
10 Insect Pests of Ginger 

S. Devasahayam and K.M. Abdttllct Koyci 

Ginger is infested by va riolls spec ies of insects, among which the shoot borer (Colloge/bes 
plil/eli/em!is G uen.) and rhizome scale (Aspidiel!a b{nlii Sig n. ) are major pests in the fi eld 
and during storage of rhi zomes, respccc ively. Other insects that have been reported ro 
affen g inger belong co diverse fam il ies and can be classified in to sap feeders, leaf feeders, 
and rhi zome feeders. Dry g inger is also infes ted by many species of insects, most impor
tantly the c igarcn c beecle (ulsiorienllfl sel'rirorne (Fab.) , the drug StOre beetle (Slegobimll 

pdlliceNIIt L. ) and the coffee bean weevi l (Ar({erem s /mcim/t'ltllS DeG.), The information on 
ginger's inseCt pests in India has been reviewed by Jacob ( 1980), Koya et al. (l991), and 
Premkumar Ct al. ( 994). Vario lls aspects of ciisr ri bmi on, damage, life hisrory, seasonal 
incidence, host plants, resis tance, natural enemies, and management of these insecc pests 
around the world have bcen consolidated in this chaptcr. A list of insects recorded on 
ginger in the world has also been tabulated in Table lO . l . 

'faMe 10.1 Li st of insecrs reco rded on g inger 

Gmlls/Species 

Order: Isoplem 

Famil y: Term ir idac 
OdolllolermtJ oks"s I-101m. 

Order: I-Iemiplera 

Family: Aphididae 
Pm/a/ollia lIigrollfn'OIrI C<XI. 

Family: Pseudococcidae 

fied 

Thysa noptera 

: Thripidae 
tabari Lind . 

P lant 1'(/1'1 afforltY/ 

Rhi zome 

Leaf 

Rhi zome 
Rhi zome 

Rhizome 
Rhi zome 

Rhizome 

Leaf 

DislributiolJ 

Ind ia 

Chi na. India 

Fiji 
India 

Ind ia, Sierra Leone 
Fi ji 

India 
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'{tlb/e /0. / (Cominued) 

GmffJ/SpedeJ 

Family; Scarnbae idae 
Adort/lls si,,;cffJ Burm . 
I1ml'm/)'chus tlmlor (rab.) 
Holo,richitl COIIStIllguillftl Blanch. 
H. COI'()('t(1 (I-lope) 
H. jiJJ(1 Brenskc 

Fam ily: Ela teridat 
Unidentified 

Fam il y: Anobiidae 
Lm;odem/(f srl'ricol'lle (Fab.) 

Siiodreptl Ptlllicttl L 

Stegobilllll p(lIIicelllII L 

Famil y: Bosrrychidae 
TriboliulII c(lJt(llwm/ (I-Ibsr.) 

Famil y: Lyc ridae 
Lyc/lfs tI/ric(lIlJ(s l...eslle 

Famil y: Cleridae 
Necrobitl mfipes DeG. 

Fami ly: Sy lvanidae 
Abtlswms (I(/t'fl/(f \'\Iad. 
OI)'Ztlepbilus S/(rill(lllltllSis (L ) 
Rb;zoper/bll dOlllilliC(( (F.) 

Famil y: Tenebrionidae 
Tenebroides fI/((I(I'if(OIims (L.) 

Famil y: Chrysomclidac 
Pb(lI'twgiJ/1rI tllpillitle tllPillflC Grcss icr 

& Samuelson 

P lI. bellll Gressitt & Samuelson 

P (I. georgirlll(1 G rcss itt & Samuelson 

P I I. IIlt1rgilltl/(1 Grcssirr & Samuelson 

P p"r/lllreipnl1liJ Mau lik 

Family: Cerarnbyc idac 
Unidentified 

Fam il y: Anthribiidae 
Amectrla f(IJcimltl/us ( DeG.) 

Family: CUfculion idae 
Si/ophilffJ gr(lIIl1l'im L 
C(lIIlopbilllS OI)'Z(lt (Gyl lt n.) 
C. ItI/illtl111S Say 
Hedycbol'lls mfofmcitltffJ M. 

Order: Diptem 

Famil y: Myc('roph ilidae 

Leitl tI/'10l/tI 

Unident ified 

Family: Sc iaridac 
Brad)'s;tI sp. 

Ph)'loJciflm zillgibn';s 

Leaf 
Shoot 
Rhi zome 
Rh izome 
Rhi zome 

Rhi zome 

Dry rhi 7.0me 

Dry rhi zome 

Dry rhi zome 

Dry rhizome 

Dry rh izome 

Dry rhi zome 

Dry rhi zome 
Dry rhizome 
Dry rhizome 

Dey rhizome 

Rhizom 

Dr)' rhi zome 

Dry rhi zome 
Dry rhi zome 
Dry rhi zome 
Leaf 

Rh izome 

Rhizome 

Rhi zome 

Rh izome 

Dislriblflion 

Hawai i 
Australia 
Ind ia 
India 
India 

Hawa ii 

Bangladesh, Egypt , Indi a, Japa n, 
Philippines, Sierra Leone, Sri Lanka, 
UK, West Indies 

West Ind ies 

Bangladesh, India, Nigeria 

India, \'(fest Ind ies 

Egypt 

China 

Austmlia 
Ind ia, Sierra l.eone 
Bang ladesh 

India 

Solomon Islands 

Solomon Islands 

Solomon Islands 

Solomon Islands 

Solomon Islands 

South Africa 

India , Sierra Leone 

West Indies 
USA 
UK 
Ind ia 

UK 

Korea 

Korea 

J apa n 

l)siIOJ((I/'i(l jI(I!lJIlJIdill(le 

Family; i\'l icropezidae 
C(lloIxl/tl sp. 
C. illdic(1 

"timegl'tlII" roemlnjrolls J\«acq. 

Family: Ch loropidae 
Cbtl/ridollJ),;tI (11I';(ol'llis Mall. 

Por/lloJil/tI jltII1ipes Mall. 

"'eforb/orOpJ jI(l/I;peJ 
Pfl/,(I((III1t1rO/tI sp. 

Fami ly: Ce lyphidae 
Ctl),pbllS sp. 

Fam il y: Syrphidae 
Ellmems ,dbi/rolls Wlk. 
E. p"lcbtl'riIllIlJ Bru. 

Order: Lepidoptera 

Fam ily: Gracillaridae 
Amxtrcops il'l'tldi(I/IS Meyc. 

Family: Tineidae 
Opog01/(1 s(/((b(lri (Bojer) 
StfOlflmphrl m/elltl 2el l. 

Famil y: Oecophoridae 
BI(IS/ohmis bYI'sotlepl(1 Me}' c. 

Fami ly: Pymlidae 
COlloge/bes PlIIlCfifCl'tllis Guen. 
EpbeJfitl sp. 
II kllelJllielltl Zell. 
0511';1I;(I/lm/fI((i/is G uen. 
PYI'tlI;s JI/(lIIibo/aliJ G uen. 
Plodi(1 ;lItetpIIlIc/ella H bn. 

Family: I-Iespe ri dae 

Udmpes 101m Cram. 

llami ly: Noctuidae 
HtI;olhis sp. 
Spotlop/em li/II/'{1 (F.) 

Unidentified 

Rhi zome 

Rhi zome 
Shoot, Rhi zome 

Rhizome 

Shoot, Rhi zo me 

Shoot, Rh izome 

Rhi zome 

Rhi zome 

Rhi zome 

Rh izome 
Rhizome 

Leaf 

Rhi zome 
Dr)' rhi zome 

Rh izome 

Shoot 
Dry rhizome 
Dry rhi zome 
Rhi zome 
Dry rhizome 
Dry rhi zome 

Leaf 

Shoot 
Leaf 
Leaf, Shoot 

J apan 

India 
India 

India 

India 

India 

India 

Ind ia 

India 

India 
India 

Ind ia 

Brazil 
India 
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Sierra l eone 

India , Sri Llilka 
India 
Egypt 
Aust rali a, China, Solomon Islands 
Ind ia 
Egypt 

India 

Austra lia 
Ma lays ia 
Aus tra lia, Hawaii 

The shoot borer and rhizome scale are Inajor insect pests of g inger. 

Shoot Borer (Collogetbes jmllcti!e/'{{lis G lle n.) 

shoot borer is g inger's most serious pest, especially in India, bu[ little information 
available on its disrr ibmion in variolls areas in [he country. In Kerala (India), 23,6 to 

percell[ of pscudosrems were damaged by the pest at Ko[[ayam and Idukki distrins 
200 l). The shoO[ borer is also widely preva lcm in Asia, Africa, America, and 

bur authentic records of [he pest on gi nger are lirni[cd. The shoot borer is 
by many other common narnes generall y indicat ive of the crop and plan[ pan 
It has been suggested [hat [he shoot borer is a combination of more [han one 
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Figure 10.1 G inger pscudosrem infested by shoot borer. 

spec ies, especially ill Australia and South East Asia (I-landa, 1986a, 1986b; H onda et 

aI. , 1986; Robinson et aI. , 1994; Boo, 1998). . 
The larvae of shoot borer bore into pseudostems and feed on the grow ing shoot of 

ginger plams, resu lt ing in ye llowing and drying of infested pseudostems. The p~esence 
of bore holes on the pseudostem, through which frass is extrude~, and the wlthet~d 
central shoot are characteristic symptoms of pest infestat ion (see Fi gure lO . l ). Stuclies 
on yield loss caused by the pest in Kerala indicated that when. SO percent of .the 
pseudostems in a plant are affected, there was a sig nificant reduct ion of 38 g of yield 
per p lant (Koya et aI. , 1986). Yield losses of 25 percent have also been reported when 
23 to 24 percent of a plant 's pseudostems arc infested and the pest was reported to cause 
40 percent yield loss in Kottay.m andldukk i d istr icts in Kerala (Nybe, 200 I). 

Life H islOr)! 

The adults are med ium-sized moths with a wingspan of 18 to 24 mm; the wings and 
body are pale straw yellow with minute black spotS (see Figure lO .2). There are five 
larval insrars; fully grown larvae are lig ht brown with sparse hairs and measure l6 to 
26 mill in length (see Figure 10.3). T he d imensions of ad ults and larvae may vary 
depending on the host plant in which they are raised. Jacob (1981) reported the 
morphometrics of various stages when reared on turmeric. Thyagaraj et al. (200 1) 
suggested a method for determ ining the shoot borer's sex based on the size and mor

phology of male and female pupae. 

~
.,,<.~ 
V·. ·:.,,· 

( , . , ';r' . 

, 

Figure 10.2 Shoot borer, adu lt. 
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Figure 10.3 Shoot borer, larva. 

No informat ion is available on the life history of the shoot borer on g inger. However, 
its life history has been studied on other Zingiberaeceous crops such as turmeric and 
cardamom. Such studies on turmeric conduCted at Kasaragod (Kerala) under laboratory 
conditions (temperatu re range: 30 to 33°C; relat ive humidity range: 60 to 90 percent) 
indicated that the preoviposition and egg periods lasted for 4 to 7 and 3 to 4 days , 
respect ively. The five larval instars lasted for 3 ro 4, 5, 3 ro 7, 3 ro 8, and 7 ro 14 days, 
respectively. The prepupal and pupal periods lasred for 3 ro 4 and 9 ro 10 days, respect ively. 
Adult fema les laid 30 to 60 eggs dur ing its lifespan, and 6 to 7 generations were c0l11pleted 
duri ng a crop season in the field. Variations were also observed in the life cycle (up to 30 
days du ring Aug ust to October and up to 38 days during November to December) during 
va rious seasons (J acob, 1981). 

