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Hyacinth Height Control Using Preplant 
Bulb Soaks of Flurprimidol
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SUMMARY. Eight experiments were conducted to develop height control protocols 
for greenhouse-forced hyacinth (Hyacinthus orientalis) bulbs. ‘Pink Pearl’ hya-
cinth bulbs were treated with fl urprimidol preplant bulb soaks to determine opti-
mal timing of treatment, soak duration, quantity of bulbs that could be treated 
before the solution lost effi cacy, bulb location of solution uptake, and if higher 
concentrations of fl urprimidol can be used to overcome stretch that occurs with 
extended cold treatment. No difference in height control occurred when bulbs 
were soaked in fl urprimidol the day of, 1 day before, or 7 days before potting; 
therefore, growers can treat bulbs up to 1 week before potting with no difference 
in height control. All preplant bulb soak durations of 1, 5, 10, 20, or 40 min 
controlled plant height. Any soak durations ≥1.3 min resulted in similar height 
control, which would provide growers with a fl exible time frame of 2 to 40 min 
in which to soak the bulbs. When 1 L of 20 mg·L–1 fl urprimidol solution was 
used repeatedly over 20 batches of fi ve bulbs, solution effi cacy was similar from 
the fi rst batch to the last batch, indicating the soak solution of fl urprimidol can 
be used repeatedly without loss of effi cacy. Soak solution temperature was also 
tested to determine its effect on fl urprimidol and paclobutrazol uptake. Tem-
perature of the soak solution (8, 16, or 24 °C) had no effect on fl urprimidol and 
only at a temperature of 8 °C was the effi cacy of paclobutrazol lower. Postharvest 
heights of ‘Pink Pearl’ hyacinths were similar whether only the top, bottom, or 
the entire bulb was soaked. Control provided by fl urprimidol, paclobutrazol, or 
uniconazole preplant bulb soaks varied among the three hyacinth cultivars Delft 
Blue, Jan Bos, and Pink Pearl, so growers will have to conduct their own trials to 
determine optimal cultivar response to preplant bulb soaks. Also, ‘Pacino’ sun-
fl owers (Helianthus annuus) were treated with residual soak solution of fl urprim-
idol to determine if substrate drenches could be used as a disposal method. Fresh 
and residual solutions of fl urprimidol (1.18, 2.37, or 4.73 mg/pot a.i.) applied 
to ‘Pacino’ sunfl owers were similar in their effi cacy of controlling height, which 
would enable growers to avoid disposal problems of residual soak solutions.
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Plant growth regulators (PGRs) 
are often necessary for control-
ling greenhouse and postharvest 

height of hyacinths. Preplant bulb soaks 
have advantages over other application 
methods such as time and labor savings, 
accurate dosages, and reasonable costs; 
however, disposal of the residual soak 
solution may be problematic (Ranwala 
et al., 2002). Extensive research has 
been conducted to determine the op-
timal duration and timing of preplant 
bulb soaks of lilies (Lilium hybrids) 
using ancymidol (A-Rest; SePRO 

Corp., Carmel, Ind.). For example, 
Lewis and Lewis (1981) expressed 
concerns pertaining to uniform height 
control when using ancymidol preplant 
bulb soaks applied to lilies, 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.

Initial trials found fl urprimidol 
(Topflor; SePRO Corp.) preplant 
bulb soaks were effective at control-
ling height of hyacinths (Krug et al., 
2005b), oriental lilies (Krug et al., 

2005a), and tulips (Tulipa sp.) (Krug 
et al., 2005c). However, current 
production guidelines do not include 
information about preplant bulb soaks, 
and this must be addressed to provide 
better guidelines. Therefore, the objec-
tives of this research were to determine 
optimal timing of treatment, duration 
of treatment, effi cacy over repeated use 
of fl urprimidol preplant bulb soaks, 
effect of temperature on fl urprimidol 
and paclobutrazol effi cacy, effect of 
soak location on the bulb, effect of 
extended cold treatment on preplant 
bulb soaks of fl urprimidol, cultivar 
response, and effective disposal of 
residual solutions.

Materials and methods
Cultural practices used for Expts. 

