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CHAPTER Y

INTSODUCTION

| Pulses Lcsides cersals constitute the most widely used
conponents of Indian diet, a8 they constitute the only end the most
abundant source of protein to the vegetarians. Pulses contsin 20
to 30 per cent protein on 4dry besis whieh is nearly three times
that of cereels, The proteins present in cereals and pulses differ
in their aasino-scid composit.on and are complementary to each Other.
Thus, the biclogical value Of proteins in a wixed diet of ceresls
and pulses closely approsches that of the standard protein source
in milk,

The world's total area under pulse erop is estimated at %3
million hectsres with e production of 37 million tonmes. Though
the srea under pulsce in India 16 24 million hecteres its production
18 only 12.44 ©31l1lion tonnes with an estimated value of {5.700 million
(Vevai, 1970). 1In Karnatsks, the area urder pulses is 12,77 lskh
hectares with an estimeted production of %,61 lakh tonnes., Of this,
red gras (Calenys caje: Limn) alone acecunts for over 3.04 lakh
hectares and productior of 1,82 lakh tonnes, respeetivelyi.

In order to meet the ;rowving derand of pulses, greater emphs~-
8is 15 being lald in recent ycars by both Central and the State
goverments on increased production of pulses by means of both

extensive and intensive cultivatiorn.

1. Final Forecast Heport issued bty the Bureau of Feonomics and
spatisties, Kernatake, for the year 1977-78.



In the Agricultural Universities and Agricultural Research
Stations, all over tbe country, sfforts sre being concentrated on
 breeding prograsmes to get better genotyve for btoth quality ard
Bighor yield souplsd vith pest and disease resistance, drought

tolerante and resromse to better agrontmic practices.

More than 150 speeics of inse@t rests are known to attack
pulse crops both ia flelds and storgge cunditions in India. Of
these, 25 species ¢ause appreciably sericus dsmage. Bruchids
assume greater japortance as pests as they dssage the final produce
in the ficld as well as in the stores.

A total of 117 speeies belonging to 11 geners of bruchid
bave, so far, been listed in Iniia (Vasirani, 197S§ Arors, 1977).
Of these, the genus Callosobruchus includes three economically

isportant species, naael;, . gningnsis (Linnseus), C. maculatus
(Fabricius) and C. mnanlis (Fabricius).

Considersble amount of work has been done on the taxonomy
of bruchids (Mukerji and Chatterjee, 1951; Southgate gt gl.» 19573
Arora, 1977). &Studies on the biology under laboratory comditions
sre aleo not lacking (Kunaicarnnan, 191%; Haricharan Singh, 19623
Raina, 1970)s Though it 1s widely aecepted that the infestation of
these species 13 carried from tne fleld to the stores, no informa-
tion 1s available on their biology and ecology under leld conditions.

The use of life~tables showing changes in population during
different developmental stages throughout the life eycle of an insect
in the naturel environment has been considsred to be one of the most



iwportent approsehes in understanding populetion dynemics
(HBargourt, 1%%).

Life~tables have bLeen prepra:ed for two dozen inscet species
infesting forest, orenard and agricultural crops (Beaver, 1966}
darcourt, 1569 and 1¢73 Hareourt and Guppy, 15753 Balraj Singh
et ales 1977} Jayaratbnam, 1977, |

¥ith a view 0 obtain detalled infornmation on the biology
srd ecclogy of C. ghinensis, especially under field in South Indian
conditions, detallzd stulies were undertaken during the period
Septemter 1976 thnrough September 1977 on the following aspeetss

a) Determination of bruchid fauns infesting verious
pulse erop seeds in the state of Kerrataka.

b) Biclogy and ecclogy of G- ghinenais unler laboratory
econditions,

e) Field tioloyy and ecology of Q. ghinersis including
life~table atudies,

d) Testing of seeds of varieties of A4ifferent pulse
 erops for their susceptibility to bruchids.



REVIEW OF LITERATURE



CHAPTEL 1X

EEVIEW OF LITEHATURE

Bgonomic Importangy

Brucliids have been consldered as major posts of stared pulse
seeds tban as pests in the field. Chondola gt a}. {196%) have
placad the loss of ¢ow pea due to Callosotruchus sbinensis (Linnesus)
ot 16 to 2C par cent in stores. The 19es durin; storage of pulses
- due to insect peats has Lecn estimated at S per cemt (Anonymous,
1$70). Further tos expert committee constituted by Goverment of
Indis in 1967 has also put the post-harvest 1oss of pulases due to
inseet peat ot S per cent in Tpdis (Girish end Krisunamurth;, 1972).

Fletcher (1918) reported the incidence of $. ghirensis on
cow pea in Indle., 4ocording to Bindre and Jekhmole (1967) pulse
beetle attacked red grem only et harvest time snd most of the damege
to grain wvas done sutaecuently. The per cent pod attacked in the
field varied from 1.2 to 10.2 averaging 5.1% and that of seed ranged
from O.4 to 4.8 per cent averaging 2.25. Tae 1oss in weight of the
dasaged grain veried f:om traces to 25.37 per cent. studies carried
out at Internstional Crops Research Institute for the Semi-Arid
Tropies, Hyderabsd or pigsorn pea, pod samples collected at different
locations of Andhra Predesh revcealed on an average of © per cent
attack of bruchids with incidence in one cese being 2% per cent, The
report also observed that the per cent seed damaged by bdruchids
varied from zerc to 26.4 per cent vith & mean of 3,49 (Anonymous,
1976). Damage by C. ghinensis to red gram seeds in the field ranged



from 16,4 ¢to 40.7 per cent as reported by Gunathilagersj et sl.
(1577) from Coimbatore.

Soamon Tape

Bruchids have been referred to by severel common names. In
western countries, they are commonly referrcd as 'Bean weevil!
(Larson and Fisher, 19583 Mitehell, 1975).

1n Indis. 'Pulse bectle' 46 the most common name by which
it has been celled (Xunhi.annan, 19143 Ayyaers, 19403 Prutni, 1969¢),

Exuebid Feupe of Indis

Vezirani (197%) in his check list, 11sted 99 species of
bruchids of wnich 78 species are from Imdia which include 13 cosmo~
politan species. Arora (1977) in his ‘Taxonomy of *he Bruchidae
(Colwoptera) of Nortu-vest India’ deseribed 48 species of which .29
wvere new, With tais, the nunber of btruchid species reecorded in
India totalled 117,

Kegarding bruchid species occurring in Kernataks, in the
erstvhile Mysore State, Kunhikannan {(191$) recorded four species
vhich included C. ghinensis (Linnseus), C. gnalls (Fabricdus),
¢ quadrimsculstys (Fabricius) and an unidentified specics on
pulses in stores. Usmsn and Puttarudrieh (195%) listed sevan
species of vhich two species were on pulse ¢rops namely,

E. theobromac (Linnseus) on Cajanus pods in the field amd

G gninensig (L.) on Beugal gram, lab-lab end green gram, stc.,
taroughout erastwvhile Mysore state. with this, the total number
of bruchids recorded in Karnataku rose to nine,



0 Br [ roat

Pic (1902) proposed Cplioscbruchys as s new sub-genus of
Bruehug. Eridwell (1525) elevated it to generic status and
designated Bruchus scutellaris (=Qureulio gbipnensis Linnseus
1758) as the type species.

The synorymy and the deseription of the Cpllosobrychus
galnensise $o 3aculatus, C. pnalls end C. togobrogse are as

followss

1. Gallosobruchus gninensis (Linnaeus)
Surcullo chinersig Linnaeus, 1758, Systema naturae, ed. 10, 13396,

Bruchus pectinicorus Linnacus, 1767, 8ystema naturse, eod. 10, 11605,
Bruchus rufys Oegeer, 1775, Mem. Ins., 5:2%1,

druchus soutelleris Fabriciusy 1792, Intomologia ystematica, 11372,
Bruchug bistriutus Fabricius, 1901, bystema Fleutheratorum, 23402,
Bruchys barbicorniy Yabricius, 1901, systema Deutheratorum, 21403,
Brughbys glegung Sturw, 1926, Cat. meiner Insecten, usamlung, 18243103,

Auclys cuincnais wehonnerrs 1853, Geners at Species Qurculjonidym.
13101,

BEuchus sdustus “otschulsky, 1974, Bull. Soc. lap. Nat. Moseou,
46:227 (1873).

loatss
Dolichos lab-jab (Medic), (Usman ard Puttarudrish, 195%).

Glycire nigpide (Haricharsn uingh, 1¢62).
Cicer srictirum Linn. (Bengal gram), Lons gulinaris Medik (Lentil),

Lhaseolus sureus Roxt. (Greem gram), P. ggoritifolius Jag. (oth bean),
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Dolichos bifiorus Linn. (Horse grem), Cejanus gajen (Linn.)
(red gram),
Vigne sinensis (Linn.) (Cow pea)s Pisum sativum Linne (Pea),

Cassis tors L. (Penwvar), igagis 3odests “all., (’nalla)
( Arora, 197”)0

Sexusl dimorphic charagters:
Male <~ Antennec long enrd pectinatej; e pair of tubercles

present et the beses of 3rd and 4th :tuo of esch
elytrong length = 523 to 35.36 mm,

Female - Astonnae short and sub=serrate; elytral tudbercles
absent; length = 3.4 to 5,56 mm.
(Faina, 1$70; Arora, 1977).

2. Callosobruchug meculatus, (Fébricdus)
pruchus paculetus rsbricius, 1775, oystema Entomologica:6%.
Eruchus guedrimaculstus rabricius, 1792, Entomologis
Gystematica, 1371,
Brughus Orpstug Bohemarm, 1829, Nouv. Mem. Soc. Nat. VMoseou, 1:103,
Brugnus yicinus Gyllenhel, in ichonherr, 1853, Cenera at Species
Cureilionidum, 1136,
Erycbus ambizuus Gyllenhal, in Sehorherr,1833, Genera et Species
Curcilionidu», 1:11,
Hosts:
Ehaseclus gureus oxb. (Greem gram), P. gsgcnitifcliug Jea.
(“oth bean), P. gungo Linn. (Bleck gram), Vigna !.12!.'.‘:.'.1! (Linn)
(eow pee)s Cejanus g¢ajan (Linn.) (iled gram), Cicer arjetinum Linn.



(Bengal gres), Pisus sativuz Limn. (Pea), (Arors, 1977).

Male - Mtem long and deeply serrate; elytra without
 aistinet C-shsped arcas of wiite pubeseence;
pygiddum urniforaly covered with gclden setaey
lergth = 5.29 to 4,95 mm.

Fezale +~ Aantennac saort amd sub-serratey white pubescence
on the elytras foreing tvo distingt C-shaped areas
with their Lsses fscing each othery pygidium wvith
& pair of black postero-latersl spotsg length
4.0 to 4.81 as.

{fiaina, 19703 Arors, 1977).

3+ Callosobruchup gnelis (Fabrieius)
Bruchyug srelis :abricius, 171, ipecies Insectorum, 1573,

Bruchys Jekeli Allitart, 1947, Rev. Zooclogique, 1947:15.
Brychus glsgber Allibart, 1847, Hev. Zoologique, 1847116

Hogts? |
Phaseolus sureus lioxb. (Green gram), P. goonitifolius Jea. (Moth

bean), P. gungo Linne (HMeck gram), Yiins ginensis (Linn,) (Cowpea),

Sicer arjetinug Linn. (Bengal gram), Glyeine max Merr. (coy bean),
Calanus gejan (Limn.) (Red gram), (Arora, 1577).

Saxual digorphic charsoters s ,
Male -~ iegh elytron wWith & pair of black naked spots separated
by & petch of dull white setacs pygidium verticsl,
Antennae slightly thick; length - 35.64 to 3.96 mw.



Female - "ach elytron with & pair of dari bleck spots
separated by a pateh of shiming waite setae;
pygidium oblicue. Anternae slightly thing
length = 3.22 to 3.89 mm.

(Raina, 19703 Arora, 1977).

4. Callosctrucpus theobronge (L)

Bruchus theobromae Linnaeus, 1767, cSystema naturae, ed. 12,
11608

dosts:
Cajanus (Linn.) (Usman and Puttarudriah, 1955)., Iheobromae

feminibus, and Cajenus indicus (Vaszirani, 1575), Glyeine max Merr
( Arora, 1977).

~ 3 » *
i H

Male - Antennae tnick, long and serratej pygidium
vertical and hardly visibtle in the dorsal
view; lerngth - 4,02 to 5,01 am,

female =~ Antermee narrowy, slightly snorter ard sub-
scrrate; pysidium subt-verticel and visitle
dorsslly; 1length - 5.8% to ~,0% an
(Arora, 1¢77).

Life distory of C. shinensis
iggs!

Cval, plarno convex and transparent at the time they eare
leid (Xurhikannan, 1913 Reine, 1970). The former has specified



the length of the cgg to te 0.5 mm and width to be half of that
of length, Howe and Currie (1964) reported an incubation period
of 4.2 days at 30°C and 70 per cent relative humidity on cowpea
vhereas under similer conditions, Haina (1¢70) recorded 3.% days

on green gram.

iecording to hajek and rendey (19%5) incubation period
lasted for 3 to 18 days on cow pea under laboratory econditions,

During the eold months im tne fleld the incubation period
varied from 10 to 21 days on cow pea in Africa (kaife, 191%).
Howe and Currie (1964) reported that none of the eggs hatched at
40°C. The optimum condition for rapid development wes 50°C and
70 per cent relative humidity. The incubation period increased
at both lower and higher humidity as well as lower and higher

temperature.

Laxya:

Kiley (1392) noticed H-shaped pronotal irduration of chitim
in the first larval irstar of Mylabris obtectus -ay, and_Bruchus
fabge Kiley, es eerly as 13¢f, Chittenden (1993) was the next to
deseribe tne tnoraeic plates in two more species namely . ghinensis
and Y. guedrimegulatus, but 4id not study their function. Wnile
deseribing prothoracic plates ir eight different species of bruchids
Kunhikannen (1¢2%) elucidated in detsil the functioms of these plates.
Aecording to him these plates with chitinous spines nelped the larva
in the process of hatching to hold on to the egg shell for getting
proper hold of the seed surface by 1ts mandibles eand to cut through



tohe seed coat. According to Vam :mden (1545 ) the first instar
larvae bear a large spine on eitner side of the first abdominal
segnent and two groups of small spimes dorsally on the tergal
plate of the pronotum.

Agscording to Xunhikannan (191%) first instar larvae measured
0s5 mm loOnge.

Kurhikannan (1923) reported that tbe legs of first end
subsequent larval sta;cs, were atrophied, and as such gripring the
surface of the seed with legs was not possible. He further stated
that the frass produced ty the larvac filled the egg shell and gave
the empty shell a wvhits appearance which wes an indication of
suecessful penetration of the larvae into the seed,

Aeording to Howe ard Currie (1964) C. ghinersis underwent
four larval irnstars vwith a mcen duration of 2,9, 2.%) 2.5 and 4,2
days at 30°C snd 70 per cent relative humidity on eow pea. In e
study conducted at Dolhi, Rajak and Pandey (196%) otserved an average
larval neriod of 29 days with a mean duration of four instars deing
2.4 3.5, 6,4 and 16.7 days respeetively on eov pea except in winter.
However, .aina (1970) found that the larvae underwent four moults
before pupation,linder ield condition, In Afries, Skaife (1918)
otserved the larval duration lesting 4 to S months during cold season
but about five weeks in summer,

Luis:
The mean pupal duration was over 2,7 days (at 30°¢c amd 70
per cent relative humidity) (dows and Currie, 1964). Fajak and
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Pandey (196%5) cbserved a pupal period of 6 to 21 days. iHaina
(1970) observed that before pupation the final instar larvae
chewved & circular hole nesr the seed coat until only a thim
layer of testa was left intact which gave an appearance of a
twindow' or dark spot. According ts him, this was an indication
as to pupation, which was noticedi in most of the cases. At this
stagey the finagl inster larvae 1lald 4tselfl with its mandibles
facing the window and unierwent pre-pupal and pupal development
(Howe and Currie, 1964; Kaina, 1970).

Jotel develovmental perdod:

The total larvel and pupal developmental period of C. ghinensis
on different host seeds were 18.9, 19.2, 26.4, 21.5, 22.9, 22.9,
5843, .4 and 35,2 days on labla (Pheseolus gelgaratus)s beans
(olichos lab-leb)s moong (P. gurgo)s moth bean (D. aconitifolus),
ksbli gram (Cicer arietimnum), desi grem (Ciger arjetirum), mash
(Pe rodjstus), lentil (Lens esculents) and soy bean (Glycine hispids)
respectively at room temperature, Further the inseet failed to
develop on peas (Pisum gativum), cov pes (Yigns gatjang) and guar

(Cysmopsis psorsliojdes) (Haricharan Singh, 1962). According to
fowe and Currie (1964), the optimum temperature and relative humidity

for the rapid development of larval and pupal stages of C. ghinensis
were 50°C snd 70 per cent relative humidity andl none could develop
completely at 37.5°C.

Fajsx snd Pondey (1965) stated that the total developmental
period of C. ghirensis differed frow season to secson with a minimum of



17 days snd  gaximum of 114 days on cov pea. It lasted frow 21
to 27 dsys dth an average of 22.3 deys on mung (.iginay 1570).

Howve and Currie (1964) and oimha and Utida (1967) considered
a temperature of 17°C as minimal for the development of . ghinensis.
However, Utida (15T1) was of the opinion that the threshold of deve~
lopment was 17 to 19°C for C. maculatus amd 12 to 13°C for
& ghinensis.

The pre-adult developmental period of C. maculatug was
negatively correlated with temperature and wvas also affegted to a
lesser degree by husidity. However, lower huaidity prolonged the
developuental period (Booker, 1967).

A3ult emergenges
. sehalk and Fussoullsn (1673) observed 22 per cent of emer-

gernce of Fo progery of C. agculatug on cow pea pods. Sangapps and
Balaraju (1577) ocbserved 22.8 per cert and 10,3 per cent emergence
of Co gchirensgis from eggs 1aid on green and yellow pods of red grae
respectively. Gurathilagsraj g% gl. (1977) ocbserved an emergerce
of 47 adults from 79 eggs lafd (59.49 per cent) on green pods end
51 adults from 61 eggs (51,66 per cent) laid on mature pods of red

g5,
fex_ratlos
Males wvere sore numerous than females aceording to Haricharan

5ingh (1965), Teotia and oingh (1966) otserved that the ratio of
fenales to males was generally higher on the more mutritious seeds.



The proportiom of L. gnells femalesvwas fourd to vary inversely
vith the tezperature as opposed to which males ocutnusbered females
‘under all conditions (Adarsh and woni, 156%)e iaina (1$70) found
that sales and females occurred in equal numters with males having
s sligat majority (6 1 %).

datine:

Although one mating vas sufficient to ensure egg laying,
repeated matings were observed (laricharsn Singh, 196%§ Hainam,
1970). Eaina (1970) obtserved that adults moved within the seed
for some time ard were sexuelly mature when they emergei. The
adult mated within an hour of its emergence and it lasted for
% to 8 min. Jocording to Fajani and Mohindergdll (1974) the
adultshid themaselves unier sced but corulated vith equal efficiency
both in darkness end light.

Adult feedir.: |

De Luce (196€) reported that the adult species of Cplloso-
pruchus do not require food for survival or reproduetion, whereas,
Pajeni aml *{omngcrgnl (1974) otserved ths adult bruchids to consume
the pollen of pea flours.

Ere-ovipeosition period:

Howe and Currie (1964) observed very short pre-sviposition
period after emergence. Agcording to Baina (1¢70) meting and oviposi-
tion followed emergence. p



Qvipositions

Utida (1943) reported an initial oviposition of one egg on
each availeble seed ard that further oviposition was st raniom,
Hovever, -aina (1¢70) observed that usually one to thrce eggs were
laid per seed althouzh as many as seven eggs vere also found on a
single seed while there vere still e few seeds without eggs.

G- g¢hinensiy inhitited a second oviposition tnrough a chemical
sarker (lamzou, 19533 Oshime ¢t al., 1973)e But aceording to Saleh
(1954 )y a perticular smell given off from the infested cov pea seeds
actcd as a stimulant for oviposition in C. msciylatus.

