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I, INTRODUCTION

Indie is believed %o be the original home'of banana

(Musa peradisiaca Linn.), the Queen of tropical fruits.

Banana is grown under a variety of climatic conditions,
wet tropical to dry sub-tropicel. In India banana is not
only grown as a mein crop, but also grown,as a subsidiary

mixed crop along with certain planta%ion crops.

1t is grown over an srea of about two lakh hectares
constituting about 14 per cent of the total area under
fruits in the country., Among banena producers, India

occuples the second place in the world,

Banana is consiéeﬁeﬁ merely as a fruit in ﬁhe
vestern countries, But in India, espécially in South India
1% is put to diverse utility. The green or unripe fruit,
the central axis of thé pseuﬁoséem and even the rhigzome
aré cooked and eaten with other food, Unripe fruiis ave
drie& and powdered for use as balanéed food for babies and
are also used for msking bansna chips. The ripe banana
fruit may be eaten fiesh or can be dried and preserved, and
.it provides very suitable fowm of carbohydrates, In %he
Indian system of honouring or greeiing each other, the

' fruit is invariably offered as a sign of mutual helpfulness.



0f the several iansects reported om this crop, the

rhizome weevil, Gosmggolités sordidus (Germsr) is a cosmo-

- politan and destructive pest inflicling domage every yesr,
In some countries the pest has assumed major threat %o the
cultivation and large scale production of banana, liany
countries like Australia, Jemaica and U.S.A, have quarantine
lzws prohibiting the movement of suckers and other parts of

. the crop %o confine the spread of the pest.

Very little is knovwn about the blology of this
pest in Iﬁﬂia and partiénlaxly in Kernataka. A knowledge
of its biology end .behaviour is an essential prereguisite
for a rational dpyroach in the control of this insect. A
study on this asgéct of the weevil was undertaken at the
Agriculbtural College, Heobbal, Bangalore. In addition,

- studies on its’dis%ribution iﬁ Karnataka, varietal resist=-
ance and chemical control of this weevil weré also covered
in the present invesiigation, The results obtained are

presented in the followlng pages."
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II. REVIEU OF LITERATURE

Gosmogolites sordidus (Germer) has been reported

as a serious pest of banana from many cmuntries; The

specles was first described as Calandre sordida from 'India

orientall’ by Germar (1824). IHe described ithe species as
follows : Elyira with strise mostly well impressed and some
intervals appesring elevated; mqst,in%ervals,pﬂ dorsum in
pert distinectly raised and polished (Polished éfaas bare
of pruinosity) especially basal, and the elytra (in clear
specimens) distinetly vitiate, | |

Later the name was changed very freguently.
simmerman (1942) confirmed and stated C. sordidus as the
valid name of %this insect. Following is the list of names

used by workers for (. sordidus.

Calandra sordida (Germar, 1824)

Sphenophorus striatus (Fahracus, 1845)

S, eribricollis (Valker, 1859)

Cosmopolites gordidus (Chévrolot, 1885)

Four synonyus were given by Fletiauss and Salle!

(1889) for C. sordidus :



striatus Fahrs

L]
°

crenatus Sturm

e

Javanus Weterman

j&
L

|

, pygidialis Chev. (doubtfully)

1]
.

Csiki (1936) in his coleopterous catalogues ilisted

Curculio mendicus Olivier as a synonym of C. sordidus, But

this surely seems to be an error, aud it would appear from
Olivier's figuce ‘that the species did not even belong to

the subfamily calendrinae (Zimmerman, 1968s).

Systematic position :

C. sordidus is now included under the family

curculionidae, subfamily rhynchophorinas (2immerman,196%a).

He further reported snother speecies g} pruinosus (1963¢).

Geographicel distribution @

C. sordidus is'a native of Asia but has been widely

distributed on cultivated banenas of the world. Its centre
of origin is probably the laleya-Java-Borneo region

(Simmonds, 1966):

According to Zimmermen (1968a), C. sordidus is

evidén%ly of Indo-Halayan origin, C. sordidus is widely
: I
t



spread zll over the banana growing countries of the world.

The broad regions are included in Table I.

Bconogie status of the gest :

The weevil haes been reported as a serious pest of
benana from many countries, The number of prohibitory‘ana
quarantine laws passea~againé% this pest emphasise the

importance of this pest (Anonymous, 1916a,b, 1919),

. The entiy of leaves and shoots of banana from
Jamaies to Cuba was prohibited on account of C. sordidus
{Anonywmous, 1919). The United States of America has
prohibited entry of any species of Husa exeept for scienti-
fic @urpose; (Hoznette, 1920).. Under the plant protection
ordinance Ho.'1d of 1924 of Ceylon, C, sobdiaus on bananas
- was declared as pest. Froclam&tion under the plent diseases
act 1924 of New South Wales prohibited introduction of
banana, plantain or wanila heﬁp plant parts except under
permit on account of ¢, sordidus. An order under legislat-
ive and administrative measures of Spain, prohibited (except
-under permit) the introduction of plants or plant parts of
the genus Musa from any place into Canary Islands to avoid
introduction of banana weevil,g, sordidus (Anonymous, 1934).
Quarsutine measures were undertaken against C, sordidus in

Australia (Anonymous, 1935).



Table I

Distribution of C, sordidus in the world

Countries/localities

Source

Bragil, Jave, Ceylon, Halaccs,
Saigon, China,

Ceylon, Jave, Borneo, HewCGuines,
Malaces, Saigon, China, FiJi,

Vest Indies, Madagascar, Reunion,
Brazil, &8ikkim, Worth Bengal, Peru,

Tenaserriun, Andamen Islends, Sambak

end Seychellus,

Jemaica, Guadeloupe, Dominica,
Vartinlgue and Trinidaé in Vest
indies, Brazil in South Amerieca,
The Philippines, Fiji, Borueo,
Sumetra, India, Queensland and the
. Btraits of settlement in east,

Fiji, British West Guinea, Jameica,
India and Bragzil,

Gumndsloupe, Hariinique, Pominica,
Trinidad, Brazil, Costa Ries,
Philippines, ¥iji, Borneo, Sumatra,
India, Stralts of settlements eand
Queenslend.

Chevrolat, 1885

Jepson, 1914

Ballow, 1816

Pierce, 1917

b

s, 1917

(33

at

-




Contd, Table I

Countries/localitises ) Source

Lower Congo, Medagascar, Hauritius, MeCarthy, 1520
Seychellus, Ceylon, india, Malay

Btates, Salgon, China, Java, Sumatrs,

Borneo, New Guines, Fiji, Brazil,

Trinidad, West Indies and Florida,

Andenans, Borneo, Srapil, Burna, Jardine, 1924
Ceylon, Chine, Costa Rica, Dominica,

Fiji, ?lorida; Guadeloupe, Indig,

Jemaica, Java, lLower Congo, Uadagescar,

¥alacca, Maley States, Martinique, Hew

South Wales, Gueenaland, Papua, Peru,

Philippines, Rarotonga, Hewnion, Seychellus,

Singapore, Sunda Islzuds 5%, Lucin,

Tenasserim, Trinidzd and Uganda.

China, Indochina, Melaye, Java, Ceylon, Simmonds, 1966
Quesnsland, Brazil, Islsnds of

Pacific end Indian Uceans, Central
Africe, Central American, West Indises,
Since 1920 it has spread into almost
all other beanans- growing regions
except into Egypt, Isreal and Hawail,
It is now effectively Pan~btropical

and its aistribution is South Bast Asia
generally, Eastern Australia and Vest
Australis, The Pacific, generally
Islends (except Hawaii) in the Iadian




Contd, Table I

Countries/locelities

Source

ocean, Tropical and South
Africa, Tropical America, from
Southern U,8,4,, %0 Southern
Brazil., .

North, Central and South Amerioa,
Medeira, Africa, and South Asiz and
is widely dispersed through the
islands of the tropical pacifie.

In Indis

Malabsr, Coimbatore, Godavari
and Genjam in Souwth Indis and

Vestern India, &s far North as .

Poons

DPelhi

Anduhre Pradesh, Assam, Blhar,
Gujarat, Kerale, Madras,
Maharashtra, ﬁysaré, Qrissa;
Ut tar Pradesh, West Bengal,

In Xornataks -~ Srirangapatna,
Hessaraghatta ete.

Anonymous, 1968

Zimmerman; 1968a,b

Fletcher, 1914
1917

Batra, 1952

Anonymous, 1963

Usman and
Put tarudriah, 1955




Mackie (1937) in his report mentioned the insect as
the cause of death of a large number of abaca and banana
plants in Paete, Laguna Province, when abace industry was
partially ruined, GDdwards (1936) stated thaf banana plants
were blown down by high winds due to the infestation by
C. sordidus in Jemaica. In Japan (Shiraki and Sonan, 1937),
C. gordidus haé spread over the whole island of Taihoku
causing enormous domege. It was reported to have destroyed
_ bananas on & smell island in South of Laké Vietoria (Herris,

1943).

Aceardiné to Roy and Sherme (1952) the weevil dama~
ged 8 t0 10 per cent of the plants in Sabour, India, ZThe
weevil wes wide spreed with an infestation averaging 82,61
per cent and 2,84 per cent in Gentral'and South Formosa
respectively (Cheng, 1957). The sunual loss caused by

benana weevil probably amounted to many thousand pounds in

Fiji (Pawcett, 1913).

Hature of damage end sympioms 3

. Mony workers have reported the nature of damage
ceused by this pest. According to Froggatt (1919), the
newly hatched larvae burrowed downwards, as they fed and
grew, into the base of the stem, packing the tunnels they

excavated with the gnawed tissue behind them, The bulb of
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the infested plents wes found %o be riddled and tunnelled,
which was cheracteristic of the weevil (Pawecett, 1913; Jepson,
1914; Moznette, 1920; Candena, 1922). The noticeable dsmage
was that the rowided bores running through the healthy white
tissue, If the larvae were numerous,.the whole of the

basal portion of the stem beceme a spongy or felted mass of
tissue (Pihto, 1928; Harris, 1947; Braithwaite, 1963; Gaud
et al., 1975).

~ Gendena (1922) stated that the newly hatched grub
ate 1f§ way down the sheath and tunnelled iuwards and down-
werds until it reached the young fleshy part of the bulb
where it remained for sometime, Then it tunnelled its way
horigontally, leter slightly upuards to the growing point of
the sucker (Fletcher, 1914). Here it travelled up and down
tunnelling the suckeér as high as.25 cm above the surface of
the ground, Tunnelling extended from 12" (MeCarthy, 1920)
upto two to four feet (Froggatt, 1925; Roy end Sharma, 1952)
and even to severzl feet (Braithwaite, 1963; Feakin, 1971).
In bensns plants bearing fruits, which were seriously affect-
éd, the fruits failed %o develop to their normal sige and
fullness (McCarthy, 1920; Cendana, 1922; Sen and Prasad
18533 Goud, et 2l., 1975) and flower clusters when developed

‘were abnormally small {Cendana, 1922).
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According to Fawcett (1913), young suckers attacked
by the borer with-ered and died quickly., The first indicat~
ion that a sucker was attacked, was the death of young
leaves while still unrolled (Jepson, 1914; Cendsna, 1923;
Gaud. et 21., 1975). Due to the dsmage %the normal supply
of food to the plant was obsiructed and growth of the suck-
ers was arrésted, causing the leaves to die prematurely,
finaily the roll of unopened leaves or the growing point of
$he plant %o wither (McCarthy, 1920; Gaud. et al., 1975).

Froggatt’s observaiions (1923b,c) showed that the
grub tunnelled through the 6uter portion of the bulb, and
in this process some of the roois were either cut off at
the base or damaged which éaused the death of the whole root.
The effect was two fold: firstly the plant lost a certain
amount of food through loss of roofs end had to use reserve
stores to send 6ut fresh ones; secondly, when this dying
back of root occuﬁ%d the plants did not have enough support
in the ground anéd fell down (Froggatt, 1925; Roy and Sherma,
1952; Gaud. et al., 1975). Then the grub entered the heart
of the bulb, where it destroyed a large amount of tissue,
thus decreasing the food storage capacity. Subsequently,
decay set in along ‘these tunnels, further destroying the
bulb, This resulted in reducing the vitality and yield of
- the plant,
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~

HMore than half the dzmage done by larvae was conf-
ined'to the outer edge of the bulb, and since this was the
zone within which meny of the vascular bumdles that convey
nourishuent to the growing pards of the planté'are located
it is clear that the damage done was more than mere removal
 of a.cerﬁain smount of plant tissue (Knoﬁles, 1919). The
injuries alsé gncouraged the growth of fungus and bacterial
digesses which soon reduced the whole bulb in-to a blackened
mass of decaying tissue, In this condition it was deserted
ehtirely by the beetle larvae {MeCarthy, 1920).

In the case of attack of banana, plantain and abaca

(Musa textiles), it induced loss of vigour, chlorosis, and

atropy of the terwminal shoots and the roots (Swain, 1952).
Further, the larval tunnels facilitated the entry of the
@igease organisms, which would kill the plenis subseguently.

Feakin (1971) reported that the damage caused by
the weevil was often incressed by other insects amd bacteria,
and severe attack. frequently developed when plantations were
weekened through drought or other adverse factors., The
initiating céuse might be drought which was followed by
woevil attack =nd subseguently bacterial attack, Attacked
plents were more easily blown down, Infested rhizomes were
a0 weék that a mere toucﬁ would push them over (MNeCarthy
1920; Cendana, 1922; Broithwkite, 1963; Hill, 1975) or break



13

at the ring tunnel (Froggatt, 1921) or snap and breakdown
at the place of infestation when there was a strong blast

of wind (Batra, 1952; Sen and Prasad, 1953).

In older suckers the ouly sign cutwardly notice~
2ble was the 1css of vigour in the siools, The att"ck dig
not kill but only weakened them (Cenda ana, 1922} and reduced
the vitality and resistance %o drought (ﬁﬁrrisg 1947).

According to Roy and Sharma (1952), fruited plants
fell down heving brckem at one %o two feet above ground
level, Bometimes plants were left with vigour sufficient
to develop only a2 few hanés. In badly infesteﬁ.plantations
poai and weoady suckers came oub and serlously affected plant-

ations (Herris, 1947; Sen and Prasad, 1953).

Simmonds (1966) stated that domage done by weevil
was primerily the result of 5estrue§iqn of tissue of the
gorm, ond young seedlings might be killed if the larvae
atiacked the young growing point, &ccurﬁiég $o Fletcher
(1914), a nupber of grubs occurred in one root-stock which
was tuwnelled through-out., The attack wes usuall& confined

%0 root-stock (Subramsnian, 19%6).

Proggatt (19232) was of the view that the dewmege
caused to a sucker even by a single larve might be suffie-

cient %o kill the plant, Bubt 4'Pamerez (1921) felt that
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the atliack by large number of grubs was reguired to cause

the death.

Peyrommet {1931) stated that the presence of banasna

borer C. sordidus which was very prevalent in abaca might

be detecied by alkaline sap or pith of the plant (healthy

plants have acid sap or pith).

*e

Hosts

According to published rgeordﬁ,ﬂosmogelitas sordidus
apparently confined itself entirely to benana, atiacking
all varietieé (Moznetta,.1920). However, McCarthy (1920)
reported the record of this pest on sugar~cane by Newell..
But Cendana (1922) working on this insect found no basis
for this claim either from his own‘cbservatﬂcn or in lié-

erature,

Tiflferent species under the genus Musa sre abttacked:

Muga fextiles (Mackie, 1917; Uichanco, 19%36; Sen and Prasad,

19%3; Gallego, 1956), luse fehi (a';ocal variety of Tahiti)
(Lever, 1944; Millerd, 1952) and Musa martinii (Bruner,1945).

€. sordidus was nove serious as a gest of plantain
than of bonana (Voleods, 1934). Siray instances of atiaeck

on poitabo tubeers, arrow root (Canna edulis Edw.) (Froggatt,

1925), Yam and rhizomes of Guinea grass (Woleobt, 1922) hove
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been observed.

External morphology of the stages @

Igg I Egg is elongate oval, white in colour
(Moznette, 1920; Forggatt, 1925; Sen'and Prasad, 1953;
Braithwaite, 1963; Hill, 1975), rounded 2t one end and more
or less pointed at the other (Jerdine, 19?4). pale yellow

in eolour (Tryon and Benson, 1920),

As the eggs develop, the apical ends graduslly
become hyaline for about one third of their length, The
basal ends also become hyaline for a short time, the former
then turnes cloudy (Froggatt, 1923c¢) and twentyfbur hours
before the larva is ready %o emerge, the jaws appear as
two fine brown lines, then the paslpi are seen, later platles
of the head, 'This gradual development is visible through
the egg envelope (Froggatt, 1923¢).

Egg measures 1.33 to 2.11 mm long (Iryon and Senson,
19205 Froggatt, 1925) and 0,6 %o 0.845 mm broad (Tryon and
Benson, 1920; Pinto, 1928).

Grub @

Freshly emerged grub is 2 mm lonmg (Cendana, 1920),
1/2" (2.1 mm) long whitish except head which is brown

PHIVERSITY LIgARY

“ENVINITY OF AGHICULTURAL SCIENGS |
BANGALODE-24.
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(Pinto, 1928)., Tully grown grub is fleshy, legless, cream
(Faweett, 1913; Fletcher, 1914) with middle portion present-
ing a swollen -appearsnce, the head is reddish brown
(¥eCarthy, 1920; Jardine, 1924: Harr;s, 1947; Roy and Sharma,
1952; Braithwaite, 1963; Feakin, 1971). Head light orange
with narrow, short, non piguented stripes ﬁorsélly, free,

~ longer than broad, the sides subparallel, rounded posteriorly.
En@ocarina present, one third to“one hal £ és long as fromns
(Anderson, 1948), head is souarish when viewed anteviorly
(Whalley, 1958). Epicfanial suture marked black on its
posterior half and i-n white thence forward to the frons

(Mognette, 1920),

On the epicranium a pair pf lignt lines depars
from the frontal suiures and passed backwards almost as far
as-%he light median line of epicranium, corfesponding to
adfronvsl sutures which sometimes occur im Rhynchophora.
Each lobe of epicremium bears setae as followg: One at each
ferminus of the rudimentary'adfranﬁal sutures; a small one
opposite the middle of the frontal sutures: a long hair
opposite the basal one third of the fromtal suture; one -
opposite the middle of pisurostoma; one near the hypostomal
angle of the mendible; one opposite the basal third of hypo-
stoma; one on disk behind this; Four tiny ones on the disk

near the basal angle of the lobe (Mozmeitbte, 1920).
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Antennae fleshy, two-jointed, locsated at the
lateral angle of the frons, First joint broad and short,
bears one or more tiny hairs, second joint slender, finger

1ike, but short (Mozmetie, 1920).

