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TOXICITY OF 1MIDACLOPRID TO SELECTED ARTHROPODS
IN THE CITRUS GREENHOUSE AND GROVE
R. C. Bullock and R. R. Pelosi
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Materials and Methods

Mealybug Test. An infestation of citrus mealybug,
Planococcus citri (Risso), on 3-month-old Sun Chu Sha seed
lings in the Research Center greenhouse were used to
Abstract. Imidacloprid (Bayer NTN-33893) was evaluated with evaluate the efficacy of several candidate insecticides for
other pesticides being screened against naturally occurring mealybug control. Infested plants were randomly grouped
into 8 sets of 8 seedlings each. Prior to treatment every
infestations of citrus mealybug, Planococcus citri (Risso), cit
rus red mite, Panonychus citri (McGregor), and citrus rust plant was examined, with the aid of a 3.5X head loupe, to
mite, Phyllocoptruta oleivora (Ashmead) in the greenhouse determine the number and stage of pests present. All
at IFAS AREC Fort Pierce, FL. It was also evaluated against plants were infested with a mixed juvenile and adult pop
adult citrus root weevil, Pachnaeus litus (Germar) and Diap- ulation that ranged from 2 to 131 individuals on a plant.
repes abbreviates (L) larvae in the greenhouse. Citrus black- Crawlers were absent. Egg masses were present on 61% of
fly, Aleurocanthus woglumi Ashby, green soft scale, Coccus the plants and were present on 1 to 7 plants in a treatment.
viridis (Green), D. abbreviates and citrus leafminer, Phyllocnistis citrella Stainton infestations were treated in the grove.
Drench rates for the 240 FS formulation were 0.41 and
0.82 ml in 100 ml tap water per pot in the greenhouse and
2.1 and 4.2 ml/inch of trunk diameter applied in 2-4 qts of
water to the soil and 4.2 ml of 240 FS or 10 and 20 ml 5%
RTU/inch of trunk diameter. Greenhouse rates were 10, 20,
and 30 ml of 5% RTU/inch of trunk diameter. All greenhouse
trunk treatments were phytotoxic.
Imidacloprid significantly reduced most pest populations
exposed to it in these experiments.

The 1993 Florida Citrus Spray Guide lists 9 miticides
plus oil for control of mites. Several different chemical
families are represented among these miticides. This per
mits rotation of chemical families in a spray program that
may require 2-3 spray applications per growing season,
minimizing the opportunity for pests to become resistant
from repeated exposure to the same chemistry.
The 7 scalicides recommended for use on citrus are all
organophosphates and their frequent use increases the po
tential for resistance development. Three carbamate and
3 natural products appear in the list of materials for con
trol of non-scale insects.
While foliar spraying is the most common method of

applications, soil treatment is the required or optional
method for 5 compounds. Soil treatments reduce the
threat to biocontrol programs and eliminate drift but then
may contribute to groundwater contamination.
Compounds that represent new chemistry and offer
alternative methods of application are welcome additions
to production agriculture. Imidacloprid, possessing both
these attributes, was received in 1991 at IFAS AREC Ft.
Pierce for evaluation versus citrus pests. Since that time, 9
tests have been conducted and results are reported here.
Where appropriate, efficacy data were subjected to analysis
of variance. When differences in treatments were signifi
cant, means were separated at the 5% level using Duncan's
Multiple Range Test.
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A 2-quart capacity compressed air sprayer was used to
apply aqueous solutions of the pesticides listed in Table 1
with applications equivalent at the 100 gallon rate. The
Lorsban treatment was applied to the group of plants with
the least number of egg masses since the compound had
not performed well in a prior test in which a large number
of egg masses were present on the plants. Seedlings were
color coded for identification, sprayed to run-off, permit
ted to air dry, and were returned to the greenhouse. The
seedlings were placed in assigned positions on a bench in
a randomized block design containing 8 replications of 8
treatments. The drench was prepared by mixing 4.16 ml
of Imidacloprid 240 FS in a liter of water. Then, 100 ml
of solution was poured onto the soil in each of 8 pots re
ceiving that treatment and pots were placed in their as
signed positions on the bench. Plants were examined, with
the aid of the head loupe, every week for a month after
treatment.

