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Abstract

Salvia leucanthg§Mexican sage) anderbena canadensislomestead Purple’ were treated with the plant growth retardants (PGRSs),
Cutless, Sumagic, B-Nine/Cycocel tank mixes, or Pistill under both greenhouse and nursery conditions. Increasing r&&sof|all P
applied taboth specieseduced plant size in the greenhouse for 6 weeks after treatment (WAT). Growth reduction of Mexican sage with
the most effective rate (providing greatest growth control) of each PGR over this period averaged 11% with Cutless, 1&f#gidth Su
23% with B-Nine/Cycocel tank mixes, and 25% with Pistill. For verbena, size control with the most effective rate of each PGR
averaged 15% with Cutless, 18% with Sumagic, 27% with B-Nine/Cycocel tank mixes, and 29% with Pistill. After transplanting
greenhouse-grown plants into outdoor ground beds, only Mexican sage treated with B-Nine/Cycocel were significantly smaller 4
weeks after planting (WAP). Greenhouse-grown verbena treated with Sumagic, B-Nine/Cycocel tank mixes, and Pistill amd planted i
the landscape were 15-23%, 18-25%, and 0—20% smaller, respectively, than control plants at 2 WAP, but by 4 WAP, all PGR-treated
verbena were similar in size to control plants. Under nursery conditions, Cutless and B-Nine/Cycocel tank mix reducedalgiexican s
size up to 4 WAT. None of the PGRs affected plant size at 6 WAT. The most effective rate of each PGR (averaged oventti@turatio

a PGR was significant) suppressed shoot growth 16% for Cutless, 12% with Sumagic, 20% for B-Nine/Cycocel tank mixes, and 29%
for Pistill. For verbena only, Sumagic suppressed growth up to 10% at 2 WAT, and no PGR effectively controlled growthsengler nur
conditions 4 WAT.

Index words: plant growth regulator, greenhouse production, nursery production.

Growth regulators used in this study:Cutless (flurprimidol)p-(1-methylethyl)e-[4-(trifluromethyoxy)phenyl]-5-pyrimidinemethanol;
Sumagic (uniconazole), E-1-[4-chlorophenyl]-4,4-dimethyl-2-[1,2,4-triazol-1-yl]pent-1-ene-3-ol; B-Nine (daminozide), butangdioi

acid mono-(2,2-dimethylhydrazide) and Cycocel (chlormequat chloride), (2-chlorethyl) trimethylammonium chloride tank mixes; and
Pistill (ethephon), (2-chloroethyl) phosphonic acid.

Species used in this studyMexican sageJalvia leucanth&av.) and ‘Homestead Purple’ verbekarpena canadens(k.) Britt.[V.
AubletiaJacq.;Glandularia canadensif_.) Small.] ‘Homestead Purple’).

Significance to the Nursery Industry Introduction

Most PGR rates for use on herbaceous plants are based on Salvia leucanthédMexican sage) anderbena canadensis
research conducted in greenhouses. However, our researctHomestead Purple’ (‘Homestead Purple’ verbena) are her-
suggests that rates recommended for use under greenhouskaceous perennials that provide unique additions to many
conditions are less effective in controlling growth of plants landscapes; in 199%5alviawas among the top twenty pe-
produced in the nursery. For example, growth control of rennial genera sold to consumers in the United States, and
Mexican sage was less persistent, only lasting up to 4 weeksVerbenawas among the top twenty perennials sold in the
in the nursery compared with 6—8 weeks under greenhousesouthern United States (13). Mexican sage produces spikes
conditions. For verbena, growth control was adequate in the of attractive purple flowers that envelop the plant in the fall
greenhouse, with all PGR-rate combinations providing an when few other plants are in bloom; additionally, it is a bee
average of 17% (up to 33%) control for 6 weeks. Under nurs- and butterfly attractant. However, Mexican sage presents a
ery conditions, only Sumagic provided any growth control challenge to growers who wish to produce and market the
(0-10%) which was of limited practical benefit; by 4 WAT, plant in flower because it can grow 1to 1.2 m (3to 4 ft) in a
there was no growth control with any PGR. With the out- single growing season. Additionally, it is a quantitative short-
door production of herbaceous perennials under nursery con-day plant for flowering, and under natural conditions will
ditions increasing, it is vital for growers to understand that reach its aesthetic peak in fall (2, 3). Because most growers
PGR efficacy may be less under outdoor nursery conditions transplant plugs or rooted cuttings in the spring, Mexican
than under greenhouse production regimes. Multiple PGR sage could have a growing season of 5-6 months before it is
applications or higher rates may be necessary to control marketed in flower. During this time, it can grow quite large
growth in the nursery. and become difficult to manage in 3.8 liter (#1) or smaller

containers.

