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SumMmARy. In this study, we surveyed the initial whitefly (Aleyrodidae) populations
on rooted poinsettia (Euphorbia pulcherrima) cuttings at two commercial green-
house facilities in both 2017 and 2018 to determine the initial whitefly population
at the beginning of poinsettia production and surveyed finished poinsettias at
multiple retailers in Tyler, TX, over 2 years to determine whitefly densities con-
sidered acceptable by retailers. The initial whitefly population (mean = sE) for all
poinsettias was 0.02 = 0.02 (2017) and 0.33 = 0.13 (2018) nymphs per plant for
grower facility A and 0.05 + 0.05 (2017) and 0.02 = 0.01 (2018) nymphs per plant
for grower facility B. Of the total 2417 rooted poinsettia cuttings inspected at both
locations over 2 years, 29 cuttings had whitefly nymphs (1.2%), 18 had pupae
(0.7%), and 23 had exuviae (1.0%). On finished poinsettias sampled at retailers, 4.38
to 40.38 immatures (nymphs + pupae) per plant were found within 60 seconds for
any given retailer over the 2 years. We found poinsettias with as many as 220 im-
matures and 32 adults on a single plant at retailers. This study is the first to quantify
densities of whiteflies at retail stores over multiple years.

est management decisions in an

integrated pest management

strategy rely on pest thresholds;
however, thresholds have been poorly
defined and investigated in green-
house ornamental production, often
resulting in prophylactic use of in-
secticides. For example, management
of whiteflies (Aleyrodidae) on poinset-
tia (Euphorbin pulcherrima) histori-
cally has relied on regular applications
of insecticides (Palumbo et al., 2001;
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Sharaf, 1986; Stevens et al., 2000),
with some growers applying insecti-
cides every 3 to 5 d (Hoddle and Van
Driesche, 1996). However, relying on
regularinsecticide applications asa pest
management strategy may be short-
sighted because of the risk of insecti-
cide resistance (Palumbo et al., 2001;
Schuster et al., 2010; van Lenteren,
2012), increasingly tighter federal and
state pesticide regulations (U.S. Envi-
ronmental Protection Agency, 2017),
and increasing pressure from retailers
against the use of specific insecti-
cide classes by commercial growers
(Friends of the Earth, 2017). Aug-
mentative biological control (i.e., the
regular release of natural enemies to
reduce the target pest population to
acceptable levels) is a promising strat-
egy that has been increasingly adop-
ted in many areas of the world,
including parts of Europe, Asia, and
Latin America (Barratt et al., 2018).
However, information related to
starting pest densities at the grower
and acceptable pest densities by the
retailer needed for development of an

augmentative biological control strat-
egy in ornamental production in the
United States is lacking.

Successful management of white-
flies in an augmentative biological
control program for poinsettias re-
quires favorable conditions: lack of
insecticide residue, few or limited pest
species, and low starting whitefly den-
sities (Van Driesche et al., 1999).
Suppression of whiteflies has been
considered unsuccessful using parasitic
wasps, such as Eretmocerus evemicus,
when initial whitefly densities were
greater than 1.0 whiteflies (all life
stages) per poinsettia cutting (Van
Driesche et al, 1999). Propaga-
tive plant materials have been sug-
gested as a major source of whitefly
populations in poinsettia production
(Buitenhuis et al., 2016); however,
there is limited published data to sup-
port this assertion. Dipping cuttings, or
“immersion,” in a pesticide mixture has
been suggested as a method to start
“clean” as a prerequisite for a successful
biological control program (Brown-
bridge et al., 2014; Buitenhuis et al.,
2016; Krauter et al., 2017). More sur-
veys of poinsettia cuttings from propa-
gators will aid in determining whether
the cost of preemptive insecticide treat-
ments of poinsettia propagative mate-
rials is justified.

