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INTRODUCTION

Next to cereals, pulses constitute the most widely
used food materials of Indian diet and thege offer
pérhaps-practica; means of solving pzbtein‘malnntrifion
problems at the present stage of economic development
in the country. Production and consumptilon of more
pulses is nov widely recognised to the tho cheapest and
most practical way of improving the nutrition of the

common poople,

The percapita availability of pulses in India
was reduced from 70.4 g per day in 1956 t0 39,1 g
in 1581 due to raéid population growth; unstable
production trends and also due to btk pest problems

in the f£ield and under storage conditions,

Pulse beetles (Bruchldg) the most predominent ;
pests of stored pulses cause quantitative lossas :
ranging from 10 to 15% of the produce besides
imparting undesirable odours and £lavours to the
grains, Reports of ithe Pest Infestation Laboratory,
london (Munro, 1966) ravealed that the pulses are
suaceptible to damage by Bruchids before and after
harvest and extent of loss being as high as

70 per cent,



Much esphasis has been given in-recent.years to
evolve sultable methods éf‘protecting seeds and grains
in gtorage.  The accepted maxim that prevention 1s
better than cure 1s applicable in the case of reducing
damage by the pulse bheetless Proventive measures
include cleaning of the godovns or storage receptacles
as well as seed§ before storage, drying of the seeds to
reduce moisture content, fumigation, mixzing the
seeds with inert dusta, insecticides &tc, |

A centrally gponsored programme of development of
pulses is being implemented in India, The programme
involves use of improved pulse seeds, treatmont with
rhizobial culture, adequate usc of phosghétic
fertilizers and timely crop protection coupled with
protection of stored produce. It is of considerable
importance that the availability of good quality
viable seeds is ensured for the successful

implementation of the programme,

The objective of the present study was to cevaluate
the relativa efficacy of p:uphylaftic treatments with
some of the newer insecticidaes, inert dusts and botanical
materisls in reducing storage losses due %o pulse beatles

without adversely effecting the viability of seeds,
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" REVIEW OF LITERATURE

Bruchid beetles are conasidered as serious pééts
of pulses in storage damaging secds of different ‘
variotles of pulses, namely, bengal gram Cicer arietipum
(1), Phoseolus spp. including Phagsolus gureus (I)
Roxdb,, Phaseolus mungo (Is), pigeon peas Cajanus
cajan (Le), Millsp.; Lentils Lens ecsculenta, M,
Lathyrus Lathvrus sativus (IL.), pecs Pisum sativum L,
ard covpea ¥igna upgquiculota {(L.) (valp)s Out of
£ive known species of Callosobruchus from India,
Callosobruchus chinensis (L.}, Callosobruchus
meculatus (F.) and Callosobruchus analis (F.) are
the most importent spocies infesting stored pulse
secds (Raina, 1970)«

Biology and EFcology of pulse beetles

Fletcher (1914)' described-the pulse beetles and
their nature of dsmage,  Short thick bodicd beetles
attack pulses such as grams, lab-lab, beans and peds,
The larvae burrow inslde the secds and destroy
the interncl contents leaving a characteristic
large round exit holegs

Comparative biclogy of Bruchus chinensis (L) and
Bruchus analds (F,) was studied by Rehman gt al. (1943) ..
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They found that a single pulse seed contaln only one
larvae of B, gnalis and asg many as 8 larvae of
B, chinensis, The f£zcundity range of both the
species wore recorded as 4 to 14 and 11 to 150 eggs
respectively. In B. chinensis the egyg, larval and
pupal stages ranged from 4 to 16, 10 to 38 and
4 uo 28 days respectively vhereas in B, analis., the
corresponding periods wete 1 o 18, 8 to 43 and
5 to 36 days depending upon the season., The number
of gencrations per year renged from 8 to 9 and 9 to
10 respectively for both_the gpeclan, |

Matcalf and Flint (1962) reported that pulse
seedls vhich are infested by Bruchus pisorum (L) are
often reduced to mere shollss

Pulse beootles lay cggs on the mature pods in the
£ield and the young on&s-bore into the seeds and are
thus carried into the store (Pruthi, 1969).

Raina (1970) studied the comparative biology of
C. maculatus, Ci chineneis and C. gnalise Al the
threes szecics were active from early spring to late
autumn and everlwinter in larval stage. Immediately
after their emergence, the adults were able to mafa
several timess Females lald oval translucent egés on

the surface of the seeds and the average number of



eggs laid were 128, 78 and 96 respectively. The

incuhation'period of cgge were 5, 3 and 4 days

fespeact:‘ivel& at 30°C and 70 per cent relative

humidity and t.hca percentage of hatching ranged £rom

© 94 . to 99 for all the threo -species. The larvae after

emergence bored vertically into the seed, turncd :

at right angles and then pushed forward horizéfxtally,

feeding on the cotyladons, The iaxvae moulted four

times before pupation. The combined larval and iptzpal

poried averaged 20, 18,8 and 23,5 days and the
development from eqgg o adult cccup;iea an average' of

| 2¢, 22,3 and 28-‘.;5 days respectively for the threa:

speciea,

In studies on the cffect of tamperature and -
humidity on the fecundity of B. ghincnols, Ouchi (1936)
observed that the maximum number of cggs wera laiéi
at 29,7°C and 93% RH, |

Miyake and Odera (1939) reported the:t the nu:inher
of days reguired to complete development from
ovipogition to adult cmergence at 20, 30 and 37°C
vere 51¢3; 18,9 and 2145 respectively for
Cs chinensis and 109, 23,3 and 23.6 respcctivoly |
for g. gnglis, | )

Effect of temperature and relative humidity on
tha blology of C. g‘hinems;!.s was stwdicd by Arora and
Singh (1970)... A gingle male could mate with as



many as 18 females at 25 to 30°C and 50 to 90% B, ‘
The highest nurbor of eggs laid per female (91) was
at 30°C and 90% relative humidity and the lowest
(32) at 25°C and 50% KH,

Bato and Sanchez (1972) reported that at a mean
temperature of 83,6°F and 67.,7% relative humidity,
the duration of cégg, larvai and pupal stages of |
S+ ghinenois in green gram seeds with 14,79 per
cent molsture wvere 4462, 12,48 and 3,94 days
respectivelys The longevity of adult males and
females were 2 to 14 and 2 to 22 days respectivelys

Ylelight loss aue to tﬁe inféstation of
C. maculetus varied with the host: based on the nurber
of eggs laids Black eyed couwpea Vigna pnquiculata wag
most preferred for ovipositlon, The axtent of wéight
lose of saeds infemfed ylith the pulse heetle after
storaga for five months on black eyeé cowpea,

" fetriate coupen and lentils woere 50, 44 and 45
per cent respectively (chra-Elhalfwy, 1971) .

Gundu Rao and Wilbur (1972) estimated that tha
extent of demage in ‘wheat by adult feeding of
Ruyzopartha dominica Fabr; was aboult 19,4, 12, 955
and G5 per cent Pernel during f£irst, sccond, third

and fourth week respectively aftor adult emergencaes



Sample testing of coupeas Ve unaquulgég £rom

the markets of Frote and PBragzil by Basto, (1973) .
showed that in 27,8 per cent of the samples, 5 per
cent of the sescds wera damzged by . maculatus and
aftter storage for 56 days the demage attained |
68446 per cent,

Hajumdar (1976) stated that the taxonomic
@istribution of storage pests follows a pattern in
relation to the ecologic factors and phygicoﬁéhemical
composition of food stufifis. L. chinensis thriveﬁ
on milled wheole pulses with the husk but not on '
the processed products,

In a comparative study on the blology of
€. chinensis, Bhattacharya gk al. (1977) reporteq
that the development was not completed on saeds of
Frepch bean and black gram, but it was more on
green g%am. ,

Jaéry (1980) studied the commarative
fecundities and oviposition of Acanthoscelus gbtectus
Say on the seeds and pods of Fheseplus vulgaris L. -
and found that the fecundity of fertllized females
van higher on pods than sceds. Pods proéided a
strong stimulus to sustain egg laying sctivity than

86eaS,



Control cof pulge begtlas
Use of inert dusts ‘

Use of incrt dust materials in controlling storage
pests have been in vogue £rom very early days.
Inert dust materials are effective in abrading
the epicuticle and causing desiccation as in
aluninium oxide or may absorb molsture £rom the
body dﬁe to hygroscopic properties as in charcoal
(David and Kumaraswami, 12981), :

Headlee (1924) reported that among the dusts
ground burnt lime, calcium oxide, hydrated lime, .
calcium chloride; calcium sulphate, dolomite and
vgrious other ¢lays afforded marked protectlion
of edible beans from the attack of Bruchus_obtectgs.

Studies on the use of burnt paddy husk for _
the control of stored grain pests have shown that
wvhen the grains were mixed with finely powdered
burnt rice husk, 160 per cent mortality of
Bruchus beetles was obtained (Narasimham and
Krishna Murthy, 1944); According to them the
efficlency of burnt rice husk was due to the
repellent effect of the powder adhering on the

grains. The adhered powder can be easily freed by

(0]



usual winncwing and cleaning of pulses,

Peas and beans can ba protected from bruchid
infestation by mixing 200 1b of seeds with 6 to 8 oz
of colloidal silica, colloidal aluminium pentasilicate
or finely ground dizstomite or the same quantitﬁ_r
of diatomite or keolin impregnated with 0,05 per cent

gemma BHE or 0,05 per .cent technical DDT (Parkin
and Biils, 1955).

Nair (1957} reported that the inert dusts
killed insects by removing or abrading water proof
wax layer and thus exposing them to deslccatlon:
Gtudies with inert dusts like k‘aoline, rice ilusked
charcpa;l., silica gel, insecticidal dusts like DDT,
Malsthion, Lindans, BHG, Pyx_:ethm:m and Acorus
celemus have shoun that sillca gel was found to be
slgnificantly superior than all other treatments,’
Silica gel being an inert dust can be used with
advani:age in protecting stored paddy £rom insect
infestation without any toxic hasards (Mammen et al.
1968) . A , .

The effect of dris=die (oilica merogel) as an
absorptive dugt was tested for the control of
C« analis in stored seeds of Phaseolus {(aureus)
radiatus by Thontadarya and Rajagopal (1969) have
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shoun that a.lll adult beetles introduced to seeds
mixed with driwdie ak 0,03 and 0,04 por cent by
weight were dried within 6 hours, '

EleRafie gt al. (1970) reported that rock
phogphate at 1 per ¢ent concentration used as seed
trea:@nc—‘:nt on horsegram, cowpea and lentil against_
Ce chinensis gave mortality after 24 hours, |

Effect of koolinic elay in protecting cowpea
seeds from the inféstation of pulse beetle
Ce chinensis was studied by Swamiappan gt gls (1976)
and found that activated c¢lay minorals removed ﬂ-s;:x
fat molecules from cuticular waxy laycr by |
- ebsorption, - ,

\_i;a_rma et ak. (1977) investigeted the ingecticidal
activity of dusts attspulgite and other clays
against the adults of stored posts like Callosobruchus
chinensis, Triboliun cagtaneum Abst, Sitophilus .
orysae (L), Lasloderma gerricorne Fb. Oryzaep hilus
surinamenis binn ond Rhyzopertha dominica Fabr, |

Treatment with fullexs earth cause 90 por cent
moxtality of Cs chinonsis, S, orvzac end L. gerricorne

within 48 hourz,

Use of indigenous plant products
Complete protaction of pulse seeds £rom bruchids
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was obtained by treating the seeds with dusts and
sprays formulated from the dry bark of Mundulea
guberosa (Subramaniom, 1934). _
Puttarudriah and Lakshmlnarayana Bhatia (1955)
reported B0 per cent mortality of C. chinensis
within 4 dag;s uhen the second and third instor
larvae were allowed to crawl over the dusts of
Derxis elidptica for five minutess Petroleum
éxtracts of Acorus calamus were found to ba
effective against S, orymae (Paul et als 1965).
Jotwanl and Sircar (1967) studied the
repelleont effoct of neem geed against the pulse
beetle C. maculatus, The powdered kornels vers
mixed with the seeds of mung, bengal grom, cowped
and peas at the rate of 1 to 2 parts neom ketnel
powsiér per 100 parts {w/w) of aseeds and were
protected from the attack of the pest for about
8, 11, 9 and 9 months respectively without affecting
germination, taste and smell of secds. .
Relative eofficacy of various plant products in
controlling the infiestation by Ahgamnois grain nx:ii:h
in stored paddy Sito¥roga gcerealella Oliv, was
studied by Abkhem ot als (1972), Chopped leaves
of Azadirachga indica followed by leaves of
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Yitox n'eqtmdo, Adhatods yvasica and Clerodaendyron
infortunatum and rhizomes bits of A, calamus when.'
, used as airect mixtures gave best resulis,

Agarwal et al. (1973) repo:tec‘! that an essential
oll asarone extracted from the rhizomes oOf
A. calamug, 3o effective In eontroliing varipus
gtored grvein pests like I, gostanewm, B, chinengis,
Ré @ominica, Trogoderms gronarium and Corcyra
cep halonic:a_.— They found that the LD 50 value
for B. chinengis was 1. 35,

Studies ccrzduwted by Girish and Jain (1974)
showed that vheat seed mixed with poudered kernel
of neaem was found to be effective in reducing the
population buiid 'L!p and extent of damage of
I, granorium and R, dominica.

Powdered ncem kernel mixed with paddy at 1 gnd
2 per cent concentrationé were found to be effoctive
::m reducing the rate of oviposition of lesser
grain borer and grain moth respectively ond
conceni;rations of 0.5, 0,75 and"1 per cent
significantly recduced the adult populastion. of rice
weevil, lesser grain borer and grain moth
(Savithri and Subba Rao, 1976).

Saradamna ot al. (1977) reported that mizing

thae neem seed powder with one or two per cent
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concentraticns gave effective protection against
étorage peats of paddy,.

