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INTRODUCTION



1. INTRODUCTION
1.1 Host Plant Resistance

As early as 1782 the use of resistant plants to suppress
pest populations has been considered to be the ideal control

method (Fitch 1847).

The importance of developing plants resistant to major
insect pests has created the need for understanding the
mechanisms involved in resistance. Painter (1951) defined
resistance as the "relative amount of her;table gualities
possessed by a plant which influences the ultimate degree
of damage done by the insect". Paigter (1951) also provided
a simple basis of resistance created by 1) "non-preference"
2) "antibiosis”™ and 3) "tolerance"., Non-preference refers
to a behavioural response of the insect to a plant that tends
to stop the feeding or ovipositing or sheltering on or in
the food. Antibiosis on the other hand refers to plant
characteristics which directly injure or destroy (insect)
life. This may take the form of reduced fecundity, decreased
size, increased mortality or abnormal longevity (Painter,

1951).

Kogan and Ortman (1978) addressed themselves to the
anomaly which arcose from the use of the term "non-preference"”
and "antibiosis"™: The anomaly being that while "antibiosis"”
refers to plant characteristics, non-preference on the other
ﬁand is a behaviocural response of the insect. Kogan and
Ortman (1978) proposed the word 'antixenosis' to refer to

undesirable plant characteristics which lead to avoidance



behaviour or non-preference.

Tolerance refers to the ability of the plant to grow
and reproduce or repair damage while still supporting a
pest population which will normally be damaging to a sus-
ceptible host. This form of resistance however, is irre-
levant to seed feeding situations as damage to stored

seeds cannot be recovered (Parkin, 1956)

In recent years there has been the search for ecolo-
gically scound alternatives to chemical coﬁtrol of pests
as a result of the awareness of the problems relating to
the use of pesticides. These problems include induced
resistance to pesticid?s, pest resurgence and secondary
pest outbreaks, envirconmental pollution and hazards to

human health.

So long as a host remains resistant to an attack by a
pest species, its effect on the pest is specific, persistent
and will tend to reduce the overall pest population. These
features make host plant resistance a very desirable char-
acteristic. Furthermore the use of a resistant crop or
seed is not directly harmful to natural enemies or to the
environment. Total resistance may not be necessary and any
form of host plant resistance which will'keep the pest pop-
ulation below the economic threshold or merely decrease
damage can meet the objectives of pest control. In cases
of partial resistance the pest individualf remaining in the
seed or crop ecosystem could be a source of hosts for nat-
ural enemies and thereby help to regulate the pest population

as part of an integrated control approach,.



Beck (1965), Maxwell (1972), Painter (1958) and Gallun
et al (1975) reviewed the subject and they pointed out the
value of host plant resistance to pest control. The cost
of this form of pest control could be low and the benefits
could be great. There are no available examples in stored
products {at least as at the time of writing this thesis)
where the cost benefits of using resistant varieties have

been estimated but in programmes to develop crop varieties

resistant to the spotted alfalfa aphid, Theriocaphis maculata

{Buckton), the wheat sawfly, Cephus cinctus (Norton) and the

Hessian fly Phytophaga destructor {(Say) an estimated annual

savings (in reduced losses) of $308 million was reported in
the United States (Luginbill,1%69). The cost of research
and development was $9.3 million, and the cost benefit ratio
was therefore approximately 1.00:300 for a ten year period

(Luginbill, .1969).

Research on breeding for resistance had largely con-
centrated on crop plants with little attention to their
storage characteristics inspite of the early recognition
by Hinds (1914) that differences existed in maize varieties
to the rice weevil attack. In Nigeria for example, the
objectives of sorghum breeding have been based on "a com-
bination of desirable factors of adaptability, acceptable
plant height, seed colour and quantity, resistance/tolerance

to Striga and high yield” (Obilana, 1981).

-

It has been claimed by Giles (1964a) that the increase

in the World food supply may not mean increased production



but reduced losses. While it may be true that there is
enough cereal production, for example, to feed the World
{Anon, 1979}, the location of the main areas of production
and their distribution may not justify such a claim. Some
parts of the World not only have to produce more but they

also have to be able to reduce losses in store drastically.

Total losses in sﬁore by stored product insects might
be difficult to assess as total loss could arise from either
o? all of the following: insects, mites, fungi, birds, rodents,
handling or chemical changes (Howe, l1l965a). Giles (1964b)
estimated an annual loss of 4% of stored sorghum caused by
stored product insects., This might be regarded as a con-
servative estimate (Ayertey, per.comm., 1981). Estimates
from the Sudan suggest a 20% - 35% loss (Shazali, 1982),
A total loss of up to 50% of stored cowpea seeds caused by

the bruchid beetle, Callosobruchus maculatus (F.) has been

reported by Gatehouse et al (1979).

Studies with varietal resistance in different seeds
have been limited in a number of cases to determining that
the cultivars differ in their susceptibility to stored
products insect pests. However, in some cases success has
been reported in determining the seed characters involved
in resistance. The integration of these into crop breeding
proegrammes such as breeding to transfer bruchid resistance
of '"TVu 2027'into commercially viable cowpea lines at the
International Institute of Tropical Agriculture (IITA),

Ibadan, Nigeria, is an example.



1.2 Resistance to Stored Products Insect Pests
in Stored Seeds
1.2.1 Cowpea
At IITA, Nigeria, five thousand cultivars of cowpeas,

Vigna unguiculata (L.) (Walp.) were screened for resistance

against the larvae of C. maculatus, and only one,'TVu 2027,'
showed significant resistance (Singh, 1977). Resistance
was found to be due to various biochemical factors. The
resistant variety contained significantly greater levels of
inhibitors, mainly trypsin inhibitors but to a lesser de-
gree chymotrypsin inhibitors (Gatehouse et al, 1979).
(Redden et al {1983) mentioned that some other factors not
yet detected might be implicated). The inhibitors were
effective antimetabolites of C. maculatus larvae. This is
a clear case of antibiosis. However, cowpeas in pods
(especially those with thick pods) are very resistant to in-
festation (Akinbohungbe, 1976} . Booker (1965) & Nwanze gt
al, (1975) have also shown that smooth coated seeds were

preferred to rough ones for oviposition by the female C.

maculatus.

Several compounds found on non-host legumes e.q.

phytohaemagglutinins from black beans, Phaseolus wvulgaris

have been found to be toxic to C. maculatus (Janzen et al,

1977). It has been suggested that Acanthoscelides obtectus

(Say) the common pest of P. vulgaris may have developed
metabolic pathways by which it could detoXify the toxin

(Janzen et al, 1977).



In maize (Zea mays L.), the maize weevil, Sitophilus

zeamais (Motschulsky), the rice weevil, Sitophilus oryzae

(L.) and the Angoumois grain moth Sitotroga cerealella

{0liv.) are considered the most important stored product

insect pests (Dobie, 1982},

Hybrids of maize with protective long and tight
husks have been reported to have decreased weevil infestation
(Dobie 1977, Giles and Ashman 1971, Kirk and Manwiller, 1964,
Kyle, 1918). Some seed characteristics were also shown to
be important in decreasing weevil infestation,. These
characteristics include seed hardness (Dobie, 1974; Eden,
1952; Singh and McCain, 1963), low sugar content (Singh

and McCain, 1963), lower moisture content at harvest {Giles

and Ashman, 1971), high amylose content (Dobie, 1974; Rhine and

Staples, 1568). Dobie (1974) also reported a correlation
between amylose content and seed hardness and as such the
effect of amylose content on susceptibility might be diff-
icult to separate from hardness as high amylose seeds are

usually also hard.

The incorporation of a mutant gene, the double recessive
opagque -2 gene, has been shown to change the protein com-
position and increase lysine content in maize seeds although

such seeds are invariably susceptible to S. orvzae, (Gupta

ét 1, 1970). However, Schoonhoven et al {1972b) found

r
that equal numbers of S. zeamais emerged from the opaque

maize compared with the normal. Schoonhoven et al, (1%72a)



reported that it was the kernel pericarp that conferred
resistance to the maize weevil and not the endosperm.

Dobie (1974), however, did not find any significant ovi-
positional differences between the maize cultivars he
tested and he also reported that, although more eggs were
laid in damaged maize seeds than in intact seeds, the
additicnal eggs were not necessarily laid in the damaged
areas of the maize seeds (Dobie, 1977). Gomez et al (1983)
reported that significantly more eggs were laid in maize
seeds without pericarp than in undamaged seeds but they

could not find any correlation between the numbers of eggs

laid and the thickness of the pericarp.

Kempton (1917), studied the resistance of maize to

§. cerealella and found the Bolivian mottled kernels had

lower infestation to the moth than seeds of uniform colour,
Peters et al (1960) and Rhine and Staples (1968) found that
high amylose in maize seeds affected the moth's development

and adversely affected its size. This is another example of

antibiosis,

Resistance to attack by Plodia interpunctella (Hb,)

was attributed to hardness and small size and not to any

nutritional characteristics of the maize seeds (Abdel-Rahman

et al, 1968).

1.2.3 Rice

-
8. cerealella, R. dominica and S. oryzae are the common

stored products insect pests of paddy (unhusked rice) and



rice (dehusked rice), Abraham and Nair (1968) showed that
fecundity was positively correlated with susceptibility to

S. cerealella. Subsequently, Abraham and Thomas (1969) re-

ported that they coﬁld not establish any significant corr-

.
elation between resistance and husk thickness, protein con-
tent of endosperm or seed "fineness". However, some paddy
rice had been reported to show resistance to insect attack
and this was associated with tight glumes (Breese 1960, 1962,
1964) ., Russell, (1968) using §. oryzae and S. zeamais
showed a trend for higher oviposition ana adult emergence
as the proportion of seeds with gaping husks increased., A
similar relationship was reported‘by Cohen and Russell,

(1970) with S. cerealella.

Cogburn (1974) found that R. dominica, S. oryzae and

5. cerealella all showed non-preference for the 'Dawn’

cultivar of rough rice. He reported also that intact husks

precluded entry by S. oryzae and excluded 91% and 72% of R.

dominica and §. cerealella larvae respectively. McGaughey,
{1974) showed that the 'Dawn' variety of rice was most re-

sistant against P. interpunctella, R. dominica, S. oryzae,

Ephestia cautella and Tribolium confusum (J.du.V.) but not

against Oryzaephilus surinamensis{(L.) and Lasioderma serri-

corne (Fabricius).

Abraham et al (1972), found no relationship between
the amylose content of rice seeds and susceptibility while
Sikder (1965) reported that increase in Hbdy weight of the
grain moth depended upon the nutritional value of the food

material. Chatterji et al (1977), suggested that low
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resistance in rice was related to high protein levels.
Morallo-Rejesus et al (1982) reported that the index of

susceptibility of rice varieties to §. zeamais was nega-

tively correlated with seed hardness.

The seed characteristics that could be responsible
for resistance in wheat are yet to be properly determined.
Between 1965 and 1970 the Division of Entomology, Inter-
national Agricultural Research Institute, new Delhi screened
1,536 varieties of wheat for susceptibility to S. oryzae
and R. dominica (Bhatia 1976). Fifty-three were found to
be relatively resistant to S. oryzae and 48 to R. dominica
while 7 were found to be resistant to both insects. Re-
sistance was attributed to the seed hardness as measured by
the 'Pelshenke' value. The 'Pelshenke' value is a measure
of gluten strength, However, Bhatia (1976) pointed out
that chemical factors could also be involved because in
those tests a variety named Kalyansona {(HD 1953) which was
found to be the most resistant had relatively soft seeds.
Khokhar and Gupta (1974) reported that seed size, protein
content and seed hardness did not have any relationship on
the susceptibility to S. oryzae. Boles and Ernst (1976),
using & cultivars of wheat reported that the relative sus-
ceptibility to S. oryzae remained unchanged after 3 years

of storage under constant conditions.

There is very little information on the resistance of

barley seed cultivars to stored products insects. Sinha



-11~

(19269, 1971) reported that\Montcalm’cultivar was resistant
to R. dominica and §. oryzae while Hulless and Hannchan, and
Keystone were resistant to T. confusum and T. casteneum res-
pectively. Other workers e.g. Loschiavo et al (1969),
Bhatia et al, {1975}, and Singh et al (1972) have also
reported varying levels of varietal resistance to stored

product insects.

1.2.6. Sorghum

Samuel and Chatter3ji (1953) and Lefevre (1953) studied

varietal resistance to Sitophilus and other stored products

insects in stéred sorghum seeds and they speculated on seed
factors such as hardness, texture, moisture content and
husk cover as possible resistant factors. Doggett (1957,
1958, 1970) was able to breed for sorghum seed cultivar

resistance to infestation by Sitophilus spp. using thick

corneous outer endosperm in the seed as a resistance factor,.
Other workers such as Russell (1962, 1966), Russell and Rink
{1965) and Davey (1965) have confirmed the importance of
seed hardness. Cultivars which retained tight glumes after
harvest have been shown to be nearly immune (Rogers and
Mills, 1974a). Rogers and Mills (1974b} alsc found that
resistance was not associated with low equilibrium moisture

content.

Williams and Mills (19B0) showed that abrading the

pericarp made resistant cultivars become as susceptible to

-

8. oryzae as abraded susceptible cultivars.



~-12-

Khalifa (1962) indicated a probable association between
the rate of loss in weight as a result of feeding by larvae

of Trogoderma granarium and the amount of starchy endosperm,

The loss was consistently greater in cultivars with large
seeds. The physical and biochemical characteristics of
stored séeds and the probable resistance mechanisms by

which they caused resistance are summarised in Table 1,

1.3 | Stored Sorghum and its Insect Pests
Sorghum ranks as the fifth most important cereal in

the World. It -is only surpassed in terms of acreage pro-
ducticon in the following increasing order by barley, maize,
rice and wheat (Anon, 1279, Doggett, 1970). Anon. (1979},
reported that in 1977, 102.0 million tons of sorghum {and
millet) were produced World wide. This compared with 385
million tons of wheat, 349.1 millions tons of maize, 184.,4
million tons of barley and 50.8 million tons of oat (see

also Fig. 1.1). The report did not include rice production.

The principal producer of sorghum in the World is U.S.A.
followed by India, Argentina, Nigeria, Sudan, Yemen and

Ethiopia in that order (Fig. 1.2).

Sbrghum and millet are the main cereals produced in
Africa, and Nigeria is the largest producer. In Nigeria,
three main cereals are grown namely: maize, sorghum and
millet, Serghum is by far the most important followed by
éillet and maize (Fig. 1.3}. Sorghum is grown mainly in
the Savanna zones of Northern Nigeria where it is used for

human consumption and livestock feed by the peasant farmer.
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Table 1.

The physical and biochemical characteristics of stored seeds and the probable

resistant mechanisms by which they caused resistance to stored product insects.

Name of
stored product

2.

3.

4.

LEGUMES

Cowpea
(Vignia unguiculata)

French bean
(Phaseolus vulgaris)

Chickpea
{Cicer arietinum L.)

CEREALS"

Maize

Stored
product insect

C..maculatus

Callosobruchus

S. zeamais

SppP.

Seed character
(physical and
biochemical)

Thick pods

Smooth surface

Protease inhibitors

phytohaemagluttinins

Spiny rough seed coat

Tight husk
Seed hardness

Low sugar content

High amylose content

Low moisture content

Probable resistance
mechanism involved

Non-preference

"

Antibiosis

Non-preference

Non-preference

Antibiosis

Reference

L3

Akinbohungbe (197

Booker 1975

Nwanze et al (197

Gatehouse al

Janzen et .al
(1977)

Raina (1971)

Dobie (1977)
Dobie (1974)

Singh & McCain
12974

Rhine & Staples
(1968)

Giles & Ashman
1971

Continued



Table 1,

Name of
stored product

CEREALS

Wheat

Sorghum

(Continued}

Stored
product insect

e

~cerealella

|

Seed character
(physical and
biochemical)

interpunctella

S. cerealella

S. zeamais

jnn

«. oryzae
5. oryzae

R. dominica
Sitophilus spp.
5. oryzae

Colour-mottled
seeds

High amylose

Seed hardness

Seed size

Tight glumes

High protein levels

Intact husk

Seed hardness

Intact hust

Seed hardness
(gluten strength)
Seed hardness
Seed hardness

Tannin in seed coat

Probable resistance
mechanism involved

Non-preference

Antibiosis

Non-preference

Antibiosis

Non-preference

Reference

Kempton {1917)

Peters et al
{(1960)

Abdel-Rahman

et al (1968)

Breese {1960,
1963, 1964)

Chatterji et al
(1977)

Russell (1968)

Morallo-Rejesus
{1982)

Bhatia (1976)

Doggett (1957)
Russell (1962)
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After harvest the sorghum is stored in granaries and
during the raining season the temperature and the equilibrium
moisture content of the seeds are within optimum range for
a number of stored product insects (Giles 1964a). However,

infestation by S. oryzae and S. cerealella were found 53

days before harvest (Giles 1964b). A number of workers

e.g, Cornes (1973), Giles (1964a & b, 1965a), Golding (1946)
have listed the insect pests of stored sorghum. Appendix 1.0
gives a check list of the insects associgted with stored
sorghum in Nigeria. Eighty-three percent of the insécts are
Coleoptera. According to Cornes (1973) the mqjor insect pests

of stored sorghum are S. oryzae, S. zeamais, S. cerealella,

T. castaneum, T. confusum, 0. mercator and R. dominica.
However, Giles (1964b)} took monthly samples of threshed
sorghum in a granary in Northern Nigeria for a period of one
vear and reported that 98% of all‘the insects found through-
out the year were 5. oryzae. The bimonthly Samaru market
samples also showed that 5. oryzae was most numerous, con-
firming §. oryzae as the major pest of stored threshed
sorghum in Northern Nigeria. With unthreshed sorghum however,

S. cerealella was the most numerous followed by S. oryzae

and R. dominica (Giles 1964b).

1.3.1. The_biology_of_5._oryzae and_R._dominica

S. oryzae (see Plate }) belongs to the family Curculion-
idae which also includes §. 2zeamais and S§. granpnarius. They
are characterised by an elongate snout in~front of the head,

at the end of which are the mouth parts. The female bores

a microscopic hole in the seed and lays an egg in the hole.
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The hole is covered by a mucilaginous secretion known as

the 'egg plug'. This egg plug provides the external evi=-
dence that a seed contains an egg. The larva that hatches
from the egg. feeds in the endosperm of the seed and moults
4 times, transforming into a pupa at the last moult. The
pre-emergent adult stays in the seed for a few days after

which it bores its way to the outside.

The taxonomic position of S. oryzae and §. zeamais
was in dispute for a long time. Earlier workers e.g. 'Birch
{1945a), Howe (1952), Richards (1944) and Segrove (195]),
referred to them as the "small" and the "large" strains,
Birch (1954) described them as sibling species and repbrted
that the small strain was common in stored wheat while the
lJarge strain was common in maize. However, Floyd and Newson
{1952) and Kuschel (1961) addressed themselves to the sep-
aration and recognition of the two species. Halstead (1963)
confirmed Kuschel's (1961} findings and gave the genitalia

characteristics by which the two species could be separated.

S. granarius can be distinguished from S. zeamais and

5. oryzae by the lack of posterior wings.

The effects of environmental factors on the bioclogy of
the rice weevil are described in Longstaff's (1981} review

of the genus Sitophilus {see also Howe, 1965b}.

R. dominica, family Bostrychidae, is a cosmopolitan
species with World wide distribution. The eggs are laid on
the seeds in batches or loosely in frass (Potter, 1935},

The maximum egg laying is reached within 14 days of adult
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(L-)

Sitophilus oryzae

PLATE 1
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lifg_under optimum conditions (Birch 1945b}. Howe (1950},
reported a maximum of 45 eggs in one day and a mean daily
rate of 4 to 15. Birch (1945a), found that Ehe female laid
cne-eighth of the normal numbers of eggs in the absence of
damaged seeds. Breese (1962), however, could not find any
differences in egg laying on damaged and undamaged wheat

seeds.

The larva hatches from the egg and burrows into the
seed where it completes its development. ' There are normally
four larva instars. Both the adult and the larva feed on
the same food material. Compared with §. oryzae and S.
granarius, Golebiowska {1969) showed that R. dominica was

the most voracious feeder with a rate of development greater

in whole seeds than in flour (Howe, 1950).

R. dominica can survive at higher temperatures and
drier conditions than S. oryzae {(Birch 1945b) and in a
competition experiment between S. oryzae and R. dominica,
Birch (1953b & c) showed that at 29.1°C S. oryzae was the

winner whereas at 32.3°C R. dominica dominated.

1.4 Research Objectives

For a number of stored products, the seed characters
which confer resistance on the products have been identified
{see Table 1). However, there is no detailed information on
the mechanisms by which these factors operate.

-

In this research project sorghum cultivars from Nigeria

and Tanzania were screened for resistance against S. oryzae

and R. dominica. This was followed by a study of possible
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mechanisms of resistance against S, oryzae, the dominant
insect pest of sorghum, and an associated study of its

oviposition behaviour.

It was thought that a knowledge of the resistance
mechanism(s} involved in seed sorghum cultivars would be
a pointer to the source of resistance. The seed character
conferring resistance could then be incorporated along with
other desirable agronomic characters in breeding programmes
to produce more ‘resistant cultivars and hopefully lead to

smaller losses 1in store,
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mechanisms of resistance against S. oryzae, the dominant
insect pest of sorghum, and an associated study of its

oviposition behaviour,

It was thought that a knowledge of the resistance
mechanism(s) involved in seed sorghum cultivars would be
a pointer to the source of resistance., The seed character
conferring resistancg could then be incorpecrated along with
other desirable agronomic characters in breeding programmes
to produce more resistant cultivars and hopefully lead to

smaller losses in store.
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2 GENERAL MATERIALS AND METHODS
2.1 Sorghum Cultivars

Nine cultivars of sorghum were obtained from the
Agricultural Research Station, Mokwa, Nigeria and the
Naticonal Seed Service, Zaria, Nigeria. These had been
coded Ex-Mk, CSHS5, FDl, ML4, C-7-4-2 (from Agricultural
Research Station, Mokwa) and LS1499, LS187, SK5912, BES
(from the National Seed Service, Zarial. Twelve other
sorghum seed cultivars which originated from Tanzania were
obtained from the International Cereal Research Institute
for Semi-Arid Tropics (ICRISAT), India. These had been
coded TSC 212, 213, 229, 257, 287, 291, 303, 305, 336,
337, 341, 352. Details of their local names and locations

where they were collected are listed in Appendix 2.1.

The seeds were placed in the deep freezer (about -20°C)
for a minimum of three weeks to kill any infesting insects.
This method of seed sterilization was preferred to heating
in an oven (e.g. Ayertey 1976) because heat sterilization
of seeds has been shown to affect the moisture content/
relative humidity equilibrium of food, Pixton (1968). Follow-
ing this treatment about 0.5C Kg. of each variety was spread
in separate rectangular plastic containers measuring 60cm.

x 38cm. x 20cm,. The top of each container was covered with
blotting paper using seal strip, (Adshead Raticliffe & Co,
Ltd., Belper, Derby), a pliable material similar to plasti-
cine, and placed in an experimental room 4«o equilibriate
for a minimum of four weeks {(cf. Russell, 1962; Shazali,

1982). The seeds were then transferred in small guantities
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to smaller plastic containers measuring 27cm., X 13cm. X 9cm,
for a period of 2 weeks. The seeds were spread in the smaller
containers such that they were just one layer thick. Two
heoles each measuring 5cm. in diameter were drilled in the

lids of the smaller containers. The holes were covered by
muslin cloth stuck on with ethyl acetate. Seeds for ex-
perimental work were taken from the smaller plastic con-

tainers.

2.2 Insect Species and Rearing Méthods

A culture of S. oryzae and R. dominica were obtained
from the Pest Infestation Laboratory, Ministry . of Agriculture,
Fisheries and Food, Slough, England where they were bred on
wheat. The insects were separately transferred to a suscep-
tible sorghum strain used for human food and obfained from
an Indian supermarket in Southall, England. The variety of
sorghum was unknown and is henceforth referred to as 'Southall

Strain'.

For each insect breeding culture, between 500 and 1000
grams of 'Southall Strain' of sorghum were placed in 2% litre
glass jars, and between 100 and 200 unsexed adults of S. oryzae
and a similar number of R. dominica were introduced in
separate glass jars., The inside of each jar was painted
with fluon about 7 to 10cm, above the level of the seed to
prevent insects escaping. Each jar was covered by a white
fiiter paper using seal strip. The culture jars were taken

to the controlled environment room where all experimental

work was performed. The room was maintained at a constant
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temperature of 30°C %+ 0.50°C and a relative humidity of
70 & 2.00%, No lighting was provided except when working

inside the room.

The adult rice weevils were left on the seeds for a
period of 21 days after which they were removed by sieving.
The culture was thereafter examined daily for newly emerged
adults. As soon as the first emergents were sighted, the
culture was sieved, Number 10 (aperture 2.00mm) and No. 20
(aperture 850 microns} sieves, Endecotts "(Filters) Ltd.
London, were placed on top of each other, The top sieve
(No. 10) retained the sorghum seeds while the lower sieve
(No. 20) retained the weevils, and the container below the
sieves retained the frass. This procedure was adopted weekly
in order to obtain S. oryzae adults of known age groups i.e.
at the end of the week, the weevils were 0 - 7 days old.
They were transferred to fresh seeds ('Southall Strain') in
another container usually Neo. 11 dish (10cm. diameter and
4cm. deep) for another week, At the end of that week the
weevils were 1-2 weeks o0ld and ready tc be used for exper-
imental work. Birch (1948) had shown that the first 3
weeks of adult life of S. oryzae accounted for 94% of the

final value of the intrinsic rate of natural increase.

Each rice weevil! culture was terminated after about

two generations.

In the case of R. dominica it was not considered
necessary to obtain insects of known age as only eggs were

needed for experimental work {(see Section 3.12.,2),
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2.3 General Experimental Technique
2.3.1 Sterilization of glassware

All glassware was sterilized by heating inan oven at a

temperature of 125°C for B hours (Coombs, 1981, pers. comm.).

2.3.2 Determination’of possible insecticidal residues in seeds.
The aim of this was to determine the presence of possible

insecticide residues in or on sorghum seeds to be used for

experimental work. This was necessary because contaminated

seeds were likely to have lethal or sublethal effects on

5. oryzae, and thus affect the experimental results. Samples

of all cultivars and batches of seeds were therefore tested

for insecticide residues using adults of Drosophila which

is known to be relatively very sensitive to insecticides
(Way, 1981, pers. comm.]). One hundred seeds of each cultivar
were placed in separate 50mm x 25mm glass tube and about

five to ten drops of acetoﬂe added. The tubes were stoppered
with cork tops and shaken vigorously several times. The
acetone was expected to dissolve out any insecticide residue
from the seeds. The cork was next removed and the acetone

was allowed about twelve hours to evaporate from the seeds.

Then a hole was bored in the wooden cork and in the hole
was placed a piece of cotton wool moistened with sucrose
solution. The sucrose solution was to be a source of food

for the Drosophila. Ten wingless Drosophila adults were

placed in each tube, There were five replicates per cultivar.

-

All treatments were kept in the experimental room for
24 hours after which each tube was examined for living and

dead Drosophila. In all cases examined, where seeds contained
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insecticides, all the Drosophila died within 24 hours. It

was therefore a gquick method of detecting the presence of

insecticides on stored sorghum seeds.

This was based on the methods of Frankenfeld (1948) and
Sharifi (1972). The seeds were stained by acid fuchsin
dye. The dye was prepared as follows:
Acid fuchsin O.5gm.
Glacial acetic acid 50ml
Distilled water 950ml,
The distilled water and glacial acetic acid were mixed in
a fume cupboard using a stirring rod, and then acid fuchsin

added,

The sorghum seeds to be examined were held in a wire
gauze tea strainer under a stream of warm water for about
30 seconds and then poured into a 100ml. beaker containing
50ml- of acid fuchsin solution and agitated for about 2 minutes.
Thereafter the seeds were replaced in the tea strainer and
held under a stream of cold wat.r for 30 to 60 seconds to
allow the excess stain to wash-off. The seeds were then

spread on 'Kim-Wipe' paper to allow them to dry.

Using the binocular microscope, the egg plugs could be
seen to be stained a deep cherry red. To confirm the pre-
sence or otherwise of eggs in relation to egg plugs, seeds

ﬁreviusly soaked in water for 12 to 24 hours and then stained

-
-

were dissected under the binocular microscope, the stained
egg plugs being used as a guide to the position of the eggs.