At Thadiyankudisai (Tam il Nad u, l ndia), the duration of shoot borer's life history on 
cardamom varied considerably during sum mer (temperature range: 16 to 29°C; relative 
humidity range: 6S to 85 percent) and winter (temperature range: 16 to 2SoC; relative 
humidi ry range: 49 ro 92 percent). The preoviposirion, egg. and larval periods lasted 
for 2 to 3, 6 to 7, and 21 to 32 days, respectively, during Sllmm~r, ancl l 7 to l 8, 6 to 

8, and 40 to 62 days, respectively, during wi nter. T he prepupal and pupal periods lasted 
for 2 to 3 and 10 to 12 days, respect ively, during summer, and 4 to 7 and l 7 to 27 
days, respectively, dur ing winter (Varadarasan, 199 1). 

SeasOllrtl Incidence 

No information is available on the seasonal popu lat ion dynamics of the shoot borer on 
ginger. However, the damage was reported to be higher in the fie ld during August, 
September, and Ocrober in Korrayam and Idukki distr icts in Kerala (Nybe, 200 1). 
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Host Plt""ts 

The shoot borer is hig hl y polyphagous and has been recorded on 65 hosr p lanrs belongi ng 
co 30 fami lies (see Table 10.2). Many of rhe hosts of the shoot borer are econom ically 
impon ant plants, and the pest infests vatiolls parts of these p lants, sllch as buds, Rowers, 
shoots, and fruits 

Table 10. 2 List of host plants of Conoge/hel plm<liferalis 

CommOIl Name Scielllijic Name f amily 

Custard apple AI/Ilona sp. Annonaceae 

Cherimoya A. c/)e,-illlola Mill. Annonaceae 

Holl yhocks A /rel l rOUfl L Mal vaceae 

Cotton G OSSypi1l1ll sp. Malvaceae 

Silk cotton tree Ceiba Im/hmt/rll (1.) Gaert n Bombacaceae 

Cocoa Thtobroma cacao L Ste rculiaceae 

Cammbola A tm·rhOti cf(rambola L Oxalidaceae 

Orange Cilr/lS sp. Rutaceae 

Tangor C. "obilis Lour. Rutaceae 
f orllllldlfl sp. Rutaceae 

Grape Vilis villifem L Vimceae 

Longan /Ji/II()«(IIlms 10IJglIII Lour. Sapi ndaceae 

Rambutan Ntphelilllll lappa(ffl/II L. Sapindaceae 

Soapnut Sapim/IIS ellltirgillfllm Vahl. Sapindaceae 

Soapnut S. Ifl/lri/o/im Vahl. Sapi ndaceae 

Mango M fw gi/era jllt/ica L. Anacardiaceae 

Sumac Uhlls chillensis Mill . Anacardiaceae 

Bean Cfll/fl/.'tIlia illdim Fabaceae 
Cmsir( sp. Fabaceae 

Fever nut CfltJalpillia bOHdllCe/lfl Flem. Fabaceae 

Soybean GI),cille IIIflX (I.. ) Merr. Fabaceae 

Tama rind T(fIJ/flrilldllS ill(/i((l L Fabaceae 

Hawt horn ClllltlegllS Pil/1/{1liji(/l l Bunge Rosaceae 

Loquat l!.,.iobol /)'l l jrlpollica (T hunh. ) Lindl. Rosaceae 

Apple M a/1lS t/ollleJlim Borkh. Rosaceae 

Cherry (lr",llIs japO/llca thunb. -.tosaceae 

Peac h P. pmica (L.) Bacsch Rosaceae 

Pear Pyms eO/1IIl11wis L. Rosaceae 

Gmnadil la Pfwijlora sp. Pass iAomceae 

Papaya Carica pap(lY(1 1. Caricaccae 

Garuga C llmgfl pillllata Roxb. Rubiaceae 

Dahli a /Jab/ifl sp. Cornpositae 

SunAower H e/iall/hllS (llIIIIIlIS L. Compositae 

Perssimon Diospyros kflki Thunb. Ebenaceae 

Teak 'lec/onff grandis L Verbenaceae 

Amarant h A lJlamll/hlls sl>. Amaranthaceae 

Blac k pepper Piper nigmlJl L. Piperaceae 

Guava PsidillllJ gllaj{l1Ja L Myrtaccae 

/JiJlriblllioll 

Australia 

India 

India 

Austra li a, India 

India, Indones ia 

Inelia, Sri Lanka 

Australia , Ch ina, J apan 

China 

Ind ia 

Ch ina 

Malaysia 

Indi a 

India 

India 

J apan 

Austra li a 
Austral ia 

Inel ia 

Australia 

Inel ia 

China 

China 

j apan 

China, Japan 

Australia , India , Thai land 

China, India 

Australia 

Australia , Phillipines 

India 

Austral ia 

Sri Lanka 

j apan, Korea 

Burm a, I nelonesia 

Inelia 

Australia, Inel ia 
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Pomegranate Pllllica gmllaflllll L Lyt hraceae India 
Avocado Penia fllIler;({/lIa Mill. La uraceae India 
Queensland nut M acadamia illfeg /'i/olia J\-faiclen & 

Berche 
Proteaceae Australia 

Casror I?iei/Ills co"lIJllmis L. Euphorbi aceae Australia , Bang ladesh, 
India, Indonesia, Papua 
New Guinea 

Chest nut Cmltl1letl lIIolliss;lIIfl Blume Fagaceae Chi na 
Oak Qllerms spp. Fagaceae Korea 
Oak Q. fl("fll i ssilJ1{1 Carrutt . Fas aceae j apa n 
Jack A rfocfl/pm belero/,h),lIus L ·1I11. Momceae Ineli a 
Mul berry M or/IJ sp. Moraccae India 
Fig FiCIIs c{lriftl L. Moraceae India 
All igacor pepper A/mlllolllllJlIlIle/eglieta Schum. Z ing iberaceae India 

Alpillifl sp. Zi ng ibcraceae India 
Ga langal A . ga/lllJga (1.) Sw. Zing ibemceae Inelia 

A m01lJ1II1I sp. Zi ngibcmceae India 
I\. lIIicroSlepha1J1111/ Baker Z ing iberaceae India 

Greater A. SIIb"/flllOl/ Roxb. Zingibcmceae Ind ia 
cardamom 

Tu rmeric CII/Hlll/a 10llgfi L Zingibcmceae India, Sri L'mka 
Yellow zedoary C. nrOlllftlica Salisb. Z ing ibcraceae India 
Mango g inger C. alllfu/tl Roxb. Zi ng i beraceae Ind ia 
Ca rdamom £/ell{lria car(/alllollllllll Macon Zi ngibcraceae Ind ia , Sri L--mka 
Ginger lily H er/ychilllll corollari"lII ). Kon ig Z ing ibemceae lnel ia 
Yell ow gi nger H . jlfweSCtllJ Carey ex Rose. Zine:i beraceae India 
lily 

Ginger Zillgiber oJjicillfll e Rose. Z ing iberaccae Ind ia, Sri Lanka 
Banana M lISfI sp. Musaceae Aust ra lia 
Sugarca ne SflccbflrJIm olfidllflnlll/ L. Poacea Austmlia 
Sorghum SO/gblllil bic%r (I...) Moench Poacea Austra li a, India 
Mai ze ZMlIIflYS I... Poacea Austmlia, Chi na 
Cedar C'J'p/ollleria jajJolli(fI (I... f. ) D. Don 'J"bxod iaceae 

llrcc-. --

J. Reroi(w)u/ AP~/ietl E,,/ulllu/uK?'--SfritJ A /Rel'ie/(l 0/ Agrifll/llfm/ E1IIu",%g)" CAB IllIcrnational, \Valliogford . 
2. Crop I Cot('(IIOO CompendIUm (2002), CAB lott'rnIHiooal, Wal lingford. 
3. CABPESTCD, CA B IllIeroal ionaJ, Wallingford. 
4. Ko}'a tt at. (l99 1). 

Resis/(l lIce 

The reaction of va rious types of g inger to shoot borer in the fi eld wa( studied by Nybe 
~nd Na~r (1979), who reported that among t he 25 cultivars of g inger screened, the pest 
l?fes.tatlOn was minimum in Rio de J aneiro and max imum in Valluvanad, al though not 
Significant. 



374 Ginge,.: The GelllIS Zingiber 

N,all,·,tI ElIemies 

Various natura l enem ies of the shoot borer have been reponed , especiall y frol11 Sri Lanka, 
China, J apa n, and lndia. DolidJ/(rtfs sp. (Spheg idae), Xa1llbOfJilllfJla sp. (l chncumonidac), 
and Pb(lIlerotolll(1 henriecasisella Ca m. (Braconidae) were recorded as parasitoids of shoot 
borer from Sri Lanka (Rod rigo, 194 1). Apol/Ie/es sp. (Braconidae), BrtlcbYllleri({ IrlSm West. 
(Chalcidae), and Telllelllcb" sp. (1chneumonidac) were recorded as parasitoids of shoot 
borer infes ti ng longa n (Dimocm/JIIS IOJ/grlll LOUf.) in China (H uang et aI. , 2000). '(fathclla 
jlclVoofbitalis (Cam .) (l chneumonidae) and D. ObSC/lfata \Xfa lk. frolll Chi na, along with 
A/Jecbthis J(I'I/Jll li/el'fl j SC(fJl/bllS /Jersimilis (1chneulllonidae), and B. obsl'IIJ'(Itcl fro m J apan, have 
also been documented as natu ral enemies of the pest (C AB1 , 2002). 

A number of natural enemies have been docurnented in l nd ia. T he cntol11 opathogenic 
nemacode SteiIJerneJJlcl glaseri (Stei ncrnematidae) has been recorded on larvae of shoot borer 
(CABI, 2002). A1Jgitia (Diortes) trorha1llerattl Morl. (1chneu mon idae), TheroJlli(l illt'lreo/ala 
(Bracon idae), BJ'(Icon brevicom is Wes., Apl'lIJte/es sp. (Braconidae), BJ'(Ic/;Ylllel'ia ellp/oeae \Xfesc 
(Chalcidae) (David et al. 1964 ), and Microbrocol/ bebetor Say. (Braconidae) (Patel and 
Gang rade, 197 1) were documented as natural enem ies of the pest infest ing castor. 
Brl'lchYJllerirl JJosatoi Habu and B. laJIIs Wesc. were recorded as parasicoids of the pest by 
J oseph et al. ( 1973). More than 20 parasitoids have been fou nd parasit ising the shoot 
borer infes ting cardamom, and they incl ude Palexoristrt jJCll"l'lciJryso/Js (Tachi niclae), AgrY/JOII 
sp., Apechthis cOjJllli/era, Eribortfs trocbolltemtllJ (Morl. ), Friona sp., COlra sp., NYfiJobirl sp., 
Smmbm penimitis, Tell/emlcl sp ') TheroJlicl il/clreo/alrl, XClIJlbopiJII/Jltl (lm/ ft"is Kr. , X. kandi· 
emis Cram. (1chneul11oniclae), Bracoll brevicomis Wes., iHicrobracolI /;ebalor, AjJclllteles sp., P. 
bellr/ec({sise/II'I Cram. (Braconidae), Sy"opiemis sp., BrachYlIlericl ~IIISlrl''';S Kr. , and D. obsCllra 
(Chalcidae) (CPCRJ, 1985; Varada rasan, 1995). 