Toxaicity of oleorezin extracted £rom
Chrysanthomun ginerarifolium in combination with
neem gecd extract A, Indica and gerlic clove extract
was tested by Gedri Bt al, (1961) against '
C» chinensig and Re dominica, It was found that’
garlic and neem extracts had a 9_;nérgistic ¢ffect
with tho oleorcsin from g;yrethm against these
ingecto. _ ‘ _

Deshpande (1974) investigated the toxicity of -
the extracts of two Indion medicinal plants;
Nigglla}_sativa and Poaostemon levneanus against

8. oryzae, Stegobium ganiceun (L), T. gastanoum and
C. chinensis found that both of them were having .

insecticidal properties. |

Chatterjee (1980) reported that petroleum
extracts of dried and powdered seeds of Jatropha
gogsyplfolia Linn, c:onta;:in some toxic principles jf:hat

exerts contact action against I, castancum.
Use of edible and vegetable oils

Su g al. (1972) gave an account of the effect

of oils obtained from leron, grapefruit; lime,
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Kumcuiat and tangerineg in reducing the population
bulld up of L. chinensls and S; oryzae,

011s of mustard, sunflover, safflower, castor;
cotton, ncem and pongamia whon vsed as surface
protectaﬁts on red gram agsinst €, chinensis,
nutber of larvae emcerged from the itreataed seads
wore very few (Singappa, 1977).

work done at Tomil Nadu Agricultural University,
it has been found that the wse of domestic edible
olls like groundinut, cocphut, glngelly, castor
at 1 per cent had presexved the gresn gram seeds
bsolutely frec from infestatlon of C. ghinensis
for a perlod of 13 monthao (Anon., 1976).

Varma and Pandoy (31978) studied tho effect of
edible oils in protecting greon gram sesds against
the attack of g pmaculatus in storage. Very little
damage upto 5 months was seen in sample treated with
coconut 0ll followed by mustard, groundnut and
sesams olls O (0s3 parts por 100 parts of seed {(w/w)
without afifecting the viabillity of treated seedss

Heat treatmant

Reppert and Bantley (1936) tried the eposure
of cownea seeds to the gpen sunlight on clear dey

for a period of 75 minutes or more as a preventlve



step agalnst bruchids and obtained complete
destruction. of bruchlds wlthout affecting
germlnation, N
All the stages of s maculatug can be killed
by resorting to heating at a temperature of 45

to 55°C (Mookherjee et al, 1968),
Use of synthetic organia insecticidss

Ohta (1961) rapérted that naphthalene, camphor
and P=dichlorcbenzene possess repellent properties
against adults of L. chinensis, ‘

Pogt embryonic development of C. chinengis
was aﬁﬁersely effented when the newly hatched
larvae penetrated the seeds treated wlth camphor
crystals at concentration of 0, 12, 24, 48 and
96 ppm in airtight ¢ontainers (Abivardi, 1977).

Lin (1964) reported that stored red beans
and green beans Qere found o be effectively
protected from the attack of €. chinensis with
bromocyclen (Bromodan) or chlorbicyclen (Alodan)
applied as 5% dust at a rate of 0.4 0 0.5 IB/100 ib.

Foxicological studles using gamma BHC,
methyl parathlon; dimethoate, malathion and
carbaryl on adults of C. gnaslis conducted by




Hisa and Ahmed (1970) showed that applying the
insecticides eithor topicelly or mixing the dusts
with stored pulses, into which the insects were
introduced gamma BHC at 1 ppm gave good protection
for two months while at 5 ppm this afforded
protection for four months,

ElwRafic et al, (1974) reported that the spray
deposits of malathlon, bicallethrin and scven
applled on three tﬁpes of pulse seeds against
L. ghinensia ﬁave shouwn tﬁat malathion was more
" toxic followed by bioalleothrin and sevine.

' Gouhar gt al, (1974) evaluated the offectivencas
of four chemicals amgainst C. maculatus at 235°C and
75% relativa.humidity. The LD 50 velues showed that
trichlorphon {200 ppm) was found 4o be £ho most
toxic compound followed by g¢gamma BHC, malathion
and carbaryl,

Experiménts on the effectiveness of malathion,
lindane, diazinon and fenltrothlon ageinst
1. gastaneum, S orymae and B. chinenals were carried
out by Kattera P,y Kaghil (1976) showed that
fenitrothion was more toxic ﬁo all the threo

species of lnsccts.



hbdelwizhab et als (1974) compared the toxitity
of toplcal application Gf several insecticides aﬁd
the LD values have.shown that aldicarb was the most
effective materdal ageinst adult weles of Cs maculatus,

Gram seeds can be protected from the\a’cta,ck' of
S+ cthincnsis for long perlods using methoxychlor and
malathion at concentration above 24 ppm (bhari gt al,
1978) .. | |

Pawor and Yadav (1980) compared the persistonce
of different organcphosphorus ingecticides, nemely,
phoxim (baythion), bromophos, fenitrothion,
pirimiphos mathyl, lodofenphos and malathion against
adults of C. chinensis on dlfforent surfaces such
as glasa, cemznt, mud, j_ute¢ polythene, aluminium
and plywood surfaces, Fhoxim was found to be the
mogt persistant chemical and glass was the most
suitable gurface for the retentioh of toxiclity
of the chemilcal, \

Malathion at 20 ppm with pyrophyllite as a
carrier againshk L+ maculatus and Cs chinensds was
found o be most effective upto 48 montho
(Yadav ot als 15€0)," |



Lloyd and Hewlett (1958) found that adults of
Cs chinensis were highly susceptible when treated
with pyrethrins (13 per cent) alone and in
combination 0s3% (w/w) with 3% (v/v) piperonyl
butoxide in a heavily refined mineral oils

Pyrothrin at 0,2 and 04025 per cent concentrations
afforded control of S, gryzae and C. agnalis in ‘

stored grains end pulses respectively (Uniyal gt al.

| 1967)s €, chinonsis showed great response to the
pyrethrins synergised with piperonyl butoxide vhen
the adult beetles wera exposged to the tale based
powders admized with wﬁa‘gaﬁ (veaving, 1970). |

Caswrell and Akibu (1980) reported that
pirimiphos methyl at 0425 {0 1% concentration was
effective against bruchid infestation on stored
cowpea; Ve unguiculatas, Hundred pér cent mortality
of pulse bestles was obtaincd when the seeds of peaa
and beans were trented with dust formulations of
pirimiphos methyl at 2,5, 5 or 10 mg per kg and 1
parmethrin at 1.5 and 5 mg/ky of geeds,. |

Funmigation methods

Cornes Adeyemo (1972) reported that satisfagtory
- control of the diffcrent stages of bruchids remained



in all parts of sacks was obtained when one or two
phostoxin pellets were dropped through an spplicator
tuba,

Olivier gt al, (1977) obtained 100% mortality
of bruchids withiﬁ.zé hours when lindane was applied
in the form of fumlite tablets at the rate of one .
tablet per 4Sm3 and éealed,

Phogphine @ 1 to 2 tablets/ton of seed was an
effective fumigant in the control of C, maculatug
and C» chinensis in stored seeds of peas, cowpea and
mung without affecting germination (Singh et al. 1980).

Jay (1980) suggested use of €O, introduced

2
into the seeds along with grain streams for
controlling stored product pests viz., Iriholium

castencum Hbets, T. confusum Bhst, and C. maculatus,
Biological control

Kairyse and Hurosawa (1939} reported a Braconid

Heteorospdlus psocopidis vier as @ parasite of

Be chinensis in Japan and studied the biology,.

In an investigatlion of C. chinensis and its -
parasite Anigoptercmalus calandrae (Howarot)
Ckamoto (1971) studied the dovelopment stage of the

hogt at the time of attark, percentage of paxasitiam



and duration of development ¢f parasite, The
praferred developmental stage wags the fourth instar
larvae, but few of the wasps paragitized tha third
instar larvae angd pupae and found that percentage of
parasitism changed with the development. of hoallarvae,

New approaches in bruchid control

Nagasawa gt ale (1965) observed that the
percentage hatching of eggs laid by femnles of
C» chinensis wam very low vhen both male and female
ingsoots ware treated with fentin hydroxide at |
02 Mg/adult,

Bhatnagar-Thomas {(1973) reported that a
Juvenile homone analogue mothyl 3, 7, 11, trimethyl
Ty li,l dichloxe 2 dodecencate at concentrations

of 12,5 to 20 ppm was offective against

BN ghinensis 4n green grem -_I:{.; muBCO,

‘Effects of gamma radiation on the eggs OF ca:w.pea
weevil €, maculatus was studied by Elbadry and Atmed
{31975)s Mo hatching was occurred when newly laid
eggs exposed to 1,000 rad; but for olden egye
about 8,000 red was needed to obtain 100% mortality,

' Rizvi et sl (1980) reported that %, 3; 7
trimethyl xenthine isolated from a seed extract c‘;af
arebica cpffee proved to be effective chemosterilant
for the stored grain pest G« ghincnsis causing 100 per
cent mortality at concentration of 1.5%: '

20
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1, Matexlals

1.1

Insecticldes

MATERIALS AND METHODS

The following materials comprising botanicsl,

in:ert and organic insecticldes were used In the .

experiment,
o d = B S - B = Jac QU - S+ - - R = == Y — S S - B — S < - — B -~ =4
51, Common name Active ine
no, gredient name
o B R = S N - S o~ i -+ - S — B - B o S — 2 = T~ O < I A - T ]
1 Sweet flag s i
{Agorus calamus)
223@{3?:’1 ’ L] -
{Azadirachta
Tnaica)
3 Activated - —_—
charcoal
4 Carbaryl i=naphthyle Sevin
Nemethyl
carbamate
% Etrimphos Phosphoro- San 197
thioic acid
0, Oe-Dimethyl
D= ( Gmethoiy-
2 ethylelm
pyrimidinyl)
6 Fenvalerate RBwleCyano=3 Sumicidin
rhenoxy
benzyl (RS)-
2=4=Chloxro
phenyle3
methyl

butyrate

= B - A ]
Proprictary Formulation
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Rhizome bits

Kernel powder
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% dust

2% dust
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20% Emulsdion
concentrate
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132 8tock cultures of Callosobruchus magulatus (Fe)

Adultg of pulse beetle Callosobruchus magulatus (F,)
roguircd for studies were obtalned from the Entomology

Department,; College of Horticulture, Vellanikkara,
1.3 Cowpea secds reguired for the experiment

The varlety Kanakemanl PTR, was uscd in the trial,

;3
This was obtafined from Reglonal Agriculturcl Research

Station, Pattambdi,
144 Aspirator for introduclng the beetle

For introducling the beetles into the containers,

an aspirator consisting of a cylindrical glass vial of
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size 12 x 3 cm was used. The vial is closed with a rubber
cork having two perforations through which two glass

tubes each of 0,25 cm dlameter are introduced. One

of the tubes is bent at right angles with the arm

lengths of 18 cm and 8 cm, The longer arm is inserted
into the gless vial, This tube was used as inlet

and exlt while asgplrating end raleasing the beetles,

The other glass tube is stralght with a total length

of 8 cm. To the outer extremity of this is attached

a rubber fubing of length 14 cm,

For collecting the adult beetles from the stock
culture, thae bent tube is inserted close to the beotles
and these are then sucked inte the vial, The. beetles
thus collectaed are introduced into the containers by
blowing sir into the wiasl., A hard board of 8 cm
diameter was introduced through the bhent glass tube
prior to releasing the beetles. The disc iz allowed
to reét ovar the container whilce introducing the beetles

so that these do not escape. .
1]
1.5 Plastic containers of uniform size (14 x 14 cm) for

storing pulse seeds,

1.6 CGunny bags of uniform size and thickness (18 x 30 am)

for storing pulse seeds,



1.7 Classware: Measuring cylinder, beskers, glass

troughs, pipettes, specimen tubes, petridishes.

1.8 Atomizer for spraying pulse seeds with the spray
solution of insecticlides,

1,9 Simple balonce, tally counter, motal prcocbe for

draving sample, filter paper atc,

2. Methods

241 Determination of the molsture content of seeds

To determine the moiéture content of the cowpca
scads used in the experiment a sample size of 100
seeds were taken at random, welghed and kept in a hot
air oven at 105°C till a constant walght was obtained,
Difference between the initial and f£inal weights was

takeon as the molsture content of peeds,
2.2 Conditloning the seeds

The seeds required for experiments were thoroughly
cleaned to remove chaff, small kernels and other foreign
matorials and dried to maintain the moisture content

at 14 per cent,
243 Maintenance of stock culture of C. maculatus

S8tock culture of C. maculatus was malntained in the

laboratory for exﬁerimental purpose, These wora



L

maj:ntaine:d in museum jars Using coupea sceds as the host
material.; Musewn jars were filled to half capacity
with the.seeds, about 50 to 100 adult bestles wére
introduced and closed with muslin cloth, The jors

were kept in store for multiplication.
2.4 Treatments

The following treatments were included in the
e:éperiment.

'1’1; Mixing seeds with small rhizome bits of sweel

flag (Acorus calamus) rhizomes @ 1.5% (W/w).

T Mixing seecds with neem (Azadlrachta indica)

2*

kernel powder © 1.5% (w/w).
- Tge tiixing seods with activated charcoal @ 1,5% (w/w_).
T‘a, Mixi;lg soeds with carbaryl 5% dust @ 1.5% (w/w).
Tge Mixing seeds with etrimphos 2% dust @ 1.5% (w/w)s
‘1‘.-6. Surface spraying with etrimphog 16% EC @ 0,05%,

'1‘.7! Surface spraying with fenvalerate 20% EC.G 0,01%.
Tye Surface spraving with bendiccarb 80% WP @ 0.06%.