Ninety-six percent of the egg plugs examined were found to
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contain eggs or first instar larvae, The difference between
egg plugs and actual eggs was therefore insignificant and
hence the number of egg plugs were used as a direct measure
of'egg numbers. Shazali (1982) infact reported that every

egg plug had an egg underneath.

2.3.4 Sexing of adults

Under a binocular microscope the female rostrum is
noticably more slender and longer than the male {(Richards,
1347). It is shiny or smouth and the puﬁctate grooves are

regular. The male rostrum is rough or coarse and the punc-

tate grooves are deeper,
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3 PRODUCTIVITY EXPERIMENT
3.1 Initial Experiment on Numbers eme;ging from
different seed cultivars
3.1.1. Introduction
Productivity as used here relates to the numbers of
the Fl generation adult rice weevils produced and their
developmental rates on the different cultivars. From

these two parameters an index of susceptibility {Howe, 1971;

Dobie, 1974; 1977; 1982) is derived as follows:

loge ¥
I = —t x 100 (1)
where Y = +total number of Fl emergents
t = median developmental period
I = 1Index of susceptibility

e the base of Naperian logarithms.
The index was used by Dobie to estimate'rml the intrinsic

rate of natural increase and was based on Lotka‘®s (1925)

formula:

N = N e mt . (2)
t (o]
where N0 = number of insects at time zero
Nt = number of insects at time t
rm = intrinsic rate of natural increase

the base of Naperian logarithms.

@
It

When expressed in logarithmic form equation (2) becomes:
log_ N = r t + log N (3)

Rewriting eguation (3) becomes:

log, (Nt/No)
r = (4)
m t
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The expression 1oge (Nt/No), the logarithm of the increase
in numbers could be estimated by the yiéld (v}, i.e. the
total number of Fl emergents and a number proportional to

rm could be obtained as

.

Dobie (1977) showed a linear relationship between the
intrinsic rate of increase of S. zeamais and the indices
of susceptibility in maize varieties. The maize weevil,

5. zeamais is a closely related species to 5. oryzae,

The index of susceptibility was therefore used to
compare the potential rates of increase of S5. oryzae on

the different cultivars of sorghum,

From the index of susceptibility of a number of sor-
ghum seed cultivars, the relative indices of susceptibility
(Dobie 1977) were determined. The relative index of sus-
ceptibility is a convenient means of grouping the varieties
in terms of susceptibility. It is the expression of the
index of susceptibility of a material as a proportion of
the index of susceptibility of a control material. For
convenience this ratio is multiplied by 1000 (Dobie 1977).
The control variety chosen was Ex-Mk because it was one of
the most susceptible of the varieties tested (see Table 3.1}

and was easily available.

The median developmental period has been used instead
of the mean developmental period. The arithmetic mean

takes into account every insect emerging including those
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late emergents that tend to distort the developmental

period (Howe 1966, Evans 1982),

In contrast the median is based only on the time
taken for half of the weevils to emerge. In terms of
population growth, it is those individuals which emerge
early that matter because these soon mate and lay eggs
which develop into the next generation. Birch (1948)
reported that the first three weeks of adult life of

Calandra {= Sitophilus) oryzae contributed 94% to the

value of'rm: the intrinsic rate of natural increase. So
the contribution made by the late emergents is likely to

be relatively very small.

The developmental period was estimated as time in
days from the middle of the oviposition period to the

emergence of half of the Fl generation (Dobie, 1974}.

3.1.2. Methods
3.1.2.1 Experiments using the rice weevil, §. oryzae
3.1.2.1.1. Using Nigerian cultivars

Five grams of each cultivar of Sorghum tested were
placed in separate 75mm x 25mm glass tubes; the inside of
each tube had been painted with fluon to prevent the es-
cape of the weevils. Ten females and ten males of §.
oryzae (1 - 2 weeks old) and bred on the 'Southall Strain’
gsee Section 2.2) were placed in each tube. The tubes were
sealed with polytops which had pinhead hoies drilled in

them to alliow aeration. The tubes were kept in the exper-

imental room (30° %+ 0.5°C, 70 * 2% R.H.}. The weevils
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were allowe@ one week's oviposition after which they were
removed and discarded. There were five replicates per
cultivar treatment. The tubes containing sorghum seeds
were left for 21 days from the start of oviposition.

The contents of each tube were then decanted into a petri
dish to determine the numbers of emerging adults., This

was done daily thereafter. Also each adult weevil was
weighed on Cahn gram electrobalance on the day of emergence.
Thus each adult was less than 24 hours old at the time it

was weighed. After weighing,the weevil was discarded.

The first weevil emerged 27 days from the start of
oviposition and daily counts of emergents were continued
until day 54 from the start of oviposition,. At this time,
the experiment was terminated because of the risk of counting

progeny from the F2 generation,

3.1.2.1.2, Using Tanzanian cultivars
With the Tanzanian sorghum cultivars only the numbers
of Fl progeny S. oryzae were determined in this experiment.

The Nigerian cultivar Ex-Mk was used as the control material

and the methods were the same as in the above section.

3.1.2.2. Experiment using the lesser grain borer, Rhyzopertha

dominica
Experiments were conducted to determine the number of

Fl of the lesser grain borer on the Tanzanian sorghum

cultivars, -

One hundred seeds of each Tanzanian sorghum cultivar

to be tested and one hundred seeds of cultivar Ex~Mk, the
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control cultivar were placed in separate 75mm x 25mm glass
tubes. Eggs (0O ~ 2 days o0ld) were collected by placing small
egg booklets (see Russell, 1976) in the culture of R. dominica
for less than 48 hours. The egg booklets consisted of four
or five pieces of paper measuring 50mm.x 25mm. and stapled
together in the middle. Female R. dominica laid inside the
egg booklets supplied. The eggs were observed and counted
using a binocular microscope., Fifty undamaged eggs were

cut out from the booklet and placed in each replicate tube

of the cultivar to be tested. 'There were five replicates

per cultivar. The first instar larvae were expected to

hatech out from the eggs and enter the seeds. After 54 days
from the start of the experiment, the tubes were examined

and the numbers of emerged adult R. dominica counted.

3.1.3. Results
3.1.3.1. Numbers of emergent adults
3.1.3.1.1. Using Nigerian Sorghum cultivars (NSC)
The mean humbers of adults emerging from the different

NSC cultivars varied from 21.4 per 10 paired S. oryzae in

cultivar FD1l to 52.2 in cultivar CSH5 (Table 3.1).

Analysis of variance (Table 3.1) also showed significant
differences between the cultivars (F = 10.7, p < 0.001}).
The mean adult progény numbers were of the order CSHS >
Ex-Mk > BES > C-7-4-2 > S5K5%12 > LS149%9% > ML4 > LS187 > FDI

{(Table 3.1).

The production on the most susceptible cultivar, CSH5,

was 2.44 times as many as on the most resistant cultivar FDI.
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Table 3.1 Numbers of emergent S. orzéae per 10 female and
10 male rice weevils confined for one week on
five grams of seeds of each of the Nigerian
sorghum cultivars.

Cultivar Mean numbers of adults

per 10 paired females * S5.E.

FD1 21.4 ¢ 2.60 a
LS187 | 26.2 ¢ 3.31 ab
ML 4 28.4 ¢ 2.56 ab
LS1499 31.2 ¢ 2.06 bc
SK5912 - 33.0 ¢ _2.70 bc
C-7-4-2 38.0 ¢ 2.57 «cd
BES 39.8 ¢+ 2.06 cd
Ex-Mk 44.8 t 4.20 de
CSH5 52.2 t 3.80 e

Different superscripts indicate significant differences

(p < 0.05) (Duncan's Multiple Range test)

Analysis of variance : Progeny number
Source Sums of Degrees of Mean Variance
of variation Squares (SS)freedom (DF) Square (MS) Ratio

(F ratio)
Cultivars 3741.6 8 467.7 10 7H*x*
Error 1574.4 36 43.7
Total 5316.0 44

Table Fo.001 {8, 36) = 4.432

*** p < 0.001
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This difference is not as much as x 6.01 found by Rogers
and Mills (1974a} on other cultivars of sorghum using

S. zeamais. Shazali (1982) working with sorghum cultivars
from the Sudan, found a similar magnitude of differences
in the mean progeny number of rice weevils, as in this

experiment.

3.1.3.1.2. Using Tanzahian sorghum cultivars (TSC)

_The mean numbers of progeny S. oryzae produced from
the Tanzanian sorghum cultivars are showﬁ in Table 3.2,
They varied from 2.20 (cultivar 303) to '33.6 (cultivar 336)
per 10 paired females. The.analysis of variance, Table 3.2,
shows that there were highly significant differences between
the cultivars. (7 = 35.6, p < 0.001). The mean progeny
number were of the following decreasing order: Ex-Mk (Control),
TSsC336, 213, 287, 212, 341, 337, 257, 229, 305, 352, and 303

{Table 3.2}.

The mean progeny production from the most susceptible
Tanzanian cultivar 336, was 15.3 times greater than the
mean progeny production from cultivar 303, the most resistant.
The Nigerian cultivar Ex-Mk, the control cultivar was sig-
nificantly more susceptible than cultivar TSC 336 which was
the most susceptible of the Tanzanian cultivars tested

(Table 3.2).

The most resistant Nigerian cultivar FDl1 was more
susceptible than the following 8 Tanzaniah cultivars: 212,

341, 337, 257, 229, 305, 352 and 303 {(Tables 3.1 and 3.2).
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Table 3.2 Numbers of progeny from ten female and ten male
rice weevils confined for 1 week on five grams of
seeds of each of the Tanzanian sorghum cultivars.

Cultivar Mean number of progeny

per ten paired females * S.E.

303 2.20 & 0.66 a
352 2.60 + 0.40 a
305 5.40 + 0.68 ab
229 ' 6.20 + 1.11 abc
257 8.00 + 0.95 abc
337 11.4 t 3.23 abc
341 14.0 t 1.61 bc
212 15.2 r 2.40 ¢
287 27.6 + 1.17 4
213 31.6 t 3.61 4
336 33.6 + 5.06 d
Ex-Mk (Control) 46 .2 + 2.65 e

Different superscripts indicate significant differences
(p < 0.05) (Duncan's Multiple Range test)

Analysis of variance : Progeny number

Source SS DF MS F ratio
Cultivars 11279.6 11 1025.4 35.604*%*%
Error 1380.4 48 28.8
Total 12660.0 59

Table FO.OOl (11, 48) = 3.542

*xx p < 0,001



-30-

3.1.3.1.3. Numbers of emergent R. dominica from Tanzanian
cultivars

The numbers of R. dominica emerging from the Tanzanian
cultivars are shown in Table 3.3. The most beetles emerged
from cultivar Ex-Mk while the fewest emerged from cultivar
303 (Table 3.3). The analysis of variance (Table 3.3) showed
significant differences in the mean numbers of F, R. dominica
adults. (F = 7.90, p < 0.001)., The mean numbers of adult
Fl R. dominica from the different seed cultivars tested

were of the order Ex-Mk > 336 > 213 > 337 > 212 > 257 > 287

» 352 > 341 >:-305 > 229 > 303,

The progeny production from the most susceptible
Tanzanian cultivar 336 was 12.8 times greater than from
cultivar 303, the most resistant. The Nigerian cultivar
Ex-Mk used as control was significantly more susceptible than

any of the Tanzanian cultivars tested (Table 3.3).

Fig. 3.1 shows the positive linear relationship {(r =
0.89, p £ 0.001) between Fl adults of R. dominica and §.
oryzae developing from:-the Tanzanian sorghum cultivars.

The significant correlation between the Fy adults of R.
dominica and S. oryzae on the cultivars tested suggest that

the relative resistance to S. oryzae and R. dominica were

similar.

However, ranking the Tanzanian cultivars in order of
their relative susceptibilities to §. oryzae and R. dominica
showed that 6 cultivars did not seem to have similar ratings
{Table 3.4). The ratings were compared for possible statistical

differences using the 'sign test' (Siegel, 1956; Sokal and
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Table 3.3 Numbers of F., R. dominica per 50 eggs of

1

R. dominica placed in 100 seeds of each of

the Tanzanian sorghum cultivars.

Cultivar Mean number of progeny

per 50 eggs % S.E.

303 0.80 + 0.49
229 2.40 % 1.25
305 3.00 % 0.84
341 3.40 + 1.21
352 4.00 # 1.00
287 . 5.20 + 1.16
257 6.00 *+ 1.64
212 © 6.20 * 1.16
337 7.00 + 1,05
213 9.80 + 1.62
336 | l0.2 + 1.20
Ex-Mk (Nigerian, Control) . 15.4 + 3.09

Different superscripts indicate significant
(p < 0.05) (Duncan's Multiple Range test),

Analysis of variance : Progeny numbers of

Source S8 DF MS
Cultivars 908.6 11 82.6
Error 501.6 48 10.45
Total 1410.2 59

Table FO_OOl {11, 48) = 3,542

*** p < 0.001

ab

ab

ab

ab

ab

differences

R. dominica

F ratio

7.904 ***
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Table 3.4 Ranking of TSC cultivars in order of their
susceptibility to S. o}xzae and R. dominica
(1l = most susceptible, 12 = least susceptible

S = S. oryzae, R = R. dominica

AR = Anomalous ranking)
Cultivar Stored preduct insect Rank
Ex-Mk (Control) S 1
R 1
336 ] 2
R 2
213 s 3
R 3
287 S 4
AR
R 7
212 8 5
R 5
341 S 6
AR
R 9
337 s 7
AR
R 4
257 S 8
. AR
R 6
229 S 9
AR
R 11
305 s 10
R 10
352 5 - 11
AR
R 8
303 S 12
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Rohlf, 1981). The 'sign test' compares the significance
of matched pairs which show differences in their rating,.

These showed no significant differences (p = 0.656).

While the extreme cultivars are similar in their ratings
(Table 3.4) it is noteworthy that the intermediate cultivars
varied most in their response to attack by S. oryzae and
R, dominica. Nevertheless Fig. 3.1 must on present evidence

be regarded as representing a general trend.

3.1.3.2. Rates of emergence of adults from seeds from NSC
The cumulative emergences (Fig. 3.2 - 3.10) from the
different Nigerian Sorghum cultivars were as expected with

a steady rise and a plateau.

The daily adult emergence curves followed a normal
distribution with most daily progeny emergence occurring

around the mean developmental period (Fig. 3.2 - 3.10).

Dobie (1978) developed an asympotic cumulative curve
model "to gquantify the shape of the curve representing the
emergence of a generation of adult insects from grain as
a function of time®” in situations where very few observations
instead of daily observations were taken. But it may also
be used for situations where there is a complete set of
daily observations, as in this case. All the cultivars
except CSHS5 (Fig. 3.6), LS1499% (Fig. 3.8) and BES (Fig. 3.10)
fitted Dobie's model well, The daily adult emergence on
cultivar FD1 and Ex-Mk and FD1 and CSH5 were comﬁared in
Fig, 3.11 and 3.12 respectively. it can be seen that at

the peak of emergence far more adults emerged from cultivar
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Cumulative adult emergence and daily
emergence curves of S. ocryzae on

named cultivars of sorghum. The * or +
represent the actual data and the lines
represent the fitted asymptotic model

derived by Dobie (1978).
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Fig. 3.11 Comparison of the daily emergence curves
of the rice weevil from cultivars FD1l and

Ex-Mk.
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Comparison of the daily emergence curves
of the rice weevil from cultivars FD1 and

CSHS5.
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Table 3.5 Developmental period (in days) of S. oryzae from
middle of oviposition period to emergence of half

of the F. generation.

1
Cultivar Median developmental period (days)
at 30°C and 70% R.H, t S.E.

FD1 31.8 * 0.24 a
CSHS5 32.7 t 0.15 b
Cc-7-4-2 32.8 * 0.20 b
Ex-Mk 32.8 + 0.24 b
BES 32,9 + 0.21 b
ML4 33.4 * 0.27 bec
Ls187 33.5 + 0.46 bc
SK5912 33.2 + 0.12 ¢
L51499 34,1 * 0.23 ¢

Different superscripts indicate significant differences

(P < 0.05) (Duncan's Multiple Range test)

Analysis of variance : Median development periods (days)
Source 58 DF Ms F ratio
Cultivars 20.2 8 2.53 7.906%**
Error 11.6 36 0.32
Total 31.8 44

~.Table

Fo.001 (8, 36) = 4.432
x*% p < 0,001
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Ex-Mk and/or CSHS5 than FDIl.

3.1.3.3. 8. oryzae developmental periods using Nigerian
Sorghum cultivars

The median developmental periods of §. oryzae on the
Nigerian sorghum cultivars are shown in Table 3.5. Dev-
elopment was longest on cultivar LS§1499 (34.1 days) and
shortest on cultivar FD1 {(31.8 days) (Table 3.5). The
analysis of variance for the median devélopmental period
was significant (F = 7.91, p < 0.001) (Table 3.5). The
median developmental periods were of the order LS1499 >
SK5912 > L[8187 > ML4 > BES » Ex-Mk > CSH5 > FD1 (Table 3.5).
The developmental period on cultivar FD1l was significantly
less than on other cultivars. There were however no sig-
nificant differences in the developmental periods of cultivar
CS8H5, C-7-4~2, Ex-Mk, BES, ML4 and LS187. Cultivars LS149%9
and SK5912 however had significantly longer developmental

periods than FD1, CSHS5, C-7-4-2, Ex-Mk and ML4 (Table 3.5).

There was a negative significant correlation between
median developmental periods and numbers of emergents using
five seed cultivars namely: CSHS5, Ex-Mk, BES, ML4 and [S187
{(r = -0.974, p < 0.001) (Fig. 3.13). The suggestion here is
that development time takes longer in resistant cultivars
than in the susceptibles. This relationship between the
median developmental period and the numbers of emergent

adults is better and is illustrated in Fig. 4.4.

3.1.3.4. Indices of susceptibility

The indices of susceptibility (see Section 3.1.1) for
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the Nigerian sorghum cultivars tested are listed in Table
3.6. The analysis of variance for the indices was signi-
ficant {(F = 8.313, p < 0.001) {(Table 3.6}, Cultivar FD1

had the least number of emergents and it also had the least
index of susceptibility. The indices ranged from 9.56 in
cultivar FD1 to 12.1 in cultivar CSHS5 and were of the order
C8HS *» Ex-Mk > BES > C-7-4-2 > SK5912 > LS1499 > ML4 > LS187
> FDl. This order is similar to the order of the mean number
of Fl progeny (Table 3.1) when the means are ranked in de-
creasing order. Fig. 3.14 shows a positive linear relation-
ship between the index of susceptibility of the nine Nigerian
cultivars and the numbers of F, rice weevil progeny (r = 0.97,

1
p < 0.001).

Based on the results of ﬁhis experiment, it was possible
to calculate the relative indices of susceptibility (see
Section 3.1.1. and Table 3.7). The relative indices uf
susceptibility was used to classify cultivars into materials
of similar susceptibility. An examination of the results
show that the relative indices ranged from B31.3 (cultivar FD1)
to 1052.2 (cultivar CSHS5) (Table 3.7). For practical purposes
none of the cultivars can be classified as strongly resistant
and these results will be discussed together with other

similar results in Section 4.

3.1.3.5. Weight of newly emerged weevils
Table 3,8 shows the mean welghts of adult rice weevils
less than 24 hours after emergence from the Nigerian seed

cultivars and also shows significant differences (F = 3,102,



Table 3.6

Cultivar
FD1
L5187
ML4
151499
SK5912
c-7-4-2
BES
Ex—Mk‘
CSHS

Different

(p < 0.05}

Analysis of variance,

Source SSs

Cultivars 32.3

Error 17.5

Total 49.8
Table F 901 (8,
LES
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The indices of susceptibility of the Nigerian

sorghum cultivars when tested using S. oryzae
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Table 3.7 The relative indices of susceptibility for the

Nigerian sorghum cultivars tested against

5. oryzae
Cultivar Relative Index of Susceptibility
FD1 831.3
Ls187 839.1
ML4 B69.6 .
LS1499 878.3
SK5912 ) 895.7
C-7-4-2 956,2
BES 973.9
Ex-Mk 1000 (Control)

CSH5 1052.2
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Table 3.8 Weight (mg.) of newly emerged adult weevils

from the different Nigerian sorghum cultivars.

Cultivar Mean weight (mg.) ¢ S.E.
CSHS5 1.74 .o 0.03 a
L51499 1.76 % 0.03 ab
BES 1.81 + 0.03 ab
C-7-4-2 1.83 + 0.03 ab
FD1 1.87 + 0.03 b
Ex-Mk 1.87 t+ 0.03 b
LS187 1.88 + 0.03 b
SK5912 1.88 + 0.03 b
ML4 1.89 t 0.04 b

Different superscripts indicate significant differences
(p < 0.05) (Duncan's Multiple Range test)

Analysis of variance : adult weights

Socurce S5 DF MS F ratio
Cultivars 1.46 8 0.183 3.102z%*
Error - 33.4 567 0.059
Total 34.86 575

Table F

0.005 (8, 575) = 3.27
** 0,001 > p < 0.005
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P < 0.005). Weevils emerging from cultivar CSHS, the most
susceptible cultivars were the lightest (1.74 mg) while
those emerging from cultivar ML4 were the heaviest (1.89 mg)
{Table 3.8). Table 3.8 also shows that insects emerging
from cultivar CSH5 were significantly lighter than insects

emerging from cultivars FD1l, Ex-Mk, LS1B7, SK5912 and MLA4.

There was no significant correlation between adult
size and numbers of emergent §. oryzae (r = -0.57, p > 0.10,
Fig. 3.15). However, as expected, there Qas a significant positive
correlation between seed size and weight of adult weevils

{r = 0.94, p < 0.001, Fig. 3.16).

3.1.4. Summary

1. There were significant differences in the numbers of
adult rice weevils emerging from different Nigerian
and Tanzanian sorghum seed cultivars.

2., Some Tanzanian cultivars such as 303, 352, 305, 229,

257, 337, 341, and 212 we;e more resistant than cultivar
FDl, the most resistant of the Nigerian cultivars.

3. Adult emergence of Fl R. dominica on the Tanzanian
sorghum seed cultivars was similar to S. oryzae emergence
onVSO% of the cultivars and dissimilar on the remaining.

4, There were significant differences in the median develop-
mental period of the rice weevil on the Nigerian sorghum
cultivars and there was a negative correlation between
median developmental periods and meaﬂ numbers of emergent

S. oryzae using five Nigerian sorghum seed cultivars.

5. The indices of susceptibility of sorghum cultivars
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against S. oryzae showed significant differences. The
indices were positively correlated with the mean
numbers of F1 progeny.

6. The weights 6f newly emerged adults showed significant
differences according to seed cultivar. This was
largely related to seed size. There was no significant

correlation between weights and numbers of adult weevils

that emerged.

3.2 Amount of Food Consumed by Developing

S. oryzae

3.2.1. Introduction

Many workers have attempted to determine the amount of
damage caused by developing stored product insects e.g.
Adams (1976), Golebiowska (1969), Hurlock (1965), Schulten
(1974), Singh et al (1972) and Richards (1947). Most of the
work has been carried out on wheat or maize (Corn). However,

Shazali (1982) investigated losses on two seed sizes of a

sorghum cultivar,

The aim of this experiment was to determine the amount
of food loss on two sorghum cultivars, Ex-Mk and FD1l, using
similar seed sizes. Cultivar Ex~Mk has been shown in Section
3.13 to be a susceptible cultivar while cultivar FDl, although
not a strongly resistant cultivar, was the most resistant

cultivar available at the time the experiment was performed.

3.2.2. Methods

Each of fifty similar seeds of each cultivar was weighed

separately on a Cahn gram electrobalance. The mean weights
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were 36.8 mg. {(range 31.9 - 39.8 mg) and 36.5 mg. (range

33.1 - 33.8 mg.) for cultivar Ex-Mk and for cultivar FDI1
respectively. They were not significantly different,

Each seed was placed separately in a 25mm x 9.5mm glass vial
and stuck on to the bottom of the glass using gum tragacanth
to provide stability (Coombs 1956). The gum was allowed

to dry and then one female and one male adult were introduced
into each tube for 24 hours. The tubes were sealed with
pelytop with pinhead holes to allow for aeration and they
were taken to the experimental room (30°C and 70% R.H.).
After 24 hours the weevils were removed and discarded. There
were five control replicates with no weevils for each cultivar
treatment. The control replicates indicated weight changes

caused for example, by humidity (Hurlock, 1965}.

After 21 days the tubes were examined daily for emergent
adults. These were removed, sexed and weighed within 24
hours of emergence, The remaining seed was weighed after it
was cleared of dried gum, frass and exuviae using a fine
pipette connected to a suction apparatus. The weight of
frass produced was also. determined. The dates of adult
emergence were recorded. The experiment was terminated after

54 days (see Section 3.1.2).

3.2.3. Results

The weight changes of the five controls that were not
infested was + 0.02% for cultivar Ex-Mk and ~0.09%% for cultivar
FD1. These were considered insignificant so no adjustments

were made.
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Twenty-two adults emerged from cultivar FD1 compared
with thirty-one from cultivar Ex-Mk (Table 3.9). The sex
ratios of emergent adults were about unity in the two cul-

tivars {11:11 and 15:16).

The median developmental periods, the mean loss in
seed weights and the mean weights of emergent adults were

similar {Table 3.9).

Eighteen percent (2.28/12.6) of the less in cultivar
FDl and 21.3% {2.75/12.9) in cultivar Ex-Mk were recovered
as adults and frass. The remaining in both cases were
exuviae, moisture, heat and gaseous metabolites. All the
substances thus mentioned except exuviae could be regarded
as respiratory weight loss, otherwise known as 'grain

shrinkage®' (White, 1953).

During development, the weevils consumed 6.60 and
6.62 times their own weight on cultivars FD1 and Ex-Mk

respectively (see Table 3.9).

The relationships between the percentage weight loss and
the seed weight are shown in Figs. 3.17 and 3.18 for cultivars
FD1 and Ex-Mk respectively. There was no significant corr-
elation on cultivar FDIl. However, on the susceptible cul-
tivar Ex-~Mk, there was a significant negative correlation
between the percentage weight loss and weight of seed
(r = -0.409, p < 0.05, Fig. 3.18), A relétively higher
proportion of the food is being utilized in the smaller

sized seeds of the susceptible and this suggests some



Table 3.9 Number of emergent adults, loss in seed weight,

percentage loss in seed weight,

weight of insect, frass and developmental periocd on cultivars FDl and Ex-Mk

*

Cultivar Mean Seed No. of Mean loss in Percent Weight Weight (mg.) Median
weight (mg) emergent seed weight loss in (mg.) of frass Developmental
adults (mg.) seed wt. of ] periocd (days)
weevils
FD1 36.0 22 12.6 35.0 1.91 0.37 32.0
Ex-Mk 36.4 31 12.9 35.4 1.95 0.80 32.5

T

* Based on initial weight of seeds from

which adults had emerged.

_8 91_
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compensation by the larvae in smaller seeds but this
compensation might not be possible with a resistant seed

cultivar.

The mean weight of frass produced on the susceptible
cultivar Ex-MKk was significantly greater than on the
moderately resistant cultivar FD1 (t = 3.584, p < 0,001,
Table 3.9) but there was no significant correlation between

percentage of frass and the percentage weight loss.

3.2.4, Summary

1. More adults emerged from the susceptible cultivar
Ex-Mk than from the 'resistant' cultivar FDl,.

2. The adult weights, the median developmental periods
and the amounts of food lost through larval develop-
ment did not differ significantly on the two cultivars.

3. The proportions of food consumed by the developing
larvae was negatively correlated with seed size in

the susceptible cultivar Ex-Mk but there was no such

correlation in the resistant cultivar FDl.
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SECTION 4

DIFFERENTIAL OVIPOSITYION, ADULT EMERGENCE

AND LARVAL MORTALITY USING DIFFERENT

SEED COUOLTIVARS
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4 DIFFERENTIAL OVIPOSITION, ADULT EM_ERGENCE AND
LARVAL MORTALITY USING DIFFERENT SEED CULTIVARS
4.1 Introduction
In Section 3, it was shown that there were differences

in the total numbers of F. S§. oryzae emerging from the

1
different seed cultivars. These differences were accen-
tuated by productivity experiments using the Tanzanian
sorghum cultivars (Table 3.2}. The aim of this section was
to investigate differential oviposition apd larval mortality
on the different seed cultivars as causes of variation in

adult emergence and so elucidate possible mechanisms of

resistance (see Section l1}.