Verbena canadensénd its cultivars are some of the most
popular herbaceous perennials in the landscape due to their
floriferous and durable nature. However, verbena can quickly

1Received for publication February 14, 2000; in revised form May 10, 2000. spread up to 90 cm (36 in) and often requires repeated prun-

2Graduate student. ing or transplanting to a larger pot for maintenance in a nurs-
*Professor. ery or greenhouse environment (1, 2). For the nursery or
“Assistant Professor. greenhouse grower, excessive growth of either Mexican sage
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or verbena can lead to blow-over, plants outgrowing their Table 1. Growth index of Mexican sage following treatment with sev-
pots, excessive drying between irrigations, increased ship- eral plant growth retardants in the greenhouse and after
ping costs, and leggy, unmarketable plants. transplanting outdoors into ground beds.

PGRs, including Cutless, Sumagic, B-Nine/Cycocel tank Greenhouse Landscape
mixes, and Pistill, are effective in controlling growth of nu- Growth  Rate
merous horticultural crops, including many herbaceous pe- retardant (ppm) ~ 2WATY  4WAT 6 WAT 2WAPY 4 WAP
rennials (7, 9, 10, 14). Sumagic and Cycocel are currently

labeled for use on herbaceous species in greenhouses, bu ontrol 0 20 29 3 % M
not in nurseries outdoors. B-Nine and Pistill are labeled for cutless 50 20 27 34 38 47
use on herbaceous perennials in greenhouses and outdoor 100 20 26 33 36 48
nurseries. Even though Sumagic and Cycocel are not labeled 150 18 25 31 34 46
for use outdoors, many nurseries have_ double-poly hquses Significance L L L NS NS
or poly-covered cold frames under which these chemicals
may be applied. The tank mix of B-Nine and Cycocel is be- Sumagic 20 18 26 33 35 47
coming more common due to a synergistic response, provid- 40 17 24 30 35 45
ing control in situations where other chemicals alone are less 60 1 24 31 35 47
effective (6). Cutless is labeled for use on turf, however, re-  gignificance ™ L™ Q L NS NS
search indicates that this PGR may be useful in controlling
growth of horticultural crops (9). B-Nine/ 2,500/1,500 17 22 26 30 44
Most research examining height control of herbaceous pe- Cycoce'75;500°0(;’1 1'550000 1178 2211 2256 2371 ;72
rennials has been conducted under greenhouse conditions ’ ’
with plants in small containers, usually 10 cm (4 in) or smaller. Significance Q. LMQ™  LMQ™ L L
In the northeastern United States, herbaceous perennials are
produced primarily in greenhouses, but in the South they are Pistill 500 16 24 30 33 43
a mainstay in outdoor nurseries where they are typically pro- 1,000 14 21 28 32 a1
duced in containers larger than 10 cm (4 in). Personal obser-  gignificance - L L L NS

vation and general literature on the use of PGRs suggest that
the effectiveness of PGRs may be less under nursery condi=Growth index = (height + widest width + width perpendicular) + 3, in cm.
tions than in greenhouse production due to differences in ywAT = weeks after treatment; WAP = weeks after planting in ground beds;
plant and pot sizes, physiological stage of plant development 2 WAP corresponded to 8 WAT.

at the time of application, irrigation rates, weather, and crop *Regression response non-significant (NS), linear (L) or quadratic (Q) at the
nutrition (5, 6, 11, 15)_ Reductions in the effectiveness of 0_.05 (), 0.01 ('), or 0.001 ") level; control included in regression analy-
PGRs under nursery conditions would require growers to >

consider using higher rates or multiple applications of PGRs

to achieve the desir_ed growth control. The objective of this growth (February 26, March 24) using a G@rayer with a
study was to determine the growth responddeican sage flat spray nozzle at 1.4 kg/@nf20 psi) in volumes of 0.2

and ‘Homestead Purple’ verbena to several PGRs under typi- iiar/m2 (2 qt/100 f). Treatments included: Cutless at 50,

