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Abstract

Performance of greenhouse whitefly, silverleaf whitefly, and lantana lace bug for eleven cultivantaofa spp. was assessed in
greenhouse experiments. Insect population growth was monitored for seven weeks in three experiments. Relative damage at three
weeks post-infestation with lantana lace bug was also evaluated. All cultivars supported growth and development ofp@tiesect s
evaluated. Initial population development occurred differentially on cultivars with larger leaves, e.g., ‘Misandu@bnfetti’.
However, by week seven all cultivars supported high populations of greenhouse and silverleaf whitefly and lantana lace bug.

a

Index words: host plant resistance, integrated pest management, IPM, silverleaf whitefly, greenhouse whitefly, lantana lace pug.

Species used in this studysilverleaf whitefly Bemisia argentifolliBellows and Perring), greenhouse whiteflirig¢leurodes
vaporariorum (Westwood)), lantana lace bu@e(eonemia scrupulosgstal)), lantanal(antana camard.. cvs., ‘Confetti’, ‘Cream
Mound’, ‘Dallas Red’, ‘Irene’, ‘Lemon Drop’, experimental proposed name ‘Mabel Rogers’, ‘Miss Huff’, ‘New Gold’, ‘Pink Caprice’
and ‘Radiation’;Lantana montevidens{&. Spreng.) Brig. ‘Purple Trailing’).

Significance to the Nursery Industry tively delayed. ‘Miss Huff’, ‘Confetti’, ‘Irene’,and ‘Pink

No evidence for complete resistance among lantana culti- CaPrice’ experienced the highest initial lace bug population
vars examined was found. However, an apparent preferenced"OWth, also suggesting that these large-leaf cultivars may
for certain cultivars suggests a potential monitoring strategy S€"Ve s indicator plants for these pests in commercial pro-
to facilitate early detection of potential insect pest problems duction or in the landscape.
in production and landscape settings. Greenhouse and .
silverleaf whitefly populations in the greenhouse increased 'ntroduction
more rapidly on ‘Miss Huff’, ‘Confetti'and'Radiation’, the The perennial shrulbantana camard.. (Verbenaceae) is
large-leaf cultivars. ‘Dallas Red’ demonstrated the least sus- a native of the tropical and subtropical Americas. In some
ceptibility to both species of whitefly. Similarly, pest popu- areas (e.g., Australia, South Africa), since its introduction as
lation establishment on the other small-leaf cultivars ‘New an ornamental, it has escaped and is now considered a pest
Gold’, ‘Cream Mound’, and ‘Lemon Drop’ was compara- (3, 4). However, the highly colored flowers and attractive-

ness to butterflies and hummingbirds have made this species

'Received for publication February 1, 1999; in revised form July 1, 1999. valuable in residential landscape settings. Lantana is prone

