“This article is the copyright property of the Entomological Society of America and may not be used for any
commercial or other private purpose without specific written permission of the Entomological Society of America.’

COMMODITY TREATMENT

Pest Management Before Harvest and Insecticidal Dip After
Harvest as a Systems Approach to Quarantine Security
for Red Ginger

TRENT Y. HATA, ARNOLD H. HARA, ERIC B. JANG,! LEI §. IMAINO;?
BENJAMIN K. S. HU, axp VICTORIA L. TENBRINK
Department of Entomology, College of Tropical Agriculture &

Human Resources, Univertity of Hawall at Minoa,
461 West Lanikaula Street, Hilo, HI 96720

). Ecun. Entomal 85(8) 2310-2316 (1922}
ABSTRACT A systems approach consisting of insecticide application before harvest and
use of an dip after harvest provided quarantine security that eliminated all
insect pests of red ginger, Alpinia purpurats (Vieill) K. Schum,, including the banana
aphid, Pentalonic nigronervosa Coquercl; cotton aphid, Aphir gorsypil Glover; citrus
mealybug, Planococeus eitri {Risso); obscure mealybug, Preudococcus ¢ffinis (Maskell);
longtailed mealybug, Preudococeus longitpinus (Targloni-Tozzetti}, cardamem thrips, Sci-
othrips cardamomi (Ramaks}, black earwig, Chelisocher morio (F.); and an ant, Techno-
myrmez albipes (F. Smith). Insecticide application consisted of chlorpyrifos 50 dry Bow-
able (DF) applied to the foliage at 2-wk intervals, or chlompyrifor 20 mictoencapsulated
{MEC} applied 25 an insecticide barrier teatment. A 5-min dip with a combination of
flovalinate 2.0 Bowable (F) and insecticidal soap (potassium salts of fatty acids) with
agitation after harvest killed any remaining survivors as long as Seld populations had <6%
mealybug infestation, <33% banana aphid infestation, and <70% cotton aphid infestation,

These procedures plus a final inspection of lower for live insects ensuted pest-free ginger
flowers that met guarantine security requirements

KEY WORDS red ginger pests, systems approach, quarantine security

RED GINGER, Alpinia purpurata {Vieill) K
Schum., is known for its long shelf life and exotio
appearance in floral armangements, The demand
for red ginger in the world market has steadily
increased Hawaiian export sales by an average of
28.7% annually since 1985 (Hawali Agricultural
Statistics Service 1980). Unfortunately, red gin-
ger is a host for various quarantine pests (Hansen
et al. 1981a, in press). Because of quarantines
established by various states, the U.S. Depart-
ment of Agriculture, Animal and Plant Health
Inspection Service (APHIS), and foreign coun-
tries, Hawaiian red ginger shipments are com-
monly rejected because of insect infestations.
Soveral pests identified in our study are not qua:-
antine pests; however, because of the difficulty
in identifying morphologically similar species,
shipments are sometimes rejected.

Flower shippers currently disinfest Howers by
opening each flower bract while the fower is
submerged in a chemical insecticide or soap so-
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lution (Hata & Hara In press). This method is
expensive and results in constant exposure of

ckers to insecticides and mechanical injury to

owers (Hata & Hara in press). Treatments after
harvest such as vapar heat, hydrogen cyanide
fumigation, methyl bromide fumigation, and ir-
radiation are not acceptable for various reasons
including inability of the treatment to control
mixed insect infestations, phytotoxicity, lack of
treatment facilities, and lack of U.S. Environ-
mental Protection Agency registration (Hansen
et al. 1901a, b, in press). In addition, treatments
after harvest cannot reduce insect feeding or ovi-
position before harvest; therefore, field pest
management is essential for management of
quarantine pests of red ginger such as mealybugs
and cardamom thrips (Tsuda & Hara 1990).

A systems approach of crop pest management
before harvest, culling after harvest, and final
product inspection has been successful against
several quarantine pests on various fruit crops
(Moffitt 1989, Jang & Moffitt in press). This ap-
proach to quarantine security unifies pest man-
agement practices and treatments both before
and after treatment into a unified system. Treat-
ments or management procedures that are not
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effective alone can therefore meet quarantine se-
curity.