Mite Test. Forty-eight, greenhouse-grown, 4-month-old
rough lemon seedlings infested with citrus red mite,
Panonychus citri (McGregor), and citrus rust mite, Phyllocop
truta oleivora (Ashmead), were selected for the test. Plants
were growing in Adams citripots containing Terra-lite
Metro-mix 220 potting media. One day prior to treatment,
and weekly thereafter, plants were cursorily examined and
the most infested leaf selected to be used in that survey.
As new foliage developed, it was included in the examina
tion. In this manner, the 6 most severely infested leaves
per treatment were examined with the aid of a 10X handlens and all living mites counted and recorded.
Two test solutions, representing a low and high drench
rate, were prepared by mixing 4.16 and 8.32 ml of Imidac
loprid 240 FS in separate 1-liter quantities of water. Each
liter contained 1 gm and 2 gm AI of Imidacloprid, respec
tively. Then, 100 ml of solution was poured onto the soil
in each of 6 pots receiving the respective treatments. Six
pots were drenched with 100 ml of tap water and served
as control plants. All 18 pots then received a 100 ml 'chaser'
of tap water. A foliar dip was prepared by mixing 4.25 ml
of Imidacloprid 240 FS in 5 gallons of water. Six seedlings
were inverted and immersed in the solution for 10 sec and
laid on their sides to air dry. The 5% RT\J formulation
was applied to the trunks of three 6-tree groups at rates of
10, 20, and 30 ml/tree. A spray solution containing 1.1 ml
Proc. Fla. State Hort. Soc. 106:
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Table 1. Efficacy of several insecticides vs. citrus mealybug, Planococcus citri (Risso), on greenhouse citrus seedlings.
Mean number of mealybugs per plant

at weeks pre- and posttreatment:2

Amt. product
Treatments

Lorsban 4E
Supracide 2E
Orthene 72S
Imidan 50W
Sevin 80S

Imidacloprid 240FS foliar
Imidacloprid 240FS drench
Control

per 100 gals.

-1

+ 1

+2

+3

0.50 pt

65.4

0.1b

0.0b

0.50 pt

81.8

0.0b

82.8

0.0b
0.6b
0.0b

0.0b
0.0b
0.3b
0.3b

0.0b
0.0b
0.0b
0.0b
0.0b

0.3b
0.5b
65.1a

0.0b
0.0b
35.3a

0.1b
0.0b
25.6a

20.80
1.00
1.25
83.00
y

0.00

oz
lb
lb
ml

73.1
67.9
57.1
77.1
83.6

+4

0.0b
0.0b

0.0b
0.0b

0.0b
0.1b
0.0b
37.9a

zMean separation within columns by Duncan's Multiple Range Test, 5% level.

ySoil of potted seedling drenched with 100 ml of a solution prepared by mixing 4.16 ml of Imidacloprid 240FS (= 1 gm AI) in 1 liter of water. Each
seedling received 0.10 gm AI of compound.

