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ABSTRACT  Exclusion hags and pallinating bags were evaluated for efficacy against pests of
ved ginger, Alpinia purpurate (Vielll] K, Schum. Exclusion hags made from spunbonded
polyester or polvethylene Hoating row covers, and nonwoven polvethylene pollinating Tags
were secured to flowers with masking tape alone and in combination with foliar sprays of
chlorpyrifos, Bagging Howers significantly reduced the mean percentage of lowers infested
with ants, Pheidole megacephala (F.} and Technomyrmez alhipes (F. Smith), and banana aphics,
Pegtalanta nigronervosd Cogquerel, A single foliar application of ellorpyrifos reduced only the
mean percentage of Howers infested with hanana aphids. One foliar spray of chlorpyrifos
before bagging fowers significantly reduced the mean percentage of Towers infested with
ants, banana aphids, cotton aphids, Aphis gossypii Glover, and cardamom thrips, Sciotfrips
cardmmond (Ramakr), Eight, 16, and 49% of Nowers harvested from spunbonded polyethylene,
pollination, and spunbonded polyester bags, respectively, were mechanically injured or sun-

burned
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A LIMITING FACTOR in marketing red ginger is
insect infestations, resulting in Hower injury, re-
duced vase life and quarantine rejection (Tsuda
& Hara 1990, Hata & Hara 1992, Hata et al,
1992: V.L.T. & B.K.5.H., unpublished data). As
many as 1,500 aphids, in addition to mealvbugs,
thrips, scales, ants, and carwigs, may be found in
a single inflorescence (B.K.S. H., unpublished
data).

Field applied insecticides alone cannat elimi-
nate red ginger pests (Hata & Hara 1988, 1992,
Huta et al, 1992). Treatments after harvest, such
as vapor heat, hydrogen evanide fumigation, in-
secticidal dips. and hot-water immersion, do not
eradicate all pests or result in a significant re-
duction in vase life (Tenbrink et al. 1980, 19914,
b: Hansen et al. 1991a, h; 1992). A systems ap-
proach ean eliminate pests of red ginger, such as
aphids, mealvbugs, thrips, earwigs, scales, and
ants, by reducing these populations in the field
using [aliar applications ol chlorpyrifos at 2-wk
intervals, then treating alter harvest with a com-
bination of fuvalinate and insecticidal soap (po-
tassinm salts of fatty acids) (Hata et al. 1992),
IHowever, this approach is dependent on repeat-
ed chemical insecticide applications belore har-
vest. Many commercial ginger plantings in Ha-
waii are located near residential areas or arve
solid plantings without walkways, resulting in
complaints of pesticide odor or poor coverage

with insecticides, respectively. In addition, insect
sests on ginger live within flower bracts, which
}im[t the effectiveness of contact pesticides, No
systemic insecticides are registered for use on
red ginger,

Lightweight floating row covers are used pri-
marily for low growing, high yield truck crops.
The nse ol these row covers resulls in acceler-
ated crop maturity, extended growing seasons,
reduction or exclusion of certain insect pests and
diseases, and frost protection (Perring et al,
1989, Adams et al. 1990, Webh 1991, Webb &
Linda 1992, Wells & Loy 1993). Use an peren-
nial tropical erops such as red ginger is limited
becanse row ecovers are not designed for long
Lterm use, plants are too tall, and eut-Horal erops
require multiple harvests. However, pollinating
bags that are vsed to exclude pollen, or bags
made from lightweight floating row covers de-
signed to fit over red ginger lowers, may exclude
all insect pests if flowers are bagged in the bud
stage before pest establishment. We report here
the use of exelusion bags against certain pests of
ved ginger.

Materials and Methods

Efficacy studies were conducted from October
1992 through May 1993. Experimental plots
were established in an existing 4-vr-old ginger
1::|an|:ing al the University of Hawaii at Manoa
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Waiakea Experiment Station in Hilo, HI (eleva-
tion 183 m}. Treatment plots were wrranged in a
randomized complete block experimental design
with four replicates. Each replicate contained
=225 plant stalks. Plots (5.4 by 5.4 m) were sep-
arated by 2.4-m walloways.