Colour (Booker, 1967) ard light (Pejani and “ohirdergill,
1974) nad no influence on egg laying.

Fleteher (1¢18) rccorded the field irfestatior of bruchid on
eov pea rods. Pridwell (191%) .ave en account of field tioloyy of
€. ghinensis. It wes otserved to lay egus either on the unbroken
red gram vod cr if the pod hsd burst open, upon the beer. Adults
developing from these eggs meted emd oviposited before cutting their
vay out of the pud. On cowpea, 1t preferred dry ami ripe pod
(ukmife, 1518). According to Kunnicsnnan (191¢) the teetles got at
the «xposed seeds in red grawm pods zt the time of harvest and laid
eggs on them. Infestation also took place during the interval bet-
ween harv:st and storsge or in the store ftself, pPrevitt (1561)
and Casevell (1961) otserved that in the field oviposition by
Ce gecylatug 414 not commence until cow pes pods wvere fully formed
and appeared light coloured. Raina (1971) recordel . chirepsis
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end C. macylatus ®& field pests of cow pea (Yigne unguiculets),
mung (Pneseclus gureus), urid (f. mungo), chick pea (Cigcer aritinum)
and pigeon pea (Cajerus cajan) and C. theokromes on pigeon peae

He further reported thst C. gchinengis end C. megulatus 1aid eggs

on half shattered pods of redgram irn which a few seeds lay exposed.
Further, ne stated that females urder captivity laid eggs on the
whole pods of cow pesy mMungy urid and red gram. There was 9% per
¢cent larval mortality and that a few of the adults develored, could
not chev their way out of the pod and consecuently died inside.

According to Schelk and Russolion (1673), when adults of
L. paculatus were given & free choice for ovirosition on cow pes,
developing pods were preferred over mature pods when both sets of
pods were stleast 8 cm long. &angeppa and Balaraju (1977) observed
highest number of eggs on green red gram pods followed by yellow
pods, dry and tender pods in that order. Lyperiments conducted by
Gurathilagera) gt 8l. (1977) at Colmtatore revealed tnat C. ghinensis
preferred developing and mature pods of red gram for oviposition
which allowed the emergence of )1 adults from 61 eggs laid on mature
pods and 47 adults from TS egys laid on green pods.

Fecundity:

Tskasugl (1924) reported a fecundity of 70 to 80 eggs. The
number of eggs laid Ly & femele C. ghinensis ranged from 20 to 64
with an average of 4% oggs at 30°C and 70 per cent relative humidity
and oviposition rate reached a maximum after 2 to 3 days of emergence
after which it fell aquickly at high temperature and more slowly at



lov temperature (Howe and Currie, 1%54), iajak snd Pardey (1945)
recorded 50 to 103 «ggs. JAecording to Raina (1¢70), 2 female leid
on an averaze T8 eggs, ranging from €3 to 90 over a period of eight
dsys., He further reported that the maximum 4eily egg lay oecurred
in the first 2¢ nours and the number gradually dropred t11]1 the
last day of oviposition,

Adult dongevity:

A longevity of 4.2 to 7.5 deys in April to Uetober and 12,3
days in November in respect of nele and %.1 to 9.5 ard 15.6 days in
the same months, respectively, in respeet of females, was reported
bty daricoeran &ingn (196°), Haricharsn Singh (1965) and Haina (1¢70)
reported that unmated females lived longer then meted females. The
latter d1d not observe much difference in the life span of the two
sexes, However, he found that melcs lived for 6 to 11 days averaging
7.6 days, while femsles lived for 5 to 10 dsys with an average of
Ted dayse

Hiternstion:

There 1s only one report pertaining to hikernation by Liejek
ard Pardey (156%) wuo observed that larvee of Ce ghinensis hiternated
during coldest months of the y:ar (Vovember to February).
Humber of generstions:

Haricharan Singh (1965) reported eight overlapping genmerations

of Co ghipensis in a ycar at Delhd on cow pea. Laboratory studies
carried out et lyderabad indicated that there could be 11 generations
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on red graa during s period of ten months at room temperaturs
( Anorgrmous, 1976),.

Isturp) cnegien?

Parasites vhich have been recorded and reared on C. ghinensis
ard C. maculatus from different eountries are listed hereunder:

—_Neae of toe perasite Country __ ieverted by
Hosts Callosobruchus Sulnensis (Linneeus)
Insecta

Orders Hymenoptera
¥Family s Pteromalidae

1. Brugnobiys colepani Cruf. India  Cravford (1913)

2. fruchobiys yegebyndus Timb., Hawail Timberlake (1976)
India Ussan and Puttarudrish

: (1955)
5« Aplastomorpha galsndrge How. Malaya Carbett and ¥Mller (1933)
4. Pteromalys sp Formosa Takshashi (1937)

Fasily 1 Trichogrammatidae |
S. Uscans seaifusipennis Gir. Hawvaii Bridwell (1918)

6. Uscens pukeriii (Mami) Indda Ll st al. (197%)
Family s .upelmidcrc—
7. Eruchocids orjentelis Crwf. India  Crawford (1913)
Acarins
Order s Prostigaata
8. Pyegotes Yentricosys Wewp. 8. Apriea Skaife (151%)

Indie Kuniikannan (1916)
Host: sm.mmm meculatus (Fabricius)

Insecta
Order Eymnopteru
Family s Pteromelidae

1. W m AShE « UsSede Cravwford (’9‘})



2. Chsetospile clegens Westv. Hawaii Bridwell (1919)

3e Aplastomorpha galenirge Howe U.seAs  Cotton (1923)

4. Brugchobius yegabyndus Timb. llaweid Timberlske (1926)
Faaily $ Trichogrammatidae

S. Uscang senjfumivennis Gir. U.S.de Paddog¢k end Reenhard

(1519)
6. Chagtostricha mukerjii Mani, Indla  Mani (193%)
7. Uscana sp India  Arora (1966)
Acarina

Order 1 Frostigmata
8. pyemotcs yentricosus Mewps UeSeds  vedlss (1915)

igo}o e
Lifectable studles:

Though life=~table studies under laborestory conditions for
many species of stored product ineluding Cgllosobruchys have been
made (Atwal gt al.» 1568) such studies under field conditions on
Bruchidse are not reported except for a study of Mitehell (Personal

cosmunication) on Minosestes smicus (Horn) infesting pods of Circidium
floridup EBenthi (Fam - Fabucesme).

rosting of veeds of Different Pulse Croo Varjeties
clative cuscentibility to the Attask o Druchidi

Literature on the screening of secds of verieties of d1ffe-
rent pulse crops for their relative susceptibility to the attack of
bruehid is plenty btoth from India and cutside as well.

trivastavs and Bhatia (1959) observed that in sword bean,

hyacinth grem, kidrney bean a&nd soy bean, the first instar larvae
of Co ghinergls entered the se:4 to & pinpoint, tut were all found
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dead. Lin (1964) reported that red bean and green bean were

found to be heavily infested bty C. gninensis while soy bean, green
80y bean and ground mut were apparently uninfested. Of the Japanese
and Isracli strains of C. chinensis which were tried to be raised

on different varieties of soy beans by Applebaum et sl. (196%),
Jepanese strain failed to develop in any of the varieties but
Israily streins showed partiel larval development although mno
larvae reached pupation. Chopra and Khureb (1970) otserved that
cow pea and peas were fairly resistant to C. gnalis, whereas mung,
moth grem &nd urid were susceptible. &tudies conducted at Indian
Agricultural Research Tnstitute on three varieties each of different
pulses nsmely, green gram, black graw, rea, lathyrus ard bengal grea
indicated that Bengel grem variety B0-109-1 was highly resistant
and it was concluded that large and smootin seceds wvere preferred for
egg laying asltnough it was not necessary that such seeds were equally
more suited for completing tne development. It wes 2lso otserved
that for completing the life eyele, mirigum time was teken in green
gram and cow pea whereas the longest duration was in the cesse of peas
and lentil (Anomymous, 1971). Aecording to chiveshankar gt sl.
(1972) out of tnree black gram varieties studied, sSinghihed (m,)
subowed a high degree of resistance to C. ghinensis.

Goknale (1975) observed thet out of 13 species of pulse seeds .
moth besn proved to be of maximum food value to C. meculstus fllowed
by green gram, red gram, cow pea, Bengal grem, chick pea, black gram,
pea and hyecinth bean in decreasing order and that the inseet



21

'cospletely falled to develop on sqy bean, lima bsan, French

tean snd lentil. Orowth index of 0,091 (Bengal grem), 0.0%% (pea),
0.079 (green gran), 0.075 (red gram) and 0.0% on soy besn for

G ggculatus were reported bty Girish gt al. (1974). They further
obtserved tnat though soy beany Bengsl gram and peas were preferred
for oviposition to otner pulze soeds, however, the developrent of
C. maculatus was not better in these sceds,



MATERIALS AND METHODS
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CHAPTER IIX

MATERIAL AND METHODS

samples of different pulse seeds nemely, red gram (Cajenus
gajan Linw), black gram [Viins mupgo (L) Hepper. (Phageclus mungo
Linn.)] , green grem {Y.radiste (Le) wilcaek (D. aureus "oxbe )] o
cow pea [¥. ynzujculats (L.) valp. &ut. sp Cylindrics (L.) var.
Eseltine, (Yigns sinensis savi)], horse gram [Y. yngujculata (L.)
walp. sub. sp Ynguiculsts, (Dolichos biflorus Limn.) , Bengel gram

(Cicer srjetirum Linn.), field bean (Lab-leb niger Medikus), end
soy been (Glycire gex Merr.) were collected from the distriets of

Bangalore, Bellary, Bidar, Cnikmagelur, Cnitradurga, Gulbarga,
dassan, Kolar, Mandyas, Rgichur and Tumkur. Tine sa®ples colleeted
from the thresning yard(s)/the standing crop(s) neering harvest as
well as from stores were appropriately labelled. Immediately after
resching the hesdquarters, hundred seeds were collected et rendom
from esch of the semples and kept in specimen tubes (6" x 1), The
mouths of the vials were properly stoppered vith cotton wvads. The
nusber of sdults emerging wes recorded every dey till the emergence
completely ceased. The percentage of the infested seeds that wes
carried from the field to the stores through harvest was worked out,
The species of bruchids infesting pulse seeds and the extent of
infestation by each species were established.

geasonsl lIncldence

The seasonal incidence of the truchid species namely



23

Calloscbruchup gndnensis (Linnaeus), and C. theobrogag (Linnaeus)
on red gram were studied. The adult bruchids were collected bty

sweeping with hand net every week during September 14976 to Jyly 1977,
Toe number of sweepings consisted of three sets of nvecpings'in three
locations, each set comprising 20 sweepings (total of 60 sweepings)
per plot of 10' x 10', “umber of bruchidas per 20 sweepings of one

set was recorded.

For thc seasonal incidence studies on starnding crop of red
gram vhich wes in fQlowering stage during September 1976 to Jamuary
1977 were made use of, Inflorescence were obtained during the
remaining period of February 1977 to July 1977 by growing a short
duration, photoinsensitive variety (Prabbat) of red gram at wonthly
intervals.

Life Uistory Studies of C. ghinensis

8tock culture of C. chinensis raised from a single pair om
red grea secds was meintained throughout the study in plastie jars
covered vith msuslin cloth held in place by a rutber band.

The 1ife history was studicd for six generations \inder lsbora=-
tory conditions on six hosts namely, red gram (variety bg)e green grem
(local ), cow pea (loecal), black grem (ms). 80y tean (Hardee) and
field bean ('ebbal Avare=3) during the period Jamary to Jume 1977,
ked gram was used as the main host from February to June 1977 while
seeds of other pulse crops were used for studying the life cycle for
one generation only. Green gras and COw pea were used as hosts in

the first generation, osubsenuently, red gras was used consgistently
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as hosts fo: the remaining period of study, with tleek grem

(second and tnird generation), field beam (fourth generation), soy
bean (fifth generation) as additional hosts and red grem only for
the sixth gensration. The study orn easch host was repliceted four

times.

Cne pair of newly emerged C. ghinensis vas releascd into
each of the four small petridishes (2" x 1"). Ivery day ‘0 seeds
vere enclosed in each of the four petridish for egg laying. Every
morning the nusber of eggs laid on seeds were recorded end such
seods vith eggs were removed and kept separately in small glass
vials 1* x 6", Healthy, sound seeds, free Of eyggs eocual in nunbers
to those were put back into the petridishes s0 as to mainthin the
minber of seeds at 40. The fecuniity, incubation period, larval,
pupal pcriéd were rccorded. For the determmination of the numter
of larval instars and their duration, pre~ and pupal period in red
grum secds the following smetaod was adopted: seeds with eggs laid
on same day ware tsken. Only one egg weas sllowed to remain on each
seed, At the time of experiment, there were totally ¢! eggs in the
first generation (March 1977), 129 in the seecond generation (April
1477) ang 03 in the third generation (July 1977). Of these sceds
only such sceds wimrein egg was observed to hatch and the resulting
grub bore into the seed successfully on the same 4day were pooled and
used for further studies. Egoh day three secds vere disseccted care~-
fully and the stage or inster of the larva present inside the sced
was fixed based on the number of cestings of head capsules present,



25

The process was continued till dissection showed only pupal stages.
Later emergence of adults were observed fros the same stock and

pupal pe.iod was determined.

Several other methods were tried, in vain to establish the
rusber of instars and their duration. They were: (1) releesing
different instars of the grub in flour of red gram seed, (11) cutting
the red graz secd into two halves, making a ssall scoop, releassing
the grub in the grove and tying the two halves togetr}cr. and
(111) sceds %0 scooped after releasing the grub were glued to the
bottom of petridish so that the sctivity of the larvae could be
observed.

The feeding benaviour of adult, mating ard duration of mating,
pre-oviposition period, oviposition behaviour, fecurdity were deter-
sined,

The field tiology of L. ghjpensis wes studied on potted red
gram plents ir glass house. The inflorescence with green to mature
pods were caged Ly using cylindrical plsstic tubes of 3" dismeter.
The open erd at the tottom vas stoppered with synthetic pith sueh
that it held the inflorescence in rosition «s well as prevented the
adult from escaping. The upper open ernd was covered with thim
suslin cloth (Fig.1) for aeration. A pair of newly emerged
C. ghinensis was enclosed in each cage. Insects were removed the
next day snd the numsber of eggs laid wes recorded. Incubationm period
and total larvalerupal developmental period as well as the fecundity
of adult female under field conditions wvere determined,



Fige?! Cylindrical plestic tubes used to caic green to
msture pods under glass house conditions

Fig.2a Cloth cages with polythene windows used for
enclosing C. chinensis on red grem plants

Fige2b Close-up of tne cloth cage as shown in 2a
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8imilarly, in red gram fields cloth cages with pb].rthenc
vindows fitted on to a frame made out of GeJ. wire were used to
enclose the red gram plants (Fig.2ay, 2b). Into each cage a known
nusber of newly emerged pairs of C. ghinensis were introduced for
the purpose of egg laying. Next day the adults were removed and
the rumber of eggs laid on different stages of the pods was reeorded.
Individusl pods were mmbered. Ubservations on the hatehing and
doring into the pods of redgram were made.

wnen completely dry (nearing harvest), the plants were
Temoved. Later the pods were collected and shelled individually.
The seeds were glued on to the paper strip in ths ssme order as
they were found inside the pod. These were enclosed in small round
plastic boxes of (2" x 2%) (Fig.3). The ctservations on the emer-
gence and number of adults emerging wvere also made regularly. Based
on the sbove data the incubation period and total developmental

pericd and sex ratio were deterwmined.

itgdi on _Coar 2 of C. ghinensis apd

Day old females and males were enclosed vith seeds of Bengsl
gran (var.Annigeri), black grem (var.Kiy)s eov pea (var. loecal),
field bean (var. locel), fisld bean (var. Hebbsl Avare-3), horse
gram (var. local), red gram (var. 85) and soybbean (var. Hardee)
for the purpose of egg laying in small petridish, only one egg on
each seed vas retained. The development of C. ghinensis amd
§. msculatus wvas studied and compared in esch of the above eight
pulse seeds.



Flge3 Geeds glued on to paper strip and enclosed in small
round plastic btox for emergence of adult C. ghipensis

Fig.48 Device used to study the effect of light on
ovirosition trend of C. ghinensds

Flg.4b Devise used to study the effeet of light on
oviposition trend of C. gchinensis
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Effect of 1i:nt on the oviposition trends

The objeet of this experisent wes to find out whether 1light
had any positive or negative influence on egg deposition. For this
60 red gram seeds wvere taken in turee separate groups of 20 seeds.
eagh. Each group of 20 seeds were arrenged in 3 to 4 alternate
rows and glued to a common :lack paper strip with space in between.
Three types of lighting (namely, directly abtove the seeds and
1ishting the sides of the seeds) vere allowed On the seeds by appro-
priately tlackening the bottom and side surfaccs of petridish amd
placing thc latter inversely over respective groups. The extrese
two groups of seeds were covered with petridishes the bottom of
vhich was completely Llackened with a black paper. Further, three
quarter of the side was derkened with one cuarter remaining open
through which the 1ight could enter (Fig.4a). The dishes were
placed inversely over the secds. The open sides of the dishes
were kept opposed facing the light source. The middle group of 20
sceds was inversely covered vith petridish whose sides were only
ecepletely blackened and the tottom kept open for the entry of light.
A J-volt bult constituted the light source. This was placed over the
middle petridish (Fig.4b). 4 pair of C. ghincnsis each vere released
on to the three groups of seeds and the entire lot vil kept enclosed
in 8 wooden box, wiidose inside surface wvas also darkened. It was
under observation for s duration of six hours, at the end of which
the number of eggs laid on the shaded and lighted surface of the
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seeds vas recorded. The experisent was repeated three times.
Another experiment was also conlucted in total darkness (wvith the

11ght source removed). The musber of eggs laid was recorded.

Three biologicsl parsmeters nanely, percentage of hatehing
speed of development and sex retio of C. ghincnsjg under the influence
of four tesperature levels of 10, 20, 30 and 40°C, each of them at
relative husidity of 33, 5SS and 80 per cent were studied. Temperature
cabinets were used to maintain the desired temperature levels. Saty~
rated solutions of salts nasely, asgnesium chloride, glucose and
anhydrous ammonium sulphate were used in desicostors (6" diameter)
to cbtain 30, 95 and %0 per cent (y! per cent) relative humidity
respectively (winston and Betes, 1960) under all temperature levels.
The seeds with one ¢gg cath 1laid on the same day per treatment
were takem in petridish (2" x 1%) and kept 4n desiceators. The
experiment wvas replicated twice. Per cent hatching, total develop-
mental period of sale and female, and sex ratio were recorded,
Anotner experiment to study the effeet of temperature at 10°C amd
40°C on the larvs of C. gpinensis was conducted concurrently. Seed
containing hatched larve from the materiel used for the other experi-
ment were subjceted to above temperasture levels. 4t the emd of the
experiment the seeds were split open snd condition of the larve vas
noted, |
Ibarnsl constant of C. giijnensigs

. giiinensis was resred at constant temperatures of 30 amd 2%°C
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and at constant relative nunmidity of 75 per cent and their total
developmental period wes recorded. Using the above data the tempe-
reture tireshold of development of C. ghlnensls was determined as
per the method deserited by Atwal and fains (1974). The value of
theraal constant was computed thus the totsl developmental period
of L. guinensis at ambient teaperature and 7% per cent relative
numidity was studied during *he period 7th July to Sth August 1977,
The prevailing temperaturc during the period of itudy wes recorded.
From this, effective temperature for each dey of development was
computed and their summation (product of effeetive temperatures) gave
the thermal constant,

kife=teble otuddes of C. ghlnensis:

4 preliminary life=table of C. ghinensis on red gram was
studied during the period May/June/July 1977. 4s in the case of
field tiology studies, a number of newly emerged pairs of
C. ehirensig were enclosed for the purpose of egg laying on red
granm plants in reproductive phese by using cloth cages (deseribed
earlier). Next day the beetles were removed gnd the number of
eggs laid on different steges of the pod werc recorded, The repro-
ductive parts of red grams wvere categorized into eight groups namely,
flover buds (upto 5.25th day), flowers (from S.25th day to 6.2%5th day
vith & mean durstion of ome day ), very tender pods (from 6,25th day
to 15.25th day with a mean duretion of S.00 days, the seed not well
developed inside), tender pods (from 15.25¢tn to 20.25th day with a
mean duration of 5 days, seeds developed inside), green pod (from
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20,2%th day to 26.T5th day .with a mean duration of 6.5 days, the
pods being dark green and the pod coet appressed to the seed witbin),
mature green pod (from 26.75th day to 3%.25th day wdth a mean dura-
tion of 8.5 days, the pod coat shining light green in c¢olour and
appressed to the seed inside), yellow pods (from 3%.25th dey to
42.75th iay, with a mecan duretion of 7.5 days, the pod coat yellow
shining and appressed to sced irside), and dry pods (from 42.75th to
- 61.75th day with a mean Adurstion of 19 days, the pod coat being
coapletely dry, vith zar between pod coat and tne seed inside). The
individual pods wvere nusmtered. Observations on hatehing and boring
into the pod of red gram, the nuater of first irstar larvae that bored
into the pod ¢coat dut coﬁld not reach the seed, date of emcrgence of
adult and nuaber of emerging adults vwere sade, V¥When no further aiult
emergence was seen, the seeds were carefully dissected for recording
the numter of desd larvae, pupae and aiults inside the seed. The
colusn heaiings proposed by Morris amd Miller (1954) and ilarcourt
(196%) were used in thw preparation of life-table.

x = age interval, c¢gg, grud, pura and adult.