To accomplish the objectives of this experiment, ten
seed cultivars were selected. These included six from the
Tanzanian and four from the Nigerianm seed cultivars. The
Tanzanian seed cultivars used in this experiment were of
the following code numbers: 212, 229, 257, 303, 336 and
352, They varied widely in susceptibility whereas the
Nigerian cultivars Ex-Mk, SK5912, LS187 and FDl1l ranged
from highly susceptible to moderately susceptible ({see

Tables 3.1 and 3.7).

4,2 Methods

4.2.1. Qgigosition and Adult Emergence

For each replicate one hundred seeds of each cultivar
were placed in separate 75mm x 25mm glass tubes. There
-

were five replicates per treatment (cultivar). The inner

rim of each tube was painted with fluon to prevent insect
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escape. Ten pairs of §. oryzae (1-2 weeks old) were placed
in each tube which was covered by a polytop with pinhead
holes to allow for aeration. The insects were allowed

one week to lay eggs at the end of which the weevils were
removed and discarded, The seeds were stained using acid
fuchsin, Frankenfeld (1948) to expose the egg plugs, .and
then dried on 'Kim-Wipe' paper for 12 houfs. Then they
were examined for egg plugs. The total numbers and distri-
bution of egg plugs and the total numbers of seeds with

egg plugs were recorded. The seeds were returned to their
respective glass tubes and kept at the experimental room.
On the 21st day and thereafter until day 54 from start of
the experiment, the tubes were examined daily and the numbers

of Fl adults that emerged were counted.

4.2.2. Immature Mortalities

After adult emergence had been completed, seeds from
each tube were decanted onto a petri dish and examined
under the binocular microscope. Seeds which had egg plugs
on them but from which no adults had emerged were separated
from others. Such seeds from each cultivar and each repli-
cate were placed in separate 75mm x 25mm glass tubes. They
were scaked in water for 24 hours and then restained. They
were restained because after soaking for 24 hours, some of
the eqgg plugs lost their stains,. The seeds were carefully
dissected and examined for dead individuals under the

dissecting microscope using the stained egg plugs as

guides,
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4.3 ) Results
4.3.1. Ovipositional Differences

The mean number of eggs per 10 paired S. oryzae varied
from 4.80 in cultivar TSC 303 to 117.8 in the NSC cultivar
Ex-Mk (Table 4.1) and the analysis of variance showed
highly significant differences between cultivars (F = 33.0,
p < 0.001), (Table 4.1). The mean edgg numbers were of the

order Ex-Mk > LS187 > SK5%l12 > FDY > 336 > 212 >257 > 229

> 352 > 303 (Table 4.1).

The mean numbers of eggs in cultivar Ex-Mk, the most
susceptible, was 25 times greater than the mean numbers of

eggs in cultivar 303, the most resistant.

The mean separation by Duncan's Multiple Range test
showed that cultivars 303, 352, 229 and 257 had similar
numbers of eggs. All other cultivars had significantly
more eggs than the above cultivars (Table 4.1)., The numbers
of eggs deposited in cultivars 336, FD1 and SK5%12 were
similar. Cultivar Ex-Mk had significantly more eggs than

all other cultivars (Table 4.1).

The mean numbers of seeds infested with eggs varied
from 4.40 in cultivar TSC 303 to 49.0 in cultivar Ex-Mk (Table
4,2). Tha analysis of variance showed highly significant
differences between the cultivars (F = 44.6, p < 0.00l1).
geeds of cultivar Ex-MX were significantly more infested
than the rest of the cultivars (Table 4.24. Cultivars
L5187, S5K5912, 336 and FDl1 had similar numbers of seeds

with eggs but they had significantly more seeds with eggs
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Table 4.1 The numbers of eggs laid on different seed

cultivars of sorghum in one week by §. oryzae

Cultivar Mean no. of eggs per 10 pairs

of weevils * S.E.

303 4.80 + 0.49 a
352 . 6.40 + 1.03 a
229 9,40 + 1.52 a
257 13.8 * 3,02 a
212 33.6 + 5,37 b
- 336 57.4 + 10.4 c
FD1 65.6 t 9,60 ¢
5K5912 72.2 + 10.0 cd
L8187 '89.8 + 2.15 d
Ex-Mk 117.8 + 11.2 e

Different superscripts indicate significant differences
(P < 0.05) (Duncan's Multiple Range test).

Analysis of wvariance

Source 58 DF MSs F ratio
Cultivars 70218.3 9 7802.03 32.076%*%*
Error 9463.6 40 236.6
Total 79681.,¢9 49

Table FO.OOl (9, 40) = 4.02

**% n < 0.001



Table 4.2_

Cultivar

303

352

229

257

212

336

FD1

SK5912

Lsl87

Ex-Mk

Different superscripts indicate significant differences

(P < 0.05)

Numbers of seeds with eggs laid

S. oryzae confined on 100 seeds
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sorghum cultivars for one week.

Mean

19.0

36.2

32.6

37.4

39.6

49.0

+ + 1+ + I+ -+ + +

1+

k4

(Duncan's Multiple Range test).

Analysis of variance

Source
Cultivars
Error
Total

Table

*k Xk P

S5

12616.58

1258

13874.98

Fo.001
< 0.001

.4

{9,

40)

DF

40

49

4.02

+ S5.E.

MS

1401.84

31.46

on by 10 paired

of different

F ratio

44.559%%%*
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than cultivars 212, 257, 229, 352 and 303 (Table 4.2).
Cultivars 257, 229, 352 and 303 had similarly fewer seeds

with eggs than the above cultivars (Table 4.2).

The female rice weevil laid a mean of 11.8 eggs in
a mean of 4.9 seeds during one week on the susceptible
cultivar Ex-MKk. This represented 2.41 eggs per seed in-
fested or 1.18 eggs per available seed, Similarly a female
rice weevil on cultivar 303, a resistant cultivar, laid
a mean of 0.48 eggs in a mean of 0.44 seéds during one
week. This rep;esented 0.11 eggs per seed infested or

0.05 eggs per available seed.

There was a linear relationship between the mean numbers
of eggs laid and the mean numbers of seeds infested {(r = 0.98,

p < 0,00, Fig. 4.1).

4.3.2. Adult Emergence

The mean numbers of F, S. oryzae resulting from one

1
week's oviposition by 10 females and ten males on different
seed cultivars are shown in Table 4.3. Numbers varied from
2.20 in the resistant Tanzanian cultivar 303 to 43.6 in

the Nigerian susceptible cultivar Ex~Mk. The analysis of

variance also showed significant differences between cultivars

(F = 42.8, p < 0.001).

The mean numbers of Fy 5. oryzae emerging from the diff-
erent seed cultivars were of the order Ex-Mk > LS18B7 > SK5912
> 336 > FD1 > 212 > 257 > 229 > 352 > 303 {(Table 4.3). Cul-

tivar Ex-Mk produced significantly more than the rest.
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Cultivars LS18B7, S5K5912, 336, and FDPl had similar numbers
of emergent weevils, but cultivars 212, 257, 229, 352 and
303 had significantly fewer adults emerging than the above

cultivars (Table 4.3),

Figure 4.2 shows the linear relationship between the
mean numbers of eggs laid and the mean Fl adult weevils

per ten females and ten males (r = 0.99, p < 0.001).

Similarly, Fig. 4.3 shows the linear relationship
between the mean numbers of seedswith eggs laid on and the mean
numbers of Fl adult weevils per ten females and ten males
{r = 0.99, p < 0.001). Cultivars with greater numbers of

seeds with eggs laid on produced more Fl weevils,

4.3.3. Developmental Periocds

The median developmental pericods ranged from 32.0
days in the most suscgptible cultivar Ex-Mk to 40.0 in
the most resistant cultivar 303 (Table 4.4). The median

developmental periods were in the order: 303 > 352 > 212

> 336 > 257 > 229 > Ls187 > FD1 > SK5912 > Ex-Mk.

Duncan’'s Multiple Range test for the separation of
means showed that median developmental periods were similar
on cultivars Ex-Mk, SK5912, FDl1 and L5187 {(Table 4.4).
Developmental time was significantly longer on cultivar 303

than all others except 352.

The highly significant negative correlation (r = -0.83,
P < 0.001) between the mean numbers of Fl adult weevils and

the median developmental periods is illustrated in Fig. 4.4.
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Table 4.3 Fl 8. oryzae resulting from 1 week's oviposition

by 10 paired weevils on 100 seeds of seed

cultivars.

Cultivar Mean + S.E,

303 | 2.20 ¢+ 1,02 a

352 3.40 * 0.60 a

229 6.00 + 1,05 ab
257 7.00 £ 1.41 ab
212 12.6 + 1.69 b

336 . 29.6 + 4,45 ¢

FD1 : 27.6 + 3.80 ¢

SK5912 30.2 + 2,15 ¢

Ls187 35.0 + 1.22 ¢

Ex-Mk 43.6 by 2.27 4

Different superscripts indicate significant differences
(P < 0.05) (Duncan's Multiple Range test).

Analysis of variance

Source S8 DF MS F ratio
Cultivars 10197.7 9 1133.1 42,791**%*
Error 1059.2 40 26,48
Total 11256.9 49

Table F0.001 (9, 40) = 4.02

*** p < 0,001



-3~

y = -1.81 + 0.89x

SC)" r = 0.99
u
o+
a
B 40
H
<
o
3
< 304
-
H
>
£
£
=

204
|5
=
=)
a
<
-
= 10 -
Z
<
M
)

0

T T 1 T T
0 10 30 50

MEAN SEEDS WITH EGGS LAID ON

FIG. 4.3. THE RELATIONSHIP BETWEEN THE MEAN F1 ADULT WEEVILS

PER TEN PAIRED ORIGINAL WEEVILS AND THE MEAN SEEDS

WITH EGGS LAID ON USING TEN SORGHUM SEED CULTIVARS.



Table 4.4

Cultivar

Ex-Mk

SK5912

FD1

Ls187

229

257

336

212

352

303

-B4-

Median developmental periods (in days) on the

different seed cultivars

Mean & S.E.

32.0 * 0,54
32.6 * 0,33
32.9 £ 0.24
33.2 £ 0.56
35.5 ¢ 0.72
35.5 + 0.82
36.1 + 0,77
36.6 * 0.85
38.0 + 1.45
40.0 ¢ d.Bl

bc

Different superscripts indicate significant differences

(p < 0.05)

{Duncan's Multiple Range test)

Analysis of variance

Source 55

Cultivars 256.2

Error 115.0

Total 371.2
Table FO.OOl (9,
* & %k

p < 0.001

38}

DF

2

38

47

4.316

MS

28.467

3.03

F ratio

9.395%*%
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Fig. 4.5 Cumulative mean numbers of adult emergence
using cultivars NSC Ex-Mk, TSC 336, NSC FDI1,

TSC 212 and TSC 303

Fig. 4.6 Cumulative mean numbers of adult emergence
using cultivars LS187, SK5%12, TSC 257, 229

and 352
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Seemingly the developmental period becomes shorter as the
seed cultivar becomes more susceptible. The rates of

emergence are illustrated in Fig, 4.5 and 4.6.

4.3.4. Indices of Susceptibility

The indices of susceptibility on the different seed
cultivars were determined. These ranged from 3.06 in
cultivar 303 to 11.8 in cultivar Ex-Mk (Table 4.5). The
analysis of variance showed highly significant differences
(F = 46.1, p < 0.001}). The indices were in the order

Ex-Mk > LS187 > SK5912 > FD1 > 336 > 212 > 257 > 229 > 352

> 303.

The relative indices of susceptibility which is a means
of classifying the tested cultivars in terms of similar

susceptibilities is shown graphically in Fig. 4.7.

In Table 4.6 cultivars TSC 303, 352, 257, and 212 are
classified as resistant, while cultivars TSC 336 and NSC
FD1 as moderately susceptible/resistant. Cultivars NSC
SK5912, LS187 and Ex-Mk are classifiéd as susceptible,.
Compared with the results in Table 3.7 therefore, most of
the Nigerian sorghum cultivars tested are susceptible; none

can be classified as strongly resistant «

’

4.3.5. Immature Mortality
Table 4.7 shows the partitioning of the immature
mortality into mortality due to intra-spegific competition

and mortality due to 'antibiosis', The data are based

on the fact that only one adult can be produced from each
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Table 4.5 Indices of susceptibility on seed cultivars

tested against 10 pairs of §. orvzae

Cultivar Mean t S.E,

303 3.06 % 0.51 a
352 3.11 ¢+ 0.59 a
229 4.94 t+ 0.46 Db
257 5.25 + 0.68 b
212 6.87 + 0.46 c
336 9.23 + 0.53 d
FD1 9.99 + 0.32 d
SK591i12 10.5 + 0.32 de
Ls187 10.7 + 0.26 de
Ex-Mk 11.8 t 0.30 e

Different superscripts indicate significant differences
(P < 0.05) (Duncan's Multiple Range test).

Analysis of variance

Source 8§85 DF MS
Cultivars 447.9 9 49,767
Error 41.0 38 1.08
Total 488.9 47

Table FO.OOl (9, 38) = 4.316

**x* p < 0,001

F ratio

46,08***
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Classification of sorghum seed cultivars into

materials of similar susceptibility

Cultivar

TSC 303, 352, 229

257, 212

TSC 336

NSC FD1

NSC SK5912

L5187, Ex-MXk

*Relative Index

RI* Range

259 - 582

682 - 847

890 - 1000

of susceptibility

Classification

Resistant

Moderately sus-

ceptible/Resistant

Susceptible
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seed regardless of the numbers of egés laid in the seed

or of seed size.

Immature mortality was partitioned stepwise from (a)
to (j) in Table 4.7. bata in column ‘h’ shoﬁs the mean
mortality due to 'antibiosis'. This was obtained by dis-
secting seeds which had egg plugs deposited on them but
from which no adults emerged, and then counting the numbers
of dead larvae and pupae. Such data did not include num-
bers of dead eggs (column f£). So the percentage mortality

due to antibiosis was obtained from the expression:

% x 100, {Column i, Table 4.7).

The next thing was to separate 'natural mortality' from
antibiosis. This was @one by assuming that the percentage antibiosis
mortality on the most susceptible cultivar Ex-Mk was caused °*
by"natural mortality' even though this might include an
antibiosis component, Cultivar ExX-MKk's percentage mortality
figure was used as the standard 'natural mortality' figure

for all other cultivars., All other percentage mortalities

were accordingly corrected for 'matural mortality' using

Abbott's formula :

P - P
P, = = £ _  x 100
100 - P
where
PT = corrected mortality
Po = observed mortality
P, = control mortality (all in percentages).

{See Table 4.10)
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Table 4.7

Partitioning of S. oryzae immature mortality in stored sorghum.

(a)

Mean eggs

laid on

seeds

(b)
Mean
seeds
with

egygs

(c)
Mean
adults

emerged

(d)
Mean
Mortal-=
ity

{a~-c)

(e) (£)

% Mean
Mortal=-" egg -
ity Mortal-
(== x 100})ity

(g)

Mortal-
ity due
to eggs

x100)

s

{h)
Mean
Mortal-
due to
anti-

biosis

(i)

%
Mortal-
due to
anti-
biosis

(ExlOO)
a

(3)
‘s
Mortal-
ity due
to intra-
specific
competi-

tion

[e-{g+i}]
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The percentage mortality indicative of intra-specific

competition was obtained from the expression:

[e - (g + i) ), (see Table 4.7).
The percentage mortality indicative of intra-specific com-
petition (column j), was therefore the total percentage
mortality {column e), minus the percentage egg mortality
(column g), minus the percentage mortality due to anti-

biosis {ceclumn i) (see Table 4.7).

4.3.5.1, Percentage total mortality
The mean percentage total mortalities were not sig-
nificantly different between cultivars (F = 1.60, p > 0.25,

Table 4.8.).

4.3.5.2. Pércentage egg mortality

The mean percentage egg mortalities on the different
cultivars are shown in Table 4.9, There were no significant
differences between cultivars (F = 0,647, p > 0.10, Table 4.9),
suggesting that egg mortalities are not affected by cultivar

treatments.

4,3.5.3. Percentage mortalities due to antibiosis and to
intra-specific competition.
The mean percentage mortalities due to antibiosis are
shown in Table 4.10. The mean percentage mortalities due
to antibiosis are in the order 303 > 352 > 257 > 212 > 336
> 8K5912 > 229 > FD1l > LS187 > Ex-Mk (Tabie 4.10}). Duncan's
Multiple Range test for the separation of means showed that

cultivars 303 caused significantly greater antibiosis than
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Table- 4.8 Percentage total immature mortality on different

seed cultivars,

Cultivar Mean * Standard Error
303 59.3 + 18.3 a

352 47.2 ¢ 4,42 a
229 33.6 % 8.72 a
257 48.6 % 5.93 a
212 61.5 & 2.46 a
336 47.5 * 13.90 a
FD1 55.2 % 2.16 a
SK5912 56.3 % 3.43 a
L5187 61.0 ¢ 0.84 a
Ex-Mk 62.1 2.75 a

Means followed by the same letter are not significantly
different (p > 0,05)

Analysis of variance :

Source 58 DF MS F ratio
Cultivars 3667.8 9 407.5 1.596
Error 10211.1 40 255.3
Total 13878.9 49

Table F

0,05 (9, 40) = 2.12
p > 0.25 n.s.
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Table 4.9 Mean percentage egg mortality on the different

seed cultivars

Cultivar Mean + S.E.

303 4,00 * 4.00
352 0.00 ¢ 0.00
229 1.25 + 1.25
257 2.80 £ 1.96
212 1.70 + 0.74
336 1.43 + 0.45
FD1 ' 0.89 + 0.39
5K5912 1.50 + 0,22
LsS187 0.43 + 0.26
Ex~Mk 0.35 t+ 0.22

F Ratio = 0.647, p > 0.10 (not significant)
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all other cultivars except TSC 352 (F = 4,51, p < 0,001,

Table 4.,10).

These results indicate notable antibiosis. Table 4.11
shows the mean percentage mortalities-due to intra-specific
competition in the different seed cultivars. The trend
was of the reverse of that due to antibiosis and ranged from
4,00 in the resistant 303 to 57.3 in the susceptible Ex-~Mk
(F = 15.9, p < ©.001), The mean percentage mortalities were
in the order Ex-Mk > LS187 > FD1 > SKSQlé > 212 > 336 > 229

> 257 > 352 > 303.

In a situation where there are more than one egg per
seed and where only one larva eventually becomes an adult,
it is probably inevitable that in the susceptible cultivar
intra-specific competition would be the major cause of

immature mortality.

Figure 4.8 emphasises that in the strongly resistant
cultivars e.g. 303 and 352 a greater percentage of total
mortality 83% and 77% respectively were due to antibiosis
while in the strongly susceptible cultivars e.g. Ex-Mk and
LS187, 92.3% and 91.6% of the total mortality respectively

were attributable to intra-specific competition.

Figure 4.9 shows the significant positive linear
relationship (F = 33.5, p < 0.001, Table 4.12) between the
Qedian developmental periods and the mean percentage mortality
due to antibiosis (expressed as k-values). The median

developmental periods were directly related to the mean
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Table 4.10 '‘Mean percentage mortalities due to antibiosis

of different seed cultivars.

Cultivar Mean Corrected percentage
(Abbott's Correction)
based on Ex-Mk = natural

mortality (see text)

303 51.3 a 49.0
352 39.2 ab : 36.4

257 20.7 b 17.0

212 19.6 b 15.8

336 12.8 b 8.73
SK5912 8.34 b 4.06
229 6.97 b 2.63
FD1 6.73 b 2.38
L5187 4.68 b 0.23
Ex-Mk 4.46 b 0.00
(Control)

Different superscripts indicate significant differences
(p < 0.05) (Duncan's Multiple Range test).

Analysis of variance

Source of Variation Ss DF MS F ratio
Cultivar 12509.4 9 1389.9 4 ,5053*%%*
Error 12338.2 40 308.5
Total 24847.6 49

FO.OOl {9, 40) = 4.02 .

*** = P < 0.001
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Table 4.11 Mean percentage mortality due to intra-specific

competition on the different seed cultivars.

Cultivar Mean :* Standard error
303 4,00 + 4,00 a
352 8.00 t 8.00 ab
257 25.1 + 6.07 bc
229 ' 25.4 *+ 4.53 bc
336 33.3 t 5,61 «cd
212 40.2 " %+ 4.99 cde
SK5912 ' 46.5 + 3,27 de
FD1 ' 47.8 t 2.37 de
LS187 55.9 + 1.40 e
Ex-Mk 57.3 + 2.68 e

Different superscripts indicate significant differences
(p < 0.05) {(Duncan's Multiple Range test)

Analysis of variance

Source of Variation 58 DF MS F ratio
Cultivars 15688.0 9 1743.1 15.904**%=*
Error : 4382.2 40 109.6
Total 20070.2 49
= .0
Table FO.OOl (9, 40) 4.02

*** = P < 0,001
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percentage immature mortality due to antibiosis. In other
words seed cultivars causing much antibiosis also pro-

longed the developmental periods.

The significant linear relationship between the
percentage immature mortality due to antibiosis (expressed
as k - values) and the mean numbers of seeds in which
eggs were laid (F = 8.38, P < 0.05, Table 4.13}) is illus-
trated in Fig. 4.10. High levels of antibiosis in the seed
was negatively correlated with fewer seeds with eggs laid
on {r = -0.73, P < Q0.02). Therefore seed cultivars with
many seeds in which egygs were laid had low levels of anti-~-

biosis.

There was also a significant negative correlation
between the percentage mortality due to antibiosis (ex-
pressed as k - values) and the mean eggs laid (r = -0.71,

P < 0.035).

The times of death and the percentage composition
of immature individuals that died are shown in Table
4.14. On the average, 83.4% of the individuwals found
dead were first instar larvae while the egg stage accounted
for 11.5%. The mortalities of the older larvae and the

pre-emergent adults were 3.96% and 1.15%.
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Table 4.12 Analysis of wvariance : Regression of develop-

mental periods on percent mortality due to

antibiosis (expressed as k - values}.
Source of variation ss DF " MS F ratio
Regression 48.5 1 48.5 33.448%**
Error 11.6 8 1.45
Total 60.1 )

*¥**x p < 0,001

Table 4.13 Analysis of variance : Regression of the mean
percentage mortality due to antibiosis (as k -

valuwes) on mean numbers of seeds infested

Source of variation S8 DF Ms F ratio
Regression 0.0509 1 0.0509 8.379%*
Error 0.0486 8 0.00675

Total 0.0995 9

* 0,01 > P < 0.05

Table 4.14 Developmental stage and the mean percentage
composition of immature individuals that died

based on all ten cultivars

Developmental stage % of total that died
Eggs ﬁ 11.54
lst instar larvae 83.35
Older larvae 3.956
Pupae 0.00

Pre-emergent adults 1.15
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Summary

Resistance in sorghum cultivars was due to less eggs

laid on them (non-preference) and greater mortality of

developing larvae in the seeds {antibiosis}. These two

forms of resistance were closely related. For example,

1)

2)

3)

4)

the numbers of eggs laid on different cultivars were.
significantly correlated with larval mortality in them,
Developmental periods were significantly longer in the
resistant than in the susceptible cultivars. There

was a significant negative correlation between develop-
mental periods and the numbers of Fl adult weevils.
Furthermore there was a significant positive linear
relationship between developmental periods and the
percentage immature mortality due to antibiosis.

There were linear relationships between the numbers

of seeds on which eggs were laid and the numbers of
eggs laid and also between the numbers of F1 adult
weevils and the numbers of seeds in which they developed.
There was also é significant negative correlation bet-
ween the percentage mortality due to antibiosis and the
numbers of seeds in which eggs were laid.

The percentage mortalities due to antibiosis were
significantly greater in the resistant than in the
susceptible cultivars and conversely the percentage
mortalities attributable to intra-specific competition

were significantly higher in the susceptible than in

the resistant cultivars. -
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4.5 Conclusions

Evidence of these findings shows that both non-
preference and antibiosis are involved in resistance

of sorghum seed cultivars,
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SECTION 5

ADULT LONGEVITY AND INTRINSIC RATES OF

NATURAL INCREASE
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5 ADULT LONGEVITY AND INTRINSIC RATES OF NATURAL INCREASE

5.1 Adult longevity
5.1.1. Introduction

It was shown in Sections 3 and 4 that there were
significant differences in the productivity of S. oryzae
fed on different seed cultivars. It was also observed
that the differences were due to non-preference for the
resistant cultivars coupled with the fact that the pro-
portion of mortality of immature stages éue to antibiosis
was greater in the resistant seed cultivars than in the
susceptibles. 1In this section the differences were invest-

igated in more detail by a study of adult longevity on

some selected cultivars.

Birch (1945a, 1948), Evans (1982) and Russell (1966)
had reported that adult longevity of $. oryzae varied with
different environmental conditions and food type. In this
investigation the most resistant cultivars TSC 303 and TSC
352 and a moderately resistant cultivar TSC 212 were com-

pared with the susceptibles NSC, FD1 and Ex-Mk.

5.1.2. Methods  ..::--

-Forty similar-sized seeds-of each cultivar -were placed
in separate 50mm x 12.5mm glass tubes. One female and one
male weevil less than 24 hours old from the stock culture
were put in each tube. There were 20 replicates per cultivar.
The rice weevils were transferred to fresh batches of seeds

each week until they died. The sex and the times of death

of each weevil were recorded. Throughout the insects were
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kept at 30°C and 70% R.H,

5.1.3. Results
5,1.3.1. Adult length of life

Table 5.1 shows the mean adult longevity on the five
seed cultivars. This ranged from 1.38 weeks in cultivar 352
to 6.98 weeks on cultivar Ex-Mk, The analysis of variance
{Table 5.1) showed highly significant differences (F = 98.6,
p < 0.001). Longevity was in the order Ex-Mk > FD1 > 212
> 303 > 352 (Table 5.1}. The mean adult longevity of 1.38
weeks on cultivar 352, 1.40 weeks on cultivar 303 and 2.20
weeks on cultivar 212 were not significantly different.
These were however, significantly shorter than the mean
of 3.55 weeks on cultivar FDl, The mean of 6.98 weeks on

cultivar Ex-Mk was significantly longer than on any of

the other three cultivars tested (Table 5.1).

Table 5.2 .shows separately adult longevity of females
and males. The analysis of variance showed that there were
significant differences between the cultivars. This was
as expected.. There were however, no.significant -differences  :
between the longevity of males and females (F = 0.58,

P > 0.05) and the interaction between sex and cultivars

was not significant (F = 0.53, P > 0.05).

5.1.3.2. Adult Weekly Survivorship

Figure 5.1 illustrates the weekly adult survivorship of
5 cohort of femalelg. oryzae on cultivars.Ex-Mk, Fbl, 212,
352 and 303. The adult survivorship (1x) was the mean of

the values at the beginning and at the end of the age interval
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Table 5.1 . The adult longevity (in weeks) of §. oryzae

adults kept on different cultivars at 30°C and

70% R.H.
Cultivar Mean ¢ Standard error
352 1.38 + 0.09 a
303 1.40 + 0,09 a
212 2.20 *+ 0.6 a
FD1 3.5 + 0.32 b
Ex-Mk 6.98 + 0.36 c

Different superscripts indicate significant differences
(p < 0.05) (Duncan's Multiple Range test).

Analysis of variance :

Source of wvariation 58 DF MS F ratio
Cultivars 875.8 4 218,95 98.626%**
Error . 432.2 195
Total 1308.0 199

Table FO_001 (4, 195) = 4.62

*** p < 0,001
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Table 5.2 Adult longevity (in weeks) of females and males

kept on different cultivars at 30°C and 70% R.H.

Sex Mean t Standard error

cultivars

352 303 212 FD1 Ex-Mk
Female 1.55 a 1.60 a 2.40 a 3.37 b 7.00 ¢
* 0,22 +:0.,22 + 0.23 +::0.39 * 0.51

Male 1.20 a 1.20 a 2.00 a 3.75 b 6.95 ¢

1+

+ 0.09 + 0.12 0.21 t 0.52 % 0.54
Different superscripts indicate significant differences

{p < 0.05) (Duncan's Multiple Range test).

Analysis of variance

Source of variation SS DF MS F ratio
Cultivars 875.8 4 218.95 97.,75%*%*
Sex 1.30 1 1.30 0.5804 ns
Sex x cultivars 4.70 4 1.18 .0.5269 ns

(interaction)

Error 426,2 190 2.24
Total 1308.0 199

Table FO-OS {1, 190) = 3.84

Table FO.OS {4, 190} = 2.37

Table FO.OOl (4, 190) = 4.62

**+x P < 0,001

ns = not significant
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and is expressed on the basis of 1,00 (Birch, 1948; Evans,
1982). The adult survivorship values were assumed to occur

at midpoint of the age interval (Evans 1982}.

