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Abstract

In a 1999 experimengalviax sylvestrisMay Night' andScabiosa columbari®Butterfly Blue’ were treated with the following plant
growth retardants (PGRs) or PGR mixes: B-Nine (daminozide) at 5000 ppm (applied twice); B-Nine at 5000 ppm + Cycocel @hlgrmequ
chloride) at 1500 ppm; Florel (ethephon) at 500 ppm (applied twice); B-Nine at 5000 ppm + Florel at 500 ppm; Sumagic (ghiconazo
at 20 ppm; or B-Nine at 5000 ppm + Sumagic at 10 ppm. B-Nine effectively suppressed growth of salvia but not scabiosagwhijle Fl
was effective on both salvia and scabiosa. However, Florel delayed flowering of both species by about 10 days. Sumagic at 20 pp
suppressed growth of scabiosa but not salvia. The PGR combination treatments, in general, were no more effective, grid$eequentl
effective than the more effective PGR for a given species applied alone. In 2000, Florel was applied once to both sabi@sarat sc
0, 250, 500, 750, and 1000 ppm. B-Nine (5000 ppm) was also applied to salvia, and Sumagic (20 ppm) was applied to stabiosa. Pla
height of salvia was suppressed linearly with increasing Florel concentrations up to 42 days after treatment (DAT). Sxdperaled
with a linear increase in inflorescence numbers at 32 and 42 DAT. Florel suppressed the height of scabiosa ‘ButterfdaByuaplin
to 52 DAT without affecting the initial number of inflorescences. When the first set of inflorescences was removed andsatsecond
developed, there was a linear increase in inflorescence numbers with increasing concentrations of Florel.

Index words: growth regulators, herbaceous perennials, nursery production.

Species used in this studyMay Night' salvia Salviax sylvestrid_. ‘May Night' (‘Mainacht’)), and ‘Butterfly Blue’ scabios&abiosa
columbarialL. ‘Butterfly Blue’).

Chemicals used in this studyB-Nine (daminozide), butanedioic acid mono-(2,2-dimethylhydrazide); Cycocel (chlormequat chloride),
(2-chlorethyl) trimethylammonium chloride; Florel (ethephon), (2-chloroethyl) phosphonic acid; Sumagic (uniconazole), E-1-[4-
chlorophenyl]-4,4-dimethyl-2-[1,2,4-triazol-1-yl]pent-1-ene-3-ol.

Significance to the Nursery Industry This can be a problem for nursery container production in

Consumer demand is high for the popular perennials ‘May the_ warm spuf[hern states since compact flowering p_Iants
Night' salvia and ‘Butterfly Blue’ scabiosa. Intensive pro- which remain in proportion to their containers are desired.
duction methods and the onset of warmer spring tempera_Scablosa columbaridutterfly Blue’, 2000 Perennial Plant
tures can cause rapid and excessive elongation of flowerOf the Year (12), has lavender-blue flowers on stalks to 70

spikes. We found that foliar application of the plant growth €M (28 in) (7). As flower stalks elongate rapidly during nurs-

retardant (PGR) Florel was effective for both species in main- €7Y container production, they may develop a loose, floppy
taining compact size and quality. Inflorescence height was aPPearance. Plant growth retardants (PGRs) such as B-Nine

reduced linearly as Florel concentration increased from 250 (daminozide), Sumagic (unicona;ole), Florel (ethephon) or
to 1000 ppm. While Florel somewhat delayed flowering of Other ethephon products, and B-Nine + Cycocel (chlormequat

both species, an added benefit of its application to the salviaCloride) tank mixes have been used on certain other herba-
was a corresponding increase in the numbers of inflorescence<€0US perennials to control growth and produce more com-
produced. B-Nine applied at 5000 ppm suppressed the heigh?@ct Plants (2, 4, 5, 9). Sumagic and Cycocel are labeled for
of salvia and increased inflorescence numbers equal to theControlling growth in greenhouses. B-Nine and Florel are

