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Abstract. Western flower thrips [Frankliniella occidentalis (Pergande)] are small-bodied
insects that prefer tight spaces such as flower buds and young leaves. Western flower thrips
(WFT) pose sampling problems when compared with larger insects commonly found in
plant canopies. Techniques to wash insects from plant canopies exist; however, plant type,
plant age, and spatial distribution of insects within the canopy impact the efficacy of
sampling. An experiment was designed to determine if 75% ethyl alcohol (EtOH), 0.1%
detergent solution, or deionized water effectively wash WFT from the foliage of six coleus
[Solenostemon scutellarioides (L.) Codd] genotypes inoculated with 32 adults and larvae.
The number of WFT recovered after filtration through three mesh sizes varied between
blocks and extraction solutions. The mean number of thrips recovered from coleus shoots
with 75% EtOH solution, 0.1% detergent solution, or deionized water was 6.7, 8.4, or 0.8,
respectively. The number of thrips recovered did not vary by coleus genotype, indicating
the extraction solutions were equally effective on smooth leaf or curly leaf type plants. The
75% EtOH extraction solution is recommended for subsequent experiments.
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Consumers purchasing floriculture crops
typically base their decision on aesthetics.
Producers therefore must grow a crop with
few or no blemishes or pests (Sunderland et
al., 1992). Western flower thrips (WFT) is a
serious pest of the floricultural industry (Robb
et al., 1995) attacking a multitude of crops.
Thrips seek tight crevices, lay eggs inside
plant tissues, and have a high level of pesticide
resistance in some populations (Childers and
Achor, 1995; Immaraju et al., 1992; Robb et
al., 1995). Feeding damage of WFT is ex-
pressed as silver mottling or blotching, streak-
ing, and distortion of the leaves and/or petals,
which reduces the aesthetic quality and mar-
ketability of floricultural crops (Parrella and
Jones, 1987). WFT also vector tomato spotted
wilt virus and impatiens necrotic spot virus,
both of which can devastate ornamental crops.
Initially confined to the western United States
and Canada, international transport of infested
floral products has resulted in the presence of
WFT and associated plant viruses in commer-
cial greenhouses throughout the world
(Parrella, 1995; Schreiter et al., 1995).

Integrated pest management (IPM) pro-
grams seek to balance proactive cultural con-
trols with minimal pesticide inputs during
crop production. Mound and Teulon (1995)
suggest that host plant resistance, a compo-
nent of IPM programs, might be a good control
strategy for WFT. Host plant resistance may

pepper plants (Capsicum annuum L.) before
counting the insects. Irwin et al. (1979) used
both alcohol and detergent solutions com-
bined with filtration through fine mesh to
extract thrips from soybean [Glycine max (L.)
Merrill] plants. These washing methods gen-
erally are used to remove insects from many
plant species; however, Lewis (1997) stated
that researchers sampling different insect spe-
cies and crops needed to use a separate ap-
proach for each species or crop to meet the
objectives of the researcher. For most host
plant resistance breeding programs, research-
ers are interested in obtaining relative levels of
insects on specific plant genotypes as opposed
to absolute numbers. Washing insects from
plant tissues is one method of obtaining a
representative sample of insect population lev-
els (Lewis, 1997). To adapt existing protocols
for extracting WFT, an experiment was de-
signed to examine the extraction efficacy of
three solutions in removing thrips from coleus
shoots.

Materials and Methods

Six diverse coleus genotypes, ‘Alabama
Sunset’, ‘Ducksfoot Midnight’, ‘Golden
Bedder’, ‘Paisley Shaw’, ‘Red Velvet’, and
‘Saturn’, were grown in a glass-covered green-
house in Urbana, Ill., using standard produc-
tion parameters (Ball, 1998) except that no
insecticides were applied. The coleus geno-
types varied in leaf color (light green to deep
red), leaf variegation (solid to highly varie-
gated), leaf shape (oblong entire margins to
finely dissected), and leaf texture (smooth to
curly). Nine terminal cuttings were obtained
from each of six coleus genotypes on 6 June
2000, dipped in 0.3% (w/w) indolebutyric
acid (IBA) rooting powder (Hormex #3;
Brooker Chemical, North Hollywood, Calif.),
inserted into Jiffy-7 peat pellets (Jiffy Prod-
ucts, Shippagan, Canada), and placed under
intermittent mist in a glass greenhouse at 21 to
24 °C and ambient irradiance. Upon root emer-
gence, each terminal cutting was transplanted
into a 12.7-cm (1.24 L) azalea pot filled with
a soilless media (Strong-Lite Universal Mix,
Seneca, Ill.) on 20 June 2000. Transplanted
cuttings were placed in a randomized block
design with three blocks.