cal_greenhouse and nursery conditions in the southeasternloo, or 150 ppm: Sumagic at 20, 40, or 60 ppm; B-Nine/
United States. Cycocel tank mixes at 2,500/1,500, 5,000/1,500, or 7,500/
. 1,500 ppm, respectively; Pistill at 500 or 1000 ppm; and an
Materials and Methods untrea’ltje% contrgl. At theytime of treatment, tempgrr;tures were
The materials and methods are presented for both specie1.7C (71F) and 25.6C (78F) with relative humidities of 77%
together; where dates differ, they are listed for Mexican sage and 60%. Plants were not irrigated until the following day.
followed by ‘Homestead Purple’ verbena. At 6 weeks after treatment (WAT), half of the plants in
each treatment were planted in outdoor ground beds to de-
Greenhouse studiRooted cuttings were transplanted on termine the persistence of PGR treatments in a landscape
February 3 and February 24, 1999, to 10 cm (4 in) square setting. Mexican sage were planted on 30 cm (12 in) centers
pots containing Fafard #3 (Fafard, Anderson, SC) and placedin 1.95 n% (7 x 3 ft) tilled plots containing an organic soil,
pot-to-pot in a double-poly greenhouse (heat set point: 20C amended with non-composted pine bark (screen size <12.5
(68F), ventilation set point: 25.6C (78F)). Mexican sage, a mm (0.5 in)) to a depth of 5-7.5 cm (2-3 in), and mulched
guantitative short-day plant for flowering (3), received night- with 2.5 cm (1 in) of pine bark. Overhead irrigation was ap-
break lighting from 10:00 PM-2:00 AM CST using incan- plied when the soil under the mulch felt dry below 2.4 cm (1
descent lamps with a minimum of 0.93 v#/beginning on in) but before plants wilted. Verbena were planted on 30 cm
February 9 and ending at treatment application (February (12 in) centers in a Marvyn sandy loam soil containing 78.6%
26). Verbena, a facultative long day to day neutral plant for sand, 17.1% silt, and 4.3% clay and with a CEC of 4.44 meq/
flowering (17), were not placed under night-break lighting. 100 g; no supplements were added and plants were mulched
Liquid fertilizer was applied weekly at 150 ppm N using a with 2.5 cm (1 in) of pine bark. Plants were irrigated via
20N-8.9P-16.6K fertilizer (20—20-20, Pro-Sol, Ozark, AL). ground-level trickle irrigation when the soil was dry to the
On February 9 and March 11, plants were sheared to 5 cm (2touch at a depth of 2.5 cm (1 in) below the mulch.
in) above the pot rims and 5 cm (2 in) beyond the edges of The experimental design was a randomized complete block
pot rims for verbena. Plants were spaced on 20 cm (8 in) with 8 single-plant replications for Mexican sage and 10
centers after pruning. PGR treatments were applied as foliar single-plant replications for verbena. The experimental de-
sprays after plants had approximately 2.5 cm (1 in) of new sign was maintained after planting in ground beds. Growth
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Table 2.  Growth index of ‘Homestead Purple’ verbena following treat- Table 3. Growth index of Mexican sage following treatment with sev-
ment with several plant growth retardants in the greenhouse eral plant growth retardants in the nursery.
and after transplanting outdoors into ground beds.

Growth index

Greenhouse Landscape Growth Rate
Growth  Rate retardant (ppm) 2 WATY 4 WAT
retardant (ppm) 2WATY 4WAT 6WAT 2WAPY 4WAP
Control 0 42 56
Control 0 24 35 40 40 44
Cutless 50 39 50
Cutless 50 23 33 37 36 45 100 38 52
100 21 33 35 34 43 150 35 48
150 20 30 34 36 43
Significance L™ L
Significancé L™ NS L NS NS
Sumagic 20 40 53
Sumagic 20 21 31 35 34 45 40 38 55
40 20 32 36 33 44 60 37 52
60 19 30 33 31 46
Significance iy NS
Significance (i NS L L” NS
B-Nine/ 2,500/1,500 38 55
B-Nine/ 2,500/1,500 18 28 33 33 42 Cycocel 5,000/1,500 37 50
Cycocel 5,000/1,500 17 25 31 30 41 7,500/1,500 33 46
7,500/1,500 18 26 32 31 41
Significance L L™
Significance Q™ L Q L Q L NS
Pistill 500 35 53
Pistill 500 20 29 36 41 45 1,000 30 50
1,000 16 24 32 32 42
Significance - NS
Significance L L™ L™ L NS

?Growth index = (height + widest width + width perpendicular) + 3, in cm.
*Growth index = (height + widest width + width perpendicular) + 3, in cm.  WyAT = weeks after treatment.