Frons subtriangular, emarginate ai anterior angles
for antennae and emerginate slong epistoma for atitachment
of clypeus. The median line is faintly indicated by a
dark iine in the basal half (Moznatte, 1920). Frons with
four pairs of selae, two pairs small, two pairs long, the
three posterior pairs, the last of which is séallest, though
the first is also sumll, form 2 triangle, first and last
almost eguidistant, Anterior pair large and attached to
the basal engles of clypeus anéd some little distence from
the antennal fossae (Mosznette, 1920), Frons with five pairs
of setae (Zimmerwman, 19683). Frountal setae 4 short to very
short, seta 5 long (Anderson, 1948). Clypeus atteched iu.
front of frons, basally marginated with dark brown, other=
wise light in colour, bears four tiny hairs on epistomel
margin (Moznette, 1920). Anterior mergin of lsbrum pointed,
ventral side of labrum humped posieriorly (Whalley, 1958).
Labrum with one basal sensillum, labral seta two branched,
labral rods uniteéd posteriorly (Anderson, 1948).‘ Labrum not
80 broad, rounded in front, has a2 row of four setme in front

of the middle, and is mergined with setae (lMoznette, 1920).
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' Epipharynx with the antero~latersl and two pairs
of antero-median setas branched (Anderson, 1948)., Labrum
with twelve marginal thickened sebtae (Cotton, 1924). All
setae on anterior margin of labrum many branched (Whalley,
l1958; Cotton, 1924). Asperities on epipharynx modérately
conspicuous laterally and between the lebral rods, in
evident tufts about the base of all anterior setae (Andersonm,
'1943). Epipharynx setose with %wo pairs of taickened setae
between ths epipharyageal rods (Cotton, 1924). |

Mandibles qerk brown, bidentate with median and
basal hairs (Mogznette, 1920; McCarthy; 19z0).

Maxillae elongate, terminated by a tw§ Jointed

| palpus and a setose lecipia. Tney are pr6vided with two
setae near palpus and one near base (Moznette, i920).
Mexillary mala oval at tip; with a row of nine branched
setae on dorsal surface and with one branched and two simple
setae at tip (Cotton, 1924). Mels with asperities on dorsal
surface albng the line of gsctae, Mala with five ventral end
ten dorsal setae, the posterior seta on vén%ral surface and
nine posterior setae 6n dorsal surface,branched {Anderson,
1948). Setae on dorsal side of mala manj branéned (¥halley,
1958). | |

The stipes labii tfiangular, cordate, rather acutely
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angulate at base, bearing two jointed palpi at basal angles
with discal pair of setae =and with several pairs of bagsl
setae (Moznette, 1920), Posterior margin of labium pointed
(Vhalley, 19%8), Ligula not produced without asperities
(Anderson, 1948); ligule with two somewhat triangular setose
areas on dorsal surface (Cotton, 1924). Ikosterioi peir of
setae on postmentum seperated by less thanm 1/2 the distance

seperating the middle pair of setae (Zimmermen, 1968a).

The body glabrous except for the usual hairs found
on each segment (Moznmette, 1920), on head, thorax and term-
inal segments (Pinte, 1928). Body is nsked with upper
surface wrinkled.and segmented divisiong of the body showing
nore distinctly on the under surface (MeCarthy, 1920).
Taoraciec segment constricted to form @ neck between 1t and
the swollen abdominal segments which swell out in the centre
end are contracted at the anal extrémity (Froggett, 1919),
The three thoracic segments are rather more deveiOpeﬁ than

the abdominal ones (McCarthy, 1920).

There are six pairs of sefae on prothorax the last
of which oceur on the slar lobe, Behind These on the
scutal ares are four pairs of hairs, the last of which
occur on the alar lobe (Moznette, 1920); alar area with

one very short seta (Anderson, 1948).
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Mesothoracic spiracle elongate with longitudinal
slit, occur on a large lobe which causes an emargination
of the prbthorax and lies very clbse %o the head (Moznette,
1920), thoracic spiracle elongate, curved (Zimmerman, 1968;

McCarthy, 1920).

Meso and mefathoracic segments dorsally consist of
e spindle shaped'prescutum with 2 single pair of setze end
the scutellum extending between'alar lobes and bearing only
two pairs of\hairs in the region of the slar lobe, The
epipleurum of the wmesothorax and metathorex bears a single
hair, Pach hypopleural lobe bears two setae, Each thoracic
stemum bears one pair of hairs and each parassiternum bears
three peirs of hairs (Moznette, 1920). Seta on epipleurum
of metathorax distinctly shorter than the seta on epipleurum
of mesothorax (Anderson, 1948; Zimmerman, 1968a). The seta
on pleurum of mesothorax and metathorax long (Andersonm,
1948). Spiracular area of'mesothorax with one very short

seta (Anderson, 1948).

The first seven abdominal segments normal (Moznetie,
1920; McCarthy, 1920). Segments grow lerger to the fourth
or fifth éegment whichk are the largest and then decrease
in size (Moznette, 1920; McCarthy, 1920), seventh is the
smallest of mormal ségments (Moznette, 1920)., Larvae moder-

ptely large, slightly thicker %through IV, V end VI (Anderson,



21

1948)., This gives the whole body of the larva a sw&llen
appearance (McCarthy 1920). Abdomen with posterior end
abruptly truncate (Whalley, 1957). Abdomen not tapering
gradually, fifth segment abruptly scooped out (Whalley,1958).

The first seven abdominal segments bear: a minute
spiracle (Moznette, 1920; McCarthy, 1920; Anderson, 1948;
Zinmefman, 1968a), The first seven spiracles rudimentary

and not easily visible (Whalley, 1958).

Each abdominal prescutum bears one pair of setae and
each scutellum bears a siall lateral pair, Each epipleural
lobe Sears two pairs of setae, each hypopleural lobe is
apparently longitudinally divided into two parts, the lower
of which bears a single seta (Moznette, 1920), typical abdo-
minal segments with three post dorssl setge (Anderson, 194é;
Zimmerman, 1968a), Setae of spiracular area very short‘
(Anderson, 1948). N6 setae on the sternum.of the abdomen

(Moznette, 1920).

Eighthsegment doréally greatly modified with a
single pair of hairs on the prescutum and a single pair on
the scﬁtellar aréa and with elongated spiracle, just outside
of the spiracles on the epipleural ;obe are two strong setae

(Mognet te, 1920).

The dorsal face of eighth segment is deelivous, the
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dorsum of the ninth segment is flattened and bears fouwr

pairs of setae, The dorsum of ninth segment extends under-
neath, so thet it is apicai to thé}en%ire tenth segment,

The tenth segment is completely ventral and very small
(Moznaette, 1920), caudai (9th) abdominal segment'without
fleshy processes (Zimmerman, 1968a)., Asperities inconspic-
uous, spargely distributed dorsally and ventrally on abdominal
segments III to V, Posterior margin of abdominal segment IX
without projections (Anderson, 1948). The anal segment has

& depression above and a pair of elongate ovel spiracleswith

scattered hairs below (Froggatt, 1919).

Full grown grub is about 13 mm (Moznette,‘1920),
20 mm (Pawcett, 1913) in lensth and 8 mm in width (Fawcett,
1913), 1/3" (8.46 um) broad (Pinto, 1928) and 5 mm in die-
meter (Cendsna, 1922). | |

Preguga-:

Body becomes flaccid and elongated with the thoracie
segments more prominent (Froggatt, 1922, 1925; Roy and
Sherma, 1952).

Pupa 3

Pupe naked (Moznettie, 1920; Tryon and Beuson,

1920), vhite or pale yellowish white (Tryon =2ud Benson,13920;
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Moznette, 1920; Jardine, 1924; Feakin, i971).

Calandrid in foré (Mammette, 1920) with the
structure of the future bestle pleinly vigible, the rcs%rum,
_ antennze, wingpads, and legs all prominent (MeCarthy,1920),
Possessing very lerge spiracles locsted on 2 prominent
iobe at the base of the prothorasx (Moznette, 1920; McCarthy,
1920). Beak irregularly mergined with vumerous depressions
(Moznet&e, 1920). Snout turned down in fromt of the head.
Pwo rows of short tubercles on the head and snout (Froggatt,
1919). Pour pairs of large tubercles set with setae one on
head and three on beak and two pairs of ftiny setae located

nedially to the two basal pairs on the besk (Moznette,1920),

Prothorsx elougate, subguadrate, rounded in front,
with basal angles rounded (Moznette, 1920), bears six pairs
of setigerous tubercles (Vosznetie, 5920; leCarthy, 1920),

' of which apiesl pair longest. ?haré are two enterolzteral
end one anteromedian palrs of setae. Hesethorax has one

pair of scutellar setae (Moznette, 1920).

The first six sbdominal segments normal (Hoznette,
1920; MeCarthy, 1920), gach beafs thres pai:s of gcutellaf
setae (Moznette, 1920), bears three pairs of bristles on

tubercles which are placeé so ¢close together as to form
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a ridge~like prominence on either edge of the ‘dorsal surface
(MeCGarthy, 1920). A rbw of rounded spiracles om the sides
of the ebdomen (Froggm‘;t9 1919). Spiracles are larger asnd
moré prominent than the larval spiracles (Moznetie, 19203
MeCarthy, 1920). Seventh and'eighth spiracles minute:
(Moznette; 1920). Rest of the segmeunts greatly modified
(i.e. VII, VIII, IX and X) (Moznette, 1920; WMeCarthy, 1920),
Eorsaily séveﬂth is elangéte (Mognette, 1920; McCarthy,
1920), a§icaily tuberculate (bioznette, 1920), has two pairs
of setigerous %tubercles (Moznette, 19é0; MeCarthy, 1920), one
pair being on the larger apical tubercle (Moznette, 1920).

From a lateral view it 1s seen that the seventh
segnent is dorsally the terminal segment? but ventrally it
is emarginated for the reception of the othgr segments
(Moznette, 1920; HeCarthy, 1920). The ninth is set with .
two long chi%inous processes (Moznette, 1920; MeCarthy,1920),
at the side of which are two éetigergus tubercles (Moznette,
1820), 2 palr of stiff spines (McCarthy, 19220)., Last abdo-
minal segment with one large and two fine ventral spines on
each side, dorsal side of las%t abddminal segment with 4
papillae, each besring a spine, (Whalley, 1953). Pupa with
one pair of ventral spines on last abdominal segment, thick
and larger than all the others (Whalley, 1957). 4nal seguent .

with stout yellowish spine on either side of preceding



segment (Froggatt, 1919),

Pupa is 0.5 inch (12,7 mm) in length (Tryon and
Benson, 1920; Hill, 1975), 12 mm long (Moznette, 1920) and
0.2 inch (5.8 mm) broad (Pinto, 1928).

Adult

Freshly emerged weevil is soft snd brown, graduslly
skin hardens and almost becomes black (¥eCarthy, 1920;
‘Harris, 1947; Simmonds, 1966), it tskes 14 to 15 days, often
longer to become fully coloured (Froggatt, 1923c¢c). Adult
is dark brown %o black in colour (Jardine, 1924; Froggatt,
1925)., Body is coversd with a thin encrustation when dried,
which gives i% o greyish appearance (McCerthy, 1920), it
is black (Chestnut brown when young), dull having a thin
greyish surface encrustation, when abraded, otherwise glossy
(fryon and Benson, 1920), with a long slightly curved trunk
in front of the head and has numerous punciures or small
depressions along the back (Jardine, 1924; Froggatt, 1925).
Head small, spherical (Hosznette, 1920; HeCarthy, 1920),sinks
in the midbody to the middle of the eyes and has a long,
narrow downwardly curved beak or proboscis (Trycn and Benson,
1920; MeCarthy, 1920), Beak seperated from head by constri-
ctioh, swollen in basal one third, finely punctate in basal

half, moderately curved, slender and cylindrical and smooth
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in apical half., Scrobes located in basal one third bemeath
the swelling, oval more approvimated behind the front
(Moznette, 1920). Beak moderastely turned downwards, thick-
ened between antennae, with mcuthpafts sltuated at apex
(MeCarthy, 1920). Antennae elbowed (Tryoa and.Benson, 1920;
McCarthy, 1920), geniculate (Mozmnette, 1920). Seeape almost
as long as funicle, six jointed, first joint moniliform,
suceceeding joints more closely appressed, last joint very
closely appressed'to ciub. Club two jointed, basal Jjoiut
occupying two thirds af length, shining, with = few winute
hairs, apical joint spongy, short and rounded st apex, Uthsr
funiculsr joints hding = few tiny hairs (Moznetté, 1920).
Eyes finely granulste, elongete, oval, tfénsversly contie

guous beneath, anteriorly mergined (Woznette, 1920).

Prothorax long, wmoderstely evenly punctate, with on
irregulsr smooth median line indicéﬁed on disk; wnarrowest
at apex (Moznetts, 1920; McCarthy, 1920), constricted neer
apex; abex tubular; roundingly broadening to about the
middle; sides alﬁost parellel from middle (Moznetie, 1920).
Thorax is coversed with fine punctures and the elytra are
str@ited longi#udinally and also finely punctured (Froggatsh,
1925; Roy and Sharms, i952), The wing covers or elytra have
impressed lines of striae containing rows of punctures

(MeCarthy,1920; Froggatt,1919). Striae modersiely impressed,
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punctate, intervals of irreguler width, the first, third end
£1£th being slightly wider than tae alternate intervals,
minutely’punetaﬁé (Mognette, 1920)., Elyira with nﬁmerous
low ribs, each seperated by narrow furrows (Punciured
striae) (Tryon and Benson, 19é0). Elytré stop short of the
abdominal end (?roggatt, 1925; Roy ané Sharmé,19§2; McCarthy,
1920) freely exposing the pygidium (McCarthy, 1920) which is
pubescent and covered with setigerous punctures (Moznette,
1920;‘ﬁ00arthy, 1920), unéerside more sgérsely punctate
(Noznette, 1920). Hind wings égmbranous, folded beneath

the elytra, well developed, greatly exceeding elytra in
size and length (Tryon and Benson, 1920); Body divisions
head; thorax asnd abdéﬁen distinct (Mccarthy,‘1920).A

Adult weevil thickly covered (except on the dorsal
" surface of thorsx and éing covers) with a fine greyish buff
pubeséence. The hend, rostrum (except the lower portion),
the whole of {horax, legs and undersurface of the body
thickly and finely punctured. The wing covers finely
1mpres§ed with parallel lines forming regular bars, between
which they bear fine punctures. The bottom of the furrowed
lines are'also punciured, but more coarsely, particulsrly
along the outer margin of wings (Froggatt, 1919). The mid.
body bowed on each side is covgreﬁ above by numerous minute

points (Tryon and Bensom, 1920).
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Pirst two abdominzl segments connate at middle,
Third and fourth seguments about as long as second., Fifth

segment longer and turned downward (lozmette, 1920),

Legs stout (McCartay, 1920; Zryon and sSenson,1920),
procoxae and mesocoxae cylindrical, metecoxaze oval, tro-
chanter smell, femora ia%erally compressed and curvéd.

. ventrally inflated at middle, emerginate beyond this and
bilobed at apex, thus forming a gfoove'for tibiae (qunette,
1920), femora thickened at the distal end (McCarthy; 1920).
Iibiae moderately straight grooved beneath and provided
with a row of 3etae on each side of Lhe groove, apically
curved downwards (Moznetie, 1920), terminating iv a strong
hook (Hoznette, 1920; McCaruhy, 1920)., Tarsi 4~jointed
(Moznette, 1920; MeCerthy, 192Q), first longer then broad,
widegt at‘apex, second as long as broad, third sbout as long
as first but broader at apex, emarginate for réception of
fourth, Fourth elongate, curved, subcylindrical, armed with
two curved, diyerggnt.claws (oznette, 1920). Legs with
sharp, curved'Spur.or thorn at the end ol each fore leg

(Zryon and Benson, 1920).

The beetle resembles grain weevil, but meny times

larger (Iryon angd Benégn, 1920; MeCarthy, 1920).

Adults about 11 mm (Froggatt, 1923¢) to 14 mm



(Pawcett, 1913) in length and 4 mm (Moznette, 1920) to 4.23
mm (Pinto, 1928) in breadth with rostrum measuring 1/8 inch
(3.17 mm) (Pinto, 19238) to 4 mm (Fawcett, 1913) in leugth,

No merked difference.between sexes is observed
(Tryon =né Benson, 1920; McCarthy, 1920; Pinto, 1928;
Simmonds, 1933) except that males are usuelly slender than
females (Pinto, 1928). TFemale has the proboseis slightly
longer and narrqﬁer than that of the male (Tryon and Benson,
1920). First ventral abdominal segment of male was more
or less strongly impressed in ﬁhe middle, while in female
it is flat or even slightly convex, Rostrum of male is
more coarsély punctured and the punctu;es though becoming
finer extend alﬁost to the apex, @hereeas in fenmale the
apical half of the rostrum.is practically smooth (MeCarthy,
1920). | | | |

Bionomics of g, sordidus

Egg ¢ The female bettle laid eggs singly in %he
outer léaf sheaths of the banana., The eggs were more often
depokited on the stools just above the bulb, and on sheaths
that were partly decayed (Moznet te, 1920; Céndana, 19223
Rdwards, 1925; Braithwaite, 1963; Ruiz, 1973). The female
after selecting a site just above the ground 1evél whére

stem and bulb join, ate out a smell tunnel and turaing round
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deposited the eggs in the botsom of the Sunnel (Moznet ve,
1920; Cendana, 1922; Froggeatt, 1925; Urich, 1925; Sen and
Prasad, 1953). The incision was made horigontally or
slightly downward into the oubermost leef shesth, by neans
of her beak or snout, She thes reversed her~ position and
laid & s;ngle egg at the bottom of this pouch (Cendana,
.1922); Different workers have stated that the eggs were
leid in different locations, ‘ﬁ few eggs were laid loosely
in %he slightly deccayed lenf sheath (Moznebte, 1920). ZEggs
were deposited singly upon the base of the banana stem near
the erown, less often on %the bulb beneath the soil (Jepson,
1914); The eggs were laid on the surface of the bulb below
the ground level (Watts, 1917) or-laidlmostly in corms a=nd
in.fallen stem (Weddel, 1945) or 1a;d in a smell burrow
among_decaying leaf bases at the crown or in a crack in a
similar situstion (Roy and Sharma, 1952) or laid between
leaf sheath scars on the crown just above the ground (Feakin,
1971), egg laying half an inech sbove the level of soil
(Paweett, 1913), or a few inches above the surface (Jepson,
1914) or laid about 25 cm from the surface of the ground
(Cendana, 1922). |

. Incubation period varied greatly depending on
temperature, Bggs hatched in 3 days (Swain, 1952) %o 28
days (Weddel, 1945). '



31

Grub 3

The number of moulis as veporied by previous workers

varied from two'(?reggatt, 1923a) to six (Cendana, 1922),

Larval yefigd.was found to vary according to
climetic econditions from 12 to 165 days (Fiji - Femcett,
- 19133 Jdepson, 1914; Florida - Hogneite, 1920; Queenslénd'-
iryon end Bemson, 1920; Froggatt, 1921, 1922b, 1923a,c,
1924b,c, 1925; Weddel, 1948; Philippines - Cendane, 13522;
Bragzil ~.deAzevedc, 1922;'Ge§1on - Jardine, 1924; ?intc,1928;
Mauritius - Bawards, 1925; Trinidad - Urich, 1925; Uganda-
Harris, 5947; Hill, 1975; Hiosragua- Swain, f952; Fbrmosa“-
Cheﬂg, 19573 El'Smlvadpr T(Siliez&r, 19613 Trezo, 19693 S5ao0
Tome - Schmidt, 1965).

