 24 to 48 hr of moving 

the plants into the greenhouse should be studied.  No anthesis delay occurred with 

flurprimidol drenches (data not shown). 

 

Conclusions 

Higher concentrations and application timing of flurprimidol foliar sprays should to 

be explored to determine if it is a suitable method to control hyacinth plant height.  

Flurprimidol substrate drenches did not result in control during greenhouse forcing, but did 

limit elongation during the postharvest evaluation.  This suggests additional work should be 

done to determine optimal application timing.  The responses of 'Anna Marie' hyacinth to 

pre-plant soaks of flurprimidol at 25 mg.L-1 and paclobutrazol at 100 mg.L-1 were 

comparable; producing 9% and 6%, respectively, shorter plants than the untreated control, 

but resulted in flower delay of 1 to 2 d.  Pre-plant soaks of flurprimidol at 25 mg.L-1 and 

paclobutrazol at 100 mg.L-1 should be considered for use in commercial greenhouse 

production.  Based on observations, plants treated with > 40 mg.L-1 uniconazole were too 

short and no control occurred with < 20 mg.L-1.  Concentrations between 20 and 40 mg.L-1 

should be explored.  Based on our results, flurprimidol pre-plant bulb soaks have a greater 

efficacy than either uniconazole or paclobutrazol.  Pre-plant PGR soaks are also a cost 

effective method of controlling plant height of hyacinths because of the limited amount of 

chemical required to treat a large quantity of bulbs. 
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Fig. 2.  Effects of flurprimidol pre-plant bulb soaks (A), paclobutrazol pre-plant bulb soaks 
(B), uniconazole pre-plant bulb soaks (C), and flurprimidol substrate drenches (D) on pot 
hyacinth 'Anna Marie' height, measured at anthesis (Greenhouse) and 11 d after anthesis 
(Postharvest).  Flurprimidol drenches had no effect on height at anthesis. 
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Summary.  'Pink Pearl' hyacinth (Hyacinthus orientalis) bulbs were treated for height 

control with flurprimidol [20 mg.L-1 (ppm)] pre-plant bulb soaks to determine optimal timing 

of treatment, soak duration, and the number of bulbs which could be treated before the 

solution lost efficacy.  Also 'Pacino' sunflowers (Helianthus annuus) were treated with 

flurprimidol substrate drenches using residual pre-plant bulb soak solution to determine if 

drenches could be used as a disposal method for soak solutions.  No difference in height 

control occurred when bulbs were treated with pre-plant bulb soaks the day of, 1 d before, or 

7 d before potting; therefore, growers can treat bulbs up to one week before potting with no 

difference in height control.  All the pre-plant bulb soak durations trialed (1, 5, 10, 20, and 40 

min) controlled plant height.  Soak durations > 1.3 min did not result in greater height control 

which would provide growers with a flexible time frame of 2 to 40 min in which to soak the 

bulbs.  When 1 L of 20 mg.L-1flurprimidol solution was used repeatedly over 20 batches of 5 

bulbs, the solution efficacy was similar from the first batch to the last batch, therefore 

flurprimidol soak solution can be used repeatedly without loss of efficacy.  Fresh and 

residual flurprimidol solutions (1.18, 2.37, or 4.73 mg a.i. per pot) applied to 'Pacino' 

sunflowers results were similar in their efficacy of controlling height enabling growers to be 
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less wasteful with PGRs.  The information elicited will better equip growers in making 

informed decisions when applying flurprimidol to bulb crops as pre-plant bulb soaks. 

 

Introduction 

Plant growth regulators (PGRs) are often needed to control greenhouse and 

postharvest height of hyacinths (Hyacinthus orientalis).  Pre-plant bulb soaks have 

advantages over other application methods such as time and labor savings, accurate dosages, 

and reasonable costs; however, disposal of the used dip solution may be problematic 

(Ranwala et al., 2002).  Applying a PGR before ascertaining the specific need for growth 

control needed can also be concern (Larson et al., 1987).  Extensive research has been 

conducted to determine the optimal duration and timing of pre-plant bulb soaks of lilies 

(Lilium hybrids) using ancymidol.  Lewis and Lewis (1981) expressed concern for issues 

related to ancymidol (a-cyclopropyl-a-(p-methoxyphenyl)-5-pyrimidinemethanol) (A-Rest, 

SePRO Corp., Carmel Ind.) pre-plant bulb soaks applied to lilies, including the uniformity of 

pre-plant soaks caused by variability in dosage applied per bulb, which could occur as a 

function of bulb size and quantity of solution retained between the open scales.  Limited 

information is available on applying pre-plant bulb soaks to most other bulb crops, including 

number of bulbs which can be treated with a specific volume of solution and optimal length 

and timing of soaks.  However, flurprimidol (α-(1-methylethyl)-α-(4-

(triflromethoxy)phenyl)-5-pyrimidinementhanol) (Topflor, SePRO Corp. Carmel, Ind.) pre-

plant bulb soaks and substrate drenches were effective at controlling hyacinth height during 

postharvest evaluation (Krug et al., 2004c). 
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Preliminary trials indicate that flurprimidol pre-plant bulb soaks are effective at 

controlling height of hyacinths as well as many other crops (Krug et al., 2004a,b,c; Whipker 

et al., 2003).  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, effective disposal, and the efficacy over repeated use 

of flurprimidol pre-plant bulb soaks. 

 

Materials and Methods 

Experiments 1 through 3 were conducted using 'Pink Pearl' hyacinth bulbs.  The 

cultural practices for each of these experiments (1 through 3) were identical with the 

exception of the plant growth regulator treatments.  Experiment 4 was conducted using 

'Pacino' pot sunflowers. 

 

For experiments 1 through 3, 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, Quebec, Canada.) 

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.  Plant growth regulator treatments were unique for each experiment (1 through 3) 

as listed below. 
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Experiment 1 – Determining advanced soak timing.  'Pink Pearl' hyacinth bulbs were 

soaked for 0, 1, or 7 d before potting in flurprimidol (20 mg.L-1) and allowed to air dry in the 

greenhouse.  Treatments were applied on 17 Oct., 23 Oct., and 24 Oct. 2003.  An untreated 

control was also included.  Anthesis date (one floret completely open), and total plant height 

at anthesis (measured from the pot rim to the uppermost part of the inflorescence) were 

recorded.  The experiment was a completely randomized design with 6 single plant 

replications of the 4 treatments.  

 

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.  Data were taken as mentioned above in Experiment 1.  The 

experiment was a completely randomized design with 6 single plant replications of 6 

treatments.   

 

Experiment 3 – Determining flurprimidol solution efficacy with repeated use.  Twenty 

batches of 5 'Pink Pearl' hyacinth bulbs were soaked one batch at a time for 10 min in 1 L 

(3.78 gallons) of flurprimidol (20 mg.L-1).  An untreated control was also included.  Data 

were taken as mentioned above in Experiment 1; in addition, 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 5 single plant replications 

of 21 treatment batches. 

 



 35

Data analysis.  Data for experiments 1 through 3 were tested by analysis of variance 

(ANOVA) using general linear model (SAS Institute, Cary, N.C.).  Forcing and 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 (1992), was 

used to calculate linear-plateau functions (model IV) relating forcing and postharvest plant 

height to flurprimidol pre-plant soak concentrations.  The quadratic and the linear-plateau 

models were compared to determine the best fit based on r2 values.  Mean comparisons were 

also done using orthogonal contrasts. 

 

Postharvest – Experiments 1 through 3.  Four plants, randomly selected from each 

treatment, were placed in a growth chamber at 20.0º C (68º F) after anthesis.  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. 

 

Experiment 4 – Disposal of pre-plant bulb soak solutions.  'Pacino' sunflower 

(Helianthus annuus) seeds were sown into cell packs [3×3×4 cm (1.2×1.2×1.6 inches)] on 24 

Sept. 2003; seedlings were transplanted into 15.2 cm (6 inch) diameter round plastic pots 

with a volume of 1.9 L (2.0 quarts) on 10 Oct. 2003.  The root substrate was Berger BM 6.  

Greenhouse day/night set points were 20.0/17.8o C (68/64o F).  The plants were grown under 

natural daylength. 
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Flurprimidol substrate drenches were applied to 'Pacino' sunflower plants with 118.3 

ml (4 oz) solution per pot.  Drenches were made with either fresh or residual solution at 10, 

20 or 40 mg.L-1 (approximately 1.18, 2.37, or 4.73 mg a.i. per pot).  Residual solution was 

obtained after use as a pre-plant bulb soak where 84 bulbs [54 tulip (Tulipa sp.) and 30 

narcissus (Narcissus pseudonarcissus)] were soaked in 1 L of solution.  Anthesis date (one 

flower completely open), total plant height (measured from the soil line to the uppermost part 

of the inflorescence), and plant diameter (measured at the widest dimension and turned 90º, 

and averaged), were recorded.   The experiment was a completely randomized design with 6 

single plant replications of 7 treatments. 

 

Plant height, plant diameter, and flower date values in experiment 4 were regressed 

using PROC REG procedure (SAS Institute, Cary, N.C.) to determine the best fit linear or 

quadratic model.  Variables in the model were PGR concentration (con) and indicator 

variables for solution type (soln), with the full model being as follows: concentrationi = β0 + 

β1Soln2 + β2Conc + β3Conc x Soln2 + β4Conc2 + β5Con2 x Soln2.  Where concentrationi = 

PGR concentration (0, 10, 20, or 40 mg.L-1); i = variable being regressed (plant height or 

diameter); soln2 = 1 if the PGR solution was reused, 0 otherwise (when soln2 = 0, then soln = 

unused solution); βk = estimated coefficients (k = 0 to 5).  Terms of the model were judged to 

be significant or non-significant and included in the final model based on a comparison of F 

values at α = 0.05. 
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Results and Discussion 

Experiment 1 – Determining advanced soak timing.  The height of 'Pink Pearl' 

hyacinths, at anthesis and postharvest evaluation, 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 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 at 

anthesis and postharvest evaluation 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) (Table 2, Fig. 3).  Soaks at any duration, with the exception of 1 min compared to 5 

min, were not significantly different from each other (Table 2).  During the postharvest 

evaluation the smallest plants were 18.7 cm (7.4 inches), 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. 3).  According to Krug et al. (2004c) 25 mg.L-

1flurprimidol soaks for 10 min were recommended for hyacinth and DeHertogh (1996) 

suggests using one hour paclobutrazol soaks for height control.  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 3, Fig. 4), 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 20 to 40 ml (4 to 8 

ml per bulb).  batches 13 and 18 absorbed 35 and 30 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 (DeHertogh and 

LeNard, 1993).  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 3, Fig. 

4).  The repeated use of 1 L of flurprimidol solution over 20 batches of hyacinth bulbs did 

not diminish the efficacy of the solution.  Each batch of 5 bulbs absorbed on average 30.5 ml 

of solution (data not shown).  At this rate of utilization only 390 ml of solution were 

remaining at the end of the 20th batch, which was the minimum volume needed to completely 

submerge 5 bulbs.  Moreover, 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 (Ranwala et al., 2004).  This utilization of the PGR soak solution also 

decreases the amount of residual solution requiring disposal.   
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Experiment 4 – Disposal of pre-plant bulb soak solutions.  Plant height and diameter 

was not significantly influenced by either PGR substrate drench solution (fresh or residual), 

and the data were pooled by concentration. Anthesis was not delayed by any treatment (data 

not shown). There were significant quadratic relationships between the dose and both total 

height and diameters for 'Pacino' sunflowers (Fig. 5A and B).  Using the residual solution 

from flurprimidol pre-plant bulb soaks as a substrate drench on 'Pacino' sunflowers provided 

similar control as the fresh drench solution, allowing a suitable alternative for disposing of 

residual soak solution.  Further studies need to be conducted to evaluate bulbs other than 

tulips and narcissus soaked in the residual solution, as well as greater numbers of bulbs 

soaked before the residual solution is used as a substrate drench.  As mentioned above, it is 

possible that after repeated use there will be little solution in need of disposal due to 

absorption.   

