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INTRODUCTTON

In India, the maize is grown in 6.20 million hectare of
land with a total production of 10.20 million tonnes
annuallily. It is cultivated for human food, animal feed,
fodder and industrial products. Among food grains it stands
sth, 4th ap9 3¥d jn area, production and productivity,
respectively. It is grown almost in all states of the
country but Madhya Pradesh, Utter Pradesh, Rajasthan and
Bihar are the major maize growing states. Paddy is the most
important crop amongst cereal crops in India and is grown on
41.64 million hectares of land with an annual production of

72.61 million tonnes. {Anonymous, 1993-94).

In Rajasthan, maize and paddy occupy an area of 9.43
and 1.18 lac hectares, with total production of 13.75 and
1.51 lac tonnes, respectively. Udaipur division alone
accounts for 5.08 and 0.75 lac hectares with 5.46 and 0.40
lac tonnes of production for maize and paddy, respectively

{Anonymous, 1990-91).

Among maize growing states, Rajasthan ranks second in
India {(Anonymous 1993-94). The districts where maize 1is
extensively grown are Banswara, Bhilwara, Chittorgarh,
Dungarpur, Jhalawar and Udaipur, while paddy is mostly grown
in Banswara, Dungarpur, Udaipur, Sriganganagar, Bundi, Kota
and Sawai Madhopur districts of the state (Ancnymous, 1990-

91}.



In India post-harvest losses caused by the unscientific
storage, rodents, insects, micro-organisms, moisture etc.
account for about 10 per cent of total food grains
(Anonymous, 1971). A world survey by F.A.0. indicated about
5> per cent loss of cereals in storage annually (Herford,

1952).

Among the various pests that have been commonly
repcrted infesting stored grains, the Angoumcis grain moth,
Sitotroga cerealella (Olivier) 4is one of thz most
destructive pests of un-milled grain (paddy, maize, oats,
sorghum, wheat and other cereals), being second only to the
rice weevil, Sitophillus oryzae L. in economic importance.
The losses caused by this moth to different grains to stored
maize have been estimated ranging from 6 to 21 per cent
(Anonymous, 1979) and in stored paddy from 3 to 12 per cent

(Shahjahan, 1974).

The initial infestation by this pest may take place in
the field when the grains are in the "milky stage™ and
usually one per cent of grain kernels are infested (Cotton,
1856; 3ingh et, al., 1978). By the time the grains are
threshed and stored, infestation by the moth increases
rapidly. The larva eats off the kernels and the infested
grains are hollowed ocut without apparent symptoms of
feeding. It is only visible when the moth leaves the grain,

leaving the emergence hole.

.
-



More than half of the total produce of grain is
retained by the farmers for consumption and seed, the
remaining amount is marketable surplus or utilized for
payment in kind to labour. The stored cereals {grains)
underge qualitative and quantitative losses to varying
degree, depending upon the storage structures used and
storage practices followed from region to region. It has
been observed that the storage conditions and practices vary
from place to place in our country which envisage the need
to survey the practices followed and damage incurred by
insects in different agro-climatic conditions. Hence, the
information about the storage conditions and practices
prevailing around Udaipur and assessment of losses caused by

S.cerealella in different storage structures was needed.

In order to develop economic and effective control
measures for S.cerealellia, detailed and accurate knowledge
of its bio-ecology is essential which leads to the possible
prediction of population levels and study of the various
mortality factors regulating pest abundance. These aspects
need more intensive investigations. For example abiotic
factors such as temperature, relative humidity and mﬁisture
percentage of stored products vis- a-vis pest 1nteraction

wag one of the important aspects of the proposed work.

The habit of remaining inside the kernels during most

of its active period, makes the control of this pest some

3



what difficult. The development of resistance (or least
susceptible varieties) appears to be one of the most
successful way of combating this pest. Hence, in the
proposed investigation, efforts have been made for searching
the sources of resistanée in some germplasm of maize and

paddy.

Chemical insecticides play an important role in
reducing the population of this pest. Consequently, the
application of insecticides have been recommended on floor
and walls of the godowns as well as on Kernels which are
used as seeds. But the use of chemicals should be with the
proper knowledge in relation to the pest condition in the
storage, otherwise they prove not only uneconomical, but
also create a number of serious problems such as resistance
to pesticides, resurgence of pests and hazards to human
life. To reduce these adverse effects, certain non-
insecticidal substances (plant products) have been
recommended{Girish and Jain, 1974; Prakash et al., 1984 and
Dakshinamurthy, 1988). In case of Angoumois grain moth,
S.cerealella, meagre information is available in literature
regarding the efficacy of vegetable o0ils and plant
materials. Under the present investigation, therefore, many
plant products have been evaluated to find out their

effectiveness against this pest.



The obijectives of the investigations were as follows
Studies on the biology of S.cerealella (0liv) at
different temperature and humidity.

Screening of different varieties of maize and paddy
against §. cerealella (0liv.}, and to determine the basis
of host plant resistance in selected genotypes.
Evaluation of insecticides and plant products for the
management of S. cerealella (0Oliv.).

To assess the losses caused by §. cerealella (0liv.) in

storage.
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REVIEW OF LITERATURE

Sitotroga cerealella (Olivier)} was first described by
Olivier in 1789 as Alucita cerealella. Later on Helnmann,
in 1870 erected genus Sitotroga and named it as Sitotroga
cerealella Olivier (Sattler, 1973). Thig insect obtained its
common nhame, ARgoumois grain moth due to its depredations 1in
wheat in the province of Angoumois, France where it was

known to have been injurious since 1736 (Cotton, 1941).

The Angoumois grain moth has been reported to cause
congiderable damage to all kinds of stored cereals and also
«ome other stored productsin India. Since the present
investigations were carried out on the biovcecology and
management of {pngoumois grain moth, Sitotroga cerealella
0livier {Gelechiidae, Lepidoptera) infesting maize and paddy
in storage, the pertinent literature has been reviewed

mainly on the following aspects :-

I. Bioecological studies and mass rearing techniqgue.

11I. Management
{A) Host-plant resistance
(i) Screening of different varieties of maize and paddy
{ii) Basis of resistance
{a) Physical factors
(b} Bio-chemical factors

(B) Evaluation of insecticides and plant products.

111. Extent of losses 1nh storage



1. BIO-ECOLOGICAL STUDIES

The biology of §&. cerealeila on different hosts has
been worked' out by a number of workers (King, 1918., Simmons
and Ellington, 1924 and 1933., Crombie, 1%43., Warren,
1956.,Thomas et al., 1960., Cotton, 1963., Mills and Wilbur,
1967. ,Khare and Mills, 1968 and Raghavaih et al., 1983) in
different countries but most of the studies were carried out
in temperate regions on wheat and maize. Very little works
appear to have been done on paddy {(Dhotmal and Dumbre,

i982., Pandey and Bimal Singh, 1983).

The temperature and humidity play a vital role in the

development of §. cereaiella. On the basis of the studies

conducted on the cause of out-break of S. cerealella,
gimmons and Ellington (1927} reported that the hot weather
monthg in Maryland, U.S8.A favoured the emergence,
muitiplication and the threshold of development of this
pest. In the month of August and September, heavy
infestation was observed on stored grains in Utter Pradesh
by Lal (1944}). In West Bengal, the damage by this pest was
observed throughZout the year, bhut the population was found
at peak during April-May when the temperature ranged
irom 24 to 37°C and minimum during November-January when

it ranged from 12 to 17°C (Karan Singh, 1977).

dtudies conducted so far on the effect of temperature

and humidity on the development of various stages revealed
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that minimum relative humidity required for the development
of §8. cerealella has been reported to be 30 per cent, the
larval stage was rarely completed at 15°C (Harukawa and
Kumashiro, 1938). According to Boldt (1974))the fecundity of
S cerealella in wheat was highest at 25 to 30°C. The
development of pupa was shortest at 30 — 32°C and
differences due to relative humidity were not significant;
but in general, development of moth has been reported more
rapid at higher humidity {Thomas and Shepard, 1940.,
Chatterjee, 1953., Warren, 1956., Joubert, 1964., Grewal and
Atwal, 1969., Hammad et al, 1969., Shajahan, 1974 and
Shazali and Smith, 1985). According to Howe (1965} the
minimumTyhd cptimum range for the development of 8.
cerealeila was 16°C and 26 to 30°C, respectively. According

ro drewal and Atwal (1969) the eggs of 5. cerealella could

not survive at 40°C.

Studies conducted by Shazali and Smith {1985) on
sorghum revealed that temperature ranging from 20 to 30°C
and the relative humidity ranging from 60 to 80 per cent
provided optimum conditions for the multiplication of &§.

cerealelia. Almost similiar resuit were obtained by Grewal

and Atwal {1969) on maize.

The moisture content of the grains had a definite
effect on the development of S. cerealella. At 12 per cent
Oor mere moisture content)the larvae easily reached the adult

stage (Harukawa and Kumashiro, 1938). The larval period was



shortest at higher moisture content (Warren, 1956) and 1t
was prolonged in d4ry materials {Candura, 1950). As the
moisture gontent increased within 14 to 17 per cent, the
average period of larval stage was reduced by an average of

three days (Pingale and Girish, 1967 ).

Mass rearing technique

The methodsgs used at Kansas State University and the
University of California have been reported successful 1in
mass rearing of &. cerealella (Strong et al., 1967.,
Pederson et al., 1374). They raised the stock culture
bj using the insects collected from infested grains of the
godowns and by releasing 25 pairs per half Kg. of medium

which produced 400 to 450 adults.

Screening of varieties

Russell {1976} reported that the yield obtained with
Z00 eggs or with 5 pairs of adults per half a kg of medium
is essentially same and does not differ statistically. Khare
and Johari (1979) used one pair of 8 to 12 hrs old adult 1in

one hundred grains for screening the different varieties of

paddy.

I7T. MANAGEMENT

(A) Host-plant resirtance

{i) Screening of dififerent varieties of maize and paddy
Stockel {(1968) reported that the percentage of ears and

percentage oi individual grains attacked by 5. cerealella
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were significantly lower in corn variety Funk.G-34 1n which
husk was tightly wrapped round the ear at the time of grain
maturity tpan other varieties. The degree of susceptibility
among the ten lines of hybrid maize to the attack of 5.
cerealella and Sitophilus zeamals Motsch. was assayed by
villaciseg(1976). He found that the hybrid "Dulce" showed
considerable resistance to both the species while another
hybrid showed resistance to &. cerealella. He attributed
resistance mainly to the antibiosis. Mathur and Gupta (1973)
screened tweleve maize varieties against this pest on the
basis of average adult population and loss in grain weight.
pPandey and PFandey (1982) however, evaluated fifteen
different maize varieties against 5. cerealella on the basis
of growth index and loss in grain weight due to insect
infestation. According to them Jaunpuri was found resiétant
as compared to Vijay. Protina and Shakti. Heinrichs et al.
{1985) evaluated paddy varieties on the basis survival of
adults. According to them the varieties allowing less than
10 per cent survival of adults were identified as registant
whereas, the varieties 1in which survival percentage varied
from 10 to 20 were considered as moderately resistant. Those
varieties which had more than 20 per cent survival of adults
waere considered as susceptible varieties. Acharyulu and
Choudhary (1992) while screening different maize inbred
lines against S. cerealella on the basis of loss in grain
weight and Howe's growth 1ndex. reported that inbred lines

having upto 3 per cent loss in grain welght were considered



registant or least susceptibie against S. cerealella. Inbred
iines showing loss in grain weight from 3 to 5 per cent were

considered as moderately resistant.

In free choice test based on adult presence,
oviposition and the production of Fl1 progeny, the paddy
variety "Dawn" was found to be resistant in U.S.A. (Cogburn,
1974). Under indian conditions considering the percentage
infestation and the adult population, the variety IR-8,
Kannaki and Cauveri were found least susceptible against S.
cerealella {Chellappa and Chelliah, 1976}. C4—63 was found
resistant by Dakshinamurthy et al. {(1978) and Saket-4 and
[R-53 were reported least susceptible by Khare and Johari
{1979). Based on egg laying, hatching, penetration of
larvae, adult emergence and duration of life c¢ycle, <China-
1039 and Phouranmubi were least preferred {Pandey and Bimal
Singh, 1983). Paddy varieties vig., T-26, Bala, Chakia-59,
IR-24, Saket-4, Pankaj, Jagnnath, IR-8, Prasad and Cauveri
were observed as moderately resistant against the pest by
Uttam et al. (1984). Grain of Ik rice cultivators (IR-5 to
IR-52) were evaluated for the susceptibility against &§.
cerealelila by Medina and Henrich (1986). They found that
insect emergence was lowest in IR-52 and IR-46. Anuradha et
al. {(1989) tested thirty six cultivars of paddy against this
pest and found that nine cultivars viz., Gouthami, Vijaya,
Mashur1l, NLR.%672-76, Dhanyalaxmi, Fratibha,

Kottamolagolukulu, WGL 26889, Katatiya and Vasista were



moderately resistant and eight cultivars viz., Nagavali,
RGL-2831, RGL-1212, Rasi, BPT-8233, Mahendra, Srinivas and
Vajram weFe highly susceptible. The remaining nineteen
cultivars were intermediate in their reaction. Vasista and
Gouthami cultivars of paddy were also reported as moderately
resistant agailnst . cerealeila by Sudhakar {1987),
sundrarajan and Sundrarajan {1990) reported C0O-43, Redponni,
Puduvaiponhni, TKM-9 and CR-1609 as least susceptible
varieties of paddy. According to Verma and Uttam {1990}
Usar-i, Aswani, Jaya and IR-8 were the least susceptible
varieties against §. cerealella while CR 237i-1, Basmati-

370, T-23, T-3 and Prasad were found susceptible.

(ii) Basis of resistance

variations in the susceptibility of maize and paddy
grains to the infestation of 5. cerealella have been
attributed to the physical and bio-chemical factors. These
factors play a vital role in relation to the damage, growth

and development of the pest.

{a) Physical factors

Regarding the relation between the-size, volume and
moigture content of maize grain with growthindex and losses
in weight caused by 8. cerealella, Pandey and Pandey (1982)
reported that there is no correlation. However, Manojlovic
{1987) described that post-embryonal development of S.

cerealella lasted longer with corn sorts which have larger

and heavier grains.



In paddy, [srael and vedamoorthy (1956) reported that
fine-grained varieties (more L/B ratio) preferred mostly DY
the pest. The moths reared on rice varieties having large
aized grains were bigger than those reared on small sized
grains (Sikder, 1965). Abraham and Thomas (1969) found the
positive but non significant correlation between fineness
{L/B ratio) and mean percentage of damage to roughrice but
Chatterjee et al. {1977) reported that there 18 no
correlation between size of the grain and degree of
infestation. They further stated that loss 1n weight of
grain was less in fine grained varieties when compared with
coarse medium type grains. Dhotmal and bDumbre {1982)
reported that preference for oviposition, incubation period
and hatching percentage were independent of filneness Or
coarseness of paddy grains. Prakash et al. {1983} reported
that length breath ratioc of the grains was positively
correlated with both number of adults emerged and per cent
damage to grains. Pophaly and Rana {1992) also found that
coarse and long duration varieties were least preierred as

compared to fine to medium grain and short to medium

duration varieties of paddy.

In wheat Sudhaker and FPandey {1982) reported that

association of pericarp and seedcoat with endoplasmic region

of the grain and their thickness varied from variety to

variery. This wvariation in thickness and the association

were responsible for the preference of §. oryzae. In paddy
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various workers (Upadhyay et al., 1979., Prakash et g;.,
1983., Anuradha et al., 1989. and Takeshita and Imura, 19%0)
have reporFed that thickness of the husk of paddy grain had
a negative correlation with the number of adults emerged and
the per cent damaged grains by 8. cerealiella. However,
Abraham and Thomas (1969), Prakash and kao {1993) reported

thatr thickness of husk was negatively correlated with

gusceptibility index but that was not significant.

Samual and Chatterjee {(1953) observed that the degree
of resistance among different varieties of sorghum against
stored pest depends upon hardness of the grain, per cent
moisture content and the looseness oOr tightness of the
yrain. Davey (1965) observed a clear correlation between
hardness and amount o©of vitreous endosperm {vitreous

varieties of sorchum) having harder seed than mealy

endosperm {(mealy varieties).

sudhakar and Pandey (1982) reported that hardness
(breaking strength) of the wheat grain was negatively
correlated with indices of susceptibility, egd layving

capacity and total number of progeny against S. oryzae.

Similarly in maize a negative correlation between
hardness of grain with growth index of &§. cerealella was

found by Pandey and Pandey (1982).

in paddy also Rout et al. {1976) while screening the

varieties against §. oryzae observed a negative correlation



between the grain hardness and relative susceptibility to

the pest.

The alkali-spreading value, a measure of hardness, has
heen reported negatively correlated with the developmental
period, progeny number and weight of rice weevil, S. oryzae

{ Rout t al., 1976). According to Russel {1976) the paddy

variety with alkali spreading values of 3.5 to 4.0, were
more resistant to the moth than those with alkali spreading
value ranaing from 6.2 to 7.0. Alkali value of the grain
kernels was positively correlated with both number of adults
and per cent damaged grains (Prakash et al., 1983).
Ragumoorthy and Gunthaligaraja (1988) also reported low
alkali values in resistant varietles of paddy. A positive
relationghip hetween alkali spreading value and
susceptibility index was obtained by Prakash and Rao (1993)

in four successive generation of S. cerealella.

imperfect hull, hullintectness, gsplitting husk and less
water absorption indices are other physical factors which
have also been considered responsible for imparting
resistance/ susceptibility (Cohen and Russell, 1970., Link

and Rossetto, 1971., Pandey and Pandey, 1982 and Cogburn et

ai., 1983).

(b} Bio-chemical factors :

Preliminary evidence of higher infestation of s.

cerealella in maize having high amylose content was first

1

P

)



obtained by FPeters et al. (1960). Retardation in larval
growth coupled with fewer emergence of adults with lesser
weight was observed by Peters el al. (1960} and Rhine and
Staples (1968) when the larvae of §. cerealella were allowed
to feed on corn having high amylose contents. Chippendale
and Mann (1972) also demonstrated the inability of the
larvae of 5. cerealella to develop on high amylose content.
According to Peters et al. (1972 a, b) the small size and
weight of Kernels of popcorn strains appeared to reduce the
cize of the female moths possibly due to high amylose
content. They further reported that amylose and fat contents
of the corn kernels were negatively correlated with the
wepight of the moth. Pandey and Pandey (1983) reported that
no individual factor of chemical constituent 1is responsible
for growth index. The combined effect of the constituents
(protein, sugar, starch, ash and o1l) may induce the

variable growth and development of angoumols grain moth in

different varieties of maize.

Reyarding the effect of amylose c¢ontents on the
susceptility of paddy varieties against §. cerealella,
controversial reports are available. Abraham et al. (1972)
tested svusceptibility of fourteen varieties of paddy to S.
cersalella and found that although the varletles were having
different amylose content 1in the grains but it had no
influence on the susceptibility against the pest. Chatteriee

et. al. (1377) also reported than amylose content of the
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different varieties of paddy had no correlation with the
susceptibility or resistance of grains to this pest. On the
other hanq kirtur and Patel (1973) reported that a low
amylose rice, "Casariot" was more susceptible to S.
cerealella than intermediate and high amylose rices.
cimilarly Ragumoorthy and Gunthilagarai {1988) observed

higher amylose content in resistant varieties of paddy 1in

comparision to susceptible ones.

The results obtained by Abraham and Thomas (1969)
revealed that varietal susceptibility 1in paddy to grain moth
infegtation was not infiuenced by grain character viz.,
fineness, husk thickness and protein content. Protein
content was also reported to have na correlation with the
resistance of roughrice to §. cerealella and brownrice to §.
orvzae {Abraham et al.. 1972., Rout et al., 1976., Nigam et
al., 1977 and Russell, 1376). However, 1low protein content
was observed to contrihute resistance in roughrice to 5.
cerealella hut the relationship was not distinct (Chatterjee
et al.. 1977). The negative but distinct relationship
hetween adult emergence, development of angoumois grain moth
and index of susceptibility of paddy varieties was reported
hy Sudhakar et al., {1989). On the other hand Ragumoorthy
and Gunthilagaraj (1988) reported that resistant varieties
of paddy had high protein content. According to Anuradha et

al. {1989) protein content in paddy kernels was positively

correiated with susceptibility index of rice cultivars.



The influence of amino acids to pest attack was studied
mostly on field crop. Very little work has been done on
storayge prqducts. Field crop like pea varieties susceptible
to pea aphid contained higher concentration of free and
total amino acids than resistant varieties (Auclair et al.,
1957). Kalode and Pant {1967) pointed out that resistance of
sorghum and malze varietieg to Chiilo partellus Swinhoe was
associated with the host plant composition. The susceptible
varieties "Bubush" (sorghhm} and "3anga hybrid-101" (maize)
were found to contain higher number of amino acids. David
and Paul (1973) studied the preference of white ily.,
rrileurodes rasa Singh to castor varieties and found that
the total free amino acid contents were less in resistant
varietiea than the susceptible ones. Chelliah and Sambandam
(1973} alsou reported that susceptible varieties ofr cucumis
melon 1. contained higher number of amino acids as compared
to the resistant wild melon Cucumis callous (Rottl.} and
concluded that either low concentration of essential amino
acid or their imbalance were responsible for antibiosis in
¢ callous. Pandey and Pandey {1378) observed that elight
essential amino acids were present 1n least preferred malze
variety "Jaunpuri" and ten essential amino acids in the most
prefarred varietles Protina and Shakti to S, cerealellia.
sudhakar and Pandey (1881) reported that the quantity of
amino  arids present 1n  wheat, raw and parboiled rice
varieties decreased due to infestation of §. cerealella and

susceptible varieties were positively correlated with the
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amino acids concentration.

According to S5asamoto {195?})rice plants with higher
silica content were resistant to the attack of chillo
supressalis (Wlk.). 3Sharma and Chatterjii (1971} also
raported that susceptlble maize parts had lower content of
zitica as compared to reslstant varieties agailnst .
partellus. Similiar results were obtained by Narwal (1973)
on sorghum against C. pAarcellus and fungus (collectrotrichum
graminicola), Tha amount of silica present in paddy husk was
found negatively correlated with infestation and
susceptibhility index of K. dominica (Suzuki and Juliano,
1975}, 5. oryzae (Prakash et al., 1981.,) and §. cerealella

(8&riramulu and Subramanyam, 1981., Prakash et al., 19383 and

anuradha et al., 1989).

The ash content in the husk and grain also play an
important role as physical barrier for pest entry and
completing the life cycle. Pandey and Pandey (1983) observed
that. correlation coefficient of chemical constituents viz.,
proteln, sugar, starch, ash and oil content of healthy maize
grains with growth index and ioss in weight in gralns were
not slygnifivant. However, sudhakar et al. (1989} reported
the negative correlation of ash content in paddy grain with
the developmental period of grain moth. Ash content in the
paddy husk was negatively correlated with susceptibility

index of rice cultivers to the ». cerealella {(Anuradha et

al., 1939},
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petetrs et al. (1972 b.) reported negative correlatiocn

betwaen the fat content and moth weight, 1indicating that
higher fat ‘levels had a detrimental effect on moth weilght in

maize grains. Howavel, the results obtained by Flores {1970)

indicated that the life of 5. cerealella prolonged when they
wera allowed to feed on maize grains having higher amount of

lipids. According to panday and Panday {1983) no correlation

hetwsen prolein, sugar, starch, ash and oil content of maize

grain with growth 1lndeX ni the moth was observed.

(B} Evaluvation of insecticides and plant products

More and Decker {1961} protected maize aygyainst the
atiack of Angownois grain moth by scattering 20-25 lbs of 1
per oant  malathion dust over the surface of maize and

spraying of malathion {72.75%) on the side of the cribs.

Teotia and Singh {(1966) made preliminary studiles with
fevin and malathion as grain protectants on maize and rice.
They found that treatment with 500 ppm of Sevin and 3 ppm of
walathion protected infestation of maize and rice by S.

vryzae under natural storage conditions,

saxena et al. (1973) used parathion, carbaryl and BHC

dnst (& 1:1000, 2:1006, 3.1000 ratio w/w) against S,

carealells in sheiled maize and reported that percentage

mortality of the pest was significantly bigher 1n all the

freatments than the control even after 9 months oif storage.

No  zionificant diiferences were found in the germination

I
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except with BHC.

According to Schulten (1975} application of 0.5 per
~ent BHC ‘ have good protection during storage of maize 1n
‘entral Africa for about 10 months. They alsoc reported that

mixing of 1 per cent malathieon dust with shelled maize also

gave good protection.

Malathion (12 ppm), tetrachlorvinphos (12 ppm) and
1d}enphns (12 ppm) applied as dust mixture £0 shelled maize
in traditional mud walled, timber and thatched storage cribs
in Zambia, kept the damage by 5. zeamals and S. cerealella
below 10 per cent up to ten months after harvest.
primiphosmethyl (4 ppm) and fenitrothion (2 ppm) maintained
che low damage levels up to 8 months atter harvest

{Hindmarsh and Macdenald, 1980).