Mermithid nematode (Metmithidae), />o'/YOSOIII({ sp . (Btaconidae), X. rllIJlro/is Qacob 1981), 
I-Iexflmenllis sp. (Mermithidae), and A/JclIlteles Imwg£lllllJle (Devasahayam , unpublished) have 
been documented on shoot borer infes ting g inger in Kerala. In add ition, genera l predators 
like dermapteran (Ellborellitl slr"i Dohrn (Carcinophoridae), as ilid Aies (Pbilodims sp. and 
I-Ieligmolleurci sp.) (Asilidae), and spiders (Arallells sp., Mimria sp ., and Thyene sp .) have also 
been recorded on the pest in Keta la (Jacob, 198 1). The virus that has been recotded to 

infect shoot borer is Did,orl"Oris /JIIIII"lijerrtlis N PV (Bacu loviridae) (Murphy et al. 1995). 

A1C1.1I1'Ige me li t 

In spite of the serious damage caused by shoot borer, very few field tr ials have been 
conducted with insectic ides for the control of the pest on g inger. 

Chemical COlltro!: Kaya et al. ( 988) evaluated six insecticides at Peruvannamuzhi 
(Kerala) and fO llnd that all of them were effect ive in controlli ng the pest when sprayed 
at month ly intervals from J uly to OctOber. Among the insecticides, malat hion 0. 1 percent 
resulted in minimum pest in festation on the pscudostems and was on par with mono· 
crotophos 0.05 percent , g uinalphos 0.05 percent, endosul fa n 0.05 percent, and carbaryl 
+ molasses 0.05 percent. Koya et al. (986)·have evolved a sequent ial sampling strategy 
for moni roring the level of pes t infes tation in a fi eld of g inger as g uidance for undertaking 
cont rol measures. 

T he pesticide residues of the prom ising insecticides, such as rnalathion 0.1 perc~ntl 
endosulfan 0 .05 percent, and monocrotophos 0.05 percent, whi ch were sprayed clutlng 
J uly ro October (four sprays), were determined . T he res idues of all the insecc icides were 
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below the detectable lim its «0.00 1 ppm) in d ried g inger rhi zomes at harvest , indicating 
the sa fety of the recommendations for the management of the pest (Devasahayam, 
unpublished). 

B~ologi(fli ('omro!: l ,vo commercial p roduces of lJacil!1IJ thllringiemis
j 

namely Bioasp and 
Dlpei , were evaluated, along with malathion for the rnanagement of the shoot borer in 
rhe fi eld at Peruvannamu zhi . T he trials indicated that all the treatments were effective 
in r~cl u c i ng the ~Iamage ca used by tbe pest compa red ro control when sprayed at 2 1. 
day Interva ls d utl ng Jul y to Ocrober. Spraying Di pel 0 .3 percent was the most effect ive 
treatment, resu lt ing in a sig ni fica ntl y lower percentage of infes ted pseudos tems on the 
crop (Devasahayam, 2000). 

Choo et al. (1995).evaiuatcd the pathogenecity of entomopathogenic nematodes aga inst 
the shoot borer. Stememelllci sp. and Helerorbflbdilis sp. caused 90 and 100 percent mor. 
tali ty, respect ively, of tes t insects in the laboratory when 20 nematodes per larva were 
i no~ ul a ted . Choo ct. aJ. (2001 ) later reported that the LC 50 for S. (m pocajJsae Pocheon 
stram and 1-/ . ba(ten ojJlJofcl Hamyang strain were 5.6 and 5.8, whereas their moralit ies 
were 96.9 and 96.5 percent, respectively, for these strains. 

~'lIegraterl MCIJ.lagelllel/l: An illte.grated strategy includi ng cul tu ra l methods, such as prun
Ing of freshly IIl fes ted shoots dU l'lng J uly to Aug ust (at fortn ightly intervals) and chemical 
methods such as spray ing of insecticide (rnalathion 0. 1 percent) d uting September to 

~ctober (at month l~ intervals), was effective for the management of shoot borer, resulting 
In a cost-ben~fi t ratio of 1:4 .. 6. By adopti ng this in teg rated strategy, two insecticide sprays 
could be aVOIded, thus causlllg less harm to the ecosystem (Devasahayam unpublished). 

Sex Pheromones: Many workers have demonstrated the presence of sex pheromones in 
the shoot borer (Konno et aI. , 1980, 1982; Liu et aI., 1994; Ki mura and H onda, 1999). 
Tnals on the effi cacy of sex pheromones in the fi eld have also been reported on va ri ous 
crops (other than g inger) from China, Japan, Korea, and Ind ia (Cai and Mu, 1993; Li u 
et aI., 1994; Chakravarthy and T hygaraj, 1997, 1998; J ung et aI. , 2000) 

Rhizome Scale (Aspirlie/Ia b,,·,.t ;; CkJ I. ) 

The r~li zome scale is d istributed main ly in the tropical reg ions of Asia, Africa, Central 
Amefl ca, and the Caribbean Islands, but authen t ic records of the pes t infes tation 0 11 

111 various parts of the world , includ ing Ind ia, are lim ited . 

The rhizome scale infests rh izomes of g inger both in the fi~d and in storage. In the 
fie l~, the pest is genera ll y seen during the later stages of thi crop, and in severe cases 
of ~nfes tati on the plants wi ther and dry. In storage, the pest in festation results in the 
shrlve.ling of buds and rhizomes, and severe in festat ion adversely affects the sprouting 
(see Fig ure 10.4). The pest infestat ion restll ts in a weig ht loss of 14 .0 and 22.5 percent 

srored for 128 days and 175 days , respectively (Harg reaves, 1930). 

rhi zome scale is min ure, circular, and light brown to g rey, 
ng abou t 1. 5 m m in d iameter (see Fig ure 10 .5 ). Females arc ovo-viviparous and 
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Pigllre 10.4 
. I ' . C d b hizome sca le (cop-i nrested rhizome; botrom-he .. lthy G inger r lIzomc \llIeste y r 

rhi zome). 

Figure 10.5 Rh izome sw lc, adults. 

also reproduce parrhenogenet ically. Litt le information is ava ilable on the li~ histo
r
; ~: 

:he pest on g inger. A sing le female lays about 100 eggs, and the life cycle lrom e;. life 
adult is completed in about 30 days (Jacob, 1982, 1986). T he pest camp etes I 
cycle in I I to 20 days on yams (Dioscorea spp.) (Palalll swaml , 199 1). 

Host Plants 

In Ind ia the rhizome scale has been reponed to infest turmeric ( Cllrc/~lIItl/ol/g~(~l~Y~:;~ 
1940) '~ I ephant foot yam (fl lIIorphopha/i1lS l)aeollii/o!illS (Denns!.) N Icolson - ) Burkiil 

, I 9 6) (D ' 0'" a/clta L D esmlelltft (Lou r. 
Pt1l1l1latlls) (Regupathy et a ., I 7 , yams lose I , .,' . I (L ) Schott.) 

. (P I ' . I 1979) ra ro (Colo(f1sW esm elllft· b and D. fOllllldtlla POlr) a anl swam l et a ., " ..' I tt ) (lacD I 

(Pil lai and Rajamma, 1984), and tann ia (Xallthosoll/rl sagilli/oill/III (L.) Sc 10 . 

1986). 
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In other countries, the rh izome scale in fests yams in the West Indies (Ballou , 1916), 
the Panama Cana l Zone in Central America (Fisher, 1920), Nigeria (Onazi, 1969), and 
the Ivory Coast (Sauphanor and Ratnadass, 1985). It specifically affects sweet potatoes 
in Africa (Sasser, 1920) and tan nia in the West Indies (Catoni, 192 1). 

Na turtd Eucm;cs 

The natura l enemi es recorded on the rh izome scale at Kasaragod include PbpCIIs (CocobillS) 
comperei I-Iayat (Aphelin idae), Arleleucyr/IIS lIIodera/1IS Howard (Encyrtidae), and twO species 
of mi tes. Parasiti zat ion by P. comperei broug ht down the populat ion of the rhi zome scale 
by about 80 percent in three monchs Oacob, 1986). At Peruvannarn uzhi , apart from 
Corobim sp. , a predatory beet le and ant were observed to predate on the rhi zome scale 
(Devasa hayam, 1996). 

l'tftt.lJtlgclJlellt 

Di pping the seed rhizomes in quinalphos 0.1 percent for fi ve minutes after harvest and 
before plant ing was fou nd to be effect ive in controlli ng rhi zome scale in festation on 
ginger (CPClU , 1985). Soak ing the rhi zomes in q ui nalphos 0.025 percent or fenthion 
0 .025 percent for 30 minutes was also reponed to be effect ive in preventing rhe 
infes tation (Mai cykutty et aI. , 1994) . D ipp ing the seecl rhi zomes in qu inalphos 0 .075 
percent and storage in dried leaves of Sll'yrbIJos IJllx-'vomic(1 L. was also promi sing for the 
management of the rh izome scale (I ISR, 2002). 

Minor Insect Pests 

The mi nor insect pests of g inger incl ude sap feeders, leaf feeders , and rhizome feeders. 

Sap Feeders 

The on ly species of thri ps recorded to infes t g inger is onion thrips Tbrips /clbtlci Lind . 
from Ind ia (Chadha, 1976). Reports from India and China ind icate that the banana 
aphid , Pellltdollia Iligrollervosa Coq. , infests g inger leaves. Psellt/ococrllS sp. and unidentified 
mealybugs have been recorded on g inger rhi zomes from Fiji and Ind ia, respectively 
(Ehrhorn and W hitney, 1926; Vevai, 197 1). Apart from II. bartii, other species of scale 
irul:I:ts, sud , as flspidiotltS destmetol' Sig n. (Anon, 927 ) and Howardia bidr,"is (Com.) 
(Chua and Wood, 1990), have also been recorded to in fest g inger rhi zomes. 

Le"f Feeders 

!he grasshopper, Alrtlc/oJllorpha (/IJ/viglltt Bol. , has been reco r(~ed to feed on g inger leaves 
In China (Ma, 1935). Chrysomelid beetles, such as PbCIl'lIlIgis/JII pmp"reijJellllis Maulik , 
and fou r subspec ies of P. a/pintle have been recorded on gi nger from the Solomon Islands 
(Mauli k, 1929; Gressitt and Sa muelson, 1990). The curculionici l-ledyebo1'lts I'II/o/ruria/IIJ 
M. has been recorded on g inger from Ind ia (Nair, 1975). T he Chinese rose beetle ( fl dol'etllS 
lil/iellS Burm.) has been recorded to damage the fo liage of Hawaiian g inger plants. 
Spraying of carbaryl has been suggested for the management of the pest (UH , 200 l ). 

A few species of leaf-feed ing caterpillars have been recorded on g inger, with the 
turmeric skipper Udaspes folllS Cram. being the most serious, especially in India. T he 
peSt has also been recorded from China and Malays ia as infesting ginger (Hill 1983). 
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The larvae of the leaf ro ller cut and fold the leaves, remain within, and feed on them. 
The egg, larva l, and pupa l periods last for 4 to 5, l 3 to 25, and 6 to 7 days, respeCt ively, 
on g inger (Abraham et aI., 1975). The pest is abundant in the fi eld from Aug ust to 
OctOber. Koya et a l. ( L99 L) reviewed the natu ral enemies and alternate hosts of t he pest. 
The other leaf-feedi ng caterpillars that affect g inger include i\rrorerrojJs irmC/it'lJIs Meyr. 
from Indi a (Meyrick, 193 1) and Spodopfer" lil"r" (F.) fro m Malaysia (Hill , 1983). The 
larvae of cutworms have been known to feed on the basal portion of pscudostcms and 
sometimes on the first leaf in Austra lia and Hawaii . 1n H awai i, fumigation of the soil 
with methyl bromide prior to planti ng and application of diaz inon have been suggested 
for managing the pest (01'1, 200 1; UH, 2001 ). 