Full grown grub tunnelled its way downwards =ond
nade a roomy cell near the épidermis of the bulb where it.
trans formed into pupa (Jepson, 1914; Howznette, 1920s Cendena,
19223 Froggatt, 1925; Braithweite, 1963). Pupal chamber was

found lined with exereta (Fletcher, 1914).
?repupa :

Fully grown grub stayed in a comatose condition for
three days before changing into pupa (Pinto, 1928). It stay-
ed dormant for a time exhibiting bui little powers of

i
|
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mqvement if disturbed. Prepupal stage lested for 1 to 3 days
after which the larval skin was lost exposing the pupe
(Troggatt, 1922; 1925; Roy =nd Shorme, 1952).

Pupe 3

Pupal chamber was situated below ground level and
Jjust underneath the bulb, and also observed zc far as iwo
inches from the bulb in ceses of heavy infestation., Ko
cocoon vas formed but 6ceasionally a few strands of fibre
were noticed at the tunnel end of the chamber, This gener-
ally ocouregd in dry meterial or inm tissues of leaf bases

(Frogegatt, 1925; Roy and Sherma, 1952).

Variation in pupal period was observed depending onm
elimatic conditions. The period varied from five days to
fifteen days (Fiji - Fawcetti, 1913; Jepson, 1914; India -
Fleteher, 1914; Queensland -~ Tryon and Benson, 1920;

Froggatt, 1921, 1922b, 1923a, 1924b, 1925; Philippines -
Cendana, 1922; Brazilﬂ- de Azevedo,-1922; Mauritius - Edwards,
1925; Trinidad - Urich, 1925; Ceylon - Pinto, 1928; Uganda =
Harris, 1947; Hill, 1975; Formosa - Cheng, 1957; El Salvador -
Siliezar, 1961; Sao Tome ~ Schmidt, 1965).

Adult @

Adult weevil after emerging from pupa remained

dormant in the pupal chember for 6 %o 7 days (Progsatt,
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1921; 1923), 3 to 6 days (Jardine, 1924), 4 to 5 days
(Edwards, 1925), then the adult pushed its way out of the
bulb (Cendana, 1922). .

Life Cycle

Total life cycle from egg to adult veried consider-
ably, depending on the temperature from 29 to 180 days
(Jamaice - Anonymous, 1917; West indies - Watts, 1917;
Philippines - Cendana, 1922; Queensland - Froggatt, 1922a,d,
1924b, 1925; Trinidad - Urich, 1925; Belgién Cango =
Ghesguiere, 1927; Mauritius- Moutia, 1931; Uganda - Harris,
1947; New South Wales - Braithwaite, 1963). C. sordidus had
four generations annuslly in Paihoku (Shiraki 2nd Soman, 1937),
not Qore than five generatioﬁs in Philippines (Cendana,1922).

Adults were found to be gregarious in cavities
and depressions in the outer leaf sheaths of banana close
to the ground level =nd also below the surface (Moznette,
1920). It hid in a leaf sheath or below grownd level near
the corm on which it fed (Bawards, 1925). It lived in rott-
ing stems where the humidity was very high. Infact, the
adult weevils were slways moist (Whalley, 1957), came out of
ground and sought hiding place among decaying leaf sheaths
(Cendana, 1922). Weevils were slugzish in movement and

feigned death or 'Play pussum‘ on being disturbed (Moznette,
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19203 Frogmatt, 1925).

Adults were sluggish and most active during the

hours of Qarkness (Harris, 1947), particularly sluggish
during colder portions of the yesr (Froggatt, 1922d). Their
.period of greatesy activity was from 6 O'clock in the after-
noon to 6.0'clock in the morning (Cendana, 1922). Adult
woved only at night over the soil and air, during day time
repained underneath soll or in crevices., In dull weather
immediately after raiﬁs they came on to the soil (Roy end
Sharma, 1952). Beetles were found to be adhorrent to light
(Froggatt, 1924).

iNo damage was done by the adult, the function of
adult being purely reproduction (Froggatt; 1925; Roy and
Sharme, 1952). The food of adult weevil was undoubtedly
the substence of the banana'plant i.e., corm or the material
of rotting stems (Froggatt, 1921, 1925). Its normel food was
dead or dying banapne plents (Hill, 1975).

The longevity of the adul% was not known bub they
lived in dry earth without food for three months (Fawcett,
1913%) or two months (Moznette, 1920) and not longer than 17
weeks with food (Pawecett, 1913), lived for two years (Harris,
1957; Schmidt, 1965; Simmonds, 1966), 5 to 8 months (Jardine,
1924); The longevity of imagnes ranged from 471 to 483 days
(Froggatt, 1923), 16 to 21 montas (Froggatt, 1924), 16 weeks
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(Jepson, 1914),103 days in captivity (Cendana, 1922). The
average life of the beetle in the laboratqry was as high as
748 days. Under starved conditions the life was short, when
the soil was dry being only a few days. When the soil was
kept domp it might extend %o six months (Frogzatt, 1925).
Adults lived for considerable time withoﬁt food (Cendana,
1922). In dry soil, they died without food within 5 to 6
days aud if soil wes dam§ they were found to live for more
than 100 days in cooler months, lived for 70 to 121 days with-
out food in dsmp soll (Froggett, 1924). If exposed to dry
sun they dled in few seconds (Froggatt, 1923). In submerged
condi tions they survived for 120 hours (Froggatt, 1923),
withstood 12 days of complete submergence (Froggatt, 1924),

Beetlés were nociurnal (Mounetﬁe, 1920; Simmoﬁés,
1966 ), they came ovt during night to feed and lay eggs
(S5ipmonds, 1966), ’

There was a period of c=bout one month from the
emergence of the female beetle until the first eggs were
laid (Froggaﬁt,.1923).‘ Preoviposition period ranged from
14I%o 99 days (ﬁroggatt, 1922b,4, 1925). '

Bgg laying throughout life, infiuenced only by
seasonal climstic variations, decreasing with advent of cold

weaﬁher rud also possibly by the ege of the insect, Ovi-
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position more in early part of 1life of 16 to 21 months
(Progzatt, 19224, 1924c).

Total number of eggs laid by a female varied
between 10 to'15 and in exceptional cases hundred (Simmonds,
1966), Tach female laid 14 eggs or less (TIryon and Bensonm,
1920); 10 to 50 eggs or more (Hill, 1975). |

B

‘During copulation, the mele surmountiﬁg the female,
hung down well over the-p&gidium of the 1at€er,_thus bring-
.ing its penis and vagina into close juxtaposition, in this
position conmnexion took place. ThisAaof took_place readily

in ceptivity (Froggatt, 1923c).

Reproduction wes throughout the year (Urich, 1925).
During the hest of summer and cold of winter breeding was

much less compsred to spring and autumn (Froggatt, 1923b).

According to Simmonds (1933) out of 100 adults taken

at rendom 54 were males and 46 females,

By using traps Freeman (1919) collected 644 adults
during December, 511 in January, 270 in February, 341 in March
from an area of 3/5th of =n acre, .Where as Froggatt (1925)
Acollected'so,ooo(beetles betweeb Feb:uary and July, in August
1222, September 1472 beetles, According to Gomez Clemente
(1947) number of beefles collected reached peek in Jenuary,
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February, March, October, November and December, W¥allace
- (1938) reported that the beetles ceme freely to the baits
in the months of September to April and there was canplete
avoidance of bait in the depth of winter,

Route. and mode of infestation @

C, sordidus was undoubtedly aistribuxeé from one
country %o the other and from one plantation to the other
by the transportation of infested suckers aﬁd root stocks
used for propagation purposes (Cendana, 1922; Koy and Sharma,
1952; Schmfdt, 1965) and spread was also by crawling from
infested area to the‘newer plantation (Cendana, 1922; Roy
and Sharma, 1952; Braithwaite, 1963), or by flying (Froggaﬁt,
1925; Roy end Sharma, 1952), Sometimes it spread by washing
down due to rain water or flood water in gullies and steep

slopes (Froggatt, 1925; Roy and Sharma, 1952).

According to Wallece (1938b), the beetles were found

to have migrated across a belt of Paspalum dilatatum whose
width varied from 12 to 34 yards. However, considering the
fact that a clean new plantation had been growing for 16
months so0 close to the hqavily infested old plantation, the

degree of infestation seemed very small,
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Flight ¢

Experiments carried out both in field and laboratory
to tast the power of flight showed that the beetles never
attempted to expand their wings (Froggaﬁt, 19232). However,
'accoraing to Urich (1925) the adults were able to fly. Watts

(1917) stated that they flew during night ané they were not
attracted to light.

Experiments in field end specially prepared trays
indicated that although flight probably éid occur. st times,
it was practically negligible as a factor in the spread of
the pest. Both sexes, particularly, females, migrated fre~
guently and repidly, especially during warwn heavy reins in
November -~ January. MHigrations occured on warm humid night
during certain seasons of the year and that coniraryido the
results of previous investigations flight was a major factor

in them (Simmonds, 1929; 1932, 1935)

Froggatt (1924b), based on the data received from
Queenslend farmers who observed that in one case beetles
were found in & vessel Just inside, in another in a vessel
outside the house, stated that under undefined conditions
the adult weevils did fly. In another instance, the beetles
flew into a room through a large open shutter a little after

"7 p.m. o0 a warm, cloudy night early in February. In another
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instance the beetle flew at night to & height of about 12

- feet, on to & table in the verandah of 2 house situated
clese to banana stools. The climatic conditions were given
as "muggy: after a fow days of solid rain®, This occurred
during the first week of March. The seme author in 1925
stated thet flight normelly occcurred on "warm muggy nights
shortly after dusk", for the most part between the later
part of November and firét half of April. )

Verietal resis%ance H

Banana borer C. sordidus was apparently confined %o
the banana, all varieties.oﬁ which were atitacked impartially
(Gowdey, 1923; Roy and Shéima. 1952), All verieties like
'Ginéeri' and 'Banana Carree' in Mauritius (4'emmerez and
Gebert, 1921), Cavendish, Lady's finger, Sugsr benana,
Plentain, Gros Michel, Dacca in (ueensland (Froggatt, 1921;
1925), Musa fehi im Francais de 1'oceanie (Millard, 1952),

M. gecuminata sub, sp, siomia in Malaya and Benksii iv

Gueensland (Hord end Flippin, 1956), M. paradisiecs,
H, arnoldiana, M. textiles in Belgian Cango (Ghesquﬁ?e.1927),

were found to be infested sevesrely.

Variety Lacestan wss 2lso atiacked to some extent in
Philippines (Cendena, 1922), some varieties like Cango, Java

and Nanica showed some resistance in Brazil (Elias, 1960).
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Variety Gros Michel was more susceptible than Boutround

(probably Lacatan) in Honduras (Hord and Fiippin, 1956).

Plantain (Musa sepientum var. peradisiaca) was more preferr-
ed than. benana in Puerto Rico (Wolcott, 1934) and variety
Makabou in 5%, Lucia appeared to be less susceptible (Hutson,

1918). In Honduras, Musa balbisisna seemed to be rather

resistant (Herd and Flippin, 1956). In India,varieties like
Alpan, Champa, K&thia, Malbhog, Barsani, Batisa-Malbhog were
found %o be more susceptible compared to Batisa which was

the least susceptibie (Sen and Prasad,‘1953).

M. sepientum was less resistant, then H, nana,

M, brieyi-and li. emasculata were found to be resistant to
the beetle aﬁtack, while y.’segienﬁhm was found comparatively

less resistant in Belgiap Congo (Ghesquiere, 1927).

. According to.Simmonds (1966), C. sordidus attacked
only members of the genus Musa and no cultivar was known to

possess any useful degree of resistance to the pest,

Chenical control of banana rhizomé weevil @

Gravier (1907), suggested immersion of bulbs in
Bordaeux mixture, Sodium arsenite dust and spray, mercuric
chloride spray, barium chloride spray, lead arsenate dust,

Paris green dust, Paris green flour mixture, célcium'arsenate
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dust end borax dusi weré tested against banana borer snd
found that dusts were more satisfactory than sprays. Paris
gré@n was the most satisfactory (Froggatt, 19224, 1923b,c,
1925, 1928). Paris greenrfleur mixture was further proﬁed
0 be effective ﬂGowaay, 1923; Wallace, 5937:'Roy and Sharma,
1952).

hecording to Froggett (1923a,¢c) and Gowdey (1928),
paracdichlorobangzene was effective sgainst weevil while Smith

(1929) reported that paradichlorvobengsene was wnot satisfactory,

DT in comperison with other insectieides like, BHC,
@alychlorocyblohexane.suighide, NG, dieldrin and aldrin
was not effective (Cullié, 1950; Cheng, 1957). However,
Spraying of DIT 0.16 per cent minimised the attack of weevils
(Sen ané Prasad, 1953).

" Chlordane 20 per cent and eldrin 25 per cent were
found to be effective (Sﬁaia, 1952). It was observed that
dieldrin and sldrin umiztures applied annually ab the rate
of ¢ 1lbs per acre protected the crop (Simmonds snd Simmonds,
1953), Batchelder (1954) tried toxaphene, chlordane, aldrin .
and dieldrin asg ﬁrenchinngprays. Dieldrin was superior in

residual toxicity and performance.

Accoﬁding'ﬁo %halley (1957), 0.5 per cent dieldrin

gust proved to be sasy and safe o use under all conditvions,
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Aldrin (2 1b a.i, per aerej and dieldrin (1 1b 2.i. per acre)
. were found to offer excellent control in comparison to lind-
ane (8 gn. a.l. per scre) the performeamce of which was poor
(Braithwsite, 1958). Leach's (1953), experziment showed

that dielérin sprey ot 1.5 1b toxicant per scre applied to
the bese was much superior o YV -BHCs Also dust applicabe
ions of 50 per cent W2 of dieldrin in gypsuw (4?96) $0 soil
around base of each plent mat after removal of trash or in
artificial fertiligers aroumﬁ-ﬁhe_roots at 2 1b dieldrin per

acre reduced the number of weevils csught in traps.

Lecorfing to Braithwaite (1963), 0.05 ger cent a.i,
of dieldrin or 0.1 per cend a.i. of 2ldrin or 0,1 per cent
a.i, of heptachlor a2t one pint per plant was found to be
effective (Wolfenbarger; 1965; Deang, 1969), Volfenbarger
(1965). observed that granular formulations were slightly
effective than emulsions. Braithwaite (1967) tested aldrin
at 1, dieldriu at 0.5 and heptachlor at 0.5 and 1 1b a.i. per
acre and found that these insecticides controlled banana
borers effectively, Three organophosphorous insecticides
viz,, diarinon, fenchlorphos and Bayer 54400 (1 1b a.i. per
acre) were also tested and they were relativély ineffective

against banana borer.

Adult weevils may be destroyed by abtbtraciting them



43

on %o small chopped sections of old pseudostem which have
beer dusted with 2-isopropoxyphenyl-l-nethyl carbsmate
(Anonymous, 1969a), Adulits exhibited high resistance %o
aldrin =nd dieldrin and less resistence to Y -BHC (Rdge,

1974).

Pullen (1973) tested pirimiphosebhyl (Pirimicid,

"5, 10 and 50 per cent) at 1.5 and 2.5 gm a.i. per plant,
terracur p'(fensulfothion 7.5 per cewnt) a2t 3 gm a.i. per
plant anﬁ,Xeponeg (Chlordecone, 5 per cent) at 3 gm a.i..per
plem® applied in a circle of weed free soil around the plant,
Pirigiphosethyl formulabion gave persigfant control of

G. sordidus compering favourably with the other two treat-

ments both in terms of action ané persistance of control,

Resistance to dieldrin was suspected in banana
porer by Shanshen and Goodyear (1974) when individuals in
senples survived topical application of 1 micro litre of

0.25 per cent dieldrin,

Rbber%s (1956), reported thaet an asrisl application
of grenular dieldrin gave some controi, Bulléck and LEvers
(1962) tested 10 per cent granules of sldrin, dieldrin and
heptachlor ot the rate of 2 1b a,i, per'acre (1.12 02 per
mat) aud noticed that dieldrin was superior to the other %wo

insscticides, Terrysecur p' 10 per cent granular orgsnophosphate
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at the rate of 30 gm per plant on clean soil contro}led

banana borer effectively (Anonymous, 1969b).

Gaud, et al., (1975) tested kepone 5D, diazinon
14G, Pieldrin 15EC, dasanite 15Gr, disulfoton 106 (disyston
10Gr; lannate 908); carbaryl (sevin 30¥P; 80WP), parathion
15WP, carbofuran 10G (furadan 1OGr).and found that dieldrin
15EC at 5 wl, carbofuren 106 (furadan 10Gr) at 10 gn, dasanite
156z at 14 gu. and kepone 50 at 2 oz per plent were most

effective,



MATERIAL AND METHODS



ITI. BATRERIAL AND MELNODS

A detailed study of the banans rhizome wesvil was
~undertaken during the period from September, 1970 through
September 1974, Acult weevils collected from infested
benana flelds around Naajangud,Mysore district, were maint-
ained as stock culture on rhizomes which in $urn were place-
e in ocylindrical jars (Fig. 1) covered wiﬁh damp suslin

cloth,

Mass rearing

For mass reariug, the we@vils were enclosed in
preumatic troughs containi;g banena pseudosten (8 ca in
height) for feeding and ovi-position (Fig.2). The pseudo-
stems were changed once in four days. The eggs were coll-
ecﬁad along with 2 strip of pseudostem end were placed i
pneumatic troughs (18 om % 12 cm) containing wmoist sand at ,
the bottom %o a depth of 2 cm and closed with dam§ nuslin
cloth (Fig. 3). ‘Subsequ@ntly grubs were transforred on to

the rhizome (15 em in height and 4 cao in diameter) for

further developnment,

Survéy and seasonal fluctuation of weevils :

Field observations om the incidence of the pest and

seasonal fluctuations in the population of the weevil were



Fig. 1 ¢ Cylindrieal glass jar used to meintain
- the stock cutture of Cosmopolites sordidus

Pig., 2 :  Pneumetic trough used for feeding and
» oviposition of C. gordidus |
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carried out in the two infested fields (3 scres =md 1.5
acres) around Nenjangud at intervals of two to three weeks,
Traps of split pscudostems messuring 30 cm in length were
placed with the cut surface against the soil close to the
base of plants ané were covered with trash in order to
ﬁssosu the population, Ien such traps were placed per acre
at random, Counts of weevils noticed at each trap (after
24 hours) were considered as indicetive of the fluctuations
of weevil population in the garden, ©Studies using traps
were carried out for two years from September, 1971 %o

September, 1973,

A survey ﬁa: conducted during the year 1973, in
major bansna growing areas of the State, viz,, Bangalore,
Belgaum, Bellary, Chikkemagalur, Chitradurga, Coorg, Vharwsr,
Hassan, Kolar, Mandya, Mysore, North Camara, Shimoga, South
Canara and Tumkur, to know the distribution of the pest. In
each area three plots of one acre each were selected rand-
omly and in each plot tem traps were placed st random. The
incidence in these areas were recorded according to the
following scele by counting the number of weevils: < 5 - low
infestation; 5-10-medium infestation; > 10 - Heavy infest-

ation,



47

Life cycle :

Studies on the life cycle 61 the weevil were carried
out in the laboratory. Freshly emerged individusl pairs of
weevils were released in pneumetic troughs with moist sand
at the bottom on which 2 piece of pseudostem (8 ecm in length)
was placed (Fig., 2) and the top covered with damp muslin
cloth, A peir of weevils were released to each pneumeatic
trough and ten such troughs were meintained, Earlier obs-
ervations, in which the food was chenged every day revealed
no egg laying or egg laying in negligible numbers and
appreciable number of eggs being laid on the second day, when
food was not changed and weevils least disturbed. So the
pseudostems were replaced every alternate day, Such of those
strips of pseudostems which had eggs were then placed in
separate pneumstic troughs (18 cm x 12 cm) to study the
incubation period of the eggs. On hatching, the grubs were
transferred to fresh pseudostems of 8 cm height (FPig. 4).