1 through 7 were identical with the 
exception of PGR treatments. Upon 
arrival, bulbs were stored at 55 °F until 
treatment initiation. Bulbs were treated 
with a preplant bulb soak and planted 
with one noncooled hyacinth bulb per 
4-inch-diameter round plastic pot (575 
mL). The root substrate was Berger 
BM 6 (Berger Peat Moss, St. Modeste, 
Que.), which contained (by volume) 
75% to 80% Canadian sphagnum peat 
and 20% to 25% perlite. For 10 weeks 
the cooler temperature set point was 
41 °F. On 5 Jan. 2004 (Expts. 1–3, 
and 7), or 4 Jan. 2005 (Expts. 4–6), 
the cooler temperature set point was 
reduced to 34 °F until 4 Feb. 2004 
(Expts. 1–3, and 7), or 13 Feb. 2005 
(Expts. 4–6), when the bulbs were 
removed from the cooler and allowed 
to acclimate overnight. Greenhouse 
forcing began 5 Feb. 2004 (Expts. 
1–3, and 7) or 14 Feb. 2005 (Expts. 
4–6) with day/night temperature set 
points of 68/65 °F. Plants were forced 
under natural daylength. Anthesis date 
(one fl oret completely open), and total 
plant height at anthesis (measured from 
the pot rim to the uppermost part 
of the infl orescence) were recorded. 
Preplant PGR treatments were unique 
for each experiment (Expts. 1–7) as 
listed below.

Units
To convert U.S. to SI,   To convert SI to U.S., 
multiply by  U.S. unit SI unit multiply by

 29.5735  fl  oz mL 0.0338
 3.7854  gal L 0.2642 
 2.54  inch(es) cm 0.3937 
 28,350  oz mg 3.5274 × 10–5

 1  ppm mg·L–1 1
(°F – 32) ÷ 1.8 °F °C (1.8 × °C) + 32
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EXPT. 1—ADVANCED SOAKING. 
‘Pink Pearl’ hyacinth bulbs were soaked 
in fl urprimidol (20 mg·L–1) for 10 min 
and allowed to air dry in the green-
house for 0, 1, or 7 d before potting. 
Treatments were applied 17, 23, or 24 
Oct. 2003. Nontreated controls were 
also included. The experiment was a 
completely randomized design with 
six single-plant replications of four 
treatments. 

EXPT. 2—SOAK DURATION. ‘Pink 
Pearl’ hyacinth bulbs were soaked 23 
Oct. 2003 in a solution of fl urprimidol 
(20 mg·L–1) for 1, 5, 10, 20, or 40 min 
before potting. Nontreated controls 
were also included. The experiment 
was a completely randomized design 
with six single-plant replications of six 
treatments.

EXPT. 3—FLURPRIMIDOL SOLU-
TION EFFICACY WITH REPEATED USE. 
Twenty batches of fi ve ‘Pink Pearl’ 
bulbs were soaked 23 Oct. 2003, one 
batch at a time, for 10 min in 1 L of 
fl urprimidol (20 mg·L–1). Nontreated 
controls were also included. In addi-
tion to data described above, the soak 
solution volume was measured after 
soaking each batch. The experiment 
was a completely randomized design 
with fi ve single-plant replications of 
21 treatment batches.

EXPT. 4—SOAK SOLUTION TEM-
PERATURE. Flurprimidol (30 or 60 
mg·L–1) or paclobutrazol (Bonzi; 
Syngenta, Greensboro, N.C.) (150 or 
300 mg·L–1) preplant bulb soaks were 
applied for 2 min on 28 Oct. 2004. 
The temperature of the solution for 
each concentration was held constant 
at 8, 16, or 24 °C using a Blue M 
Magni-Whirl constant temperature 
bath (model MW-112CA-1; Blue M 
Electric Co., Blue Island, Ill.). Non-
treated controls were also included 
for each temperature. The experiment 
was a completely randomized design 
with eight single-plant replications of 
18 treatments.

EXPT. 5—EFFECTS OF SOAK LO-
CATION ON EFFICACY. Flurprimidol 
preplant bulb soaks were applied for 
2 min at 30 or 60 mg·L–1 on 28 Oct. 
2004. The temperature of the solution 
was held constant at 24 °C using a Blue 
M Magni-Whirl constant temperature 
bath (model MW-112CA-1). Three 
different soak treatments were applied 
for each concentration: the entire bulb, 
the top 50% of the bulb, or the bottom 
50% of the bulb. Nontreated controls 
were also included. The experiment 

was a completely randomized design 
with eight single-plant replications of 
seven treatments. 