ln:ectlc:dcs and insecticidal dips have been
successful in reducing pests on red ginger, but
unsuccessiul in total eradication of pests (Hata &
Hara 1988b; Tenbrink etal. 1990, 1991a; Hansen
et al. 1992). Hata & Hara (1988b, in press)
showed that several insecticides significantly re-
duced the green scale, Coccus viridis (Green),
and the banana aphid, Pentalonia nigronervosa
Coquerel, in the field when insecticide was ap-
plied at 2-wk intervals. Tenbrink et al. (1990,
1991b) demonstrated that fluvalinate or insecti-
cidal soap (potassium salts of fatty acids) was not
phytotoxic and was effective against banana
aphids as a dip after harvest. Tenbrink et al.
(1891a) also demonstrated that a combination of
fluvalinate and insecticidal soap applied as a dip
after harvest was more effective against mealy-
bugs than either alone. However, Tenbrink etal,
(1691a) could not achieve total mortality of mea-
lybugs with the combination dip; this level of
effectiveness is desired for quarantine security.

The objective of our study was to evaluate a
systems approach to quarantine security includ-
ing (1) a program of insecticide application be-
fore harvest, (2) a dip with fluvalinate and in-
secticidal soap after harvest. and (3) a final

inspection of Howers.,

Materials and Methods

Experimental plots were established at the
University of Hawaii, Waiakea Agricultural Ex-
periment Station in Hilo, HI (elevatian 183 m),
on 1 May 1991. Treatment plots wese arranged in
a complete randomized experimental design
with four replicates. Each replicate contained 10
plots with =75 plant stalks per plot. Plots (1.8 by
1.8 m) were separated by a 24-m walkway.
Selected insecticides were applied at the fol-
lowing rates: chlorpyrifos 50 dry flowable (DF)
(Pageant, DowElanco, Indianapolis, IN) at 0.6 g
{AlVliter, and chlorpyrifos 20 microencapsulated
(MEC) (Empire, DowElanco) at 0.6 g (Al)liter,
The insecticidal dip after harvest consisted of
fluvalinate 2.0 fAowable (F) (Mavrik Aquafiow,
Sandoz Crop Protection, Des Plaines, IL)at 0.1 g
(AlMliter, combined with insecticidal soap (Safer
Insecticidal Soap Concentrate, Safer, Newton,
MA) at 9.6 ml (AI)iter by volume.

Evaluation 1 was taken before insecticide ap-
plication. Evaluations 2-4 were insecticide ap-
plications before harvest. Evaluatians 5-7 were
insecticide application before harvest, insecti-
cide application after harvest and a combination
of insecticide treatment before and after harvest.

Treatment Before Harvest. Insecticide sprays
were applied to runoff with a compressed air
sprayer with a 8004 Teejet nozzle (Spraying sys-
tems, Wheaton, IL) at 276 KPa. Chlorpyrifos 50
DF was applied as a foliar spray at ~347 literstha
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to the entire plant, especially the flowers. Chlor-
vrifos 20 MEC was applied as an insecticide
fer treatment at a rate of =628 liters/ha be-
tween the ginger stalks and within a 0.6-m radius
around the plant with the same equipment as
foliar applications, A spreader-sticker, Triton
B-1956 (Rohm and Haas, Philadelphia, PA), was
added at a rate of 0.23 mlliter solution to all
treatments, including the control plots. Insecti-
cides were applied on 15 May 1991 and contin-
ued at 2-wk intervals for a total of six applica-
tions.

In accordance with commercial standards,
flowers were harvested weekly at ¥a to Ve matu-
rity and stripped of all leaves except the terminal
leaf. Treatment efficacy was evaluated by dis-
secting the flower bracts and terminal leaf sheath
and observing for the banana aphid, P. nigroner-
vosa; cotton aphid, Aphis gossypii Glover; citrus
mealvbug, Planococcus citri (Risso); obseure
mealvbug, Pseudacoccus affinis (Maskell); long-
tailed mealybug, Pseudococcus longispinus
{Targioni-Tozzetti); cardamom thrips, Sciothrips
cerdamomi (Ramakr); black earwig, Chelisoches
morio (F.); and an ant, Technomyrmesx albipes
(F. Smith), with the aid of a binocular dissecting
microscope. The criterion for insect mortality for
all insects was no movement. Mealybugs, which
are sedentary, were turned over and their legs
observed for movement.