The authors would like to acknowledge Sherrie Stevens, Andy Pendley, and 10 infestation by lace bug a.nd whiteflies in the |and5cap_e and
Quarterrious Stewart for their technical assistance with the project. in greenhouses, respectively. The greenhouse whitefly,
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Table 1. Mean number of adult, immatures and exuviae for silverleaf Table 2. Mean number of adult, immature and emerged pupae green-
whitefly on Lantana. house whitefly onLantana.
Adults Adults
Cultivar Week 3 Week4 Week5 Week6 Week?7 Cultivar Week 3  Week4 Week5 Week6 Week?7
Miss Huff 52.5a 36.5a 14.0a 10.2a 20.8a Miss Huff 24.5& 25.5a 25.5a 59.3a 190.0a
Confetti 48.8ab 32.6a 14.3a 8.5a 12.5ab Confetti 22.3ab 21.3ab 15.0a 27.8b 112.9bc
Irene 32.5bc 17.5b 14.1a 8.1a 12.5ab Irene 11.5bc 9.6bc 4.0a 15.6b 177.5ab
New Gold 26.0cd 13.0bcd 2.0b 3.2b 4.5b New Gold 12.8abc 8.8bc 11.3a 29.3b 63.3cd
Radiation 17.3de 9.8bcd 5.8b 2.5b 3.3b Radiation 6.0c 10.5bc 16.1a 28.1b 103.3c
Lemon Drop 16.0de 5.8bcd 6.5b 0.7b 8.3b Lemon Drop 6.3c 3.3c 2.8a 5.3b 35.4d
Cream Mound 12.3de 16.6bc 3.0b 2.0b 8.3b Cream Mound 15.0abc 4.6¢ 5.6a 7.1b 27.0d
Pink Carprice 9.0e 5.3cd 2.5b 0.5b 6.2b Pink Caprice 12.8abc 8.8bc 7.0a 8.3b 79.5¢cd
Dallas Red 7.6e 3.0d 0.8b 0.3b 22.5a Dallas Red 7.3c 2.1c 5.3a 9.0b 74.5cd
F value 11.9 8.7 5.7 6.2 2.4 F value 2.5 3.2 1.8 3.3 6.3
P value 0.0001  0.0001 0.0001 0.0001 0.03 P value 0.03 0.01 0.10 0.01 0.001
Immatures Immatures
Cultivar Week 3 Week4 Week5 Week6 Week?7 Cultivar Week 3  Week4 Week5 Week6 Week?7
Miss Huff 25.6a 74.6a 189.0a 435.4a 532.0a Miss Huff 26.3a 65.6a 116.6a 521.5a 463.3a
Confetti 6.1la 20.1bc  146.3ab  228.1b 294.5b Confetti 1.1a 27.6b 40.8bc  108.8bc  173.8bc
Irene 10.0a 12.6bc 62.0c 37.5¢ 176.2bcd Irene 0.0a 19.6b 98.1ab  243.0b 227.5bc
New Gold 10.0a 21.0bc 67.0c 45.5¢ 150.0bcd  New Gold 0.3a 18.6b 33.8c 82.0c 110.0c
Radiation 12.8a 36.0bc 64.8c 120.3bc  181.3bcd  Radiation 2.8a 25.3b 80.3abc 114.0bc  373.3ab
Lemon Drop 9.8a 26.3bc 82.1bc 78.0bc  107.0cd Lemon Drop 2.0a 24.5b 55.5bc 78.3c 73.3c
Cream Mound 9.6a 43.8ab 61.0c 8.1c 264.5bc Cream Mound 3.0a 29.1b 71.1abc 103.5c 123.3c
Pink Caprice 5.0a 36.0bc 74.3bc 97.1bc  178.7bcd  Pink Caprice 1.0a 25.6b 32.3abc 102.5¢ 169.2c
Dallas Red 1.3a 7.0c 21.6¢ 35.3c 86.2d Dallas Red 1.6a 11.0b 33.3c 98.8c 138.8¢c
F value 1.4 3.5 4.0 5.0 4.9 F value 1.1 2.8 2.0 9.1 3.4
P value 0.2 0.004 0.002 0.0003 0.0002 P value 0.40 0.01 0.06 0.001 0.01
Exuviae Exuviae
Cultivar Week 3 Week4 Week5 Week6  Week?7 Cultivar Week 3  Week4 Week5 Week6 Week?7
Miss Huff 6.5a 4.8a 0.3a 3.5a 22.5abc Miss Huff 1.6a 10.8a 13.5a 58.0a 110.0a
Confetti 0.5a 0.0a 2.8a 0.1la 16.2abc Confetti 3.1a 0.3a 3.8b 5.3b 57.9abc
Irene 6.4a 2.3a 3.0a 0.0a 6.2c Irene 2.6a 0.l1a 1.1b 8.3b 77.0ab
New Gold 0.0a 0.8a 0.0a 0.2a 6.2c New Gold 5.8a 4.0a 5.8b 23.0b 53.7bc
Radiation 1.3a 0.6a 1.6a 1.0a 6.6C Radiation 0.1a 0.0a 1.6b 18.3b 46.2bc
Lemon Drop 2.0a 0.0a 3.0a 0.0a 27.0ab Lemon Drop 1.6a 0.3a 1.6b 5.6b 66.2abc
Cream Mound 1.0a 0.0a 0.6a 0.0a 21.6abc  Cream Mound 4.1a 0.0a 1.1b 3.3b 23.3c
Pink Caprice 3.1a 0.3a 1.3a 0.5a 12.0bc Pink Caprice 0.3a 1.0a 2.8b 6.6b 36.2bc
Dallas Red 4.6a 1l.1a 2.0a 0.0a 32.5a Dallas Red 2.0a 0.3a 1.0b 6.8b 52.9bc
F value 1.3 1.6 0.6 1.7 2.1 F value 0.6 1.0 2.8 3.1 1.9
P value 0.3 0.1 0.8 0.1 0.05 P value 0.7 0.4 0.01 0.01 0.09