Tg, Surface spraying with permethrin 25% EC @ 0!}0125%;’

iy 10" Untreated control,

245 Treating of seeds before storage

FAve hundred grams of insect free cowpes (PTBIJ

seeds with uniform moisture content (14 per cent) were
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used for aach replication of the treatments, Required
quantity of aweet fleg rhizome blts, neem kernel powder,
cdusts of activeted charcoal, carba;yl and etrimphos for
each replication were weighed separately and mi#ed
throughly with the seeds in a small seed dressing drum
for getting wniform ceating or dilstribution of the
matarial, Before mixing the materials 10 ml of water
was sprayed uniformly on the peeds and dried at room
temperature,

- In the case of spray formulations, spray solutions
of the insecticides namely etrimphos 0.05%, fenvalerate
OsQI%b permethrin 0,0125% and bendlocarb 0.06% were
prepared for each replication and 10 ml of the prepéred
solution was sprayed on the seeds spread in a plastic
tray with the help of atomizer while the seeds werc
kept agiﬁated intermittently for getting a wnifomm
coverage. After the treatment the seeds werc allowved
to dry at room temperature and used for the esperiment,
Control replicates of 500 ¢ secds were also maintained
after spraying with 10 ml of water and dried at room -

temperature,,

2,6 Storing: The storing was done under two sets

of conditions,

2.6,1 Storage in plastic containersi Treated secds

together with untreated control were stored separately
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in plastic containers of one litre caéacity. Ten
palrs of newly ererged adult beotles were 1ntroduced,‘
at monthly intervels,into the plastic containers with
the help of an aspirator and the contalners wers closed
with muslin cloth, The containers were then arranged

randomly in the store,

2;6?2 Storage in gumny bagss  Another set 0f the
sane treatments were also exposed in small gunny bags
0f size 18 x 30 om to natural infestation. Gunny bags
vere scattered randomly inside a store containing
pulse seeds which were heavily infested with

€. maculatus for getting even chance of natural

infestation to all treantments.

3.0 Assessment O0f results: Relativa efficacy of ﬁhe
materlals used as protectants in preventing the
demage due to pulse beetlo in storage was assegsed by

taking the following cbsexvations,

341 Pexcentage welght loss: Count and weight mothod

of Adams and Schulten (1976) was used to assess

the percentage weilght loas caused by the infestation

of pulse beetle C. maculatusy A sample size of 100
seeds were drawn from each replicate at monthly intervals

with the help of a metal probe for a perlod of six



months after treatment. Seeds in the sample were
seperated into damaged (with holes) and undamaged
(without holes) ones, the nunber and weight of the two
grades was recorded seperately. From the data,
percentage weight loss was calculated by using the

[

following formula,

percentage weight loss = UNd « DNu x 100
U (vd + Nu)

where N3 = Number of damage& seeds
Nu = Number of undamaged seeds
D = Welght of damaged seeds
U :a Welght of undamaged seeds

3+2 Fecundity: Counts of number of eggs lald by the
beetles on the surface Of sceds in a sample of 100 seeds
drawvm were taken at monthly intervals for a period of

6 months after treatmant,

3.3 Viaebility of seedss In order to assess the effect
of the materials used, on the gemdination of stored
seeds, viabllity tests were conducted at monthly
intervals for a perleod of six months after storage,.
Three sub samples of 10 seeds were taken f£rom each
replication and germination tests wera conducted in
petridishes using molst fllter papers Counts on
emergence of radicle from the soaked seeds upto a

maximum of ten days were taken and the germination
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percentage was calculoteds

4, EBaxperimental conditions: The experiment was
conducted in the Depértment of Entomoliogy, Collzge of
Horticulture, Vellanilkhkara during the neriod from

November 1981 to May 1982,

5. Design of experiment and statistical analysiss
Completely randomised deslgn wilth ten treatments
replicated thrice was followed in the present
investigation. The data wyere statistically
analysod using the analysis of variance technique

and interaction concept (Snedecor and Cochran, 1967},
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RESULTIE

Yhe relative efficloncy of different materialé
used for the protection of cowpea seeds agalnst thé
Pulse beetle Callosobruchus maculatus under two methods
of storage was evaluated on the basls of thres
citeria, namely, welght loss In treated needd, thg
number of eggs deposited and the viability of treated
seedss, The shove éapects were studled at monthly
igtefvals'for a period of #ix months from the ‘time
of treatwment, '

1. Assessment 0f efficlency of treatments based 6n
the welght loss in treated seeds

The loss in the weight of Beeds due to 1nfest§tion
by the beetle was recorded at monthly intervals fo£
a perlod of six months, The related data ave pre;ented-
in Tables 1 to 6 and grephicelly depicted in Figures
1 to 6, The details of analysis of varience are
appended ( 1 to VI),

1+1 Percentage veight loss in treated ceeds = one month

after storége

The percentage weight lossz at one month aftexr
treatment wera significantly different under different
treatments (Table 1, Fig 1), but the methods of storage



Table 1, Percentage weight loss in treated seeds obscrved one month after

storage.
Treatment Plastic containers Gunny bag Meanw*
storage storage
oM o O NS 2 IR S ISR DI NI IR oI oS OIDoET SR osm o o oroyoan
Ti Sweet flag - 0415 04000 0.208 a
Tz_Neem . - 04617 9.173 0,325 a
TB Activated charcoal . 0,000 ' 9.000 " 04000 a
Th LCarbaryl dust 04107 : 9.?06 0407 a
g Etrimphos dust 0,000 : Q.DOO 0,000 a
T Etrimphos spray ) 0a527 '?.216 0,372 a
Tﬁ Fenvalerate. 0405 0a434 0,419 a
Tb Bendiocarbh . : 0,029 9.000_ 0.014 o
T, Permethrin . 0.271 00324 0e297 a
Tiﬂ Control 14442 1,305 1,37 b
Mean | 0e381 0;31&

CD {0.,05) 3 Treatment =~ 0,668
#x Means not f£ollowing game letter are significantly different
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. did not influence the gquantitative loss at this stage of
the experiment, There was no weight logs in treatments
wlth activated charcoal and with etrimphos dust and
14374 per cent loss in untreated seeds. The welght loss
in untreated control is significantly higher as ‘
compared to the rest of the treatments which were all ‘
on pars
‘when-ﬁhe treated seeds are stored in plastic

containers the percentage weight loss is slightly
greater then when stored in gqunny bags, However these
differences are not found to be significant.

| teight loss is not regisﬁared in seeds treated with
activated charcoal and with etrimphos dust and kept
inside plastic containers while in control the loss is
1,442 per cent wnder gimilar storages In gunny bag
storage maximum welght loss is recorded in control
{1,305%) as against no loss in the treatments with
sweot flag, activated charcoal, etrimphos dust and

bondilocarb,

1,2 Percentege weight lose in treated seeds = two months

after storage
The data on the welght loss in treated seeds
as observed at two months after treatment is furnished

in Table 2 and illustrated in Fig 2, At this stage



Table 2, Percaontage weight loss in treated sceds obsorved ¢wo months after

storagec.
Treatment Plastic containers = Gunny bag Heana#*
storage storage
a oD o oD DRI D ™ m S IN SR IR RIS OTYommoLIeoON oMo R RIS oW R oo
T; Sweet flag 0,951 0.135 “09547 ab
T, Heem 1,084 1.252 1,167 be
T4 Activated charcoal . 0a000 ‘ 04000 0.000 a
T, Carkaryl 'q!639 : ;r442‘ ‘15041 bo
Tb Eerimphos dust 0.478 0,611 10.545 ab
T, Etrimphos spray 0,658 1258 04958 abe
T7 Fenvalerate . 24 299 1.244 1.772 - c&
Té Bendiocearb 04363 0.514 0e438 ab
fé Permethrin 0.632 0.372 0.502 ab
T10 Control 2,422 2.221 2.322 4
Mean 04954 04905

0o o2 5 R ORR L O W LY M O @ oI ST oS INoED IR ORS OIS ST ORD OIF o oI OSSO ST oD oSR oSN OEY L2 oI O MR O I 2 o2
CD {0.05) ¢+ Treatment = 1,029
#tMeans not following same letier ave significantly different

g8
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the treatments under two methods of storage were fdund
to significantly influence the guantitative weight.:
loss, Seeds troated with activated chareocal did not
sh&w any weight loss in the second month also but
atrimphos ‘Aust showed 0.545% reduction in weight after
second month, The treatment means with activated
charcoal, bendiocarb, permethrin, etrimphos dust,

sweet f£lag, etrimphos spray are on par and significanily
better than control which showed 2,322% weight loss,
Fenvalerate, neem and carbaryl were on par and inferior
to activated charcoal though significantly better than
control, @

The difference between two methods of storageiis
not statistically significant, thé mean percentage
weight loss in gunny bag storage being 0,905% and |
in plastic centalners 0,954%. _

No weight 1oss is seen in activated charcoal
trecatment under both the methods of storage. Maximum
welght loss of 2,422% and 2,2217% is recorded in
untreated control under storage in plastic contain%rs
and gunny bags respectively., However, these .
differences are not statistically significant,

1,3 Percentage welght loss in trcated seeds « three

monthe after storage

All the treatments axcept activated charcoal



regilstered an increagse in the extent of damage, (Tabla
3; Fig 3), the untreated control showing substantial
damage (21,309%) and the activated charcoal treated
seeds did not show any weight loss,

Treatments with activated charcoal, bendiocarh,
permethrin, etrimphos duat and carbaryl were on paé
and superior in reducing the weight losses. Neem
and etrimphos spray are on par with etrimphos dust;
and carbaryl and are less effective, Fenvalerate
and sweet flag are least effective, however these agre
gignificantly better than control, |

There is no significant difforence between o
methods of storage.-howeve: the treated sesds kept
in plastic containers' showed mean weight loss of
4,469% compared to a 1555 of 3,777% in seeds kept in
gunny bags.

Ynder hoth methods, the activated charcoal
troated seeds did not show any welght losg: - But in
control the weight 1oss was 30402¢ and 12,594% in
plastic containers and gunny bégs raspectively,

Fenvalerate treatment is inferior to ell othelr
treatments in plastic container storage, but this ga
significantly better than control. Under gunny bag

storage ebtrimphos spray, fenvalerate and neem

treatments are inferior to activated c¢harcoal bhut ﬁhese

39



** Means not £ollowing same letteor are significantly different

Table 3. Percentage weight loss in treated sceds observed three months after
storages
R I I B R R - B - = I I = R i - - R
Treatment Plastic containers Gurmmy- bag Mean*®
) ) storage storage
T, Sweet flag 2,749 ob 8.809 a 5,779 a
T, Neem 1.785 a 4,618 ¢ 3.203 cd
T, Activated charecoal 0,000 a 0.000 a 0,000 a
T, Carbaryl 1,014 a 2.152 gbe 1.583 abe
Ty Btrimphos dust 1.147 a 1,3;1'abc 1.229 abe
T; Etrimphos spray 1.241 a 3,298 be 2.269 bed
T, Fenvelerate 4,922 Db 3,532 be 4,228 de
TB Bendiocarb 0922 a D.642 ab 0,782 ab
Ty Permethrin 0.886 a 0,808 ab 0,848 ab
TIO Control 30,024 c 124594 e 21,309 £
Mean 44469 34777
CD (Q.05) : Treatment - 24124
Intoraction o 3,004
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treatments are significantly better than control,
Even though sweet flag treatment showed considerable
quantitative loss, this was superior to gontrol,

1.4 Percentage weight less in treated geeds - four

months after storage

The quantitative damage in seeds caused by be?tle
infegtetion four months éftar treatment are furnished
in Table 4 and these are depicted inm Fig 4. ALl the
treatments in both methods showed an increasing trénd
in the weight losoe aexcept in case of activated charxceoal
treated seeds in which thée damage was very slight,

There is no significant difference between the
treatments of zativated charcoal, permethrin, bendiocarb,
carbaryl and etrimphos dust in termg of weight losses
and these are found superior to etrimphos spray,
£envalerate, sweet flag, neem and control, The neem
t;eated.seeds showed relatively heavy weight loss of
25,039% but aven thié is far supericr to control.

Ag in the previous month, the storage methcdsfwere
not significantly different in respect of gquantitative
losses due to infestation by C. maculatuss

Undexr storage inside the plastic containérs,
infestation range from 0,055/ in activated charcoal
to 43:951% in untreated control. Activated charcoal,



Table 4. Percontage weight loss in treated seeds cbhserved four months after

storage,
Treatment Plastlc containersa Gunny bag Mean*»
storage storgge .
BXmy W Oz e o3 oy Dt DM XD R £ oM D' IR ORY LN oM IR oS opn ETopm oo U3 LB oD MR OIS L oD oSX AT DY OO OoRT omy omim
Tl Sweet flag 12,243 D 19,208 be 15.726 b
T, Neem 34.417 ¢ 15.662 bc 25.039 c
T3 Activated charcoal 0,055 a 0.3299 a 0.227 a
Tq Carbaryl 1.086 a 3.075 a 2,081 a
Ty Dtrimphos dust 1.207 a 34027 a 2,467 a
Tb Etrimphos spray 5.081 a 19,614 c 12,348 b
T, Fenvalerate 17.593 b 13.868 b 15,731 b
Ty Bendiocarb 1.386 a 1.343 a 1,364 a
Ib Permethrin 1.555 a 1,049 a 1.302 a
Ts0 Control 43,951 ' 39,316 4 41.634 a
Mean ; 11,928 - 11.656
BE 3 KX M OID OET OS9 OLT oM I oo OO ODNT ORI NI S OR Q=D @RE DO o 0o 0ol e
CD (0,05) ¢ Treatment - 4,038

' Interaction = 5,710
*«Means not following same letter are significantly different
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carbaryl, etrimphos dust, etrimphos spray, bendichrb
and pormathrin are found to be sgually effectiva ih
reducing losses apd distinctly superior to swaa; f#ag,
fanvalerate, neem and control, Swaet flag and
fenvalerate were par and comparatively better than!
neem which is least effective with a heavy weight Eoés
af 344417%, .HDWEVQru this wag better than controi.
When stored in gunny bags activated chargoal :‘
treated seceds recorded slight damage of 0;399% as :
againat the maximum welght loss of 39,316% in
untreated contrel, FPenvalerate, neem, sweet £lagy
atrirmphos gpray treatments are found to be inferio§ to

all other treatments except controls

I

145 Percentage welght loss in treated seeds - five

months after storage

It can be seen from Table § Fig 5 that the up%;ard

trend in the percentage velght loss is manifested ;n

all the treatments during the f£ifth month, the rgn%e

of infestation was 0%539%l1n activated charcoal ané
48,043% in untreated control, At this stage pe.rm:éﬁhrin
and bendiocarb are found to be as effective as g
activated chayxcoal in reduclng quantitative'laasesﬁto
8ecdsS. Treatments etrimphos dust and carbaxyl aré

inferior to activated charcoal, However, these are



Table S. Percentage welght loss in treated sceeds obscrved f£ive months after

storagee.
Treatment Plastic containers Gunny bag Mpan#w
storage ] storage _
T, Sweet flag 32,402 e 39,479 4 ° 35,741 e
%, Neem | 38,540 d 42,717 d = 40.629 £
Ta Activated chaercoal . 0,592 a 0.487 a ' 0.539 a
T, Carbaryl ‘ 1.60% a 4,851 b 3,231 D
Ty Etrimphos dust | 2,753 a 4,865 b 3.869 b
T Btrimphos spray . 17,638 Db 29,864 ¢ 23,751 ¢
T% Fenvalerate 31.8388 ¢ 304457 ¢ 31.172 4a
Tb Bandlogcarb | 2.023 a 2.162 @b T 24093 ab
Eb Permethrin 1.687 a 1.959 ab 1.523 ab
Tlﬁ Control 51,486 e 44,589 e 48,043 g
Hean 18.063 204143 B

LD SRRSO DR Ao SR s R RO s RS R Dt
CD (0405) ¢  Method - 1,203 '
Treatment = 2,689
Interaction= 3803
** Maang not following same letter are significéntly different

0
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significantly superior to etrimphos sprayi fonvalerats,

sucet flag, neem and control,

Therc is significant difference between two methods

of gtorage and the method involving storage in gunny
bags recozded higher porcentage weight loss’{EO.lés%)
a5 compared to storage in plastic containers (18,063%).