EXPT. 6—EXTENDED COLD TREAT-
MENT. Flurprimidol preplant bulb 
soaks were applied for 2 min at 25 or 
37.5 mg·L–1 on 28 Oct. 2004. The 
experiment was a completely random-
ized design with eight single-plant rep-
lications of nine treatments, including 
nontreated controls. Eight replications 
of each treatment were removed from 
the cooler to begin greenhouse forcing 
on each of the three dates: 14 Feb., 14 
Mar., and 14 Apr.

EXPT. 7—CULTIVAR RESPONSE. 
The following treatments were ap-
plied to ‘Delft Blue’, ‘Jan Bos’, and 
‘Pink Pearl’ on 24 Oct. 2003 as a 
preplant soak for 10 min: fl urprimi-
dol at 10, 15, 20, 25, 30, 35, or 40 
mg·L–1; paclobutrazol (Piccolo; Fine 
Agrochemical, Whittington, U.K.) at 
100 or 200 mg·L–1; or uniconazole 
at 25 or 30 mg·L–1; and a nontreated 
control. Data were recorded as 
stated above. The experiment was a 
completely randomized design with 
six single-plant replications of each 
of the 12 treatments for each of the 
three cultivars.

DATA ANALYSIS. Data for Expts. 1 
through 7 were subjected to analysis 
of variance (ANOVA) using general 
linear model procedure in SAS (SAS 
Institute, Cary, N.C.). Anthesis and 
postharvest plant height values were 
regressed using PROC REG procedure 
to determine the best-fi t, linear or 
quadratic, model. Terms of the model 
were evaluated for signifi cance based 
on a comparison of F values at α = 
0.05. PROC NLIN in SAS, as modi-
fi ed by Cox (1992), was used to cal-
culate linear-plateau functions (model 
IV) relating anthesis and postharvest 
plant height to preplant bulb soaks of 
fl urprimidol. The quadratic and the 
linear-plateau models were compared 
to determine the best fi t based on r2 
values. Means were also compared 
using orthogonal contrasts.

POSTHARVEST—EXPTS. 1 TO 7. 
Four plants, randomly selected from 
each treatment, were placed in a post-
harvest room with the temperature 
set point at 68 °F after anthesis. Fluo-
rescent lamps provided a daily 12-h 
photoperiod at 24 to 75 µmol·m–2·s–1. 
Plant height (measured from the top 
of the pot rim to the uppermost part 
of the infl orescence) was recorded 10 
to 13 d after anthesis.

EXPT. 8—DISPOSAL OF RESIDUAL 
SOAK SOLUTIONS. ‘Pacino’ sunfl ower 
seeds were sown into cell packs (3 × 3 
× 4 cm) on 24 Sept. 2003; seedlings 
were transplanted into 6-inch-diameter 
round plastic pots with a volume of 1.9 
L on 10 Oct. 2003. The root substrate 
for cell packs and pots was Berger BM 
6, which contained (by volume) 75% to 
80% Canadian sphagnum peat and 20% 
to 25% perlite. Greenhouse day/night 
temperature set points were 68/64 °F. 
The plants were grown under natural 
daylength.

Flurprimidol substrate drenches 
were applied to ‘Pacino’ sunfl ower 
plants with 4 fl  oz of solution per pot. 
Drenches were made with either fresh 
or residual solution at 1.18, 2.37, 
or 4.73 mg/pot a.i. (approximately 
10, 20, or 40 mg·L–1). Nontreated 
controls were also included. Fresh 
solution was mixed immediately before 
treatments and residual solution was 
obtained after use as a preplant bulb 
soak where 84 bulbs [54 tulips and 
30 narcissus (Narcissus pseudonarcis-
sus)] were soaked in 1 L of solution. 
Anthesis date (one fl ower completely 
open), plant height (measured from 
the soil line to the uppermost part of 
the infl orescence), and plant diameter 
(measured at the widest dimension and 
turned 90°, and averaged) for sunfl ow-
ers were recorded. The experiment was 
a completely randomized design with 
six single-plant replications of seven 
treatments.