YWAT = weeks after treatment; WAP = weeks after planting in ground beds; “Regression response non-significant (NS) or linear (L) at the 0)0dr (
2 WAP corresponded to 8 WAT. 0.001 (") level; control included in regression analysis.

*Regression response non-significant (NS), linear (L) or quadratic (Q) at the

0.05 (), 0.01 ("), or 0.001 (") level; control included in regression analy-

sis.

index (GI = (height + widest width + width perpendicular) + lications of verbena. Similar data were collected as in the
3) was determined at two week intervals, starting at 2 WAT, greenhouse study, however, plants were not transplanted into
until treatment effects were no longer significant. For ver- the landscape due to non-significant treatment effects at 6
bena, the presence, but not number, of flowers was recordedWAT. Data for both the greenhouse and nursery studies were
at 4 WAT when controls were in full flower. This measure- analyzed using general linear models and regression analy-
ment was not collected for Mexican sage because the experi-sis, and the two species were analyzed as separate experi-
ment was conducted in spring and the plant naturally flow- ments. The accepted probability level was P = 0.05. No di-
ers in the fall. rect statistical comparisons were made between the green-
house and nursery studies because of the lack of replication
Nursery studyMexican sage were transplanted on March of locations.
17, 1999, from 10 cm (4 in) pots to 3.8 liter (#1) pots con-
taining a pine bark:sand (3:1, by vol) medium amended per . .
m® (yd®) with 7.1 kg (12 Ib) of a time-released 18N—2.6P— Results and Discussion
10K fertilizer (18-6—-12, Polyon, Sylacauga, AL), 3.0 kg (5 Greenhouse study (Salvia leucanthagreasing rates of
Ib) dolomitic lime, and 0.9 kg (1.5 Ib) Micromax. Plants were all PGRs significantly reduced Gl of Mexican sage through
placed outdoors in full sun and received overhead irrigation 6 WAT in the greenhouse (Table 1). Across all rates, Cutless
twice daily. Commercial plugs of verbena were transplanted suppressed Gl by 0-10%, 7-14%, and 0—9% at 2, 4, and 6
to 3.8 liter (#1) pots containing the same substrate on Octo- WAT, respectively, compared to controls. With Sumagic, Gl
ber 21, 1998, and over-wintered pot-to-pot outdoors. On April was 10-15%, 10-17%, and 3-12% less than that of controls
11, verbena were pruned 5 cm (2 in) outside the pot rims, at 2, 4, and 6 WAT, respectively. Gl was 10-15%, 24-28%,
and on May 7, Mexican sage were pruned 20 cm (8 in) above and 24—26% less for plants treated with B-Nine/Cycocel tank
the pot rims. The same PGR treatments used for the green-mixes compared to controls at 2, 4, and 6 WAT, respectively.
house portion were applied to the plants in 3.8 liter (#1) pots Finally, for Pistill, Gl was suppressed 20-30%, 17-28%, and
on May 18. Plants were treated in a greenhouse to avoid over-12—-18% at 2, 4, and 6 WAT, respectively, compared to Gl
head irrigation but returned to nursery conditions the fol- non-treated plants. Of the rates tested, Cutless and Pistill were
lowing day; ambient temperature was 27.1C (82F) with a most effective in suppressing growth at the highest rates,
relative humidity of 94% at treatment. Sumagic was equally effective at 40 and 60 ppm, and all
Treatments were completely randomized and replicated rates of B-Nine/Cycocel tank mixes provided similar con-
with 9 single plants of Mexican sage and 10 single plant rep- trol.

168 J. Environ. Hort. 18(3):166—170. September 2000

$S900E 981) BIA §1-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-pd-awiid//:sdiy woll papeojumoc]



Table 4. Growth index of ‘Homestead Purple’ verbena following teat- Cycocel tank mixes suppressed Gl 25-29%, 20-29%, and

ment with several plant growth retardants in the nursery. 18-23% at 2, 4, and 6 WAT, respectively. At 2 WAP this com-
Growth index? bination still prov_ided significant control, with an 18-25%
Growth Rate - growth suppression compared to non-treated plants; how-

retardant (ppm) 2WATY ever, at 4 WAP, treatment effects were non-significant.
Pistill suppressed growth 17—-35%, 17-31%, and 10-20%