Longevity as reflected by the shape of the survivor-
ship curves (Fig., 5.1) could be classified into two types
using Slobodin's (1962) and Deevey's (1947) grouping. The
survivorship curve of adults on the susceptible cultivar
Ex-Mk was of type I; adult mortality being heavier on the
older individuals than on the young {Fig.- 5.1). The sur-
vivorship curves on cultivars FD1, 212, 352 approximate to
type III of Slobodkin {(1962) and type II of Deevey (1947},
suggesting that mortality rate is constant. However, it
can be seen that the slopes of the regression lines are
steeper on the resistant cultivars 363 and 352 than on
212 or FDl1 showing that they died quicker on cultivars

303 and 352 than on 212 or FDl.

5.1.4. Summary
The adult life span was shorter on the more resistant
seed cultivars than on the more susceptible seed cultivars,.

This suggests that antibiosis operates against the adult

as a resistance mechanism.
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5.2 Comparison of Adult Survivorship on Two Resistant
Cultivars TSC 303 and TS5C 352 and on Artificial
Seeds (Glass balls}).
5.2.1. Introduction
In section 5.1 it was reported that adult longevity

on resistant varieties TSC 303 and TSC 352 were shorter than

on the susceptible cultivar Ex-Mk,.

The aim of this experiment was to examine the cause
of death. Were the weevils dying quickef on the resistant
seed cultivars because they were unable to feed? 1In other
words was starvation the cause of death? If the rice
weevils died at the same rate on the resistant cultivars
as on a non~food, namely glass balls, then it might be
inferred that the weevils were unable to feed on the re-

sistant seeds or at least derived no food value from them.

5.2.2. Methods

The experiment consisted of three treatments namely:
glass balls, cultivars TSC 303 and TSC 352. One hundred
glass balls, 100 seeds each of cultivar TSC 303 and TSC 352
were placed in separate 75mm x 25mm glass tubes. Twenty
péirs of rice weevils, less than 24 hours old were then put
in each tube and the tube covered by a polytep with pin-
head holes to allow air passage. There were four replicates

per treatment. The tubes were kept at 30°C and 70% R.H.

Every day at about the same hour, tHe contents of
each tube were decanted gently onto a 90mm diameter petri

dish. (A filter paper was placed in the dish to minimise
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possible harm on landing), Dead adult weevils were counted
and sexed. The seeds or glass balls were returned to the
glass tubes followed by the relevant surviving weevils,

At the end of the first seven days, fresh seeds and balls

were supplied. The experiment was terminated after 14 days.

5.2.3. Results

Adult mortality (Fig. 5.2) began on the third day
on cultivar TSC 352 and on glass balls and on the fourth
day on cultivar 303. By the 7th day tot;l mortality of
the rice weevils was 100% on the glass balls as compared
to 56.0% and 54.0% on cultivars TS8C 303 and TSC 352 res-
pectively. The experiment was continued for a further 7
days when total mortalities were 80% and 85% on TSC 303

and TSC 352. The female mortalities were 75% and 70% and

male mortalities were 85% and 100%.

5.2.4. Summary

The weevils died quicker on the glass balls than on

the resistant cultivars.

5-2.5. Conclusions
The cause of decreased longevity on resistant seed

cultivars is not equivalent to lack of food. Resistant

cultivars are better than no food at all.
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5.3 Feeding on Seed Cultivars by S. oryzae
5.3.1. Introduction

It had been shown in Sectioh 5.1 and subseguently in
5.4 and 5.5 that §. oryzae adults died sooner on resistant
seed cultivars (e.g. TSC 303, 352 and 212) than on the
susceptible cultivar NSC Ex-Mk. In Section 5.2 an invest-
igation was carried out to determine whether the earlier
death of the rice weevils on the resistant seed cultivars

was due to the toxicity of the cultivars. The results did

not support this suggestion.

The aim of this section was to determine whether the
rice weevils fed differentially on the resistant and on
the susceptible cultivars. If this was the case it could
be inferred that differential feeding could explain why the
adult rice weevils were dying quicker on the resistant

cultivars and why fewer eggs were laid.

5.3.2. Methods
For the purpose of estimating the amounts of feeding,
seeds of cultivar Ex-Mk, 212 and an equal mixture of Ex-Mk
and 212, used during the first week on 6he experiment
described in Section 5.5 were examined for feeding holes,.
The seeds having previously been stained by acid fuchsin
{Frankenfeld 194B), it was possible to distinguish between
egg plugs and feeding holes using a binocular microscope.
There was no further need to stain the feeding holes using
iodine sclution (e,g. Eden 1952). The S{Ee of the feeding

holes were not considered. The numbers of feeding holes

and/or egg plugs on each seed were recorded. Records were
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also taken of the numbers of seeds without feeding holes

or egg plugs.

5.3.3. Results
5.3.3.1. Feeding Holes

The mean numbers of feeding holes per paired female
per week were 10.7, 3.30 and 9.25 on the susceptible Ex-~Mk,
the resistant 212 and on an eqgual mixture of both cultivars
respectively {Table 5.3). An analysis of variance (Table
5.3) showed that the numbers of feeding holes were signifi-
cantly more on the susceptible cultivar Ex-Mk or on the
mixture than on the resistant cultivar 212 (F = 46.5,
P < 0,001). The mean numbers of feeding holes on the

pure susceptible cultivar Ex-Mk were not significantly

different from the mean numbers on the mixture.

The mean of 9.25 feeding holes on the mixture was
made up of 6.80 and 2.45 feeding holes on Ex-Mk and 212
respectivley. There were significantly more feeding holes
on the susceptible cultivar Ex-~-Mk than on the resistant
cultivar TSC 212 even when both were mixed together

(t = 4.60, P < 0.,01) (Table 5.3).

The ratic of feeding holes on the susceptible cultivar
Ex-Mk in the presence of the resistant 212 {(i.e. in the
mixture) was 1.00:0.36 (choice situation) as compared to
}.00:0.31 when the cultivars were separate (i.e. no choice
situation). Clearly this ratio would hawe been accentuated
were the determination of feedind holes based on the whole

of the adult life rather than the first week of adult life.
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5.3.3.2, Eggs

The mean numbers of eggs are shown in Table 5.3,
These were as expected. Significantly more eggs were laid
on the susceptible cultivar Ex-Mk and on the mixture than
on the pure resistant cultivar 212. The ratio of eggs
on the susceptible cultivar Ex-Mk in the presence of the
resistant 212 was 1.00:0.,25 as compared to 1.00:0.19 in

a no choice situation,

5.3.3.3. Association between feeding and oviposition
When a female rice weevil comes into contact with a

seed, it is capable of making one of the following decisions:

a) feed only

b) feed and oviposit

c) oviposit only

d) leave the seed unattacked.

Figure 5.3 illustrates the percentage composition of

seeds utilized for any of the above activities.

The association between feeding and oviposition was
tested using the chi-squared test. The x? values were
47.7, 32.6 and 30.7 using the susceptible cultivar Ex-Mk,
the resistant cultivar 212 and a mixture of both cultivars
respectively {(Table 5.4).

These differences were highly

significant {Table 5.4) suggesting that feeding and egg
laying on a seed are highly associated {i".e. not independent

of each other}.
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Cultivar

Ex-Mk

212

Mixture*
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Numbers of feeding holes and egg plugs using
cultivars Ex-Mk {susceptible), cultivar TSC
212 (resistant) and an equal mixture of Ex-Mk

and 212

Mean/paired female Eggs % S.E.

per week + S.E.

10.7 # 0.60 a _ 4.96. + 0.33 a
3.30 £+ D.45 b 0.95  0.49 b
9.25 + 0.65 a 3.46 + O0.71 a

Different superscripts in each column are significantly

different (P < 0.05) (Least Significant Difference).

*Mixture

Ex~Mk

212

6.80 t o0.,77 2,76 1 .0.48
2.45 ¢+ 0.21 0.70.%x 0.37
t = 4.60 t = 3.391

0.002>P<0.01 0.01 > P < 0,02
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Table 5.3 (Coniinued)

Analysis of variance : Feeding holes

Source of variation 55 DF MS F ratio
Treatment 121.846 2 60.92 46 . 54*%*%*
Error 11.78 9 1.309
Total 133.626 11

Table FO.OOl {2, 9) = 16.4

**%x p < 0,001

L = 1.829

5D(5.05)

Analysis of variance : Egg plugs

Source of wvariation 58 DF MS F ratio
Treatment 32.667 2 16.33 14.22 %%~
Error 10.33 9 1.148
Total | 42.997 11

Table FO.OOl (2, 9) = B.O2

Table Fy .7 (2, 9) = 16.4

** 0,001 > P < 0.01

L = 1.714

5D (5.05)
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Table 5.4 Chi-squared test to determine whether there was
an association between feeding and oviposition
based on the numbers of seeds utilized per total

female and using all replicates.

Using the susceptible cultivar Ex-Mk

Oviposition

Yes No Total
Yes 45 85 130
Feeding
No 20 250 270
Total 65 335 400
X? = 47.73**x
X? (Yates correction) = 45.,753%**
Table Xzo.001 (1) = 10.83
*** p < 0,001
Using the resistant cultivar 212
Oviposition
Yes No Total
Yes 10 50 60
Feeding
No -5 335 ¢ 340
Total 15 385 400
X? = 32.639***_  ¥? (Yates correction) = 28.6***

*** p < 0.001
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Table 5.4 (Continued)

Using the mixture

Oviposition

Yes No Total
Susceptible 20 55 75
Yes
Resistant 5 30 35
Feeding
Susceptible 25 100 125
No
Resistant 5 160 165
Total 55 345 400
¥? = 30.66 ’

Table X2(0.001) (3) = 16.27

**%x p < 0,001

5.3.4, Summary

1. 5. oryzae feeding holes were fewer on the resistant
compared with the susceptible cultivar.

2. There was a highly significant association between

feeding and egg laying on a seed irrespective of

whether it was a resistant or susceptible seed.
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5.4 The Determination of Intrinsic Rates of Natural
Increase of §. oryzae on a Resistant Seed Cultivar (TSC 212)"
and a Susceptible Cultivar NSC Ex-Mk,
5.4.1. Introduction
In this experiment, the interest was not only on adult
longevity, but also on weekly oviposition and the determination

of intrinsic rates of natural increase of S. oryzae using a

susceptible cultivar Ex-Mk and a resistant cultivar 212.

Any species living in any environment will have a mean
longevity [(or survival rate), mean birth ‘'rate (or mean natality)
and a mean growth rate of individuals (or speed of development)
(Krebs 1972). The values of these means depend on the environ-
ment and on the innate gquality of the organisms themselves.

The outcome can be expressed in terms of the innate capacity
for increase, or the intrinsic rate of natural increase or
Malthusian parameter (rm). It has been described as "the
maximal rate of increase attained at any particular combination
of temperature, humidity, quality of food, etc., when the
guantity of food, space and other animals of the same species
are kept to an optimum and other species are entirely excluded.,
from the experiment™ (Andrewartha and Birch, 1854). it is
clear from this definition that the intrinsic rate of

natural increase is not a constant as it is strongly affected
by changes in the environment and it could vary from

positive to negative in response to changes in environmental
factors. The value of I is also based on the concept of a
population of stable age in which all age. groups increase

at the same rate (Howe, 1963a). In practice the establish-

ment of a stable age distribution in an environment where
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food is not limiting may be virtually impossible (Southwood
1978). However, inspite of this drawback, the parameter
Tm'is useful in indicating the growth potential of a
species under specifiea conditions of climate and food (e.g.
Birch, 1948; Birch, 1953a & b; Evans 1982; Frazer 1972;

Howe, 1953a & b; Howe and Lindgren 1957; Leslie and Park,

1949).

The aim of this experiment was to determine the influ-
ence of two seed cultivars, one resistanf and the other
susceptible, under constant conditions of temperature and
humidity, on the innate capacity for increase of the rice

weevil.

5.4.1.1. Mathematical Concepts \

To determine the intrinsic rate of natural increase,
the information needed was:

a) age specific adult surviwval (lx). This is the numbers
of females alive during a given age interval as a
proportion of an initial population of one. The
survivorship (lx) is the mean of the values at the
beginning and at the end of the age interval (Evans
1982).

b} age specific fecundity (mx). This is the numbers of
female eggs per unit of time and is obtained by halving

the numbers of eggs laid at each age unit, assuming

that the sex ratio is unity.

The adult survivorship (lx) and the age specific

fecundity values are always assumed to coccur at midpoint
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of the age interval (Birch 1948; Evans 1982).

From the life table, the net reproductive rate or
the multiplication rate per generation, Ro' is obtained
by multiplying m., and lx schedules and summing over all

age intervals, i.e.
R = Il m 5.1

The Gross Reproductive rate (G.R.R.) is the numbers of female
eggs per surviving female throughout the reproductive

period.

G.R.R, = ZIm 5.2
b4

The proportion of immature stages surviving to adulthood

is regarded as a component of Ro value, the net reproductive
rate (Birch 1948; Evans 1982; Howe 1953b}. This has to

be reflected in the calculation of Ro' The net reproductive

rate, Ro' may be rewritten as:-

R = El_m_S 5.3
o} ¥ X
where 1x = age specific adult survivorship
m, = age specific fecundity
S = preoportion of immature females surviving to

adulthood.

The Ro value may also be calculated from a schedule of
fertility. Fertility refers to the numbers of adult
female offspring per original parent weevil (VX). The

summation of Vo values .for each age group would give a
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value for the net reproductive rate based on the observed

rather than expected numbers of offspring. (Evans, 1982).

R0 values may also be expressed as the ratio of in-
dividuals in a population at the beginning of one generation
to the numbers at the beginning of the previous generation.

Hence

where t = generation time.

By determining R0 value from the observed numbers of
offspring it is possible to determine:

{i) the mean age of female at oviposition (p). The
mean age of female at oviposition (p} can be obtained using

Evans (1982) formula:

v %
P = Tv 5.5
x
where V. = observed numbers of female offspring per original

female parent

unit of time.

w
It

{ii) the median developmental period (MD) of newly emerged
Fl adults from the cumulative emergence data.

(iii) an estimate of cohort generaticn time (Tc}.
This is the mean period elapsing between the birth of parents
and the birth of offspring (Krebs 1972). To express it in

another way, it is "the mean age of mothegs in a cohort at

the birth of female offspring” (Southwood, 1966}.
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where Tc cohort generation time
MD = median developmental period
p = mean ade of female at oviposition

(iv) an estimate of the proportion of female eggs

surviving to adulthood (s}.

Once the multiplic¢ation rate (RO) and the cohort gen-
eration time (Tc) are determined, an estimate of rm,
the intrinsic rate of natural increase based on Birch (1948)

could be calculated as follows:

where R = not reproductive rate
r, = intrinsic rate
Tc = cohort deneration time

Laughlin (1965) suggested that the estimate of r. calculated
by the approximate method of Birch (1948) be known as the

capacity for increase (rc) and hence:

- = 9. Ro 5.8
c Tc
where rc = capacity for increase
RO = net reproductive rate
Tc = cohort generation time.

The intrinsic rate of natural increase can be determined

more accurately by using the formula derived by Lotka (1925):

=r

Te Tm™1 m = 1 - 5.9
¥ X

where x = time in weeks
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1 = adult survivorship adjusted for the surviwval
of immature stages
o = age specific fecundity

r = 1intrinsic rate

The weekly intrinsic rate of natural increase can
be calculated by iteration using the above equation.

Trial values could be found from the expression

14

r
m Tc

If the r, was determined from schedules of fertility, then
V,X values were substituted for 1x m in equation 5.9.
Southwood (1966), gave details of the step by step method

of calculation of rm from equation 5.9.

The innate capacity for increase is an instantaneous
rate and can be converted to a finite rate, A, by the

formula:
m .
A = e = antilog r 5.10
‘ e "m

5.4.2. Methods
5.4.2.1. Survivorship, Fecundity Schedules and Fertility
Schedules.

The methods employed for determining survivorship,
fecundity and fertility schedules were similar to those of
Birch (1953a) and Evans (1977, 1982). Forty undamaged seeds
of the susceptible cultivar Ex-Mk and forty of the resistant

212 were placed in separate 50mm x 12.5mm glass tubes.

There were twenty replicates per treatment. The seed sizes
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used were similar in both cultivars.. A density of 40 seeds
per female per week was adopted as a comprise between the
unlimited number of seeds needed for experiments on in-
trinsic rates {(Birch 1948) and what was practicable (Evans,
1982). An earlier experiment {(see Section 7.7) showed that

oviposition was optimum at a gquantity of forty seeds.

One female and one male S. oryzae less than 24 hours
old were placed in each glass tube. These weevils came
from the stock culture and were designated parent weevils,
Evéry week the weevils were transferred onto fresh seeds

until the death of the insects. Records were taken at the

end of each week of the numbers and the sexes of dead weevils.

Age specific fecundity (m%} was determined weekly by
staining the egg plugs with acid fuchsin (Frankenfeld, 1948)
and dividing‘the numbers of egg plugs by two to obtain
the numbers of female eggs, assuming a l:1 sex ratio. The
seeds were placed back in their respective tubes and kept
at the experimental room (30°C and 70% R.H.) until F_. adults

1

started to emerge.

The Fl weevils, less than 24 hours o©0ld were
sexed and were weighed on a Cahn g¢gram electrobalancé- Daily
determination 6f'the weights and numbers of newly emerged
adults were limited to those which emerged from eggs laid
during the first two weeks of parental oviposition, Only thrice
a week counts of numbers were recorded for adults which emerged
from eggs laid after the first two weeks. Such counts allowed

estimates of larval developmental period from cumulative

emergence curves.
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The sexes of all Fq adult weevils were determined thereby
making it possible to know the numbers of female offspring

per female per week (Vx).

The numbers of female eggs having been previously
estimated it was possible to determine the proportion of

female eggs which survived to adulthood.

This experiment was repeated using Fl adults less than
24 hours old and the same cultivars of sorghum to determine
whether conditioning would have effect on adult survival,

intrinsic rates of increase, the weights of newly emerged

F2 adult weevils and other population parameters.

5.4.2.2. Howe's (1953b) Methods.

One of the methods proposed by Howe (1953b) for the
rapid determination of the intrinsic rates of natural increase,
';m', of an insect population was 'the single oviposition
period"'. This method has been proposed for insect species
which lays its eggs quickiy. The method assumes that all
eggs are laid at a single instant, usually the mid oviposition

period and is based on the formulae

A= 4+ 3L Y np (Howe 1953b)

lo A = T -
9e m
where A = finite rate of increase
rm = intrinsic rate of natural increase
L = oviposition period (in weeks)’
n = numbers of female eggs laid per female assuming

that sex ratio is unity and a total of 2n eggs

being laid
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p = proportion of female eggs that mature to
female offspring assuming that the sex ratio
is unity

d = developmental period

In the experiment described in Section 4.1.2 oviposition

by females (1 - 2 weeks old) was allowed for one week, If

it is assumed that eggs laid at this time make the greatest
contribution to the Qalue of 'rm', then the rapid deter-
mination of intrinsic rate of natural increase of 5. oryzae
by the single oviposition period may well provide a good
rougﬁ «stimate of 'rm'. This assumption is supported by
Birch's (1948) finding that oviposition during the first

two weeks of adult life of 5. oryzae accounted for 85% and
the first 3 weeks for 94% of the final value of intrinsic

rate of increase.

The experiment described in Section 4.1.2, although
not originally designed to determine the intrinsic rate of
increase on the different seed cultivars, appeared to be

adequate for the purpose.

The determination of 'rm' by this method could serve
as a comparison with that determined by the more accurate
methods involving adult surviveorship and age specific fec-

undity schedules in the preceeding section.

5.4.3. Results

_______ -

5.4.3.1. Survivorship, Age Specific Fecundity, Fertility

and other population parameters.
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5.4.3.1.1. Adult longevity
The mean life of the adult female S. oryzae parent

weevils and F. weevils on the susceptible cultivar Ex-Mk

1
and the resistant cultivar 212 are shown in Table 5.5.

These were 6.35 and 2.65 weeks on cultivars Ex-Mk and 212
respectively using stock culture weevils (parental weevils)
and 7.10 and 2.10 weeks on the same cultivars using the

Fl weevils, A three way analysis of variance comparing

the adult life span of the two sexes on the two cultivars
using the two generaticons {Table 5.6) showed no significant
differences between the sexes and between the generations.
The adult length of life on the susceptible Ex-Mk was
significantly longer than on the resistant 212 (F = 184.8,

p < 0.001, Table 5.6). This was as might be expected. How-
ever there was an increase of 12% in the mean adult length
of life of S. oryzae on the susceptible Ex-Mk from the

first generation to the second as compared to a decrease

of 15% on the resistant cultivar 212.

The adult survivorship (lx) curves are shown in Figs.

5.4 - 5.7.

5.4.3.1.2. Immatufe Survival

The percentage of immature female S. oryzae surviving
to adulthood on the susceptible Ex-Mk were the same (57%)
over the two generations. However, using the resistant TSC
512 the percentage of immature survivors decreased from B88%

in the first generation to 24% in the second generation

(Table 5.6).



Table 5.5 Population parameters on schedules of survivorship (lx) and fecundity (lxmys)and

schedules of fertility (VX

)

on the susceptible cultivar Ex-Mk and the resistant

cultivar 212 at 30'C and 70% R.H. using parent weevils (P} and Fl weevils (Fl).

Cultivar Mean adult female s* % G.R.R, Z1 m s{=R ) Zv (=R ) T *=*

. X X o X c

life span

{weeks)

P Fl P Fl P Fl P Fl P Fl P Fl
Ex-Mk 6.35 7.10 0.57 0.57 40.9 41.4 18.4 19.3 23.2 24 .4 7.61 8.66
212 2.65 2,20 0.88 0.24 6.34 7.78 2.55 0.59 5.06 l.61 7.39 7.30

*s = % immature survival

**Tc = mean generation time
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Table 5.6 Analysis of variance : Female and male adult
longevity on two cultivars and using two

generations.

Source 58S DF MS F ratio
Sex 3.9065 1 3.9065 1.094 ns
Generation 0.1565 1 0.1565 0.0438 ns
Cultivar 660.157 1 660.157 184.84**%*
Sex x generation 0.306 1 0.306 0.0859 ns
Sex x cultivar 2.256 1 2.256 0.6317 ns
Cultivars x gemer—  , ;56 1 0.756 0.2117 ns
ation

Se;eﬁe‘;:gizars X g.557 1 8.557 2.396 ns
Error 542.85 152 3.571
Total 1217.945 159

Table FO.OS (1, 152) = 3.84

FO.OOl {1, 152) = 10.8

*** p < 0.001
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FIG. 5.4 ADULT SURVIVORSHIP (lx} AND AGE-SPECIFIC FECUNDITY (mx) SCHEDULES FOR 5. ORYZAE
ON THE SUSCEPTIBLE CULTIVAR EX-MK AND THE RESISTANT CULTIVAR 212 AT 30°C AND 70%
R.H. USING PARENTAL WEEVILS (ADULT SURVIVORSHIP LINES DRAWN BY EYE).
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ADULT SURVIVORSHIP (lx) AND AGE-SPECIFIC
FERTILITY (Vx) SCHEDULES FOR S. ORYZAE ON

THE SUSCEPTIBLE CULTIVAR EX-MK AND THE

RESISTANT CULTIVAR T212 AT 30°C AND 70% R.H.
USING PARENT WEEVILS. (ADULT SURVIVORSHIP LINES

DRAWN BY EYE).
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5.4.3.1.3.-Egg production

The total 'female' eggs produced per total females
were 606 and 43 on the susceptible Ex-Mk and the resistant
TSC 212 respectively using stock culture (parental) weevils.
This compares with 623 eggs and 36 eggs on the same cultivars
respectively using Fl adult weevils. These represented
an increase of 3% on the susceptible cultivar and a decrease

of 16% on the resistant cultivar respectively over two gen-

erations.

The gross reproductive rétes (G.R.R.), the numbers of
female eggs per female surviving throughout the reproductive
period were 40.9 and 6.34 on the susceptible Ex-Mk and the
resistant 212 using parental weevils. These were 41.4 and
7.78 on the same cultivars respectively using F. weevils

1
{Table 5.5).

Figures 5.4 and 5.5 show the age specific fecundities

(mx) of parental weevils and F. weevils respectively. Egg

1
production by S. oryzae adults was optimal between the 2nd
and 3rd week of oviposition. Using parental weevils these
were 6,58 and 2.20 eggs on the susceptible Ex-Mk and the

resistant 212 respectively compared with 7.10 and 3.00 eggs

for Fl weevils.

5.4.3.1.4. Net reproductive rate (Ro)

The net reproductive rate, Ro' of parental weevils
obtained from adult survivorship (adjusted for the survival
of immature stages) and the age specific fecundity (mx)

schedules (i.e. zlmeS) were 18.4 and 2.55 on the susceptible
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Ex-Mk and the resistant 212 respectively while using Fy
adults these were 19,3 and 0.59 (Table 5.5). These were
expected values (Evans 1982). The R0 values based on
the observed numbers of F1 cffspring i.e. the fertility
schedule (2Vx), were 5 times greater on the susceptible
Ex-Mk than on the resistant 212. However, based on the
observed numbers of the F2 offspring the R0 value was 15

times greater on the susceptible than on the resistant

cultivar (Table 5.5).

Figures 5.8 and 5.9 compare the mean cumulative numbers
of age-specific fecundity (mx) and fertility (Vx), of the
1st and 2nd generations respectively. The curves illustrate
the rolg of immature mortality in determining the peaks of Vx curves
On the resistant cultivar 212, for ;xample while the age specifiec
fecundity curve was similar to the fertility curve in the
first generation, the age specific fecundity schedules had
a higher peak than the fertility schedule in the second

generation as a result of reduced survival of immature

stages form 88% to 24% (Table 5.5).

5.4.3.1.5. Cohort generation time,.

The cohort generation time on the susceptible Ex-Mk
increased by 14% in the second generation while it declined
by 1% on the resistant cultivar 212 (Tables 5.5 and 5.7).
The increase of 1.05 weeks (7.35 days) by the second gen-
eration on the gusceptible Ex-Mk was due partly to an in-
crease of 0.70 weeks (4.9 days) in the adult oviposition

period compared with the first generation and partly to an



~144-

Table 5.7 Cohort generation time (Tc), in weeks, on the susceptible cultivar Ex-Mk

and the resistant cultivar TSC 212 over two generations

Cultivar Median Developmental Oviposition Cohort generation
. period period time (Tc)
(MD) (p) (MD + p)
Generation Generation Generation
lst 2nd 1st znd lst 2nd
Ex-Mk 4,29 4.64 3.32 4.02 7.61 (8.66)
{30.0)% (3;.5) (23.2) (28.1) (53.3) (60.6)
212 5.21 5.29 2.18 2.01 7.39 7.30
{36.5) {37.0) (15.3) (14.1) (51.7) (51.1)

*Brackets indicate days
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increase of 0,35 weeks (2.45 days) in the developmental
period of the second generation. The decline in the co-
hort generation time on the resistant cultivar could be
accounted for by a reduction of 1,19 days in thé adult

oviposition period.

The overall effect of these changes was that in the
second generation, cohort generation time on the susceptible
Ex-Mk was 19% longer than on the resistant 212 compared

with 3% in the first generation.

5.4.3.1.6. Estimates of‘rm/

The estimates of ‘rm',lthe intrinsic rate of natural
increase, and its anti loge, A, the finite rate.of increase
are shown.in Table 5.8. The estimates of r and A on the
susceptible cultivar Ex-Mk were similar from one generation
to another. The finite rate of increase based on the fer-
tility schedules (Vx) were 1,49 and 1.5]1 per female per
week using the parental and F1 wéevils respectively (Table

5.8B). This compares with 1.32 and 1.03 per female per week

using the resistant 212.