Poinsettias at retailers are not
likely completely free of pests, but
the acceptable density of whiteflies at
retailers has not been determined.
The economic threshold on orna-
mentals has been generally defined
as “low” (Stevens et al., 2000) or
“essentially zero” (Bethke and Cloyd,
2009), because any pest injury is
considered unacceptable. Documented
final densities for whiteflies on poin-
settias has been limited to retailers
in Massachusetts (Hoddle and Van
Driesche, 1996; Van Driesche et al.,
1999). Implementation of augmen-
tative biological control in poinsettia
production requires a better under-
standing of current accepted whitefly
densities at the retailers. In this study,
we determine the starting infestation
levels of whiteflies on rooted poinsettia
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cuttings at grower facilities and de-
termine whitefly densities on finished
poinsettias at the retailer.

Materials and methods

WHITEFLIES DENSITY ON
CUTTINGS. To determine whether
the initial population of whiteflies
was low enough for biological control
(1.0 or fewer live nymphs and pupae
per cutting) (Van Driesche et al.,
1999), we determined whiteflies den-
sities at two grower locations in 2017
and 2018 within 50 miles of the Texas
A&M Agrilife Research and Exten-
sion Center in Overton, TX. Two
hundred newly rooted poinsettia cut-
tings (4-6 weeks postarrival from
various propagators) were selected
randomly for inspection during each
visit at each grower for 3 consecutive
weeks during the months of July and
August. For each poinsettia cutting
inspected, whitefly nymphs, pupae, and
exuviae were counted using a x2.5
magnification head lens. In total, at
least 2400 cuttings were inspected over
the 2 years. Cuttings were sourced
from propagators in Central America
and South America, which also supply
cuttings to other parts of the United
States and Canada. Cultivar names of
cach cutting were also recorded to
determine any potential cultivar differ-
ences in initial whitefly densities. The
two grower facilities are labeled A and
B to maintain anonymity.

WHITEFLY DENSITY AT RETAILERS.
Whitefly numbers on poinsettia plants
sampled at retail stores were defined as
commercially acceptable pest densities.
We assumed that poinsettias on retailer
shelves were considered acceptable by
the retailer for sale, whereas unacceptable
poinsettias would have been returned to
the supplier or culled. Acceptable retailer
whitefly densities were determined by
scouting poinsettia crops at 10 different
retailers in 2016 (8 Dec.) and seven

retailers in 2018 (13-14 Dec.) in Tyler,
TX. Number of immatures (nymphs +
pupae), exuviae, and whitefly adults were
counted for 60 s/plant, between 10 to
30 plants per retailer, depending on
availability. The source of the poinsettia
(2018 only), pot size, price, bract color,
and aesthetic rating were also recorded
to tabulate any potential trends with
whitefly density. Aesthetic rating was
recorded by looking at the whole plant
from a scale of 0 (whiteflies easily seen,
occurrence of honeydew, development
of sooty mold, plant stretched, canopy
thinning, and yellowing leaves) to 10
(unable to detect whiteflies, no honey-
dew, no sooty mold present, compact
plant, no thinning or yellowing leaves).
We considered a rating of 7 or less to be
a threshold below which marketability is
greatly reduced. To maintain anonymity
of the sources of infested poinsettias and
to determine potential differences in
acceptable whitefly densities based on
clientele, retailers were categorized un-
der one of four groups: big-box stores
(physically large, multinational estab-
lishments), independent garden cen-
ters, grocery store florists, and
independent florists. Because of pricing
and specialization, we anticipated the
independent florists and garden centers
to have lower whitefly populations than
the big-box and grocery stores.
Growers that supplied the poinsettias
to retailers were anonymized with a sin-
gle capital letter; it should be noted that
growers A and B at the retailer are the
same as faciliies A and B from our
whitefly infestation on cuttings data.
STATISTICAL ANALYSES AND
INTERPRETATION OF RESULTS. All sta-
tistical analyses were performed in R
(version 3.5.3; R Foundation for Sta-
tistical Computing, Vienna, Austria)
using RStudio (version 1.2.5001;
RStudio, Boston, MA). The num-
bers of nymphs and pupae on rooted
cuttings (all cultivars and sampling

periods within year combined) were
compared between years within each
grower facility using the Wilcoxon
signed-rank test to determine whether
data from multiple years could be
pooled. The number of whitefly imma-
tures and adults found on poinsettias at
the retailers was compared between
different growers using a Wilcoxon rank
sum test pairwise comparison with
Benjamini-Hochberg correction
(Benjamini and Hochberg, 1995);
we expected to find differences in
final whitefly densities among
growers. Graphical representations of
results were generated using ggplot2
(Wickham, 2016).