of Vendex 4L per gallon of water, the equivalent ot 1.25
pt per 500 gallons, was applied as a foliar spray to 6 plants
and served as the standard.
Diaprepes Neonate Test. Thirty-two 4-month-old rough
lemon seedlings growing in Adams citripots containing
Terra-lite Metro-mix 220, were selected to evaluate Im
idacloprid drench and foliar dip for control of Diaprepes
abbreviatus neonates.
On 28 June, 15 neonate Diaprepes larvae were seeded
into soil of each pot. On 22 August, 8 wks later, 3 plants
were removed from their pots and the soil searched for
larvae. Five, 6, and 8 larvae were found in the 3 pots,
respectively, representing a 42% survival over the 8-wk
period. The seedlings were re-potted in the same soil and
the larvae replaced in the soil.
On 23 August, 2 test solutions were prepared for soil
drench applications to determine efficacy vs. the 8-wk-old
larvae. The 2 test solutions, representing a low and high
rate, were prepared by mixing 4.16 and 8.32 ml of NTN33893 240 FS in separate one-liter quantities of water.
Each liter contained 1 gm AI and 2 gm AI, respectively.
Then, 100 ml of solution was poured onto the soil in each
of 8 pots receiving the respective treatments. Eight pots
then received a 100 ml 'chaser' of tap water. An additional
treatment, a foliar dip, was prepared by mixing 4.25 ml of
NTN-33893 240 FS in 5 gals, of water. Eight seedlings
were inverted and immersed in the solution for 10 sec and
laid on their sides to air dry.
One month later, 20 September 1991, all plants were
sacrificed, potting media searched for immatures, the ap
pearance of canopy and root mass rated, and weight of
dried roots determined.
Citrus Root Weevil Foliar Toxicity Greenhouse Test. One
week after treatments had been applied to trees in the
greenhouse Diaprepes neonate test, one terminal on each
seedling with young flush was enclosed in a cylindrical
mesh cage into which 5 adult citrus root weevil (CRW)
adults, Pachnaeus litus (Germar), were introduced to be ex
posed to toxicants in or on the leaves. Cages were inspected
weekly to check mortality and dead adults tallied, removed,
and replaced with live adults for the next exposure period.
Diaprepes Foliar Toxicity Field Test. The efficacy of 2 rates
of Imidacloprid was compared to Orthene as foliar treat
ments vs. Diaprepes abbreviatus (L.) in a block of 3-year-old
'Hamlin' orange trees at the I FAS AREC grove in Ft.
Pierce, ¥L.
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Twenty twigs bearing tender, fully-expanded foliage
were selected and the 3 distal leaves isolated on the twig
by removing the 3 leaves behind them (the 4th, 5th, and
6th leaves). This facilitated treatment and cage attachment
for the test.
One-gallon aliquots equivalent to product rates/100 gal
lons listed in Table 6 were prepared and the 3-leaf termi
nals immersed for 10 sec in the solution and permitted to
air dry. Cylindrical screen mesh cages were fitted to each
terminal and 4 weevils places in each cage. All treatments
were replicated 5 times and 5 untreated terminals served
as controls. Cages were inspected periodically and dead
weevils tallied. Dead weevils were replaced with live speci
mens during the first 3 days, at the end of 1 week (the 7th
day), and at weekly intervals thereafter.
Citrus Blackfly (CBF) Experiment. Two adjacent rows of
trees in a 3-year-old 'Marsh' grapefruit block heavily in
fested with citrus blackfly, Aleurocanthus woglumi Ashby,
were selected in July 1992 to evaluate 2 rates of soil drench
and trunk treatment for pest suppression. Trunk treat
ments were applied to trees in the 9-tree row at the rate of
10 and 20 ml of 5% RTU (Ready To Use) formulation/inch
of trunk diameter measured 4 inches above the bud union
by syringing the measured quantity directly onto the full
circumference of the trunk from crotch to soil line. The 2
rates tested as drenches (2.1 and 4.2 ml Imidacloprid 240
FS/inch of trunk diameter) were applied in 2 quarts of
water around the base of each tree. In September, October,
and December, 10 terminal branches bearing recent flush
were randomly selected on each tree and examined for CBF
on 5 leaves counting inward from the growing tip (Nguyen
et al., 1983). Presence or absence of a colony on each of
the leaves, not the condition of the colony, provided the
data on efficacy. In October, 10 terminals bearing tender,
developing flush heavily infested with adult CBF, were tag
ged for examination in a subsequent survey. Untreated
trees had no available flush to tag for comparison.
Green Soft Scale (GSS) Experiment. A ll/2-acre block of
'Ray Ruby'/Sun Chu Sha grapefruit trees was used to
evaluate Imidacloprid soil drenches for control of canopy
pests. Trees were planted in May 1992 at 17.5 x 24-foot
spacing on double beds on land composed of Pineda and
Winder sands.
A randomized complete block design was used to create
50 blocks, within each of which the 3 treatments were ran
domly assigned to single trees. Within a week after plant43