The rm values (based on fertility schedules) were
1.43 times and 13.7 times greater on the susceptible Ex-Mk
than on the resistant 212 based on parental and F1 weevils,
The higher values of ro on the susceptible Ex-Mk compared
with the resistant 212 are attributable to higher values of
the net reproductive rate (Ro) lower devedopmental periods,
as developmental period partly determined the pivotal age

during reproduction. In addition, there was the effect of



Table 5.8 Estimates of weekly intrinsic rates of increase (réj and finite rate of

increase (A) derived from schedules of fertility )Vk) and schedules of survivorship
and fecundity (l"mst for 8. oryzae at 30°C and 70 R.H. on the susceptible cultivar

Ex-Mk and the resistant cultivar 212 using parent weevils (P) and Fl weevils (Fl)

r r A A
m m
Cultivar (based on 1 m s) {based on V_ )} (based on 1 m s} (based on V }
X X X X X X
é P Fl P Fl 4 Fl P Fl
il Ex-Mk 0.44 0.40 0.40 0.41 1.55- 1.49 1.49 1.51
] .

212 0.17 0.14 0.28 0.03 1.19 1.15 1.32 1.03
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greater survival of the immature stages on the susceptible

cultivar particularly in the second generation.

5.4.3.1.7. Fl and F2 adult weights

The Fl and F2 adult weights on similar standardized
seeds of the susceptible Ex~Mk and the resistant 212 are
shown in Table 5.9, A three way analysis of variance was
used to test the significance of the female and male weights
using F1 and F2 adult weevils and the two test cultivars.
The feméles were significantly heavier than the males
(F = 9,75, p < 0.001, Table 5.9). There were no significant
differences between the generations and no significant
interactions. However, significant differences showed up
between the cultivars for the first time! (cf results in
Section 3.1.3.5). The suggestion here is that using similar
standardized seeds of the susceptible and the resistant,
the adults from the susceptible cultivar Ex-Mk were sig-

nificantly heavier than the adults from the resistant 212

(F = 5.44, p < 0.01, Table 5.9).

5.4.3.2., Estimates of ro based on single oviposition period
(after Howe 1953b}.

The estimates of'rm'based on the single oviposition
period (see Section 5.4.2.2.) ranged from -0.31 to + 0.15
{iTable 5.10}. They were in the following order: Ex-Mk >
LSl87 > SK5912 > FD1 > 336 > 212 > 257 > 229 > 303 > 352

(Table 5.10}. -

The wvalues of'rm'on the resistant cultivars 303, 352,
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Table 5.9 The weights (mg.) of FI and F2 adult rice

weevils on standardized seeds of the susceptible

Ex-Mk and the resistant 212,

Cultivar Mean + Standard error
Fy Fy
Female Male Female Male
Ex-Mk 1.93 1.82 1.92 1.76
+ 0.03 +:-0.06 + 0.05 + 0.04
212 1.84 1.71 1.84 1.72

+
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Three way analysis of variance : female and
male weights (mg.) using Fl and F2 adult weevils
on the susceptible cultivar NSC Ex-Mk and the

resistant cultivar TSC 212,

Source ss DF MS F ratio
Sexes 0.353 1 0.353 9.751%**
Generations 0.004 1 0.004 0.110 ns
Cultivars 0.197 1 . 0.;97 5.44 **
Sex x Generations 0.005 1 . 0.005 0.138 ns
Sex x Cultivars 0.003 1 0.003 0.083 ns
Generations x culti- 0.015 1 0.015 0.414 ns
vars .
Sex x Generations x  , gg 1 0.002 0.0552 ns
Cultivars
Error 3.187 88 0.0362
Total 3.766 95
Table F0.05 (1, 88) = 3.976
Table FO.Ol (1, 88) = 4.923
Table F, .4 (1, 88) = 7.628

** (0.001 > p < 0.01; *** p < 0.001

LSD = 0.08
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229, 257 and 212 were negative (Table 5.,10), suggesting a
probable decline in populations of S§. oryzae on the named
cultivars while the values on cultivars FDl, SKS5912, LS187
and Ex-Mk, the susceptible or moderately susceptible cul-
tivars were positive suggesting a probable increase in
populations of the rice weevils on these cultivars. Table
5.10 also shows the corresponding values of A, the finite
rate of increase for the cultivars. The values ranged from
0.74 to 1.17 per female per week (Table 5.10). The values
of A, as calculated by this method were low {(e.g. 0.89 and
1.17 for cultivars 212 and Ex-Mk respectively) compared
with 1.32 and 1.57 respectively for the same cultivars when
calculations were based on more accurate methods involving
adult survivorship and age specific fertility schedules
(see Table 5.8). This drawback of the method was also
pointed out by Howe (1953b}. Howe (1953b) for example,

reported that the value of A for Lasioderma and Tribolium

by this method were 1.602 and 1.456 compared with 1.616
and 2.028 respectively by more accurate methods. However,
the value of the method in comparing the'rm'and'l'value of

one cultivar with another is not in doubt.

Figure 5.10 shows the linear relationship between the
intrinsic rates of natural increase calculated by the method
pnder discussion and the indices of susceptibility (see
Table 4.5) of ten sorghum seed cultivars. The correlation

was highly significant (r = 0.99, p < 0.061).

This is suggesting that the index of susceptibility was a
good measure of the intrinsic rate of natural increase of the

sorghum cultivars tested.
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Table 5.10 The 'finite rate of increase' (A) and the
intrinsic rate of natural increase (rm) per
female per week calculated by the single ovi-
position pericd method on ten sorghum seed

cultivars.

Mean # S§.E. Mean 3+ S.E.
Cultivar Finite rate intrinsic rate

(A) {r ')
303 0.75 -0.28
+ 0.02 + 0.03
7352 0.74 -0.31
* 0,02 t 0.03
229 0.80 -0.23
£ 0.03 * 0.04
257 0.82 -0.21
+ 0.03  0.04
212 0.89 -0.12
+ 0.03 * 0.04
336 1.06 +0.06
 0.03 + 0.03
FD1 1.08 +0.07
t 0.02 + 0,02
SK5912 1.08 +0.08
£ 0.02 + 0.01
Ls187 1.11 . +0.11
+ 0.01 + 0,01
Ex-Mk 1.17 +0;15

0.01

+
@]
O
'_l
Ve
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12 - y = 8.79 + 18.3x

r = 0.99

10 — p < 0.001
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FIG. 5.10. THE RELATIONSHIP BETWEEN THE INDICES OF SUSCEPTIBILITY OF TEN SORGHUM CULTIVARS AND THE
INTRINSIC RATES OF NATURAL INCREASE (rm) CALCULATED BY HOWE'S 1953b METHCD.
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5.5 The Effect of a Mixture of the Resistant Cultivar
TSC 212 and the Susceptible Ex-Mk on Adult Survivorship

and Oviposition

5.5.1. Introduction

——m— e, A o

The aim of this experiment was to determine what the
effect of a2 mixture of equal numbers of the susceptible
Ex-Mk and the resistant 212 would have on adult survivor-
ship and oviposition of 8. oryzae. It was thought that
the behaviour of the rice weevil when giéen a choice
between a susceptible and a resistant seed cultivar might
throw more light into the nature of non-preference and

antibiosis mechanisms in stored sorghum.

5.5.2. Methods

Fifty seeds of each of cultivar TSC 212 and NSC
Ex-Mk were placed together in a 75mm x 25mm glass tube
and thoroughly mixed. Next, one hundred seeds of the
susceptible Ex-Mk and 100 seeds of the resistant 212 were
placed in separate 75mm x 25mm glass tubes. These were
used as control treatments. There were four replicates
per treatment. The seed sizes used were similar in the
three treatments having been standardized by using graded
sieves (see Section 6.1.3.). In all cases the glass tubes

had been previocusly painted with fluon to prevent insect

escape.

Five pairs of rice weevils (less than 24 hours old)

were placed in each replicate tube of each treatment, and
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the tubes were covered by polytop with pinhead holes to
allow aeration and placed in the experimental room (30°C

and 70% R.H.)

At weekly intervals, the tubes were inspected and the
numbers of dead weevils and their sexes were recorded.
The surviving rice weevils were transferred to fresh seeds,
alsc on weekly basis until all the weevils had died. The
old batch of seeds were stained by acid fuchsin to show up
the egg plugs {(Frankenfeld, 1948) and the numbers of egg

plugs recorded.

3.5.3. Results
5.5.3.1. Mean Adult Longevity

Table 5.11 shows the mean adult longevity of S. oryzae
on the resistant 212, the susceptible Ex-Mk and on a
mixture of equal numbers of cultivar 212 and Ex-Mk. These
were 2,43, 6.93 and 7.15 weeks respectively. The analysis of
variance {Table 5.11) shows that longevity was significantly
shorter on TSC 212 (F = 100.3 p < 0.,001) than on the susceptible
Ex-Mk or the mixture treatment. However, S. oryvzae longevity

on the susceptible Ex-Mk was not significantly different

from that on the mixture.

The adult female and male longevities are shown separately
in Table 5.12. The analysis of variance showed that there
were significant differences between sexes (F = 5.381,
p < 0.05) and between cultivars (F = 104.02, p < 0.001),

(see Table 5.12).

The significant differences between the cultivars were
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Table 5.11 The adult longevity {in weeks) of

5. oryzae

on the resistant TSC 212 and the susceptible

NSC Ex-Mk and an

NSC Ex-Mk

Cultivars
212
Mixture {212 + Ex-Mk)

Ex-Mk

Mean £ 8
2.43 %
7.15
6.93

equal mixture of TSC

212 and

Different superscripts indicate significant differences

(p < 0.05) (Duncan's Multiple Range test).

Analysis of variance :

Source 55
Cultivars 568.35
Error 331.65
Total ago
Table FO.OOl (2, 117)

**%x p < 0.001

DF

2

117

119

7.727

adult length of life

MS

284.175

2.835

F ratio

100.25%*%*



Table 5.12

Sex

Female

Male
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The longevity (in weeks) of adult female and
male S, oryzae on the resistant cultivar TSC 212,
the susceptible WSC Ex-Mk and an equal mixture

of TSC 212 and NSC Ex-Mk

Mean # S.E.

Cultivars

212 Mixture. Ex-Mk

{212 + Ex-Mk)

2.75 a 7.25 c 7.55% ¢
x 0.29 £t 0,18  0.31

2.10 a 7.05 ¢ 6.30 b
+ 0.25 + 0.35 + 0.65

Different superscripts indicate significant differences

{p < 0.05)

(Least Significant Difference)
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Analysis of variance : male and female adult length of life

Source 58 DF MS F ratio
Cultivar 568.35 2 284,175 104.,02%*%*
Sexes 14.7 1 14.7 5.381%*
Interaction 5.55 2 2.775 1.016 ns
Error 311.4 114 2.732
Total 900 119

Table F0.05 {1, 114) = 3.988

Table FO.Ol {1, 114} = 7.05

Table FO.OS {2, 114) = 3.14

Table FO.OOl (2, 114) = 7.694

*** p < 0,001
* 0.01 > p < 0.05
ns= not significant

LSD = 0.542
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as might be expected. The significant differences between
sexes were surprising. Previously the females had been
shown to live longer than the males, but the difference

was not significant. 1In this experiment the mean separation
(using LSD) showed that the adult male mean longevity of
6.30 weeks on the susceptible Ex-Mk was significantly
shorter than the female mean longevity of 7.55 weeks. This
must therefore be the one case in 20 when significance is

expected based on the meaning of 95% probability level.

The adult survivorship curves are shown in Fig. 5.118B.
Adult surviveorship on the mixture was as good as on the
susceptible., The presence of a resistant cultivar in the
mixture did not in any way affect the survival of the adult

rice weevils.

5.5.3.2. Oviposition

Table 5.13 shows the mean cumulative numbers of eggs laid per
initial female rice weevil during its reproductive life on the sus-
ceptible Ex-Mk, the resistant 212 and an equal mixture of
the susceptible and the resistant. These were 50.7 eggs,

2,70 eggs and 37.7 eggs respectively.

The mean numbers of eggs laid on the mixture were not
significantly different from the mean numbers on the sus-
ceptible, However, significantly fewer eggs were deposited
on the resistant 212.

-

Although there were no siqgnificant differences between
the mean numbers of eggs laid on the mixture treatment and

the susceptible control, consistently fewer eggs were deposited



Fig. 5.11a

Pig. 5.11B
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Histograms of the mean eggs per initial female
per week on the.resistant cultivar TSC 212,
the susceptible NSC Ex-Mk and equal mixture of

TSC 212 and NSC Ex-Mk

The female and male adult survivorship (1x)
on the resistant seed cultivar TSC 212, the
susceptible NSC Ex-Mk and an egual mixture of

TSC 212 and NSC Ex-Mk (lines fitted by eye).
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weekly in the mixture (Fig. 5.11A). Overall, 26% fewer

eggs were laid on the mixture. This difference was att-
ributable to non-preference for the resistant seeds in

the mixture. The mean of 37.7 eggs per initial female laid
on the mixture treatment was made up of 30.2 eggs (80%)

on the susceptible Ex-Mk and 7.5 eggs (20%) on the resistant
212 (Table 5.13). The differences were significant (t =

3.002, p < 0.05, Table 5.13).

The ratio of eggs laid on the pure susceptible Ex-Mk
treatment and in the pure resistant TSC 212 was 1.00:0.053

compared with 1.00:0.25 when weevils were given a choice,.
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Table 5.13 Eggs laid per jnjgial- female during the repro-
ductive period of S. oryzae on the susceptible
Ex-Mk, the resistant 212 and an equal mixture

of Ex-Mk and 212,

Cultivar Cumulative mean Eggs per initial female % Standard Error

Ex-Mk 50.7 * 5.96 a

-+
~
*
o
o
w

Mixture* 37.7

"+
o
w
o]
o3

212 2.70
Different superscripts indicate significant differences
{p < 0.05) {least Significant Difference)

*Mixture composition

i+
~l1
.

LR
=

Ex-Mk 30.2

|+
o
~J
[o)]

212 7.50
t = 3.002%

*0,02 > P < 0.05

Analysis of variance :

Source of variation Ss DF MS F ratio
Treatment 4927.74 2 2463.87 18.726
Error 1184.19 9 131.577
Total 6111.93 11

Table.Fo_OOI (2, 9) = 16.4

%% p < 0,001

LSD = 17,85
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SECTION 6

EXAMINATION OF POSSIBLE FACTORS

AFFECTING OVIPOSITION
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6. EXAMINATION OF POSSIBLE FPACTORS AFFECTING OVIPOSITIOCN

It was reported in Section 4 that ovipositional non-
preference for the seed cultivars was an impeortant factor
in resistance to attack by the rice weevil. Sections 6, 7,
8 and 9 are concerned with the examination of the possible
factors that might affect egglaying by the ovipositing fe-
male under constant conditions. Such factors may include
seed size, seed quantity, seed ‘'odour', seed ‘flavour' and
moisture content. All these were investigated. A detailed

study of egg distribution on seeds was also carried out.

6.1 Seed Size
6.1.1. Natural Variation in Seed Size

6.1.2. Introduction
Casual observations reveal that sorghum seeds vary in

size. This may be due in part to genetic inheritance and

partly to environmental conditions during development.

Ewer (1245) reported that Sitophilus granarius, given

a choice between seed sizes preferred large seeds for ovi-
position. Richards (1947), Reddy (1950), Segrove (1951)
and Shazali (1982) have confirmed this observation for

Sitophilus spp. Segrove (1951) suggested that seeds of

uniform size should be used for experimental studies.

The aim of this experiment was to determine the rela-
tive proportions of the different seed sizes in selected
cultivars, while subsequent experiments séek to confirm

earlier observations that Sitophilus spp. prefer large to

small seeds for oviposition and then attempt to explain why.
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6.1.3. Methods
6€6.1.3.1. Determination of the numbers of seeds per gram of
ungraded sample.

A sample of the seeds of each cultivar to be tested
was subdivided into four subsamples using a grain divider.
This is an apparatus used for splitting grain samples at
random into two approximately equal subsamples {(Howe, 1963b).
By successive divisions a sample of grain could be split into
as many subsamples as desired. Each subsample waé weighed
on a top loading balance and the numbers of Eeeds determined
using an electronic seed counter. The seed cultivars used

were NSC Ex-Mk, FD1, LS1499, CSH5 and TSC 212, 303 and 352.

6.1.3.2. Grading of seeds into seed sizes,

A sample of seeds were weighed on a top loading balance
and sifted through graded sieves. After initial trial and
error tésts, the largest POP sieve had an aperture 4
diameter of 5mm., and the smallest bottom sieve had
an aperture diameter of 2mm. The sequence of sieves used
had aperture diameters of 5mm., 4.50mm., 4.,00mm:; 3.15mm,
2.50mms and 2.00mm. The seeds in each size category were
weighed on a digital balance. Then, four subsamples of
each seed size were taken (using a grain divider). Each
subsample was weighed and the numbers of seeds contained

determined on the seed counter.

6.1.4. Results

-

6.1.4.1. Numbers of seeds per gram of ungraded sample.

Figure 6.1 shows the mean numbers of seeds per gram in
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MEAN NUMBERS OF UNGRADED SEEDS PER GRAM OF SAMPLE

60
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40 .

30 4

20

10

Ex-Mk

FIG. 6.1

FDI CSHS ISI49? 1352 1212 T303

HISTOGRAMS OF THE MEAN NUMBERS OF UNSTANDARDIZED SEEDS PER GRAM OF SAHPLE.
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ungraded samples of each cultivar tested. Analysis of
variance (Table 6.1) shows that the mean numbers of seeds

per gram of ungraded sample of cultivar 303 were significantly
more than in any of the other cultivars. This suggests

that the average seed of cultivar 303 is lighter than other
cultivars. Cultivars, Ex-Mk and FDl were not significantly
different, but they had significantly fewer seeds per gram

of sample than the other tested cultivars implying that

en the average their seeds are heavier than the rest.
Cultivars CSH5, LS1499, 352 and 212 were similar to each

other in mean numbers of seeds.

6.1.4.2, Grading of seeds into seed sizes

The classificaticn of seed sizes into grades and their
descriptions are shown in Table 6.2 while Fig, 6.2 illustrates
the percentage composition of the different seed sizes.
The classification is arbitrary but no doubt, it will hold

true for most sorghum seed cultivars that could be encountered.

Class A seeds (i.e. retained by Smmidiameter aperture
sieve) were not very common {see Fig. 6.2) and were in the
main limited to cultivars Ex~Mk and FD1. These represented
2% and 4.50% of the total seeds of these two cultivars
respectively (Fig. 6.2). Class B seeds, the large seeds
(Table 6.2) could be found in good proportions in cultivars

Ex-Mk {32%), cultivar FD1l (49.5%) and CSHS5 (14%).

Class C seeds {(i.e. medium sized seells) were repre-
sented in cultivars Ex-Mk (50%), FDl (37%), CSH5 (29%),

LS1499 (39%), 212 {11%) (see Fig. 6.2).
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Table 6.1 Analysis of variance : Numbers of

gram of ungraded sample

Scource of wvariation S8 DF MS
Cultivars lo78.4 6 279
Error 78.7 21 3
Total 1757.1 27

Table FO.OOl (6, 21) = 5.88

%% p < 0.001

Table 6.2 Classification of seed sizes

Sieve aperture diameter Classification

retaining seeds

Smm A
4,.50mm B
4.00mm C
3.15mm T D
2,.50mm E

seeds per

F ratio
.7 74,63%*%*

.748

Description

Very large seeds
Large seeds

Medium seeds

"Small seeds

Very small seeds



100+

Size 2.50mm

Size 3.15mm
m_ Size 4 ,00mm
. Size 4.50mm
Size 5.00mm
[ 3
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PERCENTAGE
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. o T382 T303 T212 LS1499 CSHS FDI En-Vik
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FIG. 6.2 BAR HISTOGRAMS TO SHOW THE PERCENTAGE COMPOSITION COF THE DIFFERENT SEED SIZES
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&—-¢ MEAN NUMBERS OF GRADED SEEDS
PER GRAM

O—0 MEAN WT. (MG.) OF SEED
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6.3
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SEED SIZE (mm)

RELATIONSHIP BETWEEN SEED SIZE AND NUMBERS OF SEEDS
PER GRAM (@——8@); RELATIONSHIP BETWEEN SEED SIZE AND
MEAN WEIGHT (MG.) OF SEED (0—0). EACH POINT ON THE
GRAPH REPRESENTS MEAN OF 3-6 CULTIVARS (LINES FITTED
BY EYE)

MEAN WEIGHT (MG.) OF SEED
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Class D seeds {i.,e. the small sized seeds were common
to all the tested cultivars in varying proportions (see
Fig. 6.2). It varied from 91% of the total percentage

composition in cultivar 352 to 9% in cultivar FD1.

THe very small seeds, class E, were found in cultivars
352, 303, 212 and CSH5. Figure 6.3 shows the relationship
between seed size and the mean numbers of graded seeds per
gram {unbroken line). As expected, the small sized seeds
had many more seeds per gram of sample than the large seeds
i.e. the large sized seeds were heavier (broken lines,

Fig. 6.3).

6.2 Oviposition Behaviour in Relation to Seed Size

6.2.1. Introduction
It was established in Section 6.1 that sorghum cultivars

vary in size. As a possible factor in resistance it is of

interest to determine how seed size affects oviposition by

S. oryzae.

In this experiment the oviposition behaviour of the
female rice weevil on the large seeds (= Class B) and
small seeds (= Class D)} (see Table 6.2).0f the susceptible
cultivar Ex-MKk were compared. The medium size seed (= Class
C), (Table 6.2) was omitted on the basis that any differences
in ovipositional behaviour of the rice weevil would show

up using the extremes of size.

6.2.2. Methods

One hundred large seeds and one hundred small seeds
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of the susceptible cultivar Ex-Mk were placed together

in a 75mm x 25mm glass tube and thoroughly mixed by shaking
the tube while helding it lengthwise. Two hundred seeds

of the large size, and two hundred seeds of the small

size were also placed in separate 75mm x 25mm glass tubes,
There were six replicates per treatment. The inner rim

of each tube was painted with fluon to prevent insect
escape. Ten pairs of 5. oryzae (1-2 weeks o0ld) were placed
in each tube, and each was covered by a poljtop with pin-
head holes to allow for aeration. The insects were allowed
one week to lay eggs, after which they were removed and
discarded. The seeds were stained by acid fuchsin (Frankenfeld,
1948) and the numbers of egg plugs counted using a binocular
microscope. In the choice treatment large and small seeds

were easily separated by eve.

6.2.3. Results

Table 6.3 shows the numbers of eggs laid on the large
seeds, small seeds and an equal mixture of both seed sizes.
The analysis of variance, Table 6.3 showed that there were
no significant differences between the treatments (F = 0.0805,

P > 0.05), (Table 6.3). In other words similar numbers of

eggs were laid on all.

However, a 'student t test' to compare the mean numbers
of eggs laid on the large secd in the presence of the small
éeed {i.e. the choice treatment), showed Ehat significantly
more eggs were laid on the large seeds (62.4%) than on the

small seeds (37.6%) (t = 6.380, P < 0.001, Table 6.3). 1In
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The numbers of eggs laid by 10 paired rice

weevils confined for 1 week on large seeds,

small seeds and a mixture of egual numbers of

both seed sizes using the susceptible cultivar

Ex-Mk

Seed size Numbers of Mean numbers
seeds of eggs * S.E.

Large 200 1o07.2 t 7.35
Small 200 103.7 *+ 7.41
Mixture* 200 105.8 = 2,70
Mixture*
Large 100 66.0 * 3.30
Small 100 39.8 + 2.50
Mean comparison {(mixture):

t = 6.380

P < 0.001
Analysis of variance : Eggs deposited
Source 5S DF Ms F ratio
Treatment 37.4 2 18.7 0.0805 ns
Error 3485 15 232.3
Total 3522.4 17

Table F (2, 15) = 3.68

0.05

P > 0,05, not significant

(n.s.)
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other words preference for the large seeds was established

in the choice treatment.

6.2.4, Summary
In a mixture of large and small seeds 5. oryzae laid
significantly many more eggs on the large seeds. This

strong preference did not hold when females were presented

separately with the large and the small seceds.

6.3 Effect of Seed Surface Area on Oviposition of
S. poryzae

6.3.1. Introduction

In the previous experiment (6.2) it was established
that the female S. goryzae, given a choice of large and small
seeds preferred large seeds for oviposition. The practical
realities are that the female rice weevil will always be
faced with a choice of sorghum seed sizes in any batch of
sorghum {(see Fig. 6.,2). It is therefore important to
examine reasons for this ovipositional preference, Perhaps
the most obvious reason would be differences in the seed
surface area. To test whether surface area was the main
reason why the female rice weevil preferred large seeds to
small seeds for oviposition, the numbers of large and small
seeds were eqgulised in terms of seed surface area on the

basis that each sorghum seed appreoximates to a sphere. The

surface area of a sphere is as given by Weast & Selby (1964):
4mxr? = wD? = 12.57¢? . (1)

An important parameter in equation (1) is the radius 'r'.
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If the length and breadth of the sorghum seed are measured
and added together, and then divided by 2, the resulting
value gives the approximate diameter of the seed. This

can therefore be expressed as

L+b

D = > (2)
where % = length of seed

b = breadth of seed
radius, ¥, = g = &%E . {3)

Equation 1 can be rewritten as:

2 2
aTr? = w(%ﬁ] - 12.57 (_g_}_qJ (4)

6.3.2. Methods

The length and breadth of 50 large seeds and 50 small
seeds were individually measured using a "Precision Vernier
Caliper"” {Moore and Wright, Sheffield). This is a micro-
meter with vernier scales. By the use of formula (4), the
surface area of each seed was determined. The ratio of the
small seed surface area to the large was calculated as

100:133. This meant that 133 small seeds and 100 large

seeds were required to give batches of equal surface area.

One hundred large seeds and one hundred and thirty-
three small seeds were weighed separacely on a "Unimatic
Stanton" balance {(resolution 0.10mg.} and then mixed in a
%Smm X 25mm glass tube,. The inner rim of the tube was
painted with fluon to prevent insect escape. There were

5 replicates., Ten female and ten male rice weevils (1-2
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weeks 0ld) were placed in each replicate tube and allowed to
lay eggs for one week, after which the weevils were removed
and discarded. The two seed sizes were sorted out and the
seeds stained by acid fuchsin, (Frankenfeld,1948). The

numbers of egg plugs were counted.

This same experiment was performed using a two dimen-
sional container to give every seed, large or small, equal
opportunity of being contacted by the weevils just in case
the weevils behaved differently in diffefent spatial seed
distributions. The two dimensional container used was No. 11
dish. This is a circular plastic dish 100mm. in aiameter and
40mm. deep. The 1id had a 20mm. diameter hole in it and was
covered by muslin cloth to allow aeration. The inner rim
was also painted with fluon. The small and large seeds were
mixed together in the dish and spread evenly to form a layer

one seed deep.

6.3.3. Results

The mean numbers of eggs deposited by ten paired S. oryzae
per week on the large and small seeds equalised for seed
surface area and in a three and a two dimensional containers
are shown in Table 6.4. The analysis of variance, {(Table
6.4) showed that‘the mean of 76.4 eggs deposited on the
large seed was significantly more than the mean of 60.8 eggs
on the small seed (F = 13.8, P < 0.01) (Table 6.4). Further-

more, significantly more eggs were laid in the seeds contained

in the three than in the two dimensional wvessel (Table 6.4).

The percentage of seeds utilized for oviposition on the
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Table 6.4 Oviposition by 10 paired S. oryzae for a period of
one week on large and small seeds egualised for
surface area using a 2 and a 3 dimensional

container.

Mean Eggs + GE.E.

Seed Size Container

Three dimenéion Two dimension

{glass tube) (petri dish)
Large 76.4 + 5.59 ‘ 56.2 % 3.51
Small 60.8 t 3.77 42.0 + 2.57
Analysis of variance
Source S8 DF MS F ratio
Container 1901.25 1 1901.25 23.60%**
Seed size 1110.05 1 1110.05 13.78**
Interaction 2.45 1 2.45 0.0304 ns
Error 1288.8 16 80.55
Total 4302.55 19
Table FO.Ol (1, 16) = 8.53, FO.OOl (1, 1l6) = 16.1

** P < 0.01
*k% p < 0,001

L = B8.51

SD(o.05)
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large seeds compared with the small seeds were 46.0% and
31.0% respectively using the three dimensional vessel
while there were 35.0% and 24.0% using the two dimensional

vessel.