Plant height, plant diameter, and 
fl ower date values in Expt. 8 were 
regressed using PROC REG proce-
dures in SAS to determine the best fi t, 
linear or quadratic, model. Variables 
in the model were PGR concentra-
tion (concn) and indicator variables 
for solution type (soln), with the full 
model as follows:

Concentrationi
 = β0 + β1soln2 + β2concn
 + β3concn × soln2 + β4concn2

 + β5concn2 × soln2

where concentrationi = PGR concen-
tration (0, 10, 20, or 40 mg·L–1); i = 
variable being regressed (plant height 
or diameter); soln2 = 1 if the PGR so-
lution was reused, 0 otherwise (when 
soln2 = 0, then soln = unused solution); 
βk = estimated coeffi cients (k = 0 to 
5). Terms of the model were judged 
to be signifi cant or nonsignifi cant and 
included in the fi nal model based on a 
comparison of F values at α = 0.05.
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Results and discussion

EXPT. 1—ADVANCED SOAKING. 
Height of ‘Pink Pearl’ hyacinths, at 
anthesis and postharvest evaluation, 
were similar when preplant bulb soaks 
of fl urprimidol at 20 mg·L–1 were ap-
plied the day of potting, 1 d before, 
or 7 d before potting (Table 1). An 
application window of up to 7 d before 
planting allows growers to treat a large 
quantity of hyacinth bulbs at one time 
and pot the plants when labor is avail-
able over a 7-d period.

EXPT. 2—SOAK DURATION. Plant 
height of ‘Pink Pearl’ hyacinths at 
anthesis and postharvest evaluation 
were signifi cantly (P ≤ 0.05) shorter 
than the nontreated controls using 
preplant bulb soaks of fl urprimidol (20 
mg·L–1) at any time duration trialed (1, 
5, 10, 20, or 40 min) (Fig. 1). At the 
end of the postharvest evaluation, the 
response was best fi t to a linear-plateau 
model that resulted in the smallest 
plants (18.7 cm tall, 25% shorter than 
the nontreated controls) when bulbs 
were soaked for 1.3 min. No further 
increases in height control occurred 
at soak durations ≥1.3 min (Fig. 1). 
According to Krug et al. (2005b), 
fl urprimidol soaks at 25 mg·L–1 for 10 
min were recommended for hyacinth, 
and De Hertogh (1996a) suggested us-
ing 1-h paclobutrazol soaks for height 
control of freesia. With shorter soak 
durations providing suitable height 
control, growers will be able to save 
time in the application of fl urprimidol 
preplant bulb soaks.

EXPT. 3—FLURPRIMIDOL SOLU-
TION EFFICACY WITH REPEATED USE. 
‘Pink Pearl’ hyacinth bulbs were sig-

nifi cantly (P ≤ 0.05) shorter than the 
nontreated controls as a result of soak-
ing batches of bulbs over time (data not 
presented), with the exception of bulb 
batches 13 and 18. It is unclear why 
these two batches were not signifi cantly 
different than the nontreated controls. 
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 height control in those batches was 
not due to lack of PGR utilization. 
Removal of tunics of tulip bulbs dur-
ing storage increases respiration (De 
Hertogh 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 that hin-
dered PGR uptake. Also, as there were 
20 treatments it is possible that these 
two sets were merely outliers. Regard-
less, plant height was similar between 
the fi rst and last batch of bulbs (data 
not presented). Repeated use of a 1-L 
solution of fl urprimidol over 20 batches 
of hyacinth bulbs did not diminish the 
effi cacy of the solution. Each batch of 
fi ve bulbs absorbed on average 30.5 
mL of solution (data not presented). At 
this rate of utilization, only 390 mL of 
solution remained at the end of batch 
20, which was the minimum volume 
needed to completely submerge fi ve 
bulbs. Therefore, the solution would 
need to be replenished prior to any 
possible loss of effi cacy. Similar fi ndings 
were reported when hybrid lilies were 
soaked repeatedly in paclobutrazol 
(Ranwala et al., 2005). This utiliza-
tion of the PGR soak solution would 
also decrease the amount of residual 
solution requiring disposal.