250 ppm application of Florel, but it had no effect on scabiosa. I._';\beled for use _b°th in greenhouse_s and outdoors. In addi-
In contrast, 20 ppm Sumagic moderately suppressed thetion to suppression of shoot elongation, Florel has been used

height of scabiosa, but had no effect on salvia to stimulate branching of crops such as geranium (6) and
’ ' chrysanthemum (8) and it has increased the number of flow-

ering stems of liatris (3). The objectives of this study were to

. . e , evaluate several PGRs or PGR combinations for control of
_SalviaxsylvestrisMay Night' (‘Mainacht'), 1997 Peren-  fio\ering stem elongation of salvia ‘May Night and scabiosa

nial Plant of the Year (1), is an herbaceous perennial with ‘gytterfly Blue’ and, to determine if Florel could increase

numerous spikes of deep indigo flowers reaching 46 to 61 the number of flowering stems of these species.
cm (18 to 24 in) tall (11). In cool weather the flower spikes

maintain an upright habit; however, in USDA hardiness zone paterials and Methods
7 and above, the flower spikes elongate rapidly and may tend
to flop or lay over (1), leaving the plant open in the center.

Introduction

This study was conducted in spring 1999 and 2000 with
plants started in March of each year as 5.7 cm (2.3 in) plugs
potted into 3.8 liter (#1) containers in a pine bark:sand me-
dium (9:1, by vol). The medium was amended with 2.4 kg/

'Received for publication January 29, 2001; in revised form June 21, 2001. _ 3
The authors would like to thank Lancaster Farms Wholesale Nursery, Suf- m*® (4 Ib/yd) 18N-2.6P—10K (Osmocote 18-6-12, The Scotts

folk, VA, for providing plant material and financial support for this research. CO., Marysville, OH), 2.4 kg/(4 Ib/yc®) dolomitic lime-

2Associate Professor, Agricultural Research Specialist, and Research Assis-Stone, and 0.7 kg/*_h@l.S Ib/yd) CfTrel micronutrients (Coor
tant, respectively. Farm Supply Services, Inc., Smithfield, NC). PGR treatments
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were applied as foliar sprays at 2.5 kg7¢Bb psi), with a

volume of 210 ml/(1 gal/200 ff) using a CQpressurized

sprayer with a ConeJet TXVS-8 hollow cone nozzle. PGR
treatments were applied to salvia on April 8, 1999, and to
scabiosa on May 10, 1999, to include the following: B-Nine
(5000 ppm), B-Nine + Cycocel (5000/1500 ppm), Florel (500
ppm), B-Nine + Florel (5000/500 ppm), Sumagic (20 ppm),
B-Nine + Sumagic (5000/10 ppm), and a water control. The
temperature at the time of treatment on April 8 was 23.9C

DAT), the number of new inflorescences that developed was
determined, along with inflorescence and foliage heights and
widths. A visual quality rating was also obtained based pri-

marily on fullness of the inflorescence canopy (1 = less than
Y. of canopy covered with flowers, 2 = ¥ to % cover, 3 =%

to % cover, 4 = % to almost complete cover, 5 = complete
dense cover of flowers). Data were analyzed using general
linear models and orthogonal contrasts for trend analysis of
Florel rate responses, with control included.