ing, trunk diameters were measured at a point 4 inches
above the bud union with an electronic digital caliper. Av
erage tree trunk diameter in the planting was 0.26 inches
and this measurement was used to standardize the treat
ment quantities.
The rates per tree used were 2.1 and 4.2 ml of the 240
FS formulation per trunk diameter inch or 0.5 and 1.0 gm
Al/inch, respectively. Based on the mean diameter for all
trees, 0.26 inches, trees received 0.53 or 1.1 ml of 240 FS.
The material was delivered in a 1-quart volume of water
applied around the base of the tree.
Trees were examined for canopy pests in November
1992 and January 1993, 27 and 33 weeks after treatment,
respectively. During the latter survey, trees representing
12 replicates of each treatment were dug up and soil
searched for grubs of the citrus root weevil complex. The
unearthed trees were then replanted in the same holes.
Citrus Leafminer Test. A 7-year-old block of double-bed
ded 'Hamlin' orange trees on sour orange rootstock in
Becker B-12 Grove block 29 had been recently hatracked
and top-worked to grapefruit varieties. New growth was

severely attacked by the citrus leafminer, Phyllocnistis citrella
Stainton, and several beds were made available to evaluate
Imidacloprid as a soil drench and trunk application for
pest suppression.

Diameter of tree trunks was measured 4 inches above
the bud union to determine quantities of material to apply
to each tree based on rates recommended by the manufac
turer (see Table 9). Imidacloprid 240 FS was used for the
drench and was delivered to the soil at the base of the tree
in 1 gallon of water followed by an additional gallon of
water applied as a 'chaser'. Imidacloprid 5% RTU was
applied undiluted with a syringe onto the trunk bark while
circling the tree.

A randomized complete block design was used in which
single-tree plots were replicated 12 times. Prior to treat
ment, all trees were lightly pruned to remove infested flush
and stimulate growth of new flush suitable for infestation.

Drenches were applied to topworked 'Marsh' grapefruit
trees while 'Melogold' and 'Oro Blanco' grapefruit varieties
received trunk treatments.
Periodically after treatment application, one newly-de
veloped terminal (16-21 inches in length) was clipped from
each tree, pooled by treatment, tagged, bagged, and placed
in a cooler for transport to the lab. The leaves on each
harvested terminal were examined in the lab for presence
and number of mines, larvae, and pupae. Length of termi
nals was also recorded.

Results

Mealybug Test Within the first week after treatments
had been applied, all materials had provided excellent con
trol and, except for the Imidacloprid spray, continued to
maintain pest-free seedlings for the 4-week duration of the
test (Table 1). There were no survivors among neonates
capable of hatching from treated egg masses.
Mite Test. The trunk treatments were phytotoxic and
trees receiving those three treatments were removed from
the experiment. While red mite population pressure di
minished sharply through the first 28 days of the test, it
recovered to provide an excellent challenge to the drench,
foliar dip, and Vendex treatments (see Table 2). Only the
high rate drench treatment provided effective control of
red mites for the duration of the experiment, its perform
ance being significantly better than Vendex and other
treatments for the remaining 6 weeks of the test. The per
formance of the Imidacloprid low rate drench and foliar
dip was poor.
A moderate citrus rust mite population was sustained
throughout the test period (see Table 3). The high rate of
Imidacloprid drench required 14 days to influence the
mite population, was statistically equal to Vendex in per

formance through 42 days, and continued to be effective
for 4 weeks after Vexdex failed.

Table 2. Efficacy of Imidacloprid soil drench and foliar dip vs. citrus red mite, Panoychus citri (McGregor) infesting rough lemon seedlings in the
greenhouse-1991.

Amt./plant
AI

Treatment

Method

(gm)

Imidacloprid 240FS
Imidacloprid 240FS
Imidacloprid 240FS
Vendex 4L
Control

Drench

0.01
0.20
0.10

Drench
Foliar dip
Foliar spray
Drench

Product
(ml)

0.42
0.84

0.42

1. 1 ml per gal.

