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ally represent the effectiveness of the treatment. Crop history
reports - Comprehensive analyses of insect population fluctu-
ations that can be interpreted as trends. Crop history reports
help to implement preventative measures in the future. The
scout also recorded the time of day, weather conditions, and
any additional comments. The database is written in Mi-
crosoft Access and has been improved incrementally with new
features and capabilities. The primary platform for accessing
the database is a Dell laptop. Further enhancements will in-
clude a web-compatible interface, support for touch screen
devices, and simplified data entry.

 

Conclusion

 

Cooperation between growers, Pinellas County Exten-
sion, and an independent IPM consultant has raised the

awareness of IPM and resulted in the implementation of suc-
cessful IPM programs in Pinellas County ornamental nursery
environments.
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Abstract.

 

 Milbemectin, a mixture of natural compounds derived
from the soil microorganism 

 

Streptomyces hygroscopicus

 

subsp. 

 

aureolacrimosus

 

, is a miticide/insecticide used for se-
lective arthropod management. The objective of this study was
to test spray applications of an emulsifiable milbemectin for-
mulation (Ultiflora™ 1E) for phytotoxicity on a variety of ferns.
Eighteen fern species representing 14 genera were treated just
to the point of runoff with aqueous foliar sprays containing 0,
12 or 24 oz Ultiflora™/100 gallons. Plants were held on raised

benches in a double polyethylene-covered greenhouse with
additional internal shading. Treatments were applied twice at
14-day intervals in two experiments. Acute phytotoxicity was
determined visually for two weeks following each spray appli-
cation and rated on a scale of 1 = no visible damage to 5 =
death. In addition, fresh frond weights were determined 50
days after the initial treatment to assess chronic damage. For
many species—

 

Adiantum raddianum

 

, 

 

Arachniodes simplicior

 

,

 

Athyrium nipponicum

 

, 

 

Davallia trichomanoides

 

, 

 

Dryopteris
erythrosora

 

, 

 

Osmunda cinnamonea

 

, 

 

Pellaea rotundifolia

 

,

 

Platycerium bifurcatum

 

, 

 

Polystichum tsus-sinense

 

, 

 

Pteris
cretica

 

, 

 

P. vitatta

 

 and 

 

Rumohra adiantiformis

 

—no damage was
detected. For 

 

Didymochlaena truncatula

 

 and 

 

Nephrolepis

 

spp., significant acute phytotoxicity was observed only at the
24 oz/100 gallons (2

 

×

 

) rate. Both 

 

Polypodium formosanum

 

 and

 

Pteris quadriaurita

 

 were damaged at the 1

 

×

 

 rate. However, de-
spite visual stunting of 

 

Nephrolepis biserrata

 

 ‘Macho’ at the 2

 

×

 

rate, Ultiflora™ treatments had no effect on fresh frond
weights of that fern or any others. Even though this was an EC
formulation, Ultiflora™ applied at the 1

 

×

 

 rate did not cause sig-
nificant damage to 16 of the 18 ferns used in this experiment.

 

Ferns are popular plants for adding texture to landscapes,
both indoors and out. These plants are easily damaged by pes-
ticides (Anonymous, 2004; Henley et al., 1991) due to their
general herbaceousness and recurring production of new,
tender fronds. Many pesticide labels specifically prohibit
their use on ferns. Fern authorities recommend using lower
than manufacturer recommended dosage rates (Jones, 1987)
and avoiding pesticides formulated as emulsions if at all pos-
sible (Hoshizaki, 1983).
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Milbemectin, a mixture of natural compounds (milbemy-
cins) derived from the soil microorganism 

 

Streptomyces hygro-
scopicus 

 

subsp. 

 

aureolacrimosus

 

, is a miticide/insecticide used
for selective arthropod management. It is only available as an
emulsion (Ultiflora™ 1E, Gowan Company, Yuma, Ariz.).
The objective of this study was to test spray applications of mil-
bemectin for phytotoxicity on a variety of ferns.

 

Materials and Methods

 

These studies were conducted in a double polyethylene cov-
ered greenhouse equipped with fan and pad evaporative cool-
ing and natural gas fired forced-air heating at the Mid-Florida
Research and Education Center in Apopka, Fla. Temperatures
were maintained between 64 ° and 96 °F [18 ° and 36 °C]. Ad-

ditional internal shading was provided using a PVC pipe frame
covered with 70% shade cloth attached to the expanded metal
benches. The resulting shade level was approximately 88%.