(75F), with a relative humidity of 54%. On May 10, at the
time of the scabiosa treatments, the temperature was 28.3C . .
(83F), with a relative humidity of 40%. B-Nine, and Florel Results and Discussion
alone were re-applied 8 days after the initial treatments to  Salvia x sylvestris ‘May Nightin 1999 B-Nine (5000 ppm
both species. The temperature was 16C (61F) for the secondapplied twice) and Florel (500 ppm applied twice) were more
B-Nine and Florel applications to salvia, and relative humid- effective over a longer period of time than the other treat-
ity was 57%. For the second applications to scabiosa, tem-ments evaluated (Table 1). B-Nine reduced plant height 38
perature was 17C (62F), with a relative humidity of 76%. A and 24% at 21 and 36 DAT respectively, while Florel re-
randomized complete block design was used with seven duced height 46 and 26% at 21 and 36 DAT respectively. At
single plant replications. Each species was blocked accord-36 DAT, B-Nine-treated plants were 13% less wide, and the
ing to initial size which ranged in diameter from 13 to 18 cm Florel-treated plants were 16% less wide than the control
(5 to 7 in) for salvia, and from 15 to 20 cm (6 to 8 in) for plants. B-Nine + Florel was statistically similar in effective-
scabiosa. In 1999, the plants were measured 21 and 36 daysess to B-Nine or Florel alone 21 days after treatment (DAT)
after treatment (DAT). Measurements included plant heights but provided no significant growth control 36 DAT. B-Nine
(flowering) and widths [(widest width + width perpendicu- + Sumagic was statistically similar in effect to B-Nine alone
lar to widest width) / 2]. Data were analyzed with analysis of 21 DAT but less effective than B-Nine alone 36 DAT. Sumagic
variance (ANOVA) with mean separations by LSD at P = applied alone at 20 ppm, and the B-Nine/Cycocel mix (5000/
0.05. 1500 ppm) provided no significant height control. At 36 DAT,
In 2000, treatments for both salvia and scabiosa were ap- Florel-treated plants appeared to have more inflorescences
plied on April 7. The treatments for salvia included: Florel at than those of plants in the other treatments although inflo-
250, 500, 750, or 1000 ppm, B-Nine at 5000 ppm, and a rescences were not counted at this time.
water control. Treatments for scabiosa were the same as for In 2000 there was a linear suppression of plant (inflores-
salvia except that Sumagic at 20 ppm was substituted for B- cence) height with increasing concentrations of Florel at 32
Nine. All treatments in the 2000 experiment were applied and 42 DAT and a quadratic response at 52 DAT (Table 2).
once. The temperature at time of treatment was 20C (68F) In order to maintain compact growth and to suppress open-
with a relative humidity of 30%. A randomized complete ing up of the plant centers, we considered plant heights of 1
block design was used, four replications of two plants each. to 1.5 times container height to be acceptable. Since the height
Each species was blocked by initial size which ranged in of #1 containers is 17 cm (6 % in), this would suggest that at
diameter from 10 to 17 cm (4 to 7 in) for salvia, and from 12 32 DAT, plants treated with 750 or 1000 ppm Florel were
to 18 cm (5 to 7 in) for scabiosa. In 2000, plants were evalu- unacceptably short. However, for plants maintained until 42
ated at 32, 42, and 52 DAT. Data collected included plant DAT, all Florel-treated salvia fell within an acceptable range.
widths (as described above), height of foliage, height and Individual nurseries would need to select specific treatments
number of inflorescences. On June 6 (58 DAT), the first sets based on their own standards and production schedules.
of inflorescences were cut off of both the salvia and the  There was also a linear increase in numbers of inflores-
scabiosa just above the top of the foliage. On June 26 (78cences 32 and 42 DAT, and a quadratic increase at 52 DAT.

Table 1. Height (cm) and width ofSalvia‘May Night' and ScabiosdButterfly Blue’ after treatment with growth regulators (1999).
Salvia Scabiosa
21 DAT? 36 DAT 21 DAT 36 DAT

Growth Conc. height' width height width height width height width
regulator (ppm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm)

0 26& 23ab 42a 38ab 40a 34a 44a 35
B-Nine 5000 16c 22bc 32c 33c 37ab 32a 42ab 34
B-Nine/Cycocel 5000/1500 23ab 23ab 39ab 38ab 40a 33a 42ab 34
Florel 500 14c 19c 3lc 32c 20e 26b 40bc 35
B-Nine/Florel 5000/500 20bc 23ab 39ab 38ab 26d 27b 41ab 33
Sumagic 20 28a 26a 42a 39a 32c 24b 32d 31
B-Nine/Sumagic 5000/10 18bc 22bc 36b 36b 35b 27b 37c 32

ZDAT = days after treatment.
YHeight of inflorescences.
*Mean separation within columns by LSD (P = 0.05)
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Table 2. Growth and inflorescence numbers dbalvia‘May Night' after treatment with Florel or B-Nine (2000).