1x » nuoker klive at the teginning of the stage roted in the

%! eolumn,

\
E
)

nusber dying within tns age interval mentioned in the
'x' coluan, | |

4x{ = mortelity fsetor responsidble for 'ax‘.
100gx = perccntage of mortality.
8 = survival rate .ithin the stage stated in 'x' colusn.
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The contribution of successive developmental stages to the
overall population trend and the key factors influencing the build

up of the bruchid population were determined bty following the
method of Verley and Gradwell (1963, 196%5),

The studies on the reletive suscertibility of verieties of
different pulse crops nemely, red gram (17), green gram (12), black
gram (9), cow pea (10) and soy bean (4) were carried out during the
montis Of April to July 1977. Test samples consisted of 50 g of
seeds from each variety under each crop taken in wax costed ice cream
cups. These uncovered cups were kept in specially maie cupboard with
vire mesh doors (Fig.5a, Sb and S¢) to prevent rodents from entering
and causing damage. The experiment was replicated tnrice.

b) iorged infestation:

"he mumber of verietics of seeds and numbter of erops remained
the same as in the carljier experiment except in case of green gram,
eow pea and soy bean where the numter of varietics was reduced by
29 1 and 1 respectively because of norn-availability., ked grem had
one more variety aided to the earlier lot, 7Tt was ensured thet the
seeds that vere selected for testing were free from infestation,
Taree pairs of newly emerged C. chinensis were enclosed per cup,
the mouth of waich was covercd with muslin cloth (Fig.6).



Fig.%8 Testing for the relaetive suseeptibility of 4ifferent
pulsc seeds contained irn paper cups to bruchid atteck
(sllowed for natural infestation)

Fig.5b Testirg for the relative susceptibility of different
fulse veeds contained in paper cups to truchid attack
allowed for natural infestation)

Fig.5¢ Close~up of Sa, 5






Fige6 iereening of differcnt pulse erop varietiecs for
susceptibility to the attack of C. guinensis
beetles under artificial infestation
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Cbservations on the following five parameters (1) nmumber
of egys lald, (11) percentage of infestation tased on the number
of seeds showing emergence nolos, (111) per cent weignt loss in
seedsy (iv) number of dead adults, amd (v) per cent sced showing

bruchid parssitizetion based on parasite emergence nole wvere made.



EXPERIMENTAL RESULTS



CHAPTEL IV
EXPERIMENTAL RESULTS

Lesults of the investigations on the bruchid faunss field
infestation, scasonsl incidence of pulse beetles in Karnatskas, as
well 88 on the Eioclogy, ecology and relative susceptibility of seeds
of 52 varieties of five pulse crops, carried out during the period
beptember 1976 through ceptember 1977 are presented in the following

Pages.

The data pertaining to the survey for bruchid incidence in
10 districts of the otate (six in southern region and four im
northern region) are furnished in Teble I and IJ. The survey
brought to light the existence of five species of bruchid nemely,
Callogobruchus chinensis (Limnaeus), o theobrogee (Limaeus),
C. maculetus (rabricius), C. analip (Fabricius), and an unidentifted
species. These were found associated with the folloving seven pulse
eropsy red gras ( (jerys gejgn Linn. ) green gram [Vigra rediats (L)
wilesek (Phggeolus sureus Roxb. i. cow pu[!. unguiculety (L.) valp.
wb. ap. Qyrlindrics (L.) ver. Eseltine (Y. ginensisg Linn, ), horse
gram [¥. unguiculets (L.) walp. sub. sp. Unguiculats (Dolichos
biflorys Linmn.)) s fleld bean (Lab-lek Diger Medikus), black grae

[¥. murgo (L.) Heppers (B. gungo Linn.)] and say bean (Glycine msx
Merr.) under cultivation in ten districts of the itate surveyed.

Of the five species of btruchid, . ghinensis wes widely
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distributed in nine districts. It was the dominant species in
that it occurred in five out of seven crops, wuich included green
graz (63.42 per cent of mean number of ssmples infested), red gram
(34.11 per cent), field bean (11.11 per eent), cow pea (6.2% per
cent) ani horse gram (5.°5 per cent) from nine districts of the

State surveyed.

L. tiheobromeg occupied the next position in the field infes-
tation. It was observed to occur only on one erop = red gram
(17.64 per cent) cut of seven crops studied from four districts.
The sdult beetles vere also collected in field wsweepings on red
grem inflorescence in the districts of Bangalore, lgichur, Tumkur

and 7olar.

C. magulatys was the third, eni was recorded from cow pea
(12.% per cent) and field bean (11.11 per ecent),

An unidentified bruchid was the fourth species encountered in
the {ield. The sdult bLeetles were collected in hand net sweepings
over ground nut (Araghis nypogess) (igichur) and red gram (iaichur
ard Gulbarga). Incidence was more om grourd nut then on red gram.

L. analis - Wome of the field samples collected from the
standing crops as well as from threshing yards were infested by
L. snalis. Only the semples from stored green gram seed showed
infestation by C. analis.

Eield infestation:

{eld infestation of bruchid (Table I) was maximun on green
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gram (1.26 per cent) followed by red gram (0.%0 per eent), field
bean (0., per cent), cow pea (0.12 per cent) and horse gram (0,08
per ecnt)e Un black gram end soy been infestation wes nil (zero
per cent). The district-vise data pertaining to percentege of
samvles infested by different bruchid species are snown in Table 1Y.
The data on the percentage of samples of seven crops infested by
bruchids showed that green gram samples carricd maximum infestation
(68.42 per eent), followed by red gram (49.41 per cent), field bean
(22.22 per cent), cow pea (19.75 per cent) and horse gram (5.5% per
cent ), tlack gram and soy been semples recorded no btruchid infesta-

tion.

In casse of green gramy, the infestation wes caused only by

€. ghinensis. C. ghinensis (54.11 per cert) and C. theobromae

(17.64 per eent) shared the infestation in case of red gram samples.
L. ghinensis and C. maculatus infested semrles constituted 11.11 and
11.11 per cent, respectively in field Lean and 6,25 gnd 12,50 per eent,
respectively in cow pea.

Jexorogy
Callogobruchus ghirensis (Linnaeus): (F1g.7ay Tt)

Head medium siszed, bLrown, posterior end broader; frons
eovered wita setae, eyes bulbous and strongl: emarginate. Antennae
dark brown, 11 seguented, deeply pectinate in male and serrate in
female.,

Fronotus sub=conicael, dark trown possess light brown setae,



Fig.Ta C. ghinersis (adult female)

FigeTv C. gninensis (adult zale)

F1g.8 C. megulotus (edult female)
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two sedian prominant callositics st the posterior region covered
with wvhite setae.

Seutelluw square, wvith vihiite setse. Elytra elongate, quedran-
guler rounded at apical margin, length twice the breadth, with reddish
brown backgrourd intercepted by black space. Anterior helf covered
with reddish yellow seate, posterior portion with black setaes, in
betuecen 15 a transverse bond of vhite setae, strise 10, pair of
tubercles at the dsie of ord and 4th strisc in male. Legs light to
dark browny, hini femora bicarinste on interior sargin, esch carina
vita an apical spine, outer spine large and blunt inner spine narrow
and pointed, iHind tibie produced into long pointel spiny rrojection
at its apicel end on the internal margin, a3 seall spine at the spiecal
outer end, between these two are - two tiny spines on either side.
Pygidium, in female oblique trown with s medien row of white setae,
Dull white and vertical in anale,

vize - small:
Vale - Length 3.352 t0 3.40 2@ (mean of 3,36 =a)
Breadth 1.9% to 1.S2 an (meer of 1,50 an)

f emsle = Lungth 3.44 to 3.52 mm (mean of 3.49 mm)
Preadth 1,96 to 2.14 am (mcan of 2,10 »a)

Sallosobruchus msculetus (Fabricius): (Fig.?)

Hoad big Black covered vith white setae, dense on froms.
Ewéc esarginate, antennae 11 gegmented, serrate, longer in male

and shorter in female,
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Pronotums sube-conical, black wvith golden coloured setas

vaich get denser towards nosterior mseifan callosites.

Seutellun quadrangular, posscssing white setse. Elytra elon-
gate, longer than breadth, ground colour black, dark brown to waite
setae arranged in a semicircle encircling the tlack area on easch
elytre seen prowinently in female, fuint in male whose elytra is
testaceou: with gold coloured setme. oprise 10, legs dark drowm
with hind legs black. Hirnd femur bicarinate telow inner carina
possess a narrow pointed tooth, while the outer carina bears a blunt
tooth. Tibia st its inner apical end spine like, cuter svical emd
blunt. Pygidium lignt brown (testsceous in male) becoming dark at
its posterior lateral margin bears vhite setac, otlicue in female
and verticel in sale.

bise - large:

Male - Length 3.32 t0 5,40 wm (wean of 3,36 ma)
Breadth 1.88 to 1,92 sa (mcsn of 1.90 sm)

Female =~ Length 3.44 t0 35.52 s (mean of 5.4% am)
Breadth 1.96 €0 2,14 am (mecan of 2.10 sm)
Callosobruchus anelis (Fabricius)s (rig.9)

Head imall, dark btrown, white setae on frons. Fyes emarginate
separated ty median longitudinal ridge. Antennae 11 segmented, testa-

ceous and sudb-gerrate,

?ronotun sut~conical, dark browm with sparce short gold eoloured



F1g.9 Co 2nalis (sdult)

F1g.10 C. theobromae (edult)

Fige1! Unidentified brucidd (adult)
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setac, posterior margin with & pair of aedien callosites possess~-

ing dense white setac.

Seutellum quadranguler with dense white setac, light browm.
Elytrea with black spot separsted by e tand of wvhite setac, sbout
twice longer than bresdthe «<triass 10 with strise 4 ard ® being
short. Hind legs dark brown, the rest testaceous, femur bicarirate,
esch with sub=spicel spines, inner splne'cnort and pointed, outer
spine longer ard blunt. 7Titia flattened, immer apicel and drawm
into a prominant process, cuter apicel end with a short spine, in
between the two are present tvwo short spines on either side. Pygidium
black, oblique with median tand of white setaec, 1light brown amd
vartical in female.

bizse - Medium)
Male = Length 3,01 to 3,42 sm (wean of 3,19 na)

Breadth 1.50 to 1,76 mm (mean of 1,64 »m)

Pemale -~ Length 3.32 t0 5,62 me (mzan of 3.84 mm)
Breedth 1.20 to 1,99 sa (meen of 1.%4 mn)

Callosobruchug theotromag (Linnaeus)s (F1g.10)

dead medium, browm, sub-conicsel, rossessing gold coloured setae.
Longitudinal ridge betwecen two eyes, oyas large emarginate eovering
most of the head region. anternae testsceous, 11 segmented, thick

long and gerrate in malej short, nerrow and sub-serrate in {emale.

Pronotum sut-conical, brown coloured with golden setae.
Posterior zargin possessing a pair of median caliosites with dense



golden goloured setae.

ccutellum quadranguler, longer than bresdth bears waite
setag, clytra brown with bleck erd vaite patches, strise 1C with a
tuberels ot tase of 5 and 4 strias, Leg trown teatacecus, hind
feaur ticarinete distally, inner cerina apicelly possessing narrow
pointed toatn, outer carina vith suort blunt progess. iind tibia
drawvn into & anell process internally at its apex.

Pygidium brown uniformly covered .ith dense golden ¢o0loured
setac, otliacue in female and vertical in mssles.

bisde - mediums
Male = Length 2.76 to 3.00 wm (mean of 2,90 am)
Rreadth 1,64 ¢5 1,76 o (meen of 1,71 mn)

Female = Length 5.25 to 3.44 mm (mecen of 5.2% =m)
Breedth 1,72 to 1,97 am (mean of 1,85 om)

Brucnug sp. {unidentified ppecies)s (Fig.11)

dead bige black irons carinatc vith white setac) oyes emer-
ginate. Antennse 11 segmented, serrate, first [ive scgments yellowvish,
segment 6 to 11 black. Pronctum, sub-conical, black sparsely covered
vith dull whitc setae. Posterior mergin with two medlsn callosites,

ocutelium quadrangular possess vhitc setae, Llytra tvwice
longer then breadth, tleck with dense small dull white setae, poste-
rior eni rounded, strias 10, striae 4, 5 and 6 shorter,

First and second pair of legs brown, hind legs black with
white setae, hind femur slightly bicarinate distally, tibia flattened


http://Fig.11
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produced into spical inner spine. Pygidius, otlique, black
covered with vhite asetace size -

1 4

o130 - very smalls Length = 1.48 to 1.80 am (mean of 1.56% ma),
Ereadth - 0,93 to 1,00 =2 (mean of 0,94 mm)

The bruchids encountered om pulse crops in Karnetaka cen
be distinguiashed by using the following key! ‘

9. Hind femur without a tooth on 1its cuter side. Gemeral
colour bleck with whitish pubgscence. &sall (length
1.48 to 1.80 mm; breadth 0.%8 to 1,00 M’

secscecvessssscssavesesacssereacecsBruchus sp.

- Hind fesur with a prominent tooth on its ocuter side.

General colour variable, large bectles cvcevececesncese?

2. Males with a tubercle on elytra at the bagse of 5rd emd

4th 'tri.e oa.n....oo.o.‘vnctccnonooouoocctoo.o-ooooooo}

- sles without tubereles on the 6lytra ecceccccecccccccecd

3« antennae strongly dimorphic in sexes. Serraste in female
and pectinate in male. Eyes strongly bulging
seessvensesssesescvececerecaliosobruchiug chinensis
- antennae serrate in males and sub=serrate in female. Iyes
moderately bulging. Ground colour of body pale yellow,
black spots on elytra iniistinctly separated froa dull
vhite setae around them. Pygidium with unieclourosus
setas.

coo-oo.oooooco.oooonoo.oooo.oooogo mm
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4+ A large scute tooth on inner carina of ventral edge of
hind femur present. Colouration strongly sexuslly
dimorphic. Latersl tlack spots on elytra bounied by
white sctae internslly; anteriorly and posferiorly.
White setae together forming in female 'C' shaped areas
or. each elytra, Fygidiai sedisn white sctae present
only In femal® sceccevocescscsccsacecsefe gaculatysy

Tooth én inner carina of ventral edge of hind femur
gither small or absent. “ale and females mo.e Or less
siniler letersl black apots on each clytror separeted
by a bard of white setas. FPygidial median taend of white
seta¢ present in both sexeSesccccvcnceceonceeCe guplis

Seagonal Incidence

The study which was confined to tw specics of bruchids
namely L. ghinensis end C. thgobronug, on red gran was canducted
at the “Main Research iStation (MES), Hebbal during the main

eropping season of September 1976 to January 1977 and from February
to July 1977,

The date pertaining to the scasonal incidence studies are
furnished in Tadble TII. Mroughout the reriod of study, C. theotromae
had higher fleld inciderce over C. ghincnsis. The lowest incidence
of Go theobromag (0.83) vas observed during the month of June 1977
and that of L. ghinensyg (0.00) 4n the month of Geptcmber 1976, The

highsst incidence of C. theobromae (9.00) smd §. ghineryiy (9.00)
was recorded during Jenuary 1577, |
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Mean coatined incidence of (. theobrompc and Co ghinensis
was otserved to te low (1.50) during both Septembter 1576 and April

1977, The combined bruchild incidence whieh was low during beptember
1¢76 (1.7C) which incidentally wes the period of commcnceacnt of
flowering of the muin erop rose during Cetcber 1976 (7.90) with a
alight setﬁack during Noveaber 1476 (7.00) followed by further
ireresse during Decester 1676 (13,%0) witn the peek ircidence im the
sonth of Januery 1977 (17.00) vhich wes incidentelly the period of
harvest. 4 similar trend was otserved in reszpect of C. tisobromsc
during the above period. However, C. ghinensis deviated from the
above trend in that the increasing incidence wss gradual dthout
any setback from September 1<76 to January 1977,

The incidense during the remaining period from February to
July 1577, iluctusted reecording two asall peaiks in March 1977 (3.17)
and July 1977 (5.02) in the case 0. coatined bruchid incidence.
Hovever, s decreasing mcidmee of Cs theobromae was seen during
February 1977 to June 1977 (1.17 to 0.83) vitu a sudden rise during
July 1577 (3.90) watle G- gninensis exhibited s trend similar to that
of combined incidence wWdth two sraller peaks during March and June
1977 (2,00 and 2.82 respectively)e

Seudies revealed that the ocourrence of G ghinensis and
C. theobrogag was negatively e¢orrelated to the tcaperature (-0.672
and ~0.754 respectively) indicating thet with the rise in temperature
the incidence of both speeies of bruchids decreased and vice-versa,
The correlation betwcen relative humidity and bdbruehid incidence was
rot significant.



Wife idistory of C. ghingneols

The data on the developrentgl period of different steages of
C. ghiren.is in red gram sre provided in Table 1V.
e

The egg was ovoid, smooth, drawn almost to a point at the
narrov end., Iamedistely before extrusion, the cgg was in senisolid
state. After deposition on *he seed, the egg shell aljusted itself
to the curvature of the seed with tne result that the egg lost its
comvexity on tne side wnich was in contact with the seed surface
and became flat. Thus the egg assumed oval and plano-convex shape.
Freshly laid egg was transpsrent &nd covered ty s secrotion with
which 1t wvas zlued on to the seed surlece. The mother beetle after
depositing the egg stayed covering the egg for 1 to 2 minutes till
the secretion dried and the egg was fastensd to the seed. The egg
had & mcan length of 0.56 mm (0,52 to 0,60 am) ani a wean treadth of
0.54 mm (0,30 to 0,56 ma).

incubstiogs

The ueim incutation period (Tadle IV), (from the day of egg
laying to complete hatching and toring) umder laboratory conditions
ranged from 6,67 days on red gram during April to %.17 days on green
grem during Jamuary 1977. Fggs laid on the same host on 4ifferent
days of oviposition (Table IV) showed very little 4ifference in the
incubation period. HOwever, mesn incubstion periocd differed markedly
between eggs laid on different crops. Incubation period of eggs laid
on green grem vwas %.17 deys and on red grem €.67 to T.%) days.



4N

Table IV.