Mookerjee and Boge (1967) reported that paddy seed
excivugively meant for sowing purpose can be kept free from
infestation by treating it with 10 per cent DDT dust or 0.5

per cent gamwmeBHC @ | part of the insecticidal dust and 10G0

parts oi the seed grain by weight.

Pyrethrum 0.5 per cent, DDT 10 percent, malathion 1 per
cent, lind@nel per cent, Acorus calamus powder, burnt paddy
husk powder, gilica gel were used as protectant against 8.

cerealella., &. oryzae and T. castaneum 1n paddy {(Mammen et

al., 1968).

——t



Direct mixing of various insecticides viz., Diazinon
(Rout and Biswal, 1973), primiphos-methyl 10 ppm {Cogburn,
1976., R?i, 1977), primiphos methyl fenitrothion and
chlorpyriphos methyl € 14 ppm {Cogburn, 1981}, permethrin 30
ppm (Prakash and Pasalu, 1981), etrimphos 10 ppm (Prakash,
1983), phoxim, fenitrothion (Lazro et al., 1986), sevin dust
15 ppm and gardona 5 ppm (Ismail et al., 1988), deltamethrin
@ 8 mg/Kg seed (Prakash and Rao, 1992), with ograins was

found effective against §S. cerealella.

The impregnation of jute or cloth baygs with
insecticides prevent the penetration of pest through bags.
several chemicals viz., piperonyl butoxide, pyrethrin, DDT,
DDT + BHC (l:1), malathion, fenitrothion, indofenphos,
malathion phoxim and primiphosmethyl have been used for
impregnation or dusting of jute bags by various workers
{Pingale, 1953., Ratan lal et al., 1960., Joshi and Kaul,
1965., Kane and Green, 1968., Girish et al., 1970., Rai and

Crol, 1973 and Ramzan et al., 1689).

A field trial on the impregnation of gunny bags with
synthetic pyrethriod against storage pest were carried out
by Ramzan et al. (1987}. They found that all the synthetic
pyrethriods even at 0.0125 per cent concentration proved
significantly better than malathion. Impregnation of gunny
proved

bags with deltamethrin even at 0.005% concentration

gsignificantly better than other pyrethriodes.

LAR TR ]



PHD.K

Bareth and Gupta (1992) also reported that jute bags
treated with deltamethrin at 0.001% concentration resulted
minimum damage by R. dominica during 15 months of storage of

wheat with no adverse effect on the germination of the

seeds.

Most of the work using vegetable oils for the
protection of grains against insect pests has been conducted
on pulse against Callosobruchus sp. and very little work has

peen carried out on stored maize and paddy against S.

cerealella.

Pandey t al. (1981) reported that green gram (Vigna

radiata) could be protected against attack of C. maculatus

>

x

;? for 5-6 months by treating them with the oil of sal (Shorea
23)

robusta), cotton seed or rice bran at 0.3 and 0.5 per cent

(Ww/w).

Ali et al. (1983) tested the effectiveness of different
plant oil including neemcoil against C. chinensis in
greengram in laboratory and reported that at higher dosage

of neem, coconut, mustard, mahuva and sesame o0il caused 100

per cent mortality.

The other vegetable oils viz., neem kernel 0il, karit
oil, groundnut oil, palm Kkernel oil, safflower oil,
sunflower oil, taramira oil, karanj oil, pilu oil, undi oil,
palas oil, dhupa oil, maize oil, caster pil, soybean o1l

have been,.used for protection of different stored products
RN AR Lo/

Ly
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by various workers (Pereira, 1983, Doharey et al., 1983 and

1985., Naik and Dumbre, 1983., pandey et al., 1985., Das,

1986., Gupta et al., 1992., Khare et al., 1992 and Singh et

al., 1993).

Cobbinah and Xwarteng (1990) studied various neem
products and copra oil, palm kernel oil for protection of
stored maize against 8. zeamals and reported that maize
kernels treated with neem oil or ash were damaged less than
untreated kernels. Although copra oil, palm kernel oil

reduced the attack of the pest.

Prakash et al. (1980) tested some plant products
against angoumois grain moth, S. cerealella to find out a
safe and indigenous grain protectants and reported that the
order of effectiveness was found to be pyrethrum > garlic

extract > neem oil > onion extract in stored paddy.

The use of powders of botanical materials 1is an
indigenous practice for the protection of stored grains
against the stored grain pests. Most of the work on this
agspect has been done on pulses and wheat Narasimhan and
Krishnamurthy, 1944., Jotwani and Sircar, 1967., Sharma and
Verma, 1971., Teotia and Tiwari, 1971., Girish and Jain,
1974., Singh and Shrivastava, 1980., Yadav and Bhatnagar,

1887., Chiranjeevi, 1991 and Mohan et al., 1991).

Glob et al. (1982) used botanical materials to protect

the maize grains against S. cerealella in storage by mixing

[ 1
i



of wood ash, tobacco dust, saw dust etc. with maize grain.
Bowry et al. (1984) tested powder of neem, linseed, mustard,
castor anq mahuva cake for their effectiveness against S.
oryzae (L.) infesting maize seed. The result showed that
powder of neem cake was the most effective followed by
linseed, mustard, mahuva and caster cake. Makanjuola (1989)
reported that extract of neem (Azadirachta indica) seed gave

moderate protection to maize grain against S. zeamais for

five months,

The relative efficiency of plant products in
controlling infestation the JAngoumois grain moth, s.
cerealellia in stored paddy was worked out by Abraham et al.
{1972) in Kerala. They found that adding of chopped 1leaves
of Azadirachta Indica to stored rice gave the best resuits.
powdered neem kernel directly mixed with paddy was found to
be effective in reducing the oviposition of S. cerealellia.
According teo Savitri and Rao {1976), paddy can gsafely and
economically protected from the pest by mixing of neem
powder @& 2 per cent concentration. Dried leaves of wild sage
Lippa ygerminata were found to be an effective repellent
against S. cerealella under natural or controlled condition
of stored paddy 8 2% {(w/w)} by Prakash and Rao (1986}.
Dakshinamurthy (1988) tested eucalyptus leaf powder @ 1 per
cent by weight against 5. cerealella and reported that it
reduced the number of adults emerged to 77 per 100 g of rice

as compared to 369 in untreated check.
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III. EXTENT OF LOSSES IN STORAGE

1t has been observed that storage conditions and
practices ‘vary from place to place in this country which
envisages the need to survey the practices followed and

damage incurred by insects in different storage conditions.

A survey of wheat stored on farms in Delhi carried out
between October 1965 and February, 1966, showed an average
insect infestation of 21.10, 8.20, 9.30, .00 and 2.50 per
cent when the grains were stored loose in rooms, 1in gunny
bags, jute bins, metal bins and earthen pots, respectively.
The insects observed included T.- granarium, K. dominica, §.
oryzae, T. castaneum, S. cerealella and €. cephalonica
(Zutzhi, 1966). Actual storage losses in wheat in different
region of Uttar Pradesh was assessed by Girish et ait.
(1974). They found 0.06 to 9,70 per cent of wheat loss after
six months of storage by different insect pests including S.
cerealella. In Punjab ninety samples of wheat were collected
after ten months of storage at farmer level by Doharey et
al. (1975}. They reported that moisture content was 8.08 per
cent in wheat stored in bags in‘bhusg while maximum was
i1.00 per cent in the grain stored in pucca rooms. Maximum
Wweevilization, germ-eaten grains and loss were observed to

be 10 per cent, 15 per cent and 4.02 per cent, respectively

in the grain stored in kuthla.

Dhaliwal (1977} recorded storage iosses of wheat 1in

Punjab by insect pest collecting the samples after 3, &6 and



9 months of storage from different storage structure Vviz.,
PAU type tight metal bin,‘pucci kothi{tbharolit Eukhari{ bag
storage apd loose storage, the maximum insect damage (6.67
per cent) after 9 months of storage oecurred in bharoli and
minimum (1.33 per cent} in‘pucci kothi’ followed by metal bin
{1.66 per cent). The maximum variation in moisture contant
were also observed in wheat stored in ‘bukhari’ followed by

hag storage and‘bharoli’and minimum in metal bin.

Singh et al. (1977) studied the loss of wheat grain 1in

different storage conditions used by farmers around the

Varanasi.

The loss in weight of an individual maize grain
attacked by one larva was more than 10.00 per cent (Back,
1929., Gerberg and Goldheim, 1957., More et al., 1966). 1In
smaller cereal grains this weight loss was proportionately
higher. It has also been reported that in a period of ten
weeks, four pairs of angoumois grain moth can cause the
infestation to a depth of 12, 6 and 5 cms. in grain columns

(4.8 cm. diameter) of maize, sorghum and wheat, respectively

{Muhihu, 1984).

Bhardwaj et al. (1979) collected one hundred and twenty
samples of maize from eight district of Punjab after six
months of storage and concluded after analysis of the
gsamples that moisture content of the grains, germination,

weevilization, germ-eaten drains and loss in welight was
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11.80, 86.60, 8.80, 0.70 and 2.03 per cent, respectively.

The maximum weight loss recorded was 28.08 per cent.

Giga ‘et al. {1991) estimated damage and losses in
untreated and pesticide treated maize stored on férm in
7imbabwe after the storage of eight monthg. They reported
that damage to untreated grain and grains treated with
malathion, primiphos-methyl and methacrifos was 76, 36, 17
and 10 per cent, respectively and weight losses recorded
were approximately 13, 6, 4 and 2 per cent, respectively.

Major insect pests were S. cerealella, §. zeamais and T.

castaneum.

In storage over a period of 6 to 9 months, 3 to 12 per
cent of rice kernel were attacked by 5. cerealella. This
caused a total weight loss varying from 4.20 to 11.90 per
cent with an average of 8.10 per cent- In a single
generation, the grain weight loss was between 1.47 and 5.07
per cent in IR varieties {Medina and Henrich, 1986) and

percentage of damaged grains of paddy ranged ifrom 0.33 to

33.33 {Prakash et al., 1983}).

Adult populations of §. cerealella, R. dominica, S.
oryzae and T. castaneum were mohitored by Prakash et al.
(1983) for two years 1in orrisa in stored rice and found that
3. cerealella populations built up rapidly in grains with a

high moisture content under natural storage conditions.

2
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MATERIALS AND METHODS

studiés on "Bio-ecology and management of Angoumois
grain moth, Sitotroga cerealella (0livier) (Lepidoptera
Gelechiidae) infesting stored maize and paddy"” were carried
out in the Department of Agricultural Zoology and
Entomology, Rajasthan <College of Agriculture, Udaipur,
Rajasthan. A preliminary survey for the assessment of losses
caused by the pest in different storage structures was
conducted at Udaipur and Banswara districts. The details of
the experimental treatments, materials used, techniques
followed and criteria adopted for treatment evaluation

during the course of present investigation are presented in

forthZcoming text.

EXPERIMENTAL SITE AND CLIMATIC CONDITIONS

The investigations were carried out at Udaipur campus
of Rajasthan Agricultural University, which is situated 1in
the lap of Aravali hills at 24°35' North latitude and 73°42'
East longitude with an altitude of 582.17 meters above the
MSL. It falls under agro-climatic zone number IV A, the

"gub-humid Southern plain" of Rajasthan.

This area has typical subtropical semi-arid to sub-
humid climatic condition characterized by mild winter and
moderate summer. The mean rain fall is 620 mm occurring

mostly from the last week of June to September. The weather
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conditions during the present investigations were, however,

normal.

PREPARATION OF CULTURE MEDIUM

The seeds of maize (Mahikanchan) and paddy (Ratna) were
cleaned and sieved to remove the fractions of grains or
insects if any. The seeds were taken in enamel plate and
disinfested by heating in an oven at 55°C for 6 hours in
order to eliminate the traces of 1nsects and mite
infestation. Half kilogram of disinfested maize and paddy
grains were taken in glass jars (15 X 10 cm) separately
{(plate-1). The moisture content of the grains was measured,
using OSAW digital moisture meter and was then adjusted to
12.5 to 13.5 per cent by adding required quantity of water

as per the following formula {Prakash et al., 1987).

Required % moisture - Initial ¥ moisture
content content

Weight of water = weight of X
to be added (g} grains 100 — Required % moisture content

PREPARATION OF STOCK CULTURE

For stock culture methods developed at the Kansas Ltate
University (Padersen et al., 1877) and the University of
California (Strong et al., 1967) were adopted in the present
study. Adult moths of S. cerealella were collected f{from
infested grains of godowns using an aspirator. Single pair

of adults was then released in jars containing conditioned

maize and paddy grains. The jars were kept in incubator at



PLATE RO. 3 : EGG LAYING APPARATUS.

PLATE HO. 4 : CAGE FOE MOTH COLLECTIONS.



PLATE NO. 1 : CULTURE JARS.

UNFOLDED (B) FOLDED.

PLATE NO. 2 : EGG COLLECTION PAPERS (A)
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PLATE NO. S5(A) : EGGS OF 5. cerealella (UNHATCHED].

PLATE NO. 5(B) : EGGS SHELL OF 5. cerealella {AFTEER HATCHING)



28+1°C temperature and 70¢5 per cent relative humidity.
After emergence, pairs of freshly emerged adults from this

uniparental culture were taken for experimentation.

RGG COLLECTION

Black thick papers (15 X 22.5 cm) were folded accordion
- like at 2.5 cm. intervals and secured with staples at one
sidgihf%his provided 8 seems for egg deposition (Peters,
1971). These folded paper were Kept in plastic jars of 13 X
7 em (plate-3). Moths collected from stock culture using a
net cage and an aspirator {plate-{) were introduced inlto
these plastic jars through the holes made on the 1id. The
holes were then plugged with cotton. The papers were removed
from the jars after egg laying. After removing from the jars

the papers were unfolded cut into pieces and the eggs

adhering to them were used for experimental purpose (plate-
5 8b)

EXPERIMENTAL DETAILS AND DESIGN

1. BIOLOGICAL STUDIES

Biological studies of S. cerealella were undertaken 1in
the laboratory at four different temperature and humidity
ijevels on maize and paddy grain in order to study their
affect on fecundity, incubation period, per cent hatching,
duration of larval and pupal stages, adult longevity,

survival percentage of adult and sex ratio.
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The temperature levels of 20tl, 25+1, 30%1 and 35#1°C
were maintained in laboratory by using BROD (Biochemical
Oxygen Dem§nd) incubators. The required humidity ievels were
maintained in dessicators (20 cm) by using different salt

solutions (Solomen, 1951). The details are given in Table-1.

Experimental procedure

In order to obtain vergin adult moths for estimation of
oviposition rates, infested maize and paddy grains
{identified by the presence of emergence windows or caps)
were selected and placed separately in glass vials (5 X 2.5
cm) having perforated lids. These glass vials were kept at
70+5 per cent relative humidity and 2811°C and inspected
daily. On the day adults emerged, one male and one female
moth was placed in a 5 X 2.5 c¢m vial. The vial was closed by
perforated plastic 1id. A piece of black thick paper (4 X 5
cm) on which the milky white eggs could be seen easily was
folded accordian-like having 4 folds of 4 X 1 cm strip
(Peters, 1971) and this paper was then placed in the vial.
No grain was provided to moth. Each day the pair of moths
was transferred to a similar vial using a small steel framed
nylon covered cage provided with sleeve {plate-4). The
wags repeated till the death of female. The black

process

paper from the original vials was carefully unfolded and the

number of eggs laid {usually deposited in cluster and rows)

were counted daily under a binocular microscope. Every

portion of the vials and lids was thoroughly examined for
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eggs. Four replicates were gset up for each combination of

temperature and relative humidity.

In otder to obtain eggs to. study the developmental
period and mortality, the folded black thick papers were
introduced inlto culture jars containing 1 to 2 days old S.
carsalella adult moths. After twenty four hours, the black
thick papers were removed and unfolded. The black paper

bearing 20 eggs was cut and kept in glass vialé (10 ¥ 4 cm).

Each vial was provided with fifty grains. The piece of
black paper was removed from the vial and the eggs were
carefully examined for hatching under a binocular
microscope. The number of eggs hatched were recorded by
counting the empty eg9g shell {transparent, white and shiny)
and verified by counting the unhatched fertilized {red 1in

colour) and the sterile eggs {wrinkled and milky white in

colour).

Ten days after introducing the eggs, and each day there
after, the vials were examined for the study of development

of the §. cerealella. Observations were continued till the

adults’emergence ceased.

The larval period was worked out by recording the date
of hatching and date of emergence of window (cap) on the
grains. The period between cap formation and adult emergence
was considered as pupal period. Longevity of adults was

determined by recording the date of their emergence from

L]
[]
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pupae and date of natural death. The survival percentage was
worked out on the basis of number oi eggs placed in vial and

number of moths emerged after completion of life cycle.

The male and female moths emerged after completion of
life cycle were separated and sex ratio was worked out. A
blunt abdominal tip in female and a pointed one with

blackish abdomen in male facilitated sexing.

I1. HOST PLANT RESISTANCE

(i) Screening of varieties

Reglistance t0 5. cerealella was evaluated adopting the

screening procedure of Khare and Johari (1979) and Prakash

t al. (1983).

Test materials

Detailed information abont maize and paddy varieties

are given 1in Table Z and 3.

Grains of all the paddy and maize varieties to be
screened were cleaned, seived and sterilized at 55°C for 6
hours to remove Lthe source of infestation if any.
subsaguently the moisture content of all the varieties was
adjusted from 12.50 to 13.50 per cent by adding water, as
described by Prakash et al. {1987) The grains of all the
varieties were then kept at rcom temperature for four days.
One hundred grains of each variety were weighed on
analyticail balance (Sartorius electronic balance) and

confined 1in glass containers measuring 10 ¥ 4 cm for paddy



7able 2 : Detailed information about maize yariaties.

5n Hame of maize
varieties

l figeti - 76
Z fisHani

3 frun

4 CH - L

5 CH - 501

b pevki

] biara - 1
8 i - 765

§ fhawal
10 Harsh

11 Hement

12 kisan

13 { axai
14 Hadhuri

15 Mahikanchan
k6 Malan
17 HCU - 508
18 HLD
t9 Prabhat

20 Pusa-1
24 Pusa-11

22 Renuka
23 Surya

24 Yikraa
5 v L-88

{omposite
composite
(saposite
Inbreds
Inbreds
{opposite
Composite
composite
Composite
Copposite
{omposite
Campo3ile
(emposite
Composite
Copposite
Local
{hewar region!
(oRp0sile
{orposite
{omposite
{onposite
Composite
(onposite
coaposite
tomposite

Composite

Hediue
Medium
Early
full
Full
Medlum
Early
farly
Full
Medium
Hedium
Full
Full
nadium
farly
Fuil

farly
full
Full
Medium
Hediua
Medium
tarly
Full

b

Semi fiint
Semi flint
semi flint
Semi flint
seal flint
Semi flint
Semi flint
Semi fiint
Semi flint
semi flint
temi flint
Seni flint
Semi flint
Seni flint
Semi fiint

Sepi flint

Seri flint
Semi flint
Semi flint
Semi flint
Seai flint
semi flint
Seri flint
Semi flint
Semi flint

Tellow
Yellow
ellow
vallow
Rhite

teliow
1ellow
Khiie

rellow
Khiie

Tellow
¥hite

Yellow
vellow

white

fallon
Khite

iellow
Yellow
yellow
Yellow
iellow
yallow

Yellow

tarly

- 75 to 85 days. Hedius = B6 t0 99 days and Full = 9 to 105 days.
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25

Hame of paddy
varieties

R 574 11
SHarna
kranti
EE-79

1R-54

Kasuri

Java

safri - L7
fnnada
asmati - 370
R.296 - 128

Kalinychh
Dubraj
Surekha
Phalguna
Rafna
Wahisugandha
Bk-190
Chamble
Pusa.2-21
Bala

Cauveri
Foorva
Madhuri selection -il
IR-36

IR 5¢ x kranti
Vashista x Masuri
Cross-116 x IR -8
{TH.1 « hP. 138)

x Basmati-370
Hamsagui - 19 x IR
7071 - 88 % IR 2061
4 -3-6 - 30
Taichung &5 x Hayong
gbas

1 ox 1141
Selection

Mutant

Selection

CR-157 - 392 x CR.9Y
-21

Salaction

Sezlection

[R.B x Siam 29

18.8 x Siam 29

Tsd.6 x IR.B

8k-79 x Basaati-370
R - 14 « IR-8

1R-8 x NP-130

IR-8 % TKH-6

k-22 x TH-1

TH-1 » TKH - 6
CR-44-35 x JR 2 - 3H
gelaction of Madhuri
% 8§ x Tadukan x TRW-
62 x T - 1 x IR-243

Hediua
Late

Hedium
Hediua

Hediun

Late

Hediua
Late
tarly
Late
fadium

Hedium
Late
fate
Late
Farly

Late
Late
Emf'\;
Early
farly
farly
Hedium
Hedium

K.S

L.8
L.$
3.6
L.5.%
L.B

H.5.8
H.5.8
L.B
L.B
L.§
L.8.8
5.8
8.4
5.8
S.4
5.5
L.5
£.5.5
L.§

hornal
Narmal
Hormal
Scented

Normal

Hormal

Hormal
Hormal
Normal
Scented
Horeal

Scented
Scented
Hormal
Hormal
Hormal
Scented
Horaal
Kormal
Normal
Hormal
Hormal
Normal
Scented
tiornal

farly -

Relon 120 days, Medium = 120 to 135 days and Late

L.E - Long Beld, L.5 = Lend S)ander, L.5.5 = tond Selender

¢ § : Short Bold. M.5 = Nediva Slender, M.5.5 ¢

: Hpre than 13° tavs

Scente

Mediun Slender Sceniad



and 15 % 10 cm for maize. These were covered with muslin
cloth (plate-6 a, b). Freshly emerged (8-12 hours old) pair
of &S. ce;ealella wasg introduced 1n each glass container.
These wWere kept in incubator at 28+1°C temperature and 70%5
per cent relative humidity. For the evaliuation of
susceptibility/ resistance the paramerters viz., adult
emergance, Pper cent grain damage, per cent jpogs in grain
waight, survival percentage of adults and susceptibility
index were taken into consideration. After the completion of
1ife cycle, the following observation were also made for
each commodity and variety.
a. Adult emergence {Number of adults emerged) .

b. Grain damage.

c. Loss in grain weight.

a. Adult emergence :

Number of adults that emerged after completion of
successful development of one generation was recorded by
~ounting the total number of adults 'n' (dead and alive}

present 1n each container and n-2' was applied to calculate

number of adults emerged.

pb. Grain damage

At the end of experiment all the grain samples from
sach glass containers were examined for the infested
grains. Individual grain with one or - e eircular hole was

considered as infested. Both the infested and total number
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of grains were counted,using counting board for calculating

percentage of damaged grains {Samuel and Chatterjee, 1953).

c. Loss in grain weight

The difference between the initial weight and the final
weight of grains of each variety was used for calculating
per cent loss in grain weight by using the formula as given
by Harris and Lindblad (1978). The final moisture content of

each variety was measured using digital moisture meter
and a correction factor was added with final weight of the
sample to compansate the weight loss which might have

occurred due to the reduction in the moisture content of the

grain during the experimental period.

Percent weight loss = -—-————-- X 100

where,

o)’ Original weight on dry matter basis

Current weight on dry matter basis

1

cw

Pefcent hatching and survival percentage of adult

In the second set of experiment, the survival of adults
was studied. For this)black paper having two hundred eggs,
was placed in glass jars (15x10 cm) containing one thousand
conditioned grains of the varieties to be tested. The papers
were removed after hatching and examined for the number of
eggs hatched. Further the observation. were recorded on the

emergence of the adult moths till the adult emergence



1)

stopped. From the data gathered, the survival percentage of
adult, mean developmental period, total number of moths

emerged and susceptibility index were worked out as

follows :-
Survival percentage of 8. cerealella

Survival percentage of §. cerealella was worked out by

the following formula : (Heimviths efal-, [785])

Total number of adult emerged

Survival Percentage = x 100
Total number of larvae that hatched

from 200 eggs placed in each sample

Mean developmental peried :

Mean developmental period was considered as the time
taken for fifty per cent adult emergence from the medium. It
was calculated by taking the daily counts of adult
emergence, after introduction of eggs. Emerging adults were
collected daily by the aspirator and the number of adults
emerging per sample was counted till the emergence ceased.
From this the mean developmental period 1in different
varieties of maize and paddy was calculated. The number of

adults emerged from each test variety was also counted.

Susceptibility index

Based on the number of moths emerged in each test
variety and mean developmental period. Index of

susceptibility was calculated by the following formula

(Dobie, 1977).
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Natural log 'F’
Suceptibility Index = ~--——————~--—-——- b4 100

where,

F

Total number of moths counted
D = Mean developmental period in days

Based on these parameters all the maize varileties were

grouped.