32 DAT? 42 DAT 52 DAT
Growth Conc. inflorescence width inflorescence inflorescence width inflorescence inflorescence width inflorescence
regulator (ppm) height (cm)  (cm) number height (cm)  (cm) number height (cm)  (cm) number
Control 0 32 24 19 34 28 22 33 27 33
Florel 250 23 23 28 26 26 35 26 26 51
500 18 22 30 24 24 37 23 24 51
750 15 23 29 22 23 40 24 23 44
1000 13 23 30 23 25 39 25 26 51
Slgnlflcancé L** NS L** L*** L** L*** Q*** Q** Q*
B-Nine 5000 24 23 26 27 27 33 27 25 42
LSD,, 3.5 NS 7.1 2.7 2.5 6.5 3.1 2.8 9.5

ZDAT = days after treatment.
YRegression response non-significant (NS), linear (L), or quadratic (Q) at the 0.05 (*), 0.01 (**), or 0.001 (***) levell iBotied in the analysis.

For the 500 ppm Florel treatment, inflorescence numbers control with treated plants being 50% shorter than control
increased by 58, 68, and 55% at 32, 42 and 52 DAT respec-plants (Table 1). The B-Nine/Florel mix (5000/500 ppm) was
tively. At 32 DAT, many of the inflorescences had not yet next in effectiveness, with plants that were 35% shorter than
opened, with a linear suppression of floret opening at that controls. Sumagic-treated plants at 21 DAT were 20% shorter
time corresponding to increasing Florel concentration (P = than controls. By 36 DAT Florel controlled height by only
0.0002). For the control plants, 100% of the plants had open 9% while Sumagic treated plants were 27% shorter than con-
florets at 32 DAT while 88, 50, 25, and 0% of the plants had trol plants. B-Nine and the B-Nine/Cycocel treatments pro-
open florets for the 250, 500, 750, and 1000 ppm Florel treat- vided no significant growth control for scabiosa. Moderate
ments respectively (data not shown). All plants in the B-Nine growth control was obtained with B-Nine/Florel mix and B-
treatment also had 100% of the plants with open florets Nine/Sumagic mix treatments but this was probably from
present at 32 DAT. By 42 DAT, all salvia plants had inflores- the Florel and Sumagic components of these mixtures.
cences with open florets. Thus, although there was an in- In 2000, increasing Florel concentrations resulted in a lin-
crease in inflorescence numbers with increasing Florel rates,ear suppression of inflorescence height 32, 42, and 52 DAT
inflorescence development and floret opening was delayed. (Table 3). At 32 DAT, the Florel treatments also decreased
Florel or other ethephon products have also delayed flower- inflorescence numbers quadratically. However, by 42 and 52
ing of chrysanthemum (8, 10), New Guinea impatiens (13), DAT, there were no significant differences in inflorescence
achillea and gaura (4). The B-Nine treatment controlled numbers, suggesting that the reduced numbers of inflores-
growth and increased inflorescence numbers at a level ap-cences seen at 32 DAT was due to a delay in inflorescence
proximately equivalent to the 250 ppm Florel treatment. Af- development. Inflorescence height at 32 and 42 DAT on
ter the first set of inflorescences was cut back at 58 DAT and scabiosa treated with 750 and 1000 ppm Florel could be con-
another set allowed to develop, there were no differences insidered excessively retarded. However, by 52 DAT, the in-
plant height, Gl or number of inflorescences among treat- florescences on these plants had reached acceptable heights
ments when evaluated 20 days after the cut back (78 DAT) while retaining compact growth, making these the more at-