Day of

ovipoui- Junuary 1877 March 1977 april 1977 May 1577
tion Green gram led grem ied grem Fed grem

1st day 8,54 6.64 6.5% 732

}rd w 709.’ 7.04 677 7.92

&th day 8,74 Tel8 - 7. 60

éth day 8,00 7.00 - 7.%0

Tth day - . - ~ - 7,00

Gross sean 9.17 7,02 6.67 105’

Mesn tup-

rature ( ¢) 22,99 27.20 28,56 27.998

Mean relative

husidity (per

eent) 63.10 56,65 69.34 78,90

- - e
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In the field, the incutation pericd (Tsble V) ranged from
6.19 duys (Marcn 1977) to 6.4% days (April 1977) on red gram pods.
Under glass house corditions with & mean temperature of 33.07°C
and relative humidity of 71.77 per cent, the mean incutation period
wis found to be 7.9%5 davs.
jetchability :

The hatehability of eggs laid on different days of oviposition
under laboratory were found to fluctuate without iniiceting any defi-
nite trend (F1g.12). The per cent hatching which was observed to be
86,67 (greecn gram) and 90.24 (red gras) for the egg 1aid on the
first day of ovipositior in Jenusery and May 1977 respectively regis-
tered an increase towards thne last day of oviposition to 100 per cent.
The trend was found reversed during March and April 1977 vhen per
cent hatening of egg laid on red grem registered a decline from 85,00
ard 97.67 (first day of oviposition) to 65.67 and 0.00 (last day of
oviposition) per cent, respectively.

The contents of the one to two day 0ld egg becamc granular
and opacue except at the broader end. In the three day old eggs,
the peristaltic movement of the developing larva witn its ventral

surface facing the seed was observed,

The larva emerged using its curved vrothoracic nrlate as a
fulerum waich helped to obtein grip against the btroaier end of the
chorion. The scratehing ceused bty the protnoracic plate was otser-
ved. It then bored into *he sced thrauch *he egg shell. Az the
hatching and toring of larva progressed, the egg turned cream
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Date of e2gg leying —
’ 27177 16.3.77 19.4-73 21¢5.
Particulars (Class (Field) (Field Fleld
houpe) —
Total nusber of eggs 6 285 45 327
Mean incubation period | | | /
(days) Te95 . 6419 6i4% 6.4%
Mean totel larvel and :
pupal period (dl") 55458 30,81 29,52 25.07
Mean dnvelopmental
perlod from egg to ‘
adult (days) 61.%0 37.00 3%.00 31.52
Muster of adults: ’
Male 2 15 ' 1 sS4
¥Fenale ‘ - 2 - 18
Adult emergence (per
Qetit) . 30'2 50“ 2.22 22.02
Mesn temperature (°C) 33,07 27.87 26,70 24.2%

Mean relative humidity
(per cent) T1.T7 86,22 45.60 84.42




ol

coloured due to the accumulation of frass inside the egg shell.

Leryy:

] instars The hatehed larve was & thick set ygrub, pale
yellowish and opaque with clear ennuletions. The hcad was browm
and ¢learly visible. The thoragic legs were represented by conical
stumps. It posseased a pair of pro~thoraeic plates. The emerging
larva bored vertically into the seed for a short diatance and soon
after the first msoult took a turn. Durstion of {irst instar
(Table VI) was 2 to 35, 1 to 3 and 1 to 4 days during “arch, april
and July 1977, respactively. 7Tms length vas 0,49 to 0,55 ma (mean
0,51 am) while the bresdth wes 031 to 0.3) am (mean 0,32 ma).

i1l instars The lerva resembled the first instar larva
exoept foi- the slze and absence Of prothorscic plates. The head
was not distinet but represcnted Ly the prescnce of mouth parts.
The tody was stout, curved with *he thorscie region enlarged thean
the posterior emd. The lerva chenged its path of boring fiom the
vertical to horizontsl path to svold getting deeper into the seed.
The dusation vas 2-3 days (Mirch 1977)y 3=4 days (April 1977), end
1«4 days (July 1¢77), The stage of the grub was detersined ty the
presence of the head capsule szndwitoned tetween the feecal pellets
of toe preceding and the present inatars. The length vas 0.76 to
C.?4 wo (mean 0,80 mn) while the tresdith was 0.76 to 0,60 ma (mcan
0.57 mm ).

111 instars The tnird instar larva did not 4differ much from
the second instar except for the sises, It took 2 to 4, 2, and 2 to 3



Tatle VI,

Day of eocamente-

ment and comple- Dura-
tion from the tion
Gtage of the inseet date of egg laying (rengs)
Exg leying = 15th Merch 1977
Incubtation th day 7
I instar 8th day 2«4
IX instar Sth e« 11th day 2-3
III instar 12th - 14th day 2-4
IV instar 14th - 1%th day 2=3
Pre-pupa 17th - 20th day 1«2
Pupa 19th - 2%th day 2+9
Adult 22nd « 50th day =g
Ega Jaying = Tth April 1977
Incubetion éth day 8
I snastar Tth day 1=3
XI instar Tth -« 9th dey J=4
111 instar A 10th - 13th day 2
IV instar 12¢h - 1%th day 2«3
Pre=pups 15¢th - 17th day 1-2
Pupa 16¢h - 27th day 7
Adult . 25rd - 2%th day ¢
Adult entered pupal stage on 19th 4pril

Eag. daying - Tth July 1977
Incubation Tth dmy 7
I Anstar | Sth - 11th day 1=4
Il instar 10¢h ~ 12¢th day 2-1
111 instar 12th - 15th day 2=3
IV inster 16¢th - 20th ey 4=%
Pre-pupa 20th - 22nd day 4=2
Pupa 22n8 - 3t day 2«4
Adult 29th ~ j2nd day 6




%

days in March, April snd July 1977, respectively, to complete
its development. The presence of castings of head capsules of
first and second moult (Fig.1)) samdwitched by feecal pallets
clearly established the stages of the grudb. The length was 1,00
to 1,40 sa (sean 1,21 wm) vaoile the breadth was 0.6% to 0,96 ue

(wean 0,%0 3’).

IV _instars ilere too, except for the size, *he fourth
instar resendled the third inster larva in its sorphology. The
larval developsent lasted for 2 to 3 ard 4 to & days in April
and May, snd July 1977 respsetively. The stage of the grut was
recognized bty the presence of three castings of head capsules
respeetively of the firsty second and third irstars which were
sardvitehed tetwoen the faecal pellets of preceding and succeeding
instars. The tumnellin: caused Ly the feeding of the grub exterded
upto the seedcoat wvhecre the grub fed leaving & thin layer of testa
eppearing like a eircular spot (window). Towards the end, the
grub prepared an oval pupal chumber by compressing the faecal
matter a;ainst the wall of the tummel. Faeing the eircular spot
(windov) on the seed coat, the larva Decawe insctive without feeding.
The length wvas 1.84 to 3,40 ma (Mean 2,53 mm) ard the breasdth was
1,20 to 2,20 w2 (mean 1.70 =),

E:I‘E}’!"!}:E ]

The pre~pups (Fig.14a, 14d) was quiesecent. The tody divisions
were distinct, The sbdominal portion was btroaier tnam the thoracie
portion in comparison to larval stages. The stage oscupied a period



Fig.t . g?;g%g?q larvs s:ioving castings of head cspsulces
612 gf I1.st (a) amd gecord () moutk und\dtchcd.g* faecal

A
pallets and the mouuth part of third instar grud (e)

Fige14s Red gram seed cut open to show the pre=pursl stage
of C. ghirensis in its chamter = lateral view

Fige14d Led gram sced cut open to show the pre-pu stage
of C. ghinensig in its chmmber ~ ventral mw “
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of 1 to 2 days (April and May 1977) to 2 to 4 days (July 1°77).
The preepura moulted into an exarate pupas Ihe length wes 3.81 to
4,03 a2 (mean 3.%% sn) and the breedth vas 1.95 to 2.14 =a (mean
2.05 mm).
Tupas

The pupa.uas lignt crcam ir colour. Though the appeniages
were free they were held close to the body (Fig.15ay 15b)e The
pups&l stage occupied more than two days extending upto nine days.
4s the pups aged, its colour changed from cream to dark trown, With
the result the colour of the windiow elso changed from light eclour
to dark. Tne colour change in the window was noticed only in
certain seeds like green gram and horse grea and vaguely in case
of red grume The sdult cmerged by cutting all along the peripery
of the window and pusning tne circular 11d outside. The length was
291 to 520 mum (meen 5017 am) and the bresdth vas 1.75 to 2.0 mm

".‘n 1.83 “)0

Under field conditions the adult was otserved to cmerge
through the ssed eocast also by cutting a eircular 144 which remeined
attached to the pod coat st a point (¥ig.16).

Iotel Jarval-pycsl perfods

The date pertaining to larval-pupsl period are prescnted in
Tatle ¥II. The mean larvel-pupal developmental period (Table VIX)
as studied under latoratory coniitions during Jamuery to June 1977
vas shortcst'durina 4pril 1977 (17.5%5 days on red gram) and longest
during Jemary 1977 (23.67 deys on green gram),



Flg.158 ied .rem seed cut open to su.w the pupal stage of
o ghinensis in rupal chamber - lateral view

Fig.15b &“Od gram seed cut open to show the pupal stage of
C. guinensis in pupal chember - ventral view

Fig.16 ued gram pods snowing emergence holes of adult
L. guinensis under field conditions
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(in days)

Jenuary 1977 Mareh 1S77 April 1977 May 1977

Days of egg laying Green gram Jed gram Hed gram fled grem
1st day 25.7 19.33 17.78 17.56
2l day 24,45 16,00 17.30 17.16
Jrd day 25.82 19,73 19,81 17,31
4th day 24,00 19,95 - 17.64
“th day 24,02 18.38 - 19,24
6th day 22,00 - - 19,50
Tth day - - - 16,00
Gross mean 25.67 19.19 17.95 19,20
Mean temperature (°C) 22.89 27.20 28,56 27.89

Mean relative humidity
(per cent) €3.,10 €6.6% 68.34 74,90




ah

Under field conditions (Table V) mean larval-pupal period
on red gram was o:served to be short during Jume-July 1977 (25,07
days) and long during Maren-April 1977 (30.%1 days).

Zotel developmentsl period:

The total developzental period from egg to adult was at its
sindsun during April 1977 vaen it recorded 24,62 mean nuster of
days on red grem and was prolonged during June 1977 when 1t regis-
tered 2%.75 mesn mumber of days on the same host (Table VIIY). The
mean total developaental period on green grem and cow pea during
Jamuery 1977 were 31.84 and 32.56 days respectively. 1In tlack gram
(var. KR3) (Fige17) and field bean (var. Hebdbbal avare-3) (Fig.19)
no larval development was observed since the grud fed very little
and died on the day of hatching itself. Ih the case of soy bean
(var. Herdee) the first inster larva lived upto six days. There
wvas considerable smount of feeding (Fig.19). Wevertheless, it did
rnot undergo the first moult and died prematuredly.

The study indicated a negative correletion betwaen tempera-~
ture erd totsl developmental period (r = «0,9%6) significant ot 2
per eent level. The correlation between relative humidity and
total biology was not significant,

In the f1eld (Table V) the shortest mean total developmental
period of 31.52 days was observed during Msy/June 1977 and the
longest period of 37.00 days during March/April 1977. Under glass
house conditions (Table V ) which had & mean teaperature of 33.07°C
and relstive humidity of 71.77 per eent, the period was extended to
its saxioum of 61.50 days.



F1ge17 Bleck gram (var. Kd.) secd. (eut open) showing deed
first instar grub efd dentn of lerval boring

Fige18 Frield bean (var. Hebbal Avare=3) seed (cut open)
showing the dead first instar grub and deptin of
larvel toring ‘

¥1ge19 ooy been (var. dardee) seed (cut open) showing the
depth of larval boring
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Fig. 12
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Studies on the influence of the stage of the pod on total
developmecntal period (Table IX) revealed that green pod favoured
rapid development (27.50 mean number of days) as compared to
yellow pods wnieh stretehed the period of development (34,50 mean
nuaber of days).

Adult ogergengg:

The sdults 414 not have any 4ifficulty in emerging out of
the seed through tine window wnich was made ty the last instar grub,
It vas observed to make a circular cut along the peripheral mergin

of the window and then pusned tne circuler 11d out. Adult emerged
out through the opening. '

iyen the pups exposed from the dissected seed, was observed
to complete 1ts development giving rise to adult sucoessfully. T™he
failure to complete, as seen in certain cases, was due to the mite
infestation. The mean percentage of eggs suecessfully developirg
into sdult varied in different host seeds (Fig.12). It renged from
81.67 per gent (eggs laid on the first day) to 100,00 per cent (last
day of egg laying) vitn a mean of 86,79 per cent im green gres durirg
January 1977, 90.7! per cent (first day) to 66,67 per cent (last
day) vith a mean of 92,05 per ocnt in cov pea during January 1977}
and 95,65 per cent (first day) during February 1977 to zero per cemt
(leat day of oviposition) during March 1977 on red gram.

A general trend of decrease in the perecntage of cggs deve~
loping into adult fros the first day of oviposition towards the last
dey of oviposition was observed. liowever, increasing trend wves
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Table IX. D { TONR

mwmnntumm.

(ield (in deys) during June«Jy m'u
- - Lervel Total dur:-
No. of Incuba-~ and tion from % adult
stages of the eggs tion pupal egg to emare~
20 26d  pe ' e

Tm.r 9 ‘. 4' - - -
Green pod 42 6.3 21.17 27.%0 25.31
Mature green
Yellow 51 6.50 28.00 34,50 6.4%

Dry 22 - - - -
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also observed on green gram (Jamuary 1977) and red gram (May 1977).

Under field conditiona, adult, after emerging out of the
sced found itself in the space between the seed and pod coat in
which the beetle made s cirecular eut and emerged, the emergent
holes, being seen in the red grem pods (Fig.16)s. The percentage of
€ggs successfully developing into adults in the seeds of red grem
pods varied from 2.22 to 22,02 (Table V). Among the eggs 1aid on
different stages of red gram pods (Table IX), thers was no adult
emergence in the case of eggs laid on tender and 4ry pods. ILggs
laid on green pods, mature pods snd yellov pods respectively accoun~
ted for 223.31y 26,79 and 6.45 per cent aiult emergence,

Mating and oviposition on the seeds inside the nod by the
bruchids after their euergence from ths seed and before their exit
out of the pod, wes not encountered during the course of the study.

. b0t
The ratio of msle to female under laboratbry was Otserved to
ba'uqual during Jenuary/iebruary, April/Msy and Vay/Jure 1977, The

males were slightly prepondent over females during February/Mareh
(67 : 60.2) and Mareh/April (47.% s 3€),

In the field, the male dominated over femsle (Table V) with a
ratio of 2 1t 0975 1 1, 12 0 and 3 ¢ 1 as recorded during January/
February/Mareh (glass house condition), Mareh/April, April/May, and
May/June/July 1977 months, respectively.
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Adult fecdings
study by confining adults on opened {lowers of red gram
showed no aymptom of feeding.

Bre-meting period:

The mean pre-nating pericd was 4% min and 45 secomds with
a range of 5 to 9% minutes.

Metings

The omergirg males were more active compared to female. After
emergence, the malec cnased the female and made a number of attempts
to mate. The females, all the vhile, avoided by pushing avay the
probing sedagus with its hind legs. After nuater of attempts, the
male succeeded in mating with the females. In the process, the male
climbed over the back of the femsle and established union. After a
lapse of few seconds after establishment of the union, the males
elimbed down. Immediately the females tried to bresk the uniom by
pushing away the acdagus with its hind legs in vain. The meting
lasted for a mean period of 2 winutes and 32 seconds (2 minutes and
10 seconds to 5 mimutes and 15 seconds). iepeated matings were
observed mong both sexes. Mating vas otserved both under lighted
and dark conditions.

Erecoviposition ncriods

The present study revealed a mean pre-oviposition period
(between first mating end deposition of first egg) was 72 minutes
and 12 seconds (1¢ ainutes and 45 seconds to 12¢ minutes and 30
secords ).
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Qvipesition:

a) igg leying trepd: Though single egg per sced was common,
deposition of more than one eyg per seced was not uncoamon as
revealed in the present study wherein &s many as three eggs per
seed vere recorded, inspite of the presence of sceds with ocut eggs.
The trend seen unier leboratory coniitions .as conii:rmed under field
conditions too wherein the cgg luying et single egg per pod to as
meny as six eggs confined to a small &arca per pody the 1.t§r teing
1 to 5 seeded (Fig.20a, 20b, 20¢).

b) igg ed ta [ pod
studies revealed (Tatle X) that maximum number of eggs (463) were

found leid on mature green pods of red grem indiceting that it wes
the most preferred stage of the pod for oviposition. This wes
followed by yellow pods (118 eggs) and green pod (105 eggs)e Dry
and tender pods proved to be less attractive to egg laying as revea-
led by 25 and 10 eggs laid on them respectively. des. flowers and

very tender pods were never preferred for oviposition,

Fecundity:

The lowest mean fecundity of 42,62 egg was recorded during
January 1977 eni highest (93.00 eggs) during “ebruary 1977 under
laboretory conditions (r1g.21).

Maximum meen Adaily egg laying was otserved during the second
day (23.07) followed Ly tne first dey (1%.15) and the mumber of eggs
leid gradually decreascd till the last dey of oviprosition. “een



F1ge20a _ggs of Ce giinensis leid on red grem pods - dispersed

F'1ge20b Lggs ol Ce € laid on red gram pods - many eggs
confined to a sm area

Fig.20e Lggs of Cs ghinensis laid on red grem pods - hatched eggs
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Tadle X.

u“‘ ‘ ¥e
house Fleld Field Fileld of eggs
Date of eig 1“1!‘ 27.4.MT 16030” 194477 3’05077 lai

o ————— e

Tender pod - - 2 3 10
Green pod 16 “ 3 a2 105
Mature green pod 48 161 30 224 463
Yellov pod - 798 8 31 118
Dry pod - 1 2 22 - 29

Total 64 285 45 327 7%




duration of egg laying ranged from 4 days in April to 7 days in
February and Msy 1%77.

The temperature snd relutive humidity prevailing during the
experiment did not suow significant correlation with the feeundity.
Under field eomditions, the fecundity was o:served to range froe
48 to %56 egﬁts[temm vith a mean of 52 eggs.

Adult Jougevity:

Longevity as observed under laboratory conditions (Fig.22)
ranged from 5.00 to $.,00 days, with & mcan of 7,27 days (msles)
and from 6.00 to 9,0 davs with a meanm of 7.30 days (females).

Bidberration:

Larvae of Q. ghinensis were not observeld to hibernate during
the present investigation.