Control 0 31 at 2, 4, and 6 WAT, respectively, compared to non-treated
Cutless 50 30 plants. It was the only PGR that caused a delay in flowering
100 27 at 4 WAT; 20% of plants treated with the low rate and 80% of
150 30 plants treated with the high rate of Pistill were not in flower
Significance T while all cqntrol plants were flowering. By 6 WAT, all plants
sprayed with the low rate were in flower, and 80% of plants
Sumagic 20 31 treated with the high rate were in bloom (data not shown). It
40 29 is not uncommon for Pistill to delay flowering. In previous
60 28 research, chrysanthemum and New Guinea impatiens treated
Significance ¢ W.ith. materials cor)taining ethephqn (the active_ in_gredien.t in
Pistill) had flowering delays that increased with increasing
B-Nine/ 2,500/1,500 31 application numbers (12, 16). Two WAP, plants receiving the
Cycocel 5,000/1,500 29 high rate of Pistill were 20% smaller than controls, however,
7,500/1,500 31 those receiving the low rate had a similar Gl to non-treated
Significance NS plants. By 4 WAP, Gl was similar for Pistill-treated and con-
trol plants.
Pistill 500 27
1,000 28

Nursery study (Salvia leucanthds in the greenhouse,
Significance NS increasing rates of all PGRs reduced Gl at 2 WAT, but only
Cutless and B-Nine/Cyccocel tank mix provided significant
2Growth index = (height + widest width + width perpendicular) + 3, in cm. Gl reduction through 4 WAT (Table 3). No significant growth

YWAT = weeks after treatment. suppression occurred 6 WAT with any PGR (data not shown).
*Regression response non-significant (NS) or linear (L) at the ) J@5¢l; For Cutless, Gl was reduced 7-17% at 2 WAT and 7-14% at
control included in regression analysis. 4 WAT compared to non-treated plants. Sumagic and Pistill

reduced Gl by 4-12% and 17-29%, respectively, at 2 WAT
compared to controls. For B-Nine/Cycocel tank mixes, Gl
was reduced 10-21% at 2 WAT, and by 2-18% at 4 WAT,
compared to controls. Thus, a single application of any of
After Mexican sage were transp|anted into ground beds, these PGRs at th_e rates tested WOU'd not provide extended
Gl of plants treated with Cutless or Sumagic was not signifi- control of growth in a nursery environment, where the need
cantly different from that of non-treated plants at 2 WAP. G| for height control may be greater than in greenhouses due to
of plants treated with Pistill was 8-11% smaller than non- Problems with blow-over.
treated controls 2 WAP, but similar at 4 WAP. Growth index
of plants treated with B-Nine/Cycocel was significantly dif- Nursery study (Verbena canadensis ‘Homestead Purple’).
ferent from that of non-treated controls for the greatest length Under nursery conditions, only Sumagic significantly reduced
of time; at 2 WAP , plants were 17-25% smaller than con- shoot growth at 2 WAT (Table 4), and none of the PGRs sup-
trols, and at 4 WAP, treated plants were 6—21% smaller. By 6 pressed Gl thereafter (data not shown). The minimal reduc-
WAP in the landscape, growth retarding effects of B-Nine/ tion in Gl provided by Sumagic at 2 WAT (0-10%) would be
Cycocel were non-significant (data not shown). Lack of per- of limited benefit in controlling the growth of this sprawling
sistent growth control with Cutless, Sumagic, Pistill, and to perennial. Previous research (4) indicated that Pistill con-
a lesser extent, B-Nine/Cycocel tank mixes after plants were trols growth of ‘Homestead Purple’ verbena, and although
transplanted into the landscape indicates consumers can exthe location for the experiment was not specified, methodol-
pect normal growth following purchase of plants treated with ogy indicated that it was probably conducted in the nursery.
these PGRs. These results agree with those of Latimer et allt is possible that the results from this experiment differ from
(10) who reported Sumagic and B-Nine/Cycocel tank mixes those previously reported due to differences in initial plant
applied to Mexican sage in the greenhouse to be non-persis-size or age.
tent by 4 WAP. In conclusion, under greenhouse conditions, all of the
PGRs provided excellent size control of Mexican sage. Con-
Greenhouse study (Verbena canadensis ‘Homesteadversely, all of the PGRs reduced Mexican sage Gl at 2 WAT
Purple’). All PGRs retarded shoot growth at 2, 4, and 6 WAT, under nursery conditions, but only Cutless and B-Nine/
except Cutless and Sumagic at 4 WAT; even then, there wasCycocel tank mix suppressed growth 4 WAT. By 6 WAT in a
atrend for plants to be smaller than controls (Table 2). Cutlessnursery setting, no PGR reduced the size of Mexican sage.
reduced Gl 4-17% and 8-15% at 2 and 6 WAT, respectively, The difference in ‘Homestead Purple’ verbena’s response to
and treatment effects were non-significant by 2 WAP in the PGRs in the two locations was more dramatic. All PGRs pro-
landscape. Sumagic retarded Gl 13-21% and 10-18% at 2vided adequate control through 6 WAT in the greenhouse.
and 6 WAT, respectively, and 15-23% at 2 WAP, but its ef- Sumagic provided minimal control only at 2 WAT in the nurs-
fect was non-significant at 4 WAP in the landscape. B-Nine/ ery, but no other PGR provided control of growth in that
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location. This research shows that PGRs have good growth 2. Armitage, A.M. 1997. Herbaceous Perennial Plants: A Treatise On
retarding effects under greenhouse conditions. but underThew Identification, Culture, and Garden Attribute& Rdition. Stipes