 

Conclusions 

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.  Growers have 

flexibility of treating either the day of or up to 7 d in advance of potting; can soak the bulbs 

anywhere between 2 and 40 min; and re-use the 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.  Flurprimidol pre-plant 

bulb soaks offer growers an alternative treatment method with flexibility for height control 

on bulb crops.  
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Table 1.  'Pink Pearl' hyacinth plant heights at anthesis and 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) 
 ________________________________________ 
 
Bulb treatment Anthesis Postharvest 
____________________________________________________________________ 
Control 14.6z 25.0y 
Same day 12.0 20.8 
1 d 11.4 20.9 
7 d 12.8 20.8 
 
Contrasts 
 
Control (0 soak) vs any soak timing *x *** 

Same day vs. 1 d NS NS 
Same day vs. 7 d NS NS 
____________________________________________________________________ 
z Values are means of 6 replicates (plants) 
y Values are means of 4 replicates (plants) 
x NS, *, *** Not significant or significant at P < 0.05 or 0.001, respectively. 
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Table 2.  '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. 
 
Contrasts 
____________________________________________________________________ 
Control (0 soak) vs any duration ***z 
1 min vs. 5 min * 
1 min vs. 10 min NS 
1 min vs. 20 min NS 
1 min vs. 40 min NS 
____________________________________________________________________ 
z NS, *,  *** Not significant or significant at P < 0.05 or 0.001 respectively. 
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Table 3.  'Pink Pearl' hyacinth plant heights at postharvest (13 d after anthesis) when batches 
of 5 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 *zy  
Batch 1 vs. B5 NS 
Batch 1 vs. B10 NS 
Batch 1 vs. B15 NS 
Batch 1 vs. B20 NS 
____________________________________________________________________ 
z NS, *, Not significant or significant at P < 0.05 
y with exceptions of batches 13 and 18 
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Fig. 3.  'Pink Pearl' hyacinth plant heights at greenhouse forcing (anthesis) and postharvest 
(13 d later) when treated with a 20 mg.L-1 flurprimidol pre-plant bulb soak for 1, 5, 10, 20, or 
40 min. 
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Fig. 4.  'Pink Pearl' hyacinth plant heights at greenhouse forcing (anthesis) and postharvest 
(13 d later) when batches of 5 bulbs were treated with a 20 mg.L-1 flurprimidol pre-plant bulb 
soak sequentially in 1 L of solution.
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Fig. 5.  Effects of new or residual flurprimidol drench solution on 'Pacino' sunflower height 
(A) and diameter (B). 
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Comparison of Flurprimidol to Ancymidol, Paclobutrazol, and Uniconazole for Tulip 
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Summary.  Pre-plant bulb soaks of ancymidol, flurprimidol, paclobutrazol, and uniconazole, 

foliar sprays of flurprimidol, and substrate drenches of flurprimidol, paclobutrazol, and 

uniconazole were compared for height control of 'Prominence' tulips (Tulipa sp.).  Height 

control was evaluated at anthesis in the greenhouse and 10 d later under postharvest 

conditions.  Substrate drenches of ancymidol, flurprimidol, and paclobutrazol resulted in 

adequate control using concentrations of 0.5, 0.5, and 1 mg a.i. per pot, respectively.  At 

these concentrations ancymidol drenches cost $0.06 and paclobutrazol drenches $0.03 per 

pot.  Since flurprimidol is not yet available and no price is available, growers will need to 

assess the cost compared to ancymidol and paclobutrazol.  Flurprimidol foliar sprays at < 80 

mg.L-1 (ppm) were ineffective in controlling height during greenhouse forcing, but during 

postharvest evaluation 80 mg.L-1 resulted in 13.7% shorter plants than the untreated control.  

Pre-plant bulb soaks of flurprimidol, paclobutrazol, and uniconazole at concentrations of 25, 

50, and 10 mg.L-1, respectively, effectively controlled plant height.  Pre-plant PGR soaks are 

a cost effective method of controlling plant height of tulips because of the limited amount of 

chemical required to treat a large quantity of bulbs. 

 



 51

Introduction 

Potted tulips are popular greenhouse crops due to their minimal spacing requirements 

and short benching time (Miller, 2002).  DeHertogh (1996) suggested that an optimal height 

for pot tulips is 20 to 25 cm (8 to 10 in), excluding the pot, to meet shipping requirements.  A 

potential postharvest problem is the downward curvature of the flower scape due to excessive 

postharvest elongation of the stem and the heavy inflorescence.  To control height, plant 

growth regulators (PGRs) are often required.  Dole and Wilkins (1999) recommend an 

ancymidol [a-cycloproply-a-(p-methoxyphenyl)-5-pyrimidinemethanol] (A-Rest, SePRO, 

Carmel, Ind.) drench of 0.125 to 0.5 mg a.i. per pot with higher concentrations being used for 

more vigorous cultivars, while Barrett (2002) recommended ancymidol drenches of 1 to 4 

mg.L-1 per pot within the first two days of greenhouse forcing.  Paclobutrazol [(+)-(R*,R*)-

β-((4-Chlorophenyl)methyl)-α-(1,1-dimethylethyl)-1H-1,2,4-triazole-1-ethanol] (Bonzi, 

Syngenta, Greensboro, N.C.) label recommendations call for drenches of 0.31 to 2.5 mg a.i. 

per pot or one-hour pre-plant soaks in a 2 to 5 mg.L-1 solution.  Tulips are listed on the 

uniconazole [(E)-(+)-(S)-1(4-chlorophenyl)4,4-dimethyl-2(1,2,4-triazol-1-yl)pent-1-ene-3-ol] 

(Sumagic, Valent USA, Marysville, Ohio) label, but no recommended concentrations are 

provided.  The recommendation for flurprimidol [α-(1-methylethyl)-α-(4-

(triflromethoxy)phenyl)-5-pyrimidinementhanol) (Topflor, SePRO Corp., Carmel, Ind.) in 

Europe is two foliar applications of 0.25 to 0.5 mg.L-1 one week apart (M. Bell, personal 

communication).  Flurprimidol is available in Europe as a 1.5% concentrate, but the 

formulation being introduced into the United States will be a 0.38% concentrate.  This study 

was conducted to compare the efficacy of flurprimidol pre-plant soaks, foliar sprays, and 
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substrate drenches with the current commercial recommendations of ancymidol, 

paclobutrazol, and uniconazole for tulip height control. 

 

Materials and Methods 

Un-cooled Tulipa 'Prominence' bulbs were planted in 10.2 cm (4 inch) diameter round 

plastic pots with a volume of 575 ml (1.2 pints) on 25 Oct. 2002 with three bulbs per pot.  

The root substrate was Berger BM 6 (Berger Peat Moss, St. Modeste, Quebec, Canada), 

which contained 75% to 80% Canadian sphagnum peat and 20% to 25% perlite.  For 10 

weeks the cooler temperature set point was 5.0° C (41° F).  On 4 Jan. 2003 the cooler 

temperature set point was reduced to 1.1° C (34° F) until 8 Feb. 2003.  Greenhouse forcing 

began on 8 Feb. 2003 with day/night set points of 20.0/18.3° C (68/64° F).  Plants were 

forced under natural day length.  Pots were fertilized with N at 150 mg.L-1 using 15-0-15 

once a week.   

 

Plant growth regulator treatments.  On 25 Oct. 2002, pre-plant bulb soaks (in mg.L-1) 

applied for 10 min included: flurprimidol (0.38%) at 25, 50, 100, 200, or 400; paclobutrazol 

at 25, 50, 100, 200, or 400; and uniconazole at 5, 10, 20, 40, or 80.  The PGR substrate 

drenches were applied within 24 hours of when forcing began (9 Feb); shoots were between 

7.6 and 10.1 (3 to 4 in) cm tall at application time.  Substrate drenches (in mg active 

ingredient per pot) were applied at 59.1 ml (2 oz) per pot and included: flurprimidol at 0.25, 

0.5, 1, 2, or 4; paclobutrazol at 0.25, 0.5, 1, 2, or 4; and ancymidol of 0.0625, 0.125, 0.25, 

0.5, or 1.  A foliar spray of flurprimidol at 5, 10, 20, 40, or 80 mg.L-1 was also applied based 

on the application rate of 204 ml.m-2 (0.5 gal.100 ft-2).  An untreated control was also 
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included.  The experiment was a completely randomized design with six single plant 

replications each of the 36 treatments.  At anthesis (all petals fully colored and beginning to 

separate), plant height (measured from the soil line to the uppermost part of the 

inflorescence), was recorded. 

 

Postharvest.  Four plants, randomly selected, from each treatment were placed in a 

growth chamber at 20.0° C (68° F) after anthesis.  Light was provided by fluorescent bulbs at 

24 to 75 µmol.m-2.s-1.  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.) and means were separated by least significant 

differences (LSD) at P < 0.05.  Plant heights at the end of forcing and postharvest were 

regressed using the PROC REG 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 (1992), was used to calculate linear-plateau 

functions (model IV) relating forcing and postharvest plant height to flurprimidol, 

paclobutrazol, and uniconazole pre-plant bulb soaks as well as ancymidol, paclobutrazol, and 

flurprimidol substrate drenches.  The quadratic and the linear-plateau models were compared 

to determine the best fit based on r2 values. 

 

Results and Discussion 

Substrate drenches.  Substrate drenches > 0.45 mg a.i. ancymidol, during forcing, 

resulted shortest plant at 21.6 cm (8.5 in) tall (Fig. 6A).  No further height control occurred at 
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higher concentrations.  Plants treated with ancymidol at 0.45 mg a.i. were 24.1% shorter than 

the untreated control at the end of forcing.  At the end of postharvest, the shortest plants were 

33.4 cm (13.1 in) tall, 27.4% shorter than the untreated control, resulting from treatment with 

concentrations > 0.40 mg a.i. (Fig. 6A).  No further height control occurred at higher 

concentrations.  Ancymidol provided commercially acceptable control at a concentration of 

0.5 mg a.i.  At a concentration of 0.5 mg a.i. plants were 26.7% shorter during forcing and 

34.3% shorter at postharvest evaluation than the untreated control.  Concentrations < 0.5 mg 

a.i. resulted in control which varied from pot to pot.  At a concentration of 1 mg a.i. anthesis 

was delayed by < 2 d, P < 0.05 (data not shown).  An ancymidol drench of 0.5 mg a.i. is in 

agreement with recommendations by Dole and Wilkins (1999).  A concentration of 0.5 mg 

a.i. is equivalent to 8 ppm, which is at least twice the rate recommended by Barrett (2002); 

however, no volume recommendations were provided, which may account for the difference 

in recommended concentrations.   

 

Substrate drenches > 1.51 mg a.i. paclobutrazol during forcing produced the shortest 

plants at 20.7 cm (8.1 in) (Fig. 6B).  No further increases in height control occurred at higher 

concentrations.  During postharvest evaluation the smallest plants were 32.4 cm tall resulting 

from treatment with > 1.58 mg a.i. paclobutrazol (Fig. 6B).  No further height control 

occurred at higher concentrations.  Although the joinpoints were 1.51 and 1.58 mg a.i. for 

forcing and postharvest evaluation, respectively, a concentration of 1 mg a.i. provided 

adequate growth control with higher concentrations resulting in excessive control.  At the 

concentration of 1.0 mg a.i., plants were 17.0% shorter during forcing and 19.0% shorter at 

postharvest evaluation than the untreated control. Concentrations lower than 1 mg a.i. 
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resulted in height control which varied from pot to pot.  Paclobutrazol at a concentration of 1 

mg a.i. is within the range stated on the product label (0.31 to 2.5 mg a.i.).  No delay of 

anthesis occurred at any concentration trialed (data not shown). 

 

Tulip growth was significantly controlled (P < 0.05) during forcing by substrate 

drenches > 0.5 mg a.i. flurprimidol resulting in at least 2.1% shorter plants than the control 

(Fig. 6C).  After postharvest evaluation the shortest plants were 33.6 cm (13.2 in) tall 

resulting from treatment with > 0.52 mg a.i flurprimidol (Fig. 6C).  No further height control 

occurred at higher concentrations.  Plants were 23.9% shorter than the control.  No delay of 

anthesis occurred with substrate drenches of flurprimidol (data not shown).  Although 0.5 mg 

a.i. flurprimidol resulted in plants 2.1% shorter; greater control (23.9%) was provided during 

postharvest and would be useful for commercial operations, despite the minimal control 

provided during forcing. 