“Means followed by the same letter within a column are not significantly

“Means followed by the same letter within a column are not significantly
different, P > 0.05, LSD.

different, P > 0.05, LSD.

Trialeurodes vaporariorun{Westwood) and the silverleaf  documented resistance to specific insects and diseases (10)
whitefly, Bemisia argentifolliBellows and Perring, are im-  assist and encourage propagation, use, supply and demand
portant pests of ornamental plants and other agricultural cropsfor resistant varieties. Resistance among plant species and
(8). Nymphal stages and adults extract plant sap and excretecultivars to some key pests of ornamentals has been identi-
honeydew, which contributes to the growth of unattractive fied (e.g., 1, 2, 6, 7, 9, 11, 12). Often, however, resistance
sooty mold. Insecticides are the most commonly used methodproperties of available cultivars to key pests are not well char-
to suppress whitefly infestations on greenhouse-grown or- acterized. Studies were conducted to determine the potential
namental plants (5). Whiteflies are less problematic in the for resistance to whiteflies and lace bugs among ten lantana
landscape. Lantana lace bdgleonemia scrupuloggtal), cultivars currently in commercial production and one experi-
extracts plant sap causing a stippled or bleached appearancenental cultivar.
in affected foliage and reduced bloom. Plants are further dis-
figured by tar-like fecal deposits. .

Host plant resistance is a valuable integrated pest man-Materials and Methods
agement strategy. Insect and disease problems and associ- Greenhouse and silverleaf whitefly, experimehihtana
ated economic and environmental costs in the nursery andwere transplanted into 6 in ultra azalea plastic pots and granu-
landscape can be minimized by selecting relatively pest-re- lar fertilizer was added to pots at planting. Subsequently,
sistant species or varieties that are well suited to local grow- plants were fertilized two times per week with Peter’s
ing conditions. Publications listing ornamental plants with 20:10:20 (Scotts, Marysville, OH). Plants were placed on
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greenhouse benches in a randomized complete block desigrper quadrant was determined for each plant. Percent damage
with six replications. Plants were inoculated in separate green-was also determined as number of infested leaves , total num-
houses with either greenhouse whitefly (greenhouse 1) or ber of leaves at that time. Population numbers were also evalu-
silverleaf whitefly (greenhouse 2) by placing infested leaves ated at seven weeks post-inoculation.

(approximately 50 individuals per plant) directly on experi-

mental plants. Insect populations were allowed three weeks Statistical analysisData were subjected to Analysis of

to establish. Populations were monitored by counting the Variance (SAS, GLM procedure). Percentage data were trans-
number of adults, immatures, and exuviae (pupal remains formed prior to analysis using an arcsine squareroot trans-
following adult emergence) per 15 leaves per plant every formation. Mean separation was accomplished using Fisher’s
week for five weeks beginning week three through week protected least significant difference test.

seven. Cultivars evaluated included ‘Miss Huff’, ‘Confetti’,
‘Irene’, ‘New Gold’, ‘Radiation’, ‘Lemon Drop’, ‘Cream
Mound’, ‘Pink Caprice’, and ‘Dallas Red'.