Study 1. Nonwoven polyethylene Jmﬂnmtm
bags (23 by 46 cm), {Delnet [31 g/m®] PlIE
Extrusion Technologies, Middletown, DEFwer«e
placed over buds at first emergence (appearance
of red at the terminal) and fastened at the base
with 1.9-em masking tape (Shurtape, Hickory,
NC). The following six treatments were used: (1)
pollinating bags only. (2} chlorpyrifos 50 DF (dry
flowable) {Pageant; DowElanco, Indlandpnl]s
IN) 1pEJlmd to the entire plant at 2-wk intervals
throughout the trial, (3} chlorpyrifos 50 DF ap-
plied tefnre hagg'jng with pollinating bags and at
2-wk intervals thereafter to the stalk and over
the bag, (4) one application of chlorpyrifos to the
flower bud and stalk before applying pollinating
bags, (5) one application of chlorpyrifos DF ap-
plied to the flower bud and stalk, and (6} an un-
treated control, Chlorpyrifos was applied as a fo-
liar spray at 0.6 g (Al)liter to treatments 2 and
3 at =702 liters‘ha and to treatments 4 and 5 at
=87.5 liters/ha using a backpack sprayer (Sclo,
Newport News, VA) l’-:ﬂ__l"iplll’_’:_l with an 8004 Tee-
jet nozzle (Spraying systems, Wheaton, IL} at
276 KPa. A spreader-sticker (Ad-here; Occiden-
tal, Lanthrop, CA) was added at a rate of 0.39
mlfiter solution to all chlorpyrifos applications.

In accordance with commercial standards,
flowers were harvested weekly at one-third to
one-hall maturity and nmppeﬂ of all leaves ex-
cept for the terminal leaf. Treatment efficacy was
evaluated by dissecting the Hower bracts and ter-
minal leaf sheath and counting the banana aphid,
Pentalonia Hfgl':’.i]‘h’.’i"[;lt.l‘.';'ﬂ (_Tm]un!r{'.],- cotton aphid,
Aphis gossypii Glover; citrus mealybug, .F’}rinrl—
coceus citri (Risso): obscure me.ll'n,fmg Pseudo-
coccus affinis (Maskell); longtailed mealybug,
Pseudococous .'migupums I:T.j_rgmm-Tn:?;rettl]'
cardamom thrips, Sciothrips cardamomi (Ra-
makr}; green shield scale, Pulvinaria psidii Mas-
kell; bigheaded ant, Pheidole megacephala (F.);
and an ant, 'Ii?dmumynmfx HH)‘!IIIJI'E'# (F. Smith}.
Flowers were considered infested if a single live
(moving) insect was found. Mealybugs and
scales, which are sedentary, were turned over
and their legs observed for movement.

Study 2. Exclusion bags (23 by 46 cm) were
made [ram lightweight Hoating row covers, spumn-
bonded polyester (Reemay 2006 UV [20 g/m?],
DuPont, Wilmington, DE) and l.lmnhunded
polvethylene (Agnd P10 [10 g/m?], American
Agnflhn{_s Mph.s_retta GA) by cutting them into
46° pieces, folding in half, and heat sealing
(Clampco heat sealer, Clampco, Cleveland, OH)
at 274 and 177°C, respectively. The followin
seven treatments were used: (1) 5;:unbonde§
polyethylene (Agrvl P10), (2) pollinating bags
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Table 1. Treatments and probability of sigmificance
fon mean pereentazes of Mowers infested with varions in-
mewl paesls