Four-inch [10.2-cm] pots of fern and 72-cell fern liners were
obtained from suppliers (Casa Flora, Central Florida Ferns, Mile-
stone Agriculture; all in Apopka, Fla.) on 30 June 2003. On 2 July
2003 the liners were potted up into 3.9-inch [10-cm] diameter
round plastic pots (Desch 10, APAC Design Ltd., Leicestershire,
England) using a 

 

Sphagnum

 

 peat:vermiculite:perlite soilless
growing medium (Vergro Container Mix A, Verlite, Tampa,
Fla.). A month later, all of the ferns were potted up into 4.7 inch
[12 cm] diameter round plastic pots (Desch 12.0H) filled with a
soilless growing medium composed of aged pine bark:Canadian

 

Sphagnum

 

 peat:perlite:vermiculite (3 Mix, Fafard, Apopka, Fla.).
Pots were then fertilized with 0.05 oz [1.5 g] of a 15N-4P-10K con-

 

Table 1. 

 

Experiment 1

 

—phytotoxicity of foliar sprays of milbemectin (Ultiflora™ 1E) to 12 ferns.

Fern

Ultiflora™
application rate

(oz/100gal)

Phytotoxicity rating (1–5)

 

z

 

 

 

x

 

 days after treatment (DATx)

 

y

 

Fresh frond 
weight

 

x

 

 (g)3 DAT1 7 DAT1 10 DAT1 14 DAT1 3 DAT2 8 DAT2 14 DAT2

 

Arachniodes simplicior

 

 ‘Variegata’
(variegated shield fern, variegated
East Indian holly fern)

0 1.25 1.00 1.00 1.00 1.25 1.25 1.00 21.8
12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 24.6
24 1.00 1.00 1.00 1.00 1.00 1.00 1.00 22.9

 

Athyrium nipponicum

 

 ‘Pictum’
(Japanese painted lady fern)

0 1.00 1.00 1.25 1.00 1.25 1.75 1.38 42.9
12 1.25 1.25 1.25 1.25 1.25 2.00 1.75 36.5
24 1.00 1.25 1.75 1.50 1.75 2.25 1.88 36.8

 

Davalia trichomanoides

 

(rabbit’s-foot fern)
0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 37.2

12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 34.0
24 1.00 1.00 1.00 1.00 1.00 1.00 1.00 32.9

 

Dryopteris erythrosora

 

 (autumn fern) 0 1.00 1.00 1.25 1.25 1.25 1.00 1.00 41.1
12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 36.7
24 1.00 1.25 1.00 1.00 1.00 1.00 1.00 37.9

 

Nephrolepis biserrata

 

 ‘Macho’
(macho fern)

0 1.00 1.00 1.00 1.00 1.00 1.00 1.13 81.8
12 1.00 1.25 1.25 1.00 1.13 1.13 1.00 79.4
24 1.00 2.50*

 

w

 

2.25* 2.00* 1.75* 2.00* 1.25 79.1

 

Nepholepis exaltata

 

 ‘Montana’
(Montana Boston fern)

0 1.00 1.00 1.00 1.00 1.00 1.25 1.25 164.0
12 1.00 1.00 1.00 1.00 1.00 1.00 1.13 172.9
24 1.25 1.25 1.75 1.75 2.00* 2.00 1.50 153.3

 

Nephrolepis falcata

 

 ‘Furcans’
(fishtail fern)

0 1.00 1.00 1.00 1.00 1.00 1.25 1.13 137.7
12 1.00 1.00 1.00 1.00 1.25 1.00 1.13 128.7
24 1.75* 1.25 1.25 1.25 1.75 2.00* 1.50 123.8

 

Osmunda cinnamonea

 

(cinnamon fern)
0 1.00 1.00 1.00 1.00 1.25 1.50 1.63 14.3

12 1.00 1.00 1.00 1.50 2.00 2.00 1.38 13.2
24 1.00 1.00 1.00 1.00 1.50 2.00 1.50 15.5

 

Platycerium bifurcatum

 

(staghorn fern)
0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 72.2

12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 67.3
24 1.00 1.00 1.00 1.00 1.00 1.00 1.00 53.3

 

Pteris cretica

 

 ‘Parkerii’
(Parkerii brake fern, Parkerii Pteris 
fern)