The ratio of mean eggs per seed was 1,00:0.61 {Large:
Small seeds) using the three dimensional container (Table
6.5), This ratio approximately corresponded to the ratio
of their respective weights which was 1.00:0.62 (Table 6.5).
The ratio of the mean eggs per seed supplied using the two
dimensional container was 1.00:0.57 (Large:Small seeds)
compared with 1.00:0.61 using a three dimensional con-
tainer (Table 6.5). This perhaps is suggesting a greater
preference for the large seeds compared with the small when
there was probably greater opportunity for the ovipositing

female S. oryzae to contact each seed.
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Table 6.5 Ratios of mean eggs per seed and mean weight

{mg.)

per seed on the large and small seeds

using three and two dimensional containers,

Type of Ratio

mean egg/seed

supplied

Mean wt./seed

supplied

Container

Three dimensional

Large seed:small seed

Two dimensional

Large seed:small seed

Y=
o
Q
o
%))
~J

(0.56) : (0.32)

{39.2 mg) : {24.5 mg)



-182~

6.3.4. Conclusions

1.

The differences in the seed surface area could not
account for the female weevil's greater ovipositional
preference for the large seeds when given a choice

of large and small seeds.

The ratio of mean eggs laid per large seed and small
seeds corresponded to the ratio of their respective
weights.

The spatial distribution of seeds, affected the total
numbers of eggs laid and the degree of preference for

the large seeds.
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6.4 The Effect of Seed Weight and Veolume on
Oviposition of S. oryzae

6.4.1. Introduction

It has been shown in Section 6.3 that the female rice
weevil laid significantly more eggs in the large seeds than
the small even when the seed's surface areas were made equal.
However, the ratio of mean eggs per seed supplied on the
large and small seeds approximately corresponded to the
ratioc of their weights. This suggests that the ovipositing
female, given a choice of large and small seeds, was responding
to the bigness {i.e. volume) of the seed rather than to the
surface area. The aim of this experiment was to determine
whether the differences in weight/volume between large and
small seeds could explain the differences in ovipositional
preference. The weevils were therefore presented with a

choice of an egual weight/volume of large and small seeds.

The volume of sorghum seeds approximates to the volume
of a sphere. The volume of a sphere has been defined by

Weast and Selby (1964), as:

Vv = 4/3 mr? = 1/6 7b? = 4.189r° {5)
where V = volume
D = diameter

‘"radius,

r
The radius of the seed was determined in the same way as

in Section 6.3.1. Equation (5) can be rewritten as:

b 3 3
v = 4/3n[22 J - 4.189@%%% (6)
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6.4.2. Methods
6.4.2.1, Seed weight

Three and a half grams of small seeds and 3.50 grams
of large seeds were weighed on a top loading balance., The
numbers of seeds contained in each lot were counted using a
hand counter. Both lots of seeds were placed in a 75mm x
25mm glass tube, The inner rim of the glass tube was painted
with fluon to prevent insect escape. Each tube contained
7.00 gms of seeds, a similar weight to tﬁe mean of 7.14

grams of seeds of both sizes used in the experiment on

surface area (Section 6.3.2.). There were six replicates.

Ten pairs of §. oryzae were introduced and the tube
covered by a polytop which had pinhead holes drilled in them
to allow aeration. The experiment lasted seven days after
which the insects were removed and discarded. The small seeds
were separated from the large seeds and both lots were
stained with acid fuchsin (Frankenfeld, 1948) and examined

for egg plugs.

6.4.2.2, Seed volume

The determined ratio of the volume of large seeds to small
seeds was 152:100. Therefore, to make the volume of small
seeds equal to the large seeds 152 small and 100 large seeds

were needed.

Separate lots of one hundred large seeds and 152 small
seeds were weighed separately on a "Unimatic Stanton” balance.
Both lots of seeds were placed in a 75mm x 25mm glass tube

and mixed thoroughly. The inner rim of the glass tube was
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painted with fluon to prevent insect escape. Ten pairs

of adult S. oryzae were introduced. The tube was sealed
with a polytop with pinhead holes to allow aeration.

There were five replicates and the experiment lasted one
week at the end of which the rice weevils were removed and
discarded. The small and large seeds were separated and
were stained with acid fuchsin (Frankenfeld, 1948) and

examined for egg plugs,.

6.4.3. Results
6.4.3.1, Seed weight
The mean numbers of eggs laid on the large seeds was

not significantly different from mean numbers on the small

seeds (t = 0.104, P > 0.10), (Takle 6.6).

Thirty two percent of the small seeds had eggs on them

while 41.8% of the large seeds were utilized.

As expected the mean numbers of eggs per large seed
were significantly greater than on the small seed (t = 3.664,
P < 0.01), (Table 6.6). The ratio of the mean numbers of

eggs per large seed to the small seed was 1.00:0.66.

6.4.3.2. Seed volume

The mean numbers of eggs laid by the female rice weevil
on the large seeds were not significantly different from
that laid on small seeds (t = ©0.313, P > 0,.,10), (Table 6.7}.
Thirty three percent of the small seeds had eggs laid on
compared with 43% of the large seeds. Th; mean edgs per
seed was significantly greater on the large than on the

small seeds (t = 4.782, P 0.001), (Table 6.7}. While
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Table 6.6 Oviposition by ten paired §. oryzae confined

for one week on a mixture of

large and

Seed Size - Weight

{gm,)
Large 3.50
Small 3.50

Mean comparison:

small seeds

Mean numbers of

seeds t S.E.

92.7

+ 0.84

141.7

+ 1.20

t = 33.6

P < 0.001

egual weight

Mean numbers
of eggs %

S.E.

of

Mean egg
per seed

supplied

+0.04
t = 3.664

0.002>P<0.01
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Table 6.7 Oviposition by ten paired §. oryzae confined
for one week on a mixture of equal volume of

small and large seeds,

Seed size Seed Weight Mean numbers Mean egg per
numbers per seed of eggs % seed supplied
(mg. ) S.E.* * S.E.
Large 100 39.6 71.2 . .71
t 0.04
Small 152 25.0 73.0 0.48
t 0.03
Mean comparison t = 16.9 t = 0,313 b= 4.782
P < 0.001 P > 0.10 P < 0.001

*Standard Error .
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the total eggs produced by the ovipositing S. orvzae
female were similar on an egual volume of large and small
seeds, the greater mean numbers of eggs per large seed
compared with the small seed confirm the preference for

the large seeds.

6.4.4. Summary

1. There were no significant differences in the mean numbers
of eggs laid on a mixture of an egqual weight or an egual
volume of large and small seeds by tﬁe female 5. oryzae.

2. When the mean weight per seed was considered, there was,

as expected a greater preference for the large seeds,
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SECTION 7

THE EFFECT OF SEED QUANTITY ON OVIPOSITION
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7. THE EFFECT OF SEED QUANTITY ON OVIPOSITION

7.1 Preliminary Experiment on the Effect of Seed
Quantity on the Oviposition of Groups of Females
7.1.1. Introduction

R Published studies on the effects of population density
on fecundity have been of two types. These were: a) those
that alter the numbers of the insects while keeping the
available food resource constant (e.g. Allee 1931, Maclagan
1932, Shazali, 1382, Utida 1941, Pearl and Parker 1922), and
b) those that keep the numbers of insects constant while
changing the quantity of available food resource (e.g. Birch,
1945a, Longstaff 1981b, Richards 1947). MacLagan and Dunn's

(1936) methods were intermediate; they altered both numbers

of weevils and seed quantities in the same experiment.

Thus, far the term "population density” has been used
in describing the responses observed from both types of
experimental procedures. This writer proposes the phrase
"the effect of seed quantity or food guantity..." for des-
cribing experiments where the amount of food resource has
been varied and the numbers of insects kept constant in

contrast to the reverse procedure which is appropriately

described as "the effect of population density...".

Whichever methods were employed, they appeared to gen-
erate similar responses. Such responses are of two types
{(Watts 1960); the 'Drosophila type’', and the 'Allee type'.
In the 'Drosophila type', the fecundity declines as the in-

sect numbers increase or as the ratio of insects to the
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available food resource increases. In the 'Allee type'
{coined by Fujita (1954}, following Allee's (1931) analysis
of Chapman's (1928) data), the insect response is such

that there is an optimum insect density or optimum ratio

of insects to the available food gquantity, below and above
which fecundity declines. However, Kirchner (1938) showed
that the two types of responses were not peculiar to any
species. He obtained both types with the phasmid Dixippus

(Carausius) morosus (Brunn. & Redt}). Utida (1941) using the

azuki bean weevil, Callosobruchus chinensgis (L.) also reported

that there is an intermediate type belonging to neither of

the two responses described earlier.

The effects of high insect density include reduced
egg output, increased loss of eggs and larvae by self
predation in cannibalistic species, reduced adult size

and increased developmental mortality (Solomon, 1953).

The aim of this experiment was to compare the effects
of seed quantity on the oviposition of 5. oryzae using the
susceptible cultivar Ex-Mk and the moderately resistant
cultivar FD1. The latter was the most resistant cultivar
available at the time the experiment was performed and it
was intended to provide data on how resistance might affect

population dynamics of the weevil,.

The seed quantities employed ranged from 25 to 400 seeds
per ten paired S. oryzae (see Fig. 7.1). The seeds in each

treatment were placed in 75mm X 25mm glass tubes except
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the 400 seeds treatment for which 100mm x 36mm glass tubes
were used. The inner rim of each tube was painted with
fluon to prevent insect escape and there were 5 replicates
per treatment. Ten paired S. orvzae were added to each
replicate and each tube was sealed using a polytop with
pinhead holes except the 100mm x 36mm glass tube which was
covered by a wooden cork with a muslin covered hole. At
the expiration of a 72 hour oviposition period, the weevils
were removed and discarded. The seeds were stained using
acid fuchsin {Frankenfeld, 1948) and the.egg plugs counted,.
In all 7,750 seeds of the susceptible Ex-Mk and the moder-
ately resistant FD1 were examined. This tedious procedure
explains why some authors have preferred to use the numbers
of emergent progeny weevils as a measure of eggs, an approach
that can only be justified if immature mortality is insig-
nificant; otherwise oviposition and pre-imaginal survival

become confounded.

7.1.3. Results

Figure 7.1 shows the effect of varying the seed guantity
on oviposition. With increasing seed numbers, the total
numbers of eggs deposited per female weevil increased
successively on the susceptible cultivar Ex-Mk whereas the
numbers remained fairly constant over the range 50 - 400
seeds on the moderately resistant cultivar FD1 (Fig. 7.1).

Within limits of this expeniment there is no indication of

an optimum seed guantity.

The percentage of seeds utilized for oviposition per
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female S. oryzae is shown in Fig. 7.2. As expected, the
percentage decreased as the numbers of seeds available

to ovipositing females increased. The trend was similar

for both cultivars,



-196-

7.2 The Effect of Artificial Seeds (Glass balls)

Mixed with the Seeds of the Susceptible Cultivar Ex-Mk
7-2.1. Introduction

In the preceeding section it was shown that increase

in seed quantities available to ovipositing females of
S. oryzae led to greater egg production in the susceptible
cultivar Ex-Mk. This might be seen as decreased intra-
specific competition, Obviously with increased seed quan-
tities the available walking surface increases thus leading
to reduced physical contacts by the weevils. The aim
of this experiment was therefore to test whether increased

walking surface per se contributed to increased egg pro-

duction.

7.2.2. Methods

Fifty seeds of the susceptible cultivar Ex-Mk and 150
glass balls were placed in a 100m x 36émm glass tube and
the glass balls were thoroughly but carefully mixed with
the seeds. As controls, 50 seeds and 200 seeds were each
placed in . separate 100mm x 36mm glass tubes. Each tube
was painted with fluon to prevent insect escape. There
were 5 replicates per treatment. Ten paired S. oryzae
were placed in each replicate tube and allowed 72 hours
oviposition as in the previous experiment, The weevils
were removed after the expiration of the 72 hours and

discarded. The seeds were stained by acid fuchsin

(Frankenfeld, 1948) and the numbers of egg plugs counted,
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7.2.3. Results

Table 7.1 shows the mean eggs laid per 10 female

and 10 male 5. oryzae on the different treatments.

The analysis of variance {Table 7.1) shows that
significantly more eggs were laid on the treatment with
glass balls than on the control treatment with only 50
seeds (F = 7.82, P < 0.01). The mean eggs laid on the
treatment with glass balls were not significantly diff-
erent from the treatment with 200 seeds (Table 7.1).

This experiment showed conclusively that additional
walking surface areas provided by incréased seed guantity
led to greater egg production., With increased seed
quantities, there is reduced physical contacts and thus
less interference with the ovipositing female. Table

7.1 also shows that significantly more seeds had eggs laid
on in the treatment with glass balls than in the 50 seeds
control treatment, This was an inevitable consequence

of more eggs being laid in the glass ball treatment.

Also as expected the mean numbers of seeds with eggs laid
on by 10 paired 5. oryzae on the 200 seeds control treat-
ment were significantly more than on the 50 seeds plus
150 glass balls treatment inspite of the fact that sim-
ilar numbers of eggs were laid on both treatments (Table

7.1).



Table 7.1

Treatment

50 seeds

+ 150 glassb

50 seeds
{(control)
200 seeds

{control)

Different superscripts

differences
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Oviposition of S. oryzae when seeds of cultivar

Ex-Mk were mixed with artificial seeds (glass

balls).

alls

(p = 0.05)

Mean eggs * S.E.

per 10 female per

Mean seeds infested

+ S5.E.

72 hours
48.6 * b
3.09
33.0 a
t 4.18
51.0 b
* 1.58

LSpD = 9.51

27.4 b

20.8 a

+ 1.63

40.8 c

+ 1.59

LSD = 4.63

in each column indicate significant

(least significant differences).

Analysis of variance

Source

Treatment

Error

Total

Table F

S5

744.5

571.2

1315.7

0.01

(2, 12} = 6.93,

Eggs laid

DF MS
2 372.25
12 47.6
14

** 0,001 > P < 0.01

Analysis of variance

Source
Treatment
Error

Total

k%% P <

5SS

1038.5

134.8

1173.3

G.001

Seeds infested

DF MS

2 519.25 =~
12 11.23
14

F0.001 12)

F ratio

7.82%*

Il

13.0

F ratio

46 . 2% **
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7.3 Effect of Interference by Males
7.3.1. Introduction

In Sectieon 7.2 it was reported that increased surface
areas led to increased egg cutput as a consequence of
reduced interference, One main cause of interference
could be by the males. This experiment was therefore

performed to determine whether males interfere with females

in the act of egg laying.

7.3.2. Methods

The methods employed in this experiment were similar
to those of Section 7.1. The main difference was that
unpaired previously fertilized females were used for com-
parison with male and female pairs. The experiment was

limited to the susceptible cultivar Ex-Mk. For further

details the reader should consult Section 7.1.2.

7.3.3. Results

With increased seed gquantities, significantly more eggs
were produced by the unpaired females (F = 12,1, P < (.001),
{Table 7.2). Fig, 7.3 illustrates the oviposition (mean
eggs per female per day) using ten unpaired females. Sig-
nificantly more eggs were laid at seed quantities 100 to
400 per ten unpaired female than at 25 to 50 (Fig. 7.3).

Significantly more eggs were laid by unpaired females as

compared to paired (See Fig. 7.3).

Figure 7.4 shows a significant linear-~regression between
seed guantities and the mean eggs per female per day using
unpaired females. The regression was highly significant

(F = 44,265, P < 0.001), (Table 7.2).



Table 7.2

Sources
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Anova table with regression: Egygs per female

per day {unpaired females)

Seed guantities

Regression
Regression
Pure error

Total

Table
Table
Table

k& P

LSD =

55
6.3975
5.874
error 3.177
2.6537
9.0512
FQ-001 {1, 20)
¥y ool (4, 20)
FO.OS {23, 20)
< 0.001
0.64

DF

23

20

24

MS F ratio
1.5994 12,053**%*
5.874 44.265%+%*
0.1381 1.041 ns
0.1327
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The effect of varying seed quantities on
oviposition (eggs/%®/day) using groups of ten
paired females []]Il, ten unpaired females .
and ten females paired with ten R. dominica

[:], Vertical bars represent *# L.S.D. (P < 0.05)
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7.4 Effect of Interspecific Interference on Oviposition
7-4.1. Introduction

In Section 7.3 it was shown that in the absence of the
males significantly more eggs were laid at each given seed
guantity by the unpaired fertilized females. The inference
from the experiment in Section 7.3 was that the males did
interfere with the ovipositing female S. oryzae and there-
by caused a reduction in egg production.l The aim of this
experiment was to determine whether the presence of another

species would interfere with the ovipositing female S. oryzae

and cause a reduction in the numbers of egas laid.

7-4.2. Methods

The methods were similar to those of Section 7.1, The
difference was that ten unsexed R. dominica were placed with
ten female rice weevils in each replicate tube. R. dominica
was used to test the effect of interspecific interference

on the ovipositing female S. oryzae. The female rice

weevils (1-2 weeks o0ld) were previously fertilized.

7.4.3. Results

Significantly more eggs were laid at seed quantities
100 to 400 per ten females paired with ten R. dominica
than at seed guantities 25 and 50 (F = 10.8, P < 0.001),
{see Table 7.3 and Fig. 7.3}. This was as expected. How-
ever, significantly fewer eggs were laid by females paired

with R. dominica as compared to unpaired females (see Fig.

7.3).
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Fig. 7.4 The relationship between the mean eggs per
female per day and loge seed numbers per
ten female S. oryzae (M—#®, females paired
with males, O———0 female paired with
R, dominica, ®&——® unpaired females)

The regression eguations are as follows

1) females paired with males y = -0.50 + 0.41x
r = 0,92 P < 0.001
2) females paired with
R. dominica y = -0.56 + 0.,45x
r = 0,81 P < 0.001
3) Unpaired females y = =0.16 + 0.49x

r = 0.81 P < 0.901
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The relationship between seed quantities and numbers
of eggs laid per female per day was a significant linear
regression {(F = 41.4, P < 0.001), (Table 7.3 and Fig. 7.4},

This was also as expected.

The data from the results of experiments on male
interference, interspecific interference and the control
{i.e, females only) were pooled together and analysed
using a two way analysis of variance (Table 7.4). The
different seed gquantities had a signific&nt effect on eggq
laying as expected (F = 42.0, P < 0.001, Table 7.4) (see
also Fig. 7.3). The interference effect was aiso significant
(F = 44,0, P < 0.001, Table 7.4}). In other words unpaired
females laid significantly more eggs than females paired

with males or females paired with R. dominica ({(see Fig, 7.3).

Table 7.3 Anova table with regression : Eggs per female

per day {(interspecific interference).

Source s8 DF MS F ratio
Seed guantities 5.031 4 1.258 10.779%*%
Regression 4,836 1 4.836 41 ,439%%%*
Regression error 2.528 23 0.1099 0.9417
Pure error 2.333 20 0.1167

Total 7.364 24

*** P < 0,001
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Table 7.4 Anova table : Eggs/%9/day including data for
interference due to males being present with
females, interspecific interference due to
R. dominica being present with females and
the control treatment (i.e. females only),

on varying seed gquantities,

Source S8 DF ﬂS F ratio
Seed quantities 15,305 4 3.826 42 . 04*%*
Interference B.025 2 4.013 44 ,01***
Interaction 0.502 B8 0.063 0.692ns
Error 5.459 60 0.091
Total 29.291 74

Table FO.OOl (2, 60) = 7.76

Table FO.OOl (4, 60) = 5.31

Table FO.OS (8, 60) = 2.10

*%*% P < 0,001

ns not significant
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7.5 Experiment Comparing Female - Female Interference

with Male - Female Interference and Interspecific

Interference

7.5.1. Introduction

It was shown in Sections 7.3 and 7.4 that adult male
5. oryzae and adult R. dominica had a depressing effect
on the oviposition of the female S§. oryzae, With increasing
seed guantities however, the interference due to either males
or the presence of R. dominica decreased. The experiments
were performed at different times and to.confirm that the
effects of interference were genuine and not due to diff-
erences in stock culture (i.e., some females might be less
fecund in some experiments), a follow up experiment was

performed using adult S. oryzae arising from the same stock

culture.

The design of the experiment was such that it was also
possible to separate female - female interference from male

- female interference and from interspecific interference.

7.5.2. Methods

One hundred similar sized seeds of the susceptible
cultivar Ex-Mk were placed in each of four separate 75mm
x 25mm glass tubes, Each tube was painted with fluon to
prevent insect escape. In the first tube was placed 10
adult female and 10 adult male S. oryzae. This was desig-
nated female - male interference treatment. The adult

female S. oryzae and 10 unsexed adult R. aominica were

placed in the second tube. This was the interspecific
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interference treatment, The third tube contained 20

adult female S. oryzae. This was the female - female
interference treatment, The fourth tube contained 10
(unpaired) adult female §. oryzae. This was designated

the control treatment. All females were fertilized prior

to the experiment., There were five replicates per treatment,
Each tube was covered by polytop with pinhead holes to allow
aeration. The experiment lasted 72 hours as before, after
which the weevils were removed and discarded. The seeds
were stained with acid fuchsin {(Frankenfeld (1948)) and

the numbers of egg plugs counted.

7.5.3. Results

The mean eggs per female S§. oryzae per day on the
four different treatments described in the methods are
graphed in Fig. 7.5. The analysis of variance (Table 7.5)
showed highly significant differences between the treatments
(F = 16.4, P < 0.001), (Table 7.5). fThere were significantly
fewer eggs on the female - male interference and the female
- female interference treatments than on the unpaired female
control treatment (Fig. 7.5). The interspecific inter-
ference treatment was not significantly different from
the control treatment (see Fig. 7.5}. The interspecific
interference, female - female interference and the female
- male interference reduced egg production by 19.6%, 32%
and 43% respectively as compared to the unpaired female
control treatment. Female - male interference therefore

depressed egg production more than either female - female

of interspecific interference.
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The effect of female - male interference
(A), female - female interference (B),
interspecific interference (C), on the
oviposition {(Eggs/%/day) of §. oryzae.
Fig. D was the unpaired control treatment

(see text)

The vertical bars are + L.5.D. (P < 0.05)
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Table 7.5 Analysis of variance : interference - eggs
per female per day. (Based on results graphed

in Fig. 7.5}).

Source of variation 58 DF Ms F ratio
Treatment 1.8069 3 0.6023 16,41 %*%*
Error 0.5878 16 0.0367
Total 2.3947 19

Table FO.OOl {3, 16} = §.00

*k% p < 0.001

L.S.D. = 0.26
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7.6 Experiment to Determine the Optimum Weevil
Density for Egg Laying
7-6.1. Introduction
The results of the experiment in Section 7.5 showed

that female - female interference led to 32% fewer eggs

as compared to the control treatment (see Section 7.5.3).

The aim of this experiment therefore was to determine
the optimum insect density at which oviposition by the

female S. gryzae would be maximal.

Two hundred similar sized seeds of the susceptible
cultivar Ex-Mk were placed in each of five separate 75mm x
25mm glass tubes. Each tube had been painted with fluon to
prevent insect escape. The weevil densities used in this
experiment were: 1 pair, 2 pairs, 5 pairs, 8 pairs and 10
pairs. The weevils were 1 - 2 weeks old. Each pair or
pairs of weevils were placed in a separate 75mm X 25mm glass
tube. Thére were five replicates per treatment. Each re-
plicate tube was sealed with polytop with pinhead holes to
allow aeration. The experiment was terminated after ten
days. The weevils were removed and discarded. The seeds
were stained with acid fuchsin (Frankenfeld 1948) and

examined for egg plugs.

7.6.3. Results

There was a significant linear regreSsion (F = 14.0,

P < 0,001) (Table 7.6) between the mean eggs per female
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per day and weevil density per 200 seeds (r = 0.63,

P < 0.001, Fig. 7.6).

The optimum density for oviposition was one pair
S. oryzae (Fig. 7.6). Oviposition (eggs/female/day)
was significantly greater at weevil density of one pair
§. oryzae per 200 seeds than at 10 pairs (F = 3.73,

P < 0.05, Table 7.6).

Table 7.6 Anova table with regression : Eggs per female
per day (weevil densities).

Source of variation ss DF MS F ratio
Weevil densities 1.497 4 0.37425 3,733%
Regression 1.403 1 1.403 13.995%*+*
Regression error 2.099 23 0.0913 0.9107 ns
Pure error 2.005 20 0.10025
Total 3.502 24

Table FO.05 (4, 20) = 2.87

Table FO.Ol {4, 20) = 4.43

Table FO.Ol (1, 20} = B8.10

Table FO.OOl {1, 20) = 14.8

* 0.01 > p < 0.05

** 0,001 > P < 0.01

L.85.D. = 0.5%6



-215-

y = 2.75 + [-0.07)x
L r = -0.633
v p < 0.001
B
=
= -
EE‘ v
y
j£2]
2 25|
=
=
ey
24
Ex
a‘ o
7
&)
L)
2]
E v
5 -
=
v
2.0 i ) 1 | 1 | | { L 1
§) 5 10

NUMBERS OF WEEVIL PAIRS/200 SEEDS
FIG. 7.6 THE EFFECT OF WEEVIL DENSITY PER 200 SEEDS ON THE

OVIPOSITION OF THE FEMALE RICE WEEVIL



-216-

7.7 Experiment to Determine the Ovipositional Response
of a Paired and Unpaired §. orvzae
7-7.1. Introduction
In Section 7.1 it was shown that by keeping the numbers
of paired females constant and varying the numbers of
seeds, the oviposition rate of 8. oryzae increased with

increased seed guantities. This has been shown to be due

to various forms of interference {(see Fig. 7.5).

The aim of this experiment was to determine the ovi-
positional response of a paired and unpaired female S. oryzae

to varying seed quantities,

7.7.2. Methods

The seed gquantities used in the experiment wexre 2, 5,

10, 20, 40, 100 and 200.

For treatﬁents which had between 2 gnd 40 seeds, 50mm Xx
12.5mm glass tubes were used, while 75mm x 25mm glass tubes
were used for other treatments, There were two seed batches
each of 10 replicates per seed guantity, except the 200

seeds treatment which had 5 replicates in each batch.

One female and one male §. oryzae were placed in one
set and the other set contained one unpaired female. The
experiment was conducted in the experimental room (30°C
and 70% R.H.)}) and was terminated after 2 weeks. The seeds
were stained with acid fuchsin (Frankenfeld 1948) to

expose the egg plugs which were later counted.
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The results (Fig. 7.7) show an increase in the mean
eggs per female per day with increased seed guantities with
a maximal egg production at 40 seeds treatment lrrespective
of whether paired or unpaired female was used. A single
female is therefore capable of increasing its egg ocutput
with increased seed quantities. Factors other than inter-
ference may therefore be implicated in the response of

the female S. oryzae to increased seed quantities.
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7.8 Ovipositioen in Relation to Possible Pheromone
Production by the Adult S. orvyzae

7-8.1. Introduction

The results of the experiments in Sections 7.1 and
7.6 show conclusively that the ratio of weevils to seeds
was the main important factor influencing the numbers of
eggs laid by groups of female S. oryzae. With a low ratio
{i.e. reduced interference) the numbers of eggs laid by
the female was greater than when the ratio was high (see
Figs, 7.1 - 7.4 and 7.6). However, the results in Section

7.7.3. suggest that factors other than interference could

be involved.

One possibility was that pheromones might be produced
which would influence the behaviour of the ovipositing
female S. oryzae. The aim of this experiment therefore was
to determine whether volatile compound{s) were being pro-
duced by §. oryzae which might influence eég production both

positively and negatively.

A gcircular wire mesh (aperture 850 microns) measuring
12, 7mm in diameter was placed in between two open ended
tubes. Each tube was 50mm long and 12.7mm in diameter. The
two tubes were Jjoined together using Aradite thereby forming
a two piece tube (see Fig. ¢.1). 1In one of the two tubes
(hereafter designated the upper tube) 40 similar sized seeds
of cultivar Ex-Mk and one pair of S. oryzae (1 - 2 weeks

0ld) were placed. Both were held in place by the wire mesh
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in the middle. The inner rim of the upper tube had been
painted with fluon to prevent insect escape. The upper
tube was sealed with a polytop with pinhead holes. Ten
seeds and twenty pairs of S. oryzae (also 1 - 2 weeks old)
were placed in the lower tube, and the tube sealed with
polytop with no pinhead holes (see Fig. 9.1). Thus, if
volatile compounds were produced it would escape into the

upper tube and influence the ovipositing females.

The second treatment was exactly the same as the first
except that 20 unpaired female rice weevils were used

instead of paired females.

The control treatments were similar except that the
lower tube had only ten seeds and no weevils in the first
control, while in the second control treatment there were
no seeds and no weevils in the lower tube. There were ten

replicates per treatment.

The eXperiment lasted two weeks after which the weevils
were removed and discarded. The seeds from the upper tube
of each replicate treatment were stained with acid fuchsin
(Frankenfeld 1948) to expose the egqg plugs which were counted

thereafter.