Pest dl F F
"il!ufl.:l.' 1
Ands 5, 15 a_T (.00
Banana aphid 5,15 16055 (LN
Caotton aphid 515 955 . (2
Meulybuges 515 1336 LR
Green shield scale 515 9.28 0,000L3
Cardamom thrips 5,15 4.20 (.03
Study 2
Ands 7.21 .52 LIRLEH
Banana aplid 7.21 559 .0
Catton aphid T.21 11.000 .00
Mesalyhags 7.2] 4.05 LRSS
Careen shield sealie T. 21 4,549 {0,000
Cardlamam thrips T 21 571 LR

(Delnet), (3) spunbonded polvester (Reemay
2006}, (4) chlorpyrifos at 2-w||< intervals; one ap-
plication of cl:}:lr vrifos applied to the fower
bud and stalk ]’JE,EJTL’ bagging with one of the
following: (5) spunbonded polvethylene {(Agryl
F10): (&) llullunimg bags (Delnet); (7) spun-
bonded polyester (Reemay 2006). The control
plot was sprayed with water. Bagging pmt_e:lurv
insecticide application. and evaluation of efficacy
were conducted as described in study 1. The
percentage of Howers mechanically injured by
the ]}:1%5 and the g::n:ﬁnmgu of bags with holes
were also recorded.

Data Analyses. The three species of mealy-
bugs were pooled for analysis because of the in-
ability to distinguish between immature life
stages. The two species of ants were also 1nn}hrr]
for analysis. The percentages of inlested Howers
harvested throughout the trial were transformed
to arcsine square-root and subjected to analysis
of variance (SAS Institute 1957), means were
separated by Waller—Duncan k ratio {-test, and
the standard error of the mean caleulated.

Results and Diseussion

The mean percentages of Howers (studies |
and 2) infested with various insect pests helore
treatment were ants, 88.4 + 1.9; banana aphids,
52.1 £ 2.1; cotton aphids, SET + 2.5; scales, 2.0
* 0.5; mealybugs, 70.2 £ 2.7; and thrips, 6.9 =
1.0, .md did not vary significantly among treat-
ments.

Study 1. All treatments except for the one ap-
plication nf'chlorpvr[&h significantly reduced the
mean percentage of flowers infested with ants
(Tables 1 and 2% Multiple applications of chlor-
pyrifos alone, multiple applications of chlorpyr-
ifos plus pollinating bags, and one application of
chlorpyrifos before covering with pollinating
l}dgs reduced the mean percentage of ant infest-
ed flowers o <10%, whereas the pollinating
bags alone reduced the mean percentage of ant
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Table 2. Mean = SEM percentage of flowers infested with various inseet pests after treatment with inseeticide and

exelusion bags, stmly 1

Banana Cotton i T
Tresatmesnt n Anls e BT Mealyvbugs shield Thrips

aphids aphids : sinla
Binge! AEh T £ 02y 272 £ (0.1e 502 £ 1% 350 * Q.la 1LE + Ofla  LO £ 02he
Chborpyrifios (omwe] + bag” B a5 £ 0le 107 = 000 148 £ 2890 215 = 04b 4.1 = dbh 07 = 053be
{_:]][-nr]]}'rﬁbg, [2-wk interval} + bag 255 54 £ Ode 5 =00 AG =z OTh 49 = 0 0.1 = 0lc 02+ 03c
Clilorpyrilos (ome)! 311 557 * 051 548 = 0lb 612 £00a 202 £03h 25 = 03b 49 + 0.2ah
Chiborprifos (Zewk interval} AT5 66 = 0lec 129 = 00d 406 = 00 489 = 0.2 0.2 = 02 232 % (he
Control 62 652 = 08a TI0 £ 021 495 + L3a 293 * O.6ab 4.1 £ 0.2h T3 £ 0.1a

Means followed by the same letter in a colwmn are not significantly dilferent (Waller-Dumcan & ratio f-test, k= 100},

4 Tostal floweers harvested.

B Pollinating bags ( Delnet).