0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 22.1
12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 22.6
24 1.00 1.00 1.00 1.00 1.00 1.25 1.25 22.5

 

Pteris quadriaurita

 

 ‘Flame’
(Flame brake fern)

0 1.00 1.00 1.25 1.25 1.75 2.00 1.75 34.5
12 1.00 2.67* 2.00 2.67 2.33 3.00 2.33 24.0
24 1.00 1.75 1.75 1.75 2.25 2.25 2.13 27.1

 

Rumohra adiantiformis

 

(leatherleaf fern)
0 1.00 1.25 1.25 1.50 2.00 2.50 2.75 33.0

12 1.25 1.50 1.50 1.50 2.00 2.25 3.00 32.0
24 1.00 1.75 1.75 2.25 2.25 2.75 2.75 34.3

 

z

 

Phytotoxicity rating: 1 = normal; 2 = slight damage, saleable; 3 = moderate damage, unsaleable; 4 = severe damage; 5 = dead.

 

y

 

Treatments were applied on 9/10/03 (T1) and 9/24/03 (T2).

 

x

 

None of the fern frond fresh weights were affected by treatments (regression analysis at 

 

P

 

 

 

≤

 

 0.05).

 

w

 

* indicates that the treatment mean is different for that species from the untreated mean for that date (Dunnett’s procedure at 

 

P

 

 

 

≤

 

 0.05).
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trolled-release fertilizer containing micronutrients (Osmocote®
Plus 15-9-12, The Scotts Company, Marysville, Ohio). In addi-
tion, pots were fertigated weekly with a soluble 15N-2P-12K fertil-
izer (Miracle-Gro® Excel, The Scotts Company) applied at a
nitrogen concentration of 150 ppm [150 mg L

 

–1

 

]. Pots were
hand-watered as needed before and after treatment.

Plants with immature fronds were used to maximize the
chances of detecting phytotoxicity. Prior to treatment, all se-
nescent or blemished fronds were removed from the plants to
facilitate the observation of treatment-caused damage. Plants
were treated just to the point of runoff with aqueous foliar
sprays of 0

 

×

 

 (water only), 1

 

×

 

 or 2

 

×

 

 rates of Ultiflora™ (0, 12
or 24 oz Ultiflora™ per 100 gal [0, 94 or 188 mL Ultiflora™
per 100 L], respectively) using a hand-held pressure sprayer
(1

 

½

 

 quart, Delta Industries, King of Prussia, Pa.) operated at
a pressure of 20 psi [138 kPa]. Treatments were reapplied two
weeks later using the same methodology.

Phytotoxicity was determined approximately 3, 7, 10 and
14 d after each treatment. Each plant was visually rated for
phytotoxicity using a scale where 1 = normal; 2 = slight dam-
age, saleable; 3 = moderate damage, unsaleable; 4 = severe
damage; 5 = dead. Photos were made of phytotoxicity symp-
toms using a digital camera (Nikon Coolpix 5000, Nikon,
Tokyo, Japan). In addition, fresh frond weights were deter-
mined 50 d after the initial treatment.

The experimental design for both studies was a random-
ized complete block with three replications. The experimen-
tal unit was an individual pot with a fern in it. Ultiflora™
phytotoxicity data were analyzed by analysis of variance and
significant treatment differences (compared to the water-only
treated controls) were determined for each fern at each rat-
ing date using Dunnett’s procedure (

 

P

 

 = 0.05). Treatment
effects on fresh frond weights were determined using regres-
sion analysis at 

 

P

 

 = 0.05 (SAS, SAS Institute, Cary, N.C.).

 

Experiment 1.

 

 Treatments were applied and reapplied as
outlined above to 12 fern species (Table 1) on the mornings
of 10 and 24 Sept. 2003. The temperatures in the greenhouse
were 82 °F [28 °C] at the time of both Ultiflora™ applica-
tions. All fronds were harvested and weighed on 30 Oct. 2003.

 

Experiment 2.

 

 Treatments were applied and reapplied to 6
fern species (Table 2) on the mornings of 9 and 24 Mar. 2004.
The temperatures in the greenhouse were 86 °F [30 °C] at the
time of both Ultiflora™ applications. All fronds were harvest-
ed and weighed on 23 Apr. 2004.

 

Results and Discussion

 

Acute phytotoxicity.