The pseudostem wes preferred to rhizome for laboratory
studies as tunnel caused by grubs was easy to locate, Bince
there was no blackening of the tissue, head capsule could

be easily located and pseudostems were easily available,
Before introducing the grubs, 2 small hole was mede with the
help of sterilized blunt iron rod on the leaf sheath into

which a grub was introduced, Fresh food was provided every



Fig. 3 : Pneumatic trough containing banena
pseudostem strips with cwofg. sordidus

Pig. 4 ¢ TFresh pseudostem used for studying the
1ife cycle of C, gordidus



Fig.4



alternate day. For recording the number and duration of
instars, the grubs were taken out of pseudostem and the
tunnels were examined for moulted head capsule, This
procedure involved freguent disturbance to developing grubs,
Two undisturbed series were run simultaneously every time to
study the entire life cycle, one on pseudostem and the other
on rhigome., The same procedure was adopted in the determin-
ation of the time of pupation, duration of pupal period end

emergence of adult weevils,

The same get explained above was used for determin-
ing pre-ovipositicn, oviposition and post-oviposition

periods, fecundity and longevity of the adult,

Another experiment was conducted to-dotornine the
survival period of the adult weevils with and without food,
and in dry end wet soil, Long plastic cups were used (Fig.
5). Two sets having moist soil with end without food and
another two sets having dry soil with food end without food
were maintained under observation., ITwenty five weevils were

enclosed for each set,

Flight habits :

Three experiments were carried out to induce flight

in the adults of Cosmopolites sordidus to know their ability

of dispersal by flight in search of food.



Pig. 5 1t Plestic oups usad for the study of aduls
longevity of C. sordidus under A&ifferent
conditions
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In the first experiment, four cylindrical Jjars
(20 em in height, 15 em in diameter) with 5 cm of wet sand
were taken and ten weevils were released into each jer,
Food was not supplied to the weevils during the entire

observation period of one week,

In the second cxporinnnt, a gless trough with e
diameter of 20 cm was taken., In the centre of the trough
a piece of banana pseudostem (15 cm height, 7 ecm diameter)
was placed and water was ndded to 2 height of 5 cm., Ten
weevils were allowed on the pseudostem and left for one week

for observation,

In the third experiment ten weevils were taken to
which thread waes fixed on their pronote with the help of wax
and were hung in the incubator, The temperature of the
incubator was raised %o 35°O and the humidity wes maintained
at 65 to 70 per cent with the help of two plastic troughs
filled with water. Both troughs were connected by a thick

band of cotton,

External nor?holo‘y :

Morphology of larvae and adults were studied by
prepering slide-mounts of various parts by adopting the
following method., The larva waes killed by dipping in hot

water for one or two minutes, It was then dissected to



remove the internal content and kept in 10 per cent KOH
solution for varying periods of a few hours to a week
depending upon the parts, The digested materisl was washed
several times in water and dehydrated in 2 mixture of
glacial acetic scid and earbolic acid (1:1), cerboxylol (1:1)
and xylol alone, keeping for 5 to 15 minutes in each of the
above, The dehydrated material wes mounted on micro slides
using canada balsem as a mountant, These slide-mounts were

dried and used for description and for meking diagrams.

The details of the characters that could be seen
under a phase contrast microscoye are shown in the disgrems.
A stereobinocular was used for the ddscriptton and drawing

of different stages like grub, pupa and adult,

Host range

To study the suitability of different plants as
hosts in the laboratory, host materials obtained from local
market were placed inside bneunatie troughs and each one was
replicated thrice, Five pairs of weevils were released in
each trough and the mouth closed with demp muslin cloth.
Observations were made once in 15 days, for the survival of
the sdults end the development of the infestation if any.
Similar experiment was conducted to study the development of

grubs by releasing five grubs in each of the host material,
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The following hosts were used,

Common name Scientific name Family

1. Elephant foot Amorphophallus Araceae
Oaganula tus Blume

2. Sweet potato ig:nooa batatas (linn,) Convolvulaceae

3. Canna Canna orientalis Rosec. Cannaceae

4. Tapioca Manihot esculenta Crantz Euphorbiaceae

5. Potato Solenum tuberosum L, Solanaceae

Varietal resistance of banana to rhigome weevil

Fifteen varieties of banana (Table II) were collect-
ed from Pineapple and Benana Research Station, Irichur in
Kerala, These varieties were selected after discussions
with the scientists of the Department of Horticulture,
Agricultural College, Hebbal, Bangalore, These varieties
represented majority of the genomic groups under the
family Musacease, These varieties were screened for their
resistance to the weevil attack., The experiment based on
randomised block design consisted cf fifteen treatments
replicated three times, Fach replication was grown in
50 x 50 x 50 cm cement cistern., They were filled with red

sandy loam soil initially to a depth of 20 cm; suckers were



lTable 1I1I

Different varieties of banana used for varietal resistance
studies and their genomic constituency

8.No, Variety Genomic Code
constituency
1 Lacatan AAA A
2 Cavendish (Robusta) AAA B
3 Cavendish (Dwarf) AAA C
4 Virupakshi AAB D
5 Sirumeli AAB E
6 Nendran AAB F
T Rasabele AAB G
8 Budubale ABB H
9 Nallabonthe ABB 3
10 Peykunnan ABB J
1 Musa balbisiana Colla AA K
12 Musa acuminata Colla AB L
13 Neypoovan AB M
14 Foovan AAB N
15 Maduranga ABB 0




placed and remajning space was filled with a mixture of send,
farm yerd manure and red sandy loam (1:1:1) leaving a spece
6! 15 em from top rim. Twenty five acdult weevils were
relessed after thirty days of planting, and cultivation
practices like fertiliger.. application, watering, removal of
weeds etc., were followed uniforuly for ell the treatments,
At the end of three mwonths all the plants were uyrooted and
number of imumature stages namely grubs, prepupese and pupse
noticed wes recorded., 5Smsed on the multiplication rate of
the weevil and the extent of damage caused, the degree of
susceptibility of each variety %o the weevil attack was esta-
blished,

Control of the banana rhizome weevil :

An experiment was carried out to evaluate four
granular soil insecticides for their efficacy in the control
of banana rhigzome weevil, All the insecticides were tested

at a single level applied once (Table III).

A completely randomised design with five treatments
and six replications ﬁas used for this experiment, Banane
suckers (variety: Budubale, group : ABB) were planted eneé:
in cement cistern, Iwenty five adult weevils were released
on each plent at the time of planting. All other agronoamic

practices were followed uniformly for all cisterns throughout



Table III

Insecticides with their chemical nemes

and the dosage used

for the control of banana rhigzome weevil

Treatment Treatments Dosage Amount of
No. _ a.,i/plent 1insecticide
(in gm) applied/
plant
(in gm)
To Control - -
11 Phorate (Thimet 10G) 1.0 10.0
0,0-diethyl S~(ethyl-
thio) methyl phospho-
rodithioate
12 Carbofuran (Puradon 3G) 1.0 33.0
2,3-dihydro-2,2~-dimethyl-
bengofursn-7-yl methyl-
carbamate
TB Disulfoton (Disyston 5G) 1.0 20.0
0,0-diethyl S~2(ethylthio)=-
ethyl phosphorodithioate
T, Quinalphos (Ekalux 5G) 1.0 20.0

0,0-diethyl-0-/ Quinoxalinyl-
(2)_7-thionophosphate
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the experimental period. Filling of cisterns was done as

explained earlier,

Weighed quantities of the granular insecticides
were applied one month after planting around the base of the
plant end mixed with soil followed by watering. One month
efter the application of the insecticides, the plents were
uprooted end the number of surviving grubs, pupae and adults
wes recorded in addition to the visual symptoms like mergi-

nal drying of leaves, dead heart ete.



EXPERIMENTAL RESULTS
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A. EXTERNAL MORrHOLOGY OF THE LIFE SLAGES

The external structure of different life stages
PuP
namely egg, grub, pre-pups, and adult is described in the
following pages.

a. Egg ¢

The freshly laid egg is pure white, elongate, oval
in shape (Fig.6). The length renges from 1.80 to 1.98 mm
(average, 1.92 mm) while the breadth renges from 0.54 to
0.69 mm (average, 0.62 mm) (Table IV).

As the development of the egg progressed, the
apical end of the egg gradually turns hyaline, A day before
hatching the ayical end of the egg turns cloudy and the
mandibles of the developing grub appear as fine brown lines
through the chorion, The gradual development of the mouth
perts and the cranial sclerites of the grub are seen disti-

netly (Pig. 7).

b, Grub @

Pirst instar : Head hypognathous, yellow with two

pairs of black pigmented spots resembling ocelli, located

above the base of the mandibles, enterior being larger than



Table IV

Measurements of egg, prepupa, pupa and adult (in mm) of
C. sordidus

(Average of twenty five)

MINIMUM - MAXIMUM AVERAGE
L B L B L B
Ege ~ 1.80 0.54 1.98 0.69 1.92 0.62
Prepupa 10,50 3.50 12.50 4.00 11,50 3.85
Pupa 11.00 5050 12050 4.00 11.45 3090

Adult 11.00 3.50 14.50 4.00 12.55 3.75




Fig. 6 : ©Egg of Cosmopolites sordidus

Pilg. 7 t ©Hgg of C. sordidus showing the outlines
of the head and mendibles
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the posterior, irregular in outline snd located at the
base of the mandible, Epicraenial suture inverted Y-shaped.
Antenna single segmented, somewhat globular, Labrum flap
like with U~shaped brown sclerotisation beneath, Mandibles
longer than brosd with two apical teeth, one longer and
more prominent than the other, There is also a smaller,
bluntly rounded lobe a little posterior to the second
smaller one, Maxillae with two mexillary palpi and labium
with two labial palpi distinct., Anterior margin of the head

(Hypostomal and hypopharyngeal bracon) yellowish brown.

Thoracic end abdominal segments white, spersely
covered with setae of which those on 8th, 9th and 10th are
prominent, The last three abdominal segments dorsoventrally
flat tened giving a trancate appearance to the abdominal tip,
Two pairs of elongate, biforus spiracles placed dorso-later-
ally on the prothoracic and 8th abdominal segments are very

prominent,

The length end hroadth of the cranium are almost
same snd ranges from 0,45 to 0,51 mm (average, 0,48 mm).
The body length renges from 1,80 to 2.1%3 mm (average, 1.99
mm) while the breadth ranges from 0,60 to 0,81 mm (average
0.73 mm) (Table V),
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Second instar t Head brownish with deep brown coronal

suture, Coronal suture more prominent with en internal

keel, which extends anteriorly beyond the forking of the
frontal sutures, Frontal sutures very pale., Frontoclypeal
suture, hypostomal margin, hypopharyngeal bracon reddish
brown, Ocelli two pairs, the anterior being more prominent,
brownish yellow in color, Antennae transluscent, of the same
shape es in I instar, Mandibles reddish brown with darker
margins, with the third apical tooth more prominent. Body

fusiform, Other characters similar to I instar grub,

The length and breadth of head are almost same and
ranges from 0.57 to 0,66 mm (average, 0,61 mm)., The body
length renges from 0,99 to 1.44 mm (average, 1.03 mm) (Table
V).

Third instar ¢ Head yellowish brown with anterior margin

of cranium reddish brown, Ocelli two pairs, darkly pigment-
ed, anterior larger, Coronal suture extending beyond the
forking of the frontal sutures, Body white, Other characters
similar to first and second instars, Antenna single seg-
mented, some-what bullet-shaped, Abdomen gradually broaden=-
ing posteriorly.

The length 2nd breadth of the head almost same and
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renges from 0.72 to 0,81 mm (average, 0.76 mm). The body
length ranges from 3.45 to 3.90 mm (average, 3.72 mm), where-
as the breadth renges from 1,29 to 1.53 mm (average, 1.39

mm) (Table V),

Fourth instar t Similer to third instar grub in all

respects except for the increamse in size, Measurement of
head (both length and breadth) ranges from 1.14 to 1.24 mm
(average 1,19 mm for length and 1.20 mm for breadth). The
body length ranges from 6.00 to 7.35 mm (average, 6.78 mm)
while the breadth ranges from 2.25 %o 2.85 mm (average,
2.54 mwm) (Table V),

Fifth instar t Similar to third and fourth instar grubs

in all respects except for the increase in sigze, Head
measurement elmost same for length and breath ranging from
1.35 t0 1.45 om (average, 1.39 mm for both). The body
length and breadth range from 7.80 t0 8.55 mm and 3.15 to
3.85 mm respectively (average, 8,22 mm for length and 3,54
mm for breadth) (Table V),

Sixth instar t Head reddish-brown in color with coronal

suture end its enterior extension derker, Hypostomal end
hypopharyngeal bracon dark brown, Mendibles dark brown with
black margins having three incisor teeth, Body white,

anterior andfmsterior spirecles with light brown margin.
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All setae light brown in color. Other charscters similer
to fifth instar,

The head length ranges from 1.74 to 1.83 um (average,
1.79 mm) and the breadth renges from 1.75 to 1.84 mm
(average, 1.80 mm)., The body length renges from 9.30 to
10.35 mm (average, 9.90 mm) and breadth ronges from 4.20 to
4.80 mm (average, 4.46 mm) (Table V),

Seventh inster (Final instar):

Head (Fig. 8) 1 FPree, reddish-brown, rounded posteriorly.
Clypeus (Pig. 9) paler with 2 pairs of setae, the medien
peir being longer than the lateral pair, a pore in front of
each lateral seta, Antenna consisting of one membranous
erticle which bears a conical accessory sensory appendage
end several minute setae (Fig. 10). Hypostomal amd hypo-
pharpngeal bracon derk brown; Frontal sutures distinguish-
able throughout their length., Coronal suture distinet, appr-
oximetely one~half as long as head, A suture which forms
straight extension of coronal suture (termed as endocarine
by Anderson, 1947) is distinct, measuring on an average 0,58

Frons triengular with five peirs of setae; setae

fs,, 102 and fl4 short, subequal, fs, end fa, long, subequal,



Pig. 8 1 Head of final {pster grud of C. sordidus
showing the setal pattern

des 1,2,%5,4,5

t' 1.2.,"'5
pes

ves 1,2,3

Dorsal epicraniel setae

Prontal setae
Yosterior epicranial setae

Ventral epicranial setae
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Two pairs of pores, one pair caudad of f'z and the other
just laterad of tb4. Fourteen pairs of epicranial setae
present, Five pairs of minute posterior epicranial setae
(pes). Dorsal epicranial setae des,, du3 and desg long
and subequal, 6032 moderately long, doc‘ short, Lateral
epicranial setae (les) one pair, medium. Ventral epicranial
setae (ves) three pairs, ves, mediuam in length, ves, long,

ves, short, A pair of pores mesad %o dcss present,

The mouthparts are well developed and are of Chewing
type. The labrum (Fig. 9) dark brown, semicircular and de-
pressed below the level of clypeus; broader than long, upper
surface with two pairs of setae, one pair situated close to
the outer margins and the inner pair located above the U-
shaped strongly sclerotised bridge of the epipharynx which is
clearly seen fron the dorsal side, Epipharynx (Fig.11) has
well sclerotised U-shaped bridge, the base of which extends
beneath the clypeus. There are six pairs of stout, submerg-
inal setese located along the anterior mwargin, These setae
" are blunt and branched, some bifid and other trifid and some-
times even more, In addition sre twelve groups each consist-
ing of a large number of fairly stout, unbranched setae, each
group being located at the bases of anterior setae, U-shaped
bridge with three pairs of broad, lanceolate setae along the

inner margin of epipharyngeal rods; innumerable number of



Fig. 9 ¢ Clypeus and labrum of final instar grub of
€. sordidus

Cl = Clypeus

els 1,2 = Clypeal setee
clsl = Clypeal sensillum
La = Labrum

lms 1,2 = Labrel setae

Fig. 10 : Antennae of finasl instar grud of C. sordidus

acap = Accessory appendage of the antennae

art = Article
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soft hair-like papillae on both sides of epipharyngeal rods
end meny stout papillae inside.