Results and Discussion

Greenhouse and silverleaf whitefly, experimentiree
weeks after inoculation greenhouse and silverleaf whiteflies

Greenhouse whitefly, experimentThree cultivars were  were more numerous on the large-leaf cultivars ‘Miss Huff’,
selected that had demonstrated the highest, medium, and low*Radiation’ ‘Irene’and Confetti’ (Tables 1 and 2). The small-
est population levels of whiteflies during the previous trial. |eaf cultivars: ‘Cream Mound’, ‘Pink Caprice’, ‘New Gold’,
High population ‘Miss Huff’, medium ‘Radiation’, and low  ‘Lemon Drop’, and ‘Dallas Red’ during the first weeks of
‘Cream Mound’ were the three cultivars selected for further the trial did not support the same high population level of
study. An experimental lantana cultivar ‘Mabel Rogers’was greenhouse or silverleaf whitefly as their large-leaf counter-
also included in this trial. Rooted cuttings were transplanted parts. Our experimental design did not allow us to determine
into gallon pots, fertilized with osmocote and maintained as whether this was a preference by adult whiteflies for ovipo-
described previously. A randomized complete block design sition sites, or differential nutritional suitability among culti-
with six replications was arranged on greenhouse benchesyars. By week seven, all cultivars did support high popula-
adjacent to lantana infested with greenhouse whitefly (ap- tion levels of greenhouse and silverleaf whiteflies in all life
proximately 8.6 m from greenhouse source of whitefly stages.
inocculum) This allowed each cv equal opportunity to be-
come infested. Population levels were determined weekly  Greenhouse whitefly, experiment Three cultivars that
for six weeks. demonstrated high, medium, and low whitefly populations,
‘Miss Huff’, ‘Radiation’, and ‘Cream Mound’, respectively,
from the first trial were tested along with an experimental
cultivars; ‘Miss Huff’, ‘Irene’, Pink Caprice’, ‘Mabel variety ‘Mabel Rogers’. Few apparent differences were ob-
Rogers’, ‘Confetti’, ‘Red’, ‘Radiation’, ‘Pyle Trailing’, served in number of adults or immatures on cultivars selected
‘New Gold’, ‘Cream Mound’, and ‘Lemon Drop’ were trans-  for the second trial with greenhouse whitefly (Tek)jeNeek
planted into gallon sized pots, fertilized with osmocote and 1 counts of the adults did show a slight preference for ‘Miss
maintained as described above. Plants were allowed to es-Huff’ and the expemental ‘Mabel Rogers’ but by week 6
tablish for eight weeks. They were then arranged in random- no significant differences were seen among any of the culti-
ized complete block design with six replications on green- vars examined. Immature populations followed the same
house benches and infested with four female lace bugs pertrend as adults. ‘Miss Huff’ and the experimental cultivar
plant. Three weeks after infestation, plants were divided into had the highest populations of adults and immatures during
guadrants and the number of nymphal and adult lace bugsthe testing period.

Lantana lace bug, experimentfBooted cuttings of eleven

Table 3. Mean number of adult and immature greenhouse whitefly ohantana sp

Adults

Cultivar Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
Miss Huff 7.3a 13.6ab 2.0b 1.8b 3.0a 7.0ab
Cream Mound 6.0a 8.0b 0.8b 1.2b 2.5a 1.0b
Radiation 9.6a 16.2ab 2.8ab 3.3ab 2.6a 3.8ab
Mabel Rogers 7.8a 23.7a 7.3a 6.3a 3.2a 17.0a
F value 0.6 25 2.7 3.1 0.2 2.1
P value 0.6 0.1 0.08 0.06 0.9 0.1

Immatures
Cultivar Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
Miss Huff 1.0a 0.8a 3.5a 20.2a 13.0a 13.6a
Cream Mound 0.0b 0.5a 13.2a 10.5a 30.0a 9.8a
Radiation 0.0b 0.0a 3.6a 24.8a 22.3a 40.6a
Mabel Rogers 0.3b 0.0a 0.0a 17.7a 18.7a 51.8a
F value 3.3 1.7 0.6 0.2 0.7 1.8
P value 0.05 0.2 0.6 0.8 0.5 0.2
“Means followed by the same letter within a column are not significantly different, P > 0.10, LSD.
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Table 4. Mean number of lantana lace bugs ohantanacultivars three and seven weeks post-infestation.