EXPT. 4—SOAK SOLUTION TEM-
PERATURE. Preplant bulb soaks of 
fl urprimidol (0, 30, or 60 mg·L–1) at any 
temperature (8, 16, or 24 °C) resulted 
in similar control of height at anthesis 
and postharvest evaluation, regardless 
of concentration (Table 2). The effi cacy 
of paclobutrazol preplant bulb soaks at 
150 mg·L–1 was lower when the soak 
solution temperature was 8 °C, but at 
300 mg·L–1 height during postharvest 
evaluation was similar and the effects of 
solution temperature were overcome 
(Table 3). It is unlikely that growers 
would notice the negative effects of 
solution temperature on the effi cacy of 
the paclobutrazol preplant bulb soaks, 
as 8 °C is lower than the tap water 
temperature at most locations. How-
ever, growers should monitor water 
temperature; if tap water temperature 
is ≤8 °C, adjustments should be made 
to increase the water temperature to 
16 °C.

EXPT. 5—EFFECTS OF SOAK LO-
CATION ON EFFICACY. At anthesis, the 
effi cacy of fl urprimidol preplant bulb 
soaks at 30 mg·L–1 was lower when ap-
plied only to the top of the bulb when 
compared to applications made to the 
bottom or the entire bulb (Table 4). 
With a concentration of 60 mg·L–1, 
the effi cacy of fl urprimidol was lower 
when applied to the top of the bulb 
as compared to only the bottom. It is 
possible that the lower effi cacy observed 

Table 1. Plant heights of ‘Pink Pearl’ hyacinth at anthesis and post-
harvest (13 d after anthesis) when treated with preplant bulb soaks 
of fl urprimidol at 20 mg·L–1 (ppm) the same day of potting, 1 d, or 
7 d before potting.

 Plant ht (cm)z

 Anthesis Postharvest
Bulb treatment
 Control (nontreated) 14.6y 25.0x

 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 * ***
 Same day vs. 1 d NS NS

 Same day vs. 7 d NS NS

z1 cm = 0.3937 inch.
yValues are means of six replicates (plants).
xValues are means of four replicates (plants).
NS, *, ***Nonsignifi cant or signifi cant at P ≤ 0.05 or 0.001, respectively.
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Fig. 1. Plant heights of ‘Pink Pearl’ 
hyacinth at greenhouse forcing (an-
thesis) and postharvest (13 d later) 
when treated with preplant bulb soaks 
of fl urprimidol at 20 mg·L–1 (ppm) 
for 1, 5, 10, 20, or 40 min (1 cm = 
0.3937 inch).
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can be attributed to a smaller amount 
of surface area in contact with the soak 
solution. However, height control is 
most important during postharvest 
evaluation. There was no loss of 
fl urprimidol effi cacy at any soak location 
or concentration during the postharvest 
evaluation. Growers can be confi dent 
that the height control provided by 
fl urprimidol will not be affected during 
postharvest if bulbs are not completely 
submerged in the solution throughout 
the duration of the soak.

EXPT. 6—EXTENDED COLD TREAT-
MENT. When bulbs were held for either 
15 weeks of cold treatment or for 23 
weeks, a concentration ≥25 mg·L–1 
resulted in signifi cantly (P ≤ 0.05) 
shorter plants than the nontreated 
controls at anthesis and postharvest 
evaluations (Table 5). However, when 
the bulbs were held for 19 weeks of cold 
treatment, no concentration resulted 
in plants shorter than the nontreated 
controls at anthesis or postharvest 
evaluations. Correct cooling require-
ments are important when producing 
other bulb crops, such as tulips, to en-
sure stem lengths are not excessive (De 
Hertogh, 1996b). This also appears to 
apply to hyacinth because regardless 
of PGR concentration, as the length 
of the cold treatment was extended, 
plant height also increased. Growers 
can extend the sales of hyacinths by 
holding bulbs in the cooler for extra 
time; however, the use of preplant 
bulb soaks of fl urprimidol at higher 
concentrations (37.5 mg·L–1) to ensure 
a quality crop over this extended time 
had little effect. Growers will observe 
more desirable results by staggering 
planting time and using the recom-
mended cold treatment schedules. 
Concentrations >37.5 mg·L–1 should 
also be investigated.