Couwpea seeds stored in plastic contalners under
control are found to suifer substantially with welght
loss of 51;496%g The treatments namely'activated;
charcoal, carbaryl; permeth;in, bendiocarb and
etrirphos dust are on par and superior to the rest of
the treatments in reducing the infeatatidh;

in gunny bag stérage, the exxtent of infestation -
in terms of quantitative loss range from 0,487% in
activated charcoal treated seeds to 44,589% in conﬁrcl.
Reem, sweet £lag, fenvalerate and etrimphos spray
treatments are inferior to all other treatments except
control, Even though carbaryl and etrimphos dust are
inferior to activated charcozl, these are effective in

reduclng the damagea,

41

1,6 Percentage welght loss in treated seeds - six months

aftexr storage

The percentage weight losses recorded sixz months
after treatment are furnished in Table 6 and these

are depicted in Fig 6, Highest damage in untreated



Table 6, Percentage welght loss in treated sesds observed six months after

SLOrage.,
| < e S o - Lot = g _ﬂzﬂaﬂlﬁ::ﬁ:.'m‘ﬂﬂHE!‘-L’-‘-‘-»‘:‘==E==ﬂ==ﬂﬂﬁ=ﬂ=ﬂﬂ‘ﬂmﬂﬁ
Treatment Plastic contalners Gurny bag loank®
storage storage
Ti Bweet flag 36.322 d 47.189 ¢ 41,755 4
T, Neem 50,761 £ 46,386 ¢ 48,574 e
TS Activated charcoal 1.253 a 54186 a 3.219 a
T, Carbaryl 2,372 2b 54486 a 3,929 a
Tg Btrimphos dust 3.454 b 5656 a 44.555 a
T Etrimphos spray 31,342 c 35,896 b 33,619 Db
T& Fenvalerate 404540 e 37.829 b 30,185 <
T Bendiocarb 2,471 &b 3.214 a 2.843 a
Ty Permethrin 2,081 ab 3.154 a 2.618 a
TlO Control 55,929 _ o1 48,393 c 524196 £
Mean | 22,659 23,839
‘ep (0:05) :  Mothod - 0,906

Treatment = 2,027
Interaction- 2,866
4t Means not followving same letter are significantly different

7
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control with a weight 1oss.of 524 196%, The lowest
loss in welght of 2,618% is registered in permothrin
traated seeds,

Permethrin, bendiocarb, activated charcoal,
carbaryl and etrimphos dust treatments are on par with
reference to control of pest damages The treatpicnts
etrimphos spray, fenvalerate, sweet flaog and neem are
the léast effective in reducing the infestation, b?t
these were superiocr to control,

The method involving storage in qunny bags recorded
& mean welight loss of 23,839% as compared to the loss
reglstered in plastic containers (22,659%);  the
difference being significant,

Storage inside plagtic contalners, activated
charcozl treated sceds recorded lowest weight loss of
1.253% against highaest percentage welght loss of .
554999 in eontrol. Activated charcoal, permethrin,
carbaryl and bendiocarb are on par in significantly
reducing the infestation. IBtrimphos dust is inferior
to activated charcoal, but this is significantly
better than etrimphos spray, sweet flag, fenvalera&e,
neem and the control in reducing damage.

in gunny bag storege, the infestation range from
34154% in purmethrin treated seeds to 48,393% in
untreated control, However, there is no sigunificant
differcnce among the treatments with permethrin,

bendiocarb, activated charcoal, carbiryl and @trimﬁhos



dnat., fwen though the treatments etrimphoz spray
and fenvalerate are inferior these are signiflcantly
better than control, Neem and sweet £lag are on
par with control and less effective than all other

treatmenta,

2« DNssessment of the effilcacy of the treatments

based on the number of eggs deposited

Rumber of egys déposited by the pulge heetle on
cowpea were counted from a sample comprising of 100
seeds at monthly intervals during the period of six
months after treating the seeds and storing under two
methods of storages The data were analysed after
applyilng square root transformation, The results arey
furnishced in Tables 7 to 12 and deplicted grarhically
in Figures 7 €6 12, Analysig of Variance Tables
are furmished in agppendices VII to Xii,

It can be seen from the Table 7 (Fig 7) that the
beetles did not deposlt eggs on activated charcogl
treated seeds under both methods of storage against
a maximum number of 294,362 and 64,423 eggs were
deposited in untreated seeds sgtored in plastic containers
and gunny bags respectively. The nunber of eggs
laild by the beetle in permethrin, bendiocarb, etramphos
dust, sweet £lag, etrimphos spray and carbaryl treated



Table 7.

- Number of cggs deposited by the beetle on treated seeds - one month after

Storagc.
oo o3 ot oS e ofmo i 2N ST oY i oop £ ST Sy X OGS T £3 ZT oo of3 M KD ot X om3 B3 I oZX SR ST oI f3 N LS M oM I oD oIS 4% s om o m
Treatment Plastic containcrs Gunny bag storage Mean#¥®
storage storage
T1'5weat flag 42,414 { 6.599) 3,246 ( 2.,061) 17.703 { 4.325)%ab
22 Neem . 192.277'(13.9&2) 22,765 -( 4.875) 87,147 { 9,389) cd
T3 Activated charceoal O,QGO (+.2.000) 0,000 -{ 1.000) - 04000 ( 1,000) a
T, Carbaryl 264232 { 5,218) 24,462 -{ 5.046) 254339 { 5,132) abe
Ty Btrimphos dust 94338 ( 3.215) 18:111( 3.887) 11,611 { 3.551) ab
T, Etrimphos spray 23,234 { S.499) 21,041 { 4,695} 24,976 { 5.097) abe
T, Fenvalerate 29,643 ( 5,536) 57.776 -{ 7.667) 43,711 ( 6.601) be
Té Bandiocarbd 17320 ( 4,280) 5,408 - { 2,532) 1104600 { 3.406) ab
Tb Permethrin 5.933 ( 2,817) 104938 { 3.455) © 84833 ( 2,136) ab
TIG Control 294.362 (17.188) 64,423 ( 8.089) 179,393 (12.637) 4
- Mean - 41.565. ( 6,524} 18,399 { 4,.331) . .
uu:smmarzsz::::::z::s:::::ﬂ:i::::mnngmzs:nsu:an:csmamaan
CD (0.05) : Method - 2,078 |
Treatment - 44,646

*% Means not following samerletterhare_significantly different

* Figures in parenthesis are transformed values
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seeds are comparatively less when compared to the
eggs deposited in neenm anﬁ.fenvaierate'treatedASGéas.
| There is significant differcnce betweon two
methods of storage and higher number of eggs ore
recorded (41,568) in plastic containers storage as

compared to gunny bag storage (18.199),

2,2 Number of eggs doposited by pulse beeotle on coupea

seeds « two msnths after gtorage

umber of eggs lald by pulse beetle during second
month after storage are furnished in Table 8, Fig B.
The mean mumbor of eggs depositea ranges £rom 0*000 in
activated charcoal treated seeds to 382,735% in unﬁraate&
control, the differences being significant. There is
no significant difference between naem and untreaééd
control in respect of the number of eggs déposited,
Treatments with fenvalerate and sweet flag are
comparatively less cffective than the other ureatﬁpnts
namely carbaryl, etrimphos spray, otrimphos Qust,
bendiccarb, permethrin and activaoted charcoals

Between the tuo methods of storage, seeds stored
in plast;c containars recorded significantly highe?
number of eggs (106,192) than in gunny beg storag@?
(56,067) ¢ |

Egg laying iz supprfessed in seeds treated with
activated charcoal and kept in the two methode of gtorage



_ . ..F . Figures in parenthesis are transformed values

Table 8, Humber of eggs deposited by the beetle on treated seads = two months after

storaga.
ISy D2 LT oI oIS oTms ofmoSn oSO R oMY oODN T oxp sy oTwomx f£3oEmofE oo IO ST OLT oSN QT oI oIT O O oM OSIm DD o R Do S
Treatment Plastiec containers Cunny bag liean¥*
. storage - storage . _
T, Sweet flag 115,811 (10.808) @ 22,439 ( 4.841) abe 60,225 ( 7.825)%:C
T, Neem 482,886 (21.997) d 222,337 (14,945) & 340,175 (18.471) e
T, Activated charecoal 0,000 { 1,000) a  0.000 { 1.000) a 0,000 ( 1.000) a
T, Carbaryl 504139 ( 7.151) be 49,505 ( 7.107) cd  49.821 { 7,129) be
Ty Etrimphos dust | 47.843 ( 6.989) bc 18,829 ( 4.453) abe 31.728 { 5,721) be
T, Etrimphos spray 41,943 ( 6.553) be | 56.976 ( 7.614) cd 49,178 ( 7.084) bec
T, Fenvalerate 333,469 ' (18,289) d 1084173 (10.449)  de 220.821 (14,369) a
Ty Bendiocarb 17.487 ( 4.299) ab 32,873 ( 5.820) Dbed 24,602 ( 5,059) bc
T, Permcthrin 94543 ( 3,247) ab  17.321 ( 4.188) ab 12,819 ( 3.717) ab
T,q Control _ - 513.251 (23.200) a 228,219 (15.139) e 382,735 (19.170) e
"~ Meen 106,192 (104353) 56,087 ( 7.556)
AR O AT o I AL T i ot ok G I Al et C =] SRS I I s e K tedrirdit =P ek st oo == - oo ==-.—.=-..-.::~——:-;:=:=:.=z==:===
CD (0.05) 1 Method - 1.737

Treatment = 3,884
Interaction - 5,493
** Means not following samc letter are significantly different
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but the nunber of eggs deposited in untreated control
sceds were 513,251 and 228,219 under plgstic=cont§iner5
and gunny bag storage reapectively,

In plastic containers, seeds treated with ac%iuated
charcoal, permethrin, bendiccerb were superior to
carbaryl, etrimphos spray, ectrimphdés dust treatme%ts
in suppressing egg deposition, The treatments with
neem, fenvalerate, sweet £lag and control were .-
quite inferior to the rest of the treatments,

In gunny bag storage also activeted charcoal
treatment recorded the minimum demage but this was on
par with etrimphos dust, sweet £lag and permethrin
treatments, Hoem and control are on par and are

" distinetly inferior to the rest of the treatments,

243 Number of eggs deposited by the pulse beatle en

cowpea seeds - three months after storage

Data in Teble 9 (Fig 9) show that there is a&
increase in nunber of eggs lald in all the treatmé%taa
The ovipositiocn in activated charcoal treated seeég
was.0i527 a3 against 12§2.238 eggs recorded in the)
untreated control, Neem, fenvalerate, etrimphos %pray
and sweet flag treated seeds registered véry high ggg
deposition, the numbers being 608.810, 518,032, '
366,553 and 323,676 respectively. These were howgver

superior tc control in reducing egg production vhereas

activated charcoal, permmethrin, etrimphos dust, ba&diocarb




Tablae S.

o oRy oo Iz oY ogm orz IO

unber of eggs

[ e B v B

deposited by the beetle on tioated seeds - three months after storage

£ ofn oz SN I 03 B i TS D OTM I XS &= I YR o b &2 f2opz oo O 23 SR oYY o€ O oY 53 O M OF BEn O P

Treatment Plastlc containers Gunny bag Neanww
storagae storage
BN O o2 om 2 O O£ fn NV oD Y OB DO ORI DR OSINID O IDEROIN DS oImort IO o IO ImomInof] oI LIS SN DT B3 ORI
T, Sweet flag 397.900(19.973) e 249,451(15.826) d  323.676(17,899)* @&
T., Neem 510, 303(22.612) of 715,991(26.771) e 608.810(24.694) @
':c; Activated charcoal 1.165( 1.471} a2 0.000( 21,000) a 0.527( 2.236) a
T, Carbaryl 74.783( 8,708) ¢ 72.956{ 8,599} ¢ T3:867( Bo633) ¢
Ty Etrimphos dust 70.484( B,455) ¢ 24.928( 5,082) bc 44,.8164{ G,76D) bec
T, Btrimphos spray 199,522{14. 161) d 583.806€24,183) e 3066.553(19.172) a
T, Fenvalerate 748.309(27.374) £ 329,913(18,191) d  518.032(22,782) @
T, Bendicecacb 40.585( 6.449) be 49,771( 7.125) ¢ 45.064( 6,787} be
T, Permethrin 17.864{ 4.343) ab 24.457( 5.046) b 21.937( 4,694} ab
T, Control 1 655,782(40,704) g 8084674 (28,455) e 1232 228(34.,579) £
HMean 239,919(15.425) 195,795 (14,028) o
mmaummznawnmu::z_:nammammnz::um:uwum:wsacuaauzznmmum
€D {0,05) § Treatment - 3,522
Interaction « 4,980

¥ Means not following same letter are significantly different
* Figures in parenthesis are transformed values

6%
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and carbaryl treatments recordef less number 0Ff eygd.