¥Mandible (Fig., 12) : BStout, more or less trisngular with

bluntly pointed three apicsl denticles, the anterior larger
than the second and the posterior shortest and bluntly
rounded; with two setae on the lateral outer side and two

punctures. Molar area not very prominent,

Labio- Maxillary complex (Fig. 13) ¢ This forms the

ventral flap of the pre-oral cavity, and consists of a pair
of maxillae and 2 largely membranous lebium, Each maxilla
is elongate, smooth and can be easily differentiated into
the besal, small, transverse cerdo and the elongate fused
stipes and mala, which is longer than broad., HNo setae om
cardo, Ihree prominent long setae, one wore towards base of
stipes, the other two close to the base of palp. Covering
the mala a dense coating of setae; distally the mala with a
series of broad setee some of which exhibiting a tendency

to branch. In addition, a single short seta which is basally
associated with a puncture is present at the base of the
mala, Maxillary palp two-segmented, the basal segment being
wider and longer than the distal one which is more or less
conicel in shape, two punctures present at the distal end of
the basal palpal segment, A group of sensory pegs arranged
at the distal tip of the second palpal segment,



Tig. 11 1 Bpipharyax of finsl instar grud of
C. sordidus
als = Antero - laterel setae
-m = Antero - aedian setas
BpR = Epipharyngeal rods

msep = lMedian setae of epipharynx

Pig. 12 t Mandidle of final instar grub of C. sordidus

mds 1,2 = MNandidbulsr setae

3881 1,2 = Nandibular sensille
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Labium located inbetween the two maxillae and larg-
ely membranous excepting a conical region between the palps
which is sclerotised (Prementum). Three pairs of setae in
the membrenous area (postmentum). Three pairs of setae on
the prementum, one mesad of the bases of palpal segments
and othoi?gntorlor to it, Two pairs of punctures, one at
the basal palpel segment and the other pair mesad of middle
pair of setae. Ihe broad liguler lobe was beset with a very
large number of setae;, Another pair of stoul setae just
anteriorly on ligula and these sppeer: to be clubbed or
chelate. Labial palp two-segmented, borne 60 a sclerotised
palpiger, the basesl segment broader and distal segment narr-

ower and conical, having sensory pegs at the tip,

Body creamy white, glabrous, stout, fleshy, slightly
‘curved anteriorly, apodous, Minute setae sparsely distri-
buted all over the body., Dorsally, segments very much wrink-
led and indistinct, ventrally segmentation more clear., The
anterior spirscles (Fig. 14) located inbetween pro- and meso-
thorax on the sides and appear to lie close to the head, The
spirecle elongate with a longitudinal slit., The first seven
abdominal segments normmsl, the last two formao broad truncat-
ed posterior end. Each of the first seven bears a pair of
minute spiracles. The segments increase gradually upto

fifth segment and there after decreesse in width, The seventh



Fig. 13 : Labio-maxillary complex of final instar
grub of C. sordidus

bslm = Basal sensillum of mala
bsm = Basal seta of meala
c = Cardo

LbP = Labial palp

1is = Ligular seta

KMa = Mala

MxP = Maxillary palp

pus 1,2,3 = GSetae on postmentum
Pt = Postmentum

PraS = Premental sclerite
pras = Setae on prementum
8 = Stipes

sls = GSensillum of stipes
sma = GSetae of mala
881,2,3 = OStipeal setae

Pig. 14 t Spiracle of final instar grub of
C. sordidus
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seguent is the smellest of the normsl segments. The sloping
of the truncete abdominal tip starts from Sth abdominal
segment, The posterior spiracle located on eigth ebdominel
segment is similer to that of the anterior spiracle, The
dorsum of the 9th segment flattened. The 10th segment is

not clearly seen,

Chaetotaxy (Fig. 15,16) : The setal pyattern as seen on

one side of the body is presented nere., csronotum with 9
setee, Pleural ares with two setse (pls), pls, mediua and
pll2 long, FPedal area with 2 group of six setme, one long,
on2 mediun and the rest short and subequel, OGternal setase
short, Meso- and meta-thorax with one prodorsal seta (prs)
on prodorsum (Pr D) and three p@st dorsal setse (pds) on
post dorsum. Pds, and pds3 short, pd:2 medium. Alar erea
with one median seta, Spiraculer area of mesothorax with
one long seta, Pleural ares with one medium seta, pedsl
area with six setae,two long, subegqual, rest short, subegusal,
Sternel ares with one seta shorter than the seta on stermal
erea of metathorax, Metathorax with 4 short setese on spir-
acular area, one epipleursl seta, one pleural seta and six
setae on pedal area, three long, subegual, three short and

subegual,

rrodorsum of ty.ical abdominal segment with one seta,

wedium in sige. rostdorsuw of ty.ical abdominal segment



Fig. 15

¢ OCemidiagramatic sketch showing chaetotaxy
of final instar grub of C. sordidus

Th I =
DPt

Paa

Pl

P1!1 =
pls2

Sp =
5t =
Th II <
AlA =
Pdl1.2.5 =
PrD =
PsD

L 1 =
Th 111 iz

AdD I,VIII, IX
eps

eus 1,2

re I1,11,111
IFla

SpA
sts

Prothorax

Dorsum of pronotum
Pedal area
Pleurum

Pleural setae

Spiracle
Sternum

Fesothorex

Aler ares

Post dorsel setae

Prodorsum; prs = Prodorsal seta
Postdorsum

Spiracular seta

Metathorax

= Abdominal segments
Epipleural seta

Eusternal setae

= Folds on abdominal segments

Inter segmentel fold of the
abdominal seguents

= Opirescular erea

= GCternel seta
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with three setae, seta 1 and 3 short, subegual and sota2
long. Spiraculer ares with one seta, medium., Epipleural
area with two setae one long, one medium, Pleural area with
two setae one long, one medium. FPedal area with one short
seta, FEusternum with two setae, one short, the other medium,
Typical abdominal segments with three folds and one inter-
segmental fold.

Eighth abdominal segment with one prodorsal seta,
long. The slope with four setae, one placed towerds mid
dorsal line, the other three towards the lateral side, two
long, one short, One eusternal seta, Ninth abdominal seg~-
ment with six setae, four long, subegual, two short.

The head length ranges from 2.19 to 2.88 mm
(average, 2.23 mm), while breadth rsenges from 2.20 to 2.29
mm (everage, 2.24 mm). The body length ranges from 11.40 to
12.45 mu (average, 11.82 mm) where-es breadth ranges from

5.40 to 6.15 mm (average, 5.84 mm) (Table V),

e. Prepupe (Pig. 17) :

Flaccid and elongate, Thoracic segments become prominent
with dinstinct ventro-lateral lobes. The last moult takes
place at the end of this stage. Krepupe on an average
measures about 11.50 mw in length and 3.85 mm in width with

a minimua of 10,50 um and a2 meximum of 12.50 mm for length



Yig. 16 : Semidigramatic sketch of dorsal view of 8th
and 9th ebdominal segments of the final fnstar
grud of C. sordidus showing the location of
setae

Pig. 17 & Prepupa of C. sordidus
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and 3.50 to 4.00 mm for breadth (Table IV),

d) Pupa (Fig. 18)

Exarate, elongate, white, The snout margin uneven with
numerous depressions. On head a peir of long, brown setae,
one on either side of mid-dorsal line; e pair of very smeall
setee placed anteriorly and laterad of the above setae, On
the snout ere five pairs of setae distributed dorsally, of
which one longer and stouter pair; the second pair anterior
end mesad of the ebove; the first and the fourth stout and
tuberculate, the fourth being mesad of the base of the
entennae; the second, third and fi fth peirs small and the
third loceted a little ceudad end the fifth anterior to the
fourth pair. The tip of the snout extends upto mid-coxse,

A pair of geniculate antennae present, Fronotum elongate,
anterior margin and the basal angles rounded, bears dorsally
six pairs of tuberculate setae, The enterior four pairs are
in a circle in the anterior half of the pronotum; the other
two peirs wmore posterolater=al, of which the anterior pair
shorter then the posterior., A pair of prominent spiracles
located laterally at the posterior end of prothorax, KHeso-
notuw with a pair of tiny setae, each seta being located on
either side of the wid-dorsal line, Metathorax with three

peirs of setae arranged in a row, of which one submedien,



Fig. 18 ¢ Semidiegramatic sketch of pupa of
C. sordidus

a = Dorsal view

b = Lateral view showing the location
of spiracle

c - Ventral view






tiny and the other two dorsolatera2l, mesad of which is more

prominent,

Legs closcly appressed to the ventral body, each
leg with a lateral seta close to tholdlstal end of the
femur, Wing pads closely appressed to the body, partly
concealing the legs and extends upto 5th or 6th abdominal
segments,

First six abdominel segments normal, each with
four pgirs of setae, arranged on the mediodorsal transverse
ridge. There are five pairs of spiracles well raised from
the general surface of the body onm the first five abdominal
seguents. The sixth pair indistinet, Segments 7th to 10th
fused and segments 8th to 10th more ventral, The dorsum of
the 7th segment with two pairs of setae located posteriorly
of which the imnner pair stouter end longer. Two prominent
spines situated ventrally on the 9th segment with a pair of

smaller setae at the base of each spine.

On an average pupa measures 11.45 mm in length and
3.90 mm in breedth, with a nminimum of 11.00 mm eand 2 maxi-

mum of 12.50 mm for length and breadth varied from 3,50 to
4,00 am (Table 1IV),

e. Adult (Pig. 19) :

The adult at first soft, light-brown, gradually becomes



Pig. 19 : Adult of C. sordidus
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deep brown, finally turning uniform jet black, It measures
on an avoraﬁo 12.55 mm in length and 3.75 mm in breadth
(fable 1V), ZThe body divisions, head, thorax and abdomen

clear, The femele stouter than male,

Heed : 8mell, spherical, retractile ané can be partially
withdrawn into the socket-like anterior part of prothorex.
Snout slightly curved end directed ventrally, basal half
finely punctate and thicker them the sparse and finely
punctated apicel half, On an aversge the snout messures

2.84 mm in length, A pair of ventral scrobes from the centre
of which the antennae arise pyresent on the basel thickened
part of the snout., Two prominent, blackish, shining
compound eyes protruding above the surface, Antennse geni-
culate (Pig. 20) with a conspicuously longer scape; pedicel
which forms the pivot between the scape and flagellum is

more or less egual in length to first flagellar segment,

The flegellum consists of six seguents, closely appraximeted,
with the segments 2 to 5 almost equal and shorter thean the
first, and the last being very wmuch enlarged and clubbed;

the club single segmented; proximal two-third grecdually wide-
ning from base and the surfece marked with zig-zeg striastioms
end the distal part tapering to a bluntly rounded point and
densely covered with short, fine setse, Froximal part with

a circle of six stout setae,



Fig. 20 : Antenna of adult C, sordidus

g = Club

) 4 = Funicle

P = Pedicel

] = Scape

s = Seta on club
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The mouthparts biting end chewing type and conceal-
ed within the distal tip of the snout except for the termi-
nal ends of mendibles and maxillae, Clypeus indistinct,
Labrum simple, flap-like plece, wider then long, sub-rect-
angular (Fig. 21). Dorsally smooth, ventrally with a hori-

gontal row of spines located towards the anterior margin.

Mandible (Fig. 22). Two, prominent, well developed,
heavily sclerotised, roughly trianguler with four pointed
dontiqlos arranged in semicircle, curved ventrally; fourth
denticle from the dorsal short; middle two denticles wide
end stout, Moler area not so prominent, Surface of mendible
smooth, Mendible provided with a 'Pharyngeal bracon' which
is fleshy, long and with fleshy stout hairs, measuring on an

average 1.94 mm in length,

The two mexillee (Fig. 23) distinet, located in deep
clefts (Fig, 24) at the distal emd of the smout ventrally,
one on either side of the labium hardly projecting out of
these clefts in the snout, Ehch'naxilla consists of an
elongate, basal cardo and a small, rectangular stipes which
is much shorter than the cerdo., The mexillary palp borne at
the distal end of palpiger and a2almost as long as the cardo,
three segmented and gently tapering towards the distal end.
Third segment more or less conicel with a number of semnsory

pegs at the distal end, Lacinia and galea fused together to



Fig. 29 1 Labrum of adult C, sardidus

Fig. 22 '+ Mendible of adult C., sordidus

md = Mandible
phd = Pharyngeal bracon

Fig. 23 ¢ Maxilla of adult C. sordidus

c = Cardo

hme = Hair of mele
MxP = Maxillary pelp
s = Stipes

tma = Teeth of mala
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form a wide mala;the mala bears mesally a number of stout
finger-like processes in two series, the onmes in one series
being narrower then those in the other., In addition inumerge
ble longer bushy hairs ere present on the mesal surface of

the male.

Labium (Pig. 25) loceted ventrally, It appears
like a flap, broadly rounded at the distal end., The inner
face appears to have 2 median wide furrow the edges of
which have 2 number of long hairs more particulerly towards

the posterior end. No palpi are seen,

Prothorax long, evenly punctate, constricted near
the head to form a narrow collar, OSides almost parasllel
posteriorly from the middle, and gradually tapering to the
anterior constriction, Meso- and metathorax fused to form
pterothorax, which is shorter dorsally than the prothorax.
Each of the thoracic segments with a pair of stout cursorial
legs (Fig. 26). Each leg consists of coxa, trochanter,
femur, tibia, tarsus and a pair of claws. Coxae more or
less globular, trochanter smell, Femur laterally compressed
and gradually widening towards apex, emerginate apically
end bilobed forming a groove for the insertion of tibia.
Tibie moderately straight, grooved beneath, provided with a
row of setae on either side of the groove, apicelly curved

terminating in a strong hook., Tarsus four-segmented, first



Snout tip of edult C, sordidus showing the
location of mendibles end mexillae

Fig. 24 H

Lbm = Labium
Ma - Mandible

Mx - Maxille

Pig. 25 : Labiam of adult C. sordidus






Fig. 26 : Leg of adult C. sordidus

c = Coxa

Cl = Claws
) 4 = Femur
Te = Tarsus
4 = Tibia

Tr = Trochanter
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segment long, wide 2t apex; second a little longer than
broad; third slightly shorter than first a2nd broader at
apex, emarginate for reception of fourth which is elongate,
curved, sub-cylindricel, armed with two curved divergent

clawsg.

The pterothorescic segments bear each on its dorso-
lateral mergins, e pair of wings, The elytra (Pig. 27)
highly solerotised 2nd held above the hind wings. Elytre
do not cover the last abdominel segment (pygidium), Elytrom
elongate, sub-ellipsoidal, convex with nine longitudinel
striations, the more anterior ome of which confined to only
basal half; all having punctations arranged more or less at
reguler intervals, Hind wings (Fig. 28) mewbranous, hyaline,
veins light brown. Lhe hind wing longer than forewing and
kept folded benemth the elytron, Coste comspicuous only at
base, The subcosta starts behind the costa snd terminally
fuses with the radius, which appears to have a common origin
with the subcosta and joins with the latter terminally.
Radius runs upto the apicel margin and not very clear beyond
the fusion with subcosta, The medien vein lies behind, long-
est of all the veins and faeint, Cubitus thick, starts be-
hind radius, endsabruptly in the middle; enal veins represe-

nted by two frint veins.



Fig. 27 : Elytron of C. sordidus

Pig. 28 : Hind wing of C. sordidus

1A,2A = Anal veins
Cc = Costa

Cu = Cubitus

M = Median vein
R = Hadius

Se = Subcosta
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Abdomen sub-conical, with seven tergites, and five
sternites visible ventrally., Sternites sparsely punctate,
tergites smooth., First two abdominal sternites connate at
-middle. Third and fourth stemites together about as long
as second, fifth sternite longer amd curved ventrally.
Fygidium almost vertical and exposed, beyond the apices of
the elytra; surface punctate and pubescent, Abdomen and

thorax ventrally punctate,

Male with first abdominal sternite depressed along

the mid-ventral line, while in female it is flat or convex.

B. BIOLOGY

1. Distribution

Observations made in banena growing areas of
Karnataka for the incidence of the banana rhigome weevil

revealed that it occurred in the following places:

District Locality
1) Bengalore Hebbal
Channapatna
Anekal

2) Koler Srinivasapura



3)

4)

5)

6)

7)
8)

9)

10)

1)

12)
13)

14)

15)

District

Mandya
Mysore

Coorg

Hassan

South Kanara
North Kanara

Chikkamagalur
Shimoga
Dharwar

Belgaum
Bellary

Chitradurga

Tumkur
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Locality

Mandya
Maddur

Mysore

Nan jangud
Merceara

Channarayapatna
Holenarsipur

Mangalore
Sirsi

Chikkamagalur
Balehonnur

Sagur
Thirthahalli

Dharwar
Manoli

Bailhongal
Hospet

Davangere
Beemasamudra

Tuakur
Gubbi
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Intensity of infestation is given in the map, (Fig.
29). The pest was severe only im Mysore District,

2. Economic importance :

As observed in Mysore district, this insect is en
economically important pest of benana, oocné}ag invariably

in all the seasons through-out the year,

The dagege was caused by both adults and grubs,
Observation made on the incidence of the pest at Devaras-
anahally and Nanjangud, Mysore District revealed that 80 %o
90 per cent of banana plents were infested in the field.

Due to this the yleld was considerably less and the economy
of the cultivetors was directly affected,

3. Life cycle :

The 1life cycle of the pest wes studied in the laboratory
through six generations following the techniqgue already
discribed under material and methods,

a, Egg
The female weevil selected a suitable place on the
pseudostem or rhizome, made a hole measuring on an average

0.76 mm in diesmeter with the help of the snout, then turned



Pig. 29 : Incidence of C. sordidus in Karnataka
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around and deposited an egg. Under field conditions, the
eggs were observed on the pseudostem to 2 height of 25 to

30 em from the surface of the soil, Eggs were more on the
outer leaf sheath of the pseudostem. When the infestation
was gore, the adults entered the rhizome and pseudostem
through the riddles caused by the grubs end here the eggs
were laid freely without being inserted into the tissue and
also in the decaying leaf sheaths and rhigomes, The incubat-
ion period varied from 5 to 10 days (average, 6.87 days)
(Table VI), The grub cut the chorion at the apicel end of
the egg and came out leaving thin chorion behind, The entire
process took 5 to 6 minutes, Under laboratory conditiomns
hatching wes observed both during day end night, Cent per
cent hatching was observed in the laboratory except during
the months of October to January when the percentage ranged
from 44.30 to 90.00 (Table VI),

b, Grub :

The larval period was completed in seven instars
(Fig. 30) with seven moults, During each wmoult the head
capsule ruptured along the epicranial suture followed by
the rupture of the thoracic integument., In the freshly
moulted grub the head wes white in color except the mandi-
bles which were brown, Later the head also turned brown.



Table VI

Incubation period (im days) of eggs of C, sordidus during
different months

MONTHS MINIMUM  MAXIMUM AVERAGE % HATCHING
Aug. 'T2 5 8 6.4 100.0
Sept. 6 7 6.5 100.0
Oet. 8 8 8.0 75.0
Nov, 8 10 9.0 44.3
Dec. 9 10 9.5 52.0
Jau;&13 7 9 7.6 90.0
Feb, 7 7.0 100.0
Mar, 6 7 6.3 100.0
Apr. 5 6 5.4 100.0
May 6 7 6.2 100.0
Jun 6 7 6.6 100,0
Jul, 5 7 6.3 100.0
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The duration of different insters was 3 to 5 days f¢

instar; 5 to 7 days for II instar; 5 to 7 days for

5 to 7 days for VI instar; and 6 to 8 days for VII inst\a
(Table VII), '

The first inster grub immediately after emergene
sterted boring into the leaf sheeth or rhigome, The grub
bored in a linesr snd irregular way downwards (Fig.31). Th¥s
tendency was well pronounced in the first instar ;rub.‘,!ho
resulting tunnel was then filled up with brownish or pale
white excreta, After reaching the rhizome, the grubs had
the tendency to restrict their tumnelling activity to the
rhizome alone, When the rhigome became unfit for feeding,the
grubs moved to the pseudostem. This habit was noticed
occasionally, If and when the side suckers came up,
instead of moving to the pseudostem they made their way to
the suckers, Nearing pupation the grub moved to the peri-
phery of the rhizome, where it excavated a cavity (Fig.32)
in the host tissue for pupation, This cavity was normally
found at the end of the tunnel with a few strands of fibre
at the tunnel end. When the infestation was heavy, the
pupel cell was found constructed even in the pseudostem

also which was invarisbly found lined with fibrous material,
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Fig. 30 : Larval instars of C, sordidus

Fig. 31 ¢ Damage to the outer leaf sheath of banana
pseudosten by first inster grud of

C. sordidus



Fig.30
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Total larval period ranged from 36 to 46 days (average,
39.9 days).