Rbizome Feeders 

Various species of dipteran maggots bore into rhizomes and roors, and they are generally 
seen in plants affected by rh izome rot disease. The maggors recorded on g inger include 
Calobctltt inc/ira (Maxwell-Lefroy and Howlett, 1909), Chct/ridolllyia t'llrirofnis Mall. , For
II/osil/(/ j/(llIipes Mall. (Malloch, 1927), Mill/egral/a (oemleifrollS Macq . (Khaire et aI. , 1972), 
Celypbm sp. (Na ir, 1975), Leia anal/a (Hutson, 1978), B"II/ems albifrol/s Wa lk. (Sathia. 
mma, 1979), Phyloscit'lrel ziJlgiberis, Psilosrim('t jltlllIlIlItiiJlae (Ogawa et a I. , 1985), E. p"l
rberrill//IS Bru . (CPCRI , 1986), Gyll/l/ol/eri/lS sp. (Koya, 1988), and Bradysia sp. (Lee et 
a I. , 2001 ). 

G horpade et al. (1983) conducred surveys in Maharashtra (India) and reported that M. 
roemfeijrollS was endemic in Sangli and Satara di stricts and resulted in 3 l percent reduc
tion in g inger yield. Surveys conduCted in Kerala indicated that At eoemleifrollS was the 
most common species occurring in g inger rh izomes, and 26.4 percent of the diseased 
rhi zome samples examined contained maggors (Koya, 1988). Sonatakke (2000) reported 
that 40 to 42 percent of t he unprotected crop in Orissa (India) was damaged due to an 
infes tation by M. coemleifroJJs. Ga rg (2001) conducted surveys in Sirmour disrrict in 
Himachal Pradesh (India) and reponed rhar 32.6 to 50 .0 percent of the rhizome samples 
were infested by C. inC/ir('/.. 

The life history of ,,1. coerllteifrons on g inger was studied in Ma harashtra, Kerala, and 
Orissa. The pest completed irs life cycle in 32 to 35 days, 20 to 28 days, and 46 days, 
respecrively, in rhese areas (Ghorpade ec aI., 1988; Koya, 1989; Sontakke, 2000). Yri· 
ebopria sp. (Diapri idae), SjJalcmgia geJllina BOllcek (Pteroma lidae), and an unidentified 
spider were recorded as rhe natura l enemies of M. (oem/eifrollS (CeCRI,J.27J; GINt/2ad 
er aI. , 1982; Koya, 1990). The life hiscory of C. illdira was sctldied at Himachal Pradesh, 
and the toral life cycle was completed in 14 to 18 days (Garg, 200 I). 

Many workers investigated the associar ion of dipteran maggots with diseased rhi zomes. 
The presence or absence of maggots did nOt make any difference in the initial incidence 
of rhe disease (Iyer e t aI. , 1981). Premkumar et al. (1982) reponed rhar 42 percent of 
the diseased rhi zomes examined had Pylhil(lfJ sp. alone, and 58 percent had Pythilllll sp. 
and maggots. None of the rhizomes were infes ted with maggots alone. Radke and Borle 
(982) found that the rotting of rhizomes due to di sease occurred first and iater the flies 
preferred such rhizomes for egg laying. Surveys conducted in Kerala indicated that 33.6 
percent of the diseased rhizomes contained maggots (M. eoemleifrollS and E. pl(lcherri1JlJlJ); 
none of rhe healthy rhizomes conrained maggors (Koya, 1988). However, Ghorpade et 
al. (1988) mencioned rhar the feeding act ivity of maggors was responsible for the 
introduct ion of microorganisms such as F/IS(/ ril(JI/. sp., Pythilllll sp., and Sclerotil(m sp. and 
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nematodes of t he genera 1)rfenchm, /-Ielicolylenc/;m, "1e!oir/ogYlle, and D01ylaimit/t't in t he 
fi e ld. H o,.vever, .stud.ies conducted under controlled conditions in the green house and in 
the fi eld IflVolvlllg 1I10clliat ion with M roenlieifrolJJ anel Py,h'·"'II .. b· 

. . . 'jl. sp. III vaflOUS com 1-
nations clearl y lI1ehcated that the maggots could infesr on ly , I,·se I · I . asee ginger r lI zomes 
and hence cannot ~e cons idered as a primary pest of the crop (Koya, 1990). 

~o}'a ane.1 B~neqee (.1981) report.ed that. a l d.i ca r~, carbofu ran, and methyl parathion 
wele effec.tlve 111 red.uc lllg the pest IIl festa tlon 111 t fl als with var ioliS insecticides against 
".1. coemleijroJlJ on. g inger. Garg .(200 L,> sugges ted treating seed rhi zomes with chlorpy
flphos before SOW lllg, and spraylllg with the same chemical 1 month after germination 
for tbe management of C. illdicd. 

The treatn~ent of g inger seed rhi zomes with 0.4 percenr hexachlorocyclohexane (HCH ) 
and fi elds With one, f\~O, or three appli cations (60, 90, and 120 days after p lant ing) of 
10yercent HCH dus~ 111 Maharashtra for the management of ,H. (oemleifroJlS resulted in 
reSidues 0(0.44 ppm 111 rhi zomes from a crop that received the seed t reat ment and thtee 
applications of inseCticides. The residues were below 0.1 ppm in rhi zomes which received 
~n ly two apl~li ca ri on~. The res id ues of HCH in t he soil ranged from 0.60 to 1.09 ppm 
In plots, whIC h received one to three applica tions (Dhatk hil e and Dethe, 1987). The 
same au thors subseq uently reponed t hat when the seed rhi zomes were treared with 0.4 
percent of HC~ befor~ planting, and when three appli cations of 7 kg ai/ha were ca rried 
alit after plantll1g, reSidues of OAl ppm were detected in t he rhi zomes at harves t. The 
soil residues ranged from 0.4 1 co 0.97 ppm (Darkhile and Dethe, 1988). 

The lar~ae of a ~ unidentified cerambycid were reported to w nnel into and completely 
destroy ginger rhi zomes ar Hazyview in Sourh Africa (Willers 1990). Koya er a l. (1991) 
reported IIlfesra~lO~n of 2- to 3-month-old g inger plants by I-Iolotrir/)itl fissel Brenske at 
Peruvannamllzlll . fhe g rubs fed on the tender rhi zomes and someti mes at rhe base of 
the pseudostems, result ing in the yellowing of shoots and the mortali ty of the plants. 
1-/. coreleea (Hope) also bored into rhi zomes in Shim la district (Himachal Pradesh), 
res ~liting in large, ci.rcu!ar holes; the damage ranged from 5.7 to 26.5 percent at harvest 
~Mlsra , 1992). ~t Slk klm Ondia), H. selicollis Mosher causes serious damage to g inger 
1ll many areas. 1 he egg, larval, and pupa l stages lasted for 10 co 15, 170 to 220, and 
3? to 40 da~s , respec t.ivel~. Collect ion of beetles during adult emergence periods along 
With ~Irenchlllg the .sod With CJuinalphos 0.05 percent or chlorpyr iphos 0.08 percent was 
effective for manag ll1g the pes t (Varadarasan, 2000). 1-/. cOJlSangllinea Blanch. has been 
kno,: n ~o fe~d on rhizomes and roQ[S .. wh ich has caused the-d ryi ng of plants at Sirmoll r 

IStfiCt III ~-J Imachal Pradesh. Treating the seed rhi zomes and t he fi eld with chlorpyriphos 
before sowll1g has been suggested for manag ing the pest (Garg , 2001). 

OjJO~OIJcl sClcciJari (Bojer) on gi nger rh izomes from Brazi l (Seymour er a I. , 1985) has 
been Intercepted in the U ni ted Kingdom. Aracrems/clscimlalm (DeG), Pymlis lIIt'lIIi/;olatis 
~lIen., and. SeloIllOlI~bt'l mleflt't Zell ., which predominantly Jnfest dry g inger, also bore 
nro fresh gll1ger rhizomes Oacob, 1986). The termite OrlOJ/lOlerllles obesm Holm. has been 

reported. to feed on rhizomes and roOtS, causing gi nger plants to wither and dry, and 
also leading to the secondary funga l infection of rhizomes at Sirmour distri ct in Himachal 
Prade I 1'1 . c· b .' s 1. 1e pest JIllesta tlon cOLild e managed by treating seed rhi zomes and the fi eld 
With chlorpyriphos before sowing and avoiding the use of sugarcane Straw as mulch 
(Gar~ 2~Ol ). Wireworms have also been reported to damage g inger planes in H awaii. 
~lmlgaflng the soil with methyl bromide prior to planting and applying diazinon have 

en suggested for manag ing the pest (UH , 2001). 
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Major Insec t Pests of StOfed G inger 
• C I . They mainl y belong to the o,de,s 