Therae is no significant difference between the

" two methods of storage.

In plastic contalners the mean nurber of eggs
renges with in wide limits from 1,165 dn activated
charcoal treated seeds to 1655,782 in untreated control,
Fenvalerate, neom, sweet f£flaog and etrimphos spray are
comparatively less offective than carbaryl, etrimphos
i bendiocarb, permethriﬁ and activated charcoal.
| Egg laying is not.recorded in charcoal treated
seeds vhen stored in gunny bags while the maximum
number of 808.674 eggs deposited in untreated control.
As in case of stofaga‘in plastic containers, activated
charcoal; permethrin, etrimphos dust, bendiocarb
and carbaryl treatments registered the leéét nunber
of eggs deposited while neem and etrimphob spray show
relatively heavy oviposition, the dJdifferencs being
significant,

2.4 Humber of eggs deposited by pulse beoetle on coupes

seeds - four months after storage

It is seen from Table 10 { Fig 10) that the mean
number 0f eggs are 12984936 in untrecated. control
and 18,363 only in activated charcoal treatments, The

treatment differences are significant. The txeatﬁent



Table 10, umber of eggs dopoesited by thae beetle on treated sesds - four months after storage

Treatment Plastic contailnexs - Gunny bag . : Meant®
storage storage _ )

agz:mnmaaaaumammﬂcmmm====:='aﬂ'mtza::mz:mm-mzmmnmmamwnmmama
T, Sweet flag 873.561(29.556) e - 895,534(29,926) de  884.548(20,741)% e
T, Neem 1 258,115(35,469) £ 1 126,362(33.561) e 1 192.230{34.516) . £
'l‘3 Aztivated charcoal 18.055( 4,242) a 18,673( 4.321) a 18, 363( 4.285) a
T, Carbaryl 125.745(1%.214) c© 72.061( 8.489) be 97.049( 9.851) be
T Etrimphos dust 130.394(11.419) ¢ 131.523(10.561) ¢ 120.775(10.988) ¢
T, EBtrimphos spray 380.072{19.495) a 031.008(30.514) de  625,233(25,005) &
T, Fenvalerate .- 778.220(28,075) @ 692,471(26,315) a 739.576(27.195) de
T, Bendiocerb 42,950( 6.55%4) bc 47.401( 6.885) be 45,149( 6,719) ab
T, Permethrin 20.686{( 5,449) b 20.276( 5.411) b 29.481( 5.428) a
T,, Control 1 379.905(37. 147} £ 1 217.968(34,899) e 1 298,936(36,023) £

Hean 355,805(18.863) ' 364.356(19,089)

Ch {0,05) & Treatmeont -~ 3,729
Interaction = $.725
*% Moans not following same letter are significantly different
#* Figqures in parenthesis are transformed values

g
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with activated chercoal continued to maintain its _
efficicncy agalnst oviposition by the beetle and this
was superior to etrimphos spray fenvalerate, sweet
flag, neem and control. JContrary to the previous
observations, gunny bag-storage registered marginally
higher number of eggs (364.356) than plastic
container storage (355,805). Howaver the difference
is not statistleelly silgnificant,

Lass nunber of eggs recorded in activated charcoal,
permethrin, bendlocarb, carbaryl and etrimphos dﬁst
treated seeds when stored 4in plastic containers and
thus these treatments are found to be effective than
all other treatmenté; ' .

Iin gunny bag storage alse, seeds treated with neem,
etrimphos spray, sweet flég recorded highor number of
eggs and these are on par with control, Fenvalerate
treatment also recorded high nunber of eggs but tﬁis
is statistically better than control, Lesser numbex
of eggs are laid in activatod charcoal, yérmeﬁhrin,
bendioe;rb, carvaryl and etrimphos dust treated segds
and are superior, even thnuéh there is significant
dlfferences among the treatments, Activated charcoal
followed by pezmethriﬁ are found to be cffective in
-preventing the egg production of the beetle under both

methods of storage.



03

2,5 Rumber of eggs deposited by the pulse beetle on

cowpea geeds - five months after storage

Counts on number of eggs deposited by the pulse
beetle on couwpea seeds after f£ive months are presented
in Table 11, Flg 11, The treatments, methods and
interaction are all found to be significant. Mean
number of eggs from two methods of storage are highesgt
in untreated control (1432,316) and the lowest of
234496 only .in éetivatédréharcnal treated sceds. Sweet
£lag, neem, fenvalerate and etrimphos spray treatments
recorded higher number of eggs and ere, therefore, |
inferior. However these are found superior to
control,

Carbaryl and etrimphos dust treatments are
comparatively less effect;ve than permethrin,
bendiocarb and activated charcoal treatmonts and thesa
appeared to be on par,

Treated secds stored in plasgtic containers recordaed
incregse in the number of egge (441,407) than in
gunnY'bag storage (422,433}, but these differenceg
are however not statistically significant.

in pléstic containers storage activated charcoal,
benddocard and permethrin trestments are better than

 carbaryl and etrimphos dust treatments. However neem,



" Table 11, Iwmber of eggse doposited by the boetle on troated seeds « five months after stbxage

Treatment Plastilic containers : Guntyy bag Mean®d
storage gtoraga )

Ti Sweet flag 1 216.794(33.419) c 1 144.532(33.831) e 1 13046563(33.625)% 4a
T, Neem i 18D,.988(34,496) ef 1 071.488(32,734) c 2 130.739{33.615) d
T, Activated chaycoal 30,711 5,542) a  17.245{ 4,153) a 23,496( 4.847) a
Th Carbaryl 172,642(13,132) c A73.165ﬁ B.554) b 117.646(10.847) c
Ts Etrimphos dust 134,612(11.602) bc 51.458{ 7.273) b 8C,113¢ 9,388) be
Tb Etrimplios spray 7764527{27.566) a 1 284,.915(35,8406) e 1 014.803(31.856) 4a
i& Fenvalerate 989, 508(31.456) de 1 093.922(33,075) e 1 041,725(32.266) 4a
T Bendiocar®h 41.572( 6,476) a 432,819( 6.619) b 42,873( 6.548) ab
Ty Fermethrin 54.534( 7.285) ab 43,829( 6,620) b 49.036¢ 7.003) ab
T, Control 1 496.895(38,716) £ 1 363,737(36.,929) c© 1 431,316(37.822) e

Mean . 841,407(21,009) & 422,435{20,553)

CP {0.05) & Treatment = 3,398
Interactiones 4,806
& Moans not following sane letter are significantly different
* Flgures in parenthesis orc transformed values
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Fig_ 1. | MEAN NUMBER OF EGGS PER SAMPLE (JOO SEEDS) UNDER TWO METHODS OF
STORAGE N DIFFEREMT TREATMENTS. FIVE MONTHS AFTER TREATMENT.
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sweot flag, fenvalorate and etrimphos spray treatments
are ineffective with larger nunber of eggs deposition,
In gunny bag storage alsp neem, fenvalerate,

gweet flag and etrimphos spray recorded marginally
less number of eggs then control, but the difference
is not statistically significant, Treated seeds with
bendioccarb, pemmethrin, etrimphos dust and carbaryl
recorded lesser nunber of egos and are effective in
reducing egg prodaétion but thege sre statistically

inferior o the charcozl treatment.

2.6 HNumber of eggs depusited by the pulse baetle.

on cowpea seeds = Six months after storage

Data furnished in Table 12 and depicted by |
Fig 12 represents the counts of the muber of egga
lald by the pulse beetle on treated seeds after six
months of storage,

It is geon that the mean number of eggs ranges
from 48,920 in activated charcoal treated seeds to
1527.748 eggs deposited in untreated control.
Actlvated charcoal is found to be the most effective
material in reducing the'gopulation build up,
Bendiocarb, etrimphos dust, pormethrin and carbaryl
trgatments also reacorded iess number of egus, but‘
significently different from activated charcoal treatment.



. 488,552(38,582) 4

Number of eggs deposited by the beetle on troated seeds - six montha after storage

= oI oI o oo T0 omp o R OIS BG oI &2 BT KX OO SN LT LS LT ¥IT oIy &3 o0

Gunny bag Mean®w

storage

[ S R~ R~ I~ N =B~ N - R~ = - I - - A - R~ T -3

1 314.144(36.,244) %

367.149(36.975) 4
421,649(37,705) 4
72,926( 84539) ab

107.451(10.366) b
45,975( 6.781) a
150.169(33.914) ¢
327,032(36,428) cd
81.593( 9.033) ab
117.351{10.8233) b

1 410.353(37.554)
48.920( G.994)
104.029(10.199)
964 735( 9,835)

1 093,901(33.063)
3 275.455(35,706)
| 93,748( 9.682)
103.776(10.287)

1 527,748(39,083)

4

Table 12.
=2 oD o= opom RO O DM oSSty oRy fom oI o3 o
Treatment Plastic contalners
gtorage
L~~~ B - B~ B~ - B B — - I — I = I~ R~ A~ - A . - S o~ i ]
T, Sweet flag 1 261.137(35.512) e 1
T, Neem 1 399,057{37.404) ef 1
T, Activated charcoal . 294691( 5,449) a
Th Carbaryl 100.,664(10,033) b
Ty Btrimphos dust 166,160(12,890) ¢
Ts Btrimphos spray 1 037.,633(33.212) a 1
T, Fenvalerate 1 223.878(34,.984) e 1
Ty Bendiocarb 106,750{10.332) be
T, Permethrin 91.039( 2,541 b
T1o Control 1 566,943(39,585) £ 3
Moan 519, 581(22.794)
- I B~ B N R S~ T B S S~ T - N - - S — N~ -~ B - S-S - - S -
Ch {0.05) 3 Treatment =~ 1,823
Interaction=- 2,578

%% Moans npot Ffollowing same lettexr are significantly different

* Pigures in parenthesis are transformed values
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Fig-12. MEAN NUMBER OF EGGS PER SAMPLE (100 SEEDS) UNDER TWO METHODS of
STORAGE IN DIFFERENT TREATMENTS . SiX MONTHS AFTER TREATMENT.
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Neen, sweet flag, fenvalerate and etrimﬁhos spray
treatments are found to be inceiffective in protecting
cowpea seacds, However, these are statigtically
better than control,

There is no significant difference betwean
two methods of storage, The totel nunboer of egygs
laid on seed gtored in gunny bags is slightly higher
(525,124) than in casc of plastic containers storage
(512.581),

Storage in plastic containers, necem, sweet flag,

27

fenvalerate and etrimphog spray ere ineffective with the

maximun munber of egys. However, these are superior
to untreated contrel. Btrimphos dust and bendiocarb
treatments are also less cffective whon compared
with activated charcoal, permethrin and carbaryl
treatments,

Under gunny bag storage, neem and sweet flag
treatments are highly ineffective and are on par with
contxols Penvalerate and etrimphos spray treatments
are also inferlor with veory large number of eggs,
however these are better than control. Loéest
number of eggs 1s recorded in etrimphos dust treatment

followed by activated charcoal bendiocarb, carbarvl

and permethrin treaimonts and are found o be effective
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in reducing the deposition of eggs by the beetles
even though there is significant Jiffercnce among

the treatments,

3. Acsessment of cfficacy of varilous seed protectants

on the viability of seeds

Tha viability of treated seeds was estimated at
monthly inteivals for a period of six months by
estimating the percentage germination, For this
purpose threc sub samples of each 10 seeds wora
dravm and tested for germination as already described
in the Materials end Methods,

The data on percentage germination was subjected
to Analysis of Variance after Arc cine transformation
and thc mean values arc presented in Tables 12 to 18,
The analysis of Variance Tables are appended {(XIII o

XVIII),

3,1 Effect of different treatments on tho viability

of cowpca seeds -« one month after storage

The data on the effect of treating the cowpea seeds
with various protectants and kept under two mcthods
of gtorage arc presented in Table 13, Mean percentage
germination of seeds one month after storage ranged

from 97.499%, 1in untreated control, etrimphos spray,



Table 13. Percentage germination of treated sceds -~ one month after storagce.
= 2 S omER =T IR R D MR RS I &2 oImEmo== [ -~ - R~ S~ B2 - B~ S - B~ B R ]
Treatment Plastic containers Cunny bag Mean*w
storage storage
[~ - B~ B~ B R~ B - B R - T~ - N S = S <~ B o= T <3 =k D I = = = o - B — N~ -G o R it ]
T1 Sweet flag 97.499(80,903) a 95.,527(77.,720) ab 96, 582(79,346) *=b
T2 Neem 97.499(80,903) a 97,499 (80.903) a 97.499(80.,903) a
TB Activated charcoal 97.492(80,903) a 97.499(80,903) a 97,499(80.903) a
‘T4 Carbaryl 93.,017(74.,578) b 97,499(80,903) a 0954527 (77,790) abc
Ty Etrimphos dust 97.499(80,903) a 97.,499(80,903) a 97.499(80,903) a
T, Btrimphos spray 97.499(80.903) a 97.499(80,903) =a 97.499(80,203) a
T7 Fenvalerate 95.527(77,750) ab 93,017(74.678) b 944338(76.234) bc
Tb Bendiccarb 93,371(75.080) b 97.492(80.903) a 095,671(77.991) abc
Ib Permethrin B86,987(68.855) c 97.499(80,903) a 93.195(74.879) c
T10 Control 97.499(80,903) a 97.499(80.903) a 97.499(80.903) a
" Mean 95,805(78,182) 96,966(79,969)
::z::::r::z::u::n::n:az:sur:.v‘-’:::::::=:;=1£====t=:x::lu::ac::tn:zm:mmr:::n::
CD {0,05) : Troatment = 4,042
Interaction= 54716

** Moans not following same letter are significantly differcnt

* Figures in parenthesis are transformed values
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etrimphos dust, activated charcoal and neem treatments
to 93.,195% in permethrin treated seeds, the differences
being significant.