Xaturel enemies:

Three parasites which included two hymeroptersus aml one
pite parasite vere recorded on brucnids infesting pulse grains in
the course of the present investigation. |

[yezotes yertrigosus “ewp. (icari t Frostigmsta -~ Pyemotidae)
vas found t0 te associated wvith the adult druchids. The larvae,

vhenever found exposed, by lying outside the seed, were severely
sttaciked by these sites (Filg.25a). The atteek was confined to the
inter-segmental regions (Fiz.23b, 23¢y, 7°) whereinm they pierced
thelir rostrua ard sucked the body fluid. The infested larvae lost
their shine on the body, swrivelled and died. As the feeding by
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Fig.23s Lerval of G pensis (when found exposed) attacked
by Pyemotes yen & parasitic mite

Filge23b Attack of female Do vE'r';trgila gf being confined to
interseguental regions of the larva of C. ghinensis

Flge25¢ Close-up of 23b
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fcmale parasite mite progressed, its atdomen got enlarged giving
un appearance of root-knot nematode (Fige23d). Mites werc always

observed outside the sced and never inside ,

Dinarmus vegstundus (Timberlake) (Hymenoptera : Ptercmalidas)
vas 8 larval parasite of consideratlc jmportance under labtoratory
conditions. The female oviposited Ly drilling (rig.24) into the
secd With the help of its ovipositor. The egys were leposited
inside the noat tody. The alult parasite after emerging from the
host, came ocut of tie seed through timy holea. &eeds with tiny holes
vere indicative of the parasitisation of truchid larva ingide the
seed. On such seeds, the holes caused by emerging siult bruchid were
not seen. Four to six sdult parasites were o:scrved to emerge from
& single parasitiaed btruchid larve and these emerged out of the seed
tarough a single hole. It was also observed that the numter of tiny
noles on seeds corresponded to the mumbtor of bruchid larvae parasi-
tizsed.

upelald vergsite: Two eupelmid alult parasites wers obser-
ved vhils dissecting the seeds oontained in red gram pods brought
from f181d (¥4 .2)e Later ineidenge of this parasite wes not noted,
The parsasitized bruchil larva in the dissected seed was found
shrivelled md dead. |

Studies on the comparative development of C. ghlnensis and
S ascylutys in Bengal grum (var. nnigeri), black grem (var. Kiy)e



F1g+234 [. yentricosus (grevid female)

Flge24 ijfff?ng gaby (female) ovipositing by
; T ng %& red gram seed
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ecovw pea (var. local), field bean (var. local), ficld bean (var.
Hetbal Arvae=3), horse gram (var. local), red grem (var. Ge) amd
soy bean (var. Hardee) secds revealed that C. ghinensis could
complete its development in five (Bengal grem, horse gram, field
bean (var. local), cowpea ard red gram) out of cight pulse seeds.
(Teble XI)e The mean total developmental period of . ehirensis
ranged from a minfsum of 28.74 days (cow pea) to a meximum of 34,00
days (field bean). The first instar larva was found deed on the
first day of hnatching ﬁnd toring irto the seed in the case. of black
graa (var. Knb) and field bean (var. Hebbal Avere-3) wnile the dura-
tion of fi:st instar was prolonged upto six days ani wes observed to
die before mculting in seeds of soy bean (var. Hardee). On the
eontrary C. gaculatus ves observed to develop in seven out of eight
spec¢ies Of pulse seeds, and completed its entire developaent in a
sinimus period of 52 days (eov pea) and » meximum period of 58,22
days field bean (var. Hebtbal Avere-3). Om horse grams, G. zaculatys
failed to lay eggs. Both the species were able %o complete their
development in respect of Bengal gran, field tean (ver. local), cow
pea and red gram.

Effeqt of light on the oviposition trend of C. ghimensis

The study revecaled thnet the adults were attracted to light.
But femsles preferred to lay eg:s on the derker or the shaded surlace
of the seed. In the experiment, 94.86 per cent of eggs were found
1s1d on the derker suriace of the sced vhile lighted surface reecorded



Table XI.

Host g. zsguletys
Bergal gram
(vﬁi. A:nigeri) 31.4% 38,00
Blesek 5r13
(ver. l".ﬂ3 Egg laying, hatehing 354.7€
were cbserved without
any furtaher development
Cov pea
(var. Local) 28.74 $2.00
Field bean Egg laying, hatohing 59,22
(var. acgbul vers obssrved witoout
avare=) awy further develop~
sent
Field bean
{(var. Local) 34.00 45.00
Horse grem
(var. Local) 31.52 Egg laying not obser-
v
Hed grem (var. s,) 31.90 36.00
S0y bean (var. Hardee) igg laying, hatehing 57,22

were observed wvithout
aurtfurthlr develop-
sen
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15.15 per cent eggs (Table XII)e When seeds and beetles of both

sexes were enclosed under complete darkness egg laying was seen all

over the suriace of the seed without eny diserimination,

The development of C. ghipensis was studicd at constant
tempersture of 10, 20, 30 end 40°C cacn at 35 (. 1 per cent), 55
(x 1 per cent) snd 30 (2 1 per c:nt) per cent relative humidities.

nesults of tue expeiiment are givenr in 71g.25.

Ko eabryonic devclopment was oliserved at 10°C even after &
lapse of 15 days from the date Of egg leaying under sll three humi-
dity leveclse A few of the eggs from thne same bLaten along with the
seeds wnich bore them, when Lept at emblent temperature, showed

embryonice devcelopment,

%o natening of eggs wes observed at 20°C ard 33 per cent
relative humidity. Under other two humidity levels of % and 80
per eent hatcuing wes observed to the extent of €% and 30 per cent
respectively(Tatle XII1a). The meen develormental period of mele
(Table XIITb) was 41.¢ and 47.0 days end thet of female was 39.5
and 48,25 days st 55 and %0 per cent relative humidity, respec-
tively. The mean total developnental period (both sexes) ranged
from 40.8% dsys at S5 per eent relative humidity to 47,4S days at
80 per cent relative numidity (Fig.25). The sex retio of male to
female was 2 3 1.25 (55 per cent relative numidity) and ¥ 3 1
(8C per cent relative numidity) (Table X1Ile).
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Table X11).

I ent 4 on

Darker Liguted

Lighting surface surface

a) Left side of the light 85,30 14,70
b) Centre right below the lignt 89,29 10.M
@) iight side of the 1light 80,00 20,00

_—— MRS SR




Table XIlla. |

ative
haidity )
33 0.00 0.00 60,00 0,00
55 0,00 65.00 7,00 0,00
%0 0,00 30,00 50,00 0.00
Table XIXIb. |
Felative
humidity
{per cent) , male Mg TOX
23 - - - - 26,5 26,75 - -
58 - - ‘1 09 3905 ”oa 230" - -
80 - - 47.0 ‘9925 22.% 23025 - -
Tadble XXlle. g
Telative
141ty
per cent)
) - | - 131 -
1 ] - 2:11.2% 2.511,0 -

o0 - 141 141 -
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Inseet developed noremelly at all lovels of relative humidity
.at.> 30°C. The percentage of hatehing wvas 60y 70 and S0 at humidity
levels of 33, 55 and %0 per cent respeetively (Table XIXla). The
mean developmental periods of male and female at 3, %5 and 80 per
gent re¢lative humidity were 26.5 and 26.7%, 21.% and 23.16 and 22,5
and 23.25 days, respectively (Table XIIIb), The mean totsl develop-
mental period (both sexes) lasted for 6.6, 22.19 and 22.90 aays at
relative humidity of 33y 55 and 90 per cent, respectivelv. Tempera-
ture of 30°C and relative humidity of %< per cent which recorded the
minisun developmental period of 22.1% days were the most optimum,
followed Ly 30°C snd M0 per cent relative humidity (22.%0). Sex
ratio of male to female was egual at relative humidity of 33 and #0
per cent vheress it was 2,5 ¢t 1 at 55 per cent relative humidity
(Table XIIle).

At 40°C the eggs turned to tresnsparent yellow with a depre-
ssion on tae top broeder ¢nd at &ll humidity levels. Most of the
eggs were found partially detached from tue seed surface at relative
huaidity of 30 and 55 per cent. Ko embryonic development wes cbsere
ved at all levels of humidity at 40°C and also eggs from the same
bateh wher exposed to ambient tezperature,

The experiment conducted concurrently to study the effect of
90°C amd 40°C esch with turee levels of 33, 55 and %0 per cent
relative humidity on the larval stages revealed that larvas cculd

not survive and died under both these temperaturas.



Theraul corstant of C. ghinensis:

The wcan developaental periol from egg to aslult wes 25,16,
28,54 and 29,71 days at temperature of 30°C, 2%°C anl at room tempe~
rature resrectively., The tempersture t.reshold of development for
€. ghircnsis wes computed based or the sbove data and the method
cited elsewhere. It was 2.78°C. The effective temperaturs of deve=
lopsent for all the days required to complete the development of
Co gujnernsis at aabient temperature (2¢.71 days) vere caleulated
andi suamed up to give the tpnarmal econatant of 4%1.10 degrce days.
Under field conditions, the thermal constant was 622.52 degree days.
With 6190.75 degree days under leboratory conditions and S690 degree
days under {ield conditions available during the pericd of study
(september 1576 to August 1977, both inclusive) C. ghinensis was
found theoretically to eomrlete 12.9 and 9.58 generations (Table XIV)
in laboratory and field conditions respectively.

Life~tadle studics of C. ghinensins

Life=tatle studies of C. ghirersis were carried out during
May to July 1977 with the otjective of ilentifyin: the key mortality
factors responsible for causing fluctustions in the bruchid poruls-
tion under field condition. The mortality» of the insect at verious
stages of its development wes due to the following factorss

1) Embryonic feilure of egg possi:ly due to sterility/
high temperature.

11) The first instar larvac emerging outside the egg
torough umusual exit, perhaps due to defective (weak)
enorion at the broader end of tne egge



tory conditions and 622,62 legrea
days under field conditions

Under
foar vonth laboratory
1976 Septeader 490,60
1676 Oetober 622492
1576 Novesber 446,10
1976 December 44%,10
1977 Jamuary 450,57

197 February 461,66
1<1 March 596,07
1977 April 602,35
1971 Ny 625.27
1977 June 548,37
1877 July 508.32
1977 August 503,52
Total degree days 6190,75
Nuymber of generations
( took 491,10 degree
days per generation unier labors- 12,96

Unier {ield
gqnditioal

472,00
473,67
417.70
396.77
370.07
40%, 4%
546,72
584430
564,12
496,53
485,77
492,12
%6 90,00

9.38




111) First instar larvac fellirg to resch and enter
into the sged aftsr doring into the pod due to
tie gep Letween pod coast anl seed (Fig.26),

iv) Deata of succeeding larval instars, pre=pupsl
and pupal stages due to unknown ressdns waich
includes parasites (only two unidentified
supelanid parasite emerged from the seeds) wnd
physioclo ical reasons.

v) Death of adult due to trepping inside the sced
88 & result of its faflure to emerge through
" the window becsuse of its relative narrower
size.

The life=table and the budget showing the key factors
influencing the build up of (. ghinensis pOpulgtion are in
Talble XVa and XVb.

Nortality of egge .oving to sterility accounted for 25.24
per cents More than 56 per cent of lervae died in the first instsr
due to emarging wutside through unusuel exit because of defective
(weak) cherion and failing to reaca into the seed Lecause of the
presence of gep between the pod ecat and the geed.

™e generation survival was O.11. The tremd index of 2.2)
vas positive indiceting that the mortality factors operating during
the pericd of study were not effecetive in causing decline in fho
bruchid population.



Fig.26 Gied grem pod showing gap between the pod coat and seed
ard the deel {irst instar larva
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Table XVa.
x 1x axf dx 100qx &x
rgg (Ny) 327 imbryonic failure possi- 76 23.24 0,77
bly due to sterility/
bigh temperasture
Larvae
1 instar
1) 2%% imerging outside through 36 14,34 0.96

unmusual exit due to
defective chorion

11) 215  Not reaching the sesed 106 49,30 0. 51
vithin pod due to gap

L TS Y

II, 111 and :

IV instar 109 ' Urknown csuse 20 27.%2 0.72
Pupae 79 Unknown cause 6 759 0.92
Mults:

1) 75 Trapped inside the seed 1 1,36 0,98

11) 72 Sex (19 female) 36 50,00 0.50
Fcu.loll A2 (Es) 36 - - - 1.00
Norsal femalesX2 56 Adult mortality - - 1.00

Total ‘291 83,99
Expected eggs (%ﬁ X 52) = 936
Msber of dead/sterile . 207
Viable eggs (Rz) - 729
) » ;z - m » 2,23

Trerd index (I ’

Generation survival (sG) - % . 0,11



Egge
After aortality dus to embryonie

fatilure possitly due to sterility/

high temperature

I instar larvas

After mortality due to emerging
outside through urusual exit due
to defective chorion

After maortality due to not
reaching the seed within pod due
to gep

II to IV instar larvae
After mortality due to unknowvn
cause

Pupeae
After mortality due to unknown
cause

Adults
After mortzlity due to trapping
inside the seed

Heproduective females

-

259

b}

109

12
18

2.5145

2.3997

2.3324

2.0374

1.8976

1.9633

1.8575
1.2%%3

0.1148

0.0673

0.2950

0.1398

0.0543

0,0060
0.6020

e

K= 10259’
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Irflucree of stage of tone pod on gencration survivels

Jender pod: Tue trend index and ygeneration survival were
zero (Table XVJa and XVIb). The key mortality factor was the first
instar lervee failing to reech and enter into the seed after boring
into *he pod which accounted for 100 per eent Jeath.

Grgen pod: howed & positive tremd index of 2.85 and genera~
tion survival of O.14 (Table XVIIa and XVIIb). Key mortality
factors were tue failure of the first inster lerveqe to reach snd
enter the seed after boring into the pod (51.72 per cent) and the
predominance of males (40 per cent) in the emerging populetioms of
sdul ts.

Mature green pod: Te trend index wes nositive (2.67) amd
the generation survival was 0,133 (Tabtle XVIIIa &nd XV1IIIb). Here,
the key sortality factors were as in the cass of green pods, the
feilure of the first instar lervac to reach and enter into the seed
(41,14 per eent) and later the pre-poniersnce of nmales (S0 per cent)
in the emerging adult populstion.

t The trend index and yeneration survival wvere
observed to bhe sero (Tabtls X1Za and XIXb). The key mor+ality fac-

tors were the faillure of the first 4dnstar larvae to resch and enter
into tne seed which accounted for 87.50 per cent and the predowi-
nance of male in the sdult porulstion vhich aceounted for 100 per
cent death. ‘

Doy podg: Here too, the trend index as well as generation


file:///iell

Larvae
I Instar

1)

11)

imbryonic fajlure possibly 2 25,00
due to sterility/nigh
temperature

imerging ocutside throu%b o 0,00
unusual exit due to defec~
tive chorion

Fot reaching the seed within 6 100,00
pod due t0 gap

0.7%

1.00

0.00

Total 8 100,00

Trend Index = 0,00

Talble XVID.

S

A

Generation survival (sG)=0,00

iggs

After mortality due to eabryomie

fallusre possibly
high tempsrature

I Instar larvae

After mortality due to emergtn;
outside through ususual exit due

aue to sterility/ 6 0.7782

to defoctive chorion

After sortality due to not resching
the sesd within pod due to gap o 0.,0000

0.1249

0.0000

0.77182

Ke 0.9031



Table XV1la. |

H
i

b ¢ 1x dxf dx 100ax
iggs (Ny) 42 Iabryonic failure possitly 8 19,05 0,80
due to sterility/high
tawperature
Larvae
I instar
1) %4 lmerging outside through S 14,71 0.9%
unusual exit due to defec~
tive chorion
11) 29 TWot reaching the seed wit
8,8 0,43
1Y, II1I and IV -
fvstars 14 Unknown cause > 2.4 0.78
Pupas 11  Urknown cause 1 909 0,9
Adults
1) 10  Trapped inside the seed c 0,00 1,00
11) 10 Sex (3 females) 4 40,00 0,80
FemaleaxX2 “’3) 6 - 0 0,00 1,00
Formal females .
X2 6 AMult sortality 6 0,00 1,00
Total 36 8%,

Expected oggs  (§X 2) = 156
Punber of dead/sterile . 36
Visble eggs (Hz) . s 120
s ¢
Trend index (1) = ,’2. -‘? - 2.85
General burvival (&G) - ,f - 0,14



Takle XVIID.
'- Tog
SR {3\ 14} 1 3 SN Zyater  ruaker 22
Lggs 42 1.6252 -
After mortality due to esbryonie
failure possitly due to sterility/ 34 1,531  0,0917
high tempersture
I Instar larvae
After mortality dus to emerging outside
through urnsual exit due to defective 2¢ 1.4624 C,06°1
ehoriom
After mortality due to not reaching the '
sesd within the pod due to gap 14 t.1461  0.3163
IX, 11I and IV instar larvee
After mortality due to unknown cause 1 1.0414 0,1047
Pupae | |
After mortality due to unknown cause 10 1.0000 0,044
Mults
After mortality due to trapping inaide ’
the seed . 10 1.0000 0,0000
hgproducing fozalces 3 0.47TT¢ 0.5226
Ks 1.1464



Table XVIIIa.

x ix dx? dx 100 ax &x
Eggs (%) 224 smbryonic failure possitbly 43 19,20 0,80
due to sterility/nigh
temperature
Larvae
1 4nstar
1) 181  imerging cutside through 23 12,7t  0.87
wnusual uxit due to defec~
tive ehorion
11) 158 Yot reaching the seed 65 41.14 0,58
wvithin pod due to gap —
%8 43,60 0,51
1Y, 11X ard 1V
instar 93 Unknown casuse 27 26,03 0.70
Pupae 66 Umknown cause ] T.58 0.92
Adults
1) 61 Trapped inside the seed 1 1.64 0.8
11) 60 Sex (1% females) 3¢ 50,00 0. %0
Females 2(F5))0 - 0 0,00 1.00
Formal
fewales X 2 30 Adult mortality 0 0,00 1.00
Total 14 86,60
Ixpeeted eggs (42 x 52) - T80
Rumber of dead/sterile - 170

Viablc eggs (Rz) .
Trend index (I) eyf = 2.67
1

= 610

Generation survival (&G) = 2 s 0,133



Table XVIIIb.

Eggs 224

After sortality due to embryonic failure
ossitly Jue %o sterility/hish teapera-18t
ure

I instar larvae

After mortality due to esmerging outside
tarough upusual exit iue to defcctive 158
ehorion

After mortality dus to not reaching the
seed within the pod due to gap 9D

IXys IIX and IV instar larvae
After mortlity due to unknown cause 66

Pupae
After mortality due to unknown cause 61

Jdult

After mortality due to trapping inside
the seed v wpine 60

keprodueing females 1

—

2.1987
1.9685
1.819%

1.78%3

1.7782
1.1761

0.0¢25

0,05%0
0,2302
0.14%0

0.0342

0,0071
0,6021

e

K = 1,174



Talkle XIXa.
ééﬁ ;‘Z‘

e eamcrs

ﬂ.t..l....._ic

am pods

x ix dxf dx 100 ax Bx
Eggs (n,) 51 Embryonic failure possibly 13 41,94 0,58
due to sterility/nigh tempe-
rature
Larvae
] dnstar
1) 18 Emerging outside through 2 11,11 0,88
umisual exit due *o defective
¢chorion
11) 16 Not reaching the seed witain 14 897,50 0.12
, pod due to gap
16 83,89 0,11
11, III and IV
insters 2 Unknown cause 0,00 1.00
Pupae 2 Unknown cause 0 0.00 4,00
Adults
i) 2 Trapped inside the seed 0 0.00 1,00
11) 2 Sex (Vo females) 2 100,00 0.00
Females ¥ 2 (nj)c - 0 0,00 0,00
Total 31 100,00
Trend Index = 0,00 Gereration survivel (5C) = 0,00


http://vr.cn

Table XIXb. 4ot of C. ghinensis
ggi wiam DCig durlng

Log
Agg Interyal mater Xs
Eggs 31 1.49%14 -
After mortality due to embryonic
failure possitly due to sterility/ 1% 1,283 0,2361
high temperature
Larvas
I instar
After mortality due to emerging
outside tirough unusual exit due 16 1.2041 0,0512
to defective chorion
Af'ter mortality due to not reachirg -
the seed within the pod due to gap 20,5010 0,95031
1Y, III and IV instar larvae
After mortality due to uniknown cause 2 60,3010 0,0000
Pupase
After mortality due to urnknown cause 2 0,300 0,0000
Adult
After mortality due to trepping inside
the ssed - 2 0,510 0.0000
keproducing females ¢ 0,0000 0,3010

A

K= 1.4%14



suivivel were noted to bte z.rc (Table XXa and XXb). ‘‘ortality
feetors were mainly caused Ly tue larva emerging turough annual
exit due to delective (weak) cuorion (50 per cunt) and the first
anster larva felling to resch ani enter into the seed (100 per

cent )e

~Tative tusccotTLIIIh

weeds of seve:ral varletics (red gram 17 and 18, green gram
12 ard 1C, cow pea 10 ani 9, black gram ¢ and ¢ and 80y Lean {4 amd
5 varietics under natural and foreed infestetion respectively) of
pulse ercps were screencd [or their relative susceptibility to the
sttack ¢l bruchids urder natural infestation and to the attack of
C. ghingnsds under foreced infestastion conditions,

Uader netyrel infestations

The data pertaining to relative perfommaerce under different
parameters of "2 verieties teclonging to five rulse erops when
tested under returel infestation conditions is furrished in
Table XXTa,

ail: In the initlal stege tonere was no

nar<ed veriation in the number of egys laid on dif{ferert varjeties
of pulse seeds (Table XXIb.1, 2)s During seccnd and third months
mean nmumber of cggs lald warkedly differed between different —ulse

erop sceds.