“ O application of chlorpyrifos to Aower buds before bagging
& O application of chlorpyrifos o fiower buds,

infested Aowers to <31%. All treatments signif—
icantly reduced the mean percentage of fowers
infested with banana aphids, Multiple applica-
tions of chlorpyrifos plus pollinating bags were
most effective against banana aphids, followed
by multiple applications of chlorpyrifos, one ap-
plication af chlorpyrifos belore e:werin]g lowers
with pollinating bags, F‘“"“m““ﬁ bags alone, and
one application of chlorpyrifos alone, respective-
ly. There was no significant difference in banana
aphid infestations between multiple applications
of chlorpyrifos anly and one application of chlor-
pyrifos before covering with pollinating bags.
Multiple applications af chlnrpyriihs ar one ap-
plication m‘l chlorpyrifos before covering with
pollinating bags significantly reduced cotton
aphids. Applications of chlorpyrifos at 2-wk in-
terval with ar without pollinating bags signili-
cantly reduced mealybugs and green shielrl
scales. Pollinating bags with or without ehlorpyr-
ifos significantly reduced cardamom thrips.
Stady 2. All treatments significantly reduced
the mean percentage ol flowers with ants and
banana aphids (Tables 1 and 3} Applving chlor-

pyrifos at 2-wk intervals or ane application be-
tore covering buds with bags (Agryl P10, Reemay
2006, and Delnet pollinating bags), reduced the
number of flowers infested with ants and banana
aphids compared with bags alone or the control,
One application of u:-hluél:u}frifus in combination
with bags significantly reduced the percentage of
flowers infested with cotton u]:lhi&{s and green
shield scales compared with the control. Spun-
bonded polvethyvlene (Agryl P10} bags only re-
sulted in a significantly higher rercentage of
flowers infested with cotton aphids. Flowers
treated with chlorpyrifos at 9.-1.'.-&\' intervals and
one application of chlorpyrifos before the polli-
nating bag treatment had significantly fewer
fHowers infested with mealybugs. All treatments
except pollinating bags {Delnet) alone, and
spunbonded polyester (Reemay 2006) bags alone
had significantly fewer lowers infested with car-
damom thrips.

Holes, cansed by bigheaded ants, were present
in 42, 7, and 43% of spunbonded polyethylene
(Agrv] P10, pollinating bags (Delnet), and spun-
bonded polyester {Reemay 2006}, rcespeclive!y.

Table 3. Mean = SEM percentage of flowers infested with variows insect pests after treatment with inseeticides

i exelusion bogs, study 2

Treatment s Anls fi!l.ﬁl.tll-.i ('"".“” Mealybungs Green shield Thrips
aphids aphids : selirs

Spanheauded polyethylene

(Agrd P10 495 31 £ 0db 323 + 03b 5240 £ 03a 157 = Olabe 211 * 0.8a 26 + 0.3bed
Pallinating g (Deloet) 116 265 = 0k 306 = 03b 113 = 1L7Th 258 = 35ab 11.3 = 0fiabe 101 * dab
Spunhomded polyester

{Heemay 20006) 111 140 = 0lc 239 £ 05k 33 + 0dbe 332 £ 085 14 = 06bede 7.1 = 0lihe
Chlomyrifos

2wk intervall (I K] 25 + (08 1.3 £ 0.de 15 + 0506 1.5 = {6d .0 = (fhed 1.0+ (5ead
Chlorprilos (e spman-

bomded polvethylens 121 A8 + 0.5 04 + 0.0 A1 + 0,0k T3 = N%hed 23 + {1.53cxde 0.0 + il
Chlorparilos {eane

pollinating bag 74 0+ hie 08 + 1.1 1.1 + 0.4 a4 = 05900 1.5 = 0.5de 03 + 0.3d
Chlorparilos {eane e

spunbence] pobeester 115 LT £ Ofde 0.2 £ 02 0.2 + 0.2 160 = Llabed 000 = 00 0.2 =+ 0.2d
Control 132 647 + 0lu G675 £ 05 143 = 12h 254 =+ 0.1ab 133 + 1.lab 152 + 1%