For each coleus genotype, blocks consisted
of three single-plant replications assigned one
of three extraction solutions: 75% EtOH, 0.1%
(v/v) detergent (Triton X; Sigma, St. Louis) in
deionized water, or deionized water (control).
The 54 plants were individually covered with
a vented isolation cage [62 cm high and 12 cm
diameter with 135-µm thrips screening
(Greenthumb Group, Downers Grove, Ill.)
covering vents] to prevent WFT infestations
prior to inoculation. On 11 July 2000, each
plant was inoculated with 32 laboratory-reared
WFT. The WFT used for inoculations con-
sisted of ≈67% adults and 33% instars. Thrips
were allowed to disperse on the plants for 48 h
after which plants were transferred to a labo-
ratory for insect extraction and data collection.

Each plant was sheared at soil level, cut
into 5-cm sections as the plant shoots were

depress WFT reproduction rates thereby in-
creasing the efficacy of other IPM manage-
ment components. Research in the area of host
plant resistance indicates that some chrysan-
themum (Dendranthema ×grandiflorum
Kitam), gladiolus (Gladiolus grandiflorus
Linn.), and impatiens (Impatiens wallerana
Hook. f.) cultivars may have improved levels
of resistance to thrips (Herrin and Warnock,
2002; van Dijken et al., 1995; Zeier and Wright,
1995). Currently, resistant cultivars are not
routinely used to manage WFT in commercial
production facilities.

The continued search for host plant resis-
tance to thrips will provide growers with an
economically feasible component for use in
IPM programs to limit thrips damage. To
identify cultivars with improved levels of in-
sect resistance, several components of a host
plant resistance development model are
needed: a method for mass rearing the insect
pest, reliable inoculation and evaluation meth-
ods, and availability of germplasm with ge-
netic variation in resistance levels. Rearing
(Steiner and Goodwin, 1998), inoculation
(Cloyd et al., 2001), and visual evaluation
(Herrin and Warnock, 2002) protocols for
WFT feeding assays exist. These protocols,
however, cannot determine if antibiosis mecha-
nisms impact plant resistance to WFT.

Determining the number of insects on plants
is necessary to identify if antibiosis mecha-
nisms contribute to improved plant resistance
to insect damage. Cho et al. (1995) immersed
tomato (Lycopersicon esculentum Mill.) flow-
ers in 70% EtOH, hand agitated, and counted
the number of thrips in each sample. They
determined that 10 flowers for each sampling
accurately measured the population level of
thrips in tomato. Shipp and Zariffa (1991)
used detergent to wash thrips from whole
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Table 1. Analysis of variance for the number of
western flower thrips (WFT) recovered from six
coleus genotypes using one of three extraction
solutions: 75% EtOH, 0.1% (v/v) detergent in
deionized water, or deionized water. Nine plants
of each coleus genotype inoculated with 32
thrips were coarsely chopped, immersed in a
solution, shaken, and sequentially filtered
through 2-, 707-, and 135-mm mesh screens.
Recovered thrips were then counted using a
stereomicroscope.

No. of thrips recovered
Source df Mean square P
Block (B) 2 32.02 *
Solution (S) 2 285.35 ***
Genotype (G) 5 2.64 NS

B × S 4 37.35 **
B × G 10 10.24 NS

S × G 10 6.31 NS

NS, *, **, ***Nonsignificant or significant at P ≤ 0.05,
0.01, or 0.001, respectively.