 

Foliar sprays.  Flurprimidol foliar sprays did not control height during greenhouse 

forcing (Fig. 6D).  Concentrations of 5 and 10 mg.L-1 resulted in heights taller than the 

control (P < 0.05).  During postharvest evaluation, the highest concentration applied (80 

mg.L-1) resulted in 13.7% shorter plants than the control.  The lack of response to foliar 

sprays during greenhouse forcing contradicts the commercial practice in Europe of applying 

foliar sprays.  Multiple sprays should be trialed or a foliar spray of > 80 mg.L-1 may be used 

to improve postharvest quality of shorter cultivars which do not require height control during 

greenhouse forcing. 
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Pre-plant bulb soaks.  Flurprimidol pre-plant bulb soaks > 59.4 mg.L-1 during forcing 

produced shortest plants at 14.8 cm (5.8 in) tall (Fig. 6E), 46.1% shorter than the untreated 

control.  No further height control occurred at higher concentrations.  During the postharvest 

evaluation flurprimidol pre-plant bulb soaks > 40.4 mg.L-1 produced the shortest plants at 

25.1 cm (9.8 in) tall (Fig. 6E).  No further height control occurred at higher concentrations.  

Plants were 44.6% shorter than the untreated control.  Although joinpoints for forcing and 

postharvest evaluation were 59.4 mg.L-1 and 40.4 mg.L-1, respectively, concentrations > 25 

mg.L-1 resulted in excessive growth control.  Commercially acceptable plants were produced 

with 25 mg.L-1 resulting in plants 19.4% shorter during forcing and 27.6% shorter at 

postharvest evaluation than the untreated control.  However, flurprimidol pre-plant soaks at 

25 mg.L-1 resulted in some leaf distortion and flowering appeared to be uneven within the pot 

(personal observation).  A delay of anthesis < 3 d (P < 0.05) occurred at concentrations of 

flurprimidol > 25 mg.L-1, but the delay would not be considered commercially important 

(data not shown). 

 

Plant height linearly (negative) correlated with increased paclobutrazol pre-plant 

soaks during forcing and at postharvest evaluation (Fig. 6F).  Concentrations > 50 mg.L-1 

controlled height with plants > 1.9% shorter than the untreated control.  At postharvest 

evaluation 50 mg.L-1 resulted in plants 2.3% shorter than the untreated control, which was 

statistically significant (P < 0.05).  Based on our observations, 50 mg.L-1 paclobutrazol 

provided adequate height control, which is much greater than the labeled recommendation (2 

to 5 mg.L-1).  However, the label recommends soaking bulbs for one hour, while in this 

experiment, the bulbs were soaked for only 10 min, which may account for differences 
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between our findings and the label recommendations.  Individual growers will need to assess 

chemical costs versus application time required for dipping to determine if high 

concentration and short duration soaks are more economical than low concentration and 

longer soaks.  Anthesis was delayed by < 2 d (P < 0.05) with concentrations of 25 and 400 

mg.L-1 paclobutrazol, but the delay would not be considered commercially important. 

 

Uniconazole pre-plant bulb soaks controlled plant height during forcing at 

concentrations > 5 mg.L-1 resulting in plants at least 1.6% shorter than the control (Fig. 6G).  

Commercially acceptable height control was provided at a concentration of 10 mg.L-1.  Plants 

during forcing and postharvest evaluation were 3.2% and 8.6%, respectively, shorter than the 

untreated control when treated with 10 mg.L-1 uniconazole.  Uniconazole pre-plant bulb 

soaks > 17.9 mg.L-1 during postharvest produced plants at 39.2 cm (15 in) tall (Fig. 6G).  No 

further increases in height control occurred at higher concentrations.  Uniconazole 

concentrations > 17.9 mg.L-1 resulted in plants with an unacceptable variation in individual 

plant heights within the pot.  Therefore, 10 mg.L-1 uniconazole should be used for 

commercial production.  Delayed anthesis of < 2 d (P < 0.05) occurred at concentrations of 

uniconazole > 20 mg.L-1 (data not shown). 

 

Conclusions 

Substrate drenches of ancymidol, flurprimidol, and paclobutrazol at concentrations of 

0.5, 0.5, and 1 mg a.i., respectively, provided similar and adequate growth control. 

Paclobutrazol drenches appeared to have produced a more uniform plant to plant response, 

within the pot, when compared to flurprimidol or uniconazole drenches at concentrations 
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trialed.  A substrate drench of 0.5 mg a.i. ancymidol costs $0.06 per pot which may be cost 

prohibitive as compared to a of 1 mg a.i. paclobutrazol drench at $0.03 per pot.  Flurprimidol 

has not yet been released for sale in the United States.  Growers will need to assess the cost 

of a 0.5 mg a.i. flurprimidol substrate drench to compare with ancymidol and paclobutrazol 

costs. 

 

Foliar sprays of flurprimidol were ineffective at concentrations trialed during forcing.  

Only a small amount of leaf area was present at the time of treatment, which may have 

limited absorption.  Delaying application or the use of a spreader/sticker may be beneficial.  

Higher concentrations did give minimal postharvest control on 'Prominence' plants.  

Concentrations > 80 mg.L-1 need to be trialed in the future.  Growers who want to improve 

postharvest quality on naturally short cultivars may consider using flurprimidol foliar sprays 

at concentrations > 80 mg.L-1. 

 

Flurprimidol, paclobutrazol and uniconazole pre-plant bulb soaks at concentrations of 

25, 50, and 10 mg.L-1, respectively, provided similar and commercially acceptable growth 

control. Additional trials to confirm optimal concentrations and cultivar response to 

flurprimidol pre-plant bulb soaks should center around the 25 mg.L-1 concentration range.  

Pre-plant soaks are a cost effective and efficient method of controlling plant height of tulips 

because the limited amount of chemical required to treat a large amount of bulbs.  For 

example, using 59 ml (2 oz) of solution per pot (3 bulbs per pot), approximately 85 pots 

containing 250 bulbs could be treated using a substrate drench with 5L (1.3 gal) of solution. 

Although it has not been determined how many bulbs can be effectively treated with a pre-
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plant dip using a given volume of solution, it is foreseeable that more than 250 bulbs could 

be dipped with 5L (1.3 gal) of solution.  Growers will need to determine if a pre-plant bulb 

dip or a substrate drench is the preferred method of controlling plant height depending on 

individual production practices and labor costs. 
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Fig. 6.  Effects of ancymidol (A), paclobutrazol (B), and flurprimidol substrate drenches (C); 
flurprimidol foliar sprays (D); flurprimidol (E), paclobutrazol (F), and uniconazole pre-plant 
bulb soaks (G) on pot tulip 'Prominence' height at the end of forcing in the greenhouse and 
postharvest holding area. 
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Hyacinth and Tulip Cultivar Response to Flurprimidol Pre-plant Bulb Soaks 

 

Additional Index Words.  paclobutrazol, Piccolo, plant growth regulators, Topflor, 

Sumagic, uniconazole 

 

Summary.  Flurprimidol pre-plant bulb soaks [10 to 40 mg.L-1 (ppm)] were applied to 

hyacinth (Hyacinthus orientalis) and tulip (Tulipa sp.) bulbs for growth control.  Three 

hyacinth cultivars ('Delft Blue', 'Jan Bos', and 'Pink Pearl') and three tulip cultivars ('Page 

Polka', 'Prominence', and 'Red Present') were used to determine if the efficacy of flurprimidol 

varied by cultivar.  Flurprimidol was compared to paclobutrazol (100 and 200 mg.L-1 for 

hyacinth; 50 and 100 mg.L-1 for tulip) and uniconazole (25 and 30 mg.L-1 for hyacinth; 10 

and 20 mg.L-1 for tulip).  Flurprimidol pre-plant soaks significantly (P < 0.05) controlled 

hyacinth plant height during greenhouse forcing when applied to 'Jan Bos' and 'Pink Pearl' at 

concentrations > 10 mg.L-1 and > 15 mg.L-1, respectively.  No control during greenhouse 

forcing occurred with 'Delft Blue' at any concentration trialed.  During postharvest 

evaluation, hyacinth growth was controlled for all three cultivars at concentrations > 10 

mg.L-1; however, the degree of control varied by cultivar.  Flurprimidol pre-plant soaks 

significantly (P < 0.05) controlled tulip plant height during the greenhouse forcing when 

applied to 'Page Polka' and 'Prominence' at concentrations > 15 mg.L-1 and > 10 mg.L-1, 

respectively.  A concentration of 40 mg.L-1 was needed to control plant height during the 

postharvest evaluation for 'Page Polka' while concentrations > 15 mg.L-1 controlled 
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postharvest plant height for 'Prominence'.  No control during forcing or postharvest was 

provided by any concentration trialed on 'Red Present'.  The differences observed indicate 

that the efficacy of flurprimidol as a pre-plant soak varied by cultivars.  Growers will need to 

conduct their own hyacinth and tulip cultivar trials, with flurprimidol concentrations initially 

centered between 10 and 40 mg.L-1, in order to determine optimal cultivar doses. 

 

Introduction 

During greenhouse production and postharvest blooming plant growth regulators 

(PGRs) are often needed to control excessive stem stretch of hyacinths and tulips.  Many 

PGRs are commonly recommended for use on hyacinth.  Paclobutrazol [(+)a-(R*,R*)-β-[(4-

Chlorophenyl)methyl]-α-(1,1-dimethylethyl)-1H-1,2,4-triazole-1-ethanol] (Bonzi, Syngenta, 

Greensboro, N.C.) and uniconazole [(E)-(+)-(S)-1(4-chlorophenyl)4,4-dimethyl-2(1,2,4-

triazol-1-yl)pent-1-ene-3-ol] (Sumagic, Valent USA, Marysville, Ohio) substrate drenches 

have been researched, but no recommended rates were reported (Miller, 2002).  Pre-plant 

bulb soaks of paclobutrazol at 100 mg.L-1 for 10 min were recommended by Krug et al 

(2004b).  Foliar sprays of ethephon [(2-chloroethyl) phosphonic acid] at concentrations 

between 500 and 2000 mg.L-1 have been shown to be effective .  In previous studies 

flurprimidol [α-(1-methylethyl)-α-(4-(triflromethoxy)phenyl)-5-pyrimidinementhanol)] 

(Topflor, SePRO Corp., Carmel, Ind.) pre-plant bulb soaks at a concentration of 25 mg.L-1 

for 10 min were recommended by Krug et al. (2004b) for use on the cultivar 'Anna Lisa'. 

 

A number of PGRs have been recommended for use on tulips.  Ancymidol (a-

cyclopropyl-a-(p-hmethoxyphenyl)-5-pyrimidinemethanol) (A-Rest, SePRO Corp., Carmel, 



 66

Ind.) as been recommended by Dole and Wilkins (1999) as a substrate drench of 0.125 to 0.5 

mg a.i. per pot, while Barrett (2002) recommended ancymidol substrate drenches of 1 to 5 

mg.L-1 per pot within the first two days of greenhouse forcing.  Paclobutrazol drenches of 

0.31 to 2.5 mg a.i. per pot or 1-h pre-plant bulb soaks in a 2 to 5 mg.L-1 solution are 

recommended on the label.  Tulips are listed on the uniconazole label, but no recommended 

concentrations are provided.  In initial trials, flurprimidol pre-plant bulb soaks at a 

concentration of 25 mg.L-1 for 10 min or substrate drenches of 0.5 mg a.i. per pot were 

recommended for the cultivar 'Prominence' (Krug et al., 2004a). 

 

In previous experiments only a single hyacinth and a single tulip cultivar were trialed.  

Cultivar variations may occur as reported with sunflowers (Helianthus annuus) (Whipker and 

McCall, 2000) or cultivar response may be similar as in geraniums (Pelargonium ×hortorum) 

(Whipker et al., 2000).  In order to provide grower guidelines for the use of flurprimidol pre-

plant bulb soaks, a cultivar comparison trial was conducted with three cultivars of hyacinth 

and tulip.  