C. Prognng H

At this stage the larva stayed comatose in the
pupal cavity., The prepupa exhibited linear rotary move-
ments in the cavity. The period lasted for 2 to 3 days
(Table VII)., The last moult took place at this stage.
Ecdysis occurred by the rupturing of head capsule along the
edysial suture and the thoracic integument along the mid
dorsal line,

d. Pupa : (Fig. 33)

The pupal period occupied on an average 7.15 days
with 2 minimum of 6 end 2 maximum of 10 days (in November),
Pupa exhibited rotary movements of the abdomen when dist-
urbed, The pupal period wes more during October to February
(7.2 %o 8.8 days), while the duration during the other months
(Merch to September) varied from 6.4 to 6.5 days (Table VII).

At the time of emergence of the adult.‘tho pupal
skin split upto thoracic region slong the mid-dorsal line,
During this period the insect made freguent movements of

legs and thus pushed thé pupal skin posteriorly which in



FPig. 32 : Pupal cavity of C, sordidus in rhisome

Pig. 33 ¢ Pupe of C, sordidus

a = Dorsal view
b = Ventrel view
e = Leteral view






82

many cases was found at the tunnel end of the pupal cavity,
During this process the snout came out first followed by
legs and rest of the body. Adult emergence was usually
during night times,

e, Aduls :

The newly emerged adult remeined in the pupal
chnnbar-!ur 2 to 4 days till the body hardened, lLater the
adult made a hole on the rhigome and caui out, The total
11fe cyele from egg $o adult ranged from 50 %o 70 days with
an average of 56.63 days.

i. Food : ©Soon after oinr;cndc from the rhigzome, the
weevils crawled on to the sbil surface and from there
entered th§ lintlhoathc during night and fed upon the mater-
ial found inbetween the two epidermal layers of leaf sheath,
The adults were also found to feed on rhigome. The details
of the damage caused by the adults have been described else-

where,

i1, Activity and habits : In general the adults were found

to be active only during the night, During day time they
hid themselves beneath the pseudostem or rhizome in the
laboratory and in the field majority of them would be in-
between the two epidermal layers of the leaf sheaths and
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sometimes inbetween rhigome and soil., Adults were always
found in places where the humidity was high., They were
always shinring black with a film of moisture on their body,
The same was observed in the laboratory also but when the
adults were removed and placed away from moisture, they
became dull black with 2 greyish encrustation above their
body. In severely infested fields adults were found deep

in the rhizome in larval funnels and also in the centre of
the pseudostem to a heigat of about 60 to 75 cm above the
soll surface, Adults feigned death when disturbed. In the
laboratory egg laying was seen during night more on the
exposed cut surface of the pseudostem rather than the cut
surface which was close to the soil and they very rarely came
on to the exposed cut surface of the pseudostem during day
time., In the field adults were collected regularly to the
bait traps which were placed during the evening and observed
the next morning and no adults were collected during day time,

In the laboratory the adult weevils were noticed
during night to walk with the head carried slightly above
the level of the body at an engle with entennae outstretched
laterally and they feigned death when disturbed, Similar
cbservetions were made in the field also, During the process
of feigning death the scope got lodged in the scrobe and the
flagellum also got folded. The insect was uot seen flying
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at anytime under field conditions., All experiments conduct-
ed in the laboratory except one proved negative for the
flying capacity of the insect, but in one experiment where
the adult weevils were hung in the incubator by means of
threads fixed on to their pronotum with the help of wax,
where the temperature of the incubator was maintained at
35°c and at a relative humidity of 65 to 70 per cent, the
weevils opened their wings. Other than thia.oblorvntion
flying was not observed either in field or in laboratory
during the studies,

i1, Copulation and oviposition : Weevils copulated freely

both in the field as well as in the laboratory between 6,30
t0 8.00 p.m. However, mating was observed dwing the day
time when the weevils were released on to the fresh food
source, Copulation took place 10 to 15 days after emergence,
end lasted for 4 to 5 minutes and then the meles and females
got seperated, During copulation, the mele mounted over the
female from behind and rested at an angle of about 45° over
the female weevil taking firm hold of the femnle with the
help of meso and metathoracié lege while the prothoracie
legs were used to adjust the body movements to reach the

femnle genital opening.

Fre-oviposition period veried from 15 to 28 days



85

with an average of 20.5 deys (Table VIII), Oviposition
took place during night time, However, very few eggs were
collected during day time in the laboratory. A fertilised
female weevil during the life time laid 36 to 53 eggs
(average, 45.9 eggs) (lable VIII)., The oviposition period
varied from 313 to 556 days with an average of 471.7 days.
The maximum egg laying was noticeéd during the 7th month
(Fig. 34). The post oviposition period of adult female
varied from 14 to 57 days with an average of 35.4 days
(Table VIII),

iv., Longevity : The longevity of meles and females was
more or less same, The adults reared in the laboratory
from fieléd collected final instar grubs survived for 546
to 582 days with an average of 564.5 days, while the indi-
viduals reared in the laboratory survived for 369 to 443
days with an aversge of 424.5 deys (Table IX),.

Another experiment conducted %o study the survival
capacity of the adults of C. sordidus with and without food
under dry and wet soll conditions in the laboratory revealed
that they survived for a minimum period of 348 days and a
maximum period of 421 days (aversge, 387.00 days) with food

end for a minimum period of 98 deys and a maximum period of



Table VIII

Pre-oviposition, oviposition amd post-oviposition period,
and fecundity of C. sordidus

(in days)

Minimum Maximum Average

Pre-oviposition 15 28 20.5
Oviposition 313 556 471.7
Post-oviposition 14 57 35.4

Fecundity 36 eggs 53 egegs  45.9 egas
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Table IX

Longevity and sex ratio of C. sordidus

Insects Sex ratio Longevity (in days)
(9 to d) Minimum Haximum Average

Pield 1: 1.4 546 582 564.5

collected

Laboratory 1 11,2 369 443 424.5

reared




128 days (average, 111.96 days) without food under wet soil
condition. Under dry soil condition the adults lived for

& minimum period of 12 days and a maximum period of 18 days
(average, 14.24 days) with food and for & minimum period
of 8 days and a meximum period of 14 days (average,9,96
days) without food (Table X).

V. s-i ratio ¢ The sex ratio of the weevils was deter-
mined from several samples collected at rendom from the

field and also from weevils reared under lesboratory condi-
tions. In both the cases the population of males was more
(Field collected adults, 1:1.4; laboratory reared individuals,
1:1.2) (Table IX).

vi. GSeasonal incidence : In order to know the seasomnal

incidence of banana rhigome weevil, a study was conducted
from September, 1971 to September, 1973 covering 24 months
continuously. The data on adult weevils attracted to
rhigome in different months during 1971, 1972 and 13973 are
presented (Table XI). The study revealed that the incidence
was minimum during the months of November, December and
January., The number of adult weevils attracted gradually
increessed from Jenuary to June and reached the pesk during
the month of July. Again there was a steep fall in attract-
ion froa July to November (Fig. 35). |
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Table XI

Seasonal incidence of Cosmopolites sordidus during 1971 to
1973

Number of adults attracted to traps

Months
1971 1972 1973
Jan, - 73 74
Feb, - 88 87
Mar, - : 128 114
Apr., - 148 147
May - 175 178
Jun, - 203 205
Jul, | - 221 220
- Aug, - 194 185
Sep. 166 163 172
Oect, 199 128 -
Nov, 64 89 -

Dec. 65 73 -
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£f. HNumber of !onorationa :

To determine the number of generations completed
by the weevil, studies were made starting from January,
1972 and extending upto February, 1973. The insect complet-
ed 5 generations during this period under laboratory condi-
tions, However, under field conditions overlapping of
generations wes noticed owing to the feet that the ovi-
position period ranged from 313 to 556 days, so much so all
stages of the pest were seen at any time of tpo year,

€. Route and mode of infestation .

The initial infestation was always through the
infested suckers being carried from infested plantation %o
new plantation, In the early stage the infestation was
almost localised, When once the weevil gained entry into
a stool, it fed and multiplied on the same stool and remain-
ed till the stool wes destroyed to a stage of not providing
any more food. At this stage the weevils started migrating
end reaching the nesrest stool and then breeding continued
and thus the infestation gradually spread to the entire
field in irregular patches,

h. Nature of damage :

The insect damaged the plants both in its adult
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end larval steges., The adults fed by seraping the tissue
inbetween the two layers of epidermis of the outer leaf
sheath, which gradually decayed, and the portion above the
site of feeing dried gradually. This damage was usually
confined to the outer leaf sheaths, and in severe cases
the adults were even found in the centre of the pseudo-
stems, The adults also made small punctures at the base
of the leaf sheaths near the ground level for feeding and

oviposition, They elso fed on rhigome,

Grubs after hatching bored through the leaf sheath
in 2 linear way (Fig. 31) and then into the rhigomes and
fed on the internal tissue, A% first the grub tunnelled
downwards in the peripheral region of the rhigzome at the
root base damaging the basal part of the roots, After some-
time, it started tunneling towards the growing point, To-
wards the end of i%s larvel life, it tunnelled towards the
outer margin of the rhizome., As the grub bored, it packed
the tunnels with frass, The sige of the tumnnel increased
with the increase in the size of the grub, In plants where
many eggs were laid, the resulting grubs bored together
resulting in complete riddling of the tissue (Fig. 36) and
reducing it into a felty mess (Fig. 37).

The external symptom produced due to the attack



Pig. 36 : Riddling of the tissue of banana rhigome by
the grubs of C, sordidus

Pig. 37 : DBanana rhigome reduced into a fetty
mess due to the heavy attack by

larvee of C. sordidus



Fig.36
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by the grubs was the typical marginel drying of outer
leaves which gredually extended to the inmer leaves (Fig.
38) and later the outer leaves dried up completely, In
severe cases, where the growing point was affected, dead
heart was observed both on the main as well as on the young
suckers (Fig. 39). Plants which have overcome this damage
produced a smaller bunch with less number of hands and
smell fingers (Pig. 40). Still some other plants snapped
Just above the rhigome when pushed, Dead heart was observ-
ed even when one grub was present (here all the outer leaves
were normal) (Fig. 41), due to the fact that the growing
point was demaged.

Other observations made were, that the infestation
was severe in old and neglected plantations compared to new
plantations, Infestation was much severe in plantations
where lot of weed growth was present (Fig. 42). Here the
plants were very weak and tapering towards thd top and the
demage was seen upto a height of 75 to 90 em above the
ground level (Fig. 43).

i. Host range :

The insect was not found to feed and breed on any
host other than Musa spp.



Fig. 38 : Marginal drying of outer leaves and
dead heart in the sucker of banana

plani due to C. sordidus

Pig. 39 $ Dead heart on banana sucker caused by

C. sordidus






Pig. 40 : DBanana bunch with less number of hands
and small fingers caused by C. gsordidus

Pig. 41 t Dead heart on banane plent caused by
a single grudb of C, sordidus






Fig. 42 : Banans plantation wi th heavy weed growth
and severe infestation of 9_. sordidus

Fig. 43 : Banana pseudostem damaged by grubs of
C. sordidus to a height of 75 to 90 om



Fig.42
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The adult weevils did not survive and breed on any
of the hosts tested, namely, elephant foot, sweet potato,
potato, canne and tapioca though the experiment was conti-
nued for three months, Similarly the grubs also did not
feed and dovolop even -though they were released into the
holes artificially bored, on the above hosts. The grubs
pushed their waj out and dropped to the soil and died,

C. YARIETAL RESPONSE OF BANANA TO THE DEVELOKMM?T OF
€. S0RDIDUS

Fifteen varieties of banana representing the major
genomic groupgs under the family Musaceae collected from
Pineapple and Benana research stetion, Trichur, Kerala were
screened for their resistence to (., sordidus by releasing
twentyfive adult weevils, one wonth after planting, for each
plent, The number of immature stages, viz,, grubs, prepupae
and pupae present in the uprooted rhizomes was counted three
months after plenting and the degree of susceptibility was

determined,

The pumber of immature stages ranged from 2,67 being

lowest in Lacaten to 32.00 being the heighst in Madurange
(Table XII). Meduranga recorded significently the heighest

pumber of immature stages over all the varieties. FPeykunnan



Table

XII

Number of immeture stages of C, sordidus collected from

different varieties of banana

8.No, Vardety R.I R,II R,III Total Mean
1 Rasabale 7 5 5 17 5.61
2 Poovan 4 4 5 13 4.33
3 Nendran 8 5 7 19 6.33
“ Sirumali 7 6 6 19 6.33
5 Virupakshi 6 - 4 14 4,67
6 Nallabontha 12 15 13 40 13.33
7 Budubale 16 15 18 49 16,33
8 Pevkunnan 21 18 29 68 22,67
9 Maduranga 31 34 31 96 32.00
10 Cavendish(R) 4 3 4 1 3.67
1 Cavendish(D) 4 2 @ 10 3.33
12 Lacatan 2 4 8 2.67
13 Neypoovan 8 10 22  17.33
14 Y. scuminata 7 18 6.00
15 M. balbisisna 3 3 B 10 3.33
S.E. ©-219
C.D. 0-45 at Spercent level

O 61 8v‘t 1 Per Qen_“; IQVQI
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(22.67) also recorded significantly higher number of
immature stages as compared to other varieties., Next tnv

order were Budubale (16.33) and Nallabontha (13.33) which

also showed significantly higher number of immature stages
over other remeining varieties and showed no significant

difference between them. The varieties Lacatan, Cavendish

(D) (3.33), Musa balbisisna (3.33), Cavendish (R) (3.67),

Poovan (4.33) and Virupakshi (4.67) recorded lowest number

of immature stages ranging from 2,67 to 4,67 and significa-
ntly differed¢ from Musa acuminata (6,00), Nendran (6.33),

Sirumali (6.33), Neypoovan (7,33) which were on par with one
eanother, Agesin there was no significent difference smong

Musa acuminata, Nendran, Sirumali and Neypoovan, Rasabale

(5.67) was on par with all the varieties except with
Nallabontha, Budubale, Peykunnan and Maduranga (Fig. 44).

D. CHEMICAL CONTROL OF C, SORDIDUS BY USING GRANULAR SOIL
INSECLICIDES

A randomised block design with six replications was
laid out with a view to study the efficacy of four granular
soil insecticides, viz,, carbofuran, phorate, disulfoton and
quinalphos each at 1 gm a.i.per plant for the control of
C. sordidus on the banana variety Budubale, At the time of
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planting the suckers, twentyfive adult weevils were releas-
ed for ench plant and the above insecticides were applied
to the soil around plant a month after planting. The
rhizomes were uprooted a month efter the application of
insecticides and the number of immature stages and adult

weevils were counted in all the treatments including control.

All the insecticidel treatments showed significan~
tly less number of immature stages as compared to untreated

control.

The number of immature stages in the insecticidal
treatments varied from 3.33 being lowest in phorate %o
11.33% being highest in quinalphos as coupared to 23.50 in
untreated control (Fig. 45). Among the insecticidal treat-
ments phorate showed significently less number of immature
stages as compared to disulfoton (7.83) at 5 per cent level
of significance and quinalphos at both the levels of signi-
ficence, Carbofuran (4.33) showed significantly less number
of immature stages as compared $o quinalphos at both levels
of significance., There was no significant difference between
phorate and carbofursn, carbofuran and disulfoton, and

disulfoton and quinalphos (Table XIII),

The number of adults recovered in all the insecti-

cf%l treatments were significantly less as compared to



Zeble XIII

Number of immature stages of C., sordidus recovered in
different insecticidal treatments and control 30 days

after treatment

Treatment R-I R-II R-III R-IV R~V R-VI Total Mean
Control 23 25 32 26 22 13 141 23.%0
Carbofuran 3 4 5 5 5 - 26 4.33
Disulfoton 4 6 8 9 14 6 47 17.83
Phorate 3 3 4 3 B 3 20 3.33
Quinalphos 12 13 10 8 14 1 68 11.33

8.8, 0.239

C.D  0.56 at 5 per cent level

0.74 at 1 per cent level



Table XIV

Number of adults of C., sordidus recovered from different

treatuets

(Survival of adults 30 days after treatment)

Treatment R=I R-II R-III R-IV R~V R-VI Total Meen
Control 23 20 22 22 18 19 124 20,67
Carbofuran 3 3 4 2 1 3 16 2.67
Quinalphos | 3 6 2 2 3 4 éO 3.33
Disulfoton 18 12 18 % W v 92 15.33
Phorate 2 3 1 2 2 1 11 1.83

8.8, 0.985
c.D. .8 2.05 at 5 per cent
8 2.80 at 1 per cent
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untreated control (Fig. 46). The number of adults recovered
from plants.treateﬂ with phorate (1.83); carbofuran (2.67);
end guinalphog (3;33) were sigoificantly 1ess-as compared

to that of the plants treated with disulfoton (15.33),

there heing no significant difference among theml However,
disulfoton showed significantly less number of adults as

compared to untreated control (20,67) (Table XIV).



DISCUSSION



V. PLBCUSSION

Since very little information was available on the

biology end control of banana rhizome weevil, Cosmopolites

sordidus (Germor) under Indian conditions in gemeral and

Kernataka in.particular, detailed investigations were
unéertaken during the years 1970-1974, Observations were
made on the biology including distribution, seasonal inci-
dence, nature of damage, host range and sources of infest-
ation of the pest under field conditions in banana growing
‘areas of Karnailska., Studles were also carried out on the
external morphology, life cycle, varietsl reaciion %o the
attack of the weevil and chemical control of banana rhigcme

weevil,

External Morphology

The present observations reveéled that the egg was
pure white, elongate and ovel in shape and this is in
agreemént with the findings of Noznette (1920), Sen and
Prasad (1953), Hill (1975) ond others. | However, it devi-
ates from the observations of Jardine (1924) who stated that

the egg wes rounded 2t one end and more or less pointed at
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the other and that of'Tryonvand Benson (1920) according‘
‘to whom the egg wes pale yellow. The developmental changes
of the egg observed are in line with that of the observ-
ations of Froggatt (1923¢c). The egg measured 1.80 to
©1.98 mp in length which is almost in conformity with the

" observation of Moznette (1950) and McCarthy (192C) (2 mm),
Froggatt (1925) (2.11 mm) 2nd Binto (19?8) (1.69 mz) where-
as the observations of Iryon and Benson (1920) indicated
the length to be 1.35 uwm and the cause for this difference
can not be explained, Thé width of the egg ranged from
0.54 to 0,69 mm and this is almost in sgreement with the
investigations of Plato (1928) (0.84 mm) end Tryon end
Benson (1920) (0.6 mmf.