Data before treatment (evaluation 1) were
taken on 6 May 1991 Data were taken every 2
wk thereafter alternating with insecticide appli-
cations. Flawers harvested during the weeks of
insecticide applications were removed from the
field and were not included in the evaluation,

Insecticidal Dip Only. The dip-only treatment
was tested with control flowers from the last
three insecticide applications. Control flowers
harvested from the held were divided into two
groups, Half the flowers were dipped in water
(control) and the other half were dipped in the
insecticidal dip. Flowers were dipped floral end
first into a 20-liter bucket. Flowers in evaluations
5 and 6 were gently agitated 10 times in an up-
and-down motion, then left undisturbed in the
solution for 5 min. Flowers treated in evaluation
7 were agitated 10 times, left undisturbed for 5
min, then agitated an additional 10 times before
removal (total of 20 strokes), Twenty-fourto 48 h
after dipping, eficacy was evaluated by the same
criteria as for treatments before harvest.

Insecticides Before Harvest and Insecticidal
Dip After Harvest. Flowers harvested from plots
treated with chlorpyrifos 50 DF or chlarpyrifos
20 MEC were divided into twa groups, Half the
flowers were dipped in water (control for treat-
ment after harvest); the other half was dipped in
the insecticide combination after harvest. Dip-
ping procedures and evaluation methods were
identical to those for the insecticidal dip proce-
dure done after harvest.



Table 1. Mean pereentage of Mowers infested with varions lnaeet pests sfier pest gement with b tichles hefors hnrvest
Treatment® n* (A Wanana aphids Cotton aphids Anty Mealybugs Thrips adults Thrips nymphs Farwigs

Evalusti ry 1)

Cl'l]nqw!ifo( ﬁ:lln“ 60 06 J0da = BOF D88 = 08 525 = 08 4l =170 ddin =114 268, =111 250a =31

Chlorpyrifos barrier 58 o6 L0 = 58 4102 = 127 A0a = 10d Mo = 04 0 As = 40 I = AA 2208 =00

Control o0z _ 28 =104 475 = 104 508s = 110 8508 = 72 35.3a x 48 004 = 57 2H 50 =78
Evaluation 2

Chlorpyrifos foliar [ 0.6 1180 = 56 210L** = 50 She**x 1O 183 = G2 83b** = 3.1 Ehhet = 10 1.3a z 13

Chlorpyrifos barmier 41 o GDHa = 21 00a = 47 I7THL £ 48 5835 = 47 515 x 50 N 2 72 A Ha E W]

Control L2} — T2 = &1 A43a = T0 58 = I8 1% =2 76 08 M z 02 450a = MG 13 t 54
Evaluation 3 )

Chlarpyrifos foliay (17 (L1 138" 2 81 MBEa =141 47Th** =z 29 7hh*t 2 48 o0bs = 42 L8b**x 12 00b* =00

Chlorpyrifos barvier 72 0.0 aneh = 34 Taon =121 28 = 1B Wda = HO B2 = B3] 30T = 07 28bL =10

Control " - 78a = 52 KlBa = G0 088a = 02 4l0s = 30 4l Ha z 40 218 = 77 B.8a * 14
Evaluation 4

Chlorpyrifos foliar 54 0.6 43b* = 28 S = 05 4ab*r 2 27 63h%* = 45 105h%* = 48 03 = 29 50a 233

Chlorpyrifos barrier 64 06 200ah = 52 633a = 70 00h = 00 449b = 27 158b = 35 63 = 23 00a =00

Control 54 - 503a = 130 603a = 47 32% = 13 240s = 21 41da = 40 112 = 27 Hia t 3 N |
Evaluation 5

L'Mmpydfm foliar HN] 0.6 108L* = B4 540s 2192 0oht = 00 33 = 23 0ol = 00 e = 12 0.0 + 00

ﬂl’mﬁfw barrier el 0.4 BHL = 59 S4lia = D0 33ah = 22 20 = 25 785 2 A4 285« = 25 0.0 + 0.0

Control g - G0.0m = 205 83da = 1lH 1030 = 48 121In = 4.1 54.0a * BO H8a = 40 dda + .0
Evaluation 6

Cllorpysifos foliar 28 04 I6.la =105 0Gab® £ 110 28s =z 28 00s =+ 63 Hohe = 51 00s = 00 00a 200

Chlorpynfos barrier Jo e 32 = B2 0% = 36 004 = 00 0o = 00 22%5h = 410 Via = 34 0.0a 200

Control 5 - 570a =171 Ansh = KA 20e 2 T 0o =107 A7 tha = 138 8a = 11K 430 + 4.0
Evaluation 7

Chlurpynifos foliar a4 0e 120h** = 70 T0.0ab* 2 28 186s = 740 1AL = 1B 41.8ab** = 52 00L** = 00 dla +31

Chlorpyrifos barrier a7 00 a78b = 32 07 = 25 I64a = 70 aeh = 38  107b =107 50b = 38 00a =00

Control 40 — 62.0a =101 Tk = 02 Tia = 28 200m = BO T = 61 4432 = 54 43a +28

Porcentages subject to ANOVA (%, **, F < 0.05, I' < 001, respectively). Means followed by the same letter in a column are not significantly difforent by Schelfe’s multiplo-comypusrivon

procetduie (SAS Institute 1947),

* Sproaderaticker (Triton B-1056)
* Total lowers harvested.