Carbaryl, bendiocarb and sweot £flag treatments
recorded comparatively lover seed viability, but the
differences are not significgnt. Fenvalerate treated
seeds recorded less percentage germination than in
untreated control and the effect is statistically
significant.

Treated seeds stored in qunny bags recorded
marginally high percentage gormination (96.966%) than
in plastic containers storage (95.805%), though the
difference is not statistically signlficant,

In plasti¢ containers storage, sweet flag, neem,
activated charcoal, etrimphos spray, etrimphos dust
and untreated control-recorded 97,499% germination
and fenvaelerate recorded 95,527% germination and
theso were on par, Permethrin treated seeds recorded
lovest percentage of germination (B6.987%) and the
reduction in germination ability was significantly
lower than all the other treatments. Carbaryl and
bendiocarb showed germination percentages of 93,017%
and 93,371%! respectively and these were better than
permathrin in terms of germinability,

Seeds treated wilth neem, activated charcoal,



carbaryl, etrimphos dust, etrimphos spray, bendlocarb,
permathrin and untrasted control stored in gunny bags
recorded maximum percentage germination of 97,499%
'Tagainst 93,017 in fenvalerate treated seeds, the

differenco being significant,

3,2 Effect of dlfferent treatments on the viebility

of cowpea secds « two months after storage

Percentage germination of treated éeeﬁs recorded
two monthns after storage is furnished in Table 14,
The mean percentage germinatlon of seeds varies from
97.499 in untreated control to 93,739% in fenvalerats
treated seeds. licweveyr significant difference 1s not
detected between the different treatments.

The mean percentage germination of two methods of
storage revealed that there is no significant
dilfference betveen them., The treatment dlfferences
in rezpect of germinability of grains stored in
rlastic containers were not significant,

There 1s no significant difference emong the
treatments in gunny bag storage also, liowever, gweat
£lag, activated charcoal and untreated control showed
97.,499% germination an@ fenvalerate treatment recorded

the lowest percentage germination (89,999).



Tabie 14, Percentage germination of treated seeds -« two months after storage,
W = = oI T om ST O OE OSnoORT Y DD BT BTt oporm oS oDy oo - A - - A S = =g s
Treatment Plastic containers Gunniy bag Mean
storage storage

=R - A - - - - B - B~ N~ - -~ T I T — ] = o= 83 = o= mEmES DD
Tl Sweet: flag 954527 (77.790) 97.499 (80,903) 954582 (79,346) >
T, Neem 95,527 (77.790) 95,527 (77.790) 054527 (77.790)
T3 Activated charcoal 90,418 {(71,968) 974499 (80,903) 04,499 (7G.435)
T, Carbaryl 95.527 (77,790) 954527 (77.790) 954527 (77.790)

- Ty Btrifphos dust 954527 (774790} 93.017 (74.678) 94,338 (764.234)
Tg Btximphogs spray 954527 (77,790) 954527 (77.790) 954527 (77.790)
T7 Fenvalerate 97..499 (80,903) 89,999 (71,565) 93.739 (76.234)
Ty Bendiocarb 95,527 (77,790) 934017 (74.678) 944338 (76.234)
Ty Permethrin 95,527 (77,790) 05,527 (77.790) 95,527 (77.790)

Tyq Control 97.499 (20.203) 97,499 (80,903) 97.499 (80.903)

lean 95,556 (77.830) 95,098 (77,208)
TS o Do 2o O orors BREoSUNomnoSTopn Nomrompomnomn SO OREDmN DO OoONDOS - .~ ] =S <~ N~

* Figures in parenthesis are transfomed values
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3.3 Effect of @ifferent treatmments on the viability

of cowpea secds - threa months after storage

Data pre$entea in Table 15 chowed that there is
no sicnlficant diffierenca between the treatment means,
The germination percentage ranges £rom 96.582 in
uﬁtreatga control to 91,764 in neem and carbaryl
treatmaonts,

The method of storage in plastic containers recorded
low percentage of germination then in gunny bag
atorage, the differcnce belng significant,
| Gemmlnation percentage of treated seeds in
plastic containers renges from 95,527% in fenvalerate,
permethrin and untreated control to 86,987% in neem
treatment but the difference is not significant,

In'gunny bag storaga also no significant difference
is noticed among the treatments, However, higheat
percentage germination was recozrded in seeds
treated with activated charcoal, etrimphos dust ang
'untreated control against 93,017% germination in
carbaryl itreatment, ‘

3.4 Effect of different treatments on the viability

of covpea seeds - four months after storage

Percentage germination of treated cowpea seeds

recorded after four months of storege is presented in



Table 15,

Percentage germination of treated seeds - three months after storage.
===========:====:'..:=i:'==m=.===='L’nz=====m=m*¢:==-‘”—==m
Treatment Plastic contailners Gunny bag Mean
storage storage
RS s Es s ESERERE S SSSSRSSsEESESSSsSSsESssSReSsEreEraEsEs
T, Sweet flag ‘ 93,371, (75,081) 95,527 {(77.790) 94,499 (76,435)%
T, Neem 86.987 (68.855) 95,527 (77.790) 91,764 (73,323)
T, Activated charcoal 90,418 (71,968) 97,499 (80,903) 94,499 (76.435)
T, Carbaryl 90.418 (71.968) 93,017 (74,678) 91,764 (73.323)
T, Btrimphos dust 93,371 (75.,081) 97,499 (80.903) 95,671 (77.991)
T, Etrimphos spray 93,017 (74.678) 95,527 (77.790) 94.338 (76,234)
T, Fenvalerate 95,527 (77.790) 93,371 (75.081) 94,499 (76.435)
. Ty Bendiocaxb 90.418 (71.968) 95,527 (77.790) 93,195 (74.878)
T, Permethrin 95,527 (77.790)+« 93,371 (75.081) 94,499 (76,435)
T, Control 95,527 (77.720) 97.499 (80,903) 96,582 (79,346)
Mean 92.674 (74.297) 95,585 (77,871)
T D oS R RmoEmEDDD DRSSO RS RS DS DD OO =2RER R DD = = == = =%
CD (0,05) ¢ ~* Method -~ 3,538

* Figures in parenthesis are transformed values
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Table 16. Mean percentage germination ranged from
96,582 in untrecated control to 90.418. in carbaryl
treated_seeds, The treatment differences sre not
gtatistically sicgnificant, Permethrin, etrimphos spray,
etrimphos dust, fenvalerate, sweet flag recorded
comparatively high percentage of germination than

nean, activated charcozl, bendiocarb and untreated
controla

Significant dilfference beotween the two methods
of storage was cbserved and the method involving
storage in gunny bags recorded high percentage ger-
mination than plastic containers gitorage.

In plastic containers germination was higher in
etrimphos gpray, permethrin treated seeds and
untreated control (95.527%) followed by fenvelerate
(93.371%) and bendiocarb (83,644%). All other
treatments recorded a medium percentage of 90,418.
However, the diffcrences are not statistically
significant,

In gunny bag storage, highest germination of
97.499% is recorded in untreated control, bendiocarb,
etrimphos dust and sweat flag treated meeds and
the lowest of 20.418% is found in carbaryl treated
seeds but the differences are not statistically

significant,



Table 16. Percentage germination of treated sceds « four months after storage.

TSmO S &SmO s om ISR S oD IR OITOCTORS OB OID R SR OSSOSO oo oS oEy oY OITomp oSt oo XY oSy oo
Treatment Plastic containers Gunny bag Mean
storage storage
T S Oam o aN SO 023 QoD S DODom S SOOI ST DD W OID Sy OIS OFOS oS ORD oD oRROED oD oy o R
" T, Sweot-flag ' 90,418 (71,968) 97.489 (802903) 96,498 (764435)% -
T, Neem 90.418 (71,968) 954,527 (77.790) 93,195 (74,.879)
T; Activated charcoal 90,418 (71.968) 95,527 (77.790) 93,195 (74.879)
T, Carbaryl 90.418 (71.968) 90,418 {71.968) 290,418 (71.968)
T, Etrimphos dust: 90,418 (71,968) 97.499 (80.,903) 94,429 (76,435)
T, Etrimphos sprey 954527 {77.790) 93,017 (74.678) 94,338 (76.234)
T., Fenvalerate 93,371 (75,081) 95,527 (77.790) 94,490 (764435)
Ty Bendiocarb 83.644 (66,145) 97,499 (80,903) 91,956 (73.524)
Ty Permethrin 95,527 (77.790) 954527 (77.790) 95,527 (77.790)
T,o Control 954527 (77.750) 97,499 (80.,903) 066582 (794346)
Mean 91,879 (73,443) 95,777 (78,142)
:nnur.-::::aa:::=.=_:==::zm::::m::n::::::‘x::::a=m‘n=====:=m=m===

CD (0. 05) H I‘iet}lod - 3. 330
* Figures in parcnthesis are transformed valuos
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345 Effect of different treatments on the viability

of cowpen seeds = f£ive months after storage

Data presented in Table 17 reveals that the mean
parcentége of germination ranges from 97,499% in
untréatad control to 87,741% in sweet flag treated
secds, However, the differences botween different
treatments are not significant,

The metho& involving storage in plastic
containers recorded comparatively lower percantage of
(91,628%)rgezmination.than in gqunny bag storage
{95,649%) and tha difference is found to be significant.

The germination ranges from 97,499% in untreated
control and etrimphos dust treatments t© 76:820% in
sweet flag when’see&s are stored in plastic contalnera.
Fenvalerate, bendiocard, etrimphos spray and '
 permethrih treated séeds recorded marginzally low
percentage gernmination when compared to untreated
control and these differences are not statistically
significant, Activeted charcosl, carbaryl and neem
t;eatmehts are iInferior with low perccentage germination
compared to untreated control, |

In gunny bag storage maximum percentage germination
cf 97499 recorded in untreated control, carbaryl,
activated charcoal and ncem treatmenté and minimum

of 91,319% in etrimphos dust, All other treatments



Table 17. [Percentage germination of treated seeds « f£ive months after storage.
Treatment Plastic containers Gunny bag Maanw e
| | ..storage storage B
T, Sweet flag 76.820(61.219) 4@ 95,527(77.790) b~ 87,741(65,505)*
T, Neem .. 89,999(71,565) be 97.499(80.903) a 94.338(76,234)
T, Activated‘charcoal‘ 794992(63,435) . cd 97.499{80.903) a 90.623(72,169)
T, Carbaryl | 86,987(68,855) . cd 97.492(804903) a 93,195(74.879)
Ts Etrimphos“dust 097.499(80,903) ab 91.319(72.865) b 941850(76.884)
Te Etzimphos.spray 05,527{77.,790} ab - 95.527$77.790)' b 95,527(77.720)
I5 Eﬁnvalera?e 93.017(74.678) abc 95,527(77,790) b 94,338(76,234)
Tg Bendlocarb 93.017(74,678) abe 93.01?‘74,6?8)' b 93.017(74,678)
Ty Permethrin 05,527(77.790) ab 93,371(75,081) b 94,449(76.436)
TiO Control 97.495(80,903) & 97.499‘80.903)'3 97,499 (80,203)
Mean 91,628(73,182) 95,645(77.960)
..-:z:a::z::uzunccmaﬁc:zau‘umacmma::_umuzu:c:m:z::nmg:m

ch (0,05)

* Plgures in parenthesls are transformed values

2 Method

2,773

Interaction- 8,769
*t Means not f£ollowing same letter are significantly different
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are sicnificantly inferior to untreated control with

low pereentage of germination.

3.6 Effect of dlfferent treatments on the viability

of covwpea gseeds - six months after storage

Déta on the germmination pcrcentage of treated
seads recorded after six months of storage ang
presented in Table 18, It is secen that the germination
percentage ranges f£rom 97.499 in untreated control
to 93,764% in permethrin treated seeds and there is
no significant difference among the treatment means.

The mean germination percentage under the two
methods of storage are of the same,.

In plastic containers storage maximum percentage
germination of 97,499 is recorded in untreated control,
bendiocarb, fenvalerate and etrimphos dust treatments
and minimum of 89,987% in permethrin treated secds and
the difference betiyeen treatments are not significent,

In gunny bag storage also high percentesge germination
(97,499%) 1s recorded in untreated control and carbaryl
treatments and a minimum germination (93,017%) is
recorded in fenvalerate, ctrimphos dust and swaet
flag treated seeds and these differences are also

statistically nonwsignlficant,



1

Table 18,

B R D eSS DD m o smeEm S om ooy 2oy 2

oD oS

FPercentage germination of treated secds = six months after storage.