Fig. 1. Mean number of western flower thrips (WFT) in each of three blocks that were recovered from six
coleus genotypes using one of three extraction solutions. Coleus plants inoculated with 32 thrips were
coarsely chopped, immersed in a solution, shaken, and sequentially filtered through 2-, 707-, and 135-
mm mesh screens. Recovered WFT were then counted using a stereomicroscope. Vertical bars represent
the mean of 6 observations ± standard error.

being removed from the isolation cage, and
immediately immersed in 250 mL of an ex-
traction solution. WFT remaining in the isola-
tion cage were removed and immersed in the
solution. Tissues immersed in the extraction
solutions were then placed on an Innova 2100
platform shaker (New Brunswick Scientific,
Edison, N.J.) at 125 rpm for 5 min. After
agitation, WFT were separated from plant
tissues by sequentially filtering through three
mesh screens with pore sizes of 2 mm, 707 µm,
and 135 µm. Thrips and plant residue col-
lected on the 135-µm screens were sprayed
with 95% EtOH to immobilize any living
thrips. Thrips were then counted under magni-
fication with a grid and stereomicroscope
(Lecia GZ4, Buffalo, N.Y.). Data were ana-
lyzed using the general linear models proce-
dure of SAS software (SAS Institute, Cary,
N.C.). Means were separated using Fisher’s
protected least significant difference test at P
≤ 0.05.

Results and Discussion

The number of WFT recovered varied sig-
nificantly between block and extraction solu-
tion (Table 1). A significant two-way interac-
tion existed between block and extraction so-
lution (Table 1). Coleus genotype and associ-
ated interactions did not impact the number of
WFT recovered (Table 1).

The block × extraction solution interaction
for the number of WFT recovered is shown in
Fig. 1. The 75% EtOH and 0.1% detergent
solutions extracted a higher number of WFT
than the deionized water solution. The EtOH
and detergent solutions resulted in a mean of
6.7 and 8.4 WFT representing a recovery per-
centage of 20.9 and 27.8, respectively. The
deionized water solution had a recovery per-
centage of 2.5. WFT extracted with the deter-
gent solution or deionized water appeared
unharmed by the extraction process and re-
quired a misting with 95% EtOH before accu-
rate counts could be conducted. Thrips ex-
tracted with 75% EtOH were intact but rarely
alive after the extraction process. Thus, the
95% EtOH misting could be eliminated when

using the 75% EtOH solution in future experi-
ments. With the exception of block 3, the
number of WFT recovered in the 75% EtOH or
the 0.1% detergent solutions was similar (Fig.
1). A mean of 13.0 WFT was recovered in
block 3 using the 0.1% detergent solution
compared to means of 6.7 and 5.7 for blocks 1
and 2, respectively. The cause of this increased
recovery rate is unknown.

The number of WFT recovered with these
extraction methods was lower than expected.
Several factors may be associated with the low
number of recovered WFT. Spatial distribu-
tion of WFT within the isolation cages may
have impacted the efficacy of sampling. Ex-
traction occurred 48 h after inoculation with
various aged WFT. Given the greenhouse tem-
peratures during the experiment, many of the
instar WFT could have pupated while adult
WFT could have completed their lifecycle. In
both instances, WFT would have escaped re-
covery with the current extraction methods as
pupae are often in the soil and expired WFT
would have fallen from the plant canopy.

No extraction process will result in recov-
ery rates of 100% every time the process is
used. The three extraction methods used in this
experiment are no exception. WFT may es-
cape during plant dissection, tissue immer-
sion, or the filtering process. The current agi-
tation method was gentle due to solution vol-
ume and limitations of laboratory equipment.
Increasing the agitation rate or time may in-
crease WFT recovery rate. Though thoroughly
probed, some recovered WFT possibly were
hidden in plant debris on the 135-mm screen
and remained undetected.

The number of recovered WFT usually
was consistent within extraction solution (Fig.

1) but varied between the three solutions (Table
1). Researchers can obtain relative levels of
insects but not absolute numbers using any of
the three solutions. Similar numbers of WFT
were recovered from each coleus genotype
examined. Thus, these extraction methods are
general and applicable across plant types mak-
ing them valuable to most host plant resistance
breeding programs.

Conclusions

WFT can be extracted from coleus plant
tissues using a 75% EtOH or 0.1% detergent
solution and gentle agitation on a shaker plat-
form. Recovery of thrips for these solutions,
although <30%, surpassed the number of thrips
recovered with deionized water. The 75%
EtOH extraction solution effectively immobi-
lized WFT, eliminating the need for a
postextraction spray of 95% EtOH. Recovery
of WFT from the various coleus genotypes
was similar, suggesting that the extraction
solutions used in this experiment are general
and applicable across plant types. Future ex-
periments should employ a 75% EtOH extrac-
tion solution and at least a 5-min agitation at
125 rpm to remove WFT from plants.
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