Various insects have been reported to Ifllect c ry g lllger. . < • ••• (I' b) t! 
( ..t1 the ci arette beetl e (LaSIOc/erllla se,lIC011le a ., le 

~~~~O;t~;: ~:~ I;~fr'e~~bi~~~;'iJt;~;ce;1/1I L.) a~'d the coffee bean weevil (M ({e"",s jClscimlfllm 

DeG) being the most serious. 

Distributioll 

The insect Jes tS of dry g inger are cosmopolitan in the warmer parts of t1~ e world , 
occurring m1ainly in Asia and Africa. In temperate reg ions, they are commo~ 1~I~e:~er~ 
stores. Abraham (1975 ) ,eported ,hat the ~iga;ette ~e~~et;n:O cl~~~~:n~e~~ tI~: samples 
the most common pests of dry g lllger In era a, an . ' mercial S(Qres 
we re infested b these pests. Stud ies on insect pests of s(Qred g lllger III com . < • 

in Ke rala ind i~,ed that a significantly high popu l at i~' of e~ar~t~e ~:e~;n:~~I~~'~~~ 
during August and OC(Qber when compared to Decem er at oz 11 0 , 

ldukk i districts (Joseph et aI. , 2001a). 

D(uJ/fI.ge 

The larvae of cigarette beetle and drug store beetle tunnel in (Q d ry g inger and cOntam-
. ' . d d · f frass (see Figu,e 10.6). The larvae and ad ul ts 

inare It With an abun ant pro uctlOn 0 < ~ I b 
al;o rnake extensive holes in the prod uce. The adults of cigarette beetl e ~o not eec m 
~unne l through rhe produce to leave the pUI.'a~ c?coon, c rleatin~ extel;s ... ve 1~~l et;~a~~1r:~ 
adultS and larvae of coffee bean weev il are l. nJuflo~I S to c ry glllger r l lZom 
com )letcl fed and onl y rhe outer covering IS left IIl tact. . . I 

I . Y I' d db storage I)ests to ginger in Kerala IIlchcated that t le 
Stuciles on t le amage cause y, .. I II f I 

weight loss to the stored produce by rhe pest infestation Increased g rac ua Y rom t le 

second month onwards (Joseph e' aI., 200Ib). 

Figure 10.6 Dry g inger rhizomes damaged by cigarette beede. 
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Life History 

Adu lt ciga ret te beetles are small (3 to 4 mm), brown beerles with smooth elytra that 
have fine hairs. The head is strong ly protected under the pronotum, especially when 
alarmed and t he antennae are serrated . The eggs are creamy white, and rhe larvae are 
whi tish g rey wirh dense hairs. The larvae are very active when young but become slugg ish 
as t hey age. There are 4 to 6 larval instars, and rhe later instars are scarabaeiform. 
Pupation occurs within a silken cocoon, and the pupa is brown. The incubation period 
lasts for 9 to 14 days, the larval period for 17 to 29 days, and the pupal period for 2 to 
8 days in Kerala (Abraham , (975). The lire hi story or c igarette beerl e infesting g inger 
has also been stud ied in Japan (Shibuya and Yamada, 1935) and Egypt (E1 -Halfawy, 
1977). Laboratory studies on g rowth and food intake of c igaren e beetle on various spi ces 
have indicated the order of preference as cumin > anise > g inger > tu rmeric powder 
> turmeric (Jacob (992). 

The drug store beetl e resembles the cigarette beetle superfi ciall y but is smaller with 
striated elytra , and the distal seg ments of the antenna are clubbed . T he larvae are pale 
white with rhe abdomen terminating in two dark horny po ints in fully g rown specimens. 
The eggs are cigar-shaped and hatch in six days. T he larva l period lasts for to to 20 
days, and ,he pll pal period lastS for 8 to 12 days (Abraham, (975). 

The coffee bean weevil is a small (3 to 5 mm), g rey, Stout beetle with pale marks on 
the elyrra and with long, clubbed antennae. The eggs are ova l and are laid in small pirs 
dug on the rhizomes by t he fema le beetles . Pupation rakes place within the in fested 
rhizomes. The entire li fe cycle lasts for 2 1 to 28 days (Abraham , (975). Studies on , he 
development and li fe span of the coffee bean weevil on various food materials, including 
ginger, indicated that tapioca and maize were more favorable t han black g ram, g inger, 
and areeanu t (Ragllnath and Nair, 1970). 

Studies on t he olfactOry responses of adults of L . serricom e and S. j)(miceIllJJ to various 
spices, including g inger, ind icated that in L. serricom e, t he hig hes t ~ttraction value of 
42.6 percent was observed in turmeric when compared to 28. 5 percent in g inger. 
However, in the case of S. j)(miceJ(llt, the attraction va lue to g inger was onl y 1.9 percenr 
(Jha and Yad hav, 199 1). 

Hosts 

All the storage pests infesr a wide range of produce, includ ing cocoa and coffee beans, 
cereals;-spices, dried fru irs, oil seeds, can ect ionery products, processed foodstuffs, and 
even an imal products. 

Nfl.tll1't'd E nemies 

Several natu ral enem ies, including predatOry mites, hemiptcrans, coleoprerans, and 
hymcnopterous pa rasitoids, havc been found on storage pests. PredatOry mites such as 
Araropse/lill(/ solm (KlIzin) (Cheyletidae) (R izk et aI. , 1980), A. c/OCI({ (Berl.) (Cheyletidae) 
(AI-Badry et aI. , 1980), Pyelllolm Irilici (Pyemotidae), Cbe)'letlls spp. (Cheyle, iclae), Cbor
/ogl)'"hllS gre/cili"es (Chorrog lyphidae CAB! , 2002), and fJlrlltisocill1 Itm Cllis (Asciclae) (R iu
clavcrs et al. , 2002), have been recorded as natural enemies of L. sen ·i conle. 

The predatory beetles and bugs recorded as natural enemies incl ude '[ribolilflll (rIJ/clllelllJl 

(Hbst.) (Bostrychidae) (Jacob and Mohan, 1973), Peregrilltllor bitl/lll11lip" (Monu. and 
Sign.) (Yao et aI. , (982), X)'locoris Ilavi"" (Reuter) (Anthocoridae), !llloeocrtlllll/ll bitl/l/lllli"" 
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(Reduvii dae), and Terll/alopbylllllll iwiglle (M iridae) (Tawfik et aI. , 1984- 1985), wh ich 
p rey on L. serrirome and S. /h'IJJIJireIlJII. Tenebroiries II/r(//ri/allirll1 (L) (Tenebrionidae) and 
Tbanerod ems bll'llleli (Lefevre) (Cleridae) prey on L. serricol'lle (CAB I, 2002), and Tilloidea 
1I0iaia (Klug) (C1eridae) preys on S. pallicelllll (I wata, 1989) and CheylelllS sp. P),ell/oles sp. 
and TydellS sp. (Cheyler idae) prey on A. j(/JciC/llalllS (S tusak et aI. , (986). 

The hymenopterous parasicoids tha t are naru ral enemies of L. ser,-irome include Cepb
rt/oIJolllira ga//iro/a (Ashmead) (Bethy lidae; Kohno et a l., 1.987), Aniso/JlerolJlfl/1tS ra/allr/rae 
(H owa rd), Isme/illS ((I f/bami, Perisiero/rl geJtroi (Bet hylidae), and Lario/)bagltS distiJlgllend/IJ 
(Forst) (Pteromalidae) (CABI , 2002) Ptel"OlI/a/1IS cerea/e//ae (Ptero l11alidac) paras it izes both 
L. serricome and S. jJtlJlirewll (Brower, 1. 99 1). 

i\'Jauagelll ent 

Various st ra teg ies have been suggested for the n1anagement of storage pests, including 
scorage in sui ta ble conta iners, fumi gation, radiat ion , and the app lication of insect icides. 
Th irumalarao and Nagarajarao ( 1. 954) reported that fumi gati ng bags of d ry gi nger using 
methyl brom ide or calcium cyanide for 24 h or using e thylene d ichloride or carbon 
te t rachloride fo r 48 h , wirh an in it ial exrernal dusting with lindane 0.65 percenr once 
a month , p revented the pes t infes tation up to an yea r. Abraham (1 975) suggested 
impregnat ion of jute bags lined w ith alkathene (500 g uage) w ith ma lathion 0.2 percent 
or fumi gation with methyl bromide fo r 6 h to p revent the pest infes tation. J acob (1986) 
suggested fumi gation with alu minium phosph ide tablets in an airtig ht store for 2 to 3 
days to control the pes t infes tation . Muthu and Majumdar (974) have furnished the 
concentra tion , t ime of ex posure, and res idual effects of va rious fumigants recommended 
for cont ro lling insect infes ta t ions in various spices, including g inger and turmeric. 
Pad wal -D esai ( 1987) has also studied the lethal dose of gamma radiat ion required for 
stored pes ts of va rious spices . 

Em ehute (1 997, (998) eva luated three storage containers (I 30 ).1m rhick polyrhene 
bag, 20 ).1m thick polythene bag, and btown paper sampling bag) for their effectiveness 
in protect ing dried g inger rhizomes against S. /)(lJIicelllll. Afte r seven months, rhi zomes 
stored in 130 ,1m thick polythene bags and brown paper sampli ng bags closed by rubber 
bands remai ned un infes ted by the pest . 

Evaluation of d ried leaf powders for protecting dry g inger rhi zomes fro m in fes tation 
by cigarette beetle has ind icated that the storage of dry g inger in PET conta iners with 

--1iJJ'coslllis roriJill1iJJell1is (Lour.) Pie rre ex Eng l. or i\ zariirrlr/;/rl indira A. juss leaf powder 
was promising in checking the pest infes tation (IISR, 2002). 

Sex pheromones have been identified in L. serr;rorne and S. prlJl;reJflll (Barra tt , 1974 , 
1977; Kuwahara er aI., 1975; Chuman, 1984; Chuman et aI. , 1985) and have been used 
for mon itoring the populat ion of these species in stores. Agg regation pheromones have 
also been ident ified in A. j(!JCiCII/(//IIS (Singh, 1993; Novo, 1998). 

Minor Insect Pests of Stored Ginger 

The other coleopterans infes ting stored , dry g inger rhi zomes incl ude Oryzrlepbilm sllr~
lIalllellSis L. (H arg reaves, 1927), NecrobiC! /'IIftpes DeG (Whitney, (927), Call1ophilllS lal/
IIrtSlIS Say. (Mun ro and Thomson , 1929), Lyc/IIS ajricml/1S Lesne. (Zacher, (934), Silodrepa 