The morphology of larval instars (1 to 6) has been
studied in brief for the first time in addition to the
detailed external morphology of the seventh (final) inster.
The freshly emerged grub was 2 mu (Cendana, 1920) %o 2.1 mm
(finto, 1928) in length which are in confirmation with the
present findings (1.99 mm).

The generél description of the final instar grub
is almost similer to the description made by the earlier

workers, However, the deviations observed during the
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present investigations have Been discussed,

According to Hogznette (1920),there were twelve
pairs of setae on the epicranium and during the present
studies, fourteen pairs of epicreniel setae were noticed
which have been named based on the terminology used by
Anderson (1947). The additionsl two pairs of setme include
one pair in eech of posterior epicrenial setae and ventral
epicranial sefae. A pore laterad %o des5 which has been
observed during the present studies has not been mentioned

by the previous workers,

Five pairs of frontal setas have been observed
which is in agreement with the observation of Zimmermqn
(1968a), whereas sccording to Mognette (1920) there were
only four pairs of frontal setae. Antenna consisted of
one membranous article whic& bore a conical accessary
sensory appendasge and several minute setae, which made

Moznette (1920) %o consider entennae as two-seguent ed.

The morphology of clypeus is in accordance with
thet observed by loznette (1920) except for the presence

of a pore infront of each lateral seta,
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The description of the labrum is similar to that
made by Moznette (1920). Epipharynx has a2 well selerot-
ized U~-shaped bridge the base of which extends beneath
the e¢lypeus., This U-shaped bridge has beeu referred to
as labral rods by Anderson (1948) and Epipharyngeal rods
by Cotton (1924). According %o Cotton (1924) there were
'FWQ paris of thickened setae between the epipharyngeal rods
but the present investigations revealed that there were
three pairs of broad, lanceolate setae along the inner

margin of U-shsped bridge.

The mandibles were stout, more or less trisngular
with bluntly pointed three apical denticles, but Moznette
(1920) end McCarthy (1920) observed bidentsotec mendibles
in the species, In addition thers were two punctures on
the mendible which have not been noticed by the previous

workers,

During the present studies a seta assoclated with
a puncture at the base of the mala was seen whereas the
observations of Cotton (1924) revealed that there were one
branched and two simple setae at tip of mala., Two punctures
at the distal end of the basal palpal segment and a group
of sensory pegs at the distel %ip of the second palpal
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segment were also observed during the present findings.
The detailed morphology of the labium has been studied
and not much of work onm labisl morphology wes attempted

by the esrlier workers.,

The present investigations on chaetotaxy as
observed on one side of the body revealed ithat there are
- 18 setae on prot@crax out of which nine on pronotum, two
on pleural, six on pedal area and one on sternuy whereas
according to Mognetite (1920),there were only ten pairs of

setae on prothorax.

According to Moznet te (1920), there weré only ten
setoe on mesothorax while the present studies revealed the
presence of fourteen setae, one prodorsal seta, three
postdorsal setae, one seta on each of alar area, spiracular
area, pleural area and stemal area and six on pedal area,
The seta on spirescular area was long but Anderson (1948)

stated that this seta was shorit,

A total of seventeen setae were noticed to be
present on metethorax; one on prodorsum, three on post=-
dorsum,one each on aler area, pleural area and sternal area;
four on spirscular area and six on pedal ares, but Moznette

(1920) znd Anderson (1948) have observed only nine pairs of
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getae on metathorax.

According to Moznette (1920) each abdominel segment
consisted of seven setae while during the present studies
twelve setze, one on prodorsum, three on postdorsum, one on
splracular area and two on each of eplpleural and pleural

areas, one on pedal area and two on eusternum were observed,

Six sefae, one on proaﬂrsum,vfbur on the slope and
one seta on eusternum were observed on eighth abdominal
segment which devistes from the findings of Moznette (1920)
who reported only four sefae, The ninth abdominal segment
according to Moznette (1920) bore four setae while during

the present investigaiions six setas were observed,

The seventh instar grub measured 11.82 mu in length
and 5.84 mm in breadth, but aceording to Fawcett (1913) and
Moznette (1920) the grub measured 20 um and 13 mm respect=-
ively in length and 8.46 mm (Pinto, 1928) and 8.0 mm
(Fawcett, 1913) in breadth,

The prepupa measured 11.5 mm in length and 3.85 mm
in width and the thoracic segmenis became dlstinet with
ventrolateral lobes which was not observed by previous

workers,
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In the pupe were two pairs of setae on head, one
long end one short and'fivelpairs of setae on besk out of
' which two were long and tuberculate and three short and
according to Moznette (1920) there was only one paiﬁ of
long setae on head and five pairs of setae on snout out of

which three were long and tuberculate and two were tiny,

Metathorax was with three pairs of setae, Each
leg with a2 laterel seta close to the distal end of femur
and wingpads extended upto 5th or 6th abdominal segments,
and these have not beaen observed by any of the earlier

workers.

The first six abdominal segments each bore four
pairs of setae bul Moznette (1920) and MeCarihy (1320) have

reported only three pairs,

The first six asbdominal spiracles were umore prominent
(Moznette, 1920; MeCarthy, 1920) and during the present
studies the first five abdominal spiraecles were only promi-

nent and the cixth wes indistinet.

On an average the éupa measured 11.4% am and 3,90 mm
in length and breadth respectively whereas it was 12.00 mm
(Moznette, 1920) and 12.70 mm (Tryon and Benson, 1920;
Hill, 1@%5) in length and 5,80 mm in breadth (Pinto, 1928),
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_ The antenna ¢f the adult has been described in
detall which consisted of a lounger scape, pedicel forming
a pivot between scape and flagellum. The pedicel wes more
or less egusl in iength to the first flagellaer segment,
Segments 2 to 5 were almost equal a2nd shorter than first
and the last one being very much enlsrged and clubbed.
These observations were mode in sddition to te earlier
work, In the present study the club was single segmented
with the bésal part provided with ziggag striations and
a circle of six stout setae and the distal part.densely |
covered with short, fine getae. According to Mozunette
(1920), the club waé two jointed, shining with a few minuie
hairs and the apical jéint spongy. DThe difference in the
apyearanée of the proximel and the distal parts of the club
might have led for the concludion that the club was two

segmented.

The detailed descriptions of the mouthperts of the

adult has been made for the first time,

’

The elytra elongate, ellipsoidsl, convex with nine
longituéina1 striations the more anterior oume of which
confined tp only basal half, Hind wings with light brovm
veins, coste conspicuocus only at base, subcosta'started

behind costa and terminally fused with radius, Radius ran
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upto the apical margin end was not clear behind the fusilon
with subcosta, The median vein lay behind and it was the
longest of all the veins and faint, Cubitus was thick
which started behind radius and endeé abruptly in the middle.
Anal veins were two and faint, Thesa observations are in

addition to the observations made in the past,

DPuring the present invesiigations the snout of the
weevil measured 2.84 mm inllength whilevthe observations of
Pinto (1928) and Fawcett (1913) revealed the beak length to
‘be 3.17 and 4.0 mm.respectively. The body length of the
weevil was 12.55 mﬁ and breadth was 3.75 mm which are almost
in agreement with the observation of’earlier workers i.e.,
11.0 mn (Froggatt, 1923¢) to 14.0 mm (Fawcett,1913) in
“lengbth and 4.0 (Mognette, 1920) to 4.23 mm (Pinto, 1928)
in wid%h. |

Biology

Distribution : The review of literature reveasled

that C. sordidus 1is distiibuted all over banena growing
areas of the world. The present study has revealed the
distribuﬁionAof the pest in all banana growing areas of
Karnataka, However, it was previously reported only from

two places in Karnataka namely, Srirangapatna and
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Hessaraghatta (Usmén and Puttarudriah, 1955).' Another
interesting feature_that came to light during the current
study was that among the districts, Mysore has been ident-
ified to be an endemic area with severe infestation of the

pest ranging'from 80 to 90 per cent;

Feonomic imgortance ¢t Though & great deal of dsmage

to and destruction of abacca and benana is reported from
various banana growing éarts of the world, there is very
-1ittle reported from India, excepting the assessment by
Roy and Sharma (1952) from Sabour, India on the extent of
weevil damage (8 to 10 per cent), no informstion is avail-
able on this aspeet from any other state of India, and

practically nill from Karnstaka,

During the present studies, the severity of the pest
has been confirued in different districts of the State,
especially iiysore district, with the infestation varying
from 80 to 90 per cent, ‘The banana growsrs from Nanjangud
erea (Mysore district) were noticed to have zbandoned
banana.plantings (especially variety Rasabale) due to weevil
infestation, and have taken up replenting or growing of

other crops.

Life cycle : Few woriters have studied the life
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cycle of C, sordidus (Mognette, 1920; Cendana, 1922;
Proggatt, 1922, 1923, 1924, 1925). Except for a brief
report by Roy and Sharma (1952), no detailed investigatiéns
have been wade on the bionomics of C. sordidug in India

and Karnatakz as well.

The present detailed studies have brought to 1ight
certain facts which were hitherto not clearly understoo@ or
known., The eggs were observed to Be 1aid singly in the
outer leaf sheaths and rhizomes, which is in agreement
with the observations of earlier workers. In addition to
the different locations of eggs mentioned by prévious workers,
~the oggs were observed during the present investigation to
be laid inside the rhizome and also in the centre of the
pseudoétem where they were l&osely laid wi%hout being inser~
ted into the tissue, The adult laid eggs on the rhizome
beneath the soil and on pseudostem upto a height of 25 to
320 cm from %the surface of the soil, whereas Pawecett (1913),
Japson (19i4) and Cendena (1922) stated that there was no
specific height from the surface of the soil, where the
egg was laigd,

The incubation period veried from f£ive to ten days,
with an average of 6.87 days which agrees with that report-
ed by de Asevedo (1922), lMeCarthy (1920), Mognette (1920),
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Cendana (1922), Froggett (1924), Edwards (1925), Urich

© (1925), Pinto (1928), Harris (1947), Siliegar (1961),
Braithwaite (1963) and Sohmidt (1965). In contrast, vary-
‘ing incubation periods of 21 to 27 days (Frogeatt, 1924),
4 days to 4 weeks (weddel, f945), one to three wecks
(Simménds, 1966) and 5 %o 15 ﬁaﬁs (Trezo, 1969) have been
observed., This wide rsnge of vériation may be due to the
great fluctuations in clinrtic conditions under which the

studies have been made by them.

Hatcuing was observed to be 100 per cent except

‘ duripg ﬁhe months of October to Janusry when 1% ranged
from 44.30 to 90,0 per cent, The fall in hstohing percen-
tage'duriﬁg this period may be due to low temperature, In
order to confirm this, a batch of eggs were placed in an
incubator at a temperature of 27°C. A%t this temperature
2ll the eggs were found to hatch, This observation is more
or less in line with the observation of Froggatt (1922) who
stated that egg development decreased during cold climatic

conditions resulting in poor hatehing.

The larval development was completed through seven
instars with seven moults in both sexes. This observetion
differs from the findings of Cendana (1922) who reported six

instars with six moults and two to four moults reported by

|
|
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Froggatt (1923, 1924). However, the number of instars
meationed by Froggatt (1923, 1924), being inconsistant

may be overlooked.

The larval perioa from different countries has ,
been reported to be 15 to 165 days and has been founa to
be influeneed by climatic conditions, The present inves=-
tigation has revealed the larval period varying from 36.6
to 44.6 days, this little vériation'being influenced by
the seasons in which development took place., 4 longer
larval period was observed during November through February
(44.6 days), end a shorter one during July throﬁgh September
(36.6 days), The previous workers have not indicated the
temperatures under which studies were wede. The cause for
the extended larval develoymeﬁtal period observed in
Bangelore may be due to the influenée of the preveiling

cold climate,

The presenf revelation as to the aifférénee in the
duration of the larval development in summer (short) and
winter (long) definitely points to the high sensitivity of
the grub %o fluctuotions in weather factors. Perhaps this
accounts for such wide variations (15 to 165 days) observed

in different parts of the world.,
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In regard %o the duration of eacﬁ instar the first
instar has been observed.to occupy 3 to 5 days; second
instar, 5 to 7 days; third inster, 5 to 7 days; fourth
instar, 5 to 7 days; fifth instar, 5 to 8 days; sixth
instar, 5 to 7 éays and seventh inster, 6 to 8 days., These
duratiéns agree with the studies made by Cendana (1922)
who reported a periéd of 5 to 8 dajs (I instar); 4 4o 8
days (II instar), 5 %o 8 days (III instar), 6 to 8 days
(IV instar), 5 to 10 days (V instar) and 6-8 days (VI
instar). 2Lhe only aifference is in regord to the number
of instars which is seven as in the present studies and

six in the latter,

The fully grown grub stayed quiescent in the pupal
cévity which lasted for 1 to 3 days (Pinto, 1928; Froggatt,
1922, .1925; Hoy and Sharma, 1952). Similar observation has
been made in the present study, wherein period of quiescent
lasted for 2 to 5 days. Froggatt (1922, 1925) end Roy and
Sharme (1952) have reported that the prepupa exhibited
little powers of movement if disturbed. Contrary to this,
in the present §tudies 1t was noted that ﬁhe-prepupa exhi-
bited lineer rotsry movements in the pupal cavity even with-
out disturbance. A4t the‘end of the brepupal periéd ecdysis

occurred by the rupturing of head capsule and the thoracid
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Ain%egument along the mid-dorsal line, This has not been

reported by earlier workers.

Froggett (1922, 1925) and Roy and Sherma (1952)
observed the formation of the pupal cell.unée:neatn the
surface of the rhigzome and further they stated that the
pupal cell was formed s far 28 two imches from the surf-
ace of_fhizome in cases of severe infestation, The present
| ohservations are more or less in conformity with the earl-
ier reports, Further, the study showed that the pupal cell
~ was not only formed deep in the rhigzome, but also in the
'pseuGOStem during heavy infestation. Ne cocoon was formed
except that a few £ibres were found lining the pupal chamber
when it pﬁpated in pseudostem. This is in agreement with
‘the observations'made by Troggatt (1922, 1925) and Roy and
Sharue (1952) who.repofted that & few strands of fibres
were noticed at the end of the funuel in the pupal chémber
and also when yupation took place in tissues of leaf sheath,
The presence of more fibrous material in the cell formed in
the leef sheeth may be due % the Tact that the grub could
not excavate a perfect cell in the leaf sheath, which was
possible only in case of rhizome and so in the former i%
formed e cell with the help of flbres after cutting a rough
hole, B
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The pupal period as revealed in the present
investigation occupied an average of 7.19% days. Ths pupal
period was observed %o be prolonged during Sepltember
through March (7.2 to 8.8 days) while i% was shortened
during other months (6.4 %0 6,5 days) with the ﬁinimum and
maximum periods being 6 and 11 days respectively. The |
observetion 1s almost in conformity with $he reports made

by earlier workers barring that of Froggatt (1921; 1923,
1924) =ad Simmonds (1966) who have rveporied the pupel
pericd to occupy 4 to 15 days and 21 days respectively.

This varistiion may be attribubted to the influence of climat-
ic conditions prevalling in those countries. The rotary
ucvements of the abdomen of the pupa when disturbed has noi

been reported eerlier,

The newly emerged wesvil remained in the pupal cell
for two to four deys, which is comparable %o the periods
of 6 to 7 (Froggatt, 1921, 1923), 4 to 5 (Edwards, 1925)
and % to 6 days (Jerdine, 1924), The 1little difference in
the period between the present observations ané previous
Tindings may be due to @ifferent local weather conditions
prevalent a2t the time of obsevwations, Later the adull
made a hole on the rhizome and came oub, However, Cendena

(1922) reported that the adult weevil pushed its way out
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of the rhigzome, During the present studies it was obsevrved
that the grub did not make any emergence hole before pupate-
ion, and the adult cut a hole in the pupal cell and bored

through the rhigome,

- Present studies showed thet the weevils, after
emergence, fed upon leaf sheath by mining into the leaf
sheath, where they fed upon the vTissue inbetwéen the two
epidermal layers, besides feeéing'upon the rhigome also.
This cbservation agrees with thet of Froggatt (1921, 1923,
1925). However, Hoy and Sharma (1952) cleinmed that the
adult did not cause any damege. According to Hill (1975)

its nermal food was dead end dying bansna plants,

The weevils were founéd ©o be active-only in the
night end during the day they weve sluggish end hid bthem-
selves beneath ths cu® length of the pseudostem or rhizome
in the studies cerried out in the laboratory, aad in the
field observations majority of them were seen confined
inbetween the two epldermal layers of the leaf sheath after
mining and at times inbetween the rhizome and soil, Eariier
studies .0f Harris (19;‘}‘7)9 Meanette (1920), Cendana (1922),
and Bdwards (1925) confirmed the presemt findings. Aaulss

were always found in places where the humidity was high and
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hence they were invériably wel, thereby confirming an
sarlier ébservation by Whalley (1925), A further revali-
ation made out during the present studies was that when
weevils were removed from these damp piaces, a dull black.
colqur ané later formation of greyish encrustation develop-
ed on the'body of the inséets. The adults were usually

gregarious as waes reported by Moznette (1920) also.

In addition %0 the hiding places discussed above,
the weevils were observed to inhabit larval tunnels deep
in rhizomes and in the centre of pseudostenm upto a height

of 60 to 75 cm above the soil surface es well,

The adult was observed to felgn death when disturbe
ed, which was also observed by Moumette (1920) and Froggatt
(1925). During feigning of death the bases of the antennae

were seen %o be approximated to the snout along the furrows.

The totsl 1life cycle from egg toAadult varied from
50 to TO days with an average of 56.63% dgys, agreeing with
the obgervations of Geﬁdana (1922) who reported a duration
of 52 to 56 days, and Froggatt (1922) who recorded 62 to 63
days in Septééber and 48 to 59 days in October, However,
it contravenes the findings of many earlier workers accord-

‘ing to whom it was one month (Anonymous, 1917; Watts, 1917;
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Haprris, 1947) and 31 té 33'days in November snd 120 days
in June (Froggaﬁt, 1922). 3But acéording to Froggatt
(1925) and Braithwait: (1963) the pest completed its life
cycle with an average of 47 days with a2 minimum of 29 days
in summer anéla'maximum of 180 days in colder monbhs, |
Various other workers have reported different periods for
completing one geuneration, It was 25 to 35 days~(Upicn,

- 1925), 5 to 6 weeks (Ghesquiere; 1927), 36 to 38 days
(Moutia, 1931) =2nd 31 to 33 deys in summer and 132 %o 134

days in winter (Froggatt, 1924).