- . N Publishing L.L.C. Champaign, IL.
nursery conditions their effects are less persistent and vary _ o
with species treated. Although the experimental design did | 3. Armitage, AM. and J. Laushman. 1989. Photoperiodic control of
not allow direct statistical comparisons between the two lo- 9 ' '
cations, differences were obvious. These differences may be 4. Banko, T.J. and M.A. Stefani. 1997. Growth control in container

- S - production of verbena ‘Homestead Purple’. Proc. Southern Nurserymen’s
due to higher irrigation rates or larger plant sizes at treat- ). Res Conf. 42-200-291.

ment application under nursery conditions (5, 6, 8, 11, 15). . . .

As plants increase in size, PGR efficacy decreases (15), andls:i'lei?_g?’ D.A. 1997. Control bedding plant height. Greenhouse Grower
plants n the AUrsery are USL-Ja”y Iarge_r_than n -the green- 6. Bailey, D. and B. Whipker. 1998. Height control of commercial
house if grownin Iarger Contal_ners‘ Addltlonally, Slr_]ce nurs- greenhouse flowers. Horticulture Information Leaflet 528, North Carolina
ery plants are usually grown in larger containers, it follows cCooperative Extension Service.

that they will have a greater capacn_y fpr grovvth du”ng a . 7. Barrett, J. 1998. New developments in the use of growth regulators.
single season. Water stress has been indicated as a non-cheMmgreenhouse Product News 8:16-21.

cal control of plant grOWth (5)' and it follows that heaVy irm- 8. Barrett, J.E. and T.A. Nell. 1990. Factors affecting efficacy of

gation supplied under nursery conditions may cause increasethaciobutrazol and uniconazole on petunia and chrysanthemum. Acta Hortic.

growth, transpiration, and uptake of PGRs. Barrett and Nell 272:229-234.

(8) re_zported efflca_u;y of Bonzi was greater when treated plants g, keever, G.J. and C.H. Gilliam. 1994. Growth and flowering response

received low fertility levels and were under drought stress; of butterfly-bush to Cutless. J. Environ. Hort. 12:16-18.

efficacy of BO_I’]ZI was the |_eaSt when plants were .We“ Wwa-  10. Latimer, J.G., P.A. Thomas, and P. Lewis. 1998. An evaluation of

tered and fertilized. Plants in the greenhouse received watergrowth control on nine greenhouse-grown perennial bedding plants.

when they were dry, but before wilting was apparent; in the Greenhouse Product News 8:30-32.

nursery plants were watered via overhead irrigation twice  11. McAvoy, R.J. 1989. Considerations for the grower when using plant

daily regardless of plant condition and received additional growth regulators. University of Connecticut Cooperative Extension System:

water via rainfall. These differences in irrigation rates could C°nn- Greenhouse Newsletter (152).

explain decreased PGR efficacy in the nursery. Response dif- 12. Nakayma, M. and H. Yui. 1988. Delay of flowering in summer

ferences are possibly due to a combination of these. and per_chrysanthemums tl)yzEthrelstreatment. J. Faculty Agric. Shinshu Univ.,
. S y . Nagano, Japan, vol. 25:1-13.

haps other factors. This study indicates the need for addi- 9 P

tional research with either higher PGR concentrations than

currently used in greenhouse production or multiple appli-  14. Starman, T.W. and P.T. Gibson. 1992. Efficacy and postharvest

; i ; persistence of uniconazole treatment ldypoestes phyllostachya
cations to increase the longevity of control under nursery HortScionce 27:616-820.
conditions. _
15. Tayama, H.K. 1990. Chemical growth regulators—problems, causes,

. . and recommendations. Foliage Digest 13:4-5.
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