 

Materials and Methods 

Un-cooled hyacinth ('Delft Blue', 'Jan Bos', and 'Pink Pearl') and tulip ('Polka', 

'Prominence', and 'Red Present') bulbs were planted in 10.2 cm (4 inch) diameter round 

plastic pots 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, Quebec, Canada), which contained 75% to 

80% Canadian sphagnum peat and 20% to 25% perlite.  From date of potting to 5 Jan. 2004, 

bulbs were held at 5.0º C (41º F).  On 5 Jan. 2004 the cooler temperature was lowered to 1.1º 
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C (34º F).  The bulbs were removed from the cooler on 4 Feb. 2004 at sunset and allowed to 

acclimate overnight.  Greenhouse forcing began on 5 Feb. 2004 with day/night set points of 

20.0/18.3º C (68/65º F).  Plants were forced under natural day length.  The experiment was a 

completely randomized design with six single plant replications of each of the 12 treatments 

for each of the six cultivars. 

 

Plant growth regulators.  On 24 Oct. 2003, the following treatments were applied to 

both hyacinths and tulips as a pre-plant soak for 10 min (in mg.L-1): flurprimidol (0.38%) at 

10, 15, 20, 25, 30, 35, or 40; paclobutrazol (Piccolo, Fine Agrochemical, Whittington, U.K.) 

at 100 or 200 (hyacinths) and at 50 or 100 (tulips); uniconazole at 25 or 30 (hyacinths) and at 

10 or 20 (tulips); and an untreated control.  Anthesis date (one floret completely open on 

hyacinths or all petals fully colored and beginning to separate on tulips), and total plant 

height at anthesis (measured from the soil line to the uppermost part of the inflorescence) 

were recorded. 

 

Postharvest.  Four plants, randomly selected from each treatment, were placed in a 

growth chamber at 20.0º C (68º F) after anthesis.  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.) and means separation by least significant differences 

(LSD) at P > 0.05.  Forcing and postharvest plant height values were regressed using PROC 

REG procedure to determine the best-fit, linear or quadratic, model.  Terms of the model 
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were evaluated for significance based on a comparison of F values at α = 0.05.  Models were 

compared to determine the best fit based on r2 values. 

 

Results and Discussion 

Hyacinth 

'Delft Blue'.  No control of plant height during greenhouse forcing at the flurprimidol, 

paclobutrazol, and uniconazole concentrations tested.  Anthesis was significantly delayed (P 

< 0.05) by flurprimidol concentrations of 35 mg.L-1 and uniconazole at 25 mg.L-1 by 1.3 and 

1.2 d, respectively, as compared to the untreated control (data not shown), which would not 

be considered excessive by commercial standards.  During postharvest evaluation 

flurprimidol pre-plant soaks > 10 mg.L-1 controlled plant height, resulting in plants > 2.6% 

shorter than the untreated control (Fig. 7A).  Paclobutrazol controlled postharvest height at 

concentrations > 100 mg.L-1 resulting in plants > 12.2% shorter than the untreated control.  

Uniconazole at a concentration of 30 mg.L-1 controlled height during the postharvest 

evaluation resulting in plants 25.9 cm (10.2 inches) tall, which were 7.6% shorter than the 

untreated control.  Based on regression analysis (Fig. 7A), flurprimidol concentrations of 

34.3 and 15.7 mg.L-1 would be required to obtain similar control as 200 mg.L-1 paclobutrazol 

and 30 mg.L-1 uniconazole, respectively, during the postharvest evaluation.  

 

'Jan Bos'.  During greenhouse forcing hyacinth plants were > 4.2% shorter than the 

untreated control at concentrations > 10 mg.L-1 flurprimidol (Fig. 7B).  Plant height was 

controlled at a concentration of 100 mg.L-1 paclobutrazol, resulting in plants 12.3 cm (4.8 

inches) tall, which were 18.5% shorter than the untreated control.  Concentrations > 25 mg.L-
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1 uniconazole resulted in plants > 15% shorter than the untreated control.  Anthesis was 

delayed by 1.3 d (P < 0.05) only with uniconazole at 25 mg.L-1 (data not shown), which 

would not be considered excessive by commercial standards.  During the postharvest 

evaluation, height was controlled by concentrations > 10 mg.L-1 flurprimidol resulting in 

plants > 4.2% shorter than the untreated control.  Concentrations > 100 mg.L-1 paclobutrazol 

and > 25 mg.L-1 uniconazole resulted in plants > 17.6 and > 12.6%, respectively, shorter than 

the untreated control.  Based on regression analysis (Fig. 7B), flurprimidol concentrations of 

32.7 and 20.0 mg.L-1 would be required to obtain similar control as 200 mg.L-1 paclobutrazol 

and 30 mg.L-1 uniconazole, respectively, during the postharvest evaluation.  

 

'Pink Pearl'.  Flurprimidol at concentrations > 15 mg.L-1 controlled hyacinth plant 

height > 15.1%, as compared to the untreated control (Fig. 7C).  Paclobutrazol controlled 

plant height at concentrations > 100 mg.L-1 resulting in plants > 16.7% shorter than the 

untreated control.  Uniconazole at a concentration of 25 mg.L-1 controlled plant height 

resulting in plants 12.3 cm (4.8 inches) tall, which were 11.9% shorter than the untreated 

control.  Flurprimidol at 40 mg.L-1 and uniconazole at 25 mg.L-1 delayed anthesis by 1.6 and 

2.3 d, (P < 0.05) respectively (data not shown), which would not be considered excessive by 

commercial standards.  Flurprimidol concentrations > 10 mg.L-1 controlled plant height 

during postharvest resulting in plants > 15.1% shorter than the untreated control.  

Paclobutrazol concentrations > 100 mg.L-1 and uniconazole concentrations > 25 mg.L-1 

resulted in plants > 25.5 and > 21.4%, respectively, shorter than the untreated control.    

Based on regression analysis (Fig. 7C), flurprimidol concentrations of 16.0 and 15.6 mg.L-1 
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would be required to obtain similar control as 200 mg.L-1 paclobutrazol and 30 mg.L-1 

uniconazole, respectively, during the postharvest evaluation.  

 

During greenhouse forcing, flurprimidol pre-plant bulb soaks did not control height 

on 'Delft Blue', but did for 'Jan Bos', and 'Pink Pearl' at concentrations of 10 and 15 mg.L-1, 

respectively.  Flurprimidol pre-plant bulb soaks at 25 mg.L-1 applied to 'Delft Blue', 'Jan Bos', 

and 'Pink Pearl' resulted in 6.5, 10.4, and 27.3% shorter plants than the untreated controls at 

the postharvest evaluation.  During previous trials the lowest concentration used was 25 

mg.L-1 and 'Anna Marie' plants were 23.8 cm (9.4 inches) tall, which were 10.4% shorter than 

the untreated control at the time of postharvest evaluation (Krug et al., 2004b).  The 

responses of 'Anna Marie' in the previous trial and 'Jan Bos' during this experiment to 

flurprimidol pre-plant bulb soaks were similar; however, flurprimidol has greater efficacy on 

'Pink Pearl' and has less efficacy on 'Delft Blue'. 

 

Tulip 

'Page Polka'.  Flurprimidol concentrations > 15 mg.L-1 controlled plant height, 

resulting in plants < 14.0 cm (5.5 inches) tall, which was > 20.8% shorter than the untreated 

control (Fig. 8A).  Paclobutrazol resulted in plants > 19.3% shorter than the untreated control 

at the concentrations trialed.  Plants were > 22.2 % shorter than the untreated control when 

uniconazole was used at concentrations of 10 and 20 mg.L-1.  Anthesis was not delayed by 

any treatment trialed (data not shown).  During the postharvest evaluation plant height was 

controlled by flurprimidol at a concentration of 40 mg.L-1 resulting in plants 29.0 cm (11.4 

inches) tall, which were 19.9% shorter than the untreated control.  Paclobutrazol and 
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uniconazole did not significantly (P > 0.05) control height during the postharvest evaluation 

at any concentration trialed.  A concentration of 40 mg.L-1 flurprimidol was needed to control 

postharvest stretch for 'Page Polka'. 

 

'Prominence'.  Flurprimidol concentrations > 10 mg.L-1 controlled plant height, 

resulting in plants < 16.1 cm (6.3 inches) tall, which was > 19.5% shorter than the untreated 

control (Fig. 8B).  Paclobutrazol resulted in plants > 28.4% shorter than the untreated control 

at the concentrations trialed.  Plants were > 23.4 % shorter than the untreated control with the 

concentrations of uniconazole used.  Anthesis was not delayed by any treatment trialed (data 

not shown).  During the postharvest evaluation plant height was controlled by flurprimidol at 

concentrations > 15 mg.L-1 resulting in plants > 10.3% shorter than the untreated control.  

Paclobutrazol at 100 mg.L-1 controlled plant height during the postharvest evaluation 

resulting in plants 25.7 cm (10.1 inches) tall, which were 27.2% shorter than the untreated 

control.  Neither concentration of uniconazole (10 and 20 mg.L-1) controlled plant height 

during the postharvest evaluation.  Based on regression analysis (Fig. 8B) a flurprimidol 

concentration of 38.3 mg.L-1 would be required to obtain similar control as 100 mg.L-1 

paclobutrazol during the postharvest evaluation. 

 

Previous trials by Krug et al. (2004a) indicated that flurprimidol pre-plant bulb soaks 

at a concentration of 25 mg.L-1 applied to 'Prominence' resulted in plants 32.8 cm (12.9 

inches) tall during the postharvest evaluation.  In this year’s experiment, plants at postharvest 

evaluation were similar in height [31.3 cm (12.3 inches)] when treated with 15 mg.L-1 

flurprimidol pre-plant bulbs soaks.  The amount of stem stretch which occurred in the cooler 
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was greater in the initial experiment (Krug et al., 2004a) and may explain why 25 mg.L-1 

flurprimidol was needed then to obtain similar heights as the 15 mg.L-1 recommended in this 

study. 

 

'Red Present'.  None of the treatments of flurprimidol, paclobutrazol, or uniconazole 

controlled plant height during greenhouse forcing or the postharvest evaluation.  Anthesis 

was delayed by 2.5 d (P < 0.05) when flurprimidol was used at a concentration of 40 mg.L-1 

(data not shown); however, this would not be considered commercially important.  'Red 

Present' is a short cultivar and PGRs would not be required to control postharvest stem 

stretch. 

 

During greenhouse forcing flurprimidol pre-plant bulb soaks did not control height on 

the tulip cultivar 'Red Present'.  Flurprimidol controlled greenhouse forcing height for tulip 

cultivars 'Page Polka' and 'Prominence' at concentrations of 15 and 10 mg.L-1, respectively.  

When 'Prominence' tulip bulbs were treated with a 25 mg.L-1 pre-plant bulb soak, plants were 

32. 8 cm (12.9 inches) tall, which were 27.6% shorter than the untreated control (Krug et al., 

2004a); however, the amount of stem stretch which occurred in the cooler was greater than in 

this year’s study, as mentioned above.  Flurprimidol pre-plant bulb soaks at 25 mg.L-1 applied 

to 'Page Polka' and 'Prominence' resulted in plants 12.4, and 17.2%, respectively, shorter 

plants than the untreated controls during the postharvest evaluation. 
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Conclusion 

Differences in PGR efficacy among cultivars have been found with other bulb crops 

and PGRs.  Optimal paclobutrazol pre-plant bulb soak recommendations for potted freesia 

range from 50 to 300 mg.L-1 depending on the cultivar (DeHertogh, 1996).  When 

paclobutrazol and uniconazole pre-plant soaks were applied to Oriental and LA-hybrid lilies, 

the response varied significantly among cultivars.  Paclobutrazol pre-plant bulb soaks at a 

concentration of 50 mg.L-1 to 'Star Gazer' Oriental lily bulbs resulted in plants 8.7% shorter 

than the untreated control, while the same concentration applied to 'Tom Pouce' resulted in 

plants 15.1% shorter than the untreated control (Ranwala et al., 2002).   