* Evalustions st 2-wk intervals alt
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¥ Chlormpyrifos 50 DF at 0.6 g (ADAiter at 2.wk lnlervuh s follar freatinent.
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/ Control plots sprayed with water.

* SEM for means of prrcentages.
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tage of flowers infested with insect pests aflter

Table 2. Treatments and probability of signifi for
insecticide applications before harvest for evaluations 2-7

per

Pent Treatment df F P
Evaluation 2
Banana aphid Chlotpyrifos DF (foliar) 2 5463 0.0002
Caotton aphid Chlorpynfos DF (foliar) 32 1620 0.0038
Ant Chlompyrifos DF (folias) | 21781 0.0001
Aat Chlorpyrifos 20 MEC (burrier! 2 217381 0.0001
Mealybug Chlorpytifos DF (folias) 2 599 0.0157
Thrips (sdult) Chlorpyrifos DF (follas) & 3047 00007
Theps (nyeph) Chlompyrifos DF (foliar) 2 1158 0.0087
Evaluation 3
Banana aphid Chlorpyrifos DF (foliar) 2 3058 0,0007
Banana aphid Chlorpyrifos 20 MEC (barrier) a2 35 0.0007
Ant Chlompyrifos DF (foliar) 2 160.62 0,0001
Ant Chlorpyrifos 20 MEC (barrier} 2 16062 0.00G1
Mealybug Chlorpyrifos DF (foliar) 2 13.08 0.0065
Thrips (adult) Chlarpyrifos DF (folias) 2 2713 0.0010
Thrips (nymph) Chlarpyrifos DF (foliar) 2 1210 0.0078
Earwig Chlorpyrifos DF (foliar} 2 595 00377
Evaluation 4
DBanana aphid Chlorpyrifos DF Ufolias) 2 651 0.0314
Ant Chlarpynifos DF (foliar) ] 11073 0.0001
Ant Chlorpyrifos 20 MEC (barriet) 2 1073 0.0001
Mealybag Chlarpyrifos DF (folias) 2 13.06 0.0065
Mealybug Chlomyrifos 20 MEC (barnier) 2 IRE) 0.0063
Thrips (adult) Chlorpyrifos DF (folias) 2 1520 0.0045
Thrips (nymph) Chlorpyrifos 20 MEC (barrier) ] 1520 0.0045
Evaluation 5
Banana aphid Chiorpyrifos DF (foliar 2 A48 00178
Banana aphid Chlorpyrifos 20 MEC (barriet) 3 LEL) 00178
Ant Chlorpyrifos DF (foliac) 2 787 0.0210
Thrips (adult) Chlorpyrifos DF (foliar) 2 2543 0.0012
Thrips (adult) Chlorpyrifos 20 MEC (harring) B 2543 00ol2
o ?.: 10 Chilcrpyrifor DF (faliar
ripn (adu DF1{ } g 544 00445
Evalustion 7
Bansna aphid Chlorpytifos DF (foliar! a2 1376 0.0057
Banana aphid Chlorpyrifos 20 MEC {barrier] 1 13.76 0.0057
Mealybug Chlorpyrifos DF (foltar) 2 807 0.0199
Meal Chlampyrifne 80 MET (harrins} ¥ 07 nGron
Thnp It} Chlorpyrifos 20 MEC {barrier) 2 11,96 0.0035
Thrips (nymph) Chlarpyrifos DF (loliaz) 2 5567 0.0001
Thaips (nymph) Chlorpyrifos 20 MEC (barnaer) 2 5567 00001

Data Analysis. Because of low populations, the
three species of mealybugs were pooled for anal-
ysis, The ‘Kemenhge of infested flowers and
means for the number of insects per lower were
subjected to analysis of variance (ANOVA).
Means were separated by Scheffe’s multiple-
comparison procedure. Percentages were ana-
lvzed because the number of Rowers harvested
varied among plots and to evaluate our ability to
meet quarantine security, A flower was consid-
ered infested if a single live insect was found.
The means and standard deviations for the mean
number of insects per flower and the standard
error for the mean percentage of fowers infested
were also calculated. All analyses were done
with software for personal computers (SAS Insti-
tute 1987).