0

0

Mean red mites per leaf at days after treatment2
-1

+3

+7

+ 14

+21

+28

139.3
139.2
173.0
177.0
151.2

52.2ab
31.3b
90.8a
18.7b
40.3b

33.3a
24.3ab
32.2a
3.3b
25.2ab

5.3ab
1.5b
10.7a
2.2b
10.0a

4.7b
0.8b
16.5a
0.7b
8.0b

5.5ab
0.7b
9.0a
2.8b
3.3b

zMean separation within columns by Duncan's Multiple Range Test, 5% level.

Table 2. Continued. Efficacy of Imidacloprid soil drench and foliar dip vs. citrus red mite, Panoychus citri (McGregor) infesting rough lemon seedlings
in the greenhouse-1991.

Amt./plant
AI

Product

Mean red mites per leaf at days after treatment2

Treatment

Method

(gm)

(ml)

+35

+42

+49

+56

+63

+70

Imidacloprid 240FS
Imidacloprid 240FS
Imidacloprid 240FS
Vendex4L
Control

Drench
Drench
Foliar dip
Foliar spray
Drench

0.10
0.20
0.10

0.42
0.84

5.0ab
0.3b
10.0a
11.0a
11.0a

7.5ab
0.7b
15.7a
7.5ab
20.3a

14.3ab
0.6b
41.5a
21.0ab
34.6a

31.5ab

24.8ab
2.8b
64.5a
26.8ab
53.8ab

28.5ab
4.0b
28.0ab
61.0a
36.8ab

0.42

1.1 ml per gal.

0

0

2.2b

55.0a
49.0a
35.8ab

zMean separation within columns by Duncan's Multiple Range Test, 5% level.
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Table 3. Efficacy of Imidacloprid soil drench and foliar dip vs. citrus red mite, Phyllocoptruta oleivora (Ashmead), infesting rough lemon seedlings in
the greenhouse-1991.
Amt./plant
Treatment

Imidacloprid
Imidacloprid
Imidacloprid
Imidacloprid
Control

240FS
240FS
240FS
240FS

Mean red mites per leaf at days after treatment2

Product
(ml)

AI

Method

(gm)

Drench
Drench
Foliar dip
Foliar spray

0.10
0.20
0.10
1.1 ml per

Drench

0

0.42
0.84
0.42
gal.
0

-1

+3

+7

+ 14

+21

+28

22.7
24.2
19.7
25.7
14.3

19.8ab
24.2a
18.0ab
2.8b

63.8a
28.3bc
54.3ab

27.0ab
9.8b
36.0a
8.5b
47.8a

31.0b
8.5bc
56.5a
4.3c
66.8a

40.2ab
8.0bc
57.0a
2.7c
43.8a

27.8a

8.0c
53.2ab

zMean separation within columns by Duncan's Multiple Range Test, 5% level.

Table 3. Continued. Efficacy of Imidacloprid soil drench and foliar dip vs. citrus red mite, Phyllocoptruta oleivora (Ashmead), infesting rough lemon
seedlings in the greenhouse-1991.
Amt./plant

Mean red mites per leaf at days after treatment2

Product
(ml)

AI
Treatment

Method

(gm)

Imidacloprid 240FS
Imidacloprid 240FS
Imidacloprid 240FS
Vendex4L
Control

Drench
Drench
Foliar dip
Foliar spray
Drench

0.10
0.42
0.20
0.84
0.10
0.42
1. 1 ml per gal.
0
0

+35

26.0b
8.5b
55.2a
7.5b
33.5ab

+49

+42
19.5b
7.8b
77.5a
8.3b
55.3a

+56

44.0abc
6.0c
53.8ab
22.6bc
70.3a

54.6a
5.0b
81.5a
48.2a
53.5a

+63

59.5bc
10.5d
96.0a
46.0c
80.0ab

+70
33.8c
7.7b
79.2a
80.8a
52.6a

zMean separation within columns by Duncan's Multiple Range Test, 5% level.