Results and discussion

WHITEFLY DENSITY ON CUTTINGS.
The number of nymphs counted on
rooted poinsettia cuttings was signifi-
cantly different between 2017 and
2018 at grower facility A (P < 0.001;
Table 1); however, the number of
nymphs (facility B), pupae (facility
A), and exuviae (facilitiecs A and B)
on rooted cuttings was not signifi-
cantly different between 2017 and
2018 on infested poinsettia cuttings
(P=0.320,0.573, 0.055, and 0.084,
respectively). No pupae were found on
any of the rooted cuttings at facility B
for 2017 or 2018. Mean nymph num-
bers (+ SE) per cutting for all poinset-
tias (regardless of whether they
showed signs of whitefly infestation)
in 2017 was 0.02 + 0.02 (facility A)
and 0.05 + 0.05 (facility B) nymphs
per cutting, and in 2018 was 0.33 +
0.13 (facility A) and 0.02 + 0.01
(facility B) nymphs per cutting.

Of the total 2417 rooted poin-
settia cuttings inspected at both loca-
tions over 2 years, 29 had at least one
whitefly nymph (1.2%), 18 had at
least one pupa (0.7%), and 23 had at
least one exuvia (1.0%). Of the 19 rooted
cutting cultivars observed, only nine had

Table 1. Total poinsettia cuttings inspected and infested, and mean nymphs, pupae, and whitefly exuviae on infested
poinsettia cuttings from two growers (A and B) over 2 years (2017 and 2018); at least 200 cuttings were inspected per visit

using a x2.5 magnification head lens.

Plants inspected

Plants

Whiteflies on infested plants [mean + SE (no.)]*

Yr Grower (no./row) infested (no.) Nymphs Pupae Exuviae

2017 A 610 9 122 1Y 1+041 044 + 0.34
B 600 1 28 0 0

2018 A 605 25 8.04 + 2.65Y 1.2 £+ 0.44 1.52 + 0.63
B 602 6 1.67 +0.92 0+0 0.5+0.22

“Mean calculation only includes plants with at least one nymph or pupa.
YSignificantly different between years within the same grower facility for specific whitefly life stage by pairwise comparisons using the Wilcoxon rank sum test (P < 0.05).
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Table 2. Total poinsettia cuttings inspected and infested, and mean nymphs, pupae, and whitefly exuviae on infested
poinsettia cuttings by poinsettia cultivar. Data pooled from two facilities (A and B) over 2 years (2017 and 2018); at least 200
cuttings were inspected per visit using a X2.5 magnification head lens.

Plants inspected Plants Whiteflies on infested plants [mean + sE (no.)]*
Cultivar (no./row) infested (no.) Nymphs Pupae Exuviae
Astro Red 35 0 — — —
Christmas Beauty Cinnamon 14 0 — — —
Christmas Beauty North Pole 16 0 — — —
Christmas Beauty Princess 21 0 — — —
Christmas Beauty Red 412 3 11.33 + 8.41 00 0+0
Christmas Cheer 39 0 — — —
Classic Pink 37 1 25 6 2
Classic Red 1,047 23 478 +1.79 0.7+0.3 0.22 £0.14
Classic White 111 0 — —
Enduring Marble 43 1 0 0 1
Ice Crystal 101 2 00 0+0 1+0
Maren 25 0 — — —
Premium Lipstick Pink 59 1 2 4 0
Premium Picasso 35 1 13 0 8
Premium Polar 19 0 — —
Prestige Red 280 2 0 0.5+0.5 05+0.5
Snowflake Red 54 0 — — —
Whitestar 50 6 10.83 + 8.75 1.17 £ 0.98 35+2.08
Wintersun White 16 0 — — —