Results and Discussion

The mean percentage of flowers infested with
various insect pests among treatments hefore in-

secticide applications did not vary significantly
(Table 1).

Insecticides Only Applied Before Harvest. Fo-
liar or barrier treatments of chlorpyrifos signifi-
cantly reduced the mean(ﬂen:ontage of flowers
infested with banana aphids, cotton aphids, ants,
mealybugs, thrips, and earwigs compared with
the control in one or more evaluations, but never
eradicated (Tables | and 2). Foliar treatment
with chlorpyrifos 50 DF reduced the mean per-
centage of Howers infested with adult or
nymphal stages of thrips in evaluations 2 through
7, and was more effective than the barrier treat-
ment of chlorpyrifos 20 MEC (Tables 1 and 2).
Similarly, the mean percentage of flowers with
banana aphids was significantly reduced in eval-
uations 2-7 with foliar treatment except in eval-
uation 6. This treatment provided more reduc-
tion than the barrier treatment (Tables 1 and 2).
Numbers of flowers infested with ants were sim-
{larly reduced in foliar and barrier treatments in
all evaluations except in evaluation 2, where the
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Table3. Meanp ge of it + infested with various insect pests afltler pest management with insecticides before
harvest snd a dip after harvest with fluvalinate and insecticidal saap
Banama Cotton Thrips Theips

Troatmint n*  phids  aphids AW Mabbwn gy ook Fewin

Emuryn?oaf and
oliar

dip* 00=00 00=00 00 =00 00 =00 Q0=z400 00 =00 00200
Chlorpyrifos bartiet

and dig 32 00=00 00=00 O00=00 00200 00200 00200 00=00
Dip afier harvestonly* 27 63=36 31=31 00200 168=1l8 00=00 O0O0=00 0O0=200
Ewaluation 6

Chlarpytifos foliar and

dip . 2% 00=00 00=z0Q0 00=00 00=00 00200 00=00 00200
MI’? ) adz00 7227 0o0=00 o0=00 00=00 00=00 00 =200
Dip after harvest only H A1=11 00=00 O0=00 di=11 00200 00=00 00=00
Evaluation 7

Chlocpyrifos foliar and

dip 40 00=00 00=00 00=00 00 =00 00 =00 00=00 00=200

bamier

and 33 00=00 00=00 OO=0O0 o0=00 00200 00=00 00=00
Dip after harvest only » 00 =00 00=00 00=00 38=29 00 =900 00=400 00=00
* Spreader-sticker [Triton B-1956) added to treatments befure harvest at 0.23 mlliter.

*Total flowers harvested.

* Chlorpyrifor 50 DF at 0.6 g (AL iter at 2wk intervals a5 & faliar treatment and inwecticidal dip ting of davalinate 20 F
at 0.0 g (AIVYiter in bination with insecticidal soap st 9.6 m} (AlMiter by velume.

L ifos 20 MEC az 0.6 g (Al iter at 2.k intervals as  barrier tratment and insecticidal dip g of fuvalinate in

combinstion with insecticidal 10up at above rates.

* Control plots sprayed with water and invecticidal dip consisting of Suvalizate in corbinati

rate
fSEM for means of percentages.

foliar reatment was significantly more effective
than the barrier treatment. The mean percentage
of flowers with mealybugs was significantly re-
duced after one foliar application (evaluation 2),
and the barrier treatment reduced the mean per-
centage of flowers infested with mealybugs after
three applications at 2.wk intervals (Tables 1 and
2). Mean percentages of fowers infested with
cotton aphids in evaluation 2 and earwigs in
evaluation 3 were significantly reduced only in
the foliar treatment only (Tables 1 and 2). How-
ever, foliar and barrier treatments significantly
reduced (F = 14.41; df = 2; P = 0.0051) the mean
number of cotton aphids per flower in evaluation
3: we observed 80, 17, and 3 aphids per flowerin
cantrol, barrier, and foliar treatments, respec-
tively (data not shown). This corresponded with
no significant difference in the mean percentage
of flowers infested, which averaged 84, 73, and
35% in control, barrier, and foliar treatments, re-
spectively (Table 1). Thus, the numbers of
aphids per lower must be significantly reduced
before there is a similar lowering in the percent-
age of flowers infested with not a single live
a¥h!d. Phytotoxicity was not observed with any
of the treatments; however, Hata & Hara (1988a)
observed phytotoxicity with chlorpyrifos 50 wet-
table powder on red ginger after five weekly
spplications at 2.4 g (AlVliter.