Based on these parameters all the maize varieties were
grouped inZto three categories - least susceptible,
moderately susceptible and susceptible. The varieties having
0 to 1 per cent grain damage, 0 to 1 average number of adult
emergence, 0 to ! per cent loss in grain weight, G to 10 per
cent adult survival and O to 6 suceptibility index were
jdentified as 1least susceptible, whereas the varieties
exhibiting 1.1 to 6 per cent grain damage, 1.1 to 6 average
adult emergence, ! to 3 per cent loss in grain weight, 10 to
20 per cent adult survival and 6 to 10 susceptibility index

were considered moderately susceptible. The varieties having

higher values than moderate group were considered

susceptible,

Similarly) in paddy the varieties showing grain damage
from 0 to 1 per cent, 0 to 1 average number of adult
emergence, 0 to 1 per cent loss in grain weight, 0 to 10 per
cent adult survival and ¢ to 8 susceptibility 1index were

jdentified as least susceptible whereas varieties having 1.1
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to 6 per cent grain damage, 1.1 to 6 average adult
emergence, 1 to 3 per cent loss in grain weight, 10 to 20
per ceant ‘adult survival and 9 to 12 susceptibility index
were considred moderately susceptible. The varieties having

higher values than moderate group were categorised under

susceptible group.

{ii) Basis for resistance

The following physical and biochemical factors wera
taken into consideration for evaluating the basis of
susceptibility/resistance of maize and paddy varieties

against S. cerealella.

Physical factors
Maize :-

Volume of grains

The volume of maize grain was determined by standard
water displacement method. In a 25 ml graduated {measuring)
cylinder, distilled water was taken up to 10 ml mark and 10
seeds of each maize variety were added to it. The raised

water level was noted for determination of grain volume, It

was replicated for three times.

Thickness of pericarp and seed coat :

To find out the thickness of the pericarp and seed
coat, ten grains of each maize variety were soaked
separately in distilled water for 24 hours and fine

transverse section were cut with the help of a fine blade.
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The sections were passed through different grades of
alcohol for dehydration. The clean unstained fine sections
were moun;ed in glycerin on microscopic slide and the
thickness of seed coat and pericarp was measured under

compound microscope.,

A simple correlation was worked out between the
thickness of the pericarp and seed ccat with the different

parameters of susceptibility/resistance of maize varieties.

Relative hardness:

Relative hardness of each variety of maize (drain was
estimated as described by Davey (1965).It was estimated by
grinding of 500 g quantity of grain. The ground material was
passed through a 60 mesh sieve and welghed. The hard grain

yielded least quantity of flour.

Water absorption index

For studying the water absorption index of maize
grainsg, ten seeds of each variety in three replicates were
weighted. Each sample was put inCto a musiin cloth bag and
placed in tray filled with tap water. The tray was then put
in an incubator at 20°C for sixty hours. After this periced
the inactive seeds i.e., harder ones were removed and rest
were dried with blotting paper and then weighed. The
absorption index of grain of each varlety was worked ocut by

the following formula (Pandey and Pandey, 1982).



A i0
Absorption Index = -— X ——-—-
B Y
Where,
A = Weight of soaked seeds
B = Wéight of dry seeds
Y = Number of soaked seeds.
Paddy

Length breath (L/B) ratio :

The L/B ratio of paddy grains was worked out by
measuring the length and breath of the grains, using a dial
micrometer. Seven grains of each variety of paddy were

randemly selected for this purpose. (Prakash et, al., 1987)

Husk thickness

The thickness of husk of paddy was measured with the
help of a dial micrometer at various locations of lemma and
palea. After measuring the thickness of grains with husk
(Tl) and without husk (TZ), the thickness of husk was

measured by the formula given by kKaghaviah et al, (1983)

Husk Thickness = --———————-——— Mk

Relative hardness (alkali spreading value)

Relative hardness of paddy grains was recorded by
"alkali method " as proposed by Little et al, (1958) and
modified by Bhattacharva {(1979). Seven grains of each paddy
variety were kept in separate petridishes for 24 hours. The

alkali value was calculated based on digested (degraded)



area of kKernel categorized on a 2 - 8 scale (Prakash et al,

1987). Higher alkali value indicated lesser hardness of

grains.

Scoring pattern

Score (8} Observations
1 -2 No disintegration of kernel
3 - 4 Collar disintegration of Kernel
5 Half kernel disintegration
6 More than half to complete disintegration
7 - 8 Complete opadgue.

Biochemical factors

Estimation of amylose

The estimation of amylose content in maize and paddy

grain was done by modified Juliano method (Sadasivam and

Manikam, 1932}

Principle

The idonine is adsorbed within the hilical coils of

amylose to produce a blue coloured complex which is measured

colorimetrically.

Materials
Distilled ethanol
1 N NaCH

0.1 % Phenolphthalein



Iodine reagent

One g iodine and 10 g KI dissolved in water and volume

was made up to 500 ml.

Standard

Hundred mg. amylose dissclved in 10 ml. 1 NaOH and the

volume was made up to 100 ml. with distilled water.

Procedure

Hundred mg. of powdered samples of maize and paddy
grains were taken in test tubes, thenm 1 ml. of distilled
ethanol and 10 ml. of 1 NaOH were added and left for
overnight. Next day the content was transferred to 100 mi.
volumetric flask with repeated washing and a total of volume
of 1006 ml. was made with distilled water. Out of this 2.5 ml
of the extract content was taken in 50 ml. volumetric flask.
To it 20 ml. distilled water and 3 drops of phenolpthalein
were added which gave pink colour. After this some drops of
HC1 (0.1 N) was also added till the disappearance of pink
colour. Then 1 ml of iodine reagent was added and volume was
made to 50 ml. The intensity of blue colour was measured 1in
colorimeter at 530 nm. A blank was also run by using
colorimeter at 590 nm. reading. Standard amylose solution
was made by taking 0.2, 0.4, 0.6, 0.8 and 1.0 ml. of the
standard amylose solution and the color was developed as in
case of sample. The amount of amylose present in the sample

was calculated using the standard graph.
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Calculation
Absorbance corresponds to 2.5 ml of the test solution

= X mg. amylose

100 ml. contains

= ———— X 1300 mg. amylose

% amylose

Estimation of protein :
Estimation of total nitrogen :

Principle

The nitrogen content are transferred into ammonium
sulphate by acid digestion with boiling suphuric acid. The
acid-digest is cooled, diluted with water and made strongly
basic with sodium hydroxide. The released ammonia is
collected in a boric acid solution, then it is titrated with

standard hydrochloric acid to a blue end point.

Procedure

Hundred miligrams dried grains were powdered and placed
into microkjeldahl flask. Then a pinch of digestion mixture
{CuS0y4 and K;5804., 1 : 9) and 2 ml of concentrated sulphuric
acid (Emerck) was added. The flask was then gently heated on
a hotplate until the frothing ceases. The temperature was
raised to boiling till a clear white solution was formed. It
was then cooled. The digestion mixture was transferred to a
steam distillation apparatus via the sample funnel. Five ml.

of boric acid and 4 drops of mixed indicator dye were taken



in 50 ml Erlenmeger flask and kept beneath the condenser. In
the digestion mixture, 15 ml. of sodium hydroxide - sodium
thiosulphat? solution was added and distillation was done,
The distillate was collected for 4 - 5 times and titrated
with standard hydrochloric acid in a microburatte to a grey
or blue end point.

A blank containing the same guantities of all reagents

but without sample was also run.

Calculation

{i}) Per <cent nitrogen was calculated by the following

formula,
(V4 ~V2) 1.4
Per cent N = -—————————--—-n-———— £ 100
W
Where,
Vl = Volume of 0.1 N HCl consumed by the sample
Vo = Volume of 0.1 N HC1l consumed by the blank
W = Weight of the sample.

Total protein
Per cent N X conversion factor

Where, conversion factor - 6.25 for maize and 5.95 for paddy

{Sadasivam and Manikam, 1992}).

Estimation of free amino acids

Principle

Ninhydrin, a powerful oxidizing agent, decarboxylates
the alpha - amino acid and yields an intensely coloured

bluish purple product which is colorimetricaily measured at

570 nm.

14



Ninhydrin + alpha - amino acid +———>‘Hydrindantin + Decarboxylate
Amino acid + Carbon dioxide

’ + Ammonia.

Hydrindantin+Ninhydrin+Ammonia ———-> Purple coloured product +

Water.
Materials
Ninhydrin :- 0.8 g. stannous chloride (SnClz.zHZO) was

dissolved in 500 ml. of G.2M citrate buffer {ph 5.060). This
solution was added in other solution which was made by

taking 20g of ninhydrin in 500ml. of methyl cellosolve.

Diluent Solvent :- Mixture oif equal volumes of water and n-
propanocl.
Procedure
Extraction of amino acids :- Five hundred‘huhavamsof dried

grain sample were ground in a pestle and morter with a small
quantity of acid-washed sand. To this homogenate, 10ml of
80% ethanol, was added and centrifuged at 30060 rpm for 10
minutes. The supernatant solution was collected in tubes.
The extraction process was repeated for two times and all
the supernatants were pooled and transferred in to a small
beaker. The volume was reduced by evaporation. The reduced

supernatant (extract) was used for quantitative estimation

of total free amino acids.



Estimation

1n 0.1lml of extract, 1 ml of ninhydrin solution was
added. Then yolume was made up to 2 ml with distilled water
in a tube. This tube was heated in a boiling water bath for
20 minutes. To this 5 ml of the diluent was added and 1t was
mixed thoroughly. After 15 minutes the intensity of purple
coloured against a reagent blank was read in a calorimeter
at 570 nm. A reagent blank was prepared as above Dby taking

6.1 mi of 80% ethanol of the extract.

gtandard :- 50 mg of Leucine was dissolved in 50 ml of

distilied water in a volumetric flask. From the flask 10 ml
of solution was taken and diluted to 100 ml in other
volumetric flask for working standard solution. A series
from 0.1 to 1.0 ml of this standard solution gave a
concentration range ;0 pyg to 100 pg which was proceeded as

that of the sample and colour was read.

Estimation of total ash

The method followed for the estimation of total ash was
of A.0.A.C (1970).

The silica crucibles were neated in mufflefurnace at
about 600°C till the constant weilght was obtained and then
these were allowed to cool down and kept in the desiccator
and weighed. These crucibles were labelled and 2 g of finely
powdered test sample was added in each crucible then these
 were put 1in mufflefurnace and allowed to heat up slowly 1in

the starting and later the temperature was raised up to

I/



80G°C. The sample were heated for about 12 hours at 606°C
temperature. The temperature was allowed to come down to
about 100';. The crucibles were transferred to desiccator
for further cooling. After cooling crucibles were weighed.
The differences of the two readings gave the weight of ash.

The per cent of ash was calculated as follows -

___________________ X 100

Per cent Ash

where,

W = Weight of test gample

W Initial weight of crucibles

Wy = Final weight of crucibles

Estimation of silica content in husk

gilica content of the test varieties of paddy were

estimated by the method adopted by Piper, 1960.

Procedure :

For this purpose the inscoluble residue of the digested
material was transferred on to a Wwhatman filter paper No.42.
The residue was made free from trace of soluble imparity by
continuous washing with distilled water and dried, ignited
and weighed. Required guantities of hydrofloric acid and
sulphuric acid were added to the dried residue and left for
volatilization. The left over material was strongly ignited
to expell all the acid and weighed again. The quantity of

silica was estimated by the loss in welght.



Estimation of oil in grain :

preparation of Thimble :- Filter paper {(Whatman No. 1)

pieces of about 8 X 8 cm were taken and wrapped around
wooden stick of 2 cm diameter. These were then tied with

thread, so that the thimble may not be opened easily during

extraction.

Procedure :

Samples of maize and paddy were hand pounded and then p
g. of dried material was transferred in a thimble. The mouth
of the thimble was plugged with fat free absorbant cotton
and transferred to pre-weighed clean, dry receiver flask of
the soxhlet assembly. The apparatus was assembled and flask
was filled with petroleum ether through the condenser. Then
the apparatus Wwas placed on a water bath at 60°C and
extracted for 8 hours. When extraction was over, the thimble
was removed from the soxhlet. The apparatus Wwas again
assembled and heated on the water bath to recover all the
ether from the receiver flask. The flask now contains only
the crude fat. Then the receiver flask was removed and wiped
thoroughly with a clean dry cloth to remove the film of
moisture and dust from the outside. It was dried in a hot
air oven at 100°C for 1 hour, then cooled in a desilccator

and weighed.



Calculation :
0il per cent =  m—————em X 100

where,

W = Weight of emply flask

Wy = Weight of flask after extractiocn

M = Weight of dried sample

{B) Evaluation of insecticides and plant products
(1} Insecticides

In the present study the dust formulations of some
synthetic ingecticides were used for mixing with geads for
seed protection, whereas the emulsifiable concentration of
ingecticides were used for impregnation of jute and cotton

. bags. Detailed information about insecticides used is given

in Table 4.

{(a) Mixing of insecticidal dust with grains

In the first set of experiment, previously conditioned
agrains of maize and paddy were taken separately in battery
jars and 0.0 and 1.20 g quantity of dust formulation of each
insecticide was thoroughly mixed with 300 g of grains
separately and one hundred grams of treated seeds Wwere
transferred 1in glass jar (15 ¥ 10 c¢m). Then a paper strip
containing of 200 eggs of 5. cerealella were placed inside
sach jar and covered with muelin cloth tied with rubber

bands. The treatment was replicated three times and all jars

e
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were kept at controlled temperature and humidity (28x1°C and
70+5 % relative humidity) for eight months. At the end of
the experimentation data were obtained on the per cent

damage of grains, number of moth emerged and germination

percentage.

{b) Impregnation of jute and cotton bags

For the second series of chemical treatment, the seeds
of maize variety, Malan (purchased from the market} and
paddy variety, Ratna {obtained from the Dept. of Plant
Breeding and Genetics I.G.A.U., Raipur) were = first
sterilized at 55°C for 6 hours and then moisture content was

adjusted to 12.5 to 13.00 per cent. The insecticides along

with their concentration used are given in Table 5.

Table - 5 : Insecticides used for the imﬁregnation of bags

sn Insecticides Formulation Concentration (%)
L Malathion soec 0.10
Z. Methyl parathion H0EC ¢.10

3. Endosulfan 35EC 0.10

4. Quinalphos 25EC 0.10

5. Carbaryl 50WP 0.10

6. Fenvalerate 2QEC 0.025

7. Deltamethrin 2.8EC 0.025

The jute and cotton bags {15 X 15 cm) were treated with
insecticide uniformly by dipping the bags 1in insecticidal

solution for 15-20 minutes. The untreated (control) bag was
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also treated {dipped} with tap water. The treated bags were

dried in shade before filling the maize and paddy sead. The

bags were properly labelled and stacked in severely infested

godown {storage) on a raised plateform for about eight
months. There were three replicates 1in esach case. The
observation on mean percentage of damage was worked out by
drawing the samples from each bag. The samples from all the
three replicated were pooled and mixed out of this 100
grains were selected randomly and healthy and damaged grains
were counted on the pasis of presence of emergence holes,
The reduction in weight was calculated at the end of
experiment. The germination per cent of grains Kkept in

treated and untreated bags was also worked out as procedure

described under germination test.

{ii) Vegetable oils and other plant products

Different vegetable oils and plant products were tried
to explore the possibilities for using them as prophylactic
measures against S. cerealella infesting maize and paddy.
The details about the oils and plant products used are given

in Table 6 and 7.

Vegetable oils

The vegetable oils were purchased from the local market
except neem 0il which was procured from Khadi ©Gram Udyog
Udaipur (Rajasthan). All oils were used as such. deeds of

maize and paddy were treated with different oils @ 0.5 and



i.0ml/100 g grains separately. The 1.5 Kg seeds in Iwo sets
were put in the polythene bags and 7.5 and 15 ml o1l was
poured over the seeds of these two sets. The polythene bhags
were shaken thoroughly til1l all the seeds were coated
uniformly. The same procedure was used for all the oils
tested and both the commodities (maize and paddy)}
separately. A control {untreated) was also kept
simultaneocusly. A sample of 100 ¢ grain from each treatment
was transferred to the glass jar (13 X 10 cm) and labelled.
The treatments were replicated three times. A lot of 200
eggs (strip) was placed in each jar. The jar was covered
with muslin cloth and tied with rubber band and then kept in
controlled temperature and humidity {(CTH) at 28+1°C and 70%5
3 relative humidity for eight months. At the end of
experiment, observations on Dper cent damage, number of
insects emerged and germination percentage were recorded as

per the procedure described and the data were compared with

untreated check.

Table 6 :- Details of different vegetable oils used

sSn Common name geientific name Doses
ml/100 ¢g of
grain(V/w)

1 Groundnut o1l Arachis hypogaed Linn 0.5 and 1.0

z. Coconut oil Cocos nucifera Linn 0.5 and 1.0

3. Mustard cil Brassica comprestris Linn 0.5 and 1.0

4, Neem ©il Azadirachta indica A.Juss. 0.5 and 1.0

5. Sesame oil Sesamum lndicum Lint. 0.5 and 1.0

L
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Other plant products @

The .powders of different plant products viz., neem
leaf, neem kernel, sarifa leaf, eucalyptus leaf and lantana
leaf were prepared by drying them 1in shade and then grinding
them in electronic grinder to get fine powder. The powder
wae seived through 60 mesh sieve. The plant products were
mixed with already conditioned maize and paddy seed @ 1 and
2 g/100 g of grains separately. A control (untreated} was
aiso kept simultaneously. A sample of 200 ¢ grains of maize
and 100 g of paddy from each treatment was transferred to
the jar. The treatments were replicated three times. A lot
of 200 eggs was placed in each jar. The jar was covered with
muslin cloth and tied with rubber band, then kept in CTH
room for eight months. The data on grain damage, insect

population emerged and ﬁer cent germination of geeds were

recorded.

Table 7 :- Details of plant products used.

Sn Common name Seientific name Doses
g/100 g of
grain{wt/wt)

1. Neem Leaf Azadirachta indica A.Juss. 1 and 2

2. Neem kernel Azadirachta indica A.Juss. i and 2

3. Sarifa leaf Annona sgquamosa Linn. 1 and 2

4. Eucalyptus leaf Eucalyptus globuius Labill. 1 and 2

5, Lantana leaf [antaha camera Linn. 1 and 2

P,



Germination test

At random one hundred seeds were taken from each
treatment ‘{including untreated) and soaked in water for 24
hours and then placed in petridishes (15 cm diameter) 1lined
with wet blotting paper. These plates were kept in incubator
for 5-7 days to allow sufficient time for all the seeds to
germinate. Water was poured regularly to prevent drying.
There were three replications in each treatment. The number
of sprouted and unsprouted seeds were counted and the Pper

cent of germination was calculated.

Number of seeds germinated

Germination per cent = —-——=---—--—ooTomTTUTT T
: Number of seeds Kkept

for germination

X 100

1II. ASSESSMENT OF LOSSES IN STORAGE STRUCTURES :

Losses caused by S. cerealella in stored maize and
paddy were analysed by collecting the samples from different
types of storage structures like mud bin/kachchi kothi, jute
bag, puccl kothi and loose storage in rooms from eight
villages of Udaipur district namely. Kherwada, Kagdar,
Bedla, Loara, Sabina, Kewda ki nal, Khemli and Ghasa for
maize samples and four villages of Banswara district namely,
Borwat, Barodia, Karji and Chhichh for paddy samples. In
addition to this some samples of paddy were also collected

from the villages namely Fingeshwar, Biroda, Rajim, Kurud of

Raipur district (M.P.}.

n
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Five houses were selected randomly from each village
for each commodity. The samples were collected during June-
July. The'samples were drawn with the help of medium sized
sampler from different layers (upper, middie and lower) of
the storage structures. In each sample 500 g grains were
collected and immediately sealed in polythene bags alongwith
the detailed information on the condition of store, variety
and type of storage structures. The molsture percentage of
the maize and paddy grains were determined in the laboratory
by using the "pigital moisture meter". The percentage of
damage was recorded by counting the damaged seed out of 100
g grain taken randomliy from the sample. It was replicated
three times. Doubtful grains were dissected for confirmation
of 1nfestation. The germination test was carried out by
placing 100 grains in the petri dishes with the wet blotting
papers at the hottom. It was replicated three times for each

samples and the number of germinated seeds were recorded.

STATISTICAL ANALYSIS

The data obtained on various characters/parameters were
subjected to analysis of variance technique applicable for
complete randomized design and interpretation of the data
was carried out im accordance with Gomez and Gomez (1984)
and Panse and Sukhatme {1985). The level of significance
used in 'F' test was pP=0.05 where ever F calculated was
significant, critical difference values were calculated for

treatment comparisons, The valuss obtained on the adult



population was subjected to square root transformation and
the values obtained on per cent hatching, per cent adult
survival ?er cent, per cent grain damage, per cant loss 1n
grain welght, germination per cent and relative hardness
were subjected to angular transformation according to the

Table give by Snedecor and Cochran (1967).

The result of storage ljosses in different storage

structures have been discussed on the basis of average

losses.

O
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RESULTS

1. BIO-ECOLOGICAL STUDIES :

Fecundity :
The data on the effect of temperature, relative

humidity and interaction of both the factors on the

fecundity of S. cerealella are presented in Table 8, 9 and

10. It 1is evident from the data that mean number of e€ggds

laid by a single female on maize was maximum (174.30 eggs)
whd )

at 30°C, followed ad 25°C ({172.72 eggs). However, no

significant difference in egg laying was found at these

temperatures. Low (20°C) and high (35°C) temperature reduced

the fecundity of S. cerealella. The average number cof eggs

laid by a single female at 20°C and 35°C were 143.21 and

100.62, respectively.

The average number of eggds laid per female was found
maximum {(166.77) at 80 per cent relative humidity {Table 9)
followed dat 70 (159.40) and 60 per cent (144.09) relative
humidity. Lower number of eggs {115.80) were laid at 50 per

cent relative humidity.

The combined effect (interaction) of temperature and
relative humidity revealed that most suitable combination
for egg laying was 25°C and 80 per cent relative humidity on
which maximum number of eggs (198.49/female) were laid. It

was followed by the combination of 30°C and 70 per cent



relative humidity, where 198.34 eggs were jaid by a single

Under the combined effect of 30°C and 80 per cent
(Table-—

female.

relative humidity 195.99 eggs/female were produced.

10 and Fig. 1)

The data obtained on the effect of different
temperature and humidity levels on the egg laying of S.
cerealella infesting paddy are presented in Table 11, 12 and
13, The data revealed that the maximum number of eggs laid
by a single female (90.22) was obtained at 30°C (Table 11}

and lowest {37.47) at 35°C followed by 20°C {53.30).

The data cbtained on the efiect of different levels of
relative humidity revealed that the most favourable relative
humidity required for maximum egg laying was 80 per cent on
which 79.49 eggs were laid by a single female {Table 12). At

50 per cent relative humidity lowest number of eggs (64.42)

were recorded,

The combined effect of temperature and relative
humidity has been depicted in Table 13 and Fig. 9. The data
revealed that the combination of 25°C and 80 per cent
relative humidity was optimum for the egg laying in the case
of paddy, where 109.23 eggs were produced by a single
female. It was followed by the combination of 30°C and 70
per cent relative humidity and 30°C and 80 per cent relative
humidity, where the eggs iaid by a single female were 99,99

and 96.24, respectively.

t)!;



Incubation period :

The data obtained on the effect of temperature on

* perioed revealed that the temperature at which

35°C.

incubation

faster development of eggs Wwas observed in maize was
At this temperature the incubation period was found to be
4.06 days followed by 30°C, where the hatching took place in
4.10 days (Table 8}). The maximum time of 12.88 days was

recorded at 20°C followed by 5.52 days at 25°C.

The effect of relative humidity on incubation period
showed that at 50 per cent relative humidity the eggs
hatched in 7.53 days, whereas 6.00 days were taken at 80 per
cent relative humidity. At 60 and 70 per cent relative

humidity 1levels the incubation pericd was recorded as 6.82

and 6.53 days, respectively.

The data recorded on the combined effect of temperature
and relative humidity depicted in Table-10 and Fig. 2.
revealed that the shortest incubation period of 3.75 days
was found at 30°C and 80 per cent relative humidity, whereas
the longest duration of 15.00 days was recorded at 20°C

under 50 per cent relative humidity.

1n the case of paddy, the shortest incubation period of
31.86 davs was recorded at 35°C and the longest of 11.31 days

at 20°C (Table-11). At 25 and 30°C it was recorded 5.61 and

4.08 days, respectiveily.

1)1



The data obtained on the incubation period at different

relative humidity levels are presented in Table-12. The data

revealed that minimum time of 5.36 days was taken for

hatching at 80 per cent relative humidity and maximum time
of 7.33 days was observed at 50 per cent relative humidity.
At 60 and 70 per cent relative humidity the incubation

period was recorded as .40 and 5.77 days, respectively.

The combined effect of temperature and relative
humidity showed that most favourable condition for
incubation was 30°C and 80 per cent relative humidity where
it took minimum period of 3.70 days for hatching (Table 13
and Fig. 10). The longest incubation period of 15.00 days

was recorded at 20°C under 50 per cent relative humidity.

Hatching : .