The inseét was not éeen flying a2t any time, which
confirms the Tindings of Froggatt (1§23), " However, in cne
experipent whewn temperature was mointained at 35%C ang
hunfdtty at 65 to 70 per cent, the weevils were found Opeh-
ing the wings but. never took %o flight., This observaticn
differs from that of Watts (1917), Uriech (1925), Simmonds'
(1929, 1932, 1935) and Froggatt (1324) who claimed that the
weevils did fly under certain climatic comditions, In any
case the flight of the weevil has not been proveé exgeri-

mentally.,
Copulation took place between 6,30 to 8 p.m. under
laboratory conditions. However, the mating was also obser-

ved during day time whensver the weevils were released on
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to the fresh food source while changing the food, Copulat-
ion too0k place 10 to 15 days after energence and lasted
for 4 %o 5 minubes, rrevicus workers on this insect did

oot report on these aspects of copulation,

During copulation, the male weevil rested at an
angle of aboulb 45° over the feunle, having a firm holdé on
the female with the help of wmeso- and meta~ thoraciec legs,
while the prothoracic legs were used to adjust the body
movements during mating; Froggaett (1923) also made 2

similar observation in regard to the mating posture,

Pre-oviposition period varied from 15 to 28 days
with an average of 20.5 days which aécorﬂiﬁg tokFroggatt
(1922, 1923, 1925) renged from 14 t0 99 days. This diffe-
rence is difficulb o axplain: however, it may be stated
here that the femmles which came out in the early perty of
winterAana got fertilised might have taken more time for

laying the first egg.

Egg laying was observed to be during night in the
laboratory, none the less o few eggs were collecied during
day time =lso. According to Simmonds (1966) the weevils

came out during night to feed andéd lay eggs.

& fortile female during its life time 1laid 36 o
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53 eggs with an aversge of 45.9 eggs. However, Simmonds
(1966) staﬁeé that the total number of eggs laiad vérieﬂ
from 10 to 75 and in}exceptional cases iOO and according
to fryon and Benson (1920) it was 14 eggs or less and Hill
(1975) reported the fecundity to be 10 %o 55 eggs or mofe.

Another intergsting‘obsepvation made ﬁas the ovi-
position period of the adult weevil ﬁhich varied from 313
to 556 days with an average of 471.7 days. The peak of
egg laying period was notliced at the age of 7 méuths. This
is almost.similar to bheﬁébservations made by F:oggatt
(1922, 19é3. 1924) who stated that oviposition was tnéough
out the 1ife of femole weevil infiuenced only by seasonal
climatic variations in that the egg laying decreased with
the advent of cold weather and also possibly the age of the
inseet. Oviposition period oéeupied 16 to 21 months whereas
the post-oviposition period was very shor which lasted for

14 to 57 days, the average being 35.4 days.

. With regerd to the longevity of the adult, it was
more (546 to 582 days with an average of 564.5 days) in
the qéée of adults obtalned in the laboratory which were
réared.from thé field.collec%ed grubs. On the contrary,
fhe laboratory reared individuals suarvived for 369 Lo 443

- dsys. These findings compare fairly well with the
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~observations of Harris (1947), Schmidt (1965) and Simmonds
(1966) reporting two years to little over twoe years in the
case of field collected material; Cendana (1922) reporting
10% days in captivity, Froggatt (1923) recording 471 to
488 ﬁays} Proggett (1924) reporting 16 to 21 man#hs; Jepson
(1914) who reported 16 weeks and Jardine (1924) recording
5 to S months., Prom the sbove observation it was establi=-
shed that adults resred from the field collected grubs had
a longer life over the adults obtained from grubs reasred

¢ anpletly under laboratory conditions,

Moisture appeais to be the dominant fac%or deter-
mingng longevity of the adults. The adults were noticed
to survive for a long period even without food provided
they were ﬁéintained uader démp conditions, They lived
for 98 to 128 days without food and 348 to 421 Qays with
food in wet soil, in eontrast vo this, they survived 6nly
for 8 to 14 days wifhout food and 12 to 18 days with food
in dry soil, ZThis is in close agreement with the observat- -
ions of Froggatt (1923, 1324);&ecording to whom the édu{ﬁs
died within 5 %o 6-da}s in dry soil without food, amd lived
. for more than 100 days when the soil was damp in cooler
ménths or in general 70 %o 121 days and died if exposged %o

sun in few seconds,
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The sex ratio was also determined botg in laborate
ory rcared individuals and also 1o fieid collected indivi-
dugls. In both the cases the @roéortion of males was inore
compared %o femsles (1:1.2- laboratory reared; 1:1.4-field
collected). This is in sccordance with the observations

of Simmonds (1933) who found 54 usles 4o 46 fenmeles.

The weevil has been reported to breed throughoud
the year in Trinidad (Urich, 1925), bubt with decreased
rate in the hot summer snd cold of winter as compared %o
spring and auvtumn in Queenslend (Froggatt, 19s3)., VUrich's
(1925) observations were confirmed during the present
investigetions in'tha% the weevils DBred throughout the
year, but the incidence of adult weevilé was nivimum from
Kovember to Januery (64 %o 89)? while the highest incidence
was nobticed in the month of July (221). This observation
differs from the observations reported by Freeman (1219)
from Trinidad who collected 644 adults during Vecember,
511 aduits during January, 270 adults during February and
341 adults during Maren; Froggabt (1925) who collected
30,000 beetles between ?ébruary and July, 1222 beetles
during August ond 1472 during Geptember, end Gomez Clemente

(1947) who reported from Africa that the number of weevils

collected reached meximum during Januery to Harch and October
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to December, H&wever, the present‘observations are in
accordanée with those of Wallsee (1938) who reported from
Austrélia that the beetles were att?acted t0 balts freely
during the months of Sepiember to April =ad avoided baits
in severe winter which confirm the resulis ohtained'during
tﬁe presenﬁ investigatious‘in that more weevils were
attracted to baits during sunmer months and less during

winter omonths.

According to . the present study the weevil could
complete a maximum of five generations in a year, But
under field coﬁditions ovezlépping of generations occurred
because of the prolonged oviposition period of 313 to 556
days, This isvin agreement with the obsexvations made by
Cendana (1922) who also indicabted more than. five generat-
ions in a year in Ehiliyéines. However, Shireki and Sonan
(1937) recorded that the weevil had four gemerations in

one year in Talhoku, Japan,

. sordidus undoubtedly spread from one country

to other end from one plantation to the other plantation
by the transporiation of infested suckers and root stocks
used for propagation purposes (Cendana, 1922; Froggatt,

1924; Roy end Sharms, 1952; Schmidt, 1965) and the spresd
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of the beetle,was also observed by way of crawling from

" infested erea of a plentation to the other healthy areas

of the same (Ceundana, 1922, Froggatt, 1924; Roy snd Sharme,
1952; Braithwaite, 1963). The present investigation conf-
irmed the above observations., In the field, in the early
stages of infestation, ;t was observed to be localised and
only after exhausting thé source of food the weevils migr-
ated to the nearest stooi by walking, In addition to this,
Simmends (1929, 1932, 1935), Froggatt (1925), Roy and
Sharma (1952) were of %the view that the mode of infestation
. was also by flying, However, this could not be established
during the present studies since the adults were not obser-
ved %o take,to'flight; Froggatt (1925) and Roy and Sharma
(1952) were of the opinion that the weevil got distributed
by washing down due %o rain water or flood water in gullies
and steep slopes, This may be éossible in areas where
bananas sre grown on hills and in valleys (like Coorg and

chikkmagaiur districts of Kérnataka),

The adults caused damage by seraping the tissue
inbetween the two layers of epidermis of the outer leaf-
sheaths, which gradually decayed, and the portion above
the fed srea dried gradually. These observations on the

symptoms caused by adult feeding are in conformity with
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those of Froggatt (1921, 1923, 1925). However, Roy and
Sharma (1952) mentioned thet the adults did not feed.

The grubs have been noted to follow more.or less
& perticular course in the rhizome during their develop=~
mént. The grubs after hatching bored through the leaf
shesth in & linesr way, entered intec the rhizomes and fad
on fhe internal tissue. At first the grub tunnelled down-
wards through the peripheral région-of‘bhe rhizome towards
the root base ceusing severe injury %o the roots at tha
point of orfgin., After souetime the grub startaé tunnell-
ing back towards the growlng point., Later, towards the end
of larval life it agsin tunnelled towards the peripheral
region of the rhizome. As the grub bored, it packed the
tunnels with frass. The size of the tunnel increased with
the size of the grub. When a large number of grubs were
present, the tissue gof reducedfinto a felty mass. Thesge
observations aﬁe 15 conformity with the 5tudi¢s of Fawcett
(1913), Pletcha? (1914), Jdepson (1914), Eroggatt (1919), |
‘Mognette (1920), Cendana (1922), Pinto (1928), Harris (1947),
Braithwaite (1963), and Gaud. et al. (1975).

Fhen wmost of the rhizomes were riddled, the tunnel-
ling of pseudostem was seen upto a height of 75 to 90 cm

from the ground surface, which confirms the observations of
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McCarthy (1920), Proggatt (1925), Roy and Sharma (1952),
Braithwaite (1963) and Feakin (1971) who stated that the
- tunnelling extended from one to four feet from the soil

surface,

. The symptoms accompanying the aﬁtack of the grubsg
when the infestation extended to pseudostem was the typical
merginal drying of the outer leaves which gradually spread
to the inner leaves, by which time the outer leaves compl-
etely dried up, In‘severe cases, where the growing point
was affected, dead-heart was observed on the plaunts, Plants
in which growing point was unaffected, prbducea a weaker
bunch with less number of hands ond small fingers. PFurther,
in the case of severe riddling of rhigome the pseudostem
when pushed gave way at the point of attachment with the
rhizome. These observations are almost similar to the
reports of MeCarthy (1920), Cendana (1922), Froggatt (1922),
Harris (1947), Sen and Prasad (1953), Braithwaite (1963)
“and Gaud. et al., (1975). - |

Another 1ﬂterest1ng revelation brought out during
the present studies ﬁas that even a single grdb could cause
dead-heart in banana plants., When the grub attacked the
growing point, 1t caused a dead-hzart with all the outer

|
leaves apparently normal., This observetion is in agreement
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with the report of Froggatt (1923) who was of the view that
even 2 single larva might be sufficient to kill the plant,
However, i1t contradicts the findings of A4'Emmerez and
Gebert (1921) who emphesised that the attsek by large
number of grubs was required to cause the death of the

plant.

Froggatt (1925) reported that C. gordidus attacked

potato tubers and arrow root (Canna edulis) and Wolcott

(1922) 6n Yam and guinea grass. Dubing the present studies

' the underground parts of Amrththallus oamganulatus. Egomoea

batatas, Canne orientalis, Nenihot esculenta and Solanum

tuberosum when provided to adult weevils and grubs were not
accepted as food, Hoﬁever, all the varieties of banana
were found to servé as hosts for this insect aé they were

found damaged,

Varietal response of banana to the develggment of Q, sordidus

" Considerable emount of work has been carried out on
the varietal reéponse as revealédiby studies éf Hutson |
(1918), &'Tamerez and Gevert (1921), Froggatt (1921, 1925),
Cendana (1922), Gowdey (1923), Gehsquiere (1927), Wolcott
(1934), Willerd (1952), Roy and Sharma (1952), Sen and
Prasad (1953), Hord and Flippin (1956), Elias (1960) and
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Simmonds.(1966)r

In order to know the response of local cultivars,
fifteen varieties of banana which incidentally included
some of the varieties already tested, namely, Cavendish,

plentain (Madursngs), Lacatan, Musa acuminata, M. balbisiana

were tested for their reaction to the attack of the weevil,
The parametor used to determine the varietal reaction was

reletive number of immature stages present after an interval

of 60 days after infesiing the plants with a constont
number:of adults., The variety lacatan was less susceptible
(2.67 iumature stages) compared to Madurangs which was
highly susceptible by recording 32.00 individuels. There

was significant difference among the verieties included

under the study., In addition to Medurenza, Peykumnan (22.67)

also harboured significantly higher number of immature

stages as dampared to remaining varieties., MNext in order

were Budubale (16,33) and Nallabontha (13.33) which alse
supported significently higher number of immature stoges
with no significant difference existing between them, Vari-

eties Lacatan, Cavendish (D), M. balbisigna, Cavendish (&),

Poovan, end Virupakshi harboured the lowest number of imma-

ture stoges ranging from 2,67 to 4,67 and significantly
differed from M. scuminate, Nendran, Sirumeli and Neypoovan,
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Neither the former group of varieties nor the latter group
showed any significant difference among themselves,
Ragabale was on par with all the varieties except with

Nallebontha, Budubaie, Peykunnan snd Maduranga.

COntrary to the observations of Froggatt (1921,
1925) and Hord and Flippin (1956), the present studies
. Trevegled the varieties Cavendish and M. scuminata to be
| less susceptible. The-dbésrvation that-ﬁaduﬁanga was
highly susceptible conforms to the findings of Froggati
- (1921, 1925), The observations made by Cendana (1922) =nd
 Hord and Flippin (1956) that the varieties Lecatan and

H. balbisiana were less susceptible are in line with the

| present findings.

Chenicel controi of C. sordidus wit@ﬂgranuiar soil

ingecticides

Extensive information is aveilable on the chemicel
eontrdl of bensna rhizome weovil using insecticides other
than grenuler formuletions, Bullock and Evers (1962) were
the first to test the granular formulations like aldrin
(10 per cent), dieldein (10 per 6ent) and heptachlbr (10 per
cent) at 2 1b a.i, per acre and reported diel=drin to be
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superior to 6thers. Wolfenberger (1965) brought to 1ight
the superiority of granular formulations viz., alidrin,
dieldrin and heptachlor over insecticidal emulsions of

- -the same in the control of benana rhizome weevil, Accord-
ingly, in the present investigetion four granular insecti-
cides of which three were systemics, namely, phorate 106,
carbéfuran 3G, disulfoton 56 and the other nonsystemic,
quinalphosJSGl were tested at 1 kg ami. per acre applied one
month after planting for their efficacy in the control of
the rhigzome weevil, All the four insecticides have provid-
ed effective cantrol showing significant differencs over
the check. Among the insecticides phorate 106 (10 gy/stool)
was found to be most effective (3,33 immature stages/stool)
followed closely by carbofursn 3G (33 gn/stool) (4.33
immature stages/stool) and then by disulfoton 5G (20 gm/
stool) (7.83 immature stages/stool) snd guinalphos 5G

(20 gm/stool) (11.33 immature stages/stool), The effect-
iveness of carbofuren 10G (10gm/plent) and disulfoton 106
(14 gm/plant) heve been studied along with the other insec-
ticides by Gaud et al. (1975) who reported the superiority
of carbofuran over the other insecticides, which is
confirmed in the present studieslalsovbut belng superseded
by phorate. Incidentally, phorate and guinalphos have been
tested for the first time in the preseﬁt investigations
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against banane rhizome weevil,

Granular insecticides with systemic action
(phorate, carbofuran and disulfoton) have proved signific~
antly better than the granular insectidide with contect
action (quinelphos) in killing the immature stages. On
- the contrary, guinalphos has joined the ranks of phorate
and carbofuran (ﬁithout significent differences awong them)
in providing effective conirol of the adult weevils, and
2ll these three showed significant difference over di-

sulfoton which inturn proved better than. control. .

Based on the above results, it is concluded that
with their consistant performance relating to control
against both immature sfages and adul® weevils, -phorate
and cerbofuran (in that order) may be uséd'fbr checking

the weevil infestation,
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VI, SUMMARY

The present invesitigations om the banana rhizome

weevil, Cosmopolites sordidus (Germar) include 2 study on

the external morphology of different life steges; biology
including distribution, economic importence and life cycle;
response of certain varieties of hanana to the attack of
rhizome wéevil. and chemical control of the weevil using

grenular soil insecticides,

1. The external morphology of egg, iarval instars,
prepupa, pupa and adult have been briefly deseribed giving
measurements of the head capsule and body. A detailed
description including the chaetotaxy of the seventh (last)

instar larva is provided.

2. The bioiogy of the banana rhizome weevil was studied
in detail. The incidence of the weevil waes observed in all
the drstricts of Karnateka except in Bidar, Bijapur,
Gulbarga and Raichur which have not been surveyed. The

pest was serious in Mysore distriet in that 80 to 90 per

cent of banana plants were infested in Devarasanzhalli and

Nanjangud area,
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The study of the life cycle of the inseot.through
six generations under laboratofy conditions has revealed
that the eggs were laid ingeorted singly in various locat-
ions in the leaf sheeth ond rhizome. Seven larval instars
were noticed., Pupation was usually in the peripheral
region of the rhizome close to the surface in a pupal
chamber, Thg incubation, larvel, prepuﬁal and pupal periods
were observed to be 5 to 10 days (average, 6.87 days), 36
%o 46 days (aversge, 39.9 days), 2 to 3 days and 6 %o 10
days (average, 7.15 days) respectively. 2he total life
‘eycle of the weevil from egg to adult ranged from 50 to 70
days (average, 56.63 days).

The adults lived for 424.5 days. Moisture appeared
to pley a critical role in determining the lougevity, those
maintained in moist soll even without food living for 111.96
“dayé, while those kept in dry soil living only for 9,36
deys.

A female laid 36 to 53 eggs duriﬁg a periéd of
424.5 days, The pre-oviposition, oviposition-aﬁd post~
oviposition periods were noted to be 20,5, 471.7 =nd 35.4
days respectively. The weevil‘completed five gengrations
during the year under lsboratory conditions. The sex ratio

of the weevils, i.e,, female to male was 1:1.4 in the field
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collected adults and 1:1.2 in the laboratory reared

individuals.

The incidence of the weevil was minimum during
November %0 Januery and inereased graduslly from January

to June and wiﬁh a steep fall from July to November,

The external symptom of the damege caused by the
grubs was typical parginsl drying of ouber leaves which
éxtended to the inner leaves also graduslly, by which time
the outer leaves dried up completely. Iu severes cases of
demage where the growing point has been affected, dead

heart was noticed,

The weevil was observed to feed and breed only on
Musa spp. Both the grubs and adults did not survive oun the
underground parts of elephani foot, sweet poltato, canna,

tapioca and potato when provided in the laboratory.

3. Tifteen varietiés of banans tested to study their
_resyéuse to the development of C, sordldus revaaled that the
variety Lacatan was leastlsusceptible while Maduranga vas |
the wmost susceptible to the attack 6: the weevil, Variety
Peykunnsn was next Vo ladursnga, foliowed by Budubale,

Nallabonthe, Neypoovan, NWendran, Sirumali, M, acuuinata,

Ressbale, Virupekshi, Pooven, Cavendish (R), Cavendish (2)
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and g..balbisiana in the increasing order of relative

tolerance.

4, Studies corducted on the chemical control of
C. sordidus using four gramular soil insecticides, naumely,
carboiuran, yhérate, éisulfoton and gquinalphos eaén at.1

gn. 2.1

. per plant indicated that phorate was superior

followed by carbofuran, disulfoton and quinalphos in cont-

rolling immeture stages. Phorate maintained its effective
eness even in the control of sdults followed by carbofuran,

guinalphos end disulfoton,
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