pmliced (L. ), SilophilllS grc/llclriC! (L. ), 1!'ibo/illlll caS/e/llelllll (Hbst.) (Larrer, 1937), Te/lebnodes 
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/I/(l/Il'ilr/lliC/ls (L.) (Abraham, 1975 ), C. oryzcte (Gy llen) (W hi tehead , 1982), l?hizojJel'lh" 
tlO:"I/I/CCI (E) (Rezaur er aL, (982), and AhrtSvC/'1IS advellC/ Wa lt! . (LpPC, 1985). 

[he lepldopterans 1I.1fest lng stored dry g inger include B/m/obasis byrsodeptcl Meye. (Har
greaves, (929), Ephes/la sp. (Abraham , 1975), E. kllehlliel/a Zell ., Plodia illierpllllclelia Hbn. 
(EI-Halfawy et aI. , 1978), Pyralis lIIalliholetiis Guen. and Setoll/Olpha mlell" ZeI L Qacob, 
1. ~86). Usuall y, measures .a re not recommended for the control of the previously d iscussed 
mll10r pes ts. A clean envIron men t in the sto ring room can keep most of them away. 

Il EFEIlENCES 

Abraham, c.c. (1975) Insect pes ts of stored spices and their com ra!. /\recClllIIl Spires Bull. 7 4- 6. 
Abraha m: V. A., Pill ai, G. B., and Nai r, c. P. R. ( 1975) Biology of Udmpes folllS Cram . ( Lep i~lo;)tera: 

J-I espcndae), the leaf roller pest or turmeric and g inger.I Plal/talion Crops, 3, 83- 85. 
AI-Bad ry,. E.A., Rizk, G.N. , and Hafez, S.M. (1980) Biolog ical stud ies of the predatory mite 

Arfll·opSls dOClri (Ber/esc) attacki ng stored prod uct pests. t\1esojJo/amir/ I Agric., 15, 179-202. 
Anonymous. (927) Ginger: lts cul tivation, preparation and trade. Billie/iII. lm peria l Institute 

London, 24, 667- 682. ' 

Ayyar, T. V. R. (1940) I-Irllldbook of Economic Entomology for SOlllh India. Govern mcll( Press, Madras. 
Ballou, H .A. (19 16) Report of rhe prevalence of SOme pests and diseases in the \Vest Indies 

during 19 1 5. Part I. Insect pes ts. Wes/ Illdirlll Billie/in, Barbados, 16 ( I), 1- 30. 
Barratt , 13.I.P. (1974) Timing of prod uction of a sex pheromone by females of Stegobilll,,/ltlJlicelllll 

(L.) (Coleoptera, Anobiidac) and fac tors affect ing male response. B/lII. i!.nlomol. I?es. 64 
62 l- 628. ' , 

Bar~ct , O .. I.P. (L : 77) Sex pheromone emission by female Slegobilllll panirelll" (1.) (Coleoptera: Ano
blldae) III rei aclOn to reproducrive maruration and oviposi tion. Bldl. EIllOll/ol. Res., 67, 49 1-499. 

Boo, K.S. (1998) Variation in sex pheromone composition of a few selected lepidopteran species. 
J. i\ sirl-Prlrijic EIIIOlllol., I , 17-23 . 

Brower, ] .1-1 . (199 1) Potcncial host range and perfo rmance of a rcporredlNnonophagoliS paras itoid, 
P/eromalllJ rererdellae (1-1 ymenopte ra: Pteromal idac). I EIIIOlllol. News, 102, 23 1- 235. 

C~B International (CABO. (2002) Crol) Protertion CompmdillllJ. CAB lnrernational, \Va lli ngford . 
C~ I , R,-X., and Mu, Z. L. (L993) Trap trials for Dirhocl'ocis pllllrtijerrdiJ Gucnee with sex pheromone 

In CitruS orchards. Chillrl Citms, 22, 33 . 

Caeoni , L.A . ( 921) Plam inspecrion and quaramine repOf( 09 19-20). Blllletin, Puerro Rico 
Insular Experimental StatiQ!!, Rio-Piedras, 27,---1=23. 

Chadha, Y R. (cd.) ( 976) The ''(fer/lth of hu/ia. A DictiollfllY of Illdiall I?mv Malerials and l"ellIStrial 
Prodllcts. Vol. X l. Council of Scientific and Industria l Research, New Delhi . 

Chakrava rthy, A.K., and Thyagaraj, N.E. (1997) Response of the cardamom (Elel/rlria rfll"(/amollllllll 
Maton) shoot and fruit borer (Collogethes plllwijerctiis Guenee Lepidoptera : Pyralidae) ro differe nc 
pheromone compounds. Imeel ElIv/ ., 2, 127- 128. 

Chakravarth y, A.K. , and Thyagaraj, N .E. (1998) Evaluation of selected synthetic sex pheromones 
?f the cardamom shoot and fruit borer, Conogethes IJlmrlijerrllis Guenee (Lepidoptera: Pyralidae) 
111 Karnara ka. Pest MaJlage. Trop. £rosysl., 4, 78- 82. 

Choo,. H.Y. , Kim , H.H., Lee, S.M., Park, S. H., Choo, Y.M., and Kim , J.K. (200l) Practical 
utIli zation of enromopathogenic nematodes, SteilJemel!lri rrllporrlpsae Pocheon strain and I-Ieter
Qrhabditis brlCteriophora Hamyang stra in for control of ches tnu t insect pesrs. Korean j. I\ppl. 
BIIIOfllOI., 40, 69- 76. 



384 Ginger: Tbe GelltlS Zillgibe,. 

Choo, 1-1. Y. , Lec, S.M., Chung, B.K. , Park , Y.D., and Kim , 1-1.1-1. (1995) Pathogenecity of Korean 
encomopathogenic nematodes (Ste inernemar idae and Heterorhabdit idae) against local agricul_ 
rural and fores t insect pests. Koreall.f. Appl. EII/OIIIO/. , 34, 3 L 4- 320. 

Chua, TI--J. , and \Xlood , 13.). (1990) Orhcr frui r trees and shrubs. In Rosen D. (cd .), Armollred 
Scale Imeels, Their BiolofJ', Na /llral ElleJJl;eJ <111(/ COllfrol. VolmllC B. Elsev ier Science Publishets B. 
v. , Amsterdam , PI'. 543-552. 

Chuman, T. (1 984) Chemical srudy on t he sex pheromone of t he cigarette beed e (u lSioderlJla 
ser,.irome E).). Ag,.i. ChellJ. Sor . ./aptlJl , 58 , 11 35- 11 46. 

Chuman, T, Mochizuki, K., Mori , M., Kohno, M. , Kato, K. , and Nog uchi, M. ( 1985) LtlSit/erlllrt 
chemisuy: Sex pheromone of cigarette beed e (ulsidern/(( serricome E) . .f. Agri. Chell!. £(01., 11, 

4 l7-434. 
Central Plantarion Crops Research Institute (CPCRl) (1977) Allllllal I~epo"' for 1976. Central 

Plantation Crops Research Institute, Kasaragod. 
CPCR l. (1 985) 1\ 1/I1IIal UelJor/for /983 . Central Planrarion Crops Research Insrinlfe, Kasaragod. 
CPCR I. (1986) AWl/wI Ueporlfor /985. Central Plantation Crops Research Instiuae, Kasaragocl. 
David, B. v., Narayanaswami, P.S. , and Murugesan, M . ( L 964) Bionomics and cont ro l of rhe castOt 

shoot and capsule borer Dirborror;s pIIIlCli!eral;s Guen. in Madras Scace. [lldiall OiIJeetlJ }. , 8, 

146- l 58. 
Dcparrment of Primary Industries (DPI) . (200 L) Gi nger in Queensland: Com mercial Production, 

Department of Primary Industries, and Queensland. AccessedJul y 3 L, 2003 at www.dpi.q ld.gov 
.au/horricul ttl reM 748. 

Devasahayam, S. (1996) Biolog ical control of insect pests of spices. In : Anandacaj , M., and Petcr, 
K.V. (eds) , BiologiCtl I COll/rol i1l Spires. Indian Institute of Spices Research, Calicllt , pp. 33--4 5. 

Devasahayam, S. (2000) Evaluation ofbiopercieides for the management of shoot borer (Collogelhes 
plfllr/i[ertllis Guen .) on g inger (Zillgiber offic;'lfIle Rose.). In: Ramana, K.V. , Eapen, S.) ., Babu, 
K.N., Krishnamurthy, K.S., and Kumar, A. (eds), Spices ant/ ArOllltll;C Pltl IIIS, CI)(tllengel tl1/(/ 
Oppor/llnilies illlhe New Cen/my. Indian Society for Spices, Caticut, pp. 276- 277 . 

Dhatkhile, rev., and Dethe, M.D. (1987) Bioesti mation of I-ICH residues in g inger and soil. 
Clfr,.. Res. Rep. "'tiballlltl PINtle Agri. Ulli"ll. , 3, 94- 95. 

Dharkhile, H. .v., and Derhe, M.D. ( 1988) Harvest time res idues of BHC in g inger and soi l. 
Pes/irides , 22 (lO), 35-36. 

E1-Halfawy, M.A. (1977) Biology of [...asioder"'f1 sen-;rorne F. on certai n medical and aromat ica lly 
dried plants (Coleoptera: Anobiidac). Agr;. I?es. I~ev., 55, 107- 11 0. 

Ei -Halfawy, M.A., Wahab, J.WLJleykal , A~ and Asran, A.M. (1978) Effect of breeding 
1\1lf1gas/tl klleh,,;ellfl Zcll. and Ploditl illte'lmllc/elltl I-Ion. on cereain dried medical and aromartr"" 
plants on their susceptib il ity to methyl bromide fum igat ion. Agri. Res. I?ev. , 56, 155- 159. 

Ehrhorn , E.M. , and \Xlhirney, L.A. (1926) Di vision of Plane Inspection, May- Aug ust 1926. 
/-ItlllJ((ii(1IJ POI: Agri., 23 , 106- 1. 09. 

Emehure, ).K.U. 0997-1998) EITeer of storage containe rs on infestation of splir d ried rhizome 
by Slegobilllll/JtlllirelllJl (Coleoptera: Anobiidae). Nigeritln). EII/Olllol. , 14- 15, L4 4- 152. 

Fisher, I-I.e. (1920) Report / 919. Health Deparrment, Panama Canal, Mount Hope, pp. 1- 134. 
Garg, R. (200 1) Insect pes ts of g inger in India with special reference to hills. In : Arya, P.S. (00.) 

Ginger Prot/llc/ioll TecbllolofJ', Kalyani Publishers, New Delhi , pp. 79-88 . 
G horpade, S.A. , J adhav, S.S., and Ajri , D.S. (1982) Record of Tr;c!Jo/Jrifl sp. (HymenoptWI: 

Diapri idae) - a parasicoid of rhi zome fl y, Mimegrttlltt roemleifrom Macquart in Maharashtra. j. 
MtthtO'((Shlra I\grir. VI/iv" 7, 193-194. 

Ghorpade, S.A. , ) adhav, S.S., and Ajri , D. (1983) Survey of rhizome fl y on turmeric and ginger 
in Maharashtra . .J. MtlhtO'((Sbtm Agrir. VI/iv. , 8, 292-293 

[meet PellS of Ginger 385 

Ghorpadc, S. A.: J adhav, S.S., and Ajri , O. (1 988) Diolo f '. . 
Macquart (MJCropez idae' Dil' tero ) ' J d ' gy 0 rh Izome fl y, AllI/legmlln (oemlelijiro1JS 

. .. In n Ja a pes t of t . 
A1al/age., 34, 48- 5 1. ' unllen c and g inger crops. 1"rop. Pesl 

Gress it<, ).L. , and Samuelson G A (l 990) H" ' f 
Coelaenomenoderini (Coleo'pte~a'-CI l ~ slPll1ae ~ the New Guinea-Solomons area. II Tribe 

'. lysome I( ae) IJ lSholJ AI O · . 
Hargreaves, E. ( 1927) Some" f " I ' melOlJ ({'tISlOllt" PajJers 30 259- 278 

1.. Insecc pes rs 0 S,erra Leone P'"OCee I" r ' " . 
[vat/fiJI, Nlger;tt., pp. 11 3-128. . (' lJIgs, ' 1111 Wiesl A/rirtf11 COil ference, 

Hargreaves, E. (1 929) Report on the Entomolog ical seerion Ann I I 
Department, Sierra Leone, pp. 20- 22 . ' lIa \ epoft 1928, Lands & Porest 

Hargreaves E (l930) A I R 
I 0

" ~lIl lia epoft on the Entomolog ical Seerion J\ 