EXPT. 7· CULTIVAR RESPONSE. 
‘DELFT BLUE’. No control of plant 
height during greenhouse forcing 
was provided at the concentrations 
of fl urprimidol, paclobutrazol, and 
uniconazole concentrations tested. 
Anthesis was signifi cantly delayed (P ≤ 
0.05) by fl urprimidol concentrations 
of 35 mg·L–1 and uniconazole at 25 
mg·L–1 by 1.3 and 1.2 d, respectively, 
compared to the nontreated controls 
(data not presented), but this would 
not be considered excessive by com-
mercial standards (M. Bell, personal 
communication).

During postharvest evaluation, 
preplant soaks of fl urprimidol ≥10 

mg·L–1 controlled plant height, and 
resulted in plants ≥3% shorter than 
the nontreated controls (Fig. 2A). 
Paclobutrazol controlled postharvest 
height at concentrations ≥100 mg·L–1 
and resulted in plants ≥12% shorter 
than the nontreated controls. Unicon-
azole at 30 mg·L–1 controlled height 
during the postharvest evaluation and 

resulted in plants 25.9 cm tall, which 
were 8% shorter than the nontreated 
controls. Based on regression analysis 
(Fig. 2A) fl urprimidol concentrations 
of 34.3 and 15.7 mg·L–1 would be 
required to obtain similar control as 
paclobutrazol at 200 mg·L–1 and uni-
conazole at 30 mg·L–1, respectively, 
during the postharvest evaluation. 

Table 2. Plant heights of ‘Pink Pearl’ hyacinth at anthesis (Anth.) and post-
harvest (PH) (10 d after anthesis) when soaked in 0, 30, or 60 mg·L–1 (ppm) 
fl urprimidol solutions at 8, 16, or 24 °C.

 Plant ht (cm)z

 0 mg·L–1 30 mg·L–1 60 mg·L–1

 Anth. PH Anth. PH Anth. PH

Temperature (°C)z

 8 11.4 19.4 10.4 16.6 9.1 14.8
 16 13.2 20.3 11.2 16.7 10.4 15.3
 24 11.7 18.4 11.3 17.5 9.7 15.1

Contrasts
 8 vs. 16 NS NS NS NS NS NS

 8 vs. 24 NS NS NS NS NS NS

 16 vs. 24 NS NS NS NS NS NS

z(1.8 × °C) + 32 = °F; 1 cm = 0.3937 inch.
NSNonsignifi cant at P ≤ 0.05.

Table 3. Plant heights of ‘Pink Pearl’ hyacinth at anthesis (Anth.) and post-
harvest (PH) (10 d after anthesis) when soaked in 0, 150, or 300 mg·L–1 
(ppm) paclobutrazol solutions at 8, 16, or 24 °C.

 Plant ht (cm)z

 0 mg·L–1 150 mg·L–1 300 mg·L–1

 Anth. PH Anth. PH Anth. PH

Temperature (°C)z

 8 12.7 19.1 12.4 17.7 10.9 15.8
 16 12.9 19.5 10.9 15.5 9.6 14.2
 24 12.6 20.3 10.7 15.2 9.8 14.0

Contrasts
 8 vs. 16 NS NS NS * * NS

 8 vs. 24 NS NS * * NS NS

 16 vs. 24 NS NS NS NS NS NS

z(1.8 × °C) + 32 = °F; 1 cm = 0.3937 inch.
NS, *Nonsignifi cant or signifi cant at P ≤ 0.05.

Table 4. Plant heights of ‘Pink Pearl’ hyacinth at anthesis (Anth.) and posthar-
vest (PH) (10 d after anthesis) when fl urprimidol preplant bulb soaks were ap-
plied to the entire bulb, the top of the bulb, or the bottom of the bulb.

 Plant ht (cm)z

 0 mg·L–1 30 mg·L–1 60 mg·L–1

 Anth. PH Anth. PH Anth. PH

Bulb soak location 11.1 17.1 9.5 15.7 9.6 14.5
 Bottom 10.7 17.8 9.4 15.2 8.4 14.8
 Top 12.0 19.0 11.7 16.4 11.0 16.0

Contrasts
 Entire vs. Bottom NS NS NS NS NS NS

 Entire vs. Top NS NS * NS NS NS

 Bottom vs. Top NS NS * NS * NS

z1 cm = 0.3937 inch.
NS, *Nonsignifi cant or signifi cant at P ≤ 0.05.