Means followed by the same letter in a column are not significantly different (Waller—Duncan & ratio t-test, & = 100,

9 Testal fowers harvested.
¥ Omes upplication of chlorpyrifos to flower buds before bagging
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One application of chlorpyrifos before bagging
reduced the percentage of 11&%5 with holes to 7,
4, and 8%, respectively. In addition, Howers har-
vested from spunbonded  polvethylene (Agryl
P10}, pollinating bags (Delnet), and spunbonded
polvester (Reemay 2006} treatments were 5. 16,
and 49% mechanical or sumburn injured, respec-
tively. Similarly, chlorpyrifos combined with
\I}unhmld:ﬂ puh: L]l} lene (-‘L!_’r‘ﬂ P10}, pollinat-
ing bags (Delnet), and spunbonded polyester
{Reemay 2006) had 3, 6, and 65% mechanical or
sunburn injured Howers. Unbagged flowers were
not injured.

One application of chlorpyrifos plus bagging
with Delnet, Reemay 2006, or Agrvl P10 bags
was as clfective as applications of chlorpyrifos at
2wk intervals, 'iigllﬂll:'dl'llh reducing the mean
percentage of flowers infested with banana
aphids, cotton aphids, ants, and cardamom thrips
on red ginger. Our study also showed that bags
with or without one application of ('h]nrp:.'ril'{)s
DF before bagging can reduce banana aphids
helow the threshold level {<33% infestation) es-
tablished by Hata et al. (1992) needed to pro-
duce aphid-free Howers in a quarantine system
for red ginger, However, the use of bags alone
without an insecticide ap lication may create a
microclimate that is conducive to the develop-
ment of certain pests (Wells & Loy 1993) such
as the cotton aphids in this ctudv Flowers
bagged with spunbonded polyethylene (Agryl
P10) had a significantly higher percentage of
flowers infested with cotton aphids. Therefore,
an insecticide should be applied before the ex-
clusion bag is placed over yvoung lower buds to
ensure exclusion of all insect pests.

The effectiveness of E}f}llinuting bags in reduc-
tion of mealvbugs, cardamom thrips, and scales
was not consistent in both studies. In study 1,
pollinating bags plus one application of chlor-
pyrifos did not significantly reduce the percent-
age of flowers with mealvbugs and green scales
as compared with the contral: however, signifi-
cant reduction occurred in study 2. In addition,
cardamom thrips in study 1 were significantly re-
duced with pollinating bags alone; however,
thrips were not significantly reduced in study 2.
A possible explanation for the lack of significant
reciluumn of scales in study 1 is only a t:w per-
centage (4.1%) of Howers were infested with
scales as compared with study 2 (13.3%). Al-
though not :-igniﬁt ant, the percentages of flowers
with mealvbugs in study 1 were lower with pol-
linating bags plus one application of chlorpyrifos
than lhn; control. Likewise the percentages of
flowers with cardamom thrips in study 2 were
also lower with pollinating bags alone as com-
pared with the control.

Only three types of exclusion bags were eval-
uated in our study although several other Hoating
row cover materials are available. Splmimndes
lml)*q'.l;tvr {Il:r:!mu}f 20005) bags were most effec-
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tive in excluding insect pests, followed by polli-
nating bags (Delnet) and spunbonded polyeth-
ylene (Agrvl P10), IE\[!N[I".'EI\-'

In crops where the use of row covers is not

ractical, exclusion bags may reduce pest popu-
f:lti-:ms and the use of insecticides. However, be-
cause bagging is labor intensive, this treatment
will likely be limited to commaodities with a ||ig|1
commercial value or to areas where conventional
field spraying is not possible. With the variety of
cost-effective synthetic fabrics available, physical
exclusion of insect pests from commodities is an
effective management tool,
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