Seedg of black gram end green g:am recorded the lowest mean
number of cggs of 22.07 and 31.55, respectively during second month


http://XXIb.1t

8h

Teble XXa.
x ix dxf dx 100 ox &
rggs (¥y) 22 :wambryonic failure possidly 19 4=, 8% 0,54
due to sterility/high tempe-
reture
Larvae
I instar
1) 12 Emerging outside turough 6 50,00 0,50
unususal exit due to defec~
tive chorion
11) 6 Yot reaching the seed within € 100,00 0,00
pod due to gap
Total 22 100,00
Trend index = 0,00 Ceneration survivel = 0,00
Table XXb.
n
fges 22 15424 -
After nortslity due to embryonie 12 1.07%2 0.2632

fajlure possibly due to sterility/
high temperature

I instar larvee

After mortelity due to emerging cutside 6 0.7792 0. 3010
tgroggb unisual exit due to defective
chorion

After mortality due to not reaching the o) 0.0000 0.,7792
sced withir pod due to gap

Kes 1.5424
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and ®%€.48 &nd 9%.,77 respectivcly during tiuird month as compared

to sceds of soy bean, red gras and cow pee varietics waich accoun-
ted for hi ner mean mumber of egges (134,16, 101,74 and 935,00 during
second month, and 23%.00, 166,94 end 190,20 during the tuird month,
respectively ).

Yamber of wggs 181d veried sigrificantly betwen the varie-
ties of red gram (during third msonth) and green gres (during secomd
gonth)e Tn red yrem, seeds of five varieties namely, 4-64, H-73-10,
T-21, N0.15¢ and 4=%4 were the least preferred for eyg laeying. Im
cass O green gram seeds of four genotypes nasmely, ML-4, ML=%, ¥l~12
and =9 proved to be resistant to egg laying in that they carried
the least numbter of cggs.

winilarly, seeds of loeal variety under red gram end ML-24
variety under green grem were the most susceptible to egg laying.
Cov pea ard s0y btean varieties 41d not ghow any si;nificant diffe-
rence tetween them,

" Variety F.1472 (cow pea) witi 14%5.55 eggs and btlack kulthi
(s0y bear) with 146 ezgs recorded the lowest mecan number of eggs
respectively as opposed to variety Pusa=! (eow pea) witn 22€.66
and Herdee (soy bean) with 29¢,66 wnich recorded the highest mean

rumber of eggs respectively.

dpflestations ooy bean varieties were least susceptidle to
ths attack by bruchids as revesled Lty mean infestation of 5,66 per
cent during the third month followed by black gram varieties (5,9°
per cent) (Table XXJe). Grecn gram varieties and cov pea varieties



Table XXIc.

¥o. of
Pulse crop ':ﬁ:.' Initial ﬁi:ﬁ fmﬁ‘ m::
Fed gram : 11 2,00 4,00 19.66 51.84
Green granm 12 2.00 2.94 3.66 14.11
Hlack grem 9 0.%9 1.7 2.07 £.99
Cov pea 10 1.26 1.93 7.93 17.79

oy bean : 4 1.00 1.50 2.66 %66
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occupied next positions in that order by recording 14.11 amd
17. Ty per cent, respectively. lied gram varistics were the most
susceptible vith a mcsn infestation of 51.94 per eent,

With regard to the per!formsance Of varieties of 4ifferent
‘pulse erops, the differcnce observed betwsen varieties of all the
five pulse erops was not significant., Varieties Hlack kulthi and
Hebbal o0ya in cese of s0y bean with sesn infestation of zero, KB,
in case of black gram with zero infestation, V1-12 and Y1L-5 in case
of green gram and Pysa<=) in case of cow pea with %,3) per cent
infestation and T=21 and HY-5 in cese of red gram with 14.66 per
cent infestation were the least susceptible varietiess under the
respective erops. oimilarly, dardee wvith 21.33 (soy bean) loeal
vita 12 (bleck grem), PIMo=2 with 25,53 (greem sram), CG-4% with
29+35 (€Ow pea) and No.5> with 53433 per cent (red grem) wers the
Bost susceptible varicties under the respective crops.

The rate at wnich the seeds were infested, differed emong the
pulse crop seeds. FLed gram ani covw pea were attacked at a faster
rate (4.00, 18,16 and ,1.84 per cent and 1,%5, 7.95 and 17.79 per
cent, respectively, during first, second and third months) as com-
pured to green grams, black graa anl .oy bean.

selght loss: The minimum loss of weight was recorded in the
case of 80y bean (serc per cent) followed Ly tlaek gram (1.32 per
cent) ani cow pia (5.69 per cent) es azainst the maximum weight loss
of 1526 per cent registered by red gram which vas followed by
green gram (10,26 per cent) ( Table XXJ4).



Table XXId.

Pulse erop 32;1:5 Initial I"iraf Second  Taird
Sics month wonth  month
ned graa 14 - 0.07 5.2% 13.26
Green grem 12 - 0,00 0.80 10.26
Klack gras ) - 0.CcC 0.52 1.32
Cov pea 10 - 0,04 1.69 ©«69

&oy bean 4 - 0,00 0,00 0.00
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The difference otserveld between varieties of various pulse
erops was not statistically significant. &oy bean varieties did
not show any loas in weignt of seeds.dnong varieties of black grem
Kd., recorded the minimum loss of weight (sero per cent) as compared
to that of local which sccounted for a maximus loss of 5.47 per
gent by weight.

In cow pee the minimum loss in weight (2,27 per cemt) wes
recorded bty variety CG~%5 ani the maxisum by variety Pusa=2 (9,93
per cent). Variety I's 2/1 (5,46 per cent) amd ML-33 (16.76 per cent)
in case of green gram and varieties 4-64 (7.60 per eent) and CO~1
(17.96)por cent in case of red gram accounted for the minimus and
saxisuz per cent loss in weight respectively.

Desd adult: The saximum mean number of dead adults on a
cumulative basis (at the end of taird month) was observed in the
case of redgram seeds (29.61), soy bean wdth 21,95 mean mmbder of
dead ajult followed next (Table XXIe)e Creen grem and cow pea
recorded 16,63 and 15,09 mean nuster of dead adults, respectively.
The minisus nunber of desd sdults was registered by tlack grmm
(15.40).

The difference tetween the varietiess of black zram, cov pea
and soy bean was not significant. However, significant difference
vwas observed betwsen the varicties of red grem (during second,
third months and based on cusulative total). Varieties Xi; (%.33)
end Panth U=19 (21.33) of bluck gream, 0G=7 (11,67) and CG-4% (27.33)
of ¢ovw peay 6-9 (10.33) and PIMs=4 (23.00) of green gram, H111l (17.33)



Table XXJo. Meapn nupber of dead ¢4
A Testatioar
32;125 First cecond Third

Pulse erop ties n - n Cuaulative
ked gram 117 1.68 TedT* 22.13%* 2G.61%»
Green gres 12 t.J6 SeJ3%* 10,50 16.63
Black gras $ 0,77  2.66 Ge 96 13440
Cov pea 10 0.66 2.90 10,70 15,09
Soy bean 4 0,08 5,25  16.66 21.69

*&ignificant at % level
#rsignificant at 1» level
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and Hebbal soys (26.33) of soy bean and 4=64 (12.,66) and WP4«1
(41.33) of red grem recorded the lowest and highest sean mumter
of desd amiults, respectively.

Psrs:ite pttacks tudies on the percentage of sesds show
ing parasite emergerge (2. ysgatundug) holes in different varieties

of five pulse erops revealed s positive relationship betwecern the
former end the extent of infestation. Joy bean anl tlack gras
recorded the lowest ineidence of parasitization (aer> and 1,92 per
centy, respectively), green gram by registering 10.2¢ per ecnt incie
dense followed next (Table XXIf).

Toe highest level of parasitization was otserved in case of
cow pea (20,46 per cent) followed by red gram (21,64 per cent).
None of the varieties unier all the five pulse crops showed signi-
ficant difference betwen them.

Of the blsck grem varieties, V.Panth U-30, Kiys V.Panth U-19
and PLo~564 reglstered the miniwum psrasitization (zero per cent)
as opposed to the meximum parssitisation observed In *he cese of
VePanth U-26 (5,32 per cent), ML=4 in the case of green gram,
Tuge=2 in the case of cov pea snd Yo. 179 in the cese of red gram
regorded the lowest per cent of seeds showing parasite emergence
holes of 1.33y 9.33 and 10,66 resreetively, wviile varieties PIVNS=2
(2933 per cent ), CG=4% (41.33 per cent) and CO-1 (40,00 per cent)
recorded the hignest parasitisation in the sbove erop seeda,
Tespectively.



Teble XXIf.

%o. of Ing- First becond Thinrd
Pulse crop varieties tisl month month nontl_:’
ed grem 17 - - 17.72 21.64
Green gram © 12 - - 299 10,29
Black grem 9 - - 0,00 1.92
Cov peas - 10 - - 14,55 20.46

éay bean 4 ‘ - - 0,00 0,00




aQ
r i “feptation:

The data pertaining to rc¢lative perio.szance under differemt
paremeters of 4¢ varieties telonging to five pulse crops vhen tested
under artificisl infestation conditions, is furnished in Tatle XXYIa.
Under tais experiment, the seeds were testcd for their relative
susteprtibility to the attack of only one speciesof bruchid nasely,
& shinensis.

sk daying: The mean number of eggs of o ghinensis recorded
varied among different pulses (Table XXIIb)e In the rirst month
the mean number of eggs 1aid was lowest in case of bleck grem (2.03)
followed by say tean (8.11), green grem (32,20), red grem (7¢.3%)
and ecw pea (175,77). Similer trend was observed during the secomd
aonth. However, during the third montn 8oy beanr recorded the lowest
(%.11) followed by black grem (34.94), green gram (157), red gres
(290.72)s and the higneat mean number of 302,26 eggs by COV pes.
Tasre was no significant difference smong the varieties of aqy bean,
bleck grem amd green gram. However, varieties Hetbal Soys (%,00),
VePanthe U=26 (3.°0) and PIM&=3 (3.00) respectively were found to be
less attractive, for egg laying., &imilarly, varieties Hill (sey
dean), JLVS~2 (Llack grem) snd WL=4 (green gram) recorded the highest
mean nuater of eggs of 14,35, 102,00 and 440,00 respectively. The
dif ference noted bdetween the varieties of red gram and cownea was
obaerved to be significent during all the three months of study.

Ia the {irst month veriety HY-1 (26,00) emd during both second end
third montns, variety Bi=1T72 (159,33 and 163.66) of red gram
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Ly Se coinen
€

No. of First Second Taird
Pulse crop varjeties aonth nonth maonth
fed grem 18 T9.55%%  26T.55%*  200,72%*
Green gram 10 32.30 120,0% 1%57.00
Hlack gram 9 2,03 8.02 24.%4
Cow pea 9 105, 77%%  292,.44** 302.,96%*

S0y bLean o .11 .11 .14
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recorded the lowest mean mmber of eggs. oinilarly, variety
Ja=S=1S recorded the highest mear mumier of eggs (197) during the
first month while variety DL=T4-1 replaced the former during second
(415,00 sean number of eggs) snl third sontin (415,00 mean mumber
of eggs)e

In the case Of COw pea, varisty No,TTS contimuously regis-
tered the lowest mean rnumber of eggs of 204335, 79,66 and 96,66
during first, second and third months, respectively. Pyse~t
recorded the hignest mean ramter of eggs (190.66) during first
sonth whereas variety Fusa~4 recorded tne highest of 372,66 and
579355 eggs during second ani third months, respectively.

Jofestations o0y bean recorded tue lowst infestation of
sero per cent followed by black gram (9.90 per ecent), cow pea
(66.66 per cent), green gram (69,00 per eent) and red grem (69,91
per cent) (Table XXIJe.! to 5).

4All the three varieties of s0y bean recorded zero per cent
infestation. The difference observed betwesn varieties of black
gram vas found to te insignificant. However, varieties V.rPahth
U~26, V.Panth U-30, K-10, Kﬂa and Vi;.1%52 showed zero infestation
23 againat the variety JLVS6~2 which snowed the highest infestation
(29.33 per cent).

Varieties of cov pea showed significant difference between
them during all the three aonths of the study. In the first sonth,
varietics CG-5 and Pusa=! recorded the lowest (8,00) and highest
(61.33) per cent infestation respectively and during subsequent
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Taktle XXIle. "cor cer c"rf nfcstation 4n iif‘ferent nul se cror

No. of First Second Third
Pulse crop varieties month month month
Red gram 18 ‘7013. 64,68 69.91
Green gram 10 7,60 44,50 69,00
Black gram 9 0.15 1.7 2.90
Cow pea 31.83* 64.65%*  66,66**
&0y bean 3 0,00 0,00 0,00

Ssignificant at 55 levsl
*asiznificant at 1» level
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msonths variety ¥o.77¢ recorded the lowest (25.33) and variety
Pusa-4 recorded tie highest (90.66) per eent infestation,

The difference noticed among the varieties of green gram
was not significunt. Variety Yl=)5 recorded tue lowest infestation
(58,00 per cent) and ML-4 the highest (100 per cent),

Varietiss of red gram differed si nificantly during first
and second months with tue difference during third month being
insignificant. The lowest infestation of 6.66 per cent was recor-
ded by variety HY-1 and Bo~1 (first month) and it was replaced by
variety 4=64 with 54.66 and 48,66 per cent infestation (second and
third wonth). oimilarly, highest infestation (56.00 per cent) vas
recorded by HY-S during first month and by Bo=t (41,00 and 93.66
per eent during seeond and tnird sonths, respectively).

" deixbt 1osg: There was no loss in weight (zero per cent)
observed in the case of soy bean and blsck gram recorded loss in
weight of 4.79 per eent. Cow pea (36.75 per cent) and green gram
(57.61 per cent) sccounted for an increased loss with red gram
accounting for the maximum 10ss of 41,46 per cent (Table XXIJ4.9
to 5).

Varieties of bLleck gres and green gras 41d not differ asigni-
ficantly bLetween themaelves, while varietics V.Panth U~26, V.Path
U=30, X=~10, KH) end Vig.152 in the case of dlack gram and ML=33
in the case of green gras recorded the ainimum loss in weight (sero
per eent snd 11.00 per cent, respectively). Variety JLV6=2 in the
case of black grem and ML-4 in the case of green gras recorded
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Lot loss in seeds of different pulse
usa o COINEONS]S LUNiI2T ar

Table XXIIde M.s er cent wel

¥o. of Firat “econd ~Taird
Fulse erop yarjetics genth ropth genth
hed grem 19 11,804 37.67 41.,46%
GCreen yram | 10 Je39 31.37 37.6%
Elack grem 9 0,00 0.12 4.79
Cow pea | 9 15,07 34,22 36. T80
Soy bean | 3 0,00 0,00 0,00

*» Gignificant at 5% level
**54gnificant at 15 level



Telle XXIN.2.

TR N wwrnn
Variety AR R N
BE-172 Vartety
m. 0.20 4 o Nt
ho” 0.53 a ﬂ!.‘
N o HY=1 .
“‘ | e peid .6 o
4=5-19 2.5 =8 B
HY-1 . - : .
4.00 o iy e @
5.00 ¥ .
;" - "‘"‘n - 3933 =
6.06 pii
: 464 ate DL=T4=1 S -
w?‘.' 6.“ *. vo g" “ .‘o abe
. 13.66 bed 4-:!4 41,46 ade
WPA-1 14.56  cde C0-1 Sult -
.38 B 42.06  ade
£ MP A=t
4=84 S . 42,73  ade
Ceci 21.66  defy Xi=10 P -
il L1
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the lhxlluu 1088 in weignht (25,00 and %7.40 per eent, respee-
tively )o

Difference tetween the varieties of cow pea wes significent
throughout the exverimental neriod. In the first month, CG-S
recorded the minimum loss (0.90 per cent) ard Pusa=4 the meximum
(35.2‘ per cent), whereas in the secord and third months ¥o.77¢
ageounted for minimus louss in wveight of 10.4" per cent and 13,06
per cent respectively, while Pusa~4 recorded the nmaximua per cent
of 1loss in weight of 55,00 and %S5.,%3 in respective months,

Varieties of red gram shoved significant difference detween
them during first end third months. Varieties Bi-172 (first month)
and HY~4 (third month) recorded the 1owest weight loss of 0.20 per
cent and 26,66 per cent, respectively. Varfety T=21 with 29,93 per
gent and variety JA-9-15 with 50.06 per cent recorded the maximum
loss in weight during first and third sonths, respectively. |

Dead aiyltss ‘Mean nusber of dead adults based on cumulative
dsta recorded vas the lowest in zoy bean (6.00) f3llowed bty black
gren (51,01). Green gram (377.2%) and cow pea (440.%1) recorded
greater incidence of dead siults. Red gram (463.24) recorded the
nighest mumter (Tadle XXIYe.t to 7).

thile the difference between different varietioes was not
significant in case of black gram and green grem, it wes significant

in cow pea and red grem varicties.

Verieties V.Panth U-?G. VeTanth U’}o. K"‘o. ‘{H’ and V180'52



Table XXXle. !
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Ho. o§°‘ Fi:at 5ee ond Third Cu:u%ntivo
led grem 18 B, T 364.90%%  24,07%% 463,24
Green gras 10 45.15 2%9,%0 72.60 377.2%
Hlack gram 9 6.00 5.98 40,37 51,01
Cov pea 9 8,00%* 335 20%s 17,29 440,8100
S0y bean 3 6.00 0.00 - 0,00 6.00

#5ignificant at 5% level
segignificant at 1% level
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in respect of black gram and PIMS-) in respect of green gram
regietered the low:st mean number of dead ajults (6 ami 39 1n respee-
tive crops). The highest incidence of desd alults were recorded by
JLVE=2 (215.50) 1n respect of black gram and ML-12 (%66,00) in

respsct of green gram,.

daong tne varieties of eow pea and red gram, Ro.T7S (149.00)
of the furmer and 4-45 (257.66) of the latter recorded the lowest
nusber of dead sdults. The highest rumber of dcad alults, vas
recorded in Puss~! (cov pea) and Ei=17? (red gram) which sccounted
for 645,00 and ~99,00 dead ajultas, respectively.

Based on the relative position oceupied ty sach variety of
pulse erops under each peramecter under two testing aituations
(natursl snd artific ‘sl infestation), the study revesled interesting
results. Among thc five pulse crops, sesis of soy bean and tlack
gram vaerieties were found to be lcast suseeptible, followed by green
gram and cov pea. Geeds of red gram varietiss vere found to be most
susceptible. |

Asong the varietics of differcnt ‘pulul teasted, NMlack Kulthi
(s0y bean), V.Panth U-30 (black grem), Po 2/1 (greem gram), CG=%5 amd
¥0.T79 (eow pea) amd 4=46 (red gram) were the least susceptible
varieties while Hill (soy tean), local (tleeck gram), PIMt=2 (green
grem), Pusa~2 and Pusa~4 (cov pea) and Noe%3 (red yrem) were found
to be the mo:t susceptible varieties to the attack of bruchids.