Apr2006HT.indb   373Apr2006HT.indb   373 3/7/06   1:25:32 PM3/7/06   1:25:32 PM



 ● April–June 2006 16(2)374

PRODUCTION & MARKETING REPORTS

‘JAN BOS’. During greenhouse 
forcing, hyacinth plants were ≥4% 
shorter than the nontreated con-
trols at concentrations ≥10 mg·L–1 
fl urprimidol (Fig. 2B). Plant height 
was controlled at a paclobutrazol con-
centration of 100 mg·L–1, and resulted 
in plants 12.3 cm tall, which were 19% 
shorter than the nontreated controls. 
Concentrations of uniconazole ≥25 
mg·L–1 resulted in plants ≥15% shorter 
than the nontreated controls. Anthesis 
was delayed by 1.3 d (P ≤ 0.05) only 
with uniconazole at 25 mg·L–1 (data 
not presented), which would not be 
considered excessive by commercial 
standards.

During postharvest evaluation, 
height was controlled by fl urprimidol 
concentrations ≥10 mg·L–1 and re-
sulted in plants ≥4% shorter than the 
nontreated controls. Concentrations 
of paclobutrazol ≥100 mg·L–1 and uni-
conazole ≥25 mg·L–1 resulted in plants 
≥18% and ≥13% shorter, respectively, 
than the nontreated controls. Based on 
regression analysis (Fig. 2B), fl urprimi-
dol concentrations of 32.7 and 20.0 
mg·L–1 would be required to obtain 
similar control as paclobutrazol at 200 
mg·L–1 and uniconazole at 30 mg·L–1, 
respectively, during the postharvest 
evaluation. 

‘PINK PEARL’. Flurprimidol at 
concentrations ≥15 mg·L–1 controlled 
plant height ≥15%, as compared to 
the nontreated controls (Fig. 2C). 
Paclobutrazol controlled plant height 
at concentrations ≥100 mg·L–1 and 
resulted in plants ≥17% shorter than 
the nontreated controls. Uniconazole 
at 25 mg·L–1 resulted in plants 12.3 
cm tall, which were 12% shorter than 
the nontreated controls. Flurprimidol 
at 40 mg·L–1 and uniconazole at 25 

Fig. 2. Effects of preplant bulb soaks 
of fl urprimidol on plant height at an-
thesis and during postharvest evalua-
tion of (A) ‘Delft Blue’, (B) ‘Jan Bos’, 
and (C) ‘Pink Pearl’ hyacinth plant 
height (1 cm = 0.3937 inch).

mg·L–1 delayed anthesis by 1.6 and 
2.3 d (P ≤ 0.05), respectively (data 
not presented), which would not be 
considered excessive by commercial 
standards.

Concentrations of fl urprimidol 
≥10 mg·L–1 controlled plant height 
during postharvest and resulted in 
plants ≥15% shorter than the nontreat-
ed controls. Paclobutrazol concentra-
tions ≥100 mg·L–1 and uniconazole 
concentrations ≥25 mg·L–1 resulted in 
plants ≥26% and ≥21% shorter, respec-
tively, than the nontreated controls. 
During the postharvest evaluation, 
based on regression analysis (Fig. 
2C), a concentration of fl urprimidol 
at 16.0 mg·L–1 would be required to 
obtain similar control as paclobutrazol 
at 200 mg·L–1; and a concentration of 
fl urprimidol at 15.6 mg·L–1 would be 
required to obtain similar control as 
uniconazole at 30 mg·L–1.

During greenhouse forcing, pre-
plant bulb soaks of fl urprimidol did 
not control height on ‘Delft Blue’, 
but were effective for ‘Jan Bos’ and 
‘Pink Pearl’ at concentrations of 10 
and 15 mg·L–1, respectively. Preplant 
bulb soaks of flurprimidol at 25 
mg·L–1 applied to ‘Delft Blue’, ‘Jan 
Bos’, and ‘Pink Pearl’ resulted in 7%, 
10%, and 27% shorter plants than the 
nontreated controls at the postharvest 
evaluation. During previous trials the 
lowest concentration used was 25 
mg·L–1 on ‘Anna Marie’ hyacinths, 
which resulted in plants 10% shorter 
than the nontreated controls at the 
time of postharvest evaluation (Krug 
et al., 2005b). The response of ‘Anna 
Marie’ in the previous trial and ‘Jan 
Bos’ during this experiment to preplant 
bulb soaks of fl urprimidol were similar; 
however, fl urprimidol had greater ef-

Table 5. Plant heights of ‘Pink Pearl’ hyacinth at anthesis (Anth.) and posthar-
vest (PH) (10 d after anthesis) when bulbs were treated with fl urprimidol pre-
plant soaks and subsequently received cold treatment, for 15, 19, or 23 weeks.