(data not shown). tractive plants. Production scheduling needs to be consid-
ered when selecting optimum Florel concentration.
Scabiosa columbaria ‘Butterfly Bludh 1999, at 21 DAT Although at 32 and 42 DAT no differences were mea-

Florel (500 ppm applied twice) provided the most height sured in the height or width of the foliage (data not shown),

Table 3.  Growth and inflorescence numbers dcabiosdButterfly Blue’ after treatment with Florel or Sumagic (2000).

32 DAT* 42 DAT 52 DAT
inflorescence inflorescence inflorescence inflorescence foliage inflorescence inflorescence

Growth Conc. height number height number height height number
regulator (ppm) (cm) (cm) (cm) (cm)
Control 0 21 27 34 44 8 36 67
Florel 250 14 26 26 44 8 36 63

500 8 16 22 42 10 35 81

750 9 8 18 32 12 31 59

1000 8 16 15 34 13 30 72

Significance L** Q* Lrw* NS L*** L*** NS
Sumagic 20 16 22 29 46 7 33 69
LSD,, 9.5 7.6 5.9 16.1 2.6 45 26.1

ZDAT = days after treatment.
YRegression response non-significant (NS), linear (L), or quadratic (Q) at the 0.05 (*), 0.01 (**), or 0.001 (***) levell iBotied in the analysis.
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Table 4. Scabiosanflorescence regrowth 20 days after cut back of the initial set of inflorescences (78 days after the growth regulator treattsesmere
applied) (2000).

Growth Inflorescence Inflorescence Quality
Growth Conc. index? height number rating”
regulator (ppm) (cm) (cm)
Control 0 15 29 27 3.1
Florel 250 15 28 20 3.4
500 16 30 33 4.3
750 17 31 41 4.3
1000 17 32 53 4.4
Significancé Lx* NS Lx* L**
Sumagic 20 14 25 28 3.0
LSD,, 1.8 4.8 19.0 0.9

’Growth index = (foliage height + width) / 2.

YQuality rated on a scale of 1 to 5 with 1 = less than ¥4 of canopy covered with flowers, 2 = ¥4 to % cover, 3 = % to ¥ ¥%owealmest complete cover, 5
= complete, dense cover of flowers.

*Regression response non-significant (NS) or linear (L) at the 0.05 (*) or 0.01 (**) level. Control included in the analysis.