 

Our results indicate that cultivar differences exist among hyacinths and tulips in 

flurprimidol efficacy as a pre-plant bulb soak during greenhouse forcing and the postharvest 

evaluation.  However, the difference in efficacy during greenhouse forcing is usually not a 

concern for commercial producers as the plants are shipped to consumers before stem 

elongation occurs.  Concentrations of flurprimidol pre-plant bulb soaks at concentrations 

from 10 to 20 mg.L-1 for hyacinth cultivars and 15 to 40 mg.L-1 for tulip cultivars should be 

used for commercial production to control postharvest stem stretch.  Growers will need to 

conduct on-site trials to determine the optimal concentration for individual cultivars of 

hyacinths and tulips.  
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Fig. 7.  The effects of flurprimidol pre-plant soaks on hyacinth cultivars 'Delft Blue' (A), 'Jan 
Bos' (B), and 'Pink Pearl' (C) plant height at anthesis and during postharvest evaluation. 
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Fig. 8.  The effects of flurprimidol pre-plant soaks on tulip cultivars 'Page Polka' (A), 
'Prominence' (B), and 'Red Present' (C) plant height at anthesis and during postharvest 
evaluation. 
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Chapter 6 

 

Flurprimidol is Effective at Controlling Height of 'Star Gazer' Oriental Lily 

 

 

(In the format appropriate for submission to HortTechnology) 
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Flurprimidol is Effective at Controlling Height of 'Star Gazer' Oriental Lily 

 

Additional Index Words.  plant growth regulators, Topflor, Sumagic, Uniconazole 

 

Summary.  Flurprimidol pre-plant soaks, foliar sprays, and substrate drenches were 

compared to commercially recommended concentrations of uniconazole as a pre-plant soak 

and a foliar spray for height control of 'Star Gazer' Oriental lily (Lilium hybrids).  Foliar 

sprays of uniconazole at 10 mg.L-1 (ppm) did not control plant height and foliar sprays of 

flurprimidol concentrations > 80 mg.L-1 provided only minimal (6.4%) height control.  

Substrate drenches of flurprimidol at 0.5 mg active ingredient (a.i.) controlled plant height 

resulting in plants 45.3 cm (17.8 inches) tall, which were 23.7% shorter than the untreated 

control.  Uniconazole pre-plant bulb soaks of 5 and 10 mg.L-1 controlled plant height 

resulting in plants 41.8 cm (16.5 inches) and 37.8 cm (14.9 inches), respectively.  Pre-plant 

bulb soaks of flurprimidol (25 to 400 mg.L-1) were applied and a concentration of 25 mg.L-1 

resulted in plants 47.7 cm (18.8 inches) tall, which were 22.7% shorter than the untreated 

control.  Flurprimidol substrate drenches and pre-plant bulb soaks at concentrations of 0.5 

mg a.i. and 25 mg.L-1, respectively, were effective in controlling height in 'Star Gazer' lily.  

In experiment 2, flurprimidol substrate drenches were applied as either a single or two split 

applications.  A one-time flurprimidol substrate drench of 0.5 mg a.i. provided similar 

control as two split applications of 0.25. 
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Introduction 

Lilies (Lilium hybrids) have been grown as cut flowers for many years and have 

recently increased in popularity as a potted plant due to the high crop value per square foot of 

greenhouse space and relative ease of growing (Miller et al., 1998).  Many of the vigorous 

lily cultivars grown as cut flowers are also used for pot plant production, and use of plant 

growth regulators (PGRs) are usually required to obtain acceptably sized plants (Whipker 

and Hammer, 1993).  While the commercially acceptable height for a pot lily would be 

between 30 and 40 cm (11.8 to 15.7 inches) from the pot rim to the top of the plant, 'Star 

Gazer' is a more vigorous cultivar and a untreated plant can grow to 50 to 60 cm (19.7 to 23.6 

inches) tall (DeHertogh, 1996).  However, R. Milks (Van Wingerden Intl., personal 

communication indicated that plants 45 to 55 cm (17.7 to 21.7 inches) tall would be 

considered commercially acceptable. 

 

Several PGRs are currently recommended to control excessive growth of Oriental 

lilies.  Ancymidol (a-cyclopropyl-a-(p- methoxyphenyl)-5-pyrimidinemethanol) (A-Rest, 

SePRO, Carmel, Ind.) has been recommended as a substrate drench at 0.125 to 1 mg a.i. per 

pot, with lower concentrations often being applied multiple times; as a foliar spray at 0.5 mg 

a.i. per plant; and as a pre-plant bulb soak at 15.6 ml/L [2 oz/gal (4 ppm)] for 30 min (Bailey 

and Miller, 1989a; Bearce and Singha, 1990; DeHertogh, 1996; Dole and Wilkins, 1999; 

Miller et al., 1998; Whipker and Hammer, 1993; Wilkins and Grueber, 1983).  Uniconazole 

((E)-(+)-(S)-1(4-chlorophenyl)4,4-dimethyl-2(1,2,4-triazol-1-yl)pent-1-ene-3-ol) (Sumagic, 

Valent USA, Marysville, Ohio) has been recommended as a substrate drench (0.05 to 0.3 mg 

a.i. per pot), a foliar spray (5 to 15 mg.L-1), and also as a pre-plant bulb soak (0.25 to 10 
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mg.L-1 ranging from 1 to 30 min, with lower concentrations soaked for longer durations) 

(Bailey and Miller, 1989a; Bailey and Miller, 1989b; Bearce and Singha, 1990; DeHertogh, 

1996; Dole and Wilkins, 1999; Jiao et al., 1990; Miller et al., 1998; Ranwala et al., 2002; 

Whipker and Hammer, 1993).  Uniconazole has an advantage over ancymidol due to higher 

activity at lower doses (Bailey and Miller, 1989a).  Pre-plant uniconazole soaks have been 

reported to be more effective than substrate drenches (Bearce and Singha, 1990).  

Paclobutrazol [(+)-(R*,R*)-β-((4-Chlorophenyl)methyl)-α-(1,1-dimethylethyl)-1H-1,2,4-

triazole-1-ethanol] (Bonzi, Syngenta, Greensboro, N.C.) can also be used to control height 

for lilies as a pre-plant bulb soak at 100 to 200 mg.L-1 for 30 min. (Dole and Wilkins, 1999; 

Miller et al., 1998).  Flurprimidol (α-(1-methylethyl)-α-(4-(triflromethoxy)phenyl)-5-

pyrimidinementhanol) (Topflor, SePRO Corp., Carmel, Ind.) has been available in Europe 

for over 20 years as a 1.5% formulation and is being introduced into the U.S. market as a 

0.38% formulation (M. Bell, SePRO Corp., personal communication).  At this time 

commercial dose recommendations for Oriental lilies are not available.  Therefore, the 

objectives of this research were to determine the efficacy of pre-plant bulb soaks, foliar 

sprays, and substrate flurprimidol of drenches on 'Star Gazer' Oriental lily and to determine if 

multiple applications of flurprimidol substrate drenches resulted in more consistent height 

control. 

 

Materials and Methods 

Experiment 1 

Cased cooled 'Star Gazer' Oriental lily bulbs (12/14 cm) were potted, 2 bulbs per pot, 

in 15.2 cm (6 inch) diameter round plastic pots with a volume of 1.9 L (2.0 quarts) on 22 Jan. 
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2003.  The root substrate was Berger BM 6 (Berger Peat Moss, St. Modeste, Quebec, 

Canada), which contained 75% to 80% Canadian sphagnum peat and 20% to 25% perlite.  

Plants were placed in a greenhouse under natural day lengths after potting with day/night 

temperature set points of 20.0/18.3º C (68/65º F).  Plants were fertilized weekly with 150 

mg.L-1 N using 15-0-15. 

 

Plant growth regulator treatments.  On 22 Jan. 2003, pre-plant bulb soaks (in mg.L-1) 

were applied for 10 min: flurprimidol (0.38%) at 25, 50, 100, 200, or 400; or uniconazole at 5 

or 10.  Substrate drenches and foliar sprays were applied on 22 Feb. when shoots were 7.6 to 

10.1 cm (3 to 4 inches) tall.  Substrate drenches of flurprimidol (in mg active ingredient per 

pot) were applied with 118.3 ml (4 oz) solution per pot at 0.25, 0.5, 1, 2, or 4.  Foliar sprays 

(in mg.L-1) of flurprimidol at 5, 10, 20, 30, 40, 60, 80, 120, or 160; or uniconazole at 10 were 

applied based on the application rate of 203.7 ml.m-2 (0.5 gal/100 ft2).  An untreated control 

was also included.  The experiment was a completely randomized design with six single 

plant replications of the 23 treatments.  Emergence dates (for bulbs treated with soaks), 

anthesis date (one flower per plant fully opened), plant height at anthesis (measured from the 

soil line to the uppermost tip of the inflorescence), and number of buds on the stem with the 

first open flower were recorded. 

 

Experiment 2 

Cased cooled 'Star Gazer' Oriental lily bulbs (16/18 cm) were potted in Berger BM 6 

with 1 bulb per pot in 15.2-cm (6 inch) diameter round plastic pots with a volume of 1.9 L 

(2.0 quarts) on 23 Jan. 2004.  Plants were placed in a greenhouse under natural day lengths 
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after potting with day/night temperature set points of 20.0/18.3º C (68/65º F).  Plants were 

fertilized weekly with 150 mg.L-1 N using 15-0-15. 

 

Plant growth regulator treatments.  Substrate drenches of flurprimidol were applied 

with 118.3 ml (4 oz) solution per pot at three concentrations in either a single or two split 

applications.  On 6 Feb. 2004 when shoots were 7.6 to 10.1 cm (3 to 4 inches) tall the single 

application of flurprimidol (in mg a.i. per pot) was made at 0.25, 0.375, or 0.5.  The split 

applications were also made on 6 Feb. (in mg a.i. per pot) at 0.125, 0.1875, or 0.25 and 

repeated at the same concentrations to the same pots on 13 Feb, thus providing a total dose of 

0.25, 0.375, or 0.5.  An untreated control was also included.  The experiment was a 

completely randomized design with seven single plant replications of the seven treatments.  

Anthesis date (one flower per plant fully opened), foliage height at anthesis (measured from 

the soil line to the lowest peduncle), plant height at anthesis (measured from the soil line to 

the uppermost part of the inflorescences), and number of buds on the stem were recorded. 

 

Data analysis.  Data were tested by analysis of variance (ANOVA) using general 

linear model (SAS Institute, Cary, N.C.) and means were separated by least significant 

differences (LSD) at P < 0.05.  Plant heights at the end of forcing were regressed using 

PROC REG to determine the best-fit, linear or quadratic, model.  Terms of the model were 

evaluated for significance based on comparison of F values at α = 0.05.  PROC NLIN in 

SAS, as modified by Cox (1992), was used to calculate linear-plateau functions (model IV) 

relating plant height to flurprimidol pre-plant soaks.  The quadratic and the linear-plateau 

models were compared to determine the best fit based on r2 values. 



 84

Results and Discussion 

Experiment 1 

Foliar sprays.  Concentrations of flurprimidol > 80 mg.L-1 controlled plant height by 

> 6.4% (Fig. 9A).  A uniconazole foliar spray of 10 mg.L-1 did not control height.  Foliar 

sprays of flurprimidol resulted in minimal height control at the highest concentrations trialed.  

The minimal amount of control may be explained by the limited leaf area present at the time 

of applying the foliar spray resulting in less uptake.  Further study of flurprimidol foliar 

sprays is needed to determine the efficacy of multiple applications at lower concentrations as 

recommended for uniconazole by Bailey and Miller (1989b) and ancymidol by Wilkins and 

Grueber (1983).  Multiple applications of foliar sprays may overcome the limitation of 

having only a small amount of leaf area when the PGRs were applied in this experiment, and 

may improve the efficacy of flurprimidol. 

 

Substrate drenches.  Flurprimidol substrate drenches > 2 mg a.i. resulted in excessive 

control.  Acceptable control was provided by 0.5 mg a.i., resulting in plants 10.6% shorter 

than the untreated control at 53.1 cm (20.9 inches) tall (Fig. 9B).  The 4 mg a.i. 

concentration, which is eight times higher than our recommended concentration of 0.5 mg 

a.i., reduced the bud count by 28.1% and delayed anthesis by 4 d compared to untreated 

controls.   