3-wks 7-wks
Cultivar Adults Nymphs Total Adults Nymphs Total
Confetti 5.8a 64.0a 69.8a 4.2a 13.8a 18.0a
Pink Caprice 2.0a 28.2ab 30.2ab 2.5a 2.5a 5.0a
Mabel Rogers 0.3 16.8b 17.2b 4.0a 10.7a 14.7a
Cream Mound 1.8a 14.7b 16.5b 8.0a 22.0a 30.0a
Miss Huff 2.2a 13.2b 15.3b 4.2a 5.0a 9.2a
Radiation 0.7a 12.0b 12.7b 2.8a 4.7a 7.5a
Lemon Drop 0.5a 9.8b 10.3b 3.2a 6.0a 9.2a
Red 0.8a 8.3b 9.2b 2.5a 3.7a 6.2a
Purple Trailing 0.7a 8.3b 9.0b 2.8a 7.7a 10.6a
New Gold 0.3a 7.7b 8.0b 3.2a 10.5a 13.7a
Irene 0.2a 7.8b 8.0b 1.8a 6.2a 8.0a
F value 1.26 1.54 1.56 1.2 1.2 1.2
P value 0.3 0.1 0.1 0.3 0.3 0.3

“Means followed by the same letter within a column are not significantly different, P > 0.10, LSD.

Lantana lace bug, experimentBhree weeks after infes-  be used as monitor plants either in landscapes or in commer-
tation with lantana lace bugs, all eleven cultivars supported cial production. These ‘indicator’ plants would alert the pest
some level of population growth (Table 4). Nymphs and adult manager to first occurrence of lace bug and whiteflies as an
lace bugs were found on all cultivars. Average total lace bugs early warning of pest populations. Although smaller leaved
per quadrant per plant ranged from 8.0 (‘Irene’) to 69.8 (‘Con- cultivars were less preferred by whiteflies or lacebugs, when
fetti’). Percent damage ranged from 26% (‘Lemon Drop’) to planted in monoculture situations in greenhouse or landscape
79% (‘Miss Huff’) and was significant (g 0.05) (Table 5). settings, our data indicate that they will support populations
Small-leaf cultivars ‘Lemon Drop’, ‘Cream Mound’, ‘Purple  capable of inflicting significant damage.

Trailing’ and ‘New Gold’ exhibited much less damage than
other large-leaf cultivars during this initial infestation pe-
riod.

Seven weeks post-infestation all cultivars supported lace 1. Braman, SK. and A.F. Pendley. 1992. Evidence for resistance of
bug populations (Table 4). Small-leaf cultivars became deciduous azaleas to azalea lace bug. J. Environ. Hort. 10:41-43.
heavily infested as the trial progressed at the decline of their 2. Braman, S.K. and J.M. Ruter. 1997. Preference of twolined spittiebug
larger leaved countergarAll plants at the seven-week as-  for llex species, hybrids, and cultivars. J. Environ. Hort. 15:211-214.
sessment exhibited 100% damage measured as number of 3. chillers, C.J. and S. Neser. 1991. Biological ControLafitana
infested leaves divided by total number of leaves. camara(Verbenaceae) in South Africa. Agric. Ecosystems Environ. 37:57—

‘Miss Huff’, ‘Confetti’ and ‘Irene’ were the first cultivars 75
to become heavily infested with both lantana lace bug and 4. Harley, K.L.S. and R.C. Kassulk#971. Tingdae for biological
whitefly. These cultivars were also the first to show notice- control of Lantana camargVerbenaceae). Entomophaga 16:389-410.
able damage. While it was beyond the scope of this study to 5. Dittrick, V., S. Uk, and G.H. Ernst. 1990. Chemical control and
C|arify the mechanism under'ying greater popu|ations on |arge insecticide resistance of whiteflies. Pp. 263-2B86.D. Gerling (ed)

leaved cultivars. it is possible that these cultivars could all Whiteflies: Their Bionomics, Pest Status and Management. Intercept Ltd.
! U.K.

6. Gillman, J.H., M.A. Dirr, and S.K. Braman. 1999. Gradients in
susceptibility and resistance mechanism®oféidleial. taxa to the two-
spotted spider miteTétranychus urtica&koch). J. Am. Soc. Hort. Sci.
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