Imidacloprid, as a drench, did not provide immediate
suppression of either citrus red mite or rust mite but, once
it became available to the pests, it equalled the standard
Vendex in performance and remained effective for 4
weeks after Vendex failed.
Diaprepes Neonate Test. One month's exposure to soil
drenches provided significantly better canopy and root
condition compared to the condition of foliar-dipped and
untreated trees (Table 4). Significantly fewer larvae were
found in drench treatments. Eight of the 9 larvae surviving
the high drench rate were small, off-color specimens and
3 of 11 survivors of the low drench rate were stunted and
off-color. All larvae in foliar dip and untreated pots were
robust and healthy, although only 20% of the original pop
ulation survived the 12-week test period. However, tree
condition suggests that an initial population of 15 neonates/
pot could damage a 4-month-old rough lemon seedling
sufficiently to render it a poor candidate for budding.
Weight of root mass was greater for drenched plants than
dipped and untreated plants, and low rate soil drench had
significantly greater root mass than the other treatments.

Citrus Root Weevil Foliar Toxicity Greenhouse Test. Drenches
were initially more toxic than a foliar dip to adult CRW in
the greenhouse although very little feeding occurred on
soil-drenched seedlings (Table 5). In contrast, feeding was
so heavy on foliar dipped and check plants that cages had
to be moved to new terminals twice during the 3-week test
period. The lack of feeding and frass in the drench treat
ment suggests that the material is an effective contact
poison. Drenches show promise against the foliage-feeding
adult weevils but treatment of foliage (dip) does not pro
duce the initial mortality obtained with recommended
sprays (Bullock et al. 1989).
Diaprepes Foliar Toxicity Field Test. Within one week, only
the standard Orthene acephate had produced 100% mor
tality (Table 6). While all adults exposed to Imidacloprid
appeared immobilized or 'stupefied' through 72 hrs, with
some mortality occurring, all survivors appeared to have
recovered to an activity level comparable to the control
animals at the end of the first week. The test was termi
nated after 21 days since neither rate of Imidacloprid was
providing acceptable levels of mortality.

Table 4. Efficacy of Imidacloprid soil drench and foliar dip vs. Diaprepes abbreviatus larvae in soil of potted rough lemon seedlings in a greenhouse1991.
Wt.
Amt./plant

root

AI

Product

No.

Treatment

Method

(gm)

(ml)

larvae2

Canopy

Roots

(gm)

Imidacloprid 240FS
Imidacloprid 240FS
Imidacloprid 240FS
Control

Drench
Drench
Foliar dip
Drench

0.10
0.20
0.10
0

0.42
0.84

lib
9b
24a
24a

2.0b
2.1b
4.3a
4.2a

1.6b
2.6b
5.3a
4.9a

2.7a
1.6b
1.0b
0.9b

0.42
0

Conditiony

mass

zMean separation within columns by Duncan's Multiple Range Test, 5% level.
yRating system: 1 = very good, 2 = good, 3 = fair, 4 = poor, 5 = very poor, 6 = wilted, poor-dead.
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Table 5. Efficacy of Imidacloprid soil drench and foliar dip vs. Pachnaeus litus adults caged on foliage of rough lemon seedlings in a greenhouse-1991.
Adjusted % mortality at indicated

Amt./plant

Al

Product

intervals after exposure 30 Augz

Treatment

Method

(gm)

(ml)

+ ld

+ 1W

+2W

+3Wy

ImidadoprJd 240FS

Drench

0.10

0.42

28b

81a

83a

62

scant feeding

Imidacloprid 240FS

Drench

0.20

0.84

43a

77a

94a

77

or frass
scant feeding

Imidacloprid 240FS

Foliar dip

0.10

0.42

0c

9b

5b

62

Remarks

or frass
heavy feeding
and frass

zMean separation within columns by Duncan's Multiple Range Test, 5% level.
yd = day, W = week. Cadavers removed and replaced with live adults at +1W and +2W. Treatments applied 23 August. Adults caged on foliage
30 August.