“Mean calculation only includes plants with at least one nymph or pupa.

any signs of infestations: ‘Christmas
Beauty Red” (NPCW10158), “Clas-
sic Pink’, ‘Classic Red’, ‘Enduring
Marble” (PER10603), ‘Ice Crystal’,
‘Premium Lipstick Pink’, ‘Premium
Picasso’, ‘Prestige Red’, and ‘White-
star’ (Table 2). The highest number
of nymphs counted on a rooted cut-
ting overall was 54 nymphs on culti-
var Whitestar from facility A in 2018.
Caution should be used in drawing
conclusions about cultivar suscepti-
bility to whiteflies from these data
because several factors, such as prop-
agator conditions, sample size, or local
sources of infestation, could result in
differences in whitefly densities. Differ-
ences in cultivar susceptibility should be
tested through controlled studies.
Sufficient suppression of white-
flies on poinsettias can be achieved in
an augmentative biological control
program when starting populations
are as high as 1.0 whiteflies (of all
stages) per poinsettia cutting (Van
Driesche et al., 1999), which is 50-
fold higher than the average number
of whiteflies (all stages combined) we
found on rooted cuttings for the
location and year with the highest
population (facility A in 2018) of
our sampled data. It should be noted
that the source of our observed whitefly
densities were likely from a combination
of the propagators and from local
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natural populations, because we inspected
cuttings that had been rooted at the local
facility for 4 to 6 weeks before inspection.
Despite the potential local source of
whitefly populations and variation in initial
whitefly numbers, our whitefly infestation
count data from two different grower
locations over 2 years suggest infestation
levels on cuttings received from propaga-
tors are well within the acceptable range
for initiating an augmentative biological
control program.

While attempting to meet market
demand, when given an opportunity,
growers might choose cultivars that
may start with a lower infestation of
whiteflies. Our study is not a con-
trolled cultivar choice test by white-
flies, and validation of cultivar differences
requires additional data. In choice
tests, whiteflies demonstrated prefer-
ence and better performance (i.e.,
greater population growth) on light-
green-leaf poinsettias compared with
dark-green-leaf poinsettias (Medina-
Ortega, 2011). Our survey found
‘Whitestar’ cuttings tended to have
the highest proportion of plants
infested and among the highest mean
nymphs, pupae, and exuviae com-
pared with all other cultivars, fol-
lowed by ‘Classic Pink’; ‘Premium
Picasso’, ‘Classic Red’, and ‘Premium
Lipstick Pink’. On the other hand,
cultivars Classic White and Ice Crystal

had practically no signs of whitefly
infestations despite more than 100
rooted poinsettias being inspected
for each. It should be noted, however,
that whitefly populations aggregate
both within and between plants (Liu
etal., 1993), and differences in initial
infestation between cultivars may
have been the result of the relatively
small sample size. In addition, other
factors such as propagator facility and
location may be explanatory variables
for the observed initial infestation
levels.

WHITEELY DENSITY AT RETAILERS.
We counted an average of 4.38 to
40.38 immature whiteflies per plant
for all retailers in 2017 and 2018
combined (Table 3). We found up
to 220 immatures on a single plant in
2018 ata grocery store florist. We also
found up to 32 adults on a single
plant in 2018 at an independent
garden center. The independent flo-
rist and garden center did not appear
to have fewer whitefly immatures or
adults compared with the grocery
store florists and big-box stores over
both years, despite consistently higher
marketability rating and price (Table
3); however, statistical inference was
avoided because of the great differences
in replicates (stores) and subsamples
(plants within stores). All retailer types
had a wide distribution of immature

Horllochnology + August 2020 30(4)