The data recorded on the individual and combined effect
of the temperature and humidity on the hatching are
presented in Table 8, 9 and 10. It ig evident from the data
that in maize maximum number of eggs hatched at 25°C. At
this temperature the hatching percentage was recorded as
89.64, whereas, the hatching was 81.74 per cent at 30°C

temperature., However, hatching percentage was reduced at

20°C and 35°C.

Maximum hatching was observed at 70 per cent relative
humidity. However, no significant difference in hatching was

noticed at 70 and 80 per cent relative humidity {Table-9).

)



Lower levels of relative humidity viz., 50 and 60 per cent

resulted 65.07 and 75%.82 per cent hatching of the eggs.

The ‘“ombined effect of temperature and relative
humidity revealed that in maize most favourable combination
of these factors was 25*C and 80 per cent relative humidity,
where 94.28 per cent hatching was observed. However, no
significant difference in hatching was obgserved between 70

and 80 per cent relative humidity at 30°C. {Table-10 and

Fig. 3)

Like maize in paddy also maximum hatching was recorded
at 25°C, where 91.85 per cent eggs hatched, followed by
84.93 per cent at 30°C. At 20 and 35°C the hatching

percentage of eggs was reduced {Table-11}.

The effect of relative humidity on the hatching of eggs
also showed similar trend as observed in maize. Maximum
hatching was recorded at 70 per cent humidity followed by 80
per cent humidity (Table-12). Lower levels of relative

humidity i.e 50 and 60 per cent resulted 64.42 and 77.89 per

cent hatching, respectively.

The data obtained on the combined effect of temperature
and relative humidity (Table-13 and Fig. 11} revelaed that
like maize in paddy also most suitable combination for
maximum hatching was provided by 25*C and 80 per cent
relative humidity combination. The combination of 35°C and

80 per cent relative humidity affected the development of

nDn



egys adversely as only 42.9% per cent eggs could be hatched

at this combination.

Larval period

The larvel period of S. cerealella on maize varied with
the temperature. At‘ 30°C the larvae completed their
development in 19.51 days. Rest of the temperature levels

increased the larval period. Maximum duration of 23.90 days

was recorded at 20°C.

The data obtained on theleffect of relative humidity
revealed that the, larvae took 20.11 days for completing
their development at 80 per ent relative humidity (Table 9).
At 50 per cent relative humidity, the larvae took maximum
time 1(22.69 days) 1in completing their development. The
larval period of 21.67 and 21.20 days was recorded at 60 and

70 per cent relative humidity, respectively.

The combined effect of both the factors revealed that
larvae completed their development in 18.20 days at 30°C and
80 per «cent relative humidity whereas the maximum larval

period of 26.11 days was recorded at 20°C under 50 per cent

relative humidity. {(Table-10 and Fig. 4)

Similar to maize the shortest larval period of 13.53
days was observed at 30°C in paddy (Table-11). At 20°C the

larval development was completed in 19.39 days.

L Y]
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The average larval period varied with different
relative humidity levels (Table-12). At B0 per cent relative
humidity Fhe larvae took 16.25 days to complete their
development, whereas the duration increased at 50 per cent
relative humidity. The larval period did not differ
significantly at 70 and 80 per cent relative humidity
levels. At these levels the 1larvae completed their

development in 16.52 and 16.25 days, respectively.

The combined effect of temperature and relative
hﬁmidity levels on larval development are presented in Table
13 and Fig. 12. The result showed that minimum time taken by
the larvae for the completion of their development was 12.30
days at 30°C and 80 per cent relative humidity, whereas it

was found maximum of {20.5h0 days) at 20°C under 50 per cent

relative humidity combination.

Pupal periad

The data obtained on the effect of temperature and
humidity on the duration o¢f pupal stage 1in maize are
depicted in Table 8, 9 and 10. It is evident from the data
that the pupae took minimum time of 6.50 days for their
development at 30°C, whereas the pupal development was

completed in 12.66 and 12.05 days at 20 and 35°C,

respectively. (Table-8).

The data presented in Table-9 revealed that pupae took

almost equal time to complete their development at 60, 70

{
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and 80 per cent relative humidity levels. However, at 50 per
cent relative humidity, the pupal period prolonged and the

pupae completed their development in 11.40 days.

The interacticn of temperature and relative humidity
showed no significant difference in pupal period at 60, 70
and 80 per cent relative humidity levels at all temperature
levels tested (Table 10}. At 20°C and 50 per cent relative
humidity the time required for completion of pupal periced
wag rtecorded 14.60 days, whereas only 6.10 days were
required to complete the pupal development at 30°C and 80
per cent relative humidity combination. (Table-10 and Fig.
5)

Similar to maize in paddy also shortest pupal period of
5.03 days was observed at 30°C, whereas at 20 and 35°C the

pupal development was completed in 9.62 and 8.18 days,

respectively {Table-11}.

The effect of relative humidity on pupal development
(Table-12), revealed that pupae took almost egqual time to
complete their development at 60, 70 and 80 per cent
relative humidity levels. However, at 50 per cent relative
humidity the pupal period prolonged and the puape completed

their development in 8.62 days.

The combined effect of temperature and relative
humidity showed no significant difference in pupal period at

60, 70 and 80 per cent relative humidity levels at all

(o



temperature levels tested (Table 13). At 20°C and 50 per
cant relative humidity the time required for completion of
pupal dev?lopment was 10.90 days, whereas only 4.72 days
were required to complete the pupal development at 3p°c and

80 per cent relative humidity combination. (Table-13 and

Fig. 13)

Longevity of adult :

The mean adult longivity of S. cerealella reared on
maize as influeuced by temperature and humidity is depicted
in Table 8, 9 and 10. The data revealed that at 20°C maximum
longevity (11.78 days) of adults was recorded. The minimum

longevity (3.%4 days) was observed at 35°C (Table-8}.

The observations recorded on the effect of relative
numidity on the longevity of the adults indicated that the
adults could survive up to 10.19 days at 70 per cent
relative humidity followed by 9.76 days at 80 per cent
relative humidity. However, no significant difference in
adult longevity was observed at these two levels of relative
humidity. Minimum adult longevity of 6.13 days was recorded

at 50 per cent relative humidity (Table-9)}.

Regarding the combined effect of temprature and
relative humidity on the longevity of adult, it was observed
that at 25°C and 80 per cent relative humidity, the adults

survived up to 15.25 days, whereas minimum longevity of 3.25



days was observed at 35°C and 50 per cent relative humidity

combination. {Table-10 and Fig. 6)

gimilarly in paddy the maximum adult longevity of 9.38

days was recorded at 20°C and minimum of 3.19 days at 35h°C

{Table-11).

The data on the effect of relative humidity on the
iongevity .of adults depicted in Table-12 indicated that
maximum longevity of adults (7.69 days) was noticed at 80
per cent relative humidity. However, no significant
difference between 60, 70 and 80 per cent relative humidity
levels was observed. Minimum longevity of adults (4.57 days)

was recorded in 50 per cent relative humidity.

The combined effect of temperature and relative
humidity 1is presented 1in Table 13 and Fig. 14. Maximum
longevity of adults was recorded at 20°C and 70 per cent
relative humidity on which adults survived for 12 days. The

shortest longevity was observed at 35°C under 50 per cent

relative humidity.

survival of S.cerealella :

The maximum pest survival (41.35%) was recerded on

maize at 30°C and minimum {5.14%) at 35°C (Table-8).

The data presented in Tabie-§ indicated that 80 per

cent relative humidity was found to be most favourable for



the survival of S. cerealeila. At 50 per cent relative

humidity only 15.28 per cent survival could be obtained.

The *‘combined effect of temperature and relative
humidity {Table-10 and Fig. 7) revelaed that 30°C and 80 per
cent humidity combination resulted in maximum survival of
the pest from eggs. The minimum (3.81%) survival was

obtained at 35°C and 50 per cent relative humidity.

LLike maize in paddy also the maximum pest survival
({33.58%) was recorded at 30°C and minimum (4.43%) at 35°C

{Table-11).

The data recorded on the effect of relative humidity on
pest survival are presented in Table-12. It ig evident from
the data that 80 per cent humidity was found most favourable
for the survival. At 50 per cent relative humidity only

12.36 per cent survival could be recorded.

The combined effect of temperature and relative
humidity {Table-13 and Fig. 15) revealed that the
combination of 30°C and 80 per cent relative humidity
resulted in maximum survival, whereas it was minimum (3.00%)

at 35°C under 50 per c¢ent relative humidity.

S8ex ratio

The sex ratio of moths (M:F) obtained at different
temperature and relative humidity levels and the interaction

there-of 1in maize are presented in Table 8, 9 and 10. The



data revealed that sex ratio was highest (1:1.37) at 30°C

and lowest (1:0.97) at 20°C.

Maximam sex ratio {(1:1.19) was obtained at 70 and 80
per cent relative humidity, whereas at 50 per cent relative
humidity the minimum (1:1.12} sex ratio was ohserved.
However, no significant difference among 60, 70 and 80 per

cent relative humidity levels could be noticed.

The effect of both factors on sex ratio presented in
‘Table 10 and Fig. 8 revealed that the sex ratioc was maximum

(1:1.40) at 30°C and 80 per cent relative humidity
combination and minimum {1:0.95) at 20°C and 80 per cent

relative humidity.

gimilar to maize in paddy also the sex ratio was

recorded maximum (1:1.40) at 30°C and minimum (1:0.96) at

20°C (Table-11).

The data depicted in Table-12 indicated that maximum
sex ratio {(1:1.19) was recorded at 70 per cent relative
humidity, whereas the minimum (1:1.12) sex ratio was
ohsarved at 50 per cent relative humidity. However, no
significant difference among 60, 70 and 80 per cent relative

humidity levels could be noticed.

The combined effect of temperature and relative
humidity on sex ratio showed that at 30'C and 80 per cent

relative humidity, the sex ratio was maximum (1:1.45},



Table 8 Effect of different temperature levels on the

development of S.cerealella infesting maize.*

Tempsratiure Average *  Incubation Per cent *t Larval pupal  Longevity Survival Sex ratio
noaber of period hatching period  period of adult per cent inale:fenale)
eggs/fepale  fdaysi (days?  (dags) (daysi {egy to adulti

n'e 3.1 12.38 58.91 23.90 12,86 11.78 16.7] i:0.97
111,97} (58.11} {24140

H'C m.n 5.51 89.64 WU 5,05  10.13 1w.n 1:1.18
[13.14) i11.22) i39.071

e 17430 {.10 8.1 1351 §.58 9.43 i1.3% 1:1.37
{11.20} i64.70) i{t.02)

nC 100.62 4,06 $4.68 1.1 12,85 1.4 5.1 1:1.18
{18.01 {(47.67) 113.09)

§5.En 6,821 0.0240 0.3081 0.1209 £.0599 8.1821 G.1737 0.017%

C.bh. at 5% 0.0738 B.2693 0.8760 0.3438 0.1783  0.5178  0.449% D.0486

¢.h. at 1% 0.1051 0.3568 1.1686 0.4587 §.2272  0.8807 0.4665 g.0648

Rote - The temperature means are averaged over relative humidity in the range of 50 to 80 per cent

t  Rean of four replications

tx figures in parentheses are square root transforged values.

ttt Figures in parentheses are angular transforaed values.
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Table 9 Effect of different relative humidity levels on
the development of S.cerealella infesting maize.”
Relative Meraqeu Incubation Per cent*™™* Larval Pupal Longevity Survival Ser ratio
humidity nuaber of period hatching period  period of adult per cent inale:female)
eqgsifepale  {days) (daysi  idays) (days) fegg to adulf)
50 % 115.80 1.53 85,01 21.89 i1.40  6.13 15.28 1:1.112
{10.78) {53.77) [23.001
b2 1 144.0% §.82 7%.81 167 $7 4.1 13.12 1.1
[12.001 [60.95] £28.741
104 153,40 5.53 19.1% 2.2 563 10.1% a.n 1:1.18
i12.63) 1§2.91) {31, 44)
80 i 166,77 5.00 78.56 20,11 § 4 3.7 %88 1:1.1%
12.%311 162,414 (33134
§.ke. 0.0277 0.0940 0.3081 £.1209 0.0599 0.1820 0.17%7 0.0171
¢.D. at 5% 0.078B B.2673 0.3760 0.3438 §.1703 0.5178  0.499% &, 0486
c.h.at 1% 0.108] §.1568 1.188% f.4387 0.2272 0.6907 .8665 g.0648

Rote - The relative humidity asans are averaged over temperature in the range of 20 to 38°C
t  Mean of four replications
t+ Jigures ip parentheses are square root transformed values.

ttt Figures in parentheses are angular transformed values.



Table 10 : Combined effect of different levels of temperature and
relative humidity on the development of S. cerealalla

infesting maize.

Tepperature Relative Average** Incubation Per cantttt larval  Pupal lLongevity Survival Sex ratio
humidity nueber of  peried hatching  period  period of adult per cent  Imale:female)

eqgsifesale [days) fdags)  (days) idays) legg to aduit)
501 125.M 15.00 51,25 26.11 .60 850 13 1:1.01
{11.21) (4587} {21.300
80% 139.23 13.90 £5.78 4.0 12.15 1530 15.50 1:0.54
: [11.88) {54.30) {23.18)
n'e 0% 143,73 12.25 .6 3.3 1205 13.78  18.5% 1:0.96
7.0 (61,33} {25,511
a3 160.25 11.25 18.00 22.08 .85 4% 199 1:.0.%5
{12.66) 162.03) [26.56}
50 1321 §.50 §1.25 21.50 0.0 5% 13 1:1.02
[11.52) |64.30} {28.83
803 MH 5.33 91.01 20.18 5.80 850 43.00 i:1.15
i13.1¢) (72,50} (40,98}
e 0% 187.75 {.78 90.27 131 g 135 4.8 1:1.18
{13,701 1 71.82) [41.49]
808 198.48 4.50 9 28 18.8% 350 1828 .00 LY
i14.091 {76.16} {45.08)
if 14.7 {38 1.1 20.15 1.0 1.5 2600 1.1.35
(11.81] {58.87) {30,661
i MU .03 33.04 19.98 f.40 978 8D 1:1.3%
i13.09] {89.68) (38,18}
e T 198. 1 4.00 85.00 19.70 .30 1150 8T8 1:1.38
{14.08) (61.22) 145.43}
Ll 1%5.9% 11 34.78 18.20 §.10  10.00  §1.38 1:1.40
{13.43} 67.14) {45.7%
501 15.73 {2 50.00 23.00 13,66 328 18 1:1.18
{8.70} [45.80) (11,26}
0% 100.56 {13 53.2% 2.4 1170 400 478 1:1.30
{18.20 i49.73} {12.59}
1’ 10t 109.9% .00 bi.28 .08 1.5 425 5.3 1118
{10.49) {5151 (13,341
it 118.99 1.88 18.99 .40 1140 42 £.68 1.2
110,90 {44.41) {15.1%)
5.5 0.0554 0.1888 06060 0.2418  0.11%5 0.3842 0.3544 0.0342
e.p.oat st 0.1578 0.5346 17520 0.6877  0.306 1.03% 0.9392 0.0873
c.h.oatit 0.2103 0.713 1377 0.017F 0454 1381 1.3 0.1298

t  Nean of four replications
HFMMsmwmmﬁmememtUMMWNHM&
© #kt Figures in parentheses are anqulat transiormed valigs.
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Table 11 : Effect of different temperature levels on the

development of §. cerealalla infesting paddy*

Fapperatire 1veraqet*' Incubation Per cent'™* Larval  Pupal Longevity Survival Sex ratio
pusber of  paried hatching  peried  period of adult per cent  (male:female)
eqos/fenale  |days) {dags]  (days) [days) {egg to adult)

‘e 53.30 1.3 §2.16 19389 9.2 9.38 13.89 1:0.%
{730} 155.65) {21.88}

50 18.72 5.61 91.85 1700 7.3 7.1% 31.93 1:1.70
(8.87) (13.42) (34.40)

e 9%.22 1.08 84.93 135 593 1.69 33.58 1:1.40
(9.50} 187.16} {35401

B N4y 3.86 51.95 18.88  8.18 3.19 443 11,15
{6.17) {46.12) (12.1%)

5.2, 0.5290 0.0960 0.2290  0.18%3 0.0570  0.1933  0.ipM f.0139

(0. at 5t .08 0.2729 0.651  0.4415 0.1622  0.5500 04730 0.0539

CD.at1d 0.10%9 0.3640 0.8686  0.3890 0.218¢ £.7339  8.6310 0.0718

fote : The tesperature eans are averaged over relative humidity in the range of 50 to 80 per cent.

t - Kean of four replications
it Tigures in parentheses are square root transforsed values.
1t Fiqures in parentheses are angular transforeed values,
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Table 12 : Effect of different relative humidity levels on

the development of S. cerealalla infesting

paddy*

Relative hveraqe** Incubation Per eent ™t Lanval Pupal  Longevity Survival Sex ratio

higidity neaber of period hatehing period  period of adult per cent irzle:female)
eqgsifemale  idaysi idays]  {daysl i1daysi (eg3 to adult)

5t % 45,41 .33 IRY 18.40 8.0 457 12,36 112
16,74} (53.18} {20.59)

60 1 §0.31 b.40 71.89 17.62 T4 T.63 19.11 i:1.17
(1.1} {61.95] {25,921

(R 10,10 5.71 §0.38 1%.52 707 1.6 21.95 1:1.19
{8.17} i64.1%) (17.34}

3 1 1848 5.36 19.1% 15,2 1.02 189 25,73 i:1.18
{§.92} [62.86) {30.501

8.En. " 0.0290 0.0989 §.2290 B.1553  0.0570 0.1935 0.1654 0.0:49

¢.0.oat 89 0.08U B.272% 0.6511 0.441%  0.1622 0.5%01 8.4730 0.0539

C.0.at i§  0.1099 0.3640 {8686 0.5899 0.2164 0.7313 0.6318 0.0714

Note : The relative humidity means are averaged over temperature in the range of 20 to 33°C
t Hean of four replications
tx Figures in parentheses are square reot transformed values.

sttt fiqures in parentheses are angular transicraed values.



Table 13 : Combined effect of different 1levels of
temperature and relative humildity on the*
development of §. cerealalla infesting paddy

Tenperature Relative !werage*i Incubation Per centtt* Larval  Pupal [Longevity Survival Sex ratie
humidity oumber of  period hatching  period  period of adult per cent fnale:fenals}

eqqsifemaie {days) {daysj  idays) [days} [egg to adultl
PN 5 3 N 15.00 50.2% 0.5 1008 4T 8.9 1:1.01
{9.89) 145,14} (17.45)
80 § 50.99 11.5¢ 1151 1938 %50 LK 12.4 1.1.60
{71.14) {8114 (10851
03 58.49 3.7 13.25 1308 9.08 1140 16.35 1:0.9;
{7.71) {58.85) (13.1
80 1 71.49 9.08 76,26 1880 8% 4.0 18.74 1:0.90
(8.43) 160.84) {25.63)
35°C 301 50.49 6.00 80,50 1810 832 500 20.06 1:1.10
i7.14} (63.19) (25,61}
IR 70,49 5.99 §2.16 7.8 1.3 T 1Y 1:1.15
i8.43) i13.85) (340
iR 39.74 5.4 3.3 1.0 10 1B I8 1:1.25
t5.470 177,501 {37.941
a4 109.23 5.00 96.03 5.0 70 LW .04 t:1.30
{10.45) [18.50} [35.681
30°C 5 1 .43 £30 15.25 15.40 5.50 5,78 2.5 1:1.33
_ i8.511 (80,16 (36311
it 9348 .20 35.30 4.3 51 3.8 3.3 1:1.40
{§9.67) {67.61) (37.0%)
101 99.99 {10 88.01 1250  4.80 7.5 1.1 1:1.40
[9.99) 149,73} {37.541
a0 § 95.24 310 89.51 123 41 8.3 33,08 1:1.45
[§.81) {7.18) (18,841
KRR 501 3.1 .08 {8.9% 0.0 Ly LN 140 1:1.0%
(5.40) (44.42) 14.97)
(T 319 3.30 56. 25 LN R T R W0 .8 1:1.18
{5.83) i48.59) (11.5%
i 19,45 3.80 5,50 1850 160 313 453 1:1.20
i5.30) i50.471 112,50
LI 8.3 375 .49 18.00 T4 1R 8.3 1:1.10
16.951 140.97] {14.62)
5.0 0.0579 0.1913 0. 4380 0.3106  9.1I41 0.3870 0.337 0.037%
¢.D. at 5% 0.1648 §.5458 1.3022 0.8830  0.3744  1.1003  0.948! 0.1077
.0, at 1§ 0.2148 0.7281 1,731 1.1780  0.4328 14878 1.25% 0.1437

+ Maan of four replicatians
t Figures in parentheses are square root transforded values.
¥t Figqures in parenthesaes are angular transformed values.
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whereas at 20°C and 80 per cent relative humidity, 1t was

minimum (1:0.90). {Table-13 and Fig. 16},

I1I. MANAGEMENT
{A). Host-plant resistance

(a) Screening of different varieties of maize and paddy.
Twenty five varieties of maize and paddy each were
evaluated for resistance to §.cerealella. The parameters for
evaluation were per cent grain damage, adult emergence,
percent loss in grain weight, survival percent of pest, mean

developmental period of pest and susceptibility index.

Per cent grain damage

The extent of damage to maize arains by &.cerealella
ranged from 1.00 to 14.64 per cent in different varieties
(Table-14). Variety Surva was found to be least susceptible
with 1.00 per cent grain damagefollowed by Ageti-76 and CM-
111 where the grain damage was found 1.30 and 1.63 per cent,
raspectively. However, n¢ significant difference was
observed between them. The next group of grain damage level
ranged from 1.10 to 6.00 per cent and the wvarieties under
this group were considered as moderately susceptible. Under
this group D-765, Harsh, Dhawal, Diara-3 Kisan and Arun were
identified. The higher level of grain damage was ncticed in
sixhteen maize variéties viz., Renuka, Prabhat, MCU-508,
Devki, Hement., Malan, Asgwani, Laxmi, Vikram, NLD,

Matikanchan, Pusa-T, CM-501, Pusa-I1T, VL-88 and Madhuri. In



these varieties, 6.33, 6.33, 6.66, 7.33, 7.62, 7.66, 9.33,
.33, 9.66, 9.96, 9.99, 9.99, 10.33, 11.64, 11.64 and 14.64
per cent grain damage was recorded, respectively. These

varieties were identified as susceptible to the attack of

S.cerealella.

Adult emergence

The average number of adults emerged from different
maize varieties ranged from 0.87 to 14.66 (Table-14). The
variety Surya was found to be least susceptible in terms of
adult emergence having least number of adults (0.87)
followed by Ageti-76 and CM-111, permitting an average
emergence of 1.31 and 1.64 adult moths, respectively. 8ince
no significant difference was found between Surya, Ageti-76
and CM-111, the latter were also considered as 1least
susceptible varieties, The next order of average adult
emergence ranged from 1.10 to 6.00 under which six maize
varieties viz., D-765, Harsh, Dhawal, Diara-3, Kisan and
Arun, permitting an average emergence of 2.00, 2.31, 2.95
2.95, 5.97 and 5.97 adults, respectively. These varieties
were found moderately susceptibile to &S.cerealella. The
highest adult emergence (14.6{) was observed in Madhuri
foliowed by VL-88, Pusa-I1I, Pusa-1I, Mahikanchan, CM-501,
Vikram, NLD, Laxmi, Aswani, Malan, Hement, Devki, MCU-508,
Prabhat and Renuka in which average adult emergence ranged

from 6.28 to 11.66. These varieties were considered as

susceptible to the pest.

37



I3

Percent loss in grain weight

The relative susceptibility in terms of per cent loss
in grain weight in different maize varieties differed
significantly (Table-14). The average grain weight loss
ranged from 0.53 to 8.10 per cent. It was less than one per
cent in three varieties viz., Surya, Ageti-76 and CM-111,
These varieties exhibited 0.53, 0.65 and 0.70 per cent 1lo0ss
in grain weight, respectively and, therefore, ware
identified as least susceptible. The other group of maize
varieties with a range of 1.11 to 1.67 per cent loss 1in
grain weight were considered as moderately susceptible
against the attack of S.cerealella. D-765, Harsh, Dhawal and
Diara-3 were categorised wunder this group. Rest of the
varieties viz., Kisan, Prabhat, Arun, Renuka, Devki, Hement,
Malan, MCU-508, Aswani, NLD, Laxmi, CM-501, Mahikanchan,
Vikram, Pusa-I, Pusa-II, VL-88 and Madhuri had average loss

in grain weight ranging from 3.03 to 8.10 per cent and were

considered as susceptible.

survival percentage of S.cerealella

The adult survival varied widely among the maize
varieties (Table-14) Surya exhibited the lowest percentage
of adult survival (4.34%) followed by Ageti-76 (4.98%) and
cM-111 (6.0%), All these varieties permitted survival of
adults below 10 per cent, therefore, these were identified
as least susceptible. The adult survival ranged from 10 to

20 per cent 1in D-7653, Harsh, Dhawal and Diara-3. These



varieties, therefore, were considered as moderately
susceptible 4against the pest. More than 20 per cent {from
21.04 to 46.25%) survival was observed in the rest of the
varieties, therefeore, they were considered as susceptible.
The maximum percentage of adults survival was recorded in
the variety Madhuri (46.25%) which was nearly ten times more

than Surya 1n which the lowest survival of adults was

recorded,

Mean developmental period

The data on mean developmental period of &.cerealella
in different maize varieties tested are present in Table-14.
The mean developmental period of 36.67, 36.67, 36.00, 35.67,
35.67, 35.00 and 34.67 days was recorded on CM-111, D-765,
Dhawal, Surva, Ageti-76, Harsh and Diara-3, respectively.
The shortest mean developmental period of 29.67 days was
observed on Madhuri. It was followed by Laxmi (30.33), NLD
(30.33), MCU-508 (30.33), Malan {(31.33), Prabhat (31.33),
Pusa-II (31.33), Pusa-I (31.67}, Vikram (31.67), Kisan
(31.67), VL-88 (32.00), Mahikanchan (32.00), Hement (32.33)},

Devki {32.33), EKkenuka (32.33), Aswani (32.33), CM-501

{32.67) and Arun (33.33).