DISCUSSION



CHAPTER V

DIsCUSEION

The present study included detailcd investigetiom on the
bruenid fauns infesting seeds of different pulse crops grown im the
btate of Karnataka, field infestation, secasonal incidence, biology
and ecology of Cailosobruchus cuinensis (Linnaeusa) both under lsbo-
ratory snd {ield conditions and on the relative suseeptidbility of
sseds of different varicties of five crops namely, red gras, green
gram, black graem, cow pea and 8oy been to the attack of pulse

bestles were carricd out during the period ceptenter 1976 through
September 1977,

Kunhikannan (1512) has reported the oecurrence of Bruchys
ghinersis (Linnaeus), Eruchus guadripaculatus (Fabricius), Bruchus
analis (Padricius) and an uridentified bruchid species on different
pulse seeds in the erstwvhile Mysore State. oimilarly, Ussan and
Puttarudrish (195%) reportcd the existence of seven apecies of
bruchids of waieh two species namely, C. theobromag (Linnasus) was
recorded on Cajamug rods in field and C. gnalig on Bengal grems,
field bean and green grea throughout the state. Ixeecpt G. throbrogss
recorded in red gres pods in the field the remeining records 414
not ¢learly indiecate waether tley were from field or atores. The
present study vhich nes revealed the existerce of iive aspscies of

bruchids namely, C. ghincnsis, S. toeohromgss C. meculatus, C. snelis
ard an unidentified species, assocliated vith seven pulse erops growm
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in 10 districts of the .tate surveyed (Tatle I and TI) were
recaorded fros fleld infestation save C. gnalis which vas recorded

in stored green gram only. The present ctservation pertaining to
&+ theobrogas 1s in complete agreement with that of faina (1971).
Further, G. (w was reported ty the same author on eov pea,
murg, urid and chick pes wheress in the present study, it was
recorded On ¢oOv pes ard for the first tize on field dean. The
unidentified bruchid wviiich wvas ¢ollected In hand sveepings on
grourd nut and red grem at Raiehwr amd Culbargs districts only,
sprears to te a nev speciss and needs further study. It may be
stated conclusively that in respeet of the sbove four species, field
infestations constituted an importsnt source for sulsecuent infesta-
tion or multiplicaetion in stores.

v.. Present investigstions have also sstablished that among
tbe species reported,$. chingnslg wes the most cosmon and predomi-
nsnt species as 1t was found widely distributed, infesting five out
of seven pulse crops in nine out of ten distriets which were surveyed,

As to the cxtent of field infestatiom by truchids, the sveiledbles
information 1s restricted to cov pea and red gram in India with the
nni: record of bruchid field infestation on ¢ow pes pods by Fletcher
(1618). Bridwell (191%) wvhile givin; sn secount of field tiology of
G+ ghinensls otserved the truchid to lay eggs either on the unbroken
red gram pods or 1f the pod had burst open, upon the teans. iecord-
ing to ikaife (1¢18) §t preferred 4ry and ripe pods of cow pes.

Kunhikannan (191¢) Crom Myscre state reported that numder of
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pods were dry and open at the time of Larvest shich ensbled the
beetles to lay eggs on the &xXposed sceds leading to possible infes~
tetion subseoucntly. oimiler cbservetions were als® made by LHeina
(1¢71) by C. gninensis and Co pagulgtus. Nome of tuem specified
the extent of infestation. 2indra &rd Jakhmola (1¢67) reporting

on field infestation cn red gram, statezd thet per cent pod attack
varied from 1.2 to 10,2 rer cent with a mean of “,1° per exnt amd

in the case of se:ds, 1t ranged from 0.4 to 4.9 per cent with a mean
of 2.2% per cent. Tn another ins*ance, ive per cent of poed samples
and zero to 2%.4 per cent (mean 3.49 per cent) of seed damage was
reported (Anonymous, 1976). Field ireidence ranging from 16.42 to
40.7 per cent on eignt varieties of ied gram vas recorded by
Gunathilagarej gt al. (1977).

The present study in {ield infestation besed on percentage
of seed damaged as well as perccrtage of semples damaged (Table I
and TI) showed maximum bruchid inf:staticn in case of green gram
(1.26 and 68,42 per eent) followed bty red grem (0,0 and 49,41 per
cent), ficld Lean (0,33 and 22.22 per cent), cow pea (0,12 and
19.2% per cent) and horse grem (0.05 and ©.%55 per cent). 4n interest-
ing revelation was that both tlack gram and soy bean were not infested
in the field.

Fractically no informetion is evellabtle on scasonal ineci-
dence of bruchids on standing pulse erops in tne field. The present
study was conducted during the period from September 1976 to July 177



on red grem crop und was confined to two species of bruchids
nanely, Qo theobromge and C. giirensig. Throughout the investiga-
tion period, Q. tpeobrumge recorded comparatively higher incidence
tuan C. ghinenzic, Co ty.obtoogee registered the lowest incidence
during June 1977 (mean of 0.83 beetles) while for C. ghinensis the
lowest was during ceptumber 1976 with a mesn of 0,00 beetles. The
pesak irncidence in respeet of tota species was otserved during
January 1577 (mean of ninc end eight beetles, respectively). The
comtined incidence of . theotromae and L. ghinernsis was otserved
to te low (mean of 1,50 beetlecs) during September 1676 amd Apridl
1¢7T7. Bruchid incidence which wes low during Septemter 1076,
incldentally the period of commercemcnt of flowering of th: main
erop, was otserved to rise during Osctoter 1976 (mean 7.R0 teetles).
The infestation gradually increased in December 1576 (mean 13.%0)
and culminated in the peak incideree of 17,00 beetles (mean) in
Jenuary 1977, incidentally the periocd of harvest. ‘hile C. theobro-
gpe followed the above trend, the incidence of C. ghinensis was
observed to increase without any setback.

éﬁbsequently. the combined incidence was noted to fluotuate.
with two small peaks of 3.17 (mean) beetles in Mareh 1977, and 5.02
(mean) in July 1977. Individually, C. theotromac was oLserved to
registear a decrease in the ircidence during February to June 1877
(mean 1.17 to 0.85 beetles) vith a sudden rise in the month of
July 1977 (3.90), vhereas C. ghinengis followed the trerd of combined
ineidence vith tvo smaller peaks in the month of March (mean 2,0
beetles) and June 1577 (mean 2,92 beetles).
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since the mamtmum f1:13 infcstation of both speeles of
bruchids C. theobromec and C. ghinensis occurred during January
1977 coinciding with *he period of harvesting of red gram, it was
considered the most sultable time for teking up pre~harvest esppli-
cation with insecticides so as to reduce the sutsequent infestation

in the stores.

The ineiderce of C. theobromae and (. gaingnsis was negatively

eorrelated to temperature (r =-0.774 and -0.£72, resrectively).

Life dlstory of C. guinsnsis

The present observations relating to morphology of cggs that
they were ovel, pointed at one emd end planoconvex agreed with those
of Kunni<annan (191%) and kaina (1970). The f{ormer specified the
length of tie egg to be O.3 mm and width to be half of that of
length. In contrast, tne lengtn ranging fros 0.2 mm to 0.60 an
with & mean of 0.6 mm and widtn renging from 0,50 to 0.36 mm with

@ mean of O.54 mam vere reported in the present study.

An incubation period of 4.2 days at 30°C erd 70 per cent
relative humidity on cow pea (Hose and Currie, 1964), 5.5 days on
green gram under similar conditions (Haing, 1970), and three to
eight days om cov pea (Hajak and Pandey, 196€5) were reported under
laboratory conditions. As against tinds, the prescnt investigation
indiested an incubation period of (from the time of egg laving to
the time of hatehing and boring into the seeds) 6.67 days on red
gram during April 1977 (asbient mean temperature of 28,5°C and
mean relative humidity of 63.34 per cent) to 9.17 days on green gram
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during Jenuery 1STT (embicnt msan tempcrature of 22.89°C and mean
relative numidity of 65,10 pear cent). The shorter incutetion pericd
otserved by carlier workers is due to higher temperature snd rela-
tive humildity., Further, the present otservation that variations
notel in the irncutation period tetween eogg laid in 4ifferent dxys
of oviposition was not warked, a~d this agreed with that of Rains
(19M0),

The period ol ducubation ranged from 6.1C da;s on red gram
pods in ‘he field during "@rch 1¢77 (mean tempe-ature of 76,40°C
and mean relative husidity of 75 per cent) to 6.49 days during April
1577 (mean temperature o0 26,75°C and mean relative humidity of
15,28 per cent). with an execpticnal prevailing tenperature of
33.07°C and 71,71 per cent relative humidity the incutation period
vas extended to 7,9% days; while Scaife (19018) gtated 10 to 21 days

of 4rcutation period on cow pea iuring co0ld months in Africa.

Tue observations in the present study relating to the presence
of & puir of pronotal plates/ eépines, atrophied conditions of taoraeie
legs are in egreement uith tne findings of Caittenden (1999), Kunhi-
kannan (151$) and Ven Imden (1546). Thet tus pronotul plates were
helpful to the grub at tus time of hatchinmg to get a proper hold of
the egg snell (Kunbikernman, 1923) was otserved in this study also.
The hold in the egg shell estatlished bty the pronotal plates of the
grub was clearly indicated by the presence of internal seratching at
the troader snd of the egge The present orservation on the measure-
ments of the first instar larva (C.51 m@ long and 0,52 mm broad) ere
in close sgreement vith tnat reported by Kunhicannan (1¢1¢). In the



-a
—
et

present investigations, subsequent instars differed from the

first instar in respect of size as woll as thc absence of pronctal
plates, the latter confoiming to the ocservation of Kumhikannan
(191¢)s Further, the present study showed toat the head becaae
indistinet and represented by mouth parts only snd thoracic region
became enlarged as compared to posterior pert of the tody. In
subsequent instars the grub assumed curved shape lice letter 'C'.

According to Howe and Currie (1964) and Rajak and Pandey
(1565) the grub undervent iour instars which was confirmed in the
present study. In the present study, an attempt has been nede to
deteraine tas larvsl instars based on the number of head eapsules
sandvitened sequentially between facesl pallets of preceding and
succesding instars. In the dissected seed, prescrnce of the number
of head capsules sandvwitened btetweum faecal pallets of preceding
and succesding instars indiceted tue number of instars completed by
the grubs The duration of each larval instar was computed by dissect-
ing & knowm nusber of secds from auony the seeds infested with eggs
which were laid on the same day and hetcined on the seme day. This
gave only the range. In the present investization tne I, I, IIX
and IV instars occupled 1 to 4y 1 to 4, 2 to 4 and 2 ¢t0 5 days, respec-
tively under ambient temperature. These OLgarvations were more or
less comparable «with that of Howe and Currie (1964) who earried out
studies at 30°C and 70 per cent relative humidity, smd partly wvith
that of Kajax sand Pandey (196%) who carried out studies under smbient
eonditions (exeept during winter). iowever, the exception in the
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case Of the latter was with regard to the duratior of IV iﬁétlr

(14,7 nean days).

The study on toe tchaviour of the grub revealed that it
bored vertically into the seed upto the vrd of first instar. Then
it turnelled horisontall;, tovards the seed coat. In the later
stuges of tue fourth instar, when tne grub rcacied the testa, it
fed and left & thin layer o tcsta wuicu appeared like a circulesr
spot (window)e Thesec otswrvations sgree more or less with the
earlier firdings of iiows ard Currie (1¢64) ani taina (15M).
However, none have sade sny oiservations regarding the pupal cham~-
ber cornstructed by the grut through coapressing the faccal pallets
sni thc meal (obtained in tue course of turnelling and feeding)
ageinst the wall of the tunnel. The cirecular spot (window) which
was the future exit i the adult, formed & part of the wall of the
pupal cnamier. acing tne window, the grub became inactive and
underwent pre-pupal eand pupal stcges, which is ir perfect sgrecnent
with the findings of lowe ard Currie (1%5/) and imira (1970). Again,
both tuese workers did riot speelfly tne periol af preerunal period.
In the present investigation, the pre=pursl reriod was fourd to last
for 1 to 4 days. The atage was casily recognizel by the distinot
heald, comparstively narrover thorsx followed by the bulged ebdomen,
The pupal stage occupied a perioi of more than two days, and exterded
urto nine days. These otservations agree with that of Howve and
Currie (1464) tut disagree vith tuose of (6 to 21 days) isjak smd
Fandey (1465),



121

Under field conditions, the studies showed that the grud,
after hatehing and boring into the pod coat of red grem, success-
fully contimued further boring into the seed if omly the latter
was in close contact with the pod coat wvithout leaving any gap

in betwson,

The successful entry of the grub into the pod ums revealed
by the presence of & pinhole ceen through the egg shells T™e nost~
entry dehaviour of grudb inside the seed followe! siniler tremd
observed earlier under latoratory conditions. The present otserva-
tions are more extensive proving conclusively certain existing
speculations of Sargaprs and Balsraju (1977) to te true.

The sean larvelepupal developzental periol under laboratory
corditions wes Otserved to be shortest during April 1577 (17.%% days
on red greaa) vith a mean temrersture of 29.5°°C ard relative humidity
of 68,34 per cent and longest during Jsnuary 1977 (25.67 days on
green gram) with a2 mean tempcrature of 22.%6°C end relative humidity
of 63.90). The finrding in respect of red grem is in agreement with
that observed bty hains (1<70) on mung (1%.% days)s The longest
period of 25.67 days otaerved ongreéngram in the nresent study fell
14ttle short of 26.4 days recorded on murg by Hericharan uingh (1962).

Under field corditions, the mean larvsle=pupsl developrmental
period was otserved to range from 25,07 dsys during June/July %77,
(mean tempersture 24,29°C, meen relative humidity $4.42 per cent) ¢o
30,91 days during March/April 1977 (mean temperature 27.87°C, meen
relative humidity 86.22 per cent) on red grem pods. The influence
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of temperature on the mean larvalepupal deveclopmental period was
inversely proportional under laboratory conditions, while under
£1:14 conditions, it was directly proportionsl. This incongruity
between the observations under these conditions cannot be explained
satisfactorily. However, according to tkaife (1518) the larval
stages of C. chinensig on cow pes in South Africa lasted for four
to five months juring cold season but only about five woeks in

SUDREr .

As sgainst the obtservations of iiajak and f’andoy (196%) who
observed a wide fluctuation in the total developmental period
ranging from 17 to 114 days on cow pea seeds during different
monthsy in the present study, the totsal developmental pericd varied
from 24,62 days (during April 1977 in red grem) to 29,75, 31.%4
and 32,36 days (in red gram during June and in greem gram and cow
pea respsctively in Jamiery 1977). The variation seen msy de
attribtuted to the influence of host and the weataer [(agtors prevail-
ing during the period of atudy. The extreme long period reported
mi nt neve Leen observed under extremely low temperature prevailing
during vinter in North India., iHowever, the above revelations come
close to the observations of iaina (1970) whe reported a total
developaental period of 21 to 27 days omn mung.

The observation of Booker (1967) that the pre=sdult develop~
mental period of C. gaculetys had negative correlation Wdth teapera=~
ture was confirmed in the present study on . gchineusis too under
latoratory conditions,
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It 15 to be emphasized thet ficld study pertaining to total
developmental period 1s sbsolutely lecking. The present investigs-
tions showed the period to range from 31.52 days during May/June/
July 1577 vith a mean temperature of 24.29°C and relative humidity
of G4.42 per cent to 57.00 days during March/April 1977 (teaperature
of 27.87°C and relative humidity of %6,22 per cent) shoving & similar
trend as in the larvel-pupal development. Further, in one instance
of exceptional situations prevailing in glass aocuse which had wean
temperature of 33.,07°C and relative buaidity of 71.77 per cent waen
the ocutside tempersture and relative humiiity vas mean 24,33°C and
84,50 per cent respectively, the developmental pericd was extended
upto 61.50 dsys in red gram pods (seeds),

Under lzboratory conditions, sdult was found to emerge from
the seeds by cutting all alonz the border of the circular lid of
the window ard pushing it open. Under {ileld condition, after
energing out of seedy it found itself in the space between the ssed
end pot coat, in which sdult beetles mede¢ a circular cut snd emerged
(F1g.l6)e Matin, and oviposition were obtserved to teke place inva-
risdbly outside the sced and pod.s The present finding disproves the
clsims of Bridwell (1¢18) that siults of C. ghinersis which hed
developed from eggs laii on unbroken pods of pigecon pea to mate and
oviposit before cutting their way out of the pods. The observations
of Kaina (1971) that o few of the aiults which devecloped on cow pes,
mung, urid and red gram after 95 per cent larvel mortality, could
not chew their way out of pod leading to virtual faflure of adult
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emergence was not substantiated in the present study. The

present finding vas in conforaity with the otservations of Sengappa
and Balaraju (1577) that the sdult emerged from red grem pods
through eirculaxr holes.

Further findings in the present studies are related to the
percentage of eggs successfully developing into adult in the case
of red gram (81,36), green grem (%6.7%) and cov pea (%2.03) under
laboratory conditions. Further, it renged from 2.22 to 22,02 per
cent in red gram under fiesld conmditions. 4nother interesting find-
ing during the current study was that of the 1ifferent stages, green
ard mature green pods were proper stsges for the develomment of
€. ghlpensis ard yellow pods surported low dtulopnent (6.45 per
eent ), while tender amd dry pods wers not at all suitabtle for deve~
lopment. These findings are in perfect agreement with thess of
sangappa and Balaraju (1$73) end that of Gunathilagara) gt gl
(1977) 4n respeat of green and mature green pods. Aaina (1¢70)
reported that 93.33 per cent of eggs of C. ghinensig laid on first
day and 28,6 per cent of eggs laid on seventh day, developed into
sdul ts.Bxcepting a fev Cases, above trend was otLserved in the present
study too.

There is a good deal of controverasy in the reports about
sex ratio, eg., males outnusbering females (Haricharsa Singh, 19653
Adarsh and sobi, 156%; iainm, 1570),more females in relation to
males (Teotia and sin.ny 1966) and tihe sexes almost in equal number
(sainmy 1970)s The present study almost conformed to the
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observations of Raina (1970) in that tue sex retio of C. ghinensis
was equal during January/February, April/May and May/Jure, ani the
ratio of male was sligntly predominart over females during
February/Mareh (67 1 60.2) anmd Mareh/April (47.5 s 56). These
findings clearly indicate the seasonal fluctuetions in sex ratio
of this bruchid.

Under field conditions, males continued to dominate over
fenales with the ratio of 230, 7.5:1, 1:0 and 5:1 as reecorded during
January to Mareh under glass house conditions (with mean temperature
of 35.07°C and relative humidity of 77 per cent), Yareh/April,
April/Mey andi May to July months respeetively, which may be due to
the influence of developing seed as against dry seeds. These oObser-
vations under field situations were in conformity with the findings
of Hericharan oingh (196%), Adersh and Sohi (196%) ard Keina (1€70)
obtained urder lasboratory situations,

The present observations indicated that the adults didi not
feed on any part of the red gram plent even when enclosed on them.
The present observation is in agreement with that of Delyce (1S66)
who stated that the adult of Callosobruchus specics do ndt reguire
food for survivel or reproduction. However, it differed from the
firdings that adults consumed pollen of pea flowers reported by
Pajoni and “ohingergill (1¢74).

The study on premating and mating period revealed a mean
premating period of 45 minutes and 4" seconds with a range of 5 to
65 minutes in contrast to the otservations of Haine (1970) sccording
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to whom the sdults vere sexually mature at the time of emergence
and mated within an hour.

Here, an attcmpt has Leen made to exrlain ‘he phenomenon of
mating behaviour of $. ¢hingnsls on wiieh information availatle is
scanty. The males were fournd to be agtive as compared with the
females in that the males took the sctive part in chasing the female.
The female was passive and avoided the probing aedsegus with its
hind legs. After a munber Oof attempts, male succeeded and established
union by elimbing over the back of female. The mating period lasted

for a mean durstion ? seconds $th a range of 2 minutes
10 seconds to D mim vhich $s less than the period of
5 to S ainutes obael 1970 ). '

Hepeated mating : both sexes which is in confora-
ity with the observs saran Singh (1965) and Rsina (1970).
Mating wvas seen both and derk conditions which 4s in
agreement with the ¢ Pajand and Mohindergill (1974).

Very short pre-oviposition periocd was observed by iowe and
Currie (1664) without specifying tue period. According to Reina
(1570) mating and oviposition followed emergence. Disproving the
eontention of the latter, the present study bhas estatlished the
mean durstion of 72 minutes 12 seconds with & range of 1¢ minutes
and 45 seconds to 129 ainutes and 30 seconds from first meting to
deposition of the first legg.