 

 

 

Experiment 1

 

. For many genera—

 

Arach-
niodes, Athyrium, Davallia, Dryopteris, Osmunda, Platycerium 

 

and

 

Rumohra

 

—no damage was detected (Table 1). For 

 

Pteris, P. cret-
ica

 

 ‘Parkerii’ was not damaged but 

 

P. quadriaurita

 

 ‘Flame’ was.
Phytotoxicity symptoms progressed from distortion, twisting
and chlorosis to eventual necrosis and occurred on fronds that
were immature at the time the Ultiflora™ was applied. Fronds
of all three 

 

Nephrolepis

 

 species were damaged but only at the 24
oz/100 gal (2

 

×

 

) rate. The predominant symptom was marginal
necrosis that developed on fronds that were immature at the
time of Ultiflora™ application. The 

 

Nephrolepis

 

 ferns quickly
outgrew the damage. 

 

Experiment 2.

 

 No damage was detected for

 

Adiantum raddianum

 

, 

 

Pellaea rotundifolia

 

, 

 

Polystichum tsus-sinense

 

and 

 

Pteris vittata

 

 (Table 2). For 

 

Didymochlaena truncatula

 

, signif-
icant acute phytotoxicity was observed only at the 24 oz/100 gal
(2

 

×

 

) rate. Phytotoxicity symptoms included necrotic spots and
pinna margins and deformed and stunted fronds. 

 

Polypodium
formosanum

 

 was the most sensitive to Ultiflora™ and was dam-
aged at both the 1

 

×

 

 and 2

 

×

 

 rates. Damage consisted of brown
lesions, some possibly the result of spray material collecting in
low areas on horizontally growing frond blades.

 

Table 2. 

 

Experiment 2

 

—phytotoxicity of foliar sprays of milbemectin (Ultiflora™ 1E) to six ferns.

Fern

Ultiflora™
application rate

(oz/100gal)

Phytotoxicity rating (1–5)

 

z

 

 

 

x

 

 days after treatment (DATx)

 

y

 

Fresh frond 
weight

 

x

 

 (g)3DAT1 10DAT1 14DAT1 3DAT2 7DAT2 10DAT2 14DAT2

 

Adiantum raddianum

 

 ‘Fragrantissimum’
(delta maidenhair fern)

0 1.33 1.00 1.00 1.00 1.00 1.00 1.00 46.0
12 1.33 1.00 1.00 1.00 1.00 1.00 1.00 44.7
24 1.00 1.00 1.00 1.00 1.00 1.17 1.00 46.2

 

Didymochlaena truncatula

 

(mahogany fern)
0 1.00 1.67 1.50 1.33 1.33 1.33 1.17 51.6

12 1.00 2.33 2.50 2.00 2.17 2.00 2.00 58.2
24 1.33 2.67 3.33*

 

x

 

2.83* 2.83* 2.67* 3.00* 55.8

 

Pellaea rotundifolia

 

(button fern)
0 1.00 1.00 1.17 1.17 1.17 1.17 1.17 30.5

12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 45.4
24 1.00 1.00 1.17 1.17 1.17 1.17 1.17 31.6

 

Polypodium formosanum

 

 ‘Cristatum’
(grub fern, caterpillar fern, E.T. fern)

0 1.00 1.00 1.08 1.08 1.08 1.08 1.08 37.5
12 1.17 1.58* 1.58 1.58 1.50* 1.58* 1.33 37.7
24 1.17 3.08* 3.00* 2.92* 3.33* 3.33* 3.17* 43.3

 

Polystichum tsussimense

 

(holly fern)
0 1.00 1.00 1.17 1.17 1.00 1.17 1.00 18.7

12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 25.8
24 1.00 1.50 1.17 1.33 1.00 1.00 1.00 22.8

 

Pteris vittata

 

(Chinese brake fern, table fern)
0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 49.1

12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 51.0
24 1.00 1.00 1.00 1.00 1.00 1.00 1.00 49.2

 

z

 

Phytotoxicity rating: 1 = normal; 2 = slight damage, saleable; 3 = moderate damage, unsaleable; 4 = severe damage; 5 = dead.

 

y

 

Treatments were applied on 3/09/04 (T1) and 3/24/04 (T2).