 

Pre-plant soaks.  Pre-plant bulb soaks of flurprimidol > 61.5 mg.L-1 produced the 

shortest plants at 27.3 cm (10.7 inches) tall (Fig. 9C), which were 55.9% shorter than the 

untreated control.  No further increases in height control occurred at higher concentrations.  
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Concentrations > 61.5 mg.L-1 resulted in excessive control.  A concentration of 25 mg.L-1 

resulted in plants 47.7 cm (18.8 in) tall (Fig. 9C), which were 22.7% shorter than the 

untreated control and would be considered acceptable by industry standards (R. Milks, Van 

Wingerden Intl., personal communication).  Delay of shoot emergence (13 d) and delay of 

anthesis (9 d) were observed at concentrations > 200 mg.L-1 and lower bud count was 

observed at 400 mg.L-1.  However, these concentrations resulted in excessive height control 

(43.8% shorter than the untreated control) and were eight to 16 times greater than our 

recommended rate (data not shown).  Pre-plant bulb soaks of uniconazole at 5 or 10 mg.L-1 

resulted in plants 41.8 cm (16.5 inches) and 37.8 cm (14.9 inches) tall, which were 34.4 and 

40.7% shorter than the untreated control, respectively.  To obtain similar control using pre-

plant bulb soaks of flurprimidol, concentrations of 35.5 and 42.7 ml.L-1 would be required 

based on regression analysis.  Uniconazole at 5 mg.L-1 slightly delayed (P < 0.05) shoot 

emergence (7 d), but neither concentration delayed anthesis nor affected bud count (data not 

shown).  The control obtained by use of uniconazole at 10 mg.L-1 (40.7% shorter plants) was 

greater than the control reported by Ranwala et al. (2002) (22.4% shorter plants).  Ranwala 

(2002) soaked the bulbs for only 1 min whereas in our study bulbs were soaked for 10 min.  

The duration of the bulb soak could account for differences in control along with any year to 

year growth variation.  Uniconazole is more active as a pre-plant bulb soak at lower 

concentrations than flurprimidol, but both resulted in commercially acceptable height control. 

 

Experiment 2 

At the same total concentration both one-time applications and two-split applications 

of flurprimidol substrate drenches resulted in similar control of foliage height (Fig. 10A).  
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However, total height varied with response to a single application or split application of 

flurprimidol (Fig. 10C).  The difference in total plant height was due to the control of 

inflorescence height (Fig. 10B).  Flurprimidol substrate drenches at 0.25 and 0.375 mg a.i. 

applied in split applications resulted in greater control of inflorescence height and total plant 

height than a single application (Fig. 10B and Fig. 10C).  However, flurprimidol substrate 

drenches at 0.5 mg a.i. per pot applied as either single or split applications resulted in similar 

control of inflorescence height and total plant height.  Due to labor costs associated with 

multiple applications of substrate drenches, we recommend a one-time application of 0.5 mg 

a.i. per pot, which resulted in plants 54.4 cm (21.4 inches) tall and were 31.9% shorter than 

the untreated control.  This would be considered to be acceptable for commercial production 

(R. Milks, Van Wingerden Intl., personal communication). 

 

Conclusions 

Flurprimidol is suitable as a single application substrate drench at 0.5 mg a.i. or a pre-

plant bulb soak at 25 mg.L-1 with 'Star Gazer' Oriental lily.  Further work is required to 

determine the suitability of foliar sprays.  A single substrate drench application of 

flurprimidol is attractive to growers due labor requirements involved in application and 

providing height control with uniform internode length.  With multiple PGR options 

available, assessment of the chemical and application costs should be considered by growers 

to determine the most economically feasible option for height control for 'Star Gazer' 

Oriental lily. 
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Fig. 9.  Effects of flurprimidol foliar sprays (A), substrate drenches (B), and pre-plant bulb 
soaks (C) on 'Star Gazer' Oriental lily plant height, at anthesis.  
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Fig. 10.  Effects of flurprimidol substrate drenches applied in one or two applications on 
foliage height (A), inflorescence height (B), and total plant height (C) on 'Star Gazer' 
Oriental lily plant height, at anthesis. 
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Caladium Growth Control with Flurprimidol Tuber Soaks and Substrate Drenches1 

 

Brian A. Krug2, Brian E. Whipker, and Ingram McCall 

 

Abstract.  Flurprimidol pre-plant tuber soaks (1.25 to 40 mg.L-1) and substrate drenches 

(0.25 to 4 mg a.i.) were applied to 'Red Flash' caladium plants for growth control.  

Flurprimidol was compared to the industry recommendations of paclobutrazol pre-plant tuber 

soaks (2.5 to 40 mg.L-1) and paclobutrazol and uniconazole substrate drenches (0.25 to 4 mg 

a.i.).  At the concentrations used, neither flurprimidol nor paclobutrazol pre-plant tuber soaks 

controlled plant height or diameter.  Longer soaking time and/or higher concentrations of 

flurprimidol and paclobutrazol may be required for growth control of vigorous caladium 

cultivars.  Uniconazole substrate drenches did not provide height or diameter control.  Both 

flurprimidol and paclobutrazol substrate drenches at 2 mg a.i. provided acceptable height 

control resulting in plants 16.8% and 15.0%, respectively, shorter plants than the untreated 

control. The 4 mg a.i. drench of flurprimidol or uniconazole provided excessive control. 
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Nomenclature: daminozide [butanedioic acid mono (2,2-dimethylhydrazide)] (B-Nine), 

flurprimidol (α-(1-methylethyl)-α-[4-(trifluromethoxy)phenyl]-5-pyrimidinemethanol) 

(Topflor), paclobutrazol ((+)-(R*,R*)-ß([4-chlorophenyl]methyl)-α-(1,1-dimethylethyl)-1H-

1,2,4-triazole-1-ethanol) (Piccolo), uniconazole ((E)-1-(p-chlorphenyl)-4,4-dimethyl-2-

(1,2,4-triazol-1-yl-1-penten-3-ol)) (Sumagic), Caladium (Caladium bicolor Ait.). 

 

Additional Index Words.  Piccolo, plant growth retardants, Topflor, Sumagic 

 

Introduction 

Caladiums can be excessively large relative to the container in which they are grown, 

and plant growth regulators (PGRs) are required for height control.  No industry standard has 

been set for optimal height of caladiums, but plants 25 to 28 cm tall (excluding the pot) 

would be considered commercially acceptable (Barrett et al., 1995).  Paclobutrazol (Bonzi, 

Syngenta, Greensboro, N.C.) substrate drench recommendations vary from 8 mg.L-1 (Dole 

and Wilkins, 1999), 0.5 to 1 mg a.i. per pot (Barrett et al., 1995), or 3 to 4 mg a.i. per pot 

(Wilfret, 1993).  All drenches were applied when new growth emerged through the top of the 

substrate.  Wilfret (1993) reported substrate drenches of uniconazole (Sumagic, Valent USA, 

Marysville, Ohio) at 1 to 2 mg a.i. per pot were also effective.  Dole and Wilkins (1999) also 

recommend foliar sprays of daminozide (B-Nine, Crompton Uniroyal Chemical, Middlebury, 

Conn.) at 2500 mg.L-1, applied up to three times, at 5 to 7 d intervals once plants are leafed 

out.  Pre-plant tuber soaks of paclobutrazol or uniconazole at a concentration of 5 mg.L-1 on 

de-eyed tubers have shown to retard overall foliage height (Wilfret, 1993).  Flurprimidol 

(Topflor, SePRO Corp., Carmel, Ind.) has been available in Europe for over 20 years as a 
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1.5% formulation and is being introduced into the U.S. market as a 0.38% formulation (M. 

Bell, SePRO Corp, personal communication).  Commercial dose recommendations for 

caladiums are not available.  Therefore, this study was conducted to determine the efficacy of 

flurprimidol pre-plant tuber soaks and substrate drenches on caladiums. 

 

Materials and Methods 

Dormant tubers of 'Red Flash' caladiums, a vigorous cultivar, were de-eyed on 17 

Mar. 2003.  The tubers were potted in 15.2 cm (6 inch) diameter round plastic pots with a 

volume of 1.9 L (2.0 quarts) on 18 Mar. 2003 with two tubers per pot.  The root substrate 

was Berger BM 6 (Berger Peat Moss, St. Modeste, Quebec, Canada) which contained 75% to 

80% Canadian sphagnum peat and 20% to 25% perlite.  Pots were held in the greenhouse 

under black plastic to maintain a temperature of 23 to 24o C and high humidity.  Plants were 

placed under the black plastic until shoots emerged and then moved to greenhouse benches.  

Plants were fertilized at each watering with 150 mg.L-1 N from Excel 15-5-15 Cal-Mag 

(Scotts, Marysville, Ohio) (15N-2.1P-12.5K).  Greenhouse day/night set points were 24/18o 

C.  The plants were grown under natural day lengths. 

 

Plant growth regulator treatments.  On 18 Mar. 2003, pre-plant tuber soaks (in mg.L-

1) were applied for 10 min: flurprimidol (0.38%) at 1.25, 2.5, 5, 10, 20, or 40; paclobutrazol 

(Piccolo, Fine Agrochemical, Whittington, UK) at 2.5, 5, 10, 20, or 40.  The substrate drench 

treatments were applied when plant shoots were 2.5 to 5 cm long on 18 Apr.  Substrate 

drenches (in mg active ingredient per pot) were applied at 118 ml per pot: flurprimidol, 

paclobutrazol, and uniconazole at 0.25, 0.5, 1, 2, or 4.  An untreated control was also 
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included.  The experiment was a completely randomized design with six single plant 

replications in each of the 27 treatments.  On 15 May, plant height (measured from the pot 

rim to the uppermost part of the plant) and plant diameter (measured at the widest dimension, 

turned 90°, and averaged) were recorded. 

 

Data analysis.  Data were tested by analysis of variance (ANOVA) using general 

linear model (SAS Institute, Cary, N.C.) and means separated by least significant differences 

(LSD) at P < 0.05.  Plant heights and diameters were regressed using the PROC REG 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. 

 

Results and Discussion 

Pre-plant tuber soaks.  'Red Flash' caladium plants were not affected by any 

concentration of flurprimidol or paclobutrazol as pre-plant tuber soaks.  No pre-plant tuber 

soak information exists for flurprimidol.  Labeled recommendations for paclobutrazol 

(Bonzi) suggest soaking the tubers for 30 min. in a 60 mg.L-1 solution, but growers prefer 

treatments which take a shorter amount of time.  Commercial recommendations suggested a 

10 min. soak at 10 to 15 mg.L-1 paclobutrazol to control height of 'Red Flash' (T. Cantwell-

Bates, Bates Sons & Daughters Caladiums, personal communication).  With the lack of 

control in our study, further research is needed to determine if longer soak duration and/or 

higher concentrations will control growth of this vigorous cultivar. 
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Substrate drenches.  Uniconazole did not control height or diameter at concentrations 

trialed.  Labeled concentrations for uniconazole substrate drenches on herbaceous foliage 

plants are 0.1 to 1 mg.L-1.  Concentrations of uniconazole used in this study were 0.25 to 4 

mg a.i. per pot which was equivalent to 2.1 to 33.8 mg.L-1, which was greater than the highest 

label recommended concentration.  The results from this study also do not agree with 

recommendation of 1 to 2 mg a.i. per pot by Wilfret (1993).  Uniconazole typically has a two 

to four times greater efficacy than paclobutrazol at the same dose concentration for many 

floriculture crops (Whipker and Hammer, 1997).   Caladiums appear to be the exception; 

requiring similar concentrations of uniconazole as paclobutrazol to control growth.  Similar 

uniconazole and paclobutrazol concentrations were also reported by Barrett et al. (1995). 

 

Paclobutrazol substrate drenches resulted in shorter plants at concentrations > 1 mg 

a.i. and smaller diameters at concentrations > 2 mg a.i. (Fig. 11A and Fig. 12A).  Both 

relationships were linear and resulted in plants which were at least 7.5% shorter and at least 

10.2% smaller in diameter than the untreated control.  Paclobutrazol at a concentration of 2 

mg a.i. was two to four times greater than the 0.5 to 1 mg a.i. concentration reported by 

Barrett et al. (1995).  However, 'Red Flash' may be more vigorous than cultivars, 'Aaron', 

'White Christmas', and 'Carolyn Wharton', used by Barrett et al. (1995).  A concentration of 2 

mg a.i. paclobutrazol is equivalent to 17 mg.L-1, which was more than twice the 

concentration recommended by Dole and Wilkins (1999), however no drench volume was 

recommended which could account for the differences. 
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The relationship of flurprimidol concentration to plant height was linear (Fig. 11B 

and Fig. 12B) with significantly shorter plants occurring with > 2 mg a.i. which resulted in 

16.9% shorter plants than the untreated control.  Plant diameters were 21.3% smaller than the 

untreated control when treated with 4 mg a.i. flurprimidol.  When compared to paclobutrazol, 

the response of 'Red Flash' caladium plants to flurprimidol substrate drenches produced 

similar results. 