As regards oviposition, though deposition of single egg per seed
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was common, laying of more than one egg upto three eggs per seed
was also not urcommon inspite of the presence of seeds without eggs
in the vieinity. The present {indings are opposed to otservations
of Utida (1943) who reported an initial ovipositiom of ome cgg on
each of the available seeds and further oviposition was at ramiom,
samd those of Zaazou (1955) and Oshima gt gle (1973) who claimed
that C. ghinensig inhibited second oviposition on seed through a
cnenical marker. The observations of Raina (1570) that usvally

1 to J eggs were laid per seed although ss many as seven eggs were
noted on a single seeds while a fev sceds vithout eggs were still
there has been confirmed in the present study.

Under "ield conditions. the oviposition wes observed to
follow the trend seen under laboratory conditions, wvherein egg
laying at the rate of single egg per red gram pod to 23 22ny es
six eggs confined to a smell arca on the pod. This study has not

been carried out earlier elsevhere,

The carlier workers (Bridwell, 1%1%; Kunhicannan, 1578}
fisine, 1¢71) studied that eggs were laid either on unopened red
grem pods or on beans in the case of open podse In the present
study, eggs were secen laid on red grem pods to 8 greeter extent

and rarely seen on expOscd seeds in the open pods.

The studies on eyg laying as influenced by the stage of the
pod showed the mature pods vith maximum egg deposition (4635) as the
most preferred stage followed by yellow pods (118 eggs) and greenm
pods (10° eggs)s Dry and tender pods with omly 25 ard 10 egge
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respectively laid om them were observed to be least attractive.
Very t-ndu;;fovorl and buds 41d not attract C. ghinensis for egg
laying wiaich 1s in conformity with the observations of skaife
(1918) that bruchid preferred dry and ripe pods of cov res, and
those of Prevett (1951) and Casewell (1961) who reported that the
oviposition of C. maguletus commenced only after the eow pea pods
were fully formed and apreared light coloured. But the present
finding disagrees with the otservations of Schalk and Fussolion
(1573) tost C. gaguletus preferred developing pods of eow pea over
sature pods for egg laying. d&imilarly, the present otservation also
eontradicted the findings of carngaprs and Belara] (1977) end Guna-
thilagars) et gle (1577) who observed highest nusber of e;g om green
red grem pod over ysllow and mature pods. In the above references
the eriteria for detersining the different stsge of the pod or their
duration wvere not specified vhich may be the prime reason for the
present disagreement.

The lowest mean fecundity of 42.62 eggs ani highest of 93,00
eggs observed under laboratory conditions (F1g.25) sgree with the
observations of Tekasugi (1924), Howe and Currie (1964) and Rains
(1970) who reported 70 to 90_. 20 to 64 and 36 to 90 eggs respectively.
However, the maximum egg laying of 10) reported by Fajak end Tandey
(1965) was found to Le too high.

Purther, the otservations of iging (1570) that meximum daily
mader of eggs laid was otserved during the firat 24 hours was not
gonfirmed in the present study where the meximum dally egg laying



was noted on tine seccnd day walch conformed to the observations
of Hdowe and Qurrie (1964). Field studies showed fecundity of
Co gbinersis to renge from 4% to 56 eggs (mean 52 eggs).

Very little variation wes noted between the longevity of
males (7.27 days) and female (7.30 days) (Fig.22) which ves in
agresment with the obscrvations of Kgina (1670). During the period
of present study lorgevity in the case of Bota sexes never exceeded
S5 days while Haricharan Singh (1965) recorded 12,3 days snd 15,6
days respsctively of males and femsles during November vhich was
due to the influence of low tesperature prevailing during that
sonth.

The only report of Hajak and Pandey (1965) pertaining to the
larvae of C. ghinensls hibernating during coldest month of the year
vas not noticed im the present investigation due to, perhaps, the
temperature prevailing at the period was not lov enough to induge

hibernation.

AS many as seven parssites have been reported from various
parts of the world on Q. ghinensis of vhieh the three hywamoptercus

species Bruchobiys golemani (Crwf.)s B yagsbundus Tiwb., Brughoeids

orientalis Crvf and e parssitic site nesely Pyegotes ventricosus Newp
have been recorded f:om India and in particular from erstiuhile Mysore

btate (Kunhikannan, 1919; Ussan and Puttarudrish, 1¢%). The
present finding included two hymanopterous parasites Dinarwys
ysgsbundusg Timd.o a pteromalid parasite eollected under laborstory
ceonditions and an eupelwmid parasite collected from bruchid infested



pods from flelds as well as Tycmoteg ventricogug collected in
the laboratory on . ghinengis. The pteromalid parasite i recorded

for the first time on C. ghinensis from Tndia.

S+ Silnensis and

The studics on the ec-parntive deVelopucnt of two species

of truchids, C. chipensis sml C. magulatys have brought to light
interesting information. Out of the eight hosts (Teble XI) sceds
in which tneir developsent vas studied, both species successfully
compl eted their development in the seeds of Bengal gram, field bean,
eov pea and red gram. (. ¢hinensis completed its development in
lesser time than C. maculsatus in all the four host seeds toommwplete
its development. In black grem, field bean (var. Hebbal Avare-3)
and s0y bean, C. ¢hinensis falled to develop, while L. paculatus
sugcessfully developed. The observation in respect of btlack gram
eomformed to the findings of Shivashankar gt gl. (1972). The study
als0 reveals ths fact that shuorter developmentsl period zs well as
the extensive ares under favourable hosts of C. ghinensis are the
fagtors which have favoured the former to dominate over C. msculstus.

gology sStudies

Pajeni amd Mohindergill (1S74) oLbserved that tas adults
hid themselves under seed but copulated with equsl efficiency both
under darkness and light. Though the present study (Table X) showed
that the adults of L. ghinengis were attracted to light the females
were fourd to prefer darker or shaded surface of the seed for laying



eggs (upto 84 to 9 per cent) as compared to lighted surface
vhich recorded only 15.1) per cent eggs.

A temperature of 30°C and relative humidity of °% per eent
were observed to be the most favoursble for the rapid development
of the truchid (22.18 days) as ostablished by the present study.
Further inorease or decrease in relative humidity at 30°C had
sdverse effeet on the developaént in that 1t showed & tendency to
prolong to 22.90 days (BO'é and 90 per cent relative humidity) and
26,16 days (30°C and 33 per cent relative bumidity).

Temperature of 10°C and 40°C at all levels of relative humi-
dity were found to be unsuited for the development of the inseet.
The observations of Howe and Currie (1964) that 30°C and 70 per cent
relative humidity vere optisum for rapid development of C. g¢hinensis
srd that none ecould develpp completely at 37.5°C as 8lso that of
Howe and Currie (1564) and &inha and Utida (1967) regarding the
winisus temperature for the development of C. ghinensis agrees more
or less with the present results.

As against the threshold development of 12°C to 13°C (Utida,
1971) of C. chinensis, & threshold development of 2.29°C wes deter-
sined in the present study, C. ghinensis required 4%1.10 degree days
under laboratory conditions and 622,62 degree days unider field condi-
tions to complete ome life eycle with 6190,7" degree days swailable
under laboratoery conditions and 5690 degree duys unier field condi-
tions during the period of present study for the development of
S ghinensis, it was found theoretically to complete 12,86 and 9,38
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generations under lstoratory and field conditions respectively.
The observetions almost agree with those of Hericheran Singh (919€%)
end anonymous (1¢76).

The present study on life-table of C. ghinensis as stored
product pest during its field infestation is the first atteapt in
tois line from India. The only life-table study on bruchid condue-~
ted urder field conditions is thet of Mitchel (Personel communication)
on Jimoestes smigus (Horn), infesting pods of Cireidius Qoridum
Benthi wherein he has observed a mortality of 25 per cent during the
egg stage owving to the desiccation because of desert corditions,
Further, mortality was noted among the larvae after entering the pod
and before entering tne seedy most of the lervae that entered the
seed survived to the sdult stage.

In the present study, the mortality due to embryonic failure
sccounted for 23.24 per cent (stige of the pod-wise mortelity renged
from 19.05 per cent in green pod to 45.45 per cent on dry pods).
First inctar larvs showed the highest per cent mortality (56.57)
than any other stsges, the death of larvae being caused by both
defective (weak) chorion of the egg resulting in the larvael emergence
through unusual exits and failure of the larvae to reach the seed
after boring into the pod due to t e gep ir between the tw. Tender
end dry pods snared the above mortality as the gap between the pod
coat and seed in both these stages frustrated the efforts of the
larva to get into the seed. The suspicion of sangapre amd Balaraju

(1¢77) nas been proved beyond doubt as the factor in the present
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study. As the true legs of all the larval stages sre atrophied,

the presence of prothoracic plstea in the firat instar larva helps
in hatching and boring into the seed or the pod coat as the case

=2y be. ‘hen taere 1s no gap tetween the pod coat and the seed a8
in the case of mature green and green pods the enxcrging larvae finds
it easy to btore through the pod coat and then into the seed soon
after its emergence from the egyg, whereas when the gsp 1s a0re as
otscrved in the tender and 4ry pods the larva sfter boring through
the pod coat, fails to cravl snd bore into the seed because of lack
of grip, resulting in its death. The mortality that wvas otserved
even in the case of the eggs laid on mature green and green pods ssy
be due to the posttion of egg deposited on the pods. Mortality
recorded bty subsenuent larval stuges (27.52 per cent) and that of
pupa (7.59 per cent) may be attributed to physiological and unknowm
casuses: The death of adult due to trapping inside the pod wves due
to ths relatively narrower siae of tne emergence hole. The mortality
due to the predominance of males in the sex ratio may be due to the
influence of developing seed, the physiology of vhich entirely
differs from that of 4ry seed, However, tids is only a chanee
fsator. The neyative trend index values in respect of tender, yellow
and 4ry pods (sero) indicate that thc mortality feetors operating
during these stages are effective in causing decline in the druehid
population. The positive trend index values of 7,85 (greem pods)
and 2,67 (msture green pods) iniicate thet mortality factors operating
in these stages are not effective. Correspondingly, the generation
survival was aero in tender, yellow and dry pods while 0,14 in green
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pods ard 0,13 in meture pods.

neletive tusecptibliity to the Attagk oi Sruehida

In tals study 17 varieties of red gram, 12 varicties of
green gram, 9 varieties of black grem, 10 varieties of cow pea and
4 varieties of s0y bean vere tested using five psrsmeters both
under natural and artificial inxfestation condiitions.

The present {inding in respect of soy bean seeds that they
were least susezptible to bruchid 1s in perfeet agresment with the
observation of earlier workers (opivastsva and Snatia, 19593
Applebsum 9t al.o 196%; Gokhale, 15733 GArish gt gles 1974).

faong the varieties of soy bean, black kulth! was the least
susceptible, while hill variety was the most suseentidble one
(Table XXII and XXIXI).

Black gram was also found to be less susceptidble to bruehids
and was the next dbcst to soy bean. The findings, while confirming
the observations of shiveshankar gt al. (1572) and Gokhale (1973)
d4ffer from those of Choprs and Xnurup (1¢70) vho stated that urid

seeds were more susceptible,

In the case of varieties of tlack gras, V. anth U-30 amd local
black grem were found to be least susceptidle and highly suseeptidle
varieties respectively. Kﬂs variety of black gram tested and found
resistant to bruchid attack (shivashankar gt al., 1972) repeated the
performance in tne present study (Table XXII and XXIII),
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Green gram and ¢ov pea ranked third amd fourth in respect of
comparative susecptibility. Chopra and Khurad (1970) stated that
eovw pea was resistant to tne bruchid atteek vhile green gram was
highly susecptible. The claim of Gokhale (1¢75) and Girish gt ).
(1974) that green grsm 1s having more food value than red gras 414
not agree with the present finding that red gram had more food

value.

In regaid to the verieties P& 2/1 (green gr-m).'cc-s and
K0« TTY (cow pea) registered the lowest infestation of bruchids as
compered to PIMu~2 (green gram), Puss=? and Pusa=4 (cow pea) vhich
favoured the highest bruchid infestation in the respective erops
(Tatle XXYI and XXIII).

On the varieties of red gram, 4-46 was found to be the least
suseeptible and 'S3' was fourd to be the highly suseeptidle variety
to bruchid attack (Table XXIY amd XXIII)e Another important otaser-
vation was that the aeed preferred for oviposition was not necessarily
preferred for further larval and pupal develomment (as revealed in
case Of soy Lean in the present study). This finding is in eonfornity
vith that of Girish gt al. (1974).

The findings in the present investigation in respect of seeds
of 41fferent varieties of five pulse ercps will te of great use to
breeders and cultivators as well.
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CHAPTLE VI

SUMMARY

Present investigations on btruchids dealing with fauna infest-
ing verious pulse erop seceds in the Jtete of Karnataka, seasonsl
incidence of bruchids, field infestations, field and laborstory
biology and eeclogy with special reference to Cgllosobruchus ghinensis
(Liwnd, ineludin, life-tsble studies under field conditions, amd test-
ing of seeds of 52 varieties of Tive pulse crops to the atteck of
bruchids were carried out during the period from ueptenter 1976 to
septemtber 14977,

opudies on the bruchid feure has revealed the presence of

five btruchid specics namely, Callosobruchus ghinensis (Linnaeus),

C. thgobromge (Linnseus), C. pagculstus (Febricius), C. snalis (Fabri-
cjus) and an unidentified specles infesting seven pulse crops grown

in 10 districts of the ostate. Of these, . gninensis ves the dominant
species Ly virtue of its attecking five out of seven crops that were

surveyed.

Toe highest field dncidence of truchid was 4n green gram
(Vigne radista (L.) Wilezek, (Jhaseolus aureug Hoxb.)] followed by
red grem (Cajarus gajan Linn)y field btean (Leb-lab nirer “edikus),
cow pes [Vi;ne unguigulata (L.) “alp. Sub. sp. Criindrica (L.) var.
eseltings (V. sinensis .savi.)_'l, ari wvas the lowest in horse gram
[V. unguiculsts (L.) walp sute sp Upguiculsts, (Dolichos biflorys Linm),
soy bean (Glycine gax Merr.) and black gram [V. mungo (L.) Hepper,
(P. muzgo Linn.)] were not infested st all.



Sessonal incidence studizs of L. ghinensis on red grem
revealed the lowest ineidence of 1,50 nmumters during Sentember
1976 (period of commencemcnt of [lowering of main erop) amd
highest incidence during January 1577 wvhich vas incidentally the
period of harvest of main erop. The bruchid incidence was fourd

to te negatively correlated with the temperature,

Life nistory of . gainensig in the seeds of six hosts
asmely, green gram (local), eow pes (local), red gres (85). black
groem (xa,). field bean (Hebbal ivara-3) and soy bean (Hai‘dec)
under leboratory conditions and on red zres pods (Prathat) under
field conditions was studied., Developmental stages nemely egg
larval, preenupal, pupal eni sdult were Jeseribed in detail. Incu~
bation period varied from 6,67 to 8.17 days under leboratory amd
6,19 to 6,48 days under field conditions. The grub during the
course of its dovelomontfp-riod passed through four lerval instars
snd entered the pre~pupal stage which was folloved by pupal atage.
Four larvel inatsrs occupied 1 to 4, 1 to 4, 2 to 4y and 2 to S days,
respectively. The pupstion was in s pupal chamdber constructed by
the final instar grub by coapressing the feccal matter against the
walls of the¢ excavation. The adult was otserved to emerge from the
seed by cutting a circular 1id all along the peripegry of the window
which wvas made on the seed cost by the final instar grub before
entering pre~pupal and pural stage(s). Under field conditions, the
adults emergcd through the dry pod Ly cutting a eircular emergence
hole similar to the one on tue seed. The larvel and pupal periods
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rarged from 17.95 days (on red gram) during April 1977 to 25.67
days (on green gram) during January 1577. The duration under field
conditions was shortest (25.07 deys) during June/July 1977 and
longest during March/April 1977 (30.%1 days).

The total life=cycle of C. chinensis lasted for a period of
24,62 to 29.75 days on red gram and 31.94 to 52.36 days on green
grmm and cov pea,respectively under the laboratory conditions. The
total developmental period was foumd to be negatively correlated
to temperature wiiich was significant. Sex ratio of C. ghinensis
was Ohserved to be almost equal with male having slight predominange
over females in lsboratory. However, in the field, the preponderance
of male was much higher. The present study revealed that sdult
bruchid neither fed on red gram flowers nor the pollen.

The #ct of mating has been deserited in detail. Pre-mating,
mating and pre=oviposition occupied a duration of 4% minutes and
45 seconds, 2 minutes anmd 32 seconds, and 72 minutes ani 12 seconds
respectively under ambient temperature and relastive humidity. The
females laild egys at the rate of one egg to as weny as three eggs
per seed, Similar was the trend under rield comdition, wvherein on
red grem pods ag way as six eggs per pod confined fairly to a small
area vere recorded. PFurther, femsles were observed to prefer maturs
green and green pods fOr egg laying over yellow, 4ry snd tender pods.
The fecurndity of C. ghinensis as observed in the lsboratory conditions
ranged from 42,62 eggs during January 1977 to 85 eggs during
February 1977. The maximum msean daily e¢gg lay was observed on the
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second and {irst dey wnich gradually deerzascd till tne last day
of oviposition. 1Ip the {leld, C. ghinensis recorded a fecurdity
of "2 eggse Adults of totn sexes lived for a pericl which wvas

almost ecual, with female fecaraing Te30 deys and male T.27 days.

Besides the [yemotes yertricosus ¥ewp (Acard - "rostigmata =
ryemotidae), a parasite nite on C. ghinensis, two more hymenopterus
larval peresites nemely, Dinarmus vegsburdus Timt. (Hymenbtpters;
Pteromalidec) under letoratory conditions snl an unidentified eupel-

mid parssite froa field were recorded during the study.

ctudies on the comperative development of C. ghirensis and
C. magulstus in eight host pulse seeds which included (1) Bengal
gram, (2) tlack grams (3) cow pesy (4) field bean (var. local),
(S) field tean (var. idecbal Avare=3), (6) norse gramy, (7) red gram
and (2) soy tear, showed thet both species thrived in four hosts
(1, 59 4 and 7) wnile C. ghinensis suecessfully completed its
development over eomparetively snorter period in five hosts (1, 3,
4y 6 and 7) C. macylatus wes suecessful in completing its development
in seven hosts teking relgtively longer time, but With no egg laying

in horse gream.

Studies on the effect of 1light ﬁn the oviposition trends
revealed that L. ghlnensis inspite of{being sttracted to light,
prefer shaded or darkened surface of the seed to the lighted
surface for egg layinge Another study to determne the temperature
ard relative humidiity favourable {or the development of C. ¢hinensis
suowved that @ temperature of 30°C and relative humidity of
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E% per cert to be most preferred. (. ghinensis with a threshold
development of 8.2%°C, renuired 491,10 and 622,62 degree days
(thermal constant) for the completion of one generation, respsctively,
under laboratory and fleld envircnments. (. ghinensis was found
theoretically to complete 12.%6 ard 9.J% generations under laboratory
ard field conditions respectively in cone year.

The life-table studies of the above bruchid om red grea estabt-~
1ished the larval emergence ocutside tarough unusual exits because
of defective (wesk) chorion and failing to rcach the ssed because
of gap between the pod coat and the seed as the key mortality factor
vhieh vas effective in causing decline in truchid population in
tender and dry pod stages (negative trend index of zero). Positive
tremd index velues otserved in green (2,%%) anml mature greea (2,67)
pods indicated that mortality factors operating during these stages
were ineffective in causing decline in truchid porulations.

Varietal evaluation studies pertaining to seeds of 52 varie-
ties belonging to five pulse cropa showed say Lesn and bleck gram
varieties to be the least susceptible followed Ly green gram amd
¢ovw pes. Fed gram varieties were found to de highly susceptible.

dmilerly, among varieties under esch pulse crops, dlack kulthi
(scy bean), V. anth U-30 (black sram), PSz/ (green grem), CG=% and
77¢ (cov pea) eand 4-46 (red gram) were found to be lcast suseeptidble
a4 opposed to varieties H1ll (soy bean), local (black grem), PIMu=2
(green gram), Pusa=2 and Pusa=4 (cow pea) amd No.%5 (red grem) whieh
recorded high infestation under respective orops.
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