7.8.3. Results
The mean eggs laid per female S. oryzae per day in
relation to possible pheromone production are shown in

Table 7.7). The analysis of variance {(Table 7.7) was

significant (F = 5,54, P < 0.01).
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Table 7.7 Oviposition in relation to possible pheromone

production by the adult §. oryzae

Treatment Mean eggs per female per day 1%
{see text} standard error
I

{using paired females

. in lower tube}

II

(using unpaired females

in lower tube)

Control I

(using seeds and no weevils

in lower tube)

Control II

{using no seeds and no weevils

in lower tube)

Different superscripts indicate significant differences
(P < 0.05) {(Least Significant Differences)}

Analysis of variance

Source of variation SS DF MS F ratio
Treatment 8.6612 3 2.8871 5.5414*%*
Error 18.7485 36 0.521
Total 27.4097 3¢9

Table FO.Ol (3, 36) = 4.43

Table FO.OOl {3, 36) = 6.87

**  G,001 > P < 0,01 L.5.D. = 0.73
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The treatment which had unpaired females in the lower
tube had significantly more eggs laid by the ovipositing
female in the upper tube than the control treatments I
& II {(see Table 7.7 and Methods). However, the treatment

with male - paired females in the lower tube was not sig-~

nificantly different from the controls,

The suggestion arising from this experiment is that
a volatile compound(s) was produced by the females which
had a stimulatory effect on the ovipositing female. The

presence of males with females could depress its production,

7.8.4., Implications of the foregocing experiments for

The foregoing experiments with the susceptible cultivar
show that interference*is a key factor determining the
numbers of eggs laid by the female S. oryzae, The results
of the experiment in Section 7.8.3. also suggest that
pheromones could be an additional factor in determining
the numbers of eggs produced. Because of lack of time
it was not possible to perform the experiments on the
resistant cultivar., However, from the results shown in
Fig. 7.1. it can be seen that in the resistant seeds, reduced
interference as a result of increased seed guantity may
not lead to increased egg output. Other factors such as anti-
biosis and non-preference would appear to overwhelm reduced

interference.

Furthermore it could also be that S. oryzae feeding

*See also MacLagan (1932); MacLagan and Dunn (1936); Segrove
{1951) and Richards (1947).
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on resistant seeds might cause a reduction in the production
of pheromones from weevils below {see Section 7.8.3) and
may therefore not influence the female above in the same

manner,



SECTION 8

DETAILED STUDY OF EGG DISTRIBUTION

AMONGST GROUPS OF SEEDS



8. DETATLED STUDY OF EGGC DISTRIBUTION AMONGST

GROUPS OF SHEDS

8.1 Introduction
Three basic types of distributions are in common use

in biology. These are random, regular and contagious.

In a&a random distribution, there is an egqual chance of
the female weevil laying her eoggs on any seed in any part
of the arena provided. Richards (1947} reported that §.
granarius laid its eggs randocmly. With a random distri-
bution, the variance is not significantly different from
the mean, To test for randomness an agreement with a

Poisson series is the accepted test,

A regular distribution (a15§ known as even, uniform
or over-dispersed) implies uniform spacing of individuals,
in this case eggs. The occurrence of one event tends to
impede that of a second event and under these conditions

the numbers of individuals per sampling unit approaches

the maximum possible. An example of a regular distribution
is that of Callosobruchus chinensis (L.) which distributes
its eggs regularly on beans (Utida, 1943). This 1is made

possible because the female bean weevil puts on an oviposition
marker on the bean preventing other female weevils from
depositing a second egg once one had been laid (Oshima et

al, 1973). Segrove (19%51) also reported that the small

strain of the rice weevil (presumably S. eoryzae) over-

disperses its eggs.
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In a regular distiribution the variance is sjignificantly
less than the mean and the distribution could be described

Ly the positive binomial model (Elliot, 1977).

A contagious distribution (also known as clumped,
aggregated or underdispersed) implies that the "presence
of one individual or event increases the chance that another
will occur in the same unit®" (Elliot, 1977). Dobie (1974)
and Segrove [(1951) reported clumped egg distributien for
S. zeamais. In a clumped distribution the variance is
significantly greater than the mean. The negative binomial
model could be used to describe this type of distribution.
The negative binomial has two parameters, the arithmetic
mean and the exponent 1. The reciprocal of the exponent k
i.e. 1/k is a measure of ‘clumping’ of individuals (or
eggs). As 1/k approaches infinity (k =+ ©) then clumping
increases. Conversely as l/k approaches 0 and k approaches

infinity, the distribution converges to the Poisson series.

The aim of this section was to determine the nature
of egg distribution by the female S§. oryzae on stored
sorghum and then attempt to explain the reason for the type

of egg distributions obtained.

8.1.2. Mathematical concepts

The variance to mean ratioc or Index of dispersion, 'I'

(Elliot, 1977) was calculated by the formula:

varliance

£
o2
1Y
p
1o
i
I
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X = arithmetic mean,
The departure of 'I' from unity was assessed by X? test

using the formula:

s? (n=-1)
x

X* =

Agreement with Poisson series was accepted if ¥? value was
found not to be significant at 5% level of significance
(Elliot, 1877). However, if samples were large (n > 31}

the normal variable 'd*' was calculated asE

d = vax? - 2v - 1

where v the degrees of freedom (n - 1), If the absolute
value of 'd' {regardless of the sign) was less than 1,96
then agreement with a Poisson series was accepted and hence
a random distribution. However, if 'd' was greater than
1.96 with a positive sign then the dispersion was contagious

but if *d' was greater than 1.96 with a negative sign,

the dispersion was regqular.

Whenever it was necessary to confirm the significance
of 'd' the observed frequency distributions were compared
with the expected frequency distributions of any of the
three distribution models (Poisson series, positive and
negative binomial) using ¥? goodness of fit. Some frequencies
were combined so that no expected values were less than 5
fCrawley, per.comm, ). The details of how to calculate the

-

expected values for each of the models could be found in
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in Elliot (1977).

The parameter 'k' of the negative binomial was esti-

mated as follows:

k= X
where ﬂ = estimate of k
s? = wvariance

X = mean

Details of how to calculate a more accurate estimate
of k from the maximum likelihood eqguation are in Elliot

(1977).
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8.2 Freguency Distribution of Eggs

8.2.1. Using Different Seed Cultivars
In Section 5 an experiment was performed to determine
differential oviposition on ten seed cultivars. The section

should be consulted for details of the methods. The nature

of the distribution of the egg plugs is examined here.

8.2.2. Using Different Seed Quantities
In Section 7.1 the effect of increasing seed guantities
on oviposition was studied using ten paired §. oryzae.

The nature of distribution of egg plugs on the different

seed quantities would also be examined.

8.2.3. Using Mixtures of Large and Small Seeds
Section 6.2 examined oviposition in relation to seed

size. The distribution of eggs by ten paired S. oryzae

on mixtures of large and small seeds is to be examined.
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8.3 Results

8.3.1. Using Different Seed Cultivars
The frequency distributions of eggs on each cultivar
per 10 paired S. oryzae confined on 100 seeds for 1 week

and the dispersion parameters arising from them are shown

in Table 8.1.

The results in Table 8.1 show that egg distribution
in the most resistant cultivar TSC 303 was random. The
calculated value of 'd', the normal variable which was
1.90 was less than 1.96 and agreement with Poisson series
was accepted at 95% probability level (P < 0.05). However,
egg distribution on all other cultivars tested was clumped
as the 'd' values were highly significant {P < 0.001)

{Table 8.1).

The degree of clumping is shown in Table 8.1. The
figure shows a negative linear relationship between the

degree of clumping (%) and loge mean eggs per seed. The
k

relationship was highly correlated (r = -0.92, P < 0.001)

(Fig. 8.1). The suggestion here is that in general clumping
increases as the seed cultivars become more resistant though

in the most resistant cultivar 303 oviposition was random.
Elsewhere however, (Section 9:71.3 & BAppendix 9.1B) oviposition

on the most resistant cultivar 303 was clumped.

8.3.2. Using Different Seed Quantities .

The frequency distribution of eggs per seed per 10

paired S. oryzae on the different seed quantity treatments
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8 -
7 * y = 0.97 + (-1.96)x
r =-0.92,
p < 0.001
6 —
5 - ®
/R4
3
7 -
1 -
0 ) | | i b )
3 -2 -1 0

Loge MEAN EGGS PER SEED
FIG. 8.1 THE RELATIONSHIY BETWEEN I/i AND loge MEAN EGGS

PER SEED USING NINE SEED CULTIVARS OF SORGHUM



Table 8.1

Cultivar

303
352
229
257
212
336
FD1
SK5912
Ls187

Ex-Mk

Cultivar

303 .
352
229
257
212
336
FD1
SK5912
L5187
Ex-Mk

Frequency distribution of eggs per seed per

10 paired S. oryzae confined on 100 seeds for

1l week

(Aggregates of five replicates)

Observed numbers of seeds

S er

seed

Dispersion parameters

o 1
478 20
473 23
468 20
451 35
405 57
319 111
332 82
313 87
302 81
255 98

2 3
2 o
3 1
9 3
11 1
19 10
44 18
45 25
54 33
50 29
60 29

18

29

Variance

(s?)

0.054
0.084
0.157
0.24
0.76
0.862

1.44
2.06
2.70

mean

(x)

0.048
0.064
0.094
0.138
0.336
0.574
0.652
0.72
0.90
1.17

I

(=v/M)
1.125-
1.31
.68
.74
.26
.50
.12
2.00
2.29
2.31

N S =

Variance to

mean ratio

12 7

lé6 6

Normal
deviate

(a)
+1.90
+4.60
+9,20
+9.80

+15.6
+7.20
+14.4
+13.l
+16.4
+16.4

o=

5.00
7.14
5.10
3.45
0.88
1.72
1.39
1.41
1.11

Type of

distribution

best fitted

Poisson

Negative binomial

"



Fig.
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Histograms of the frequency distributions of
egg plugs per 10 paired S. oryzae per 72

hours on 25 seeds (A}, 50 seeds (B), 100 seeds
(C), 200 seeds (D) and 400 seeds (E) using
observed values and calculated expected wvalues

based on negative binomial and Poisson series.
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and their dispersion parameters are shown in Table 8.2,
The values of 'd' for each seed quantity treatment was
positive and highly significant (P < 0.001, Table 9.2)
suggesting that egg distribution was clumped regardless

of the numbers of seeds available to ovipositing females,.

The observed frequency distribution of eggs at each
seed quantity treatment was compared with the expected
Poisson and the expected negative binomial series and are

illustrated in Fig. 8.2.

The values for Y’ test for goodness of fit of a Poisson
series to the samples at each seed guantity freatment were
significant while the X’ values for the negative binomial
distribution were non-significant {(Table 8.3). This confirms
a rejection of agreement with Poisson series and an accep-
tance of the negative binomial model as a good fit to the

original counts.

8.3.3. Using_an_Egual Mixture of Large_and Small Seeds
Table 8.4 shows the frequency distribution of eggs

per ten paired §. oryzae on the whole mixture treatment, on

the large seeds separately and on the small seeds separately.

The X2 test (goodness of fit) for agreement with Poisson

series was highly significant in all the three cases (Table

8.4) while the same test for agreement with the negative

binomial distribution was non-significant (Table 8.4).

-

The suggeétion here is that egg distribution on both
large and small seeds were clumped and that the negative

binomial model is a good fit to the observed frequencies.



Table 8.2

Seed numbers

25

50

100

200

400

Seed numbers

25

50

100

200

400

Eggs/Seed

Variance

(s?)
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({Aggregates of five replicates)

susceptible cultivar Ex-Mk.

paired 8. oryzae on different seed numbers

using the

Observed numbers of seeds

o

63

137

353

794

1783

Dispersion parameters

1 2

30 18

67 31

98 30

162 29

173 36

3 4

8

9

13

12

5

Mean

{x)

Oor more

Variance Normal Signi-

to Mean deviate:ficance

ratioc
(I=V/M)
1.47

1.33

*k of the negative binomial

(da)

+3.39

+3.47

+7.41

+6.93

+10.4

of '4a’

P<0.001

P<0.001

P<0.001

P<0.001

P<0.001

Frequency distribution of eggs per seed per 10

k* Type of
distribu-
tion best

fitted

1.54 Negative
binomial

1.94 "
.78 "
Q.77 "
0.35 "
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Table 8.3 ¥? values and their significance comparing

observed egg distributions and expected based

on Poisson and negative binomial series.

Treatmept Poisson series
25 seeds 13,.387*%*
50 seeds 10.518*
100 seeds 20.99%*%*
200 seeds 16,547%%%
400 seeds 61.721**%
* significant at 95% probability level

* % significant at 99% probability level

*** gignificant at 99.9% probability level

1.098

0.516

0.567

2.637

0.518

Negative binomial

ns

ns

ns

ns

ns
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Table 8.4 Egg distribution by ten paired 5. oryzae confined

on a mixture of 100 large seeds and 100 small

seeds for a period of one week (Aggregate of 5

replicates)
A Whole mixture treatm

Eggs per seed (o) 1

Observed values 800 250

Expected (Poisson

) 706 374
series) .

Expected (negative

binomial) 793 255

**x*x P < 0.001

ns = not signific

52 0.866, x =

B Large seeds

Eggs per seed 0 1

Observed values 366 137

Expected (Poisson

. 310 205
series)

Expected {negative
bincmial)

365 140
*kk P < 0.001
ns = not significa

2

s? =1.116 , x = O

ent

2.

92

99

91

ant

0.53,

55

68

56

nt

.66,

3 4 15 6 7 X? values
{goodness of
fit test)
43 8 2 4 1
18 2 0 0 0 125,587 %*x*
34 13 5 2 -1 4.131 ns

k of the negative binomial = 0.806

30

15

23

of

4 5 6 7 x? values

(goodness of

fit test)
6 2 3 1
2 O 0 Q 68.259*%%
9 4 2 1 3.298 ns

the negative binomial = 0.916



Table B.4 (Continued)

c Small seeds
Eggas per seed 0 1 2
Observed values 434 113 37
Expected (Poisson ,., ;.. 4,
series)
Expected (negative g5 ;.0 35
binemial)
*%*%* P < Q.001
ns = not significant
S2 = 0.584, ; = 0.40,
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k

13

11

of

the

5 6 7 X¥? values
{goodness of
fit test)
o] 1 0
0 0 0 23.755%*%
1 0 0 0.262 ns

negative binomial = 0.821
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8.4 Effect of Seeds Distribution in Two Dimensions

8.4.1. Introduction

The results in Section 8.3.1. showed that egg distri-
bution by groups of female §. oryzae on all the cultivars
tested was clumped except on the most resistant cultivar
303 (See Table 8.1). Using the susceptible cultivar Ex-Mk,
the results in Sections 8.3.2 & B8.3.3 showed that egg dis-
tribution was significantly clumped irregpective of the

numbers of seeds or seed size available to ovipositing

females (see Tables 8.3 and 8.4).

However, the clumped egg distribution observed could
have been due to the type of arena used for the experiments.
The experiments were performed in three dimensional vessels
{75mm x 25mm glass tubes) and it might have been that the

female weevils had no opportunity of contacting every seed.

The aim of this experiment therefore was to determine
egg distribution using a two dimensional container such-that

every seed became available to the ovipositing females.

8§.4.2. Methods

One hundred similar sized seeds of the susceptible
cultivar Ex-Mk were arranged systematically in a 50mm dia-
meter petri dish in such a manner that every seed was lying
flat and touching each other and the seeds were one layer

deep. -

The fifty seeds at the centre of the dish were each

marked with a small dot while the other fifty at the edge
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were each marked with the letter 'e'. Both types of
identification marks were placed on the lower half of the
endosperm of each seed using a black waterproof felt pen.
(Oviposition by the female S. oryzae had been observed to be
concentrated in the upper endospermic regien next to the
bearded end of the seed. The inner rim of the dish had

been painted with fluon to prevent insect escape.

Ten pairs of §. oryzae (1 - 2 weeks o0ld) were placed
in the petri dish, The dish was covered by its 1id which
had a hole in the middle (20mm in diameter} and covered by

muslin cloth to allow aeration. There were five replicates.

The experiment lasted one week after which the weevils
were removed and discarded. The 50 seeds at the edge of
the dish were sorted out separately from the 50 at the centre.
The numbers of eggs were determined in the usual way (see

Section 2).

8.4.3. Results

The distribution of eggs laid per 10 paired S. coryzae
confined on seeds in petri dish for one week was best des-
cribed by the negative binomial model, (d = +9.,73, P < 0,001)
{Table 8.5). The distribution of eggs on the 50 seeds at
the edge of the dish and 50 seeds at the centre of the seeds

were similarly clumped (d = 6.71 and 7.61 respectively)

{Table 8.5).
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Table 8.5 Egg distribution by ten paired S. oryzae
confined on 100 seeds {(one layer deep) in a
50mm diameter petri dish for a period of one
week (Aggregate of 5 replicates) |

A) Egg distribution on 50 seeds at edge of dish

Eggs per seed o) 1 2 3 4 +

Observed values 137 52 32 15 14
B) Egg distribution on 50 seeds at centre of dish

Eggs per seed 0 1 2 3 .4+

Observed wvalues 142 44 28 17 19
c) Grand Total
Observed values 279 96 60 32 33

Dispersion parameters based on Table 9.6.

Treatment Variance Mean Variance to Normal Significance Type of

_ Mean ratio deviate distribu
{s?) (x) (I = V/M) (d) tion bes
fitted
A 1.408 0.868 1.622 +6,.13 P < 0.001 negative

binomial
B l1.634 0.908 1.795 +7.606 P < 0.001 "

C 1.518 0.888 1.71 +9.73 P < 0.001 "
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8.4.4. Conclusions
The clumped distribution'of eggs by the female §.
oryzae was not related to the type of arena provided for

the ovipositing females.
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8.5 Egg Distribution by a Single Pair of S. oryzae

8.5.1. Introduction

Thus far the examinpation of the type of distribution
by S. oryzae has been with groups of paired females and
the results have shown that the distribution best fitted

the negative binomial model.

Perhaps the clumped distribution is a group behaviour
by the female rice weevils. The aim of this experiment there-
fore was to determine the type of distribution by cone pair

of 5. oryzae instead of groups of paired females.

8.5.2. Methods

Twenty similar sized seeds of the susceptible cultivar
Ex-~Mk Were'placed in a 50mm x 12.5mm glass tube, The inner
rim of the tube had been painted with fluon. One female
and one male S. oryzae (1 - 2 weeks old) were placed inside
the tube and the tube was sealed with polytop with pinhead
holes to allow aeration. There were twenty replicates.
The experiment was terminated after one week, The seeds
were soaked in water for 24 hours and then stained with

acid fuchsin stain (Frankenfeld, 1948). The seeds were next

dissected to determine the numbers of eggs.

8.5.3, Results

The results in Table 8.6 of the egg distribution by 1

ﬁair of 8. oryzae show that the distribution is best des-

cribed by the negative binomial model. .
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8.5.4. Conclusions
Egg distribution by a single pair of 8. orvyzae is
clumped and the clumped distribution observed using groups

of females in earlier experiments was not necessarily a

group behaviour.



Table 8.6

Eggs per

Observed

Expected
{Poisson

Expected
(Negative
binomial

* k%

ns

52

X
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Egg distribution by 1 pair §. oryzae confined

on 20 similay sized seeds of the susceptible

cultivar Ex-Mk for a period of one week

(Aggregate of 20 replicates).

seed 0 1

values 276 82

. 255 115
series)

274 87
)
P < 0.001
= not significant
= 0.609

= 9.45

30

26

27

k of the negative binomial

3 4 x? value

{goodness of

fit)
10 2
4 o] . 15, 712**+*
8 2 0.776 ns
1.088
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B.#6 Examination of the Validity of Segrove's (1951}
Experiment

8.6.1. Introduction

In Section 8.5 it was reported that a single pair of
S. oryzae distributed its eggs in a clumped manner rather
than at random and that the distribution fitted the nega-
tive binomial model, The results of this experiment and
the previcus ones are at variance with those of Segrove
{1951) and calls into question the validity of Segrove's
(1951) findings. Segrove reported that egg distribution of
the small strain of the rice weevil (presumably s. orzzae)
and the large strain (presumably S. zeamais) were 'over-
"distributed' and 'underdistributed' respectively. It is

guite clear from the report (Segrove's) ‘that :these terms

mean regular and clumped distributions respectively.

Further recognition was given to Segrove (1951) when
Longstaff (198la) cited Segrove (1951) when describing the
type of egg distribution by S. zeamais and §. oryzae in his

review of the genus-Sitophilus

To determine why the discrepancy between Segrove's
findings and the present studies it was decided to repeat
Segrove's experiments using his techniques and methods as

far as possible,
A major departure in experimental technigue between
Segrove and this author was that Segrove used the numbers

of larvae {which were 14 - 28 days old) to estimate the

numbers of eggs and it is not unlikely that some of these
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larvae had been involved in intra-specific competition.
Furthermore while Segrove used wheat in his experiment,

this writer had used sorghum,.

The experiment to be described was set up to determine
egg distribution of S. oryzae and §. zeamais on wheat and
on sorghum using methods by Segrove {1951) and the present

author's to estimate the numbers of eggs.

A culture of the maize weevil, §. zeamais which was
"maintained on maize was obtained from the Tropical Develop-
ment Research Institute (T.D.R.I.), Slough, England, and
subcultured separately on sorghum (variety Ex-Mk) and on
wheat (variety Pilhose) at 25°C and 70% R.H. Similarly
5. oryzae was separately cultured at this same temperature
and humidity on the same wheat and sorghum cultivars. Hum-
idity was controlled using potassium hydroxide sclutions
in dessicators (Buxton and Mellanby, 1934), The wheat and
sorghum were also separately conditioned at 25°C and 70%

R.H.

Twenty seeds of wheat and 20 of sorghum were each placed
separately in a 50 x 12.5mm (2" x 1") glass tube. One pair
of 5. oryzae (3 -~ 5 days old) were placed in each treatment
tube. The tube wa; sealed with polytop with pinhead holes.
There were 15 replicates per treatment. The treatments using
S. zeamais was exactly the same as with §t oryzae. These

sets of treatments were designated set A and all the tubes

were placed in a dessicator over potassium hydroxide solution.
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Another set of treatments, designated set B, exactly
the same as set A, were set up in another dessicator. The
experiments were then transferred to the constant temperature
room maintained at 25°C. The dessicators were covered by
a black cloth to maintain darkness. The dessicators were
aired daily to prevent a build up of carbon dioxide. The
experiment lasted 14 days after which the weevils were
removed and discarded. The seeds in set A éere placed in
the deep freezer (- 20°C) immediately after the 14 day
oviposition period. The seeds were later dissected to
determine the numbers of eggs/larvae. The seeds in set B
were, however, incubated for a further 14 days to allow the
eggs to hatch into larvae ({(Segrove 1951) and thereafter

they were stored in the deep freezer. They were later

dissected and the numbers of larvae in each seed determined.

Segrove infact continued his experiment by supplying
the weevils with fresh seeds every 14 days until the female
weevil died. This was not considered necessary in this
case as the aim of the experiment was to assess Segrove's
'egg' counts based on larvae resulting from intra-specific

competition. A

8.6.3. Results

Egg distribution per female §. oryzae or per female
8. zeamais per 14 day oviposition period on either sorghum
6r wheat seeds was clumped and the distripution fitted the

negative binomial model {(Table 8.7, set A). "Egg distribution”

based on larvae (14 - 28 days o©ld) were, however, regularly
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Table 8.7 Egg distribution by 1 pair S. oryzae, 1 pair
S. zeamais confined on 20 similar sized seeds
of sorghum and 20 of wheat for a period of 14

days (Aggregate of 15 replicates).

Set A (based on 14 day oviposition period, see text)

Treatment Observed numbers of seeds
Eggs per
seed 0 1 2 3 4 5 6 7 8
5. oryzae on Sorghum 147 69 44 24 l} 3 il o 1
5. oryzae on wheat 86 92 53 2% 21 10 8 0 1

5. zeamais on Sorghum 118 87 47 27 9 9 1 1 1

5. zeamais on wheat 135 80 4% 21 6 2 2 2 1

Dispersion parameters
Treatment Variance Mean 4 Significance Type of
{(s?) (x) of 'da‘' distribution

best fitted

5. oryzae 1.699 1.007 +7.33 P < 0.o001 Negative
on Sorghum binomial
5. oryzae 2.569 1.55 +7.05 P < 0.001 "

on wheat

5. zeamais 1.988 1.213 +6.872 P < 0.001 "
on Sorghum

S. zeamais

1.859 1.063 +7.905 P < 0.001 "
~on wheat ‘
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Table B.7 (Continued)

Set B (based on larvae 14 - 28 days old, see text)

(Aggregate .of 15 replicates)

Treatment Observed numbers per seed
Larvae per seed O 1 2 3 4

S. oryzae on Sorghum 140 155 5 0 o

S. oryzae on wheat 93 193 11 3 0]

S. zeamais on Sorghum 125 172 3 0 o]

S. zeamais on wheat 138 153 7 1 1

Dispersion parameters

Treatment Variance Mean d Significance Type of
(s?) (x) of '@’ distribution

best fitted

£. eoryzae 0.282 0.55 -6.923 P < 0.001 positive
on Sorghum binomial
5. oryzae © 0.324 0.747 -8.328 P < 0.001 "

on wheat

S. zeamais

0.262 0.593 -8.179 P < 0,001 "
on Sorghum

S. zeamais

0.351 .58 -5.41 P < 0.001 "
on wheat
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distributed irrespective of whether it was §S. orfzae or

S. zeamais or whether the food material was wheat or
sorghum (Table 8,7, set B). The variance was significantly
less than the mean and the distribution was best described
by the positive binomial model (Table 8.7, set B}. These
results therefore explain why Segrove (1951l) obtained a
regular distribution of eggs (or rather larval distribution)
for the small strain of the rice weevil. Segrove's demon-
stration of clumped distribution of eggs for the large
strain of the rice weevil (again based on larvae counts)
may be a sheer chance because he based his analysis on
aggregates of "10 cases where 24 - 26 eggs were laid in

20 grains in a fortnight" rather than on the whole data

set which could be up to 100 cases (see Segrove, 1951).



-255-

8.7 Effect of Live Larvae on Egg Distribution

Using Groups of Females

8.7.1. Intreduction

The aim of this experiment was to determine how the
effect of thé presence or absence of young live larvae
in a seed would affect the total numbers of eggs laid and
the nature of egg distribution in such seeds. Ewer (in
Richards 1947) had reported that the presence of a live

fourth instar larva in a seed deterred owviposition by adult

females.

8.7.2. Methods

Cne hundred similar sized seeds of cultivar Ex-MK were
placed in a 75mm x 25mm glass tube. Ten pairs of 5. oryzae
(1 - 2 weeks o0ld) were then added and the tube covered by

a polytop with pinhead holes. There were six replicates

and these were designated batch A.

Another lot of six replicates similar to batch A, each
with one hundred seeds and 10 pairs of rice weevils were

set up and designated batch-B,

After one week of oviposition, all the weevils from
each replicate tube were removed and discarded. Batch A
seeds were placed in the deep freezer (-20°C) for one week,
(A preliminary experiment had shown that no adults emerged
from such seeds which had been deep frozen for at least 6
days). Batch B seeds were kept in the exberimental room

for one week to allow the eggs to hatch into larvae.
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Both batches of seeds were then stained with acid
fuchsin (Frankenfeld 1948) and dried on Kim-wipe paper.
The numbers of egg plugs on each seed were determined and
recorded while a small dot was plaéed on the seed next to
every eqgg plug using a black waterproof felt pen. Every
seed which contained egg plug(s) also had an identification
number written on the lower half of the endospermic region

{opposite the bearded end).

The next day (i.e. 8 - 15 days after the first ovi-
position period) 10 pairs of §. oryzae (1l - 2 weeks old)
were placed'in each replicate tube for a period of one week.
(Individual eggs or larvae in seeds in batch A treatment
were presumed dead while the live young larvae in batch B
seeds were B8 - 15 days o©ld at the start of the second week
of weevil oviposition). The weevils were removed and dis-
carded after the second 7 day oviposition period. The
seeds were stained with acid fuchsin (Frankenfeld, 1948) and

the numbers of egg plugs on every seed determinegd.