TR 2o ofs oI moy

Treatment Plastlic contalners Gunny bag lMean
gtorags storage
o NI oo oMo om O T oI W ot oIy oDy oft 0N OSSN o mmonelm NI oS O M TR o ofmopm ot INomyoEm o N
T, Sweet flag 795,527 {77.790) T 93,017 (74.678)  94.338 (76.234)%
T, Reem 93.017 (74.678) 95,527 (77.790) = 94,338 (76.234)
?, Activated charcoal 95,527 (77.790) 074371 (75.081) 94.499 (76.,435)
T, Carbaryl 93,017 (74.678) 974499 (8q.903) 95,527 (77.7920)
7, Btrimphos dust- 97.499 {80,903) 93,017 (74,678) 95,527 (77.790}
T, Btrimphos spray 93,017 (74.678) 98,527 (77.780) 94,338 (76.234)
T, Fenvalerate 97,499 (80.903) 93,017 (74.678)  95.527 (77.790)
Ty Bendiocarb 97,499 (E80.903) 95,527 (77.790) 96,582 (79.346)
T, Permethrin 89.987 (GB8,655) 95,527 (77.790) 93.764 (734323)
T,p Control 97.499 (B0.S03) 97,499 (80.503)  97.499 (80.903)
Mean 95,098 (77,208) 95,098 (77,208)
oS oM oIz O N ooz oo

.
£ T o R IS oM o B S oD oD oS oS MM R I=mImonofzoIzoI MmOl 2N OS2

* Figures in parcnthesis are transformed values
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DISCUSSION

"~

Pﬁotection of cowpea seedn in storage against
pulse boetle was attempted by using different
materials such as rhizome blts of sycet flag
@ 1.5% (w/w), necn kernel powder @ 1.5% {w/w),
activated charcoal powder & 1,5% (w/w), carbaryl
5% dust @ 1,5% (w/wl, etrimphos 2% dust © 1,5% {(w/w),.
etrimphos 165 EC @ 0,05%; fenvalerate 20% EC @ 0,01%,
bendiocarb 80% WP O 0,06% and permethrin 25% EQ
@ 0,0125%. The effiecacy of the treatments w@xé
evaluafed under two methods of storage namely
storage in plastic Eontainera and %n gunny bégs
for a ﬁerioé of s#x months in terms of percenteage
weightlloss and the number of eggs lald by the bestles
Viability of seeds was 2lso assessed to study the
effect.of different materials on germination of
treated seecds.

1. Efficiency of different treatments based on

weight loss

The percentage wéight loss at one month after
treatment showed gignificant treatment dlfferences,

but the methods of gtorage dld not influence the

71

guantitative loss at this gtage, Treated seeds storaed

in plasgtic containers showed comparatively hicher weight
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loss in all treatments except carbaryl, fenvelexate
and permethrin than in gunny bag storage (Fig 13),

From the second month onwards percentage weight
loss in different treatments was not showing a
uniform trend in suécessive months under the two
nethods of stozxage and variations in welght loss
vers néticed in different months.

Data on the obgervation of walighlt loss after
glx months of storage have revealed that all treatments
eﬁcapt neam Kernel powder, fenvelerate and untreated
control recorded more damage in gunny bag storage.

The diffgrences between the two methods ars
statiséically significant, This may ba dus to the
fact that since the deveioPing populations are
confined in the plastié contailners for a longer
pdriod there might be progressive decline in

oxygen 'tension in the ambiant air reducing the
microclimate unsultable for the continuwouz dovelopment
of the inscct,

An increasing trend in the percentage welght loss
was observed (Filgl4) in all the treatments in
successive months, Howaver =211 the treatments
showed'scme degree of protectlon againgt the
infestation of pulse beetle as compared to untreated

-~

control,
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The overall cffect of different seed protectants
after six months of storage have shown thatrzgﬁz;ﬁbest
results with a minimun percentage welght loss of less
than 5 per cent,

Permethrin 25% EC @ 0.0125% proved to be the
most effective material in protecting cowpea seeds
with a welght loss of only 2,618% oven after six months
of gtorago, Similar results were obtalned by Lloyd
and Hewlott (1958) for controlling C. chinensis with
pyrethrin 1,3%: Uniyal et al., (1967) also
obtalned control of Ca chinensis using pyrethrin
at 0,025%, Being a contact insecticide with knock
dovmn effect and least residual toxicity pyvrethrin
preparations can ba safely recommonded for
controlling pulse beetles in storage.

Bendiocarb 80% WP @ 0,06%, a carbamic acid
insecticide was also found to be an effective seed
protectant with only 2,8425% weight loss after six
months of storage ranked next to permethrin,

Activated charccal powder @ 1,5% (w/w) appeared
to be superior than all other treatments during the
first two months of storage and infestation starts
only after third month. Due to the abrasive and
hygroscoplc nature of activated charcoal, loss of

moilsture from insect body resulted in desiccation and



death of inseccots, Similar results were also obtained
by Narasimham and Krishne Murthy (1944), Nair (1957)
and Mammen gt pl, (1968), Infestation of pulse
beetles in secds treated with activated charcoal;
three menths after storage may be due to the

physical c¢hanges in the charcoal particles leading to
the lcgs Of tenécity in adhésion and the congequential
irregular coverage on the seeds, Howaver the
percentage weight loss 15 only 3.219% after plx
monthslaf storages '

Carbaryl 5% dust @ 1:5% (w/w) and etrimphos .2%
dust 0.1.5% (w/w) are also found to be superior over
untreated control in protecting cowpea seeds in
stosagés with a percentage‘weight loss of only 3,824
and 4.555% respactively,  Studies of Elerafie gt al,
(1974) was also revealed that carbaryl was superior
to malathion and Eioallethrin in controlling
Ceo chiﬁensis.

Percentage welght loss of seeds treated-with
etrimphos sproy,; fenvalerate, rhizome bits of sweet
flag, and necm kernel poﬁaer were 33.,6197%, 39,185%,
41,755% and 48,5745 respectively after six months of
storage. FPenvelerate and etrimphos spray gave
protection only upto fourth month and after thet the

percentage weight loss was increaged, However the
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weight loss was comparatively lower than untreated
control, even after six months,
Seads mixed with rhizome bits of sweect flag
@ 1.5% (w'w) also gave satisfactory protection only
upto the end of fourth month, Even the welght loss
after sixth month was 41,755%, it 1s significantly
better then controls David end Kumarswveml (1971)
stated that powdered rhizomes of sweet flag mixed at
1 kg with 50 kg of wheat-seed afforded protection
ageinst storage pests for a pericd of onc year, Bub
) in’tﬁe present investigation, cowpea seeds were
protected from pulge beetles only for four cenths,
Neem seed kernel povder @ 145% (w/'w) is found
to be the least effective in protecting coupea secds
in storage resulting in higher percentage of weight
loss, A 1In the case of sveet flag, neem seed kernel
_powder also gave satisfactory protection only upte
the end of fourth méntha This may be due to the
loss of gustatory repellent properties of ncem seed
kernol'powder after the fourth month. Percentage
welght loss after the sixth month was 48,574, hovever
it is statistically significant than control, This
result is not fully agreeéing with the observation made
by Jotwani and Sircar (1976) where powdered neem
kernels mixed with pulse seeds afforded protection from

pulse beetles for 8 to 11 months,
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24 Bfficicncy of differcent treatments based on the

number of eggs deposited on cowpea sSeeds

As in the case of percentage weight loss, more
number of eggs were lzid in plastic containers exeept
etrimphos dust, fenvalerate and permethrin treated
seeds after the £lrst month (Flg 15): Even though
there is an increase in the total number of eggys
deposited during successive months, wide variation
betueen all the treatments under the two methods of
storage was noticed during the second, thir-d, fourth
and flfty month,. Observations on the mmber of aggs
laid after the sixth month have rccorded moye numbexr
of eggs in gunny bags except in etrimphos dust,
bendlocarb and untreated control. But the difference
batween the two methods is not statistically significant.

It is seen from Flg 16 that the total number of
eggs laid were mastimum in untreated control and seeds
treated with nean kernel powder, rhizeme bitg of
syeet flag, fenvalerate and etrimphos spraye. Neem
is.found to be the least effective in reducing the
fecundity of pulse beetles, Abrahém =nd Ambika {1979)
reported that the sixth instar nymphs of Dygdercus
cingulatug Fabr, females showed degenerate ovarioles
and suffered vitellogenesis as a result of topical
application of neem leaves =nd Kernels. However in

the present studies direct admixturs of neem kxernel is not
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found to suppress fecundity in C. meculatus. This
is expiicable on the basis of variation in the
susceptibility of these two species, Sweet flag,
fenvalerate and ebtrimphos spray ware found to be
effective in preventing the oviposition upto the
end of fourth month and even after six months they
are significantly better then control, |

There was no egg production in seeds treated
with activated charecoal during the first two months,
Thig is either due to the mortality of the insects
by the physical aetion or non-preference for
oviposition in treated seeds, From the third month
onwards there was gradual increase in the cgg
production with a méximum 05148.92 eggs at the end
of ﬁhalsixth monthe  Increase in the number of
eggs from the third month may be due to the physical
changes in charcecal powder adhering tolseed coat
leading to loss of its attributes conferring non-
preference for ovipositlion.

In bendiocarb treated seéds also less number of
eggs wéra laid after the end of eix month, followed by
etrimphoos dustg permethrin and .carbaryl dust and
these materials are superior in preventing the egg
produ&tion than etrimphos spray, fenvalerate, |

sweet flag and neemq
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Relatlon between total number of eggs deposited
and percentage welght loss is seen £xum Pié 14 and
16+ It is-observed that there is a close relationship
betuean the nunber of eggs denositnd and the extent
of damage due to pulse heetle attack-except in seed
treated with permethrin and bendiocarb,  Even though
more numbher of eggs were lald in seeds treated with
permathrin (103,778) and hendiocazb (§3¢749) the
percentage wveight losses recorded were 2;618%‘and
2.8&3%'reépective 1y which were comparatively less
than the weight logs in activated charcoal (3,219%)
which harboured lesser number of eggs of only (48.920).
This may be due to the ovicidal action of the
materials on the hatchability of the eggs or their
toxle effect on the first instar larvae emerged
from the ejgse

It has been found that the weight loss 48 directly
proportional to the number of ‘egge laid by pulse
beetles in all treatments except pexrmethrin
and bendiocarb,

3a Efficiency of different treatments on the
viability of treated seeds,. '

Treated seeds were qpbjectéd to germination
tests to study the effect of materials on the
vieblility of seeds, Germination percentage of

seeds stored for six months ranged from 89=97 por cent



In 2l) treatments under the two methods of storage,
From the results it has been found that there was no
adiverse effect of the treatments on germination of
gowpea sceds stored upﬁo six months,

Storage in plastic contalners recorded‘coméaratively
low gezmination percentage than in gunny bag storags.
Due to the continuous breeding and development |
. of insegt populgtimn in the plastic containers
may cnhance the internsl temperature of sceds
affecting the quality of stored sceds. Lack of
oxygen avollabllity in the anclosed contailners
may also affect the germination of gtored seeds,
These may be the reason for low germination
pexcentages of seeds in plastic containers than in
gunny bag storage,

From the experimental studiesn it can be
concluded that for long term storage upto six months,
couwpea seeds meant for seed purposgs can be
protected by applying permethrin 25% EC O 0,0125%
surface spraying on the seeds befors storage.
Bendiocarb 80% WP @ 0,06% surface spraying and
activated charcoal & 1.5% (wv), carbaryl 5% dust
8 1.5% (w/'w), etrimphos 2% dust ® 1.5% {w/w) as
direct mixing of &nsta with seeds before sterage can

also be recomsended for the protection of coupea



seeds agalnst the attack of pulse beatles_without
any adverse effecté on germination,

For short term storage upto four months mixing
with rhizome bits of sweet flag & 1.5% {(w/w) and f
neem kernel powder @ 1.5 (w/w), surface spraying
of fenvalsrate 20% EC @ 0,01%, etrimphos 16% EC
@ 0,05% can bo used for protecting cowpea seeds in
storage ggainst the attack of pulse heetle,

Among the different materlals used for the
protection of cowpea'seeﬂs in storage against the
attack of pulse begtle activated charcqal whigﬁ is
comparatively cheaper and non—poisondua to human
belngs and domestic animals caen be safely used with
advantage even for pulse seeds meant for

consumptlion purposa,
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SUMMARY

Studies were undertaken to avaluate the
affectiveness of different seed protectant materials
in protecting cowpea seeds Vigna uhquiculats in
storage against the attack of pulge-beetle,

Callosobruchus magulatusy Rhizome bits of sweet flag,

neem kernel powder, activated charcoal powder,
carbaryl 5% dust and etrimphos 2% dust were mixed
wlth seeds @ 1.5% (w/w), etrimphos 16% EC @ 0,05%,
fenvalerate 20% EC @ 0,01%, bendiccarb 80% WP
© 0,06% and permethrin 25% EC @ 0,0125% were applied
as a surface spray on the sceds before storaga,.
The efficiency of the treatments were assessed under
two methods of storagce namely storxage in plastic
containers and also in gunny bags and the pulse
secds were kept in the storage for six montha,

Quantitative weilght losses recorded cduring the
entire poriod revealed widé variatibns in pexcentage
welght logs with different treatments between the
two methods of storage in successive monthse

Among the treatments permethrin 0,0125% proved
to be the most effectiva material in protecting
cowpea seeds in storage against the attack of pulse
beetle follovwed by bendiocarb 0.06%, activated
charcoal ppwﬁer 1.5% (w/'w), carbaryl 5% duat 1.5% (w/w)



and etrimphos 2% dust 1.5% (w/w) for a period of
8lx months., In sesds treated with activated
charcoal powder no demage was recorded for two months
under both methods of storages Even thouch the
pther treaﬁnants etrimphos spray, fenvalerate, suyeet
flag and ncem are inferlor in protecting the pulse
- smeds, they are better than the untreated ¢Gontrol
and gave satisfactory protection for four months,.