Table 6. Efficacy of Imidacloprid 240 FS foliar dip vs. Diaprepes abbreviatus
adults caged on foliage of'Hamlin' orange trees in the field-1990.
Amt.

product

Percent mortality at indicated

per

intervals after exposure 11 Oct

100 Gals.

Treatment

+ ld

+1W

+2W

Imidacloprid 240 FS

42 ml

0b

20b

0b

15b

Imidacloprid 240 FS

84 ml

10b

20b

20b

10b

Orthene72S

20.8 oz

75a

100a

78a

56a

0b

0b

5b

5b

Control

0

zMean separation within columns by Duncan's Multiple Range Test, 5%
level.

yd= day, W = week. Cadavers removed and replaced with live adults at
-hid, +1W, and +3W. Treatments applied 11 October.

Citrus Blackfly (CBF) Experiment. The young flush present
at the time of treatment application in July was examined
in September, 8 weeks posttreatment, and found practi
cally free of any stage of CBF (Table 7). The September
flush as well as new flush was examined in October and
found practically free of colonies. The October flush was
tagged and, on examination in December, was found to be
infested exclusively with colonies of first instar nymphs.
However, in contrast, foliage of untreated trees was covered
with colonies of second and third stage nymphs.
Both application methods and rates provided statisti
cally significant suppression of CBF attempts to infest 2
successive flushes on 3-year-old grapefruit trees compared
to natural colonization occurring on foliage of untreated

Table 7. Efficacy of Imidacloprid soil drench and trunk treatment vs.

trees. Although adult visitation and oviposition may occur
on tender, expanding foliage, subsequent surveys revealed
that colonization failed. The absence of sooty mold on any
treated tree provided a stark visual contrast with the sever
ity of sooty mold coating on untreated trees.
Green Soft Scale (GSS) Experiment. While a variety of
canopy pests were present in low numbers across the block
(i.e. wax scale, cottony cushion scale), only green soft scale,
Coccus viridis (Green), Caribbean black scale, Saissetia neglecta (DeLotta), and lesser snow scale, Pinnaspis strachani
(Cooley), occurred in sufficient numbers to provide signif
icant differences among treatments. These are recorded
in Table 8 and indicate that these pest populations were
significantly lower where Imidacloprid had been applied
compared to populations on untreated trees. Presence of
sooty mold enabled surveyors to easily identify trees in
fested by green soft scale and Caribbean black scale. The
drench rates used in the field appeared to have little effect
on development of weevil larvae.
Citrus Leafminer Test. The average length of terminals
harvested over the 10 week period was 20.9 inches with
each terminal bearing an average of 20.6 leaves. Leaves
ranged from 1.5 to 5 inches in length. The only deviation
from these measurements was the sprouts collected from
emerging second posttreatment flush in the drench test at
10 weeks. This new growth averaged 3.5 inches in length
and bore a tight cluster of leaf buds plus an average of
12.2 leaves, none of which exceeded 1.5 inches in length.
This foliage had already sustained attack and active mines
were detected in the half-inch-long leaves of this flush.
Through 10 weeks, the treatments had significantly
suppressed the development of mines on the full comple
ment of leaves born on each terminal (Table 9).

citrus blackfly, A. woglumi Ashby, on 'Marsh' grapefruit in the field-

Discussion

1992.
Percent leaves

colonized at weeks

Treatment

Imidacloprid
Imidacloprid
Control
Imidacloprid
Imidacloprid
Control

240 FS
240 FS

5% RTU
5% RTU

Amt. product

after treatment

per inch

1 Iulyz

Method

trunk diam.