 

Conclusions 

Longer soaking time and/or higher concentrations of flurprimidol and paclobutrazol 

need to be studied to determine the optimal pre-plant bulb soak concentration for growth 

control of vigorous caladium cultivars.  Substrate drenches of uniconazole were cost 

prohibitive on this vigorous caladium cultivar due to the high concentrations that would be 

needed to control height and diameter.  Both flurprimidol and paclobutrazol substrate 

drenches of 2 mg a.i. provided acceptable height control for the vigorous 'Red Flash' cultivar 

resulting in plants 16.8% and 15.0%, respectively, shorter plants than the untreated control.  

Flurprimidol and paclobutrazol at 4 mg a.i. provided excessive control.  Based on this 

research the efficacy of flurprimidol is comparable to equal concentrations of paclobutrazol 

when applied as a substrate drench on 'Red Flash' caladiums. 
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Fig. 11.  Effects of paclobutrazol (A) and flurprimidol (B) substrate drenches on 'Red Flash' 
caladium plant height and diameter. 
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Fig. 12.  Effects of paclobutrazol (A) and flurprimidol (B) substrate drenches (in mg a.i.) on 
'Red Flash' caladium. 
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HortTechnology: Production and Marketing Report 

 

Narcissus cultivars 'Dutch Master' and 'Tete a Tete' Response to Flurprimidol 

 

Additional Index Words.  ethephon, Florel, paclobutrazol, Piccolo, plant growth regulators, 

Topflor, Sumagic, uniconazole 

 

Summary.  'Tete a Tete' narcissus (Narcissus pseudonarcissus) bulbs were treated with 

ethephon foliar sprays [500 to 2500 mg.L-1 (ppm)] and substrate drenches of flurprimidol or 

paclobutrazol (0.25 to 4 mg a.i. per pot) for height control.  Ethephon foliar sprays and 

substrate drenches of flurprimidol and paclobutrazol did not control height during 

greenhouse forcing of 'Tete a Tete' at any concentration trialed.  Stem stretch was controlled 

during postharvest evaluation with concentrations of ethephon foliar sprays > 1000 mg.L-1, 

flurprimidol substrate drenches > 0.5 mg a.i., and paclobutrazol substrate drenches of 4 mg 

a.i.  A second year of experiments was conducted to explore flurprimidol as a pre-plant bulb 

soak on two cultivars of narcissus.  Pre-plant bulb soaks of flurprimidol (10 to 40 mg.L-1), 

paclobutrazol (200 or 400 mg.L-1), or uniconazole (5 or 10 mg.L-1) were applied to 'Dutch 

Master' and 'Tete a Tete' narcissus bulbs for height control.  Uniconazole pre-plant bulb 

soaks did not control greenhouse forcing height or postharvest stretch at either concentration 

trial on 'Tete a Tete' or 'Dutch Master'.  Paclobutrazol pre-plant bulb soaks controlled 

postharvest stretch for both 'Tete a Tete' and 'Dutch Master' at a concentration of 400 mg.L-1.  

Flurprimidol pre-plant bulb soaks controlled postharvest stretch on 'Tete a Tete' and 'Dutch 

Master' at concentrations > 15 and > 10 mg.L-1, respectively. 
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Introduction 

When narcissus (Narcissus pseudonarcissus) are grown in pots, a common problem 

encountered by growers is excessive plant height (Briggs, 1975; Moe, 1980).  Typically taller 

cultivars are grown in 15.2 cm (6 inch) pots and shorter cultivars grown in 10.2 cm (4 inch) 

pots.  Optimal height for plants at the “pencil” stage for plants grown in 15.2 cm (6 inch) pots 

should be 25.4 to 40.5 cm (10 to 12 inches) tall; however, cultivars grown in 10.2 cm (4 inch) 

pots at the same stage should be shorter (DeHertogh, 1996).  Plant growth regulators can be 

used to produce plants at the appropriate height.  Ethephon ((2-chloroethyl) phosphonic acid) 

is commonly used as a foliar spray at concentrations of 1000 to 2000 mg.L-1 when the leaves 

and floral stalks are 7.6 to 10.2 cm (3 to 4 inches) tall (DeHertogh, 1996; Kamp and De 

Hertogh, 1986).  Paclobutrazol ((+)-(R*,R*)-β-[(4-Chlorophenyl)methyl]-α-(1,1-

dimethylethyl)-1H-1,2,4-triazole-1-ethanol) (Bonzi, Syngenta, Greensboro, N.C.) label 

recommendations include drench applications of 1.2 to 2.4 mg a.i. per pot or a one hour soak 

at a concentration of 80 mg.L-1; however, it has been reported that paclobutrazol is only 

marginally effective in controlling height (Adriansen, 1985).  Narcissus is included on the 

uniconazole ((E)-(+)-(S)-1(4-chlorophenyl)4,4-dimethyl-2(1,2,4-triazol-1-yl)pent-1-ene-3-ol) 

(Sumagic, Valent USA, Marysville, Ohio) label, however, no specific recommendations are 

given.  Flurprimidol (α-(1-methylethyl)-α-(4-(triflromethoxy)phenyl)-5-

pyrimidinementhanol) (Topflor, SePRO, Corp., Carmel, Ind.) has been available in Europe 

for over 20 years as a 1.5% concentration and is being introduced into the U.S. market as a 

0.38% concentration.  These experiments were conducted to determine the efficacy of 

flurprimidol (0.38%) applied as a substrate drench as compared to paclobutrazol substrate 
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drenches and ethephon foliar sprays on 'Tete a Tete' narcissus.  The optimum concentration 

for flurprimidol pre-plant bulb soaks on 'Tete a Tete' and 'Dutch Master' narcissus was also 

investigated.  

 

Methods and Materials 

Experiment 1 

Un-cooled narcissus 'Tete a Tete' bulbs were planted, 2 bulbs per pot, in 10.2 cm (4 

inch) diameter round plastic pots with a volume of 575 ml (1.2 pints), on 25 Oct. 2002.  The 

root substrate was Berger BM 6 (Berger Peat Moss, St. Modeste, Quebec, Canada) 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 4 Jan. 2003 the cooler temperature set 

point was reduced to 1.1º C (34º F) until 8 Feb. 2003.  The bulbs were removed from the 

cooler at sunset and allowed to acclimate over night.  Greenhouse forcing began on 8 Feb. 

2003 with day/night set points of 20.0/17.8º C (68/64º F).  Plants were forced under natural 

day lengths. 

 

On 9 Feb. 2003, substrate drenches (in mg active ingredient per pot) were applied at 

59.1 ml (2 oz) solution per pot: flurprimidol (0.38%) at 0.25, 0.5, 1, 2, or 4; and 

paclobutrazol (Piccolo, Fine Agrochemical, Whittington, U.K.) at 0.25, 0.5, 1, 2, or 4.  Foliar 

sprays of ethephon at 500, 1000, 1500, 2000, or 2500 mg.L-1 was also applied on the rate of 

204 ml.m-2 (0.5 gal.100 ft-2) on 9 Feb., when the shoots were 7.6 to 10.1 cm (3 to 4 inches) 

tall.  An untreated control was also included.  The experiment was a completely randomized 

design with six single plant replications for each of the 16 treatments.  Anthesis date (one 
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inflorescence per pot fully opened) and plant height at anthesis (measured from the soil line 

to the uppermost part of the inflorescence) were recorded. 

 

Experiment 2 

On 24 Oct. 2003 un-cooled narcissus 'Tete a Tete' bulbs were planted, 2 bulbs per pot, 

in 10.2 cm (4 inch) diameter round plastic pots with a volume of 575 ml (1.2 pints) and un-

cooled  narcissus 'Dutch Master' bulbs were planted, 2 bulbs per pot, in 15.2 cm (6 inch) 

diameter round plastic pots with a volume of 1.9 L (2.0 quarts).  The root substrate was 

Berger BM 6.  For 10 weeks the cooler temperature set point was 5.0º C (41º F).  On 5 Jan. 

2003 the cooler temperature set point was reduced to 1.1º C (34º F) until 5 Feb. 2004.  The 

bulbs were removed from the cooler and allowed to acclimate overnight.  Greenhouse forcing 

began on 5 Feb. 2004 with day/night set points of 20.0/17.8º C (68/64º F).  Plants were 

forced under natural day lengths. 

 

On 24 Oct. 2003, pre-plant bulb soaks (in mg.L-1) were applied for 10 min: 

flurprimidol (0.38%) at 10, 15, 20, 25, 30, 35, or 40; paclobutrazol (Piccolo) at 200 or 400; 

and uniconazole at 5 or 10.  An untreated control was also included.  The experiment was a 

completely randomized design with six single plant replications for each of the 24 treatments.  

Anthesis date (one inflorescence per plant fully opened) and plant height at anthesis 

(measured from the soil line to the uppermost part of the inflorescence) were recorded. 

 

Postharvest.  Four plants, randomly selected, from each treatment and each 

experiment, were place in a growth chamber at 20.0º C (68º F) after anthesis.  Light was 
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provided by fluorescent bulbs at 24 to 75 µmol.m-2.s-1.  Plant height was recorded 8 and 10 d 

after anthesis for experiments 1 and 2, respectively. 

 

Data analysis.  Data were tested by analysis of variance (ANOVA) using general 

linear model (SAS Institute, Cary,  N.C.) and means were separated by least significant 

differences (LSD) at P < 0.05.  Plant heights at the end of forcing were regressed using 

PROC REG to determine the best-fit, linear or quadratic, models.  Terms of the model were 

evaluated for significance based on comparison of F values at α = 0.05.  PROC NLIN in 

SAS, as modified by Cox (1992), was used to calculate linear-plateau functions (model IV) 

relating postharvest plant height to ethephon, flurprimidol and paclobutrazol concentrations.  

The quadratic and the linear-plateau models were compared to determine the best fit based on 

r2 values. 

 

Results and Discussion 

Experiment 1 

'Tete a Tete' narcissus plant height during greenhouse forcing was not controlled with 

ethephon foliar sprays at any concentration used.  During the postharvest evaluation, the 

response of 'Tete a Tete' narcissus plants to ethephon foliar sprays was best fit to a linear-

plateau model in which the smallest plants [25.7 cm (10.1 inches) tall] occurred with sprays 

of 1518.4 mg.L-1 (Fig. 13A).  No further increases in height control occurred at higher 

concentrations.  Plants were 19.0% shorter than the untreated control.  Ethephon foliar sprays 

did not result in delay of anthesis at any concentration trialed (data not shown).   
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Flurprimidol substrate drenches did not control plant height at any concentration 

trialed during greenhouse forcing.  During the postharvest evaluation the response of 'Tete a 

Tete' narcissus plants to flurprimidol substrate drenches best fit to a linear-plateau model in 

which the smallest plants [27.6 cm (10.9 inches) tall] resulted from treatment with drenches 

of 0.69 mg a.i. (Fig. 13B).  No further increases in height control occurred at higher 

concentrations.  Plants were 15.2% shorter than the untreated control.  Flurprimidol substrate 

drenches did not delay anthesis at any concentration trialed (data not shown). 

 

Paclobutrazol substrate drenches did not control plant height at any concentration 

trialed during greenhouse forcing.  Postharvest stem stretch of 'Tete a Tete' narcissus plants 

was controlled by paclobutrazol substrate drenches at a concentration of 4 mg a.i. per pot.  

This resulted in plants 18.2% shorter than the untreated control (Fig. 13C).  No concentration 

of paclobutrazol substrate drenches delayed anthesis (data not shown). 

 

Experiment 2 

Flurprimidol pre-plant bulb soaks controlled 'Tete a Tete' plant height during 

greenhouse forcing at concentrations > 25 mg.L-1, resulting in plants > 18.6% shorter than the 

untreated control (Fig. 14A).  No delay of anthesis occurred with any concentration of 

flurprimidol trialed.  Pre-plant bulb soaks > 15 mg.L-1 controlled stem stretch at postharvest 

evaluation, resulting in plants > 9.2% shorter than the untreated control (Fig. 14A).  Plant 

height during greenhouse forcing was also controlled by paclobutrazol.  Plants were 18.7% 

shorter than the untreated control with 200 mg.L-1 and 35.1% shorter with 400 mg.L-1 

paclobutrazol pre-plant bulb soaks.  Stem stretch at postharvest evaluation was controlled by 
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paclobutrazol at 400 mg.L-1, resulting in plants 18.8% shorter than the untreated control.  