 

x

 

None of the fern frond fresh weights were affected by treatments (regression analysis at 

 

P

 

 

 

≤ 0.05).
w* indicates that the treatment mean is different from the untreated mean for that species for that date (Dunnett’s procedure at P ≤ 0.05).
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Chronic phytotoxicity. Experiments 1 and 2. Despite visual
stunting of Nephrolepis biserrata ‘Macho’ at the 2× rate, Ultiflo-
ra™ treatments had no significant effect on fresh frond
weights of this or any of the other ferns (Tables 1 and 2).

Even though this was an EC formulation, which are often
phytotoxic to ferns (Hoshizaki, 1983), Ultiflora™ applied at
the label (1×) rate caused no significant phytotoxicity to 16 of
the 18 ferns used in these experiments. At the 2× rate, two-
thirds of the ferns exhibited no significant phytotoxicity
symptoms.
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Abstract. RAPD-PCR analysis was used to answer questions re-
garding the identity of numerous varieties of roses. It was pre-
viously reported that the DNA profile of “Bremo Double Musk”
did not match any of the other musk (Rosa moschata Herr-
mann) varieties; however, upon further analysis, it was deter-
mined that “Bremo” is indeed a true musk. A parentage
analysis of ‘Xanadu’, a recently registered modern rose, indi-
cates that it probably resulted from a self-pollination of ‘Care-
free Beauty’. Numerous samples of “Found Noisettes” were
analyzed, showing multiple genetic differences among the va-
rieties, but similarities to their assumed ancestors, ‘Blush Noi-
sette’ and ‘Champneys’ Pink Cluster’. Utilizing ‘Katie Bell’s
Devonianthus’, it was determined that roses grown today as
“Tradd Street Yellow” and ‘Devoniensis’ are very likely the
real, original, ‘Devoniensis’. Finally, the question of the identi-
ty of ‘Spray Cécile Brunner’/‘Bloomfield Abundance’ was in-
vestigated, indicating that the plant currently grown under
both names is truly a sport of ‘Cécile Brunner’, and should be
classified as ‘Spray Cécile Brunner’. As shown here, RAPD-
PCR can be a useful tool in determining the heritage of historic
and modern roses.

Anecdotal and historical accounts have led often to incon-
sistent conclusions with regard to the relatedness of various
rose cultivars. Determining aspects such as ancestry in these
situations has often proven difficult, if not impossible. There-
fore, it is desirable to have a scientific process to examine bi-

ological features of these roses. Genetic analysis reduces
ambiguities that can arise when examining morphological
properties. Although many techniques exist to study DNA,
the procedure known as RAPD-PCR allows for examination of
whole genomes for comparison purposes. This procedure in-
volves copying many different, and often polymorphic, re-
gions of the DNA using single, short, nonspecific primers
(Williams et al., 1990). If results from different varieties are
identical or very similar, then these varieties must be geneti-
cally identical or closely related. Major differences in the
DNA indicate varieties are not closely related. RAPD-PCR is
extremely well suited to help determine direct inheritance
patterns and has been useful in examining the genetic relat-
edness among specimens in several plant species, including
roses (Frederick et al., 2002; Martin et al., 2001; Wagner et al.,
2002; Walker and Werner, 1997), medicinal plants (Fu et al.,
2003), grape rootstock cuttings (Wolf et al., 1998), rice (Ra-
ghunathachari et al., 2000), and classic wine grapes (Ye et al.,
1998). This paper reports the investigation of five questions
regarding the identity and lineage of several rose varieties
through the use of RAPD-PCR. The findings of these investi-
gations illustrate how useful this type of analysis can be in
identifying related members of ornamental varieties, and how
well it can be used to confirm or refute historical accounts.

Materials and Methods

Plant Material. Small, unopened leaves from most varieties
of roses were obtained from plants grown on the campus of
Florida Southern College (FSC) just prior to DNA isolation.
The “Found Noisette” varieties were obtained from the
Hampton Park Noisette Study Garden in Charleston, S.C.
(generous gifts from R. Knopf and J. Breland; see Table 1)
and cultivated on the campus of FSC. In instances where spe-
cific plants were not grown on the campus, samples were sent
via overnight delivery without any special preparation and
frozen at -25 °C upon receipt.

DNA Isolation. DNA was isolated from leaves as previously
described (Frederick et al., 2002; Wagner et al., 2002). After

This work was supported by grants from the Heritage Rose Foundation,
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the Community Foundation of Greater Lakeland, FL.
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