/0 y7/PuU-ou-Aq/sasua9l|/610 suowwodaAeaId//:sdny (/0 /Pu-ou-Agq/sasual|/Bi0° suowwodaAleald//:sdiy) asual|
AN-DN-AgG DD 8y} Jepun pajnguisip ajoie ssaooe uado ue si siy] "ssao0y uadQ eIA £0-60-GZ0Z 1e /woo Alojoeqnd pold-awiid-yJewlayem-jpd-awiid//:sdny wouy papeojumoq



ot
.8 5~
£ |23
2 9 vy mwooan ~
g S| oo~ aan
* o= — —
o wo
[=¥ E =)
[=) =
8 =~
3 A~
g
el i
=)
& 2
~ N
.§ 8«3\0;—4’—4<Hr—4’—<
- S
o 2
=) ¥
g
g =2
S 3
g |27
s |58
= c'.a e~
= g ~~—~cocoo
& £E223TTTT
- G| 16 H N0 I\ ®©
= ﬁq\./v\./vv\./v
o HglonNnowowo oo
3] ,z;a — —
T |5}
§ |88
3 5}
E <
< —
—~~
E A RISV IIC NI
-= R e A ]
= LY cococ NS oo
X gt H H H H HOHH
s § 9 —oxwow
ke So|hrea N o
] E| wwNn o <+
8 —
[}
£ |5
g |8
s PElcotoo ~0w
s 8B~ amm®n
8 8“'3 coocococoo
g &
g A~
3=
N EF
o
9 ‘;E — N O K~ o~
3 Q| QY D X
& Y coococococo
7] o
< Rl
Q ;‘-—l
&
[
1S =
. >
§ ' glna o~ ®
T ElsEeanma—~9
EdlEgoccsos =~
Q:E‘” HoH HOHOHOHH
o <+|le\007—4007—4
) SloxrHt oAl g
- 3 SN ~a
s © E
.2“’ —
= (9]
2E
—
.-
= " ~
BO|l»w8lomnin ~—~ KN
cE[EEmvx O amg
EE[Eal~wwwo~
'gu ® P H H OHOHOHOHH
- Moo oo oo
=R ElmR g0
gs =S|+t~ wwmo
off| B 0 o®F
o el
3-0
g E 235 Z3
(<] i ]
& S £ S £
= 2 = Y = 3
s® Hzec_zEc
PR= Hleag8=228%
= & me SSme 5
. T =3
6 2 ROUEARUOU
L o) )
e =
(]
H e Ml N

Horllochnology + August 2020 30(4)

10

10 (10-10)

1.00 0.80 83.5+12.27

6+2.33

73 +22.08

Florist
“Aesthetic rating was recorded by looking at the whole plant on a scale of 0 (whiteflies easily seen, occurrence of honeydew, development of sooty mold, plant stretched, canopy thinning, and yellowing leaves) to 10 (unable to detect whiteflies, no

honeydew, no sooty mold present, compact plant, no thinning or yellowing leaves). Marketability of the plant was considered greatly reduced when the aesthetic rating was 7 or less. The median, minimum (min), and maximum (max) aesthetic

ratings for all poinsettias within a retailer type is summarized. Finished poinsettias were inspected for whiteflies for 60 s/plant, with several plants (10-30) inspected per retailer over the 2 separate years (2016 and 2018).

2001 -

e
e

1501

1001

Immature whiteflies (no./plant)

501

B\g--l box

Grocery florist

Garden center Florist

Retailer type

Fig. 1. Immature whiteflies counted per finished color poinsettia by retailer group.
Finished poinsettias were inspected for 60 s/plant, with several plants inspected per
retailer over 2 separate years (2016 and 2018). Retailers were categorized into one of
four types based on expected differences in retailer thresholds: big-box (seven stores),
grocery (seven stores), garden store (two stores), and florist (two stores).

whitefly infestation levels (Fig. 1), mak-
ing it hard to identify an acceptable
threshold for whitefly densities. Most
poinsettias inspected were in 6- to 6.5-
inch pots (big-box, 169; grocery store
florist, 130; independent garden cen-
ter, 51; independent florist, 15); how-
ever, some pots were 8 inches or larger
(big-box, 17; independent florist, 5)
and some were 4 inches (grocery store
florist, 20). Even when poinsettias had
up to 220 immatures (2018, grocery
store florist), the store manager expressed
that their poinsettias were considered
relatively clean and whitefly free com-
pared with the previous year, and was
surprised to learn of whitefly populations
on their poinsettias.