Drench

2.1ml
4.2 ml

Drench
Trunk

Trunk

10 ml
20 ml

+8

+ 12

+24

3b

lb
0b

96

lb
90a
3b
3b

92a
0b
lb

99
100
98
100

zMean separation within columns by Duncan's Multiple Range Test,

level.
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Systemic insecticides are preferred for control of
aphids on citrus. As foliar sprays, they provide protection
of developing flush from feather stage through full leaf
expansion and hardening. As trunk treatment, an addi
tional 2 weeks of protection can be obtained (Bullock,
1971). While many pests will become established on mature
foliage and are controlled by non-systemic insecticides,

multiple sprays of these contact insecticides would be re
quired on developing new growth because susceptible
flushes are produced intermittently over a prolonged in
terval. The sequential production of leaves on each flush
creates a condition where the oldest leaves on a flush are
generally not attractive when younger susceptible leaves
Proc. Fla. State Hort. Soc. 106:

1993.

Table 8. Efficacy of Imidacloprid soil drench treatment vs. several scale pests infesting 'Ray Ruby' grapefruit trees in the field-1992.
% trees infested with green soft scale, black scale,
lesser snow scale, and CRW larvae at weeks after treatment 27 Mayy
+23

Amt. per

treez
Y

B
W

0.53 ml
1.10ml

Imidacloprid 240 FS
Imidacloprid 240 FS
Control

0

GSS

4b

2b
65a

+33

BS

GSS

BS

Ob
Ob

4b
4b
52a

29a

46a

13a

LSS

CRW

6b

18b

33a

12b

6b

17b
17b

ZY = 0.125 gm AI per tree delivered in 1 qt. water. B = 0.250 gm AI per tree delivered in 1 qt. water.
yMean separation within columns by Duncan's Multiple Range Test, 5% level.
Note: GSS = green soft scale; BS = black scale; LSS = lesser snow scale; CRW = citrus root weevil complex.

Table 9. Efficacy of Imidacloprid soil drench and trunk treatment vs. citrus leafminer, Phyllocnistis citrella Stainton, on grapefruit trees in the
field-1993.

Mean number mines per terminal

Amt. product

at wks after treatment 21 Iulyz

per inch
Treatment

Method

trunk diam.

Imidacloprid 5% RTU
Imidacloprid 5% RTU
Control
Imidacloprid 240 FS
Imidacloprid 240 FS
Control

Drench

2.1ml
4.2 ml
0
2.5 ml
5.0 ml

Drench
Drench

Trunk paint
Trunk paint
Trunk paint

0

+8

+ 10

5.5b

14.2b

3.5b
44.0a

2.5c
28.6a

7.2b
4.3b
19.3a
6.3b
0.7b
96.0a

+4

+6

4.6b

2.6b
18.1a
2.3b
0.2b
23.8a

zMean separation within columns by Duncan's Multiple Range Test, 5% level.

are still being produced on the same flush. Effective chem
ical control may be more easily achieved with a persistent
systemic which effect extends through the complete cycle
of flush development to maturity.
While Imidacloprid may be more efficacious as a foliar
spray against pests other than adult root weevils, it may
influence beneficial insects in the grove. Mizell & Sconyers
(1993) found that surface residues showed little toxicity to
3 species of predatory mites but were toxic to most of the
insect predators tested. The delivery of Imidacloprid to
the trunk or roots may reduce interference with beneficial
arthropod activity.

Imidacloprid exhibits some degree of activity against
all ten arthropods evaluated in these experiments. South
African results indicate that Imidacloprid is effective as
stem and soil treatments for control of California red scale,

psyllids, aphids, and citrus thrips (T. G. Grout, Outspan
International, unpublished data). These additions expand

the list of pests susceptible to this experimental compound.
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Abstract. Field experiments were conducted to test efficacy of
insecticides for control of citrus leaf miner (CLM), Phyllocnistis
citrella on limes, Citrus aurantifolia. The performance of Agrimek + oil, NTN 33893, Fenoxycarb, Stalker and RH2485
provided satisfactory control of the leaf miner. Most of the
chemicals used in these experiments reduced the number of
larvae per leaf 1 week after spray, but their efficacy was
reduced 14 days after spray. The number of mines per leaf
provided a better evaluation assessment of CLM infestation
than number of dead larvae or number of pupae per leaf.

tration implied herein.
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