Susceptibility index
The susceptibility index of the different maize

varieties ranged from 5.03 to 14.53 (Table-14). The

varieties having low susceptibility index were Surva (5.03),

Ageti-76 (5.81), C€M-111 (5.89}). Based on susceptibility

99



Table 14

5.8, Varieiies

1 hgeti-T%
1 Aswani
3 At
i (K-
5 (§-301
b Devki
7 Mara-i
§ D-T85
3 Dhawal
10 Harsh
11 Hemant
17 Fisap
13 lazai
14 Kadhurl
15 Nahikanchan
15 Malan
17 HCD-508
i KD
19 Prabhat
20 Pusa-I
21 husa-ll
17 Renuka
1} Burya
4 Vikrae
35 VIL-88
Rean
§.Ep
{0 at ¥
C.0. at 1%

Reaction of different varieties of maizZe against ]

S.cerealela

i
Far cent

Nean deviep- Susceptibility

grain damrage adults

{6.54)
3.13
(17.78)
8.00
(14181
1.83
(7.33)
10.33
{18.73)
7.33
115.70)
.94
(9.88)
1.00
{8.13}
1.9
{9.81)
2.3
{8741
ALY
(16.07)
5.91
(1414
§.33
(17.78)]
1484
(22.30)
3.%9
[18.43)
7.66
116.07)
b.56
[14.9%)
.96
[18.39}
b.33
114.57)
1.99
(18.42}
11.84
119.93]
B.13

0.6135
1.7431
£.3200

epetrgad

G.1460
0.4148
.5331

.~ ki

Survival

percenfage
ieqg fo adult)

LA
Far cent
ioss 1n
grain weignt

neptal period
{dagei

0.5033
1.4297
1.9081

index

8.06
b.36
1.38
1.02
11.51
10.87
12.49
14,53
1241
11.87
11.%0
1.4

t  Jiean of three replications

tx Figures in parentheses are angular transfocraed values
4t figures 1n parentheses are sguare root transformed values

nn
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index these varieties were identified as least susceptible
to the attack of §.cerealella. D-765, Harsh, Dhawal and
Diara-3 having susceptibility index 6.36, 7.02, 7.58 and
8.06, respectively registered moderate susceptibility,
whereas the varieties viz., Arun, Renuka, Kisan, Prabhat,
Devki, Hement, Malan, MCU-508, Aswani, CM-501, Vikram, Pusa-
I, Mahikanchan, Laxmi, VL-88, NLD, Pusa-II and Madhuri
exhibiting high susceptibility index ranging from i0.48 to

14.53 were considered as susceptible to the attack of

S.cerealella.

Per cent grain damage

The infestation level o¢of grains damage in paddy
varieties viz., Bala, Pusa 2.21 and Cauveri was recorded as
0.64, 0.97 and 1.00 per cent, respectively. These varieties
were, therefore, identified as least susptible. The grain
damage ranging from 3.32 to 5.97 per cent was recorded 1in
twelve varieties viz., IR-54, Safri-17, R.574-11, R.296-128,
Kranti, IR-36, Phalguna, Poorva, Annada, Jaya, Surekha and
Swarna. The per cent grain damage recorded 1n “ these
varieties was 3.32, 3.32, 3.65, 3.65, 3.96, 3.96, 4.00,
4.32, 4.65, 4.65, 5.32 and 5.97 per cent, respectively and
were considered as moderately susceptible to the attack of
§.cerealella. The paddy varieties having grain damage more
than 6.00 per cent were considered as susceptible.
Kalimuchh, Mahisugandha, Chamble, Dubraj, BK-79, Basmati-

370, Masuri, Madhuri selection-11, Ratna and BK-190 had



13.3, 11.33, 10.66, 10.60, 8.33, 7.33, 7.33, 7.33, 6.66 and
6.20 per cent grain damage, respectively and were identified

as susceptible varieties. (Table -15}.

Adult emergence :

The number of adults (moths) emerged in different
varisties of paddy from 100 grains has been depicted in
Table-15. The average adult emergence was least in three
varieties viz., Bala, Pusa.2-21 and Cauveri where 0.61, 0.87
and 0.87 adults emerged. However, they were at par with each
other and therefore, on the basis of adult emeregence these
were identified as 1least susceptible to the attack of
S.cerealella. The average number of adult emergence ranged
from 3.32 to 5.97 in the twelve paddy varieties viz., IR-54,
Safri-17, R.574-11, R.296-128, 1IR-36, Kranti, Phalguna,
Poorva, Annada, Jaya, Surekha and Swarna, which permitted an
average adult emergence of 3.32, 3.32, 3.65, 3.65, 3.85,
3.96, 3.96, 4.32, 4.66, 4.66, 5.32 and 5.97, respectively,
and these varieties were considered as moderately
susceptible to the pest. Regt of the varieties viz., BK-190,
Ratna, Masuri, Madhuri selection-il, Basmati-370, BK-79,
Dubraj, <Chamble, Mahisugandha and Kalimuchh allowing an
average adult emergence ranging from 6£.61 to 12.92 were

considered as susceptlible varieties against S.cerealella.

Per cent loss in grain weight

The average grain weight loss due to insect damage

ranged from 0.30 to 6.70 per cent in different paddy
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varieties tested (Table-15). Bala suffered the minimum loss
in grain weight (0.30 per cent). It was followed by Pusa
2.21 and Cauveri which incurred a grain weight loss of 0.59
and 0.62 per cent, respectively. These varleties on the
basis of loss in grain weight were identified as 1least
susceptible to the pest attack. The per cent loss in grain
weight ranging from 1.28 to 2.00 was recorded 1in the
varieties IR-54, R.574-11, Kranti, Phalguna, Safri-17,
R.296-128, Annada, IR-36, Jaya. Surekha and Foorva These
were considered as moderately susceptible. The maximum
weight loss was noticed in the Kalimuchh (6.70%) followed by
Mahisugandha (6.11%), Chamble (6.09%), Dubraj {6.01%) BK.79
(4.47%), Basmati-370 {3.95%), Masuri ({3.80%), Madhuri-
selection-11 (3.68%), Swarna {3.45%), Ratana (3.10%) and BK-

150 (3.10%) and were considered as susceptible to

S,cerealeila.

Survival percentage of pest

The percentage of adult survival was recorded less than
10 per cent in Bala, Pusa 2.21 and Cauveri varieties of
paddy (Table-15). In these the adult survival was recorded
4.09, 4.43 and 4.72 per cent, respectively, and were
identified as least susceptible against the attack of
S cerealella on the basis of pest survival. More than 10 but
below 20 per cent adult survival was recorded in IR-54,
Safri-17, R.296-128, Kranti, IR-36, Phalguna, Poorva, R.574-

11, Jaya, Annada, Swarna and Surekha, and these varieties



were considered as moderately susceptible. More than 20 per
cent adult survival ranging from 20.08 to 35.26 per cent was
recorded in the rest of the varieties which were considered
as susceptible to the attack of S.cerealeila. The variety
Kalimuchh had the maximum adult survival (35.26%), whereas
in Madhuri selection-11, BK-190, Ratna, Basmati-370, Masuri,
BK-79, Dubraj, Chamble and Mahisugandha had 20.08, 20.10,

20.11, 20.30, 20.49, 22.46, 25.569, 30.16 and 32.52 per cent

adult survival, respectively.

Mean developmental period

The average mean developmental period of &.cerealella
in different paddy varieties tested ranged from 27.00 to
31.33 days (Table-15). The insect took more than 30 days to
develop on Bala, Cauveri, Pusa,2-21 and IR-54. The shortest
mean developmental period of 27 days was observed in
Kalimuchh, Masuri and Jaya varieties. It was followed by
Basmati-370 (27.33), Dubraj (27.33), Mahisugandha (27.33),
Bk-190 {27.33), Madhuri selection-11 {27.33), Kranti, BK-79
(27.33), Safri-17 (27.67), Ratna (27.67), R.574-11 (28.00),
R.Z296-128 (28.00), Swarna (28.00), Annada (28.00), Surekha

{28.33), Chamble (28.33), IR-36 (28.33), Phalguna (29.00)

and Poorva (29.33}.

SBusceptibility index
The susceptibility index of paddy varieties screened
against S.cerealella 1is presented in (Table-15). The

gsusceptibility index of Bala was the lowest (6.49) followed



P

Reaction of different varieties of paddy against
S.cerealeala

Table 15

5.K. Varieties Per cent™  Ro.of'" Sur?ival*' Per cent’  Nean devicp- Susceptibility
grain daeage aduits percentage  loss in aental pericd index
energed {egg to adelt) grain weight (days)
PRI 3.65 .65 11.98 1.4b 8.3 10.50
(11.02) 17.04) [20.15) (6.44)
7 Swarna §.47 5.97 15.2% 1.4% 28.00 11.87
{14.15) (2.54) {22.99) £10.70)
1 fraati 3.96 3.6 11.18 1.55 21.00 10.95
i11.48) {2.11) i19.17) {1.14)
i BE-T9 8.31 8.33 27.46 .71 17.33 13.56
{16.75) {2.97) {28.29) {12.621
5 IR-4 1.1 3.32 10,09 1.28 0.1 T
{10.50) [1.95) {18.51) {6.49)
& MNasuri 1.3 1.23 0.4 .80 1567 13.40
(15.70) (2.78) {28.91) {11.24
7 Jara {.85 {.6% 12.2% 1.9% 16,67 11.53
[12.44) {2.11) 120,49} (§.111
8 Safri-17 3.37 13 16.10 1.65 167 §.94
{10.58) {1.95) {18.53) {1.381
3 Annada {.85 4.65 13,44 1.85 28.00 11.4
112.46} (2.27} i21.59) (7.3
10 Baseati-370 1.66 7.66 20.31 1.95 1.13 13.4
{16.07) {2.88) {26.78} [11.4§1
11 R295-128 3.65 1,65 19,84 1.78 28.00 1083
{11.0Z) i2.041 {1903} i7.49)
12 Falimuchh 13.31 12.92 35.126 §.70 28,80 14,92
i21.48) 13.568) {36.43) (15.001
13 Dubraj 9.86 9.8 25,69 6.00 21.33 13.98
{1811} (3.24) (36.45) i14.20)
14 Surekha 5.31 5.32 15.63 2.00 28.33 .97
13.34) (2.41) 124.07) i§.14)
1% Phalguna §.00 3.%6 11.79 1.55 29.00 10,44
I11.54} {2.11} (15,64} (7.1%)
16 Ratna b.66 £.64 0.1 310 21,67 12.48
[14.%%) {2.67) - 126.85) {10.143
17 Nahisugandha 11.64 1.1 32.52 §.09 .33 14.85
{19.95) {3.44) 134.71) [14.29)
18 BE-190 §.30 B8l 0,10 310 .33 12.48
i14.33) i2.67} {26.64) {10.14)
19 Chamble 19.65 19.63 30.16 b.11 13.33 14.07
{19.05) 13.34) {31.31) it4.31
A Pusa.l-Ut 0.7 0.87 .43 0.59 30.33 6.98
{5.68) {1.17) (12.13} f4.40)
11 Bala 0.64 0.51 §.08 0.30 1.4 6.49
{1.60) i1.93) i11.67) {3.14
11 {auveri 1.00 0.87 4,72 0.62 30.33 7.11
5. 1) i1.17) i12.55) {4.51)
23 FPoorva 4.32 i.31 11.85 1.00 9.03 10,48
i11.99) i2.20) 120.13) (8.13}
2t Hadhrui 1.13 1.33 20.08 .68 21.33 11.17
gelection-11  (15.70) i2.80) {26.62) {11.06]
2% LL I 1.96 3,65 1191 1.98 8.33 10.63
i11.48} {2.04} {19.29} {8.08)
Kean 5.68 5.66 18.21 1.8% i8.23 11.45
5.km, 0.5668 0.1135 f.3515 01143 0.3333 0.1558
£.D. at 5 1.6099 0.3791 0.9583 0.3264  0.93488 0,442
.0, at 1% 1.1463 0.5055 1.330% 0.4352  1.7613 6.5899

Mean of three replications

t

tt Fiqures ip patentheses are angular transformed values
t2t Figures in parentheses are square root transforeed values



by Pusa.2-21 (6.98}) and Cauveril (7,11). On the basis of
susceptibility index these varieties were identified as
leastsuscptible. The varieties with. high susceptibility
index were Kalimuchh (14.92), Mahisugandha (14.8%), Chamble
(14.07), Dubraj (13.98), BK-79 (13.56), Masuri (13.40),
Madhuri selection-11 (13.27), Basmati-370 (13.04), Ratna
(12.48) and BK-190 (12.48). Rest of the paddy varieties had
intermediate values ranging from 9.46 to 11.67 and were

considered as moderately susceptible against the pest.

(b) Basis for resistance
(i) Physical characters : Maize
Volume of grain

The volume of the maize grains of the different
varieties tested has been given in Table-16. The voiume of
grains varied from 1.43 to 2.63 ml/10 grains. The 1lowest

volume {1.43 ml) was observed in Madhuril and wmaximum in NLD

{2.63 ml}.

The correlation coeificient of grain volume with
different parameters imparting resistance such as per cent
grain damage, adult emergence per cent loss in grain weight,
survival percentage of pest and susceptibility index was

worked out but it was found non significant {Appendix-I).

Thickness of pericarp and seed coat

The thickness of pericarp and seed coat of different

maize varieties varied from 91.67 to 147.67 p {(Table-16).
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Thickest pericarp and seed coat was found in Surya (147.67

pg) and minimum thickness was recorded in Aswani (91.67 u).

A significant negative correlation was observed 1in
thickness of pericarp and seed coat with per cent grain
damage, adult emergence, percent loss 1n grain welght,

survival percentage of adults and susceptibility index

(Appendix~I1).

kRelative hardness

The relative hardness based on per cent yield of = flour
of different varieties of maize is presented in Table-16. It
is clear from the table that the hardness of maize grains in
terms of flour vield differed in different varieties.
Maximum flour yield (18.05%) was obtained from Madhuri and
minimum (7.63%) from Surya which were considered as
comparatively soft and hard varieties, respectively. The
next lower yield of flour was recorded in Ageti-76 (8.10%)
followed by D-765 (9.10%), Harsh (9.31%) and Dhawal {9.65%)

these were considered as moderate {medium) hard varieties.

The correlation coefficient of hardness of grains (in
terms of per cent flour yield} was found positive and
significant with per cent grain damage, adult emergence, per
cent loss in grain weight survival percentage of adults and

susceptibility index. (Appendix-1I}.



Table 16 ; Physical characters of maize varieties

S.N. Varities volume Thickness of Relative hardness " Hater
of ten Paricarp and (% pagsing of flour absorption
graina(ml; sesd coat{p} through 60 mash Aimsve) Indax

1 Ageti -76 1.949 140.67 a.10 1.20
(16.54)

2 Aswani 1.98 99.67 12.83 1.36
(20.9%)

3 Arun 1.85% 118.67 10. 18 1,39
(18.60)

4 CH-111 2.03 136.313 8.16 1.26
{16,5%9)

5% CH-501 2.40 100.67 13.00 1.3e
{21.13)

6 Pevki 2.73 111,67 11.80 1.38
{20.0%)

7 Diara-3 1.77 11%.00 10.20 1.1
{18.82)

8 D-765 1.70 126.00 9.10 1.28
{17.56)

9 Dhawal - 2.51 120.33 9.65 1.30
(18.140)

10 Hearsh 2.7C 12G.67 9.31 £.30
{17.770)

11 Hemant 2.67 91.67 12.00 1.36
(20.27)

12 Kisan 2.12 113.33 19.99 1.35
{19.36)

13 Lazmi 2.217 100.33 13.89 1.44
{21.88)

i4 Hadhuri .43 91.67 ig. 06 1.83
{25.14)

15 Mahikanchan 2.17 §96.33 13.35 1.42
{(21.43)

16 Halan 2.43 105,33 12.30 1.42
{20.52)

17 HCU-50B 1.87 111.67 12.50 1.40
(20,70}

18 HLD 2.63 100.67 15. 11 1.42
(22.87)

19 Prabhat 2.37 116.23 11.50 1.40
(19.82)

20 Pusa-I1 1.70 104.00 13.80 1.41
(21.80)

21 Pusa-II 2.00 94,67 15.00 1.3%
{22.79)

22 Renuka 2,20 114.00 i0.69 1.38
(19.08)

23 Surya 1.93 147.67 T.63 1.17
{16.03)

24 Yikrax 2.00 97.00 13.18 1.32
{21.29)

25 YL-88 1.70 92.00 14.00Q 1.38
{21.97})

Hean 2.12 110.49 11 .85 1.136

5.Em. 0.0643 5.8758 0.3607 0.0247

ch at 5 % 0.1826 16.6906 1.0247 0.0701

CD at 1 % 0,2435 22.2514 1.3660 0.0834

* Haan of three repiications
%% Figures in pareantheses ara angular transformed values



Water absorption index

The water absorption indices of different maize
varieties are presented in Table-16. The water absorption
index was found comparatively less in Surya, Ageti-76, D-
765, Harsh and Dhawal ranging from 1.17 to 1.30 The water
absorption index ranging from 1.31 to 1.83 was recorded in
Diara-3, Vikram, Kisan, CM-501, Aswani, He:. t, Renuka,
Devki, VL-88, Arun, Pusa-II, Prabhat, MCU-508, Pusa-I,

Mahikanchan, NLD, Malan, Laxmi and Madhuri.

The correlation coefficient of water absorption 1index
showed significant positive correlation with per cent grain
damage, adult emergence, per cent grain 1loss in weight,

survival percentage of pest and susceptibility indexXx.

(Appendix-T}.

{ii) Biochemical characters : Maize
Amylose content

The total amylose content in m&iy_grains of different
varieties presented in table-17, varied from 12.15 to 48.69
per cent. Comparatively higher percentage of amylose Wwas
found in Surya (48.69%), Ageti-76 (43.11%) and CM-111 (39.66
%) followed by D-765 (30.66%), Dhawal (30.00%), Harsh
{30.00%), Diara-3 ({29.16%) and Arun {29.00%). Amongst the
maize varieties tested Madhuri accounted for only 12.15 per
cent amylose followed by Pusa-I, MCU~508, Pusa- II, Malan,

Vikram, VL-88, Laxmi and Hement 1in which the percentage



amylose ranged from 14.00 to 16.33. In rest of the varieties

the amylose percentage varied from 20.03 to 27.30.

The amylose content had a significant negative
correlation with percent grain damage, adult emergence,
percent loss in grain weight, survival percentage of pest

and susceptibility index. (Appendix-I).

Protein Content

The total protein content in different maize varieties
presented in Table-17 revealed that Madhuri and NLD had
12.70 per cent protein followed by Vikram, Pusa-II, Arun,
Renuka and Pusa-I, in which total protein was found 12.02,
11.83, 11.83, 11.45 and 11.45 per cent, respectively.
However, all these varieties were at par with each other.
Relatively lower percentage of protein was observed 1in
Surya, CM-111, Ageti-7o, D-765 contaning 9.4G, 9.45, 9.75
and 9.80 per cent, respectively. In rest of the wvarieties

protein content varied from 10.06 to 11.10 per cent.

The protein content was found positively correlated
with the per cent grain damage, adult emergence, percent
grain 1loss 1n welght, survival percentage of pest and

susceptibility indexX. {Appendix-I1).

Free amino acid

The free amino acids in different maize varieties
presented in Table-138 revealed that Surya and Ageti-76 had

1.22 and 1.45 per cent free amino acids, respectively.

i rt
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Comparatively higher percentage of free amino acids was
recorded in Madhuri (2.10%) and VL-88(2.00%). It was

moderate in the variety D-765 (1.61 %) and Harsh (i1.6. %),

A positive correlation was found between free amino
acids of maize grains and per cent grain damage, adult
emergence, percent loss in grain weight and sur hility

index. (Table-19).

Ash content

Although significant wvariations 1in ash content of
different maize varieties was recorded ranging from 1.39 to
1.75 per cent, no significant correlation with per cent
grain damage, adult emergence, per cent loss 1in grain
weight, survival percentage of pest, and susceptibility

index could be obtained (Table-17 and Appendix-I1}.

0il content

The oil vcontent in different maize grains differed
significantly and varied from 4.10 to 6.28 per cent. Maximum
percentage of oils was recorded in Ageti-76 (6.28%}) followed
hy Surya (6.26) and CM-111 (6.16%). No significant
difference was found between these varieties. Similarly in
Devki minimum ¢©il content {4.10%) was recorded followed by
Madhuri from which 4.31% oil was extracted. Stastically no

significant difference between these two varieties was

observed.
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Biochemical characters of malize varﬁ?;es

Table 17
S.N. Varities Amylose Protelgf Ash 0il
content content content content
(%) (%) (%) (%)
1 Ageti -76 43.11 9.75 1.68 6.28
2 Aswani 21.56 11.10 1.41 5.36
3 Arun 29.00 11.83 1.50 5.42
4 CM-111 39.66 9.45 1.60 6.16
5 CM-501 20.11 10.43 1.75 5.10
6 Devki 20.10 10.06 1.39 4.10
7 Diara-3 29.16 10.12 1.45 5.80
8 D-765 30.66 9.80 1.65 5.95
9 Dhawal 30.00 11.10 1.67 5.76
10 HBarsh 30.00 10.13 1.62 5.70
11 Hemant 16.33 10.58 1.63 4.99
12 Kisan 25.03 10.08 1.50 4.80
13 Lastmi 15.35 10.44 1.59 4.80
14 Madhuri 12.15 12.70 1.588 4.31
15 Mahikanchan 20.03 10.44 1.73 4.76
16 Malan 14.30 11.10 1.50 4.82
17 MCU-508 14.00 10.75 1.62 5.00
18 NLD 15.66 12.70 1.49 4.78
19 Frabhat 27.30 11.10 1.56 4.81
20 Pusa-I 14.60 11.45 1.40 4.80
21 Pusa-II 14.20 11.83 1.69 4.73
22 Renuka 26.22 11.45 1.46 4,91
23 Burya 48 .69 9.@0 1.73 6.26
24 Vikram 15.11 12.02 1.43 5.38
25 VL-88 15.33 10.93 1.55 4.98
Mean 23.48 10.83 1.5% 5.19_r
S5.Em ) 0.3862 0.4863 0.0293 0.0965
C.D. at 5% 1.0969 1.3814 0.0832 0.2741
Cc.D. at 1% 1.4624  1.8417 0.1109 0.3654

*

Mean of three replications

110
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Table 18 : Free amino acids in maize varleties.

S.No Name of Varietiles
R e
2. Ageti-76 t 1.45
3. D-765 1.61
4. Harsh 1.63
5. VL-88 2.00
6. Madhuri 2.10
"""" Q;;;“"“_*_“"""*‘*’”_""*"_’ITEE"""’_""““'*
""""" 5?5&”““"‘_““'_'_’""““*‘STSESQ”"*"_'_‘*""‘
¢.D. at 5 % 0.0942
¢.D. at 1 % 0.1321

* Mean of three replications

Table 19 : Correlation coefficient of free amino acids of

maize varieties with different parameters.

3.No. Parameters
I rercemt grain damage oot
2. Adult emergence (No.) 0.93**
3. survival percentage of adults 0.?8**
4. percent loss in graing wt. 0.92**
5. susceptibility Index 0.95**

" x* Gignificant at 1 % jevel of significance.



The 0il content of the maize grains was found
negatively correlated with per cent grain damage, adult
emergence, percent loss in grain weight, survival percentage
of adults and susceptibility index. The mean developmental
period of the pest prolonged when fed on varieties having
higher amount of oil as compared to the varieties having low

percentage of oil. (Table 17 and Appendix-I).