ell Cure epar(Jl1enr, SIerra Leone 1' 1' 16- 18 . IlIIlIt" NejJorl 1929. Ag ri -

Hill OS . " . 
, " (1983) J\grm"'m," [met! Pms of Ib T·· ,.. 

University Press, Cambridge. e Jo/nlS tflld [ben' COl/lro/. 2nd cd . Cambridge 

Honda, 1-1 . ( 1 986~) EAG responses of the (ru ir- and Pinaceae-feedin 
COlloge/bes /JIIlJclijeralis (G uenee) (L . I . g type o( ye llow peach moth 
8 epl '- optera' P}'ralldae) to ' 
j fJlOlffO/' Zool. , 2 l , 399-404 . '. monoterpene compounds. I\pp/. 

Honda, H . 0986b) Post-mating reproductive isolation between (r . . 
of the yellow peach l110th COllo'.e/',es . ,. lIlt- and PlIlaceae-fecding tYI,es 

, .:. ,; plOlC/ijem IS (Gue! ) (L . I 
n1ll01/l0/' Zoo/', 2 1, 489-49 1. lee epIC Optera: Pyralidae). API'/. 

Honda, I-I. , :Maruyama, Y. , and Matsumoto Y (986) C . . 
compounds between the fruit - a I P' ' . r . ompan sons 111 EAG response to n-alkyl 

< n( Inaceae-Ieed lng ty f II 
jJtOlctijemlis (G uenee) (Lepidoptera: P ra li I ) J\ I -; pe 0 .- yc ow peach 1110th, Conoge/bes 

Huang, YQ., Zhang , X .). \'(lei J-I HY Q,yae
. P/J. L//IOII/ol. 2001., 2 1, l 26-133. 

if< . " ., ll , ", and Zhan Z X (2000) S d ' . 
PIOICIJ erofts Guenee and its elle . A \ . • . . CLi les on the Dlr/;oo"Q(is mles. cltt I grtc Uni,, ) ' ' . 

Hutson, A.A. (1978) Ad' . ' . umgxlellSls, 22, 523-525. 
' . n lin escnbed A(ncan species o( Leia (Di l\ . . . 

root-g lllger In London . Ell/. !\fou. !\lag., 11 3 12 1- 124 pt., .I 1ycetOphdldae) IIl fes ring 

Jheagwan, E.U. (986) Preliminary observa(iol~ s on the e~ltom ' 
fila/a L. during storage. Detllsche £ 11/0 '2 33 ofimna of the water yam Dioscorea 

J I· . 11/0 . _., 7 l -73 
/le Ja n Inst it ute of Spices Res I (liS ' . 
SI, ,'ces l' I C I' ea rc 1 R). (2002) 1\ ////",,1 Report 2001- 02 ,-esearc 1, a ICUt . . Indian Insritute of 

Iwar.a, R. (1989) 'JIlloideti floltl/(I (K lug) (Coleoprera- CI 'd 
(LulIl .) (Coleoptera: Anob jjdae) I' ,p iji 17 •• I en ae), as a predator of Slegobilllll ptl1lirefl llJ 

I er R , < ' . (1/ t /{f IC c.1II0JlJO " 65, 449-450. 
Y , ., Koya, K.M.A., and Baner)ee, S.K. (l98l) Rei . ' . 
ology of rhizome rOt of ginger In ' A b / . 'r:Z' ev,mce of sod and IIlsecrs in the epidem i-

--.14 . . s m (/s 'Jlrrl llllem I ' IS ' 
;;-78 J)ettmber 198[ , Indian Ag r' I I l~ . t/ 10lltf )'IJIPOSIIIIIJ 011 Plmll Pt,lbolog)', 

Jacob S (992) 1-1 . {4 ICU tura eseareh Institute, New Ddhi 
, . osc pre erence of the cigarerre beed u. ' I. . 

spices. Planl PrOI. BII/I., Farie/abad 44 16- l 7 e, 1Jfor. erllla senirome (F.) to few sto red 
Jacob, S A (1 980) P f' " . 
J acob S'A' ( 19 ~S (S 0 glllger and turmeric and their COntrol. Pes/irides, l4 ( ll ), 36-40. 

' '. 8 1) BI ology of D 'd . . ' if<' 
ll 9- 123 . I 'lOOOl/S 1"11/(1/ ert"ls Guen. on tu rmeric. ). Plm/lttlion. CrojJs, 9, 

J acob S A (982) D' I . 
, • • 10 ogy and bIOnomics of gi nge I . 

In: Nair, ,M.K., Premkumar T R. " I I) rail( tUffnenc scale AspidiollfS barlii Green. 
G ' ; , , ., ,1\ II1( ran , .N.,andSarma YR p . I.' . 

011 IIIger and Tllrlller;c Cenrnl Planr ' C ' . ., , ocee(, mgs, NtIIIOIl((ISelllillt'" 
J acob, S.A. (1986) Impo~rant P;StS o~ i~lr lon ~oPs Res~a rch Institure, Kasaragod, pp. 13 1- 132. 

SPices.f., 9, 61 - 62. g gee an tllffllenc and their concro!. indiflll COCOtI Arerffllltl 

Jacob, S.A., and Mohan , M.S. ( 1973) Prcdarion . 
beetle. Indiall )' £"'011101. 35 95- 98 on cereai n srored product Insects by red (Jour 

Jh AN" . 
a, .' ., and Y.'1dav, TO. (199 1) Olfactor res ) . . 
pml/rettlll (Linn.) to different Sl)ic(' [ I: y) 8' Onse of ufSloderl!fff ser1'!come Fab. and S/egobilflll 

S. llfoltm . ' 111011101., 53, 396--400. 



386 Ginger: The Gwm Zillgiber 

J 1 J N alinakumari T and Amritha VS. (200 Ia) Occurrence and d istribution of ciga rette osep " ., " ',., . " . 
beecle Lasioderma serricorne Fab. on s[Qred ginger. Imi'ct El1l)t., 7, 83 . 

J osep h, j. , Nalinakumari, T. , and Mohan , P. (200 1b) Extent of damage caused by insect pests on 

S[Qred g inger, turmeric and pepper. Imec/ EllUl ., 7,7 1- 72... . . 
J oseph , K.J., Narend ran , T.C. , and J oy, P.]. ( 973) 'nlxonOOl IC Stmltes of the ?rl e ~t~tl S pec l ~s of 

BmcbYlIJeri(1 (H ymenoptera: Chalcididae). Rejlort, PL 480 i?esfflrcb Project. UnIversI ty of CailClI[ , 

Calicllt. 
Jung, j.K ., I-Ian , K .S., Choi, K.S., and Boo, K .S. (2000) Sex pheromone composit ~on for field 

t rapp ing of Dic/Jocrocis plfncti[emlis (Lepidoptera: Pyra lidae) males. Korean.f. App/. bllOIJlO/., 39, 

105- 110. 
KI ' SN P kl k I' N ' Ilcl Telge ri G.M. ( 1972) Pes ts of gi nger and [Urmer ie. In : Crop lalre , . ., 0 lar ar, "\. ., .. , 

Pesls (/lid HOIll 10 f ight Tbelll. 2nd ed. Book Deparunent , Governmem of Maharas.lu ra, B~l11bay. 

K· 'r d H I I' (1999) Iclemincation and IJoss ible funct ions of t he hair pencd scent lIllura , ., an Ollea,'. . ~ 

of the ye llow peach mOth COIJogelhes plflJcli/era/is (G uenee) (Lepidoptera: Pyra lldae). App/. Enlomo/. 

Zool., 34, 147-153. 
Kohno, M., I-lori , Y., and 110h, H. (1987) Storage of flue-cured tobacco and the ~ccurrence of 

Cep/J(I/ollollJi(1 gallico/(I (Ashmead) (H ymenoptera: Bethylidae). j apanese .f. App/. ElllolJlol. Zool 

3 1, 260- 26 1. 
K Y Aro', K °ncl Macsuma[Q Y ( 1982) (E)- I O-Hexadecenal, a sex pheromone component onno, ., <1, ., " • ', . 

of the yellow peach moth , COllogetlJeJ fJl(ucti/em/is (G uenec) (Lepidoptenl : Pyralidae). App/. 

I!.lItOIJlO/. Zoo!. , 17, 20 1-2 17. 

K Y HOlldo 1-1 and Ma tsumato Y. ( 980) Observations on t he mati ng behav iour and onno,., ",., ' , , . . 
bioassay for the sex pheromone of the ye llow peach morh , COllogel/Jes plIl/cli/erallS (Guenee) 

(Lepidoptera: Pyralidae). ANI. Elllolllol. Zool., 15,321- 327: .. .. . 
K K M A (1988) Distribution of dipteran maggots aSSOCIated With g Inger (Zmglber ofjimw/e oya, ... 

Rose.) in Kerala.J. P/(I11/a/ioll Crops , 16, 137- 140. 
Koya , K.M.A. (989) Bioecology of Mimegml/(I coemleijrolJS Macquart (Dipte ra: Micropezidae) 

associated with g inger Zingiber o/Jicinale Rose. rhizomes. EntOIl/OIi, 14,8 1- 84.. . 
Koya, K.M.A. (1990) Role of rhi zome maggot Mimegml/a coemleijrolJS Macquart In rhIzome rot 

of g inger. Entomoll, 15,75-77. . 
Koya , K.M.A., Balakrishnan , R., Devasahayam , S. , and Banerjee, S.K . (1 9.86). A sequ.en~lal 

sampling strategy for the control of shoot borer (Dichoc1'()("is pfJlIcli/eralis Guen.) III g lllger (Zutglber 

o/Jicillale Rose.) in India. Trop. Pest Mr/llage. , 32, 343-346. .. . . . 
Koya , K.M.A., and Banerjee, S. K. (198 1) Field evaluation ~f some InsectiCides aga inst rhi zome 

maggotS in ginger. 111: Abstm(IS~N"i1lioml/ SemillarOI1 S/mtegm o/Pes/ Management, 2-1- 23 December, 

198 1. Encomolog ical Socieey of India, New Delhi . p . 32. . .. 
Koya, K.M.A., Devasahayam, S., and Premku~ar, ~". (l9~ l) Insect pe.ses o~ g lllger (z;ngtber 

ofjicimde Rose.) and turmeric (C"rC/llJ/a 10llga LII1I1 .) In India. J. P/aIlIcIIIOJI C,ops, 19, 1- 3. 

K K '1 A Premkumar T. and Gautall1 S.S.S. (J 988) Chemical control of shoot borer 
oya, .il .., , '. . ~ . .. 58-59. 
Dic/Jocl'ocis pllllcti/eralis Guen. on g lllger ZmgJber o/JimM/e Rose. J. P/all/(Jllon C,oj)J, 16, . 

Kuwahara, Y., Fukami, H. , Ishii , S., Matsumura, E, and Burkholderm W.E. (1 975) Studl~s o~ 
the iso lation and bioassay of the sex pheromone of the drugs rore beetle, Stegobiflfll pall1Cell»' 

(Coleoptera: Anobiidae).). Chelll. Ecol., I , 4 13-422. 
Larter, CN. H . (1937) Repon of the Government Botanist. 6. Insect pes ts. l<epol"1 1936. Depare

ment of Science and Ag riculwre, J amaica. pp. 7 1-72. 
Lee, H .S., Kim, T.S. , Sh in, H .Y., Kim , H .H ., and Kim , K.J. (200 1) Host plants and dama8,e 

. (D' S" I ). K K ." I) Ap,h'ied EIIIOIIIO ., symptom of fung us g naes, Bme/ysJa spp. Ipeera: Cla rte ae III orca. Ohm. I' 

40, 149- 153. 

Imect Pests o/Ginger 387 

Lincoln Plane Pro tection CelHre (LPPC). (1985) Wela, 8 (2), 34- 35. 

Lill , M.Y., Tian, Y, and Li , Y.X. ( 1994) Identification of minor components of the sex pheromone 

of ye ll ow peach moth, Dichocrocis jJlfllcl;jeralis Guenee, and fi eld tria ls. EIIIOlllo/' Sillica, I , 
150- 155. 

Ma, T. (1935 ) A new food plane of 1\lmr/owOI/lh., alllbigll., Boli var. El/lolJlo/. PhylojJalhol., 2, 
67 1- 672. 

Maicykmty, P., Mathew, E.V., Vi las in i, T. N., Valsa la, P.A., and Abraham, K. (1994) Control of 

rhi zome sca le of g inger (Aspidiella INII·lii). In : Satyanarayana, G., Reddy, M.S., Rao, M.R., Azam, 
K .. M., and Naidu , R. (cds.), Proc('fdings, Na/ional Semillm; Chillies, Gil/ger (wd 7imJleric. Spices 

Board , Cochin and And hra Pradesh Ag ricultural Uni versity, H yderabad , India. pp. 129- 13 1. 
Malloch, J.R . (1927) Some Indian Chloropidae (Diprera) of economic importance. A 1111. Mag. 

N",. /-f iJI., 19 ( 11 3),577- 58 1. 

Maxwell -Lefroy, H ., and Howlerc, F.M. (1909) Indi(m Imul Life: A /Hrlfl"'" oj tbe Imec/s ojlhe 
PlaillS t n ·ojJiml llldi(t). Governmcne Press, Calcut ta. 

Meyr ick, E. (193 1) Exotic /\Iicro/epidoplem, ill. pl. 6. Marl boroug h, \Xlilrs. pp. 16 1- 192. 
Misra , S.S. (992) \Xlhite g rub H% lrich;., COrclCM (H ope) infes ting g inger rhizomes in Himachal 