 Plant ht (cm)z

 15 weeks 19 weeks 23 weeks
 Anth. PH Anth. PH Anth. PH
Flurprimidol concn
[mg·L–1 (ppm)] 12.2 17.7 13.6 19.5 15.3 21.3
 25 10.4 15.6 13.2 17.0 12.9 18.5
 37.5 10.3 15.4 12.9 17.3 11.7 17.4
Contrasts
 0 vs. 25 * * NS NS * *
 0 vs. 37.5 * * NS NS * *
 25 vs. 37.5 NS NS NS NS NS NS

z1 cm = 0.3937 inch.
NS, *Nonsignifi cant or signifi cant at P ≤ 0.05.
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fi cacy on ‘Pink Pearl’ and had less effi -
cacy on ‘Delft Blue’. Cultivar response 
variations to PGRs have also been 
reported with sunfl ower (Whipker and 
McCall, 2000), lily cultivars (Ranwala 
et al., 2002), and tulip cultivars (Krug, 
2004). Therefore, growers should 
conduct on-site trials to determine 
the optimal concentrations for other 
cultivars of hyacinth.
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EXPT. 8—DISPOSAL OF RESIDUAL 
SOAK SOLUTIONS. Plant height and di-
ameter of sunfl ower ‘Pacino’ was not 
signifi cantly (P ≤ 0.05) infl uenced 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 
presented). There were signifi cant (P ≤ 
0.05) quadratic relationships between 
the dose and both total plant height 
and diameters for ‘Pacino’ sunfl owers 
(Fig. 3 A and B). Using the residual 
solution from preplant bulb soaks of 
fl urprimidol as a substrate drench on 
‘Pacino’ sunfl owers provided similar 
control as the fresh drench solution. 
This evidence illustrates that residual 
solutions can be further utilized as an 
effective substrate drench on other 
greenhouse crops for a suitable alterna-
tive disposal. Further studies need to 
be conducted to evaluate bulbs other 
than tulips and narcissus to determine 
the effects of the shipping material (peat 
vs. sawdust), as well as greater numbers 
of bulbs soaked before the residual 
solution is used as a substrate drench. 
As reported above with Expt. 3, it is 
possible that after repeated use, there 
will be little solution in need of disposal 
due to utilization by the bulbs.

Conclusions
Analysis of experimental results 

suggests that use of preplant bulb 

soaks of fl urprimidol is a suitable height 
control option to prevent postharvest 
stretch of hyacinths. Growers have the 
fl exibility 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/L (at which time the 
solution will need to be replenished) 
and still achieve a similar degree of 
height control. Solution temperature 
does not need to be monitored (if 
tap water temperature is ≥16 °C) and 
adequate height control is provided 
whether the entire bulb, just the top, 
or just the bottom of the bulb is sub-
merged for the full duration of the 
soak. Acceptable height control was not 
obtained with higher concentrations 
of fl urprimidol when bulbs were held 
for extended cold treatment before 
forcing; therefore, staggered planting 
dates should be used. Based on the 
results, cultivar differences exist among 
hyacinths when fl urprimidol preplant 
bulb soaks are used. Furthermore, the 
problem of disposing the residual soak 
solution can be overcome by applying 
the solution as a substrate drench on 
another crop. Flurprimidol preplant 
bulb soaks offer growers an alternative 
treatment method with fl exibility for 
height control on bulb crops. Grow-
ers should conduct on-site trials to 
determine the optimal soak duration 
for individual species.
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Fig 3. Effects of new or residual drench solutions of fl urprimidol on ‘Pacino’ 
sunfl ower (A) height and (B) diameter (1 cm = 0.3937 inch; 1 mg = 3.5274 × 
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