(iii) Physical characters : Paddy

Length Breath Ratio

The L/B ratio of different paddy varieties recorded
has been depicted in Table-20. The data revealed that the
L/B ratio varied from 2.37 to 4.99. The low L/B ratio
ranging from 2.37 to 2.97 were recorded in BK-190, Kranti,
Annada, R 296-128, Cauveri, Jaya and Chamble, whereas it
varied from 3.04 to 3.99 in R574-11, Swarna, IR-54, Masuri,
Safri-17, Kalimuchh, Dubraj, Surekha, Phalguna, Pusa.z2-21,

Bala and Poorva. In rest of the paddy varieties the L/B

ratio was recorded more than 4.00.

A positive correlation between L/B ratio and per cent
grain damage, adult emergence, survival per centage of
adults, percent loss in grain weight and susceptibility

index was obtained but it was not significant {(Appendix -II)

Thickness of husk

The thickness of paddy husk of various varieties varied

from 0.16 to 0.19 mm {(Table-20}. Comparatively - more

1
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thickness of husks was recorded in Bala (0.19 mm), Pusa 2-
21, {(0.18 wmm), Cauveri (0.17 mm) and IR-54 {0.l6mm),
whereas, the varieties having thin husk were Dubraj (0.10
mm)}, Kalimuchh (0.10 mm), Madhuri selection-11 (0.11 mm)
Poorva (0.12 mm}, Bk-190 (0.12 mm), Ratna (0.12 mm) Java
{(0.12 mm), BK-79 (0.12 mm), Swarna (0.13 nmm), Kranti (0.13
mm), Masuri (0.13 mm), Annada (0.13 mm), IR-36 (0.13 mm) and
Chamble (0.13 mm}. The medium thickness of husk was recorded

in R.296-128 (0.14 mm) R.574-11 (0.15), Surekha (0.15 mm)

and Phalguna (0.15 mm)

Significant necative correlation was obtained between
the husk thickness of paddy and per cent grain damage, adult
amergence, per cent loss in grain weilght,survival percentage

of pest and susceptibility index. {Appendix-II).

Relative hardness

The hardness of paddy grains based on the alkalil
spreading value of the miiled rice has been tabulated in
Table 20, The higher alkali value ranging from 6 to 7 was
recorded in Chamble, Jaya, Dubraj, Mahisugandha, Kalimuchh,

BK-7%, FEkatna and BK-190 In Bala, Pusa.Z2.21 and Cauveri the

alkali values ranged from 2.94 to 3.63. Rest o©f the

varieties showed alkali values ranging from 4.41 to 5.89,

The relative hardness of paddy grains 1in terms of
alkali spreading value had significant positive correlation

with per cent grain damage, adult emergence, per cent loss
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Table 20 : Physical characters of paddy varihties. N
11h
N T - N P Y
8.N. Varities Length Thickness of Relative hardnass
Breath husk (mm) {alkali spreading
ratio value from 2-B Escals)
L R.574-11 3.04 0.15% 4.41
2 Bwarna 3. 28 D.12 4.60
3 Kranti 2.57 0.13 4.50
4 BK-79 4.32 0.12 B9
& IA-54 3.97 0.16 4.52
6 Hasuri 3.38 0,13 5.20
7 Jaya 2.97 0.12 6.59
8 Safri-17 .77 Q.15 5,21
g Anmada 2.69 0.13 5.49
10 Basmati-270 4, 47 0.11 5.99
11 R296-128 2.78 0.14 4.93
12 Kalinuchh 3.76¢ 0,10 6.87
13 Dubraj 3.82 0.10 B.72
14 Sursakha 31.54 .15 5.20
15 Phalguna 31.99 0.15 5.00
16 Ratna 4.47 0.12 7.00
17 Hahieugandha 4.42 0.10 &.77
18 BR-190 2.137 0.12 7.00
19 Chamblas 2.88 0.13 6.52
20 Pusa_2-21 3.086 0.18 3.29
21 Bala 1.13 0.19 2.94
22 Cauveri 2.86 0.17 3.63
23 Poorva 3.83 0.12 4.69
24 Hadhrui 4.99 0.11 5.93
Selection-11 .
25 IR~36 4.10 .13 4.75
Hean 3.54 0.13 5.38
5.Em ¢.09381 0.0038 0.1524
C.D. at 5% 0.2741 0.0105 0.4259
C.0, at 1% 0.3619 0.0138 0,65624

* Yean of thres replications
2% Maan of seaven grains
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in grain weight, survival percentage of pest and

susceptibility index. {Appendix -I1).

{iv) Biochemical characters : Paddy

Amylose content

Amylose content of different varieties of paddy
screened varied from 15.33 to 38.06 per cent. Bala had 38.06
per cent amylose which was the maximum followed by Cauveril
and Pusa.?2-21 containing 37.40 and 37.33 per cent,
respectively. These three varieties, however, did not differ
significantly 1in their amylose content. Minimum percentage
of amylose (15.33) was found in Kalimuchh. It was followed
by Mahisugandha, Chamble, Dubraj, Masuri, BK-79 and Madhuri
selection-11 having 16.38, 17.31, 18.91, 19.10, 13.60 and
19.88 per cent amylose, respectively. In rest of the

varieties the percentadge of amylose varied from 27.02 to

30.03 (Table-Z21).

The amylose content was found negatively correlated
with the per cent grain damage, adult emergence, perl cent
loss in grain weight, survival percentage of pests and

susceptibility index {(Appendix-1I1).

Protein content

The total protein content in different paddy varieties
presented in Table-21 revealed that Bala, Pusa.2-21, Cauveri
nad 6.60, 7.60 and 7.63 per cent protein, respectively.

Comparatively higher protein content was recorded in
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Kalimuchh (10.10%) followed by Mahisugandha (10.00%), Dubraj
(9.25%), Chamble (9.20%), Masuri (9.10%), Madhuri selection-
11 (9.G7%) and BK-79 (9.00%). The other varieties had
various levels of protein content ranging from 7.82 to 8.92
per cent.

A positive correlation was found Dbetween protein
content of paddy grains and per cent grain damage, adult
emergence, per cent loss in grain weight, survival
percentage of adults and susceptibility index. The pest took
more time for their development on the varieties in which

low protein content was recorded. {Appendix-II}.

Free amino acids

The free amino acids in different paddy varieties
showed significant variations. The data presented in Table-
22 revealed that Bala and Pusa.Z-21 had 0.56 and 0.60 per

cent free aminoc acids, respectively. Relatively high
percentage of free amino acids was recorded in susceptible
varieties of paddy viz., Kalimuchh (1.31%) and Mahisugandha
(1.22%). It was recorded 01?5 and 0.80 per cent in IR-54 and

Phalguna, respectively.

The free amino acids were found positively correlated
with the per cent grain damage, adult emergence, per cent

loss in grain weight, survival percentage of the pest and

susceptibility index {Table-23).
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8ilica content

The levels of silica content in paddy husk is presented
in Table-21. In paddy husk silica content varied from 10.38
to 17.%6 per cent. In Pusa.2-21, Bala and Cauveri the levels
ranged from 17.72 to 17.96 per cent, whereas in Kalimuchh
and Mahisugandha the levels of gsilica content were only
10.38 and 11.70 per cent, respectively. In rest of the

Qarieties the levels of silica ranged from 12.50 to 17.00

per cent.

The statisticdd analysis revealed significant negative
correlation of silica content with per cent grain damage,
adult emergence, per cent logs in grain welght, survival

percentage of pest and susceptibility index. {Appendix-II).

Ash content
similar to silica content, the huek ash of paddy grains

in different varieties varied from 11.20 to 18.98 per cent.

The ash content in Kalimuchh and mahisugandha was 11.20 and
12.60 per cent respectively. In rest of the varieties the

ash content varied from 13.20 to 17.80 per cent (Table-21)

A significant negative correlation of ash content with

per cent grain damage, adult emergence per cent grain loss

in weight survival percentage of pest and sugceptibility

index was found (Appendix-IT).
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21 : Biochemical characters of paddy var%}ies
T rotein Hamk silica Husk aan
content content contant content
(%) {%) %) (%}
57411 00 829 1608  17.12
Ewarna 23,20 8.68 12.66 13.36
Kranti 26.16 840 16 .00 16.93
BR-79 19 .60 g.00 13.70 14.60
IR-54 23.50 7.80 17.00 17 .80
Hasuri 19.10 9.10 13.80 14.62
Jaya 24.11 B.63 15.42 16.53
Safri-17 10,03 7.82 16.00 17.00
Annada 24.60 8.5%0 15%.30 16. 43
Egamati-370 21.02 6.92 14.81 15.53
R296-128 27.00 .32 16.10 17.00
Kalimuchh 15.332 10.10 10.38 11.28
Dubraj 18.9% 9.2% 13i.a0 13.61
Surakha 22.30 5,72 14,90 15.66
FPhaiguna 25. 00 6.00 1646 17.10
Ratna 22.00 B.8C 14.80 15.3%
Hahisugandha 16.38  10.00 11.70 12.60
BK-190 21.66 8.87 14.95 15.73
Chamble 17.31  9.20  12.50 13.20
Pusa.2-21 37.33 7.60 17.96 ifa.98
Bala 38.06 6.60 i7.74 18.80
Cauvari 37.40 7.63 17.72 18.53
Poorva 25.03 a.92 15.21 16.00
Hadhrui 1% .88 9,07 14.00 14.61
Salection-11
IR-16 26 .08 8.3k 15.50 16.60
Maan 24 .36 8.58 1;’;; __________ ;;_;; ___________
2. Ex __"5?1901_ 0.2441 -—;~5398 o 0.0884
C.D. at 5 % 0.5400 0.6933  0.2550 0.2512
C.D. At 1 % 0.7199 0.9243  0.3400 0.3349

* Mean of three raplications

=

x*

(%)

1

3

i
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Table 22 : Free amino acids in paddy varieties.*

S.No Name of Varieties free amino acids (%)
LT s
2. Pusa.z2-21 0.60
3. IR-54 0.73
4. Phalguna 0.80
5. Mahisugandha 1.22
6. Kalimuchh 1.31
"""" T e
S.Em 0.0392
c.D. at 5 % 0.1207
C.D. at 1 % 0.1693

* Mean of three replications

Table 23 : Correlation coefficient of free amino acids of

paddy varieties with different parameters.

S.No Farametfers
e ammase o
2.  Adult emergence (No.) 0.98*"
3. survival percentage of adults 0.99**
4, percent loss in graing wt. 0.98%"
5. Susceptibility Index 0.98**

x* Significant at 1 % 1evel of significance.



0il content

The data recorded on the amount of oil present in
different varieties of paddy are presented in Table-21. It
ig evident from the data that the amount of o1l extracted
from paddy grains was found lesser than the maize grains
ranging from Z.15 to 4.90 per cent. Maximum o0il was found in
Bala (4.90%) followed by Cauveri (4.87%) and Pusa 2.21
(4.77%). Minimum quantity of 0il was recorded 1n Masuri

(2.15%). In rest of the varieties the oil content ranged

from 3.20 to 4.13 per cent.

Significant negative correlation was found between the
oil content and per cent grain damage, adult emergence, per

cent loss in grain weight, survival percentage of the pest

and suscepfibility index (Appendix-IT).

(B) Evaluation of insecticides and plant products
{a) Insecticidal dusts

The data obtained on the per cent damage to grains,
number of adults and per cent germinationy when the dusts of
different insecticides were mixed with maize grains for the
protection of grains against the damage of &. cerecalella are
presented 1in Table-24. It is evident from the data that
28.60 per cent grains were damaged by the pest in control
and no damage to grain was abserved 1in insecticidal

treatment due to absolute protection of grains by these

insecticides.



Table 4

Ml e

ivl

ingecticidal duxmt

Ol

the damnye

dua to

S.cerealella, adult population and germinaticn of
maize grains.

I'ar cant
graitn damage

Mkt Popanils -
[y
tion {Ho.)

Fay

EE]
ralt

Ratet it

garmination Cost ratio

[

10

11

12

11

Trmad medih m oman
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0.00
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Ag there was no damage to grains, it becomes clear that
all the insecticides tested inhibited the multiplication of
g, cerealella completely up to eight month of storage in
both the dosages viz., 2:1000 and 4:1000 wt/wt. Consequently

no adult could emerge 1in all the treatments, whereas in

control 308.94 moths emerged.

No adverse effect of all the insecticides tested on
grain viability was observed as revealed by the germination
test. The germination percentage of treated grains varied
from ©65.38 to 72.67 as against the untreated grains where
70.67 per cent grains germinated. Maximum germination

percentage was recorded in grains treated with carbaryl.

Similar to maize no grain damage was observed 1in paddy
treated with different insecticidal dusts (Table-25). 1In

control, however, 92.86 per cent grain damage was recorded.

In the absence of any damage caused to paddy grains by
5. cerealella, no population of thig pest was found in the

treated grains. However, 1n untreated check 427.80 adults

were recorded (Table-25).

As observed in maize no adverse eifect of insecticides
could be noticed on the germination of paddy grains. The
germination percentage varied from 90.34 to 92.05 in

insecticidal treatments as against 92.08 1n untreated check.
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9.96
{18. 40)
0.00
{0.00)
+, 00
(0, 00)
.00
(0.00)
.00
{0.00)
.00
{0.00)
0.00
{0.00}
.00
{0.00)
.00
{0.00)
0.040
{0.00)
0.00
(6.00)
0.00
(0.00)

Aansfit

17.

1¢.

1z.

13,
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79

.90

.15

18

45

.21

45

.13

.96

.98
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.11
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4dd

1f-aty mif
Foomirme

Fagutes ifi

thtaa raplicationa

Aduutt Pomela- Far ceant
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427.80 92.08
{20.70) (73.865)
0.00 51.07
{G.70] (72.61)
0.00 90. 44
(0.7 {71,089}
0.00 q0.34
{0.7G) {71.89)
.00 90.£9
{0.70}) $72.23)
Q.00 9r.07
{0.70) {72.61)
0.00 530.69
(0.70) {12.23)
o.00 91 .38
{n.70) {72.92)
0. o0 90.69
{0.70) {72.23)
G.00 91.02
{0.70) (72.55)
0.00 91. 18
{0.70) {72.92)
0.00 9z.05
{0.70) {73.82)
Q.00 g%.36
{0.70) {72.80)
D.1426 0.9299

0.4146 HE

0.5605 H3
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(b) Impregnation of jute and cotton bags

Observations on damaged grains, weight loss and
germination of maize grains when kept 1in jute bags
impregnated with different insecticidail solution are
presented in Table-26. The data revealed that deltamethrin
was more effective in preventing the grains from 1insect
attack as no grain damage could be obhgerved 1in this
treatment even after eight month of storage 1in an infested
storage structure. Next in order of efficacy for reducing
the grain damage was fenvalerate, where 0.18 per cent grains
were damaged. In bags treated with carbaryl 3.99 per cent
grain damage was noticed which was significantly superior
than rest of the insecticides used. Bowever, 1t was inferior
than synthetic pyrethroids. Further, methyl parathion,
endosulfan and quinalphos were found at par having 5.90,
6.60 and 5.9% per cent grain damage, respectively. Though
malathion was found least effective insecticide 1in which
+ §.13 per cent grain damage was recorded even then 1t was
significantly superlor as compared to untreated check. In

untreated check 17.83 per cent grain damage was recorded.

Results obtained on the per cent weight loss of maize
grains stored in jute bags impregnated with insecticides are
presented in Table- 26. The results revealed that in
untreated bags 8.98 per cent loss occurred due to
infestation of 5. cerealella, whereas in the bags treated

with insecticides, the per cent loss ranged from 0.00 to
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4.58 per cent. Since there was no damage of §. cerealella in
bags treated with deltamethrin no weight loss was obsetrved
in this treatment. In bags treated with fenvalerate,
carbaryl, quinalphos, methyl parathion, endosulfan and
malathion the loss was 0.11, 1.63, 2.51, 2.83, 3.12 and 4.58
per cent, respectively. There were no significant difference
between methyl parathien and quinalphos; methyl parathion
and endosulfan. Significant difference was observed between
malathion and all other insecticides. Malathion was proved
as the least effective insecticide and deltamethrin was

found the most effective for jute bags impregnation.

Results on viability of maize grains stored in jute
bags impregnated with different insecticides are presented
in Tahle-26. The results revealed that insecticide used for
impregnation of Jjute bags had no adverse effect on grain

viability even after eight month of storage.

Almost similar results were obtained when paddy grains
were kept in jute bhags treated with different insecticides
and exposed to insect infestation for eight months (Table-
28). The data obtained on grain damage revealed that
synthethic pyrethroides {deltamethrin and fenvalerate) were
found more effective in protecting the paddy grains from the
attack of §. cerealella as only 0.19 to 0.32 per cent grains
were found damaged after eight months of storage. Both these
insecticides were superior than cther insecticides.

Statistically malathion was found to be the least effective



insecticide for impregnation of jute bags, but it was better
tnan untreated check in which maximum grain damage of 8.19

per cent was recorded.

Results obtained on the per cent weight loss of paddy
grains stored in jute bags treated with insecticides are
pregented 1in Table-28. These results revealed that in
untreated bags 5.03 per cent welght loss occurred due to
infestation of §. cerealella, whereas 1n the bags treated
with insecticides, the per cent weight loss ranged from 0.10
to 2.80 per cent. Since there was least damage of S.
cereglella in bags treated with deltamethrin and fenvalerate
negligible welght 1oss was noticed in these treatment. In
bags treated with carbaryl, quinalphos, endosulfan, methyl
parathion and malathion, 1.01, 1.12, 1.57, 1.68 and 2.80 per

cent weight loss was recorded, respectively. There was no

significant difference between deltamethrin and
fenvalelaret; carbaryl and quinolphos; endosulian and
malathion, However, significant difference was observed

hoetween malathion and all other insecticides used. Malathion
was proved as the least effective jnsecticide ang
deltamethrin was found the most effective for jute bags

impregnation.

Results on viability of paddy grains stored in Jute
bags impregnated with different insecticides are presented

in Table 39. The results revealed that insecticides used for



Tahla 26

*

|

Per c¢ent grain damage, welght 1loss and
germination of maize grains stored in jute
bags impregnated with different
ingsecticides.

*% E T}
Concentra- Fer cant Par cant Fer cent Benefit

tion (%) grain damage weight loss germination Cost ratio

1 Control Ontreated 17.83 8.94 11.67 -
{24.97) {7.41) {657.84)
2 Halathionh 8.10 9.13 4,58 70.00 17.40
{17.59) {12.386) {56.79)
3 Hethyl pavathion 0.10 5.90 2.83 69.66 22.51
{14.08) {9.69) {6&.58)
4 Endosulfan 0.10 &6.60 3.12 70.00 20.80
{14.88) (1D.18) (56.79}
5 uinalphos .10 5.599 2.51 70.33 10.96
{i4.17) {(9.13}) (5 .50}
5 Carbaryl Q.10 3.49% 1.63 71.34 28.813
{11.53) (7.35) {57 .83}
T Fanvalarate 0.025 0.18 0.11 70.00 42.02
{2.42) (1.90) {56.79)
8 Daltamathrin 0.025 0.00 G.0o 70.35 11.14
{0.00) (0.60) (57.01)
3. Fm 0.3934 G. 2500 0. 4925 -
C.D. at 6% 1.1794 0.74395 HS -
C.D, at 1 % 1.6250 1.8327 ng -

+ Haan af threm replications

%% Figures in parentheses ara angular transformed valuas
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Tabhle 27 : Per cent grain damage, weight loss and
germination of maize grains stored 1in cotton
bags impragnated with different 1nsoct101des

5.#. Traatmants Concantr- Percsnt * Par cant o Per cent b Ranafit
atinni{t) grain damaga weight loss germination Coat ratio
1 Ceontrol {ntreatead 14.19 &._81 70.33 -
{22.13) (15.13}) (86 .,99)
2 Halathioth Q.16 7.86 1.568 67.33 12.66
(16.29} {10.91) {Bh.14}
3 Mathyl parathinn n.10 5,24 2.43 67,33 16.87
{13.24) {8.90} {55.14)
4 Endaosulfan . 0.1 5.98 2.76 £7.68 15.20
{14.15) {9.55) {55.135)
5 [uinalphns G.10 4.03 1.85 68 .18 9.41
{11.58} {7.82) {55.62)
6 Carbaryl 0.1 2.98 1.38 69.36 23.135
{9.94) {6.74}) (56.40)
7 Fenvalarate 0.025 0. 00 0. 00 £9.03 33.78
{0.00} {(0.00) {56.19)
8 Deltamathrin 0.025 0. 00 .00 69.133 8.86
(D.00) {0.00) {56.37)
5. Fm 0.4086 G.20872 1.0384 -
.. at 5% 1.2249 0.6243 HS -
C.D. &t t % 1.6876 a, 8601 RS -

+ Hean of threa replications

++ Figiires in parentheses are shgular transformed values
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Per cent ograin damage, welaght 1loss and
germination of paddy graing stored in jute
bags mpregnated with different insecticides.”

H.H Trastmants Comeartlra- Paroent bl Per oankt b Pa cent * Batmfit
tion (%) grain damage weight loss garmination Cosat Ratio
1 Contrnl Unfraated 8.19 5.03 92.67 -
{16.61) {12.96) (74.30)
2 Nalathion a.1n 4.70 2.80 91.70 5.58
{12.52) {9.83) 173.26)
i MHathyl parathicn 0.10 2.90 1.k8 91.12 7.98
{9.80) (7.458) (72.67)
4 Endosilfan 0.10 2.70 t.57 94.52 8.113
{3.45) {7.19) {76.47)
5 Quinalphos 0.16 2.05 ) 1.12 97. 41 4.55
{8.23) {6.0R} (74 .01}
6 Carbaryl n.10 1.83 1.01 94 .10 16.60
. (7.78} (5.76) {75.35)
7 Fanvalavats Q.025 .32 0.19 92.57 14.99
{3.22) {2.51}) (74.19)
A Deltamathrin 0,025 0.19 0.10 9317 4.00
{2.51} {1.81) {74 .85%
ikm _ . 2421 0.179h 1 RIS -
C.h. at 5% _ 0.7265 0,3882 Hs -
|G IS S B 1.0809 0. 5345 H3 -

r  Hean of thraa replicatinns

34 Figuras in paranthaxss ars anoilar transformad valies
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Far

cent

5 H Traalmmnts Concantra- Parcent

1 Manfrnl

2 Halathion
3 tethyl parathion
4 Endosulfan -

% Quinkxlphos

6 Carbaryl

7 Fervalarata

B Daltamathrin

Nnrraatad

0,025

grain damags waeight losas

{10.78)
2.82
(9.66)
2.97
{(9.92)
2.85
{9.237)
1.68
(7.45)

grain damage,
germination of paddy grains stored in cotton
hags impregnated with different 1nsect1c1des

k%
Per cent

{7.18)
1.50
(7.03)
1.10
{6.02)
0.91
{5.4%)

£ llgan of threa replications

Par csn

garmination

{713,
95,
(77.
94,
{76
94.
{76,
93.
{75,

%+ Ficuras& in patanthesss are ahgulay transformed values

welght

k4
t

12
73
73}
34
24)
47
20

1osas

BanafEit

Cost ratio

13.

.61

.26

Y

_20

31

.50
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impregnation of jute bags had no adverse efiect on grain

viability even after eight month of storage.

More or less similar results were obtained on damage,
weight loss and germination of maize and paddy grailns when

stored in cotton bags impregnated with these insecticides

(Table 27 and 297%).

(c} Vegetable oils :

The data obtained on the effect of different vegetable
oils on the graln damage by S. cerealella, adult emergence
and germination of maize grains depicted in Table-30
revealed that all the treatments were significantly
eifective in protecting the maize grains from the attack of
5. cerealelia. No damage could be observed when neem 0il was
mixed with the grains @ 1 ml1/100 g of grains. It was
followed by mustard, sesame, coconut and groundnut oill @ 1
ml/100 g of yrains, where grain damage was 0.16, G.49, 0.79

and 3.10 per cent, respectively. However, no significant

different among these treatments could be observed.

At the lower doses tested (0.5 ml 011/100 g of grains)
neem o0il again proved as thhe best treatment and was found
significantly superior than other treatments. The ranking
order of eificacy was neem oil (0.79%) > sesame cil (0.91%)

s mustard oil {1.16%) > coconut 0il {5.53%) > ground nut oil

(3.55%).