Pradesh. J. IlIs('(/ Sci., 5, 96. 

Maulik , S. (1929) In juriollS Hisp inae fro m the Solomon Islands. BIII/. £ 1110",0/' Res., 20, 233- 239. 

Munro, J . WI., and Thomson, \'(/.S. ( 1929) Report on insect identi fication of stored cacao. E.M.B, 
LOlldoll, 24, 1-40. 

Murphy, E A. , Fauquee, CM., Mayo, M.A. ,J arvis, A. \VI., G habr ial, S. A., Summers, M.D., Martelli , 
G .P., and Bishop D.H L. (eds.) ( 1995) Six/b Report oj/be IlItem(lliona! Committee 01/ Taxonomy 0/ 
Vimses, ArchhleJ oj Virology. Springer Verlag, New York. 

Mmhu , M., and Majumdar, S.K. ( 1974) Insect comrol in spices. In: Proceedings, Symposium 011 
DezlelopmeIJl (md Prospects o/Sflire IlIdllSllJ ill India. Association of Food Science and Technology, 
Myso rc, India. p. 35 . 

Nair, M.R.G.K. (1 975) Imecls mId " 'Iiles o/Croj)s ill India. Indian COllncil of Ag ricul tural Research , 
New Delh i. 

Novo, j.P.S. (1998) O lfactory response of ehe coffee bean weevil ArrJecems /tlScimlallfS (DeC. ,) 
(Coleoptera: Anrh ri bi idae) to p heromones. ). Ami. Soc. EII/OIIIO/. Brazil, 27, 337- 343. 

Nybe, E.V. (200 I) Tbrfe Decades o/Spices Resf(lrch at KA U. Kerala Ag ricultu ral Uni versity, Thriss llr, 
India. 

Nybe, E.V., and Nair, p.es. (1979) Fie ld to lerance of g inge r types to important peStS and d iseases . 
IlIdi(m CocO({ Arermllft Spices )., 2, 109- 111 . 

Ogawa:, Y., N akasuga, T. , and Sasakawa, M. ( 1985) New pes rs of the Sciaridae (Diptera) injurious 
to stored g inger rhizomes.jap({nese ). Ajlj)/. n!llO!!lo/. Zool., 29, 193- 197. 

Onaz i, O .c. ( 1969) The infestation of scored potacoes (SolmJlflJllllbel"oslf!!l) by Plallococflfs citr; (Risso) 
(Homoptera: Pseudococcidae) on the J os Plateau , N igeria. Nigeri(11I EII/OIIIO/. /\lag., 2, 17- 18. 

Padwal-Desa i, S. R ., Sharma, A., and Amonkar, S. v. (1 987) Disinfes tation of whole and g rou nd 
spices by gamma rad iat ion.). Food Sci. Tech., 24, 32 1-322 . 

Palaniswall1i, M.S. (1991) Yam scale in scer- Aspidiel/({ h(".,ii and irs paras itoids. J. I<oot Crops, 
17,75- 76. 

Palaniswami , M.S., Pillai, K.S., and Abraham , K. (1979) Note on the occurrence and nature of 
damage by [he scale insect ASj)idiel/a h({rlii Ckll. (Diaspid idae: Homoptera) on different edible 
Dioseo,,,,. ). 1/001 Crop" 5,65- 66. 

Patel , R.K., and Gang rade, G.A. (197 1) Note on the b iology of castor capsu le borer, Dic/Jocr()(is 
PII!1(/ijer("is. IlIdi(lII ). Agric. Sci., 4 1, 443--444. 

PiIlai , KS., and Palaniswami , M.S. (1 984) Pests of tuber crops. I"diml F!!lg., 33 (1 2), 58- 66. 



388 G ingel": The GenllS Zingiber 

Pil la i, K.S., and Rajamma, P. (1984) New records on the incidence of spotted beetle Oides 4fillis 
J acoby (Coleoptera: Chrysomelidae) on elepham foot yam and sca le insect Aspidielll1 har/ii Ckll. 
(Homopcera: Di asp idiclae) on caro. En/omon, L2, 11 3- 11 4. 

Premkumar, T. , Devasahayam, S., and Koya, K.M .A. (1994) Pests of spice crops. In : Chadha, 
K .L. , and Rerhinam , P., (cds.) , Advanres in Hor/iml/llre. Vol. 10, Planlalioll and Spires Crops, Pari 
2. Malhotra Publishing I-[ouse, New Delhi , pp. 787-823. 

Premkumar, T. , Sarma, Y.R., and Gautam , S.S.S. (1 982) Association of diptcran maggocs in 

rhi zome rot of g inge r. In : Nai r, M. K. , Premkumar, T., Rav indran, r.N., and Sa rma, YR . 
Proceedings, N((liollal Semi'lllr on G if/gel' ((lid '("rll/erir. Centra l Plancat ion Crops Research Inst itute, 

Kasaragod, PI'. 128- 130. 
Radke, S.G., and Doric , H .N. (1 982) Status of rhi zome Ay tH illlegmlla roe.mleijrollS Macquart on 

gi nger. Plllljabr(lo Krishi Vidy((jJeefh Res . .f. , 6, 68- 69. 
Rag hunath , r. and Nai r, M.R.G.K. (1970) Host-biolog)' relations of Amrems /ascimlallls De Geer. 

Agri. lies. )' Keml", 8, 17-2 l. 
Regupath y, A., Santharam, G., Balasubramanian, M., and Arumugam, R. (1976) Occurrence of 

the scale AS/JidiolllS b(lr/ii C. (Diaspididae: Hemipte ra) on di ffe rent rypes of turmeric CIln'llIIllI 
longe, Lin. ). P/(IIIlr1lion Crops, 4, 80. 

Rezaur, R ., Ahmed , M. , Hossai n, M. , and Nazar, G. (1982) A prel iminary report on the problems 
of dr ied spice pests and their control. Bangladesh ). Zool., 10, 14 1- 144. 

Riudavcts, J. , Maya, M., Monserrat , M., Ad ler, C, Navarro, S., Scholler, M., and Hansen, 1.S. 
(eds.) (2002) Predat ion by B/aflisocilllll 1(lrsa/is (Acari : Ascidae) on scored produce pes ts. Pro· 
reedings, 10aC-W/ /?PS \'(Iorking Croup (/ lIlegm/ed Protertion ill Stored Produc/s), Lisboll, POr/ug(d, 
3-5 Septelllber 200 / Bull. OILB SROP, 25, 121- 126. 

Rizk, G. N " Al Bad ry, E.A., and Harez, S.M . (L 980) Biological studies of the predatory mite 

A ({Jropsis so/en (Kuz in) atracki ng stored prod ucc pes ts. 1HesolJo/mJJia). Agric., 15, 203-222 . 
Rob inson , G.S., Tuck, K.R. , and Shaffer, .M. (1994) A Field Guide 10 Ibe Smaller MOlhs 0/ SOIllI1-

Emt Asi(l. Malaysian Natu re Soc iety, Kuala Lumpur. 

Rodrigo, E. (1941) Admillislmlioll Reporl 1940, Director of Ag riculture, Colombo, Ceylon. PI'. 
1- 18. 

Sasser, E.R. (1920) Important fo reig n insect pes ts co llecced on imported nursery stock in 1919. 
J. Ero. EnlOlllol., 13, 18 1- 184. 

Sarhiamma, D. (1979) Occurrence of maggm pes[s of g inger. Bu/l. EIIIOll1ol., 20, 143- 144. 
Sauphanor, B., and Ratnadass, A. (1985) Entomolog ical problems associated with storage of yams 

in rhe Jvory Coast. Agroll. Trop., 40,26 1-270. 
Shibuya, S., and Yamada, S. ( 935) Life history of uuiodemla sfl'rlco1'lle Fab. inj ur ing dried ginger 

(p reliminary report). Oyo Dobllfs Zass/;i, 7 (3), 104- 106. 
Sing h, K. (1993) Evidence of male and female of coffee bean weevi I, Arafcel'llS /tucim/allls (DeG.) 

(Coleop rera: Anthribidae) emitted agg regat ion and sex pheromones. j. Crop Res. /-J islIl'. 6, 
97- IOl. 

Sontakke, B.K. (2000) Occurrence, damage and biological observations on rhizome fl y Mimegml/fl 
roemleijrollS infest ing g inge r. Illdiall j. EII/omol., 62, 146- 149. 

Scusak, J.M ., Verner, P.1-I ., and Tung , N.V. (1986) The stOred peSts of the winged bean sceds, 

PsopbocrtljJIIs le/ragoll%bm. Agrir. Trop. SlIb-/rop., 19, 143-157. 
1awfik , M.F.S., Awadallah, K.T., El-Hussci ni , M.M., and Afifi , A.L. 0 984- 1985) Survey on 

stOred drug insec t and mite pests and their associated natural enemies in Egypt. a fll/. Soc. 
EIllOlllot. Egypt, 65, 267-274. 

Thinunalarao, v. , and Nagarajarao, K.R . ( 954) A nore on the control of Lmiodeml(1 se,."icoYlle 
Fab., a pest of stored dry g inger. Illdim/ ). EmoJlJol. , 16, 4 16-4 18. 

Insec/ Pests o/Ginger 389 

Thyagaraj, N.Ii., Sing h, p.K. , and Chakrava rrh y A K (200 1) S I " f 
SI.lOOt .and fru it bo.~er, COIJogetbes jJllllrlijel'a/is (G'uen'ee) pupae. It::r/( ~::::~ll;la~~n 0 cardamom 

Un lverslry of H awa II . (200 1) C"op Knowledge t\1f1Sler: Ginger I?oot U· '.' f 'H .. 
Accessed July 3 1 2003 f 1 ' Ill verslty 0 awa ll Mano 

., , rom l(tp:l/www.extenro. hawa ii ed u/ kbas Id f: I I ' . 
Varadarasan S (199 1) D . , e e au t. lCrn 

, " ,. ynamics of lire cycle of cardamom shoot borer . . '. 
Guen .j. P/mllalion Crops, 18 (S upp!. ), 302-304. ' COlloge/hes pltllc/i/era/u 

Varadarasan, S. (995) Biological control of insec t pests of ca rdamolll In ' Anan th k . I 'I" 
N (ed) /Jiologirdl Co t t,cS . I F ' '. a CIS 1I1an, 

. ., ". II 1'0 , oJ Of/(I 'oresl alia PlalllaliOIl Crops IlISerls. Oxford and IDB P bl' I ' . 
Company Private Limi ted, New Delhi . pp. 109-11 9. U IS ling 

Varadarasan, S. Sin ('h J Prdl L NG 
' 0" ' , a lan, . ., urll ng, N. and Gu pta S R (2000) O' 1 

management f · I . b I ", . . loeco ogy and 
, . 0 w lite g ru , No o/rirhi(, selicol/i! Moscher (Melolonth in . C I ) . 

I:est on g l.nger jn Sikkim . In : Muralced haran , N., and Ra ' Kumar Rae . . 0 eoptera, a lllaJor 

f1J : /:"1t'J1/01J Crolls Nese(/rrb. Allied Publishers Limited, Ne~v Delhi .' p~" ~~(~sl3;~cenl Advanres 

Veval, E.J . (197 1) Know your crop, its pes t problems and control 32 G inger turme ~ ' p " .' 
5 (5), 32-42. " , Ie. eSlmaes, 

W hitehead, D. It (1982) Food f C I 'I 
, . . . s. o 1111 op,)i lIS spp., parricu larly the broad nosed g rai n weevil C 

Of~zae (CurcuhoIlJdae: Cossonl nae). Proc. EIII. Soc. \firlSbillglolJ, 84 , 8 1- 84 . ' . 
W llIteney,. L.A . (1927) Report of Associa te Plan r InspectOr, Ocrober- Decenlbe 1927 

POl'. Agrtr., 24, 145- 150. r . H(/f/Jai;(J1J 

W illers 1'. ( 990) [nsecr d '.r.. 
~ .' amage to g inger. I UJ orlllal/OIl BIII/elin No. 2 17, Citrus and S ib . I 
hU lt Research J nstitute , South Arrica, pp. 8- 9. l troplCa 

y.'l0, K.,' ~~ng ,.w/: x. , T~o, J . P., and fill , W.Z. (1982) Prel iminary observations of the bionomics 
of Pelf8ullal01 bWlJIlI(!Jpes J\'fOntroli zier & Sig noret. K!lIlrboJlg Zhishi., 19 24-27 

~'lch er: F. (I ~34) The f.'l una of the drug bazaar in Cairo. £Jlloll1ol. Beib. B:rt. 1 ;07-108 
Zhou Z J L,nQY XL II ZI GZ I ". , ", , .. ,.L'.' - ., leng , . .... . , an( Huang, 2.H. (1 995) Studies on banana bunch 

top. III. Occurrence of ItS VectOr Pelfla/ouia lIigrollel'vo!a. j. Flljiall Agrir. Vniv. 24, 32-38. Y 