Uniconazole did not control plant height at forcing or postharvest at either concentration 

trialed.  Based on regression analysis (Fig. 14A), a flurprimidol concentration of 29.4 mg.L-1 

would provide the same control as 400 mg.L-1 paclobutrazol during the postharvest 

evaluation for 'Tete a Tete'.  

 

Flurprimidol pre-plant bulb soaks controlled 'Dutch Master' plant height during 

greenhouse forcing at concentrations > 25 mg.L-1, resulting in plants > 14.3% shorter than the 

untreated control (Fig. 14B).  No delay of anthesis occurred with any concentration of 

flurprimidol trialed.  Pre-plant bulb soaks > 10 mg.L-1 controlled plant height at postharvest 

evaluation, resulting in plants > 8.7% shorter than the untreated control (Fig. 14B).  Plants 

were 31.9% shorter than the untreated control with 200 mg.L-1 and 28.3% shorter with 400 

mg.L-1 paclobutrazol pre-plant bulb soaks.  Stem stretch at postharvest evaluation was 

controlled by paclobutrazol at 400 mg.L-1, resulting in plants 32.2% shorter than the 

untreated control.  Uniconazole did not control plant height at forcing or postharvest at either 

concentration trialed.  Based on the regression analysis (Fig. 14B), a flurprimidol 

concentration of 35.9 mg.L-1 would provide the same control as 400 mg.L-1 paclobutrazol 

during the postharvest evaluation for 'Dutch Master'.  

 

Conclusions 

'Tete a Tete' plant height during greenhouse forcing was not controlled by ethephon 

foliar sprays, flurprimidol substrate drenches, or paclobutrazol substrate drenches, but control 

was provided on 'Tete a Tete' and 'Dutch Master' using flurprimidol pre-plant bulb soaks.  
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However, height control is usually not a concern for commercial producers during 

greenhouse forcing as the plants are shipped to consumers before stem elongation occurs. 

 

Control of stem stretch during the postharvest evaluation is of a greater concern to 

improve postharvest quality for consumers.  When compared to the control at postharvest 

evaluation, 'Tete a Tete' plants were 19.2% shorter with ethephon foliar sprays of 1518.4 

mg.L-1, 15.2% shorter with flurprimidol substrate drenches of 0.69 mg a.i., and 18.2% shorter 

with paclobutrazol substrate drenches of 4 mg a.i.  'Tete a Tete' plants were also 18.4% 

shorter than the untreated control when pre-plant bulb soaks of 30 mg.L-1 flurprimidol were 

used.  During the postharvest evaluation flurprimidol pre-plant soaks resulted in 'Dutch 

Master' plants 17.5% shorter than the untreated control when a concentration of 20 mg.L-1 

was used.  Ideally plants treated with PGRs should be 15 to 20% shorter than the untreated 

control at postharvest evaluation (Thomas Harger, Crompton-Uniroyal Chemical Company, 

personal communication).  The results from flurprimidol substrate drenches and pre-plant 

bulb soaks are in agreement with this recommendation.   

 

Flurprimidol substrate drenches at a concentration of 0.69 mg a.i. should be used for 

commercial production of 'Tete a Tete' narcissus.  This concentration provided similar 

control of postharvest stem stretch as ethephon foliar sprays at 1518.4 mg.L-1 and 

paclobutrazol substrate drenches at 0.76 mg a.i.  Flurprimidol pre-plant bulb soaks at 30 and 

20 mg.L-1 provided commercially acceptable height control on 'Tete a Tete' and 'Dutch 

Master', respectively.  Cultivar responses to PGRs may vary as reported with sunflower 

(Helianthus annuus) (Whipker and McCall, 2000) or may be similar as reported with 
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geranium (Pelargonium ×hortorum) (Whipker et al., 2000),  and differences in the efficacy 

of flurprimidol has been reported with hyacinth and tulip cultivars (unpublished data).  

Therefore, growers should conduct on-site trials to determine the optimal concentrations for 

other narcissus cultivars.  
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Fig. 13.  Effects of Ethephon foliar sprays (A), Flurprimidol substrate drenches (B) and 
Paclobutrazol substrate drenches (C) on pot narcissus 'Tete a Tete' height measured at 
anthesis (Greenhouse) and 8 d after anthesis (Postharvest) (experiment 1). 
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Fig. 14 .  Effects of flurprimidol pre-plant bulb soaks on narcissus cultivars 'Tete a Tete' (A) 
and 'Dutch Master' (B) plant height measured at anthesis (Greenhouse) and 10 d after 
anthesis (Postharvest) (experiment 2). 
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Chapter 9 

 

Conclusion 

 

Height control is often required for potted flowering plants to obtain a quality 

product (Whipker et al., 2003).  Bulb crops, such as lily and caladium, require some degree 

of height control to prevent stem stretch during production, to obtain a proportional sized 

plant to the pot used, and to meet size requirements for shipping.  For other bulb species 

(tulip, hyacinth, and narcissus), excessive stem stretch is not a concern during production, 

but must be controlled during the marketing and consumer phases of the crop.  Currently, 

growers have a number of plant growth regulator (PGRs) options to use to control stem 

stretch and another product, flurprimidol, will become available by the end of 2004.  

Flurprimidol which has been sold under the trade name Topflor in Europe as a 1.5% 

formulation will be released for use in the United States as a 0.38% formulation (M. Bell, 

personal communication).  Based on our research results, flurprimidol has been shown to 

be effective at controlling plant height for a number of bulb species. 

 

As with any new tool offered to growers, experience is necessary to become 

comfortable with its use; flurprimidol is no exception.  Flurprimidol has been tested using 

pre-plant bulb soaks, substrate drenches, and foliar sprays as application methods on bulb 

crops.  A summary of the results and comparisons to current recommended concentrations 

of commonly used PGRs are listed in Table 1. 
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Deciding which plant growth regulator application method to use is largely made 

based on cost.  A grower assesses both application and product costs.  Foliar sprays and 

pre-plant bulb soaks are more cost effective than substrate drenches in terms of labor.  If a 

number of PGRs provide similar control, the grower would most likely select one 

according to product cost.  Typically if the concentration of paclobutrazol (Bonzi) required 

for height control is < 5 times the concentration of uniconazole required, paclobutrazol is 

more economical to use (Thomas Harger, Crompton-Uniroyal Chemical Company, 

personal communication).  Flurprimidol has not been marketed at this time and no price 

has been set, but an economic comparison can be made if it is assumed that flurprimidol 

will be priced competitively with paclobutrazol, a PGR having a similar percentage of 

active ingredient.  If the concentration of flurprimidol required to provide optimal control is 

equal or less than the requirement of paclobutrazol, or is < 5 times the concentration 

required of uniconazole, flurprimidol will be more economical to use. 

 

Concentration comparisons 

Hyacinth.  A pre-plant bulb soak of 100 mg.L-1 paclobutrazol was required to 

control postharvest stem stretch.  A uniconazole pre-plant bulb soak of 20 mg.L-1 did not 

provide adequate control of stem stretch and 40 mg.L-1 provided excessive control during 

postharvest evaluation.  Concentrations between 20 and 40 mg.L-1 should be explored.  

Flurprimidol provided postharvest stem stretch control as a pre-plant bulb soak as a 

concentration 10 to 25 mg.L-1, depending on cultivar.  Paclobutrazol concentrations were 5 

to 10 times the concentration of flurprimidol required and uniconazole concentrations were 

1.5 to 2 times the concentrations of flurprimidol required for stem stretch control.  A 
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substrate drench of flurprimidol at a dose of 1 mg a.i.  per pot was required to control stem 

stretch.  Ethephon and flurprimidol foliar sprays did not control stem stretch during 

greenhouse forcing or postharvest evaluation. 

 

Tulip.  A pre-plant bulb soak of 50 mg.L-1 paclobutrazol or 10 mg.L-1 uniconazole 

was required to control postharvest stem stretch.  Flurprimidol provided postharvest stem 

stretch control as a pre-plant bulb soak as a concentration 10 to 25 mg.L-1, but results 

varied by cultivar.  These concentrations were less than half the concentration required for 

paclobutrazol and ranged from 2.5 to 5 times the concentration required for uniconazole.  

Paclobutrazol applied as a substrate drench required a dose of 1 mg a.i. per pot to control 

postharvest stem stretch.  Flurprimidol and ancymidol substrate drenches required half the 

dose, 0.5 mg a.i. per pot, to provide postharvest stem stretch control.  Flurprimidol applied 

as a foliar spray was only minimally effective at a concentration of 80 mg.L-1.  Higher 

concentrations or multiple applications should be explored or be considered for cultivars 

which only need minimal height control during postharvest situations. 

 

'Star Gazer' Oriental Lily.  A uniconazole pre-plant bulb soak at a concentration of 

5 mg.L-1 was required to control stem stretch during production.  A flurprimidol pre-plant 

bulb soak at 25 mg.L-1 was required, which was 5 times the concentration of uniconazole 

required to control stem stretch during production.  A substrate drench of 0.5 mg a.i. per 

pot flurprimidol provided control of stem stretch during production.  To control stem 

stretch during production a foliar spray concentration of 80 to 160 mg.L-1 flurprimidol 
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would be required.  Multiple foliar spray applications at lower concentrations should be 

explored. 

 

Caladium.  None of the pre-plant bulb soaks < 2.5 to 40 mg.L-1 of flurprimidol or 

paclobutrazol were effective on 'Red Flash' caladiums.  The lack of control with pre-plant 

bulb soaks, coupled with the potential to spread a common disease of caladium bulbs, 

bacterial soft rot (Erwinia carotovora), indicates that other application methods should be 

used.  Substrate drenches of flurprimidol and paclobutrazol at 2 mg. a.i. was required to 

control plant height during production. 

 

'Tete a Tete' Narcissus.  A pre-plant bulb soak of 400 mg.L-1 paclobutrazol was 

required for postharvest stem stretch control, which was > 13 times the 30 mg.L-1 

flurprimidol concentration needed.  A substrate drench of 4 mg a.i. per pot of paclobutrazol 

was required for postharvest stem stretch control.  To control postharvest stretch, a 0.69 mg 

a.i. substrate drench of flurprimidol was required, which is less than one sixth the 

concentration required for paclobutrazol.  Ethephon foliar sprays of 1518.4 mg.L-1 

controlled postharvest stretch. 

 

'Dutch Master' Narcissus.  A pre-plant bulb soak of 400 mg.L-1 paclobutrazol was 

required for control postharvest of stem stretch.  A pre-plant bulb soak of 20 mg.L-1 

flurprimidol was required for postharvest stem stretch control.  A paclobutrazol pre-plant 

bulb soak required a concentration 10 to 20 times that of flurprimidol to control postharvest 

stem stretch. 
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Growers will still need to conduct on-site trials to determine optimal concentrations 

under their cultural practices and different cultivars used.  Further studies also need to be 

conducted by researchers to explore the effect of solution temperature and pH has on the 

efficacy of flurprimidol.  The spread of disease through the use of pre-plant bulbs soak 

solution as well as the persistence of flurprimidol in soil and plant material after leaving the 

greenhouse are also concerns which should be explored.  Even with these remaining 

questions, flurprimidol will be a valuable addition to the tools available to growers to 

produce quality plants. 
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Table 4.  Concentrations comparisons for flurprimidol, ancymidol, daminozide, ethephon, paclobutrazol, and uniconazole 
applied as pre-plant bulb soaks, substrate drenches, or foliar sprays on bulb crops.

 
SR (Suggested Rate) – Label lists no specific recommendation, 

only suggested experimental range. 
NR (No Response)  – At the concentrations trialed there was no 

plant response (rates trialed). 
NS (Not Suggested)  – Label does not recommend its use 

 

 

 

 

z – Concentration range varies due to cultivar response 
y – Dole and Wilkins (1999) 
x – Product label 
w – Wilkins and Gruber (1983) 
v – Miller et al. (1998) 
u – Whipker and Hammer (1993) 
t – Bailey and Miller (1989a) 
s – Bailey and Miller (1989b) 
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(8.5 ppm)
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(1.25-40; 
10 min)

NR       
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