Significant differences among poin-
settia growers for immature and adult
whitefly populations were observed
at retail stores (Table 4); however,
only one (grower H from Canada)
had no poinsettias infested with im-
matures or adult whiteflies. Exclud-
ing grower H, the percentage of
poinsettias infested with immature
whiteflies from different growers
varied from 35% to 100%. We in-
cluded the store unique identifier in
Table 4, because it is possible that
poinsettias from one grower may
become a whitefly source for another
grower’s poinsettias at the retailer,
rather than whiteflies coming from

the grower. There was no clear pattern
between level of infestation with imma-
ture whiteflies and poinsettia source loca-
tion; poinsettias from Texas, California,
Canada, and an unknown source location
all had some poinsettias with more than
50 immatures per plant (Fig. 2).
Thresholds for poinsettias have
included virtually “zero” tolerance or
undetectable populations, but neither
have been defined based on accept-
able whitefly populations at the re-
tailers. Hoddle and Van Driesche
(1996) found an average of 0.01 to
0.02 whitefly nymphs per leaf by
inspecting six leaves from a total of
30 plants. In a similar study, Van
Driesche et al. (1999) found an average
between 0.55 to 0.98 nymphs per leaf
on finished poinsettias. Both studies
were conducted in Massachusetts, with
information about the grower or original
source lacking, and similar studies have
not been conducted since. Our survey of
different retailers supports that “zero” or
“undetectable” populations may not ac-
curately describe marketplace whitefly
thresholds on potted poinsettias, and
there is a need to establish realistic and
quantifiable thresholds for these and
other ornamental plants. This study
marks the first publication to our
knowledge that provides a multiyear
and multilocation survey of whiteflies
on rooted poinsettias, and the first to
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Table 4. Mean immature and adult whiteflies, and total proportion of finished color poinsettias infested with immature and

adult whiteflies.*

Immatures Adults Total

[mean + sE [mean + SE Proportion Proportion plants
Grower? Store* Source (no.)] (no.)] immatures adults (no.)
A 4 Texas 40.38 + 10.8 ab™ 91+1.7a 0.81 0.95 21
B 2,10,11 Texas 2394 +35a 147 +04b 0.69 0.39 62
C 7,8 Texas 2.8+0.8¢ 0.11+0.1cd 0.35 0.11 46
D 1 Texas 4515+115b 355+14ef 1.00 0.65 20
E 6 Texas 8.6 4.4 ac 0.8 + 0.6 bce 0.40 0.30 10
F 6 Texas 73+22.1b 6+23af 1.00 0.80 10
G 1,2 Canada 20.84+4.0a 1.32 + 0.3 be 0.84 0.48 31
H 3 Canada 0+0d 0+0d 0.00 0.00 20
I 12,13 California 30.65 + 6.0 ab 1.39 + 0.4 be 0.76 0.39 46
J 9 NA 587+30c¢ 0.53 £ 0.3 be 0.47 0.27 15
Pvalue <0.001 <0.001

“Poinsettias were inspected for whiteflies for 60 s/plant at several retailers in Tyler, TX, over 2 years (2016 and 2018) and were split-based on original poinsettia grower. The
geographic location (Source) and store unique identifier (Store) where each specific grower sold its poinsettias are shown.

YGrowers A and B are the same as in Table 1.

*Rows with matching store numbers could be found within the same store.
“Any two means within a column not followed by the same letter are significantly different by pairwise comparison using the Wilcoxon rank sum test (P < 0.05).

NA = source of poinsettias not available.

Texas | | Canada I |Caliiornia I | NA I
-
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Grower

Fig. 2. Number of immature whiteflies on finished color poinsettia. Poinsettias
were inspected for whiteflies for 60 s/plant. Several plants were inspected at
different retailers in Tyler, TX, over 2 years (2016 and 2018) and were split-based
on original grower. The identity of the poinsettia grower was not recorded in
2016, and all poinsettias were subsequently lumped under “not available” (NA).

consider poinsettia source, retailer type,
and multiple years within a single study
for whitefly thresholds on poinsettias.
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