Tahle 30 : Effect of Vegetable oils on the damage due to
S.cerealella, adult population and germination
of maize grains.*

*k LY i
a.H. Vegatahls Dora par 100 Par cent Aditlt Fopula- Fer cent Banafit

il g of asad Grain damage tioen {NO.) skl garmination Cost ratio
1 Contral lntraatad 41.35 291 . 1A% 70.68
{41.18R) {17.0H) {57124
: Yoonenut 0. 5ml 5,63 27.95 24.90 .75
{13.60) {5.23) (29.93)
1 ‘Cocomt 1.0ml n.7t 10.98 0.00 3. 80
{4.82) {3.39) (0.00)
4 Groundnnt. 0. 5ml 4.55 31.78 41. 00 10.56
{18.00) {5.64) {19.81)
5 Groundnut. 1.0m} 1.10 il .91 340.686 6.29
{10.15) {3.52) {3131.62)
[ Hustard & 5ml 1.1e .28 13.32 12.0%
{6.18) ({2.60) {35.28)
7 Hustard 1.0mi 0.1a 2.68 21.64 6.17
{2.26) (1.77) (27.72)
A ferem 0. am] o.79 3.90 5d RT 14.19
(5.11) {2.10) {47.68)
9 HFAEm 1.0ml .00 a.00 32.6% 7.23
(0.00) {0.720) {34.85)
mn Sasama 0. am2 .91 10.33 15.98 ri. 17
{5.47} (3.29} {36.856)
11 BrsAama 1 Nl .49 3.32 22.13 5.684
{4.00) {1.95) (2B.18}
5.Em. 1.8373 0.1796 C.8560 -
C.D. at 5% 5.3887 a.h2ng 2. hib6 -
C.B. oar 1k 7.3242 0.7161 3.4123 -

* Hiaan of thres replications
+x  Figutas in pAarantheAss Are Sngular trangformad valnes

%+x Figqures it paranthases are BqUAre root transfarmed values

+ Fffact af labnratory extractad cocomit 0il on garmtation
Coconut cil — 1 mi/100 g grains - 23.5 % garmination

Cocorutb, oil - 4.6 m1/7100 g grains - 36.5 % gertination
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The observations recorded on the number aof adults

emerged after eight moths of storage are presented in Table-

30. As there was no damage to grains treated with neem oil @
1 ml/l100 g of grains, no adult could emerde in this

treatment. In rest of the treatments the mean number of

adults emerged varied from 2.63 to 31.28. In untreated check

the mean number of adults emerged was 261.35.

Grains treated with different vegetable olls showed
poor germination as compared to control (Table-30}. In
untreated check the germination was 706.68 per cent, The
germination in all the treatments reduced significantly as
compared to untreated check. RO seed could germinate when

treated with coconut 0oil @ 1L ml/100 g of grains.

In paddy more pronounced effect of these o©ils was
observed {Table-31). The results indicated that all the
treatments were effective and were found superior than
untreated check in controlling the grain damage caused Dby
angoumois grain moth. Hundred per cent grain protection was
recorded in grains treated with coconut, groundnut, mustard,
neem and sesame o0il @ 1 ml/100 g of grains. The lower
concentrations (0.5 ml/l30 ¢ of grains) of coconut,
groundnut and sesame olls were alsc effective exhibiting
0.27, 0.23 and 0.10 per cent damage, respectively. Neem and
mustard oil even at lower concentration resulted cent per

cent protection to paddy grains. The highest grain damage

(7.75) was recorded in untreated check.
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As a matter ot fact no emergence of adult could be

observed in treatments where cent per cent grains were

protected.

At lower dose (@ 0.5 ml/100 g of grains). the mean

adult population of 19.65, 12.61 and 5.27 was obtained from

the grains treated with coconut, groundnut and sesame o©il,
respectively. 1In untreated check the highest mean adult

population of 310.72 was recorded after the eight months of

storage.

Significant adverse effect on germination was observed
when the paddy grains were mixed with different vegetable
oils in order to protect them acainst the damage of &.
cerealella (Table-31). Germinaticn was completely inhibited
when paddy urains were treated with coconut oils @ 1 ml/100
g grains, whereas it was reduced to almost 50 per cent 1n
lower dose i0.5 ml/l00 o of grains). The higher
concentrations of oil treatments had more adverse efifect on
germination than lower concentrations. Highest germination
81.82 per cent was recaorded in groundnut oil followed by
segame oll (80.13%}, mustard oil {(67.67%), neem oil (63.08%)
and c¢oconut oil {50.33%) when mixed @ 0.5 ml/100 g of
grians. In untreated check 1t was g3.27 per cent which was

significantly guperior than all the treatments.

As described earlier all the oils used f(except mneem

0il) were purchased from local oil expellers. The coconut
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Table 31 : Effect of vegetable cils on the damage due to
S.cerealella, adult population and germination
of paddy grains. *

& 1. Vagarable Dora per 100 Per csnt e Adult Papula- Per cent K Benafit
oils g of aesad grain damage tion(HO.) e germination Coat ratio
Y Control - 7.75 314.72 931.21 -
{16.17) {17.64) {74.90)
7 coconut 0.5ml 0.27 19.65 50.33 1.06
{2.99) {4.49) {45.19}
1 teoconut 1.0m1 .00 0. 00 0.00 0.55
(0. 00) {070} (0. 00)
4 Griaundont, i, 5ml 0.23 12.6) 81. 82 1.88
{2.76) {3.62) {64 .76)
3 Sraundmit t.0ml 0.00 [ H 50.33 0. %6
{0.00} {0.70) {45.19}
[ ol ard i timl 0 66 RT .k 1.7
(Q. a0 {0.70) {55.135)
1 Hu=arard 1. ml 0.00 €. 00 47 .33 {1.88
(0.00) {0.70}) {43.47)
H Hasn .5} LU L) 0.00 63.08 2.086
(0.00) (0.70}) (52.58)
B HETE | 1.0m} a. H .00 3. 64 IR
{0.00) {0.70) {33.61)
10 Sasama 0.5mk ¢.10 .27 AG.13 1.61
{1.79) [{2.40) {63.53)
11 Smaama 1.0m] n.nG 4u.4840 15,31 0.81
(0.00) 10.70G) (316.48)
5. Em
oD owt 8% . G. 1280 0. 2615 1 &EE? -
c.D. at 1% _ 0.3755 0. 8257 4.9352 -
_ 0.5104 1.1223 &.7078 -
L] Itvan o Fhras raplications

t% Ficuirms in paranthesss are angular transformad values

AML Fiaures 10 parentheses Aré Aquara root trahsformed vaiueas

+ Effact nf Jaboratory sxtractad coconut eil on gatminationh
Coeonnd ai} - 1 ml/L00 g grains - .00 % germination

Cocomit pil - 0.5 ml/100 ¢ grains - 50.00 % getrnination
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oll, however, due to 1ts non-availability with the
expellers, was purchased from the market. This c¢il1 DPbrand
{Parachute) 1is basically used as hailr oil. Hence, 1t was
thought that due to some scivent used in Parachute c©il, the
germination was reduced. Therefore, in an another experiment
the coconut cil was extracted in the labcratory and mixed
with the grains. At the end of expriment it was observed
that in maize the germination was 36.5 and 23.5 per cent in
0.5 ml and 1.0 ml/100 g of grains, respectively. In paddy
again at the dose of 1 ml/100 ¢ of grains no grain could
germinate. The role of solvent, there, may be guestionable
and requires further investigation but it 1is «c¢lear that
coconut cil has definite detrimental effect on germination.

In paddy, however, it is more pronocunced.

{d) Other plant products

The result presented in Table-32 revealed that on the
bagis of maize grain damage after eight menth of storage,
neem Kkernel powder @ 2 g/100 ¢ of grains was significantly
superior than rest of the treatments. The lowest grain
damage (2.13%) was recorded in neem Kernel powder € 2 g/100
g of grains followed by nemm leaf powder € 2g/100g of
grains. These treatments were found significantly superior
to rest of the treatments. The lantana leaf proved least

effective even in higher dose, but was found significantly

superior over contrecl. The order of effectiveness of plant



Table 32

germination of maize grains.

Effect of different plant products on the damagse
due to S5.cerealella, aduat pepulatien and

13y

Plants products Doses per Percent ™

Adult Popula-

* Kk
Per cent

S.N.
100g seed grain damage tion {No.)™™  germination
(wt/wt)
1 Control Untreated 59,96 529.87 71.00
{50.75) (23.02) {57.42)
2 Neemleaf 1.00 4.91 44.29 69.34
(12.81) {6.69) (56.38)
3 Heemleaf 2.00 3.10 24.99 70.01
(10.14) (5.04) {56.80}
4 Neemkernel 1.00 4.01 33.30 70,00
{11.56) {5.81) (56.79)
5 Neemkernel 2.00 2.13 21.29 69.33
(8.40) {4.66) (56.37)
6 Eucalyptus leaf 1.00 6.90 59,50 69,33
(15.32) {7.74) (56.37)
7 EBucalyptus leaf 2.00 4.08 32.65 £9.68
{11.66) {5.76) (56.59)
8 Sarifa leaf 1.00 17.48 151.33 6G9.00
. (24.71) (12.29) (56.17)
9 Sarifa leaf 2.00 9.19 81.33 69.33
{17.65} (9.01) {56.37)
10 Lantana leaf 1.00 21.62 169.33 £69.33
(27.71) {13.01) (56.37)
11 Lantana leaf 2.00 12.82 99.60 69.67
(20.98) {9.97} (56.58)
S5.Em. 0.4540 0.3034 0.4512
C.D. at 5% 1.3316 0.8899 NS
C.D. at 13 1.8109 1.2090 NS

*
kX

Mean of three replications
Figures in parentheses are angular transformed values

*x% Figures in parentheses are square root transformed values
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products were neem kernel > neem leaf > eucalyptus > sarifa

leaf » lantana leaf.

Results on adults emerged from the grain admixed with
different plant products showed significant difference when
compared with the control {(Table-32). The mean number of
adults emerged ranged from 21.29 to 169.33 1in different
treatments as against 529.87 adults 1in untreated check.
Minimum number of adults emerged in grain treated with neem
kernel powder @ 2 ¢g/100 g of grains. Lantana leaf powder was
found to be the least effective. The order of effectiveness

was nheem kernel > neem leaf > eucalyptus ieaf > sarifa leaf

> lantana lea%-

The effect of these plant products on germinaticn was
alsc studied by adopting standard germination test in the
laboratory and the results are presented in Table-32. The
data revealed that there was no significant difference 1in
germination due to mixing of plant products with the malze
grains. The germination ranged from 69.00 to 71.01 per cent

in different treatment as against 71.00 per cent in control.

In paddy the results showed almost similar trend as
obtained in the case of maize {(Table-33}. The minimum damage
to grain by S. cerealelila was recorded in neem kernel powder
when mixed 6 2 g/100 g of grains. No significant difference
could be observed in neem kernel powder @ 2 g/100 ¢ of

grains and neem leaf powder at the same dose. The order of



Table 33 : Effect of different plant products on the damags
due to §.cerealella, adult population andg
germination of paddy grains. *

5.N. Plant Doses per Percent * Adult Popuia-  Per cent o
products 100g seed grain damage tions (No.) ke germination
{wt/wt)

1 Contreol Untreated 10.89 430.83 92.02

{19.27) (20.77) (73.59)

2  HNeemleaf 1.00 1.25 45.97 91.34

(6.44) (6.81) (72.89)

3 HNeemleaf 2.00 0.63 22.65 91.71

(4.55) {4.81) {73.26)

4  Neemkernel 1.60 1.09 38.66 91.11

(5.99) (6.26) (73.65)

5 Neemkernel 2.00 Q.60 2G.99 90.37

{4.430 (4.64} {71.92)

6 Eucalyptus leaf 1.00 1.95 68.32 91.38

{8.03) {8.30) (72.92)

7  Eucalyptus leaf 2.00 g.78 29.99 90.69

(5.08} (5.25) (72.23)

8 Barifa leaf 1.00 2.23 81.63 92.38

(8.59) (9.06) (73.98)

9 Sarifa leaf 2.00 1.18 42.00 92.02

(6.23) (6.52) (73.59)

10 Lantana leaf 1.00 2.55 88.33 91.07

(9.18) (9.43) (72.61)

11 Lantana leaf 2.00 1.24 45,97 90.70

(6.38) (6.82) (72.25)

5.Em. 0.1115 0.2097 (.9036
C.D. at 5% 0.3269 0.6150 NS
C.D. at 1% 0.4443 0.8359 NS

*  Mean of three replicaticns
** Figures in parentheses are ancular transformed values

¥** Figures in parentheses are square root transformed values
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effectiveness was neem kernel powder > neem leaf powder >

eucalyptus leaf powder > sarifa leaf powder > lantana leaf

powder.

Results on the number of adults emerged from treated
and untreated samples showed significant difference (Table-
33). The maximum moth population of 430.83 was recorded in
control, whereas it was found minimum (20.99) in the paddy
grains treated with neem kernel powder @ 2 g/100 ¢ of
grains. It was followed by the neem leaf powder @ 2 /100 g
of grains where 22.65 adults emerged. Both these treatments
were significantly superior to rest of the treatments. The
order of effectiveness was neem seed kernel powder > neem

leaf powder > eucalyptus leaf powder > sarifa leaf powder >

lantana leaf powder.

No significant difference was found in germination

among the treatments and untreated check (Table-33).

ITI. ASSESSMENT OF LOSSES IN STORAGE STRUCTURES

Though several varieties of maize and paddy are in
vouge in different parts of the Rajasthan, mostly Malan,
Mahikanchan, Ganga-5, Sathi, Bassi, Adanga, Kiran of maize
and Bala, Cauveri, Ratna, Jaya, Kamod, Akashi Pusa.Z-21, BK-
79,  BK-190, Chambel, Dagar, Mahisugandha and Jalzera of
paddy varieties were found very common in the state. Paddy
varieties viz., Safri-17, Kranti, Dubraj, Gurmatiya, Ruchi,

Ganga safri, Masuri etc. were commonly found in Raipur
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district of Madhya Pradesh where the losses in storage due

to §. cerealella were also worked out.

Moisture content of the grain plays an important role
in deterioration of the stored produce. The moisture content
of grains samples from different storage conditions was,

therefore, determined in the laboratory. The data collected

are presented in Table 34 and 35.

The moisture content of maize grains ranged from 11.17
to 13.05 per cent in different storage structures at the
time of <collection (June-July). The grains stored in mud
bins had higher meisture (13.05%) than other storage
structures. The grains stored in pakki kothies had minimum
moisture {(11.71%). In jute bags and loose storage the

moisture content was recorded 11.91 and 12.97 per cent,

respectively.

In paddy grains stored in different storage condition,
the moisture content ranged from 11.99 to 13.63 per cent
(Table-35}. The grains stored in Xkachchi kothi { mud
structure) had higher moisture {13.63%) than other storage
structures. The moisture content was minimum (11.99%) 1in
pakki kothi. In jute bags and loose storage conditions the

moisture content was recorded 12.31 and 13.10 per cent,

respectively.



(a) Grain damage :

The per cent grains damage caused by S. cereaiella to
maize was recorded on the basis of visible symptoms and
internal infestation. It is evident from data (Table-34)
that maximum grain damage (16.70%) was in maize grains when
stored in\kachchi kothi. In the grains stored in jute bags
11.92 per cent damage was recorded, whereas 15.13 per cent
damage was observed in loose storage. Minimum grain damage

(10.01%) was recorded in grains which were stored in rpakki

kothi.’

Similarly, in paddy the maximum (18.31 %) grain damage
was recorded in'kachchi kothi (Table-35). In loose storage
and jute bags the grain damage was 16.87 and 11.20 per cent,

respectively. Minimum grain damage {10.12%) was found 1n

‘ pakki kothi.

(b) Weight loss

The weight loss of maize grains due to infestation of
S. cerealella was calculated for different types of storage
conditions (Table-34). The grains stored 1in Ipakki Xothi”

suffered minimum with weight loss of 3.6% per cent, whereas

[
maximum weight loss of 9.1 per cent was found in kachchi
kothif The loss in grain weight in loose storage and jute

bags was 8.15 and 4.26 per cent, respectively.

In paddy like maize the per cent grain weight loss was

r \
recorded minimum {4.1%) in pakki kothi. The grain stored in
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Acsgessment of losses in maize grains stored under
different storage structures.

Strorage structures Moisture Grain damags Waight loss  Germination
conhtent (%) (%) (%) (%)
1. Jute bags 11.91 11.82 4.26 74.66
(20.16) (20.09) (11.90) {H9.83)
2. ¥Xachchi kothi 13.05 16.70 g.10 69.33
{mud structure) (21.17) (24.11) (17.52) (56.40)
3. Pakki kothi 11.17 10.01 3.69 77.33
(19.50) {18.40} (11.056} (62.20)
4. loose storage 12.70 15.19 8.15 70.66
(20.86) {22.92) (16.57) {57.21)
S.Fm. D.37 0.40 0.29 2.83

C.D. at 5 % 1.07 1.18 .83 NS

Nota

Tahla 35

Figures in parentheses are angular transformed values

Agsegsment of losses in paddy grains stored under
different storage structures.

Weight loss  Germination

Storage structures  Moisture Grain damage
content (%) (%) (%) {%}
1. Jute bags 12.33 11.20 4.69 80.33
(20.53) (19.54) (12.46) {72.08)
2. Kachchi kothi 13.63 18.31 8.62 84.33
{m1d structure) (21.66} (25.31} (17.06) (66.88)
3. Pakki kothi 11.99 10.12 4.10 91.66
{20.24) {18.50) (11.66) {73.5%)
4. Loonse storage 13.10 16.87 7.68 87.90
{21.20) {24.34) (16.07} (69.70)
5. Fm. 0.30 0.38 0.31 2.10
c.n.at b % 6.87 1.09 0.89 NS
Hote Ficaras in parentheses are angular transformed values




loose and jute bags exhibited 7.68 and 4.69 per cent loss.

.
Maximum loss of 8.62 per cent was recorded in kachchi kothi.’

{c) Effect on germination

The viability of the grains stored in various
conditions was also tested. The germination of malize grains
(seeds) varied from 69.33 to 77.33 per cent. Maximum
viability ({77.33%) was recorded in grains stored in tpakki
kothi' and minimum in kachchi kothiJ(Table—34). The grains
stored in jute bags and loose storage exhibited 74.66 and

70.66 per cent germination, respectively.

Almost similar results were obtained in paddy. Maximum
germination (91.66%) was recorded in grains stored 1in ’pakki
kothi' followed by jute bags (90.33%). The grains stored 1in
loose storage exhibited 87.90% germination. Minimum

N . . . . t .
germination was recorded in the grains stored in the Kachchi

xothi’ (Table-35).
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DISCUSSITON

Maize (Zea mays L.} and Paddy (Oryza sativa L.) arse
widely grown in Rajasthan in the areas of sufficient
rainfall or irrigation. The stored maize and paddy are
liable to be attacked by a number of stored insect pests.
out of which Angoumois grain moth, S.cerealella (Olivier)
has been reported to be the sericus one. The results
obtained under the present investigation on the biocecology

and management of 5.cerealella on stored maize and paddy are

discussed in this chapter.

Temperature is an important component of the
environment and the rate of metabolism, growth, development,
reproduction, general behaviour and distribution of insect
pests are largely controlled by it. The effect of humidity
on the development of storage pest 1s almost intimately
associated with that of temperature and operates 1indirectly
through the moisture content of grains. The results under
the present studies indicated that the fecundity of the
female was increased with the increase of temperature from
20 to 30°C ; the maximum being at 30°C. Further increase 1in
temperature to 35°C resulted in the drastic reduction of the
fecundity. In both the cereals similar trend was found.
Similarly the survival and rate of the development of
S.cerealella increased with the temperature from 20 to 30°C

but at 35°C decrease in the rate of development and survival
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was observed. Maximum hatching was, however, recorded at
25°C in both the commodities under study. Longevity

increased with the decrease of temperature.

On the other hand the increase of relative humidity
from 50 to 80 per cent increased the fecundity, hatching,
rate of developmenf, longevity and survival of the pest in
both maize and paddy. Higher humidity has alsc been reported

favourable to this pest by Pingale et al. (1967).

The combined effect of temperature and relative
humidity revealed that the temperature range of 25-30°C and
relative humidity range of 70-80 per cent were found most
favourable for the activity of S.cerealella. Within this
range the combination of 25°C with 80 per cent relative
humidity was found most favourable for fecundity and per
cent hatching whereas, the combination of 30°C and 80 per
cent relative humidity favoured the rate of development and

survival of the pest in hoth the cereals.

As most of the work has been done on cereals other than

paddy, the results obtained here on paddy are not directly
comparable. However, in maize the results are i1n agreement
with the findings of Grewal and Atwal (1969), ©Singh and
Khare (1993). Shazali and Smith (1985} and Boldt (1974)

while working on sorghum and wheat alsc obtained more or

less similar results.



Comparing the fecundity and rate of development of
S.cerealella on two cereals i.e. maize and paddy under the
present investigation, 1t was observed that average number
of eggs laid by a single female was more on maize (198.49)
than paddy (109.23), the speed of development was, however,
faster on paddy (20.72 days) than maize {28.05 days) at the
most favourable combination of 30°C and 80 per cent relative
humidity. It clearly indicated that paddy was favoured over
maize by the §.cerealella. Khare and Agarwal (1963) reported
that maize grains being big in size were preferred over
wheat by Sitophilus oryzae and Rhizopertha domonica. In the
case of S.cerealella this contention does not hold true.
Although, the eggs laid on maize grains were more than paddy
but the speed of development was, however, faster on paddy
than maize. Therefore, it is evident that preference of
S.cerealella goss to paddy and the size of the grain has no
role in deciding the preference. According to Singh and
Khare (1993) the preiference of S.cerealelila was for sorghum
when compared with maize. Therefore, it is not the size of

the grain but probably 1is the nutritional value which

decides the preference.

'In wvarietal screening or evaluation, gifficulty 1is
often encountered in grouping the varieties under least
susceptible, moderately susceptible and susceptible
categories on the basis of their relative performance.

Heinrichs et al. (1985) categorised the paddy varieties into
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three groups - resistant, moderately resistant and
susceptible on the basis of survival percentage of
S.cersalella. According to them the varieties in which 0 to
10 per cent survival was found were identified as resistant
whereas varieties permitting 10 to 20 per cent survival were
considered moderately resistant. More than 20 per cent
survival was taken as detrimental to the paddy grains and
hence varieties allowing more than 20 per cent survival were
considered as susceptible. Several other workers have
screened the paddy varieties on the basis of one or more
parameters like grain damage, adult emergeance,
susceptibility index etc. but most of them have not
logically categorised the varieties into susceptible or
resistant groups and if categorised, the basis of their
categorisation was either arbitrary or as per their own
convenience. In such type of studies invariably more
varieties appear resistant than actually are. More-over,
with one or two parameters and lesser number of test

varieties, the actual reaction of varieties can not Dbe

expressed.

In the present investigation, therefore, all possible
parameters qig., grain damage, emergence of adults, grain
weight loss, adult survival percentage ang susceptibility
index were taken inZto consideration and efforts were made
to categories the varieties on the basis of

interrelationship of these parameters.



Prakash et al. {1983} screened gdifferent paddy
varieties on the basis of grain damage and number of adults
emerged. According to them the varieties having 1 per cent
or less unavoidable grain damage and 1 or less than 1
average adult emergence were scored as resistant and rest
were considered as susceptible. No further grouping was
done. No efforts have been made for grouping of varieties on

the basis of grain weight loss and susceptibility index,

The results obtained under the present 1nvestigation
revealed that on the basis of criterion adopted by Heinrichs
et al. (1935} Bala. Fusa.2-21 and Cauveri were the paddy
varieties in which survival percentage of S.cerealella was
recorded below 10 per cent and, therefore, these were
identified as least susceptible (Table 15}. It is
interesting to note that in these varieties the grain damage
was recorded up to 1 per cent and average number of adults
emerged was also below one. These varieties, therefore, very
well fit in the criteria used by Prakash et al. {1983) and
Heinrichs et al. {(1985) for resistant category. Similarly 12
varieties were found to have survival percentage ranging
from 10.09% to 16.63. According o Heinrichs et al. {1985)
varieties having survival percentage 10 to 20 were grouped
under moderately susceptible. Now if the grain damage and
adult emergence are taken into consideration it will be
observed that these varieties fall under a distinct group

having g¢rain damage ranging from 3.32 to 5.97 per cent so
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also the average adult emergence from 3.32 to 5.97. Same
situation is viewed when other parameters stich as per cent
loss in grain weight and susceptibility index are taken into
consideration. Therefore, there should be no hesitation 1in

putting all these varieties under moderately susceptible

group.

In the present investigations, therefore, paddy
varieties having grain damage, upto i per cent, average
adult emergence, up to 1, adult survival up to 10 per cent,
joss in grain weight up to 1 per cent and susceptibility
index pelow 8, were identified as least susceptible
varieties. The varieties showing more than 1 to & per cent
grain damage, more than 1 to 6 average adult emergence, more
than 10 to 20 per cgnt adult survival, more than 1 to 3 per
cent grain weight loss and 8 to 12 susceptibility index were
considered moderately resistant. Rest of the varieties

having higher values than the moderate group were considered

as susceptible.

Based on the above discussion the different paddy
varieties screened under the present investigation, were

categorised as under :-
Least susceptible :- Bala, pusa.2-21 and Cauveri
Moderately susceptible :- IR-54, Safri-17, R296-128,

Kranti, IR-36, Phalguna, Poorva, R 574-11, Java, Annada,

Swarna and Surekha.



163

Susceptible :- Madhuri gselection-11, BK-190, Ratna,

Basmati-370, Masuri, BK-79, Dubraj, Chamble, Mahisugandha,

Kalimuchh.