at 52 DAT there was a linear increase in foliage height with fly Blue’, but had no effect on inflorescence numbers. A com-
increasing Florel concentration (Table 3). When the old in- bination treatment of B-Nine/Cycocel (5000/1500 ppm) pro-
florescences were cut off 58 DAT, the inflorescences that re- vided no significant height control for either salvia or
developed increased in number linearly with increasing Florel scabiosa. On salvia, a B-Nine/Florel (5000/500 ppm) mix
concentration from the earlier treatments (Table 4). There was similar in height control effectiveness to B-Nine or Florel
was no difference in inflorescence height at this time but the alone 21 DAT but had no significant effect by 36 DAT. On
growth index based on foliage height and widths also in- scabiosa, the B-Nine/Florel mix was more effective than B-
creased linearly with increased Florel concentration along Nine alone and less effective than Florel alone 21 DAT. It
with a linear increase in overall plant quality. It appears that had no significant effect by 32 DAT. On salvia, the B-Nine/
there may have been a delayed growth response from theSumagic (5000/10 ppm) mix was more effective than
Florel applications where suppressed growth energy that ini- Sumagic alone (20 ppm) but about the same as B-Nine alone
tially would have gone into inflorescence elongation went (5000 ppm applied twice) at 21 DAT and less effective at 36
into increased foliage growth between 42 and 52 DAT. This DAT. On scabiosa, The B-Nine/Sumagic mix was less effec-
increase in foliage then supported an increase in the secondive than Sumagic alone both 21 and 32 DAT, but more ef-
set of inflorescence numbers. This increase in inflorescencefective than B-Nine alone at 32 DAT.
numbers and foliage is reflected in a linear increase in the
plant quality rating as the Florel concentration increases Literature Cited
(Table 4). ] ) ]
; ; ; 1. Armitage, A.M. 1997. Herbaceous Perennial Plants: A Treatise on
I.Dlams in the 20 ppm Sumagic treatment had InflorescenceTheir Identifigation, Culture, and Garden Attribute&’ @dition. Stipes
heights that averaged 24, 15, and 8% shorter than controls appjishing, L.L.C. Champaign, IL.
32,42, and 52. D.AT respecylyely, althOUgh these differences 2. Banko, T.J. and M.A. Stefani. 1998. Growth retardants promote
were npt stat]stlcally S'gmﬁcam _(LSD' 0.05) (Table 3). branching, control growth of Perovskia (Russian Sage). Proc. South. Nursery
Sumagic provided no differences in inflorescence numbers Assoc. Res. Conf. 43:294-296.
from the Con_trOIS at any time. Sumag'cftreate_d plants also 3 Banon, S., A. Gonzalez, J.A. Fernandez, and J.A. Franco. 1998. The
showed no differences from the controls in Gl, inflorescence effect of ethephon on the growth and developmehiatfis spicata J. Hort.
height or number, or quality rating when evaluated 20 days Sci. and Biotech. 73:851-855.
after cutting back the initial set of inflorescences (Table 4). 4. Burnett, S.E., G.J. Keever, C.H. Gilliam, J.R. Kessler, Jr., and C.
In summary, Florel provided control of reproductive shoot Hesselein. 2000. Plant growth retardant applicatiéetulleax ‘Coronation
elongation for ‘May Night' salvia and ‘Butterfly Blue’ Gold’ andGuara lindheimeri‘Corrie’s Gold’. J. Environ. Hort. 18:149—
scabiosa and, increased the number of inflorescences of salvia™" N
in proportion 0 the concentaton applied. Forel also de- &, BunetSF, 6. Keero I fer  and .1 S, 200
Iayeq inflorescence devel_opment and flower opening for both greenhouge and nursery produc%on. J. Environ. Hort. 18:166—170. ’
species. By 52 DAT scabiosa responded to the initial growth
suppression from Florel with an increase in foliage growth
proportional to the Florel concentration applied. When the
first inflorescences were cut off at this time, the second set
of scabiosa inflorescences grew back in numbers that in-
creased linearly with increasing concentrations of the Florel
treatments and in proportion to the increased growth of foli- _ _ _
age. 9. Latimer. J.G., P.A. Thomas, and P. Lewis. 1998. An evaluation of
. . . growth control on nine greenhouse-grown perennial bedding plants.
B-Nine (5000 ppm) suppressed shoot elongation of salv_la Greenhouse Product News 8(11):30-32.
‘May Night’ and increased inflorescence numbers approxi- 10. Nakayma, M. and J. Yui. 1988. Delay of flowering in summer

mate_ly equivalent to Florel at 250 ppm. Sumagi_c at 20 ppmM chrysanthemums by ethrel treatment. J. Faculty Agric. Shinshu Univ.,
provided moderate growth suppression of scabiosa ‘Butter- Nagano, Japan, vol. 25:1-13.

6. Foley, J.T. and G.J. Keever. 1992. Chemical promotion of axillary
shoot development of geranium stock plants. J. Environ. Hort. 10:90-94.

7. Griffiths, M. 1994. The Royal Horticultural Society Index of Garden
Plants. Timber Press, Portland, OR.
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Greenhouse Product News 7(5):24.
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