Variations in the mumber of eggs laid in
difﬁergnt tregaiments between the two.methods of
storage during successive months have been noticeds

Activated chaicoal pouder eppeared to be the
most effective material in reducing the fecnndity of
beetles In storage and for the first two months, eggy
laying was practically nil in charcoal itreoated seeds,
Bendiocarb followed by etrimphos dust, permethrin
and carbaryl arc found to be good geed protectants
against pulse beetles, Etrimphos spray, fenvalerate
riilzome bits of sweet flag and neem kernel powder are
ineffective in reducing the egg laying of pulse
beatles,

It has been found that the number-of eggs laiqd
in different treatments are directly proportional to

the poreentage welght loss in all treatmants except
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in perxmethrin and bendiocarb, This may ba due o
the ovicidal action of these chemlcols in reducing
the hatchabillity of eggs or their toxic effact on
Young lacvae,

Data on the gemination percentage of seeds
treated with different materlals have reveasled that
thare was no adverse effect of any treatments on

the visbillty of pulsc geeds storaed for six months,
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APPENDIX I

Analysis of Variance Table for the percontage weight
locs in tresated seeds observed one month after storage,

[~ J ~ S~ -~ N~ R~ B~ B~ - S A~ R - - A N . - B - - N - - - A

Source af 58 Mo 3a F
BN CcoSCc D oooDaSSSAaSCOoOSRoaRNB®
Method 1 0.064 0.064 0,195
Treatment 9 8,632 0,959 249200
Interaction 9 1,200 0,134 0.410
Error . 40 13,095 04327

=R S I -~ IR - O - - - - N I - SR SRR = - R~~~ S~ I - -

** Significant at 1% levol

APPENDIAX II

Analyslo of Varilance Table for the percentage weight
lons in treated seeds obaerved two months aftor storage.

DO R Egm R omES S e n 2SS o ISt orsom B3ofTopm omam

Source af 55 MeSa r
CoCoORERDCOODT 9SS o0 R0 R DD RS e
Matheod 1 0.036 0,036 0.046
Treatment 9 25,431 2826 3,629%%
Interaction o 4,788 0,532 0.683"
Erroxr 40 31.149 0.779

-~ R -~ R 2 - - - - B~ A~ B~ BN B~ - S N R — I - I B — T B - T~ -]

** Significant at 1% level



APPENDIX  II1I1

Analysis of Variance Table for the percentage weight loss
in treatcd seeds observed three months after storage.

[ S - — - T~ S - - — - N NN A N - - AL - T T - - R -]

Source dg S8 MeSe P

B OO0l 3 Eors o= 8oryomnoSToLR ooyt O 0% o= ofa oY oE oMoty o;ofm ROy ot R oms
NMethod ] 7193 741923 2,171
Treatment 9 1 460,919 162,324 48,986%¥
Interaction 9 1 202,698 133,633 40, 328%w
Brror 40 132,547 3,314

[ -~ B - B B B — S — R~ B = — R~ R - - A - - - I - 3 -

** glgnificant at 1% level

APPENDIX IV

Analysis of Variance Table for the percentage welght loss
in treated seeds cobscrved four months after storage.

f- B = T e S e S = - B~ v | =_ E—=1 = SR~ ~ B = S . S <~ S - S < 2 - S = 0 -~ 2 N - A A - T A~ - - ]
Source 55 MeSe F
Hethod 1 1,102 14102 0,092
Treatment 9 9 109,919 1 012,213 84,.530%w
Interaction 9 1 654,126 183,792 15,340 %2
Brror 40 478,983 : 11.975.

L=< S~ N i - < AR - A - - - - - -0 - - W - -]

*¥* Signiflcant at 1% level



APPENDIX V

Analysis of Variance Table for tho percentage weight loss
in treated seeds observed five months after storage.

o oNr It B IR &N oSy BT o£R oS3 OLS O3 oS oR OfTorn oDt ofT YD oM oS o R oM oOED oSO omRom

Source az 88 MeSs P

- IR - B - -0 N - - - - - - - - AN
Mathod ! 64,907 64,907 12,223%*

Treatment 9 19 019,959 2 113,329 397,972#*%

Interaction 9 357,825 39.758 7.487%%

Errox 40 212,409 54310

L= B~ - - - 5 I~ I - I~ S~ - N~ A N N A - - -2 - B - - I N NN

w* Sicnificant at 1% level

APPENDIX VI

Analysis of Varlance Table for the percentage weight loss
in treated secds observed six months after storage,

TI O3 oWy o of3 £ o0 DY OTE IR oY (oD BT Y OFR ORI DY LT Y OOT O oxh oD 2 ot £ oo

Source at 58 M. Se F
oo AN OERDOERRRED DS SR SO D S D MR
Hethod 1 20,860 20,860 64914
Treatmeont O 24 895,391 2 7664155 916,878%%
Interaction 9 361,479 40,164 13.313%»
Error 40 120,677 3.017

T TSI SO SO N WSSt M oOS b oD SIoen oyt 3ot m
* Significant at 5% level
*¥ Significent at 1% level



APPENDIX VII

Analysis of Variance Table for the number of eggs
deposited by the beetle on treated seeds - one month
after storage. '

Source - as g8 MeEa ¥
oI S B 0 & o RN R OIDOnOM oM I N3O o o=t

 Method 1 724182 72,182  4,553*
Treatment 9 602,800 664078  4,224%*
Interaction 9 233,414 25,935  1.636
Error 40 6344224 15,856

* Significant. at 5% level
¥ Significant at 1% level .
Notes Data analysed after /X + 1 transformation

APPERDIX VIIX

Analysis of Variance Table for the number of cggs
deposited by the becetle on treated secds = two months
after storage.

£ oET = b £y oo oI o oo W OR O R Lo oot ol

=
Source arf 85 MaZe ¥
==

L~ -~ - S - - I | SR ow IS oo o3| oRomof) o SyoorofsoDnoerclomm

lethod 1 117,412 117,412  10,596%%
Treatment 9 2 022,80 224,765  204284%% -
Interaction 9 285,512 31,724 2.863¥%

. Errox 40 443,226 11.061
R - N L L T

* Significant at 5% level
*% Significant at 1% level
Noto: Data analysed after /x + 1 transformation



APPENDIX  IX

Analyslis of Variance Table for the number of eggs denosited
by the beestle on treated seeds = three months after storage.

===t==sr.====:::n=:s==unmaz:nzan‘unananm
Source af 5S - M5, P
Method 1 20,344 29,244 3.211
Treatment 9 5 419,186 602,132 0G0 o 107 e
Interaction 9 1 329.053  147.673  16,213%w
Error 40 364,339 94109 '

** Significant at 1% level
Note: Data analysed after /x + 1 transformation

APPENDIX X

Analysis of Varlance Table for the number of eggs deposited
by the beatle on treated seceds - four months after storage.

(== - - S~ N - - — R~ - AR - - - -2 - - - I - - R A

Source af 58 Mo S, r

e R R e - I s
Method 1 0.762 0,762 0,075
Treatment o 8 595,783 955,087 93,466%¥%
Interaction 9 306,639 34,071 30334 n¥%
Brror 40 4084744 10,219

O o2 &8, 82 0 I35 87 &9 02 O 0 #89 ;1 B9 o3 £3 22 g2 o T B9 f3 o 2% 3 &% ozt 8% o
** Significant at 1% level
Note: Data analysed after /X transformation

A



APPENDIX XX

Analysis of Variance Table for the number of eggs deposited
by the beetle on treated seeds « five months after storage.

R EEEEEEEE L EE- R -

Source df 885 MeSa F
SmEmSEEoeoToEoNOSoSCEOSSROEooDOSDO
Method ' 1 34124 3,124 0,368
Treatment 9 10 410,799 1 156,756 136, 309%*
Interaction 9 256,587 28, 509 343628 %
Error 40 339,225 - 8,481

p;:::::r:::cmsmnnumaam::s:é::::::::::::::u::;:::
&% Significant at 1% level
Notes Data analysed after /x  transformation

APPENDIX XII1

Analysis of Variance Table for the number of eggs deéposited
by the beetlé on treated sceds « six months after storage.

Source d; SS_ M.g. r

e mEEmCERSDBEEGEs e E RS A S eSS D
Method 1 0s221 0.221 04091
Treatment 9 10 977,539 1 219,727  499,BTo%*
Interaction 9 169,711 18,850  7.728%
BError | 40 97.601 2,441

< I — BT - T o S~ B~ S - — - - N~ S - S~ -~ S~ T — W —~ O~ - T B - N~ B~ — B - S~ T — B~ -1

*% Signlficant at 1% level

Notes Data analysed after /X tranaformation

-



APPENDIX XIII

Analysis of Variance Table for the percentage germination

of treated seccds = one month after storage.

L=~ 20—~ I — - N — - — -~ B — N — - G~ S~ N~ B =~ R o S R

Source at S8 eSa
SoooomoEoocSESsSoROoORRCROO0 R
Method | T 47.901 47,901
Treatment 9 2&1.678 50;186
Interaction 9 367.856 34.206
Error 40 4&9.982 i1.999

o E oSSO0 DD DD EE DR OoOn D D2

* Significant at 5% level

Notes Data analysed after Arc sine transformation

APPENDIX X1V

f= - - I — ] ]
¥

om m o3

34992
ée 516
2.851%

oS o oo

Analysis of Variance Table for the percentage germination

of treated secds - two months after storage.

3 0N IR I By Do oo RN R D m NI Dol =

Source df S5 [eSe
EwmoarzormooerSsoROseEORRES DD oQ
Method 1 5,813 5,813
Treatment 9 150;120 i45458
Interaction 9 464,313 44.924
Error 40 952.507 53.813

S O N o W/ DSt STOR SN oToOmoen et oEroR

NS & Non significant

Notet Data analysed after Arc sine transformation

i}
o
u -
:

= I - A -+

04 244
0,607 NS
1,887



APPENDIX XV

Analysis of Varlance Tablo for the percentage germination
of treated seeds -« three months after storage. '

B e B =T o B - R - T =B~ S =~ S — -~ - N - S o S - S — N~ I = Y - B - — G — S e I - — S B -]

Source ag 58 [1Ge F
U O
Method 1 191,604 191,604 8,167*
Treatment 0 183,998 20,999 04457
Interaction 9 222,736 24,746 04536
Error 40 1 839,253 45.981

oo R O oS RS SDmD Do ooy oMo I
* Significant at 5% level
Notes:s Data analysed after Arc sige transformation

APPENDIX XVI

Analysis of Varlance Table for the perccntagse germination
of treated seeds~four monthc after storage.

O O o9 2 | R mo o R omomoy Dol rom

Source af 88 MeS P
*omoS S TmEomofsosSoEOoCDOo@D@ECDSE AR
Method 1 331,107 331.107 Be120%*
Treatment 9 237,003 264334 04647
Interaction 9 376,862 41,874 _ 1,028
Error 40 1 629,287 40,732
U

** Significant at 1% level

Notes Data analysed after Arc sine transformation



APPENDIX XVII

Analysis of Varlance Table for the percentage
of treated secds - f£ive months after storage.

| I -- ST U B -~ B S N~ R - I = R S - R
Source af S8
oo oD oo BEDD I 2
Method 1 342,549
Treatnent 1= 434,661
Interaction 9 1 081.381
Exrroxr : 40 1 129,571
Eoroc oS SRS EREE R RS =

%% Significent at 1% level

S 2 omm o
t‘IQS.

L= ~ - < A

342,549
48, 206
120,154
28,239

Lo B = B - i~ I —

germination

=

—
—

=

Do W O m

F

= ORI

12,131%%
1.710
4,255%%

= N - -

Notes Data analysed after Arc sine transformation

APPENDIX XVIII

Analysis of Variance Table for the percentagoe
of treated seeds = six months after storage,

[ -3~ -~ T~ I~ S -~ A N I I - I~ - ]

Source dag 85

e - R R
Method 1 0,000
Treatment 9 226,679
Interaction 9 363,273
Error 40 944,991

LT~ ST — S~ — T - I ~ N S~ A - = - - - - -

N -
1,8,

=2 = i~ T v = ]

0.000
25,167
40,364
23,625

R = B - A —

germination

=3

=

f=—1

=~ v S~ S ]
F

B B = v B - S ]

N, 000
1066
.15709

Note: Data analysed after Are sine transformation
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ABSTRACT

Studies were undertaken to agsess the effect of
different materials in protecting cowpea seeds against

the attack of pulse beetle, Callosobruchus maculatus

in storage for a period of six months, Rhigzome
bits of swcet flag, neem kornel powder, activated
charcoal powder, carbaryl 5% dust, etrimphos 2% dust
‘were directly mixed with seeds O 1,5% (w/w) and
etxrimphos 16% EC O 0,05%, fe;valerate 20% EC & 0,01%,
bendiocarb 80% WP @ 0,06% snd permethrin 25% EC

@ 0,0125% were sprayed on the surface of the sceds
before storagas Treated secds were stored in
plastic containers and in gunny bags for six months
along with an untrested control,

All treatments recorded low percentage of weilght
loss during the f£ilrst four months of storage under
both methods, But in the £ifth and sixth month seeds
treated with neem kernel powder, sweet flag rhizome
bits, etrimphos 16% EC and fenvalerate 20% EC
suffered highor damage and they did not gave
significant protection against the pulse beetles,
Extent of damage in permethrin 25% EC treated seeds
was negligible even after sixt montho followed by
bendlocarb 80% WP, activated charcoal, carbaryl 5% dust

and etrimphos 2% dust in which percentage welght loss



was less than 5%, (Permethrin 25% EC was found teo be
an effective seed protectant in prevonting damage

of ¢ouwpea secds duc to the attack of pulse beetle in
storages

Number of eggg laild in different treatments
indicated that actlvated charcoal proved to be effective
in checking the multiplication of the pest in storage
followed by bendiocarb 80% WP, permethrin 25% EC,
etrimphos 2% dust and carbaryl 5% dust. [No eqgg
laying was recorded in seecds treated with activated
charcoal during the first two months under the tﬁo
methods of storage. Neem kernel powder, sweet
flag rhizome bits, fenvalerate 205 EC and etrimphos
16% EC did not show much deterrent effect on the egg
laying capacity of pulse bezetle,.

Close relation between nunber of eggs laid in
different treatments and the percentage of weight losa
was observed in all treatments except in permethrin
and bandlocarb trented seeds, In both these
treatments even though the number of egys laid were
more than in activated charcoal, percentage wailght
loss recorded were comparatively lces than cha;poal.
This indicates that pemmethrin and bendiocard may
be showing some ovicidal action along with contact
toxlc effect,



Investigations on the viability of treated seeds
in storage indicated that there is no adverse effect J
on the germination of pulse sccds stored for six
months after treating with different seed

protectants,