Bala has been reported to have moderate resistant Dby
Chatterjee ot al. (1977} and Khare and Johari (1979).
However, Uttam et al. (1984) identified this variety as
jeast susceptible. On the basis of several parameters taken
under present investigation Bala was found to be the least
sugceptible thus confirming the observations of Uttam et al.
(1984). 8Similarly Cauveri and Pusa.2-21 were found 1least
susceptible as reported by Chellappa and Chelliah {1976,
Uttam et al. {1984) and Prakash and Rac {1993). However,
Khare and Johari (1979} considered Cauveri as moderately
susceptible on the basis of adult emergence and

developmental period. On what logical basis the variseties

have been grouped by Khare and Johari (1979) is not clear.

Jaya, Surekha and Safri-17 were found moderately
susceptible during the present investigation. The results
are in conformity with the findings of Chatterjee gt al.
(1977), Upadhyay et al. (1979) and Uttam et al. {(1984). The
results, however, failed to confirm the findings of Abraham
et al. (1972}, Khare and Johari (197%) and Prakash et al.
{1383) who reported Jaya as susceptible variety. Ratna
BRasmati-370G, GSwarna, Madhuri, Dubraj and Masuri were found
susceptible as reported by earlier workers ({(Chellappa and

Chelliah. 1976; Khare and Johari, 1979., Upadhyay et al.
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1979; Prakash et al. 1983; Uttam et al. 1984 and Frakash and

Rac, 1993},

Unfortunately,in maize no valid justification has been
given by the previous workers to categories the variety into
resistant or susceptible groups. Mathur and Gupta (1973)
reported maize varieties Jawahar, Vikram, Sona, Ganga-5 as
most resistant and Ganga-7 as highly susceptible. On the
contrary rFandey and FPandey (1982) categorised Jawahar,
Vikram, Sona, Ganga-5 and even Ganga-7 in the moderate group
in spite of the fact that these workers based their findings
on the same parameter i.e. loss in grain weight. Achéryulu
and Chaudhary (1992) while screening some maize inbred lines
regarded those inbred lines resistant which had 20 per cent
kernel 1infestation. 1In addition, based on 1loss 1in grain
weight due to S.cerealella they considered those inbred
lines resistant which had loss 1n grain weight up to 3 per
cent. If this criterion is taken inlto consideration then
all the varieties screened by Mathur and Gupta (1%73) and
most of the varieties screened by Fandey and Pandey (1982)
become resistant which is difficult tc admit. Such type of
contradictory results are obtained simply due to lack of

uniformity and standardization.

In the present investigation, therefore, similar to
paddy, in maize also the grain damage up to 1 per cent was
taken as unavoidable loss and maize varieties having up to 1

per cent grain damage due to feeding of S.cereaielia were
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identified as least susceptible. Further if these varieties
are judged on the basis of loss in grain weight, adult
emergence, survival percentage and susceptibility index then
alsoc they come under least susceptible group. Therefore, the
criteria fixed for different parameters in the screening of
the paddy varieties were adopted in the screening of maize
varieties also except the susceptibility index which was
taken up to 6 in maize. The reason for this was that
developmental period of S.cerealella prolonged in maize

which affected the susceptibility index.

Oon the basis of above discussion the malze varieties

therefore, were categorised as under :-

Least susceptible - Surya. Ageti-76 and CM-111

Moderately susceptible - pD-765, Harsh, Dhawal and
Diara-3

Susceptible - Kisan, Arun, Renuka, Prabhat,. MCU-508,
Devki, Hement, Malan, Aswani, Laxmi, Vikram, NLD,

Mahikanchan, Pusa-1, CM- 501, Pusa-I1I, VL-83 and Madhurti.

Kisan and Arun, however, behaved differently when
studied on the basis of these parameters. BRased on grain
damage and adult emergence, these were categorised under
moderate group but on the basis oi survival percentagse of
adults, loss in grain weight and susceptibility index these
fell into susceptible group. But it was evident that these

varieties can not be considered as least susceptible.



The mechanism of resistance is a complicated phenomenon
because a number of physical and bio-chemical factors are
involved in it, In the present investigation efforts have
been made to explain the basis of differential
susceptibility of maize and paddy varieties against
S.cerealella by studvying a number of physical and
bicchemical factors and correlating them with the

susceptibility /resistance.

The husk thickness has been reported to have a
significant negative correlation with the susceptibility of
paddy varieties to S.cerealella by a number of workers
(Upadhyay et al., 1979; Prakash et al., 1983; Ragumoorthy
and Gunthaligaraj, 1988; Anuradha et al.., 1989 and Takeshita
and Imura, 1990). More or less similar results, were
obtained under the present investigation. In maize alsc the
thickness of the pericarp and seed coat was found negatively
correlated with the susceptibhility of maize to S.cerealella.

As no work has been done in maize on this aspect, the

results could not be compared.

Hardness of the seed seems to be an important physical
character contributing a major share in imparting
resistance/susceptibility to a variety. A number of workers

‘Samuadl and Chatterjee, 1953: Rout et al., 1976: Sudhakar
and Fandey, 1981; Fandey and Pandey, 1982; Sudhakar and
Fandey, 1982; Prakash et al., 1983; Ragumoorthy and

Gunthaligaraj, 1988; Anuradha et al., 1989 and Prakash and



1ov

Rao, 1993) have amply documented this fact. In the present
investigation also a nagative correlation of hardness was

obtained with the different parameters studied 1in both the

cereals.

Among the biochemical factors the effect of amylose,
proteins, free amino acids, silica and ash content of paddy
husk and oil content of grains on the varietal

susceptibility was studied under the present investigation.

Peters et al. (1960., 1972 abc) reported higher amylose
content in resistant varieties of corn than the susceptible
varieties. Similarly, in paddy, Kittur and Patel (1972) and
Ragumoorthy and Gunthaligaraj (1988) also recorded higher
amylose content in resistant varieties. Although Abraham et
al. (1972} observed no relationship between amyln=g content
and infestation of rough rice by S.cerealella.. but reported
that in the most susceptible variety, Tainan-3, amylose
content was lowest. Chatterjee et al., (1977} did not find
any significant relationship between the extent of damage to
rough rice by S.cerealelia and amylose content. Prakash and
Rao (1993) also could not observe significant correlation
hetween amylose content and susceptibility index, however,

they recorded comparatively higher amount of amylose 1n

resistant varieties of paddy.

In the present studies a significant negative

correlation was observed between amylose content and the
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percent grain damage, adult emergence, per cent loss in

grain weight, per cent survival of adults and susceptibility

index.

As grains of maize with higher amylose content have
been reported harder than grains with lower amylose content
by Peters et al. {(1960), it may be concluded that amylose is
responsible for imparting hardness to the grains which in
turn probably results in lesser grain damage, lesser loss in
grain weight and lower adult emergence, making the variety

least susceptible.

Low protein content has been observed to contribute
resistance to rough rice against S.cereaiella, but
relationship was not distinct (Chatterjee et al., 1977).
Rout et al., (1976} did not find any consistency 1in
relationship between protein centent and susceptibility of
S.oryzae 1in paddy. However, FPandey and Pandey (1978 and
1982) reported a positive relationship between protein
content and damage by S.cerealella to maize. Anuradha et al.
(1989) also reported positive correlationship of protein
content of paddy with susceptibility index. The present
investigation also revealed a positive correlation of
protein - content with all the parameters studied. The low
protein content of the grains probably had a detrimental
effect on the development of S.cerealeiia as the grains are

unable to provide optimum protein regquirement to the insect.
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Susceptibility of varieties has also been related to
the higher concentration of total and free amino acids
(Pandey and Pandey, 1978 and gudhakar and Pandey, 1981).
Pandey and Pandey (1978} found ten essential amino acids in
susceptible varieties of malze whereas, only eight essential
amino acids could be identified in Jaunpuri, the least
susceptible variety. In field crops also susceptible
varieties have been reported to contain higher number of
amino acids than resistant varieties (Auclair, et al., 1957;
David and Paul, 1973; Chelliah and Sambandam, 1973). In the
present investigation a positive significant correiation was
found between the concentration of iree amino acid and
susceptibility of maize and paddy varieties. It may
therefore, be concluded that lower concentration of amino
acids in least susceptible maize and paddy varieties
probably did not fulfil the nutritional reguirements of

5. cerealella thus resulting in antibiosis.

3ignificant negative correlation between gilica content
of the nusk and the degree of infestation of &.cerealella in
paddy has Dbeen documented by griramulu and Subramanyam
(1981), Prakash et al. {1983} and Anuradha et al. (1989).
Not only this the higher cilica content of the husk has also
been reported imparting resistance to other pests such
E.dominica and S.oryzae infesting paddy (Suzuki and Juliano,
1975 and Prakash et al., 1981). On the other hand, Prakash

and FEkao (1992) abtained a non gsignificant correlation-ship
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hatween silica content of husk and susceptibility of
S.cerealella. The present studies,: however, could not
confirm the findings of Prakash and Rao (1992} as a
significant negative correlation of silica content of husk
was found not only with the susceptibility index but also
with the other parameters studied. Whether it is the
hardness of the husk contributed by silica or it is abrasive
action of silica exerted on the insect integument which

checks the insect activities, remains unclear.

Similar to silica content of husk the ash content was
also more in least susceptible varieties of paddy, and a
negative significant correlation was established with the
different parameters under the present studies as reported
by Anuradha et al. (1989) and Fandey and Pandey (1983).
Since there is direct relation between silica and ash
content of the husk, it may be inferred than higher ash
content is the indication of higher silica in the husk and
therefore, the varieties having high ash content were least
susceptible. The present finding could not confirm the

findings of Sudhakar et al. (1989) where they reported a

negative correlation between ash content and mean

developmental periocd.

In maize, very low level of ash content was recorded
which had no significant correlation with the parameters

studied. The results are in agreement with the work of

Pandey and FPandey {1983).
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Contradictory reports are available regardinga the
relation of aoil with the developmental period of
5.cerealella. According to Feters et al. {1972 b) the maize
varieties having higher fat content prolonged the
developmental period of S.cerealella. Pandey and Fandey
{1983), however, reported that correlation coefficient of
oil content with growth index was not significant. 1In the
present investigation a significant negative correlation of
0il contents of maize and paddy varieties with grain damage,
adult emergence, loss in grain weight, survival percentage

of adults was obtained which confirmed the findings of

Peters et al. (1972 b).

The oil content in grain, seems to be an important
factor for imparting resistance or susceptibility to maize
and paddy varieties against S.cerealella due to two reasons,
firstiy that it has positive correlation with amylose ; the
increase in oil content also increases the amylose content
of grains which imparts hardness to the grains. Secondly
higher o©il content may have some detrimental effect on the
growth of the insect because of presence of various

compounds in the ¢il fractiocns of the kernels.

Losses of serious dimensions due to damage and
deterioration by insect pests of maize and paddy in storage,
have been reported by various worker under normal conditiocns

of grain storage. Maize and paddy are damaged to a great
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extent mainly by &.cerealella (0Olivier}. 1In order to
minimise the loss caused by this pest, safe storage of these
cereals with suitable and safe grain protectants, can be
highly rewarding. The results obtained during the present
investigation on the effectiveness of different grain

protectants are discussed in the following paragraphs.

A humber of synthetic insecticides have been reported
as grain protectants against storage insects wunder both
normal and controlled conditions (Mammen et al., 1968; Mc
Gaughey, 1973; Rai. 1977; Prakash et al., 1981, 1983, 1984
and 1987). Many of the conventional insecticides like DDT,
BHC. aldrin have been discarded due to their objectionable
residues or development of resistance by the insect pests.
The synthetic pyrethroides which are the late comers in the
pest control scenario required very low doses of applicatiocn
and are quickly degraded, leaving no harmful residue in the
treated materials. Therefore, during the present
investigation the efficacy of fenvalerate along with low
persistence insecticides was studied for the protection oi
maize and paddy grains. The results revealed that admixing
of the insecticidal dusts with maize and paddy grains was
effective at both the doses tested giving cent per cent
mortality of the pest {Téble 24 and 25) whereas in control
28.68 per cent grain damage and an average adult population
of 308.94 was found in maize. In paddy 9.96 per cent grain

damage was recorded along with 427.8 average adult
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population. No significant difference in germination of
rreated and untreated grains could be observed. It may,
therefore, be concluded that these insecticides can gafely
pe used in maize and paddy grains which are to be used for
seed purpose only. The results confirmed the findings of
Moore and Decker {1861}, Teotia and Singh (1966), Saxena et
gl.(]g?B)L Ggirish and Jain [1874), Schulten {19751,
Hindmarsh and Macdonald {1980}, prakash and Pasalu {1981},
Ismail et al. {1988) and prakash and Raoc {1992) who used
malathion, methyl parathion, andesulfan, guinalphos,
carbaryl and synthetic pyrethroides as grain protectants

without having any adverse effect on the germination.

Generally the impregnation of bags with insecticidal
solution has been followed for the prevention of Cross
infestation from external sSOUrces against the insect pest in
storage. Therefore, during the present inpvestigation, the
effect of impregnation of jute and cotteon Dbags with
insecticides on grain damage and loss in grain weight caused
hy S. cerealeila was studied. Earlier, several insecticides
have bheen tested for impregnation of jute bags by Joshi and
Kaul (1965), Girish et al. (1970), Ramzan et al. {1987,
1989). The results obtained during the present studies
reavealed that deltamethrin Wwas found to be the best
insecticide for impregnation of jute bags as no damage could
he recorded 1n maize grains stored in jute bags impregnated

with deltamethrin. However, 1in paddy only 0.19 per cent



161

grain damage was observed when stored in jute bags
impregnated with deltamethrin whereas in untreated control
the per cent damage was recorded 17.83 per cent and 8.19 per

cent in maize and paddy, respectively.

geveral workers have reported various plant materials
including oils, effective in checking the multiplication of
peét in storage (Sangappa, 1977; Mummigatti and Ragunathan,
1977; Nanda, 19%0 and patel, 1992). These workers, however,
used o0il after diluting them in some organic sclvents and
reported their effect on pest. In the present studies olls
were used as such, and their effect on adult emergencs,

grain damage and germination was investigated.

I+ is obvious from the results that coconut, groundnut,
mustard. neem and sesame o0il were effective against
angoumcis grain moth when these were mixed with maize and
paddy grains & 1 ml/100 g grains (Table 32 and 33). Neem oil
was proved as the best treatment which gave cent per cent
protection in terms of grain damage and adult emergence
followed by mustard, sesame, coconhut and groundnut oil 1in
which very little damage {0.00 to 9.55%) and average adult
population (0.00 to 31.28) was observed. Comparatively more
grain damadge and adult population was observed when maize
grains were treated with lower doses {0.5 ml/100 g grain) of
different oils. When comparative efficacy of these oils was
studied on paddy grains the complete protection of grains

from the §.cerealella was observed in both the doses of oils
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tested. However, in groundnut, cocontt and sasame oil the

infestation ranged from 0.10 to 0.27 %.

Most of the work on this aspect has been dons 1n
pulses. However, Prakash et al. (1980} while working on
paddy reported neem oil effective against S.cerealella.
Cobbinah and Kwarteng {1990) also found neem and coconut oil
effective 1in protecting maize from Sitophilus zeamais
Motsch. Since no work appears to have been done On malize

against &.cerealella, the results obtained under the present

investigaticn are not comparable.

The results of germination test conducted for bhoth the
cereals revealed significant adverse effect on the
germination in all the oils at both doses. The adverse
effect of oil treatment on the germination of different
pulses, wheat and cow pea has also bheen reported by Doharey

t al. (1983), Nanda (1990) and Patel (1992).

Mixing of different plant materials with grains for the
protection of insect pests constitutes one of the age old
and jndigenous practices adopted by the farmers,
particularly in developing and under developed countries.
Different plants are known to posses Some insecticidal
properties and as such they have been used in protecting the
grains against the damage of number of stored grain pests 1n
different parts of country accordinag to local availability

of such materials. Information on the botanical products as
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grain protectants against angoumois o grain moth,
S.cerealella, a potential pest of maize and paddy in South
eastern region of Rajasthan, is not adequate. Therefore, in
the present studies efforts have been made to evaluate

certain indigenous plant products against angoumoisg grain

moth as grain protectants under laboratory conditions.

The persual of results (Table 32) revealed that neem
kernel powder @ 2 g/100 g of maize grain was found best
giving lesser grain damage and adult population after eight
months of storage. The other plant products in order of
descending affectiveness against angoumois grain moth were
neem leaf powder @ 2 g, neem kernel 1 g, eucalyptus 2 g,
neem leaf 1 9. sarifa leaf 2 a, lantana leaf 2 g, sarifa

jeaf 1 g and lantana leaf 1 g, per 100 g of maize grains.

The effectiveness of plant materials in paddy grains
against angoumois grain moth showed similar trend as
observed in maize. Neem kernel powder & 2 g/100 g grain was
found best and least effective plant material was lantana

jeaf powder @ 1 g/100 ¢ grains {Table 33}.

Earlier, Girish and Jain {(1974) and gsavitri and Rac

{1976} reported that neem kernel powder @ 0.5 to 4.0 /100 ¢

grains was found effective 1n protecting paddy from
g.cerealella. They also reported that mixing of 2 and 4 petr

cent kernel powder was economical; it controlled other

stored product pests alsc.



Dakshinamurthy {1988) reported 1 per cent eucalypt&é]{
leaf powder effective against S.cerealella in stored paddy
grains. The present studies confirmed the finding of

Dakshinamurthy {1988) but better control was obtained in 2

per cent.

,antana leaf and sarifa leaf powder were found least

effective but petter than untreated check.

t al. {1971), Bowry et al. (1984), Prakash et

Teotla
al. (1984) Yadav and Bhatnagar {19873 and Chiranjeevi (1991)
found no adverse effect on germination when dharek d4rup,
bel, neem leaf powder, neem seed powder, lantana leaf and
cake powders of linseed. neem, mahuva. castor were mixed
with wheat, paddy and pulses. In present investigation also
maize and paddy grains treated with different plant

materials did not reveal any adverse effect o©n the

germination.

Maize and paddy grains are stored by the farmers for
considerable period in Kachchi kothi {mud structure} pakkil
kothi, Jute bags, loose storage in rooms. sometimes these
are stored in metal bin/tin drum put for a very short
duration. During this period, these are subjected to the

attack of various ingect pests which ultimately results in

gualitative and quantitative losses.

The results obtained under the present investigation on

moisture content, per cent grain damage, perl cent welght
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joss, and germination per cent of the maize and paddy
samples collected from the different storage structures of
the farmers revealed that the maximum moisture content,
grain damage, loss in grain weight and minimum germination
was recorded in the grains stored in Kacﬁg kothi followed DY
ioose storagde in room and jute bags. The minimum moisture
content, grain damage, 1lo0SS in grain weight and maximum

germination of maize and paddy grains was recorded 1in the

gample collected from pucci kothi as compared to other

storage gtructures.

gingh et al. (1977, 1991) also recorded gimilar
observations. The reason ig simple that in ‘kachchi kothi’
{mud structure) there is no check on moigture hence. the
moisture content of the sample was found maximum. Ag the
insect received optimum moisture requirement it multiplied
resulting in maximum grain damage, loss in grain weight and
minimum germination. In[pakki kothii on the other hand the
entry of moisture was restricted which subsequently resulted
in the minimum grain damage. loss in grain weight and

maximum germination of grains.
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SUMMARY

The results obtained under the present investigation on
the bio-ecologdgy .and management of Angoumols grain moth,
Sitotroga cerealella (0livier) {Lepidoptera Gelechiidae)

infesting stored maize and paddy are summarised below :-

1. The bio-ecological studies of S. cerealella on maize
revealed that a female laid maximum eggs (174.30) at
30°C followed by 25°C (172.72) (Table 8). At 80 pef cent
relative humidity maximum edd laying (166.77) was
recorded as compared to other humidity jevels (Table-9).
The optimum condition for maximum egg laying was the
combination of 25°C and 80 per cent relative humidity.
In paddy single female laid maximum egds (90.22}) at
30°C. The maximum €9gs {79.49) were also laid at 80 per
cent relative humidity as compared to other humidity
levels (Table-12). The combination of 25°C and 80 per

cent relative humidity was found most favourable for egg

laying {Table-13).

2. At 30°C and 80 per cent relative humidity, the
development was more rapid, the egg, jarval and pupal
durations being 3.75, 18.20 and 6.10, respectively in

maize while 3.70, 12.30 and 4.72 days, respectively in

paddy.
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The maxlmum hatching (89.66%) was recorded at 25°C

followed Dby 30°C in maize. At 70 per cent relative

humidity also it was maximum (79.35%) as compared to
other humidity levels. The most suitable combination of
temperature and humidity was 25°C and 80 per cent
relative humidity on which 94.28 per cent hatching was

recorded. Almost similar trend was found in paddy.

In the maize longevity of male and female (average of
both sex) was found maximum at 20°C (11.78 days). It was
also maximum at 70 per cent relative humidity {9.76
days) as compared to other humidity levels. The
combination of 20°C and 70 per cent relative humidity
was found most favourable where the adults remained
alive up to 13.78 days (Tables 8, 9, and 10). In paddy

almost similar trend was observed (Tables 11. 12 and

13}.

The sex ratio (male : female) was found highest at 30°C
{1 : 1.37) in maize. 1t was also highest at 70 per cent
relative humidity (1 : 1.1925) but no significant
difference Wwas observed among 60, 70 and 80 per cent
relative humidity levels tested. The combination of 30°C
and 80 per cent relative humidity was found the most
favourable at which maximum sex ratio (1 : 1.40) was

observed (Tables g, 9 and 10). Almost similar trend was

observed in paddy.
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varietal screening was concluded employing the different
parameters viz., per cent grain damage. adult emergence,
per cent loss in grain qeight, gurvival percentage of
adults and sugceptibility index. The varieties showed

varying levels of resistance/ susceptibility to the S.

cerealella.

Least susceptible varieties exhibited less percentage of
grain damage, less number of adult emergence, lower per
cent loss 1in grain weight, low survival percentage of

adults and lower susceptibility index.

The extent of grain damage was less in least susceptible
var;eties (1.00 to 1.63% in maize and 0.64 to 1.00 & in
paddy} than susceptible varieties {6.33% to 14.64 % in

maize and 6.%0 to 13.31 % in paddy) .

The average adult emergence Was minimum in least
susceptible varieties ({o87to 1.6%in malize and 0.61 to
0.93 in paddy) than the susceptible varieties (6.2%8 to

14,66 in maize and 6.6 to 12.92 in paddy).

Least preferred varieties showed low per cent 1o8s in
grain weight ranging from 0.53 to 0.70 per cent in maize
and 0.30 ¢to 0.62 per cent 1in paddy, whereas, in the
susceptible varieties the loss in grain weight ranged

from 3.03 to 8.10 per cent in maize and 3.45 to 6.70 per

cent in paddy.
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Adult survival percentage wag also less in least

susceptible varieties of maize (4.34 to 6.00 %) and

paddy {4.09 to 4,72 %) than susceptible varieties of

maize (21.04 to 46.25%) and paddy (20.08 to 35.26 %).

gimilarly susceptibility index was found less in least

susceptible varieties of maize (5.03 to 5.89) and paddy

{6.93 to 7.11).

on the basis of all the parameters under investigation
only three varieties of maize yviz., Surya, Ageti-76 and
cM-111 and three varieties of paddy viz., Bala, Pusa.z-

21 and Cauverl were found 1least gusceptible against

angoumolis grain moth.

The non-preference effect of the least susceptible
varieties was correlated with the grain hardness and
thickness of husk. The least susceptible varieties had
comparatively more thicker husk and were found harder

than susceptible varieties of both the hosts.

The antibiosis 1in least susceptible varieties was
correlated with the nutritional imbalance. The least
susceptible varieties had comparatively lesser amount of
total protein and free amino acid concentration than the

susceptible varieties of both the hosts.

Admixing of all insecticidal dusts viz.. malathion.

methyil parathion, endosulfan, guinalphos, carbaryl and
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fenvalerate (@ 2 1000 and 4 : 1000 parts wt./wt.} was

found to be effective in checking the jnfestation of s,

cerealella.

Impregnation of jute and cotton bags with insecticidal
golutions was found to reduce the moth multiplication in
storage from field carry over. The impregnation of Dbags

with deltamethrin and fanvalerate was found very

effective.

Mixing of different vegetable oils with maize and paddy
grains significantly reduced the multiplication and
damage of §. carealella at both level of dose (0.5/100 ¢
grains and 1.00 ml/100 g grains). The efficacy of
different oils was neem 0il > mustard oil > sesame oil >

coconut oil > groundnut oil.

Evaluation of plant material for the protection of maize
and paddy grains indicated that neem kernel powder @ 2 ¢
/100 g grains was found the best plant material giving
good protection upto eight month of storage. The grain
damage in the grains treated with neem kernel powder @ 2
g /100 g of grains was found 2.13 per cent in maize and
1.09 per cent in paddy. The second in order of
effectiveness was neem leaf powder followed by

eucalyptus leaf powder, sarifa leaf powder and lantana

leaf powder.
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The grains stored in bays impregn