Insecticidal Dip After Harvest. The insecti-
cidal dip alone did not provide complete quar-
antine security. Although ecarwigs, cardamom
thrips, and ants were completely eliminated,

with ticidal soap st above

mealybugs, banana aphids, and cotton aphids
were present in flowers weated with the dip
alon# in one or more evaluations (Table 3). Mea-
Iybugs were present in 3 to 17% of Howers
dipped in fluvalinate and insecticidal soap in
three evaluations, in agreement with the results
of Tenbrink et al. (19913), who demonstrated
that mealybugs could not be eliminated with the
insecticidal dip combination alone. Agitation of
flowers in the insecticidal solution is an impar-
tant factor in the success of use of insecticidal
dips after harvest. The control plots in evaluation
7 had 2 higher mean percentage of flowers in-
fested with banana aphids and cotton aphids
than evaluation 6 (Table 1), however, with the
increased agitation, aphids were eliminated (Ta-
ble 3). Similarly, Tenbrink et al. (1680, 1891a)
did not agitate the flowers; as a consequence,
insecticide solution penetrated poorly and
caused lower montality.

Insecticide Treatment Before Harvest and In-
secticidal Dip After Harvest. Foliar applications
of chlorpyrifos 50 DF combined with the insec-
ticidal dip after harvest eliminated 100% of all
insect pests on red ginger including banana
aphids, cotton nghids. ants, mealybugs, thrips,
and earwigs (Table 3). Green scale, C. viridis,
and longleﬁ::l ant, Anoplolepis longipes (Jer-
don), were eliminated by the foliar applica-
tions of chlorpyrifos 50 DF before harvest and
dip after harvest, but numbers were too low for
statistical analysis. Chlorpyrifos 20 MEC applied
as a barrier treatment with the insecticidal dip
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Systems Approach to Quarantine Security
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Fig. 1. Sequence of before- and after-harvest pro-
cedures used in a systems approach to quarantine se-
curity on red ginger. Mean number of all pests of red
ginger per flower includes aphids, ants, mealybugs,
thrips, and earwigs.

eliminated all insect pests in evaluations Sand 7,
but did not eliminate cotton aphids in evaluation
6 (Table 3). Therefore, to ensure pest-free red
ginger, folinr applications of an effective insecti-
cide such as chlorpyrifos in combination with a
5-min + 20-stroke insecticide dip of fluvalinate
and insecticidal soap after harvest should be
used as a quarantine security for red ginger.

Flowets with no insecticidal applications be-
fore harvest and with only an insecticidal dip
combination after harvest were not totally pest-
free, indicating that reduction of pest popula-
tions before harvest is essential. Jang & Moffitt
{in press) stated that knowing the level of the
field infestation is a key component in a systems
approach to quarantine security, Therefore, be-
cause aphids are present in large numbers per
flower in the field and mealybugs are difficult to
climinate from flowers with the insecticidal dip,
management of aphids and meslybugs before
harvest is very important. Pest monitoring, de-
velopment of quarantine thresholds, and appli-
cations of effective insecticides are essential
components of aphid and mealybug management
before harvest. In addition, our system's ap-
proach requires flowers to be inspected, espe-
cially for aphids and mealybugs, to ensure quar-
antine security,

Although this approach to quarantine security
is used successfully on several fruit crops, ours is
the first known study to demonstrate the systems
approach application to floricultural erops. Our
approach to quarantine security is buccr;n the
fact that control measures such as chemical in-
secticides before harvest can reduce pests to a
level at which a dip after harvest (e.g., combina-
tion of fluvalinate and insecticidal soap) is 100%
effective (Fig. 1). To use this pest management
strategy, pests should be identified, population
levels assessed, and the determination made if
the levels are above quarantine thresholds. 1f a
pest population is at or above quarantine thresh-
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old, the pest population should be made the tar-
get of a specific effective control measure such as
an effective chemical insecticide. For example, a
federal quarantine pest in many ginger fields in
Hawaii is the green scale, C. viridis (Animal and
Plant Health Inspection Service 1989), There-
fore, fluvalinate, an insecticide identified as
efective against the green scale, should be used
until the pest is brought under quarantine
threshold (Hata & Hara 1988b, in press), There-
after, the harvested flowers should be treated
with an eflective treatment after harvest such as
the fluvalinate/insecticidal soap dip and in-
spected to ensure quarantine security.
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