8.7.3. Results

The mean eggs separately laid on batch A and on batch
B seeas per each lot of 10 paired S§. oryzae during the first
week of weevil oviposition were not significantly different
{(t = 0.598, P > 0.10, Table 8.8). Similarly the numbers of
seeds utilized for ovfposition was not significantly diff-
érent between the two seed batches (t = 0©0.502, P > 0,10,

Table 8.8). These were as expected. In the second week

of weevil oviposition however, the mean eggs laid per ten
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Table 8.8 Egg plugs deposited and their distribution by
10 paired S. oryzae on each of two lots of 100
seeds using cultivar Ex-Mk

Oviposition

1st period of weevil exposure

Seed batch Mean Eggs/10 %/week Mean seeds
+ 5.E. infested/10 %s/week
*
A 97.3 ’ 42.5 ¢t 2,08
+ 9.18
B 90.5 44.17
* 6,72 * 2.60
t = 0.598 t = 0.502

2nd period of weevil exposure

Seed batch

A 100.2 52.0 & 2.56
+ 7.00

B 73.0 + 4.84 43,7 + 2,04
t = 3.081 t = 2.509

P 0.01>P<0.02 0.02>P<0.05
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Table 8.8 (Continued)

Egg distribution per ten paired females per week (aggregate

of 6 replicates).

Oviposition Seed Observed numbers of seeds
period batch Eggs per O 1 2 3 4 5 6 7 8
seed
1st A 345 105 70 32 24 9 7 4 4
B 337 122 68 36 16 14 6 1 0
2nd A 288 162 71 46 16 12 1 3 1
B 337 141 81 32 8 o 0 1 a

Dispersion parameters

Oviposition Seed Variance Mean e Significance Type of
period batch s? x of '4a’ k* distri-

bution
st A 2.367  0.973 +13.4 P < 0.001 0.8 n°9ative

binomial

B 1.832 0.905 +14.6 P < 0.001 0.73 "
2nd A 1.771 1.002 +11.4 P < 0.001 1,247 "
B 1.019 0.73 +6.296 P < 0,001 1.55 "

*k of the negative binomial
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Seed

Description

Previously
infested

Newly
infested

Previously
infested

Newly
infested
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Egg plugs and their distribution by 10 paired

8. oryzae during the second period of weevil

oviposition using the same seeds as during the

first period of weevil oviposition {(see text)

Seed

batch

Oviposition
Mean Egg plugs
+ S.E.
per 10 paired

females

47.9 ¢ 5.80

52.3 + 3.66
= 0.652

> 0.10

24.0 £ 3.35

49,0 £ 2.70
= 5,821

< 0.001

Mean seeds
infested + S.E.
per ten paired

females

24.0 + 1.77

28,0 + 1.61
t = 1.672

P > 0.10

16.0 & 0.94

27.0 £ 0.94
t = 4.685

P < 0,001
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Table 8.9 (Continued)

Distribution of egg plugs per ten paired females during
the second period of weevil oviposition (aggregate of six
replicates).

Seed Seed Observed numbers of seeds

Description batc¢ch Eggs per O 1 2 3 4 5 6 7 8

seed
Previously
infested A 111 75 24 28 10 4 1 2 0
Newly
infested A 177 87 47 18 6 8 0 1 1
Total 288 162 71 46 16 12 1 3 1
Previously
infested B 163 64 28 8 0 0 0 o 0
Newly
infested B 174 77 53 24 8 0 e] 1 o]
Total 337 141 81 32 8 o] ] 1 0
Dispersion parameters
Seed Seed Variance Mean rar Significance k * Distri-
Description Batch ‘ bution
type
Previously Negative
infested A 1.945 1.125 +7.12 P < 0.001 1.543 binomial
Newly
infested A 1.629 0.910 +8.88 P < 0.001 1.152 "

Previously

infested B 0.646 0.548 +1.99 P < 0.05 3.06 v
Newly
infested B 1.267 0.872 +6.,7d P < 0.001 1.93 "

*k of the negative binomial
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Table 8.10 The numbers of egg plugs deposited per ten

paired S§. oryzae during the second week of

weevil oviposition on seeds which had one

egg plug and two or more egg plugs from the

first week
Seed Description Seed
(based on lst Batch
week of ovi-

position)

One egg plug/

seed A
Two or more
egg plugs/seed A
One egg plug/

seed B
Two o©or more
eqgg plugs/seed B

of weevil exposure.

Mean egg plugs Mean seeds

on previously

reinfested

infested seeds during 2nd

*+ S5.E.

17.5

I+

30.3

H

11.0

1+

13.0

1+

weevil ex-

posure

t S.E.

9.83
+1.62 -

14.2
+1.51

Mean comparison:t

7.83 = 1.17

8.83 * 1.05

Mean eqg plug
per reinfested

seed

[
.

~J
(98
I+
o
[]

|
5]

A8 ]
.

-]
[=)]
1+
@]
.

]
w

It

2.077

P > 0.05 ns

1.40 £ 0.13

1.47 + 0.07

Mean comparison:t = 0.47

P > 0.10 ns.
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paired females on batch A seed (which contained dead eggs
or larvae) were significantly greater than on batch B seeds
with living larvae (t = 3.081, P < 0.02 Table 8.8). The
distribution of eggs was significantly clumped irrespective

of seed batch or the period of oviposition (Table 8.8).

The presence of young larvae inside the seeds (batch B)
therefore significantiy deterred oviposition but this was
not enough to inhibit egg clumping. The ﬁegree of clumping
as measured by the value of k (Table 8.B) was less in seeds
with living larvae than in seeds with dead individuals (Table

8.8).

During the second week of weevil exposure, the mean
eggs laid per ten paired §. oryzae on batch A seeds pre-
viously infested as compared to seeds newly infested was
not significantly different (t = 0.652, P > 0.10, Table 8.9).
There was therefore no evidence of seed selection. However,
the mean eggs laid per 10 paired S. oryzae on previously
infested batch B seeds were significantly fewer than on newly
infested seeds (t = 5.821, P < 0.001, Table 8.9). Egg
distribution was clumped regard..less of the seed batch or
treatment. However, the degree of clumping in batch B
seeds which were used for oviposition and had live larvae
inside was less than in newly infested seeds (Table 8.9).
?his-was probably a conseguence of the deterrence from ovi-

position in seeds which contained live larvae.

The mean numbers of eggs per reinfested batch B seeds
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which had one egg from the first weevil exposure was not
significantly different from the mean eggs per reinfested
seed with 2 or more eggs (t = 0.47, .P > 0,10, Table 8.10}.
Deterrence from oviposition therefore was not different

in seeds with 2 or more larvae from that with one larva.
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8.8 - Effect of Daily Change of Seed Position

on Egg Distribution

8.8.1. Introduction

The aim of this experiment was to determine how the
daily change in the position of seeds placed in a 75mm x
25mm glass tube would affect egg distribution by the female
S. oryzae. Such a procedure would redistribute the seeds

in the tube and in theory unaccessible seeds would become

available for attack.

8.8.2. Methods

One hiundred similar sized seeds of cultivar Ex-Mk were
placed in a 75mm x 25mm glass tube. Ten paired 5. oryzae
(1 - 2 weeks old) were added and the tube sealed with poly-
top with pinhead holes to allow aeration. There were six

replicates, There were also six control replicates set

up exactly in the same manner as described above.

Twice daily the contents of each experimental tube were
separately decanted. into a No. 11- dish (100 mm in diameter.- *-=--
and 40 mm deep). Then the weevils were removed from the
seeds and the seeds mixed.thoroughly in the dish. Next
the seeds and the weevils were returned to their respective
tubes. The control replicates were left undisturbed. All
experiments lasted one week after which the weevils were
;emoved and discarded and the numbers of eggs deposited in

each seed determined. -
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8.8.3. Results

The mean numbers of eggs laid per ten paired S. oryzae
per week on segdgﬂwith positions in the tube
changed twice daily were féwer than on the control undis-
turbed seeds but the differences were not significant
(t = 2.038, P > 0.05, Table 8.11). However, it seems that

disturbance of the weevils reduced oviposition by about

18%.

Egg distribution was significantly clumped regardless
of the treatment (Table 9.11), although the wvalues of 'k’
suggest that the degree of clumping was greater in the
control undisturbed experiment than in the treatment, perhaps
as a consequence of the greater numbers of eggs laid on the

controls,
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Table 8.11 The numbers of eggs and their distribution per
ten paired S. oryzae per week confined on 100

seeds with seed position changed twice daily.

Ovipositon

Experiment Mean eggs/10%/week
+ S.E.
Treatment 93.7 + 7.82
Control 114.8 + 6.80
t = 2.038

P > 0.05 ns
Egg Distribution {aggregate of six replicates)

Experiment Observed numbers of seeds

Eggs/seed O 1 2 3 4 5 6 7 8
Treatment 328 121 70 46 21 8B 5 1 0
Control 308 113 72 48 30 12 12 4 1
Dispersion parameters
Experiment Variance Mean ra’ Significance k* Type of dis-
(s?) (x) of 'a’ tribution
Treatment 1.765 0.933 +13.0 P < 0.001 1.046 negative binomial

Control 2.527 1.148 +16.8 P < 0.001 O0.79 " "

¥k of the negative binomial.
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8.9 The Effect of Differentially Positioned

Seeds on Egg Distribution

8.9.1. Introduction
The sorghum seed has two distinct ends, the tapering
bearded end or the germ end and the round end i.e. the

end opposite the bearded end.

A preliminary observation had shown that 83% of the
egg plugs were deposited in the endosperm half of the seed
nearest to the bearded end while 2% and 15% were laid in
the germ and the germ perimeter respectively. Very rarely

were eggs laid in the round end of the seed..

The aim of this experiment therefore was to present
the seed in two different ways to the rice weevils and

determine its effect on egg distribution.

8.9.2. Methods

The bearded end of one hundred and sixty similar sized
seeds of cultivar Ex-Mk was individually stuck down vertically
in a 50 mm diameter petri dish using gum tragacanth (Cocombs,
1956). This meant that only the round end of the seed was
free and exposed. The seeds were arranged systematically
with each seed touching one another. The inner rim of the
petri dish was painted with fluon to prevent insect escape.
The gum was allowed time to dry and then ten paired §. oryzae

(1 - 2 weeks o0ld) were added and the dish.covered by a lid

which had a hole covered by muslin to allow aeration.

The second treatment was the reverse of the first with
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the round end of the seed stuck down and the bearded end
free, The thifd treatment was a mixture of 160 seeds in
which the bearded end and the round end were alternately

stuck down.

There were four replicates per treatment and the ex-
periment was terminated after one week when the seeds
were stained with acid fuchsin to expose the egg plugs

which were counted.

8.9.3. Results

The mean egg plugs deposited per 10 paired §. orvyzae
per week on the treatment with free bearded end (see Methods)
were significantly greater.than on the treatment with the
searded end stuck down (F = 10.9, P <0.005), (Table 8.12).
However, the mixture and the treatment with the free bearded
end were not significantly differenf {see Table 8.12). A
fuarther analysis of the mixture treatment showed that al-
though greater numbers of egg plugs were laid on seeds
positioned with the free bearded end than with stuck down
bearded end, the differences were not significant (t = 1,057,
P > 0.10, Table 8.12), The ratio of egg plugs on seeds
separately positioned with the free bearded end as compared
to seeds separately positioned with the bearded end stuck
down was 1:0.65. This same ratio was 1:0.74 in the mixture
treatment. In other words preference for seeds with the
free bearded end was slightly less in the mixture treatment

.

than in separate treatments, It might be that with the

admixture of differentially positioned seeds, the female
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Table 8.12 The numbers of egg plugs and their distribution
per 10 paired S. oryzae per week on seeds diff-

erential positioned.

Treatment Description Mean egg plugs/l0 paired %s/week
t S.E.
Round end stuck down 153.5 b
+ 6.95
Bearded end stuck down 100.3 a
t 4.33
Mixture* lel.0
$15.3 b

Different superscripts indicate significant differences using

LSD (P < 0.05)

*Mixture

Round end stuck down 92.5
* 6.03

Bearded end stuck down 68.5
+14.9

r'.
I
|
o
n
~d
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Table 8.12 (Continued)

Anovar : Oviposition on seeds differentially positioned

Source Ss DF MS F ratio
Treatment 8776.5 2 4388.25 10,93*%
Error 3613.75 9 401.53

Total 12390.25 11

** 0,001 > P « 0.005, L = 32.1

5D o.051)
Distribution of egg plugs per ten paired females per week
{aggregate of 4 replicates)

Treatment

description Observed numbers of seeds

Egg "plugs per
seed 0 1 2 3 4 5 6

Round end stuck down, .
bearded end free 333 132 88 58 14 14 1

Bearded end stuck down,
round end free 421 124 18 18 19 g 1

Mixture* 281 170 10Ce6 54 14 9 6

*Mixture o
Round end stuck down 119 95 65 27 7 6 1

Bearded end stuck down 162 75 41 27 7 3 5



Table 8.12 (Continued)

Dispersion parameters
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Treatment Variance Mean '4’ Significance Type of

Description (s?) (x) of. 'd’ distri-
bution

Round end stuck down,

bearded end free 1.607 0.959 +10.5 P < 0,001 Negative
binomial

Bearded end stuck down, .

round end free 1.239 0.627 +14.5 P < 0.001 "

Mixture* 1.597 1.064 +8.06 P < 0.001 "

*Mixture

Round end stuck down 1.467 1.156 +3.215Fp < 0,002 "

Bearded end stuck down 1.714 0.972 +8.30 P < 0.001 "
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5. oryzae became confused and therefore laid slightly
fewer egg plugs in seeds with a free bearded end than it
would normally do were the seed positions separately pre-

sented.

Egg distribution was clumped in all the treatments,
the variance being significantly greater than the mean

{(Table 8.12}).

8.9.4. Summary

1. With differentially positioned seeds the total numbers
of egg plugs deposited was significantly greater in
seeds with free bearded end than in seeds with the
bearded end stuck down,

2. Differentially positioning of seeds did not change

the nature of egg distribution from being clumped,
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8.10- The Survival of Immature Stages in Large
and Small Seeds with one Egg Plug, two Egg plugs

and three or More Egg Plugs

The experiments described thus far have failed to
establish why the female rice weevils significantly clump
its eggs rather than lay them at random or even in a
regular manner, The implication of the results however,
is that the females do not select particﬁlar seeds pro-
viding they are of the-same size and cultivar, but probably
tends to lay each further eggs in the seed on which.the

initial egg happens to be laid.

This experiment was aimed at det.rmining whether
egg clumping confers any advantage on the surviving larva
either in terms of adult weight, developmental period or the

total numbers of larvae surviving to_adulthoeod,.

The experiment in Section 6.2.3. showed that there
were no significant differences in the numbers of eggs laid
by the female S. oryzae when separately presented with
small and large seeds in a no choice treatment. Small and
large seeds of the susceptible cultivar Ex-~Mk were compared
to determine whether there might be differences in the numbers
of adult emerging, adult weight, developmental period and
larval survival to adulthood in relation to the initial

numbers of egg plugs deposited on the seed.
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8.10.2. Methods

One hundred large seeds were placed in a 75mm x 25mm
glass tube while the same number of small seeds were
placed in a separate 75mm x 25mm glass tube. Ten pairs of
8. oryzae (1 - 2 weeks old) were placed in each tube and
the tube was sealed with a polytop with pinhead holes to
allow aeration. There were ten replicates per seed size
treatment. The replicate tubes were placed in the exper-
imental room (30°C and 70% R.H.). The experiment was
terminated after one week and the seeds were stained with
acid fuchsin to expose the egg plugs. The numbers of egg
plugs per seed were counted and recorded, The seeds from
each seed size were next sorted out into three categories
namely:

a) seeds with one egg plug

b) seeds with two egg plugs

c) seeds with three or more egg plugs,
Ten seeds of each category were placed in a 50mm x 12,5mm
tube. Seeds with egg plugs placed in the germ were rejected
as the survival of eggs on the germ had been shown to be
low compared to other parts of the seed {(Sharifi, 1972).
Each tube was covered with a polytop with pinhead holes,.
There were ten replicates per treatment. The composition of
the ten seeds in each replicate tube of category 'c' were
as follows:

(i} five seeds, each with 3 egg plugs

{(ii)two seeds, each with 4 egg plugs

(iii)two seeds, each with 5 egg plugs

{iv)one seed with 6 or more egg plugs.
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This ratio approximately correponded to the ratio of seeds
with three, four, five, six or more egg plugs obtained in

the oviposition experiment.

The replicate tubes were left in the experimental
room (30°C and 70% R.H.) until the first adult(s) emerged.
Thereafter daily counts of all emerged aduits were recorded.
The adults were removed from the tube and weighed within

24 hours of emergence until adult emergence was completed.

B8.10.3. Results
8.10.3.1, Adult Emergence

The mean percentage emergence per seed in which egg
plugs were laid was significantly greater in seeds with three
or more egg plugs than in seeds with one egg plug irres-
pective of seed size (F = 16.5, P < 0.001, Table 8.13).
This was based on ‘the fact that only one adult emerged
per seed regardless of the numbers of eggs laid or of the

seed size. Seed size had no significant effect on the mean

percentage emergence (F = 0.27, P > 0.10, Table 8.13).

An examination of seeds with only one egg plug showed
that a mean of 69% and 72% adults emerged from small and
large seeds respectively in circumstances when there was
no intraspecific competition. Assuming no intraspecific
competition until 'natural’® mortality occurring among single
larvae is complete then it can be calculated that with 3
eggs in a seed the probability of one surviving would be
0.97 i.e. [1 - (0.31 x 0.31 x 0.31)] and 0.98 i.e. [1 -

(0.28 x 0.28 x 0.28)] on the small and large seeds respectivley.



-276-

This is not different from the observed survival of
0.95 and 0.91 on the small and large seeds in these cir-~

cumstances (Table 8.13).

So it seems that in a system where one larva can
survive per seed the presence of other eggs is not nec-

essarily detrimental to the one individual that survives,

8.10.3.2, Immature Mortality
The k-values {(death rates) were significantly greater
on seeds with 2 eggs than with one and greater still-on

3 + eggs per seed (F = 194.0, P < 0,001, Table 8.14).

The relationship between k-values and the numbers of
egg plugs laid on a seed was significantly correlated
{r = 0,92, P < 0.00t, Fig. 8.3). The positive linear
relationship suggests that immature mortality was density
dependent and caused by intraspecific competition of the
contest type (Hassell, 1976). The mertality of immature
stages on seeds with 3 or more eggs was about 4 times

than on one egg seed (see Table 8.14).

Immature mortalities were not significantly different

between the seed sizes (F = 0.54, P > 0.10, Table 3.14).

On account of the total numbers of eggs laid in a
seed, it is obvious that survivorship of the immature
stages is better at density of one egg per seed than at
2 or more. The best strategy for the fem%le 5. oryzae
therefore was to lay one egqg per seed. However, egg dis-

tribution is not regular but clumped. Based on simple



-277-

Table 8.13 The percentage of adults which emerged from
seeds with 1 egg plug, 2 egg plugs and 3 or
more egg plugs based on one adult capable of
emerging per seed regardless of the numbers of

egg plugs deposited

Number of Mean % emergence % S.E,

egg plugs on seed Small seed Large seed
1 69 = 3.15 a 72 * 5,54 ab
2 85 * 3.42 cd ) 8l + 5.26 bc
3+ 95 + 2,24 d 91 + 2.77 c

Different éuperscripts indicate significant differences

(P < 0.05)

Anovar : adult emergence
Source sS DF MS F ratio
Seed size 41.6 1 41.6 0.27 ns
Egg plugs 5083.3 2 2541.7 16,472 ***
Interaction 163.4 2 81.7 0.529 ns
Error 8330 54 154.3

Table FO.OS (1, 54) = 4.032

Table FO.OS (2, 54) = 3.182

Table F oo (2, 54) = 5.12

Table FO.OOl (2, 54) = 8,103
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Table 8.14 Immature mortality (k-values) on seeds with
one egq plug, two egg plugs and three or more
egg plugs based on numbers of adults surviving

per seed in which eggs were laid

Numbers of Mean k-values ¢+ §S.E.

eggqg plugs per seed Small seed Large seed
1 0.16 £ 0.02 a 0.16 £ 0.04 a
2 0.38 * 0.02 b . 0.41 £ 0.03 b
3+ ‘ 0.62 t 0.01 ¢ 0.64 + 0.01 ¢

Different superscripts indicate significant differences

(P < 0.05)

Anova table : k-values

Source SS DF MS F ratio
Seed size 0.003 1 0.003 _ 0.536 ns
Egg plugs 2.173 2 1.0865 194 .,.02*+%%*

Seed size x
Eggplugs 0.007 2 0.0035 0.625 ns
interaction

Error 0.30 54 0.0056
Total 2.483 59
= 0.
LSD(O.OS) 07

*** = p < 0.001
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EGG PLUGS PER SEED

THE RELATIONSHIP BETWEEN IMMATURE MORTALITY (AS
k-VALUES) AND THE NUMBERS OF EGG PLUGS ON SEEDS

( # = SMALL SEED; 0 = LARGE SEEDS)
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probability and not on &ﬁy form of interaction, it was

shown in the preceeding part that in a system where only

one egg survives regardless of the numbers of eggs deposited
on a seed or of seed size, the presence of a second or

third egg enhanced the likelihood of one individual emer-
ging from the seed. In this context therefore, the weevil
could be said to benefit from multiple oviposition and in
nature it may indeed be of selective value for the weevil

to not be too efficient in exploiting its food resource.

8.10.3.3. Developmental period

The median developmental period was significantly longer
on the large seeds than on the small seeds (F = 25.8,
P < 0.001, Table 8.15). This may be because insects emerging
from large seeds are bigger and therefore requires longer

time to develop.

The numbers of eqgqg plugs in a seed did not significantly
affect the median developmental period of the individual which

survived (F = 2.18, P > 0.10, Table 8.15).

8.10.3.4. Adult weight

Adult female §. oryzae were significantly heavier than adult
males (F = 13.6, P < 0,001, Table 8.16). Similarly, the weights
of adults emerging from large seeds were significantly heavier

than adults from small seeds (F = 11.8, P < 0,001, Table 8.16).

There was also a significant trend for adults emerging
from seeds with two or more eggs to be heavier than adults

from one eqg seed (F = 5,08, P < 0,05, Table 8.16). Perhaps
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Table 8.15 Thé median developmental pericd (in days)
on large and small seeds with 1 egg plug, two

egg plugs and three or more egg plugs

Number of egg plugs Median developmental period {days) + S.E.
per seed Small seed Large seed

1 31.7 £ 0.35 32.4 * 0.26

2 31.6 + 0.38 34.0 £ 0.06

3+ 31.4 + 0.22 33.1 * 0.32

Analysis of variance

Source 58 DF MS F ratio

Seed size 36.7 1 36.7 25,8%%%

Egg Plugs 6.2 2 3.1 2.18 ns

Seed size x 6.6 2 3.2 2.25 ns
Egg plugs

Error 76.7 - 54 1.42

Total 126.2 59

*¥** P < 0,001 Lsb = 1,07
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Table 8.16 The mean weight (mg.) of adult S. oryzae (0 - 24 hours

0ld) + standard error

No. of Seed size
Egg plugs
Small Large
Female Male Female Male
1 1.84 ab 1.79 a 1.95 bcd 1.87 abc
+0,05 10.04 *0.05 10.03
2 1.95 bcd 1.80 a’ 2.01 d 1.95 bcad
+0,04 $0.04 30.04 10.04
3+ 1.96 bcd 1.91 abed 2.00 cd ‘ 1.95 bed
$0.04 i0.64 10.04 +0.05

Different superscripts indicate significant differences

(P < 0.05) (Least significant differences).

Analysis of variance

Source

Egg plugs

Sex

Seed size

Egg x Sex

Egg x seed size
Sex x seed size

Egg X Sex x
Seed size

Error

Total

S8

0.30

17.9

20.3

* P < 0.05

DF MS F ratio

2 0.30 5.08 *

1 0.80 13.550%%%
1 0.70 11.86%**
2 0.0005 0.009 ns
2 0.003 0.051 ns
1 0.004 0.068 ns
2 0.15 1.542 ns
30l 0.059

312

** P < 0.01 *** P < 0.001

Table based on a random sample of 26 individuals per treatment.
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the surviving larva in seeds with multiple eggs benefit
nutritionally by cannibalising on others. It is not
possible to say within limitations of this experiment
whether there is an optimum for egg numbers on a seed,

below and above which adult size decreases.
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SECTION 9

THE EFFECT OF 'FLAVOUR', 'ODOUR' AND

SIMILAR FACTORS ON SUSCEPTIBILITY OF SEEDS
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9 THE EFFECT OF 'FLAVOUR', 'ODOUR' AND SIMILAR FACTORS
ON SUSCEPTIBILITY OF SEEDS
9.1 Effect of Adding Flour to Sorghum Seeds
9.1.1. Introduction
The effect of seed 'flavour' could be one of the con-
ditions modifying the expression of resistance. Schoonhoven
t al (1976) showed that adding flour or dough to kernels

of the same cultivar significantly increased progeny numbers,

The aim of this experiment was to determine the numbers
of eggs laid by S. oryzae when the flour of the susceptible
cultivar Ex-Mk or of the resistant 303 was added onto its
own intact seeds or to the intact seeds of the other cul-

tiwvar.

9.1.2. Methods

The seeds of the susceptible cultivar Ex-Mk,and the
resistant 303 were separately made into flour by using a

Moulinex grinder,

One hundred seeds of each cultivar were placed in sep-
arate 75mm x 25mm glass tubes. Then one gram of the flour
of the resistant was added to the glass tube containing the
resistant seeds and similarly to the susceptible seeds. 1In
another treatment the susceptible and the resistant seeds
received one gram each of the flour of the susceptible. The
flour and the seeds were thoroughly mixed. There was a
control flour~-free treatment for each cultivar. Each treat-

ment was replicated six times.
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Five pairs of rice weevils were placed in each re-
plicate and allowed one week to lay eggs. The weevils
were then removed and discarded. The flour was sieved
off, the seeds stained with acid fuchsin (Frankenfeld

1948) and the numbers of egg plugs determined.

9.1.3. Results

Table 9.1 shows the mean eggs laid per five paired
females per week. The analysis of variance (Table 9.1)
shows that significantly more eggs were laid on the sus-
ceptible cultivar Ex-Mk than on the resistant 303 (F = 334.97;
P < 0.001), (Table 9.1). This was as expected. Furthermore
the addition of flour and the interactiop effects were also
significant (Table 9.,1]}. The mean separation using LSD
showed that with the addition of flour of the susceptible
to any of the cultivars, the rice weevil laid significantly
more eggs on such treatments than on the control treatment
{Table 9.1). The mean eggs laid by S. oryzae when the
flour of the susceptible Ex-Mk was added to the seeds of
the resistant 303 were 7 times greater than the equivalent

flour free control compared with x 1.18 when added to its

own seeds (see Table 9.1).

The addition of the flour of the resistant cultivar 303,
had no significant effect on eggs laid on any of the treat-
ments (Table 9.1). The suggestion here is that the flour
of the resistant cultivar contains nothing toxic or repell-

-

ent and its effect is therefore neutral.
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Table 9.1 Oviposition by 5 pairs of 5. oryzae confined for one
weed on 100 seeds of each of the resistant cultivar 303
and the susceptible cultivar Ex-Mk treated with the flour

of the resistant or the susceptible,

Mean eggs per 5 paired female per week * standard errors (S5.E.)

Treatmen% Cultivars
303 Ex-Mk
{resistant) {susceptible)
Control 4.67 a ' 66.7 ¢
+1.26 +6.05
303 flour (resistant) 2.83 a 74.0 cd
*0.70 15,34
Ex-Mk flour (susceptible) 32.3 b 78.5 d
+ 2.88 * 4,54
LSD = 11.6

Different superscripts indicate significant differences (P < 0.05)
{Least Significant Differences)

Bnalysis of variance : flour addition

Source 233 DF MS F ratio
Cultivar 32160.4 1 32160.4 334.97%%*
Treatment 2746.5 2 1373.25 14, 3%*%

Cultivar x
treatment . 960.2 2 480.1 5.001*
{interaction)

Error 2880.3 30 96.01

Total 38747.4 35

Table F0.04 {1, 30) = 4.17; Table FO.Ol (1, 30) = 7.56;
Table FO.OOl (1, 30) = 13.3; Table FO.OOl {2, 30) = 8.77

* 0,01 > P < 0.05; **x% p < 0.001
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9.1.4. Summary

Significantly more eggs were produced by the rice
weevil with the addition of the flour of the susceptible
cultivar Ex-Mk to its own seed and especially to the seeds
of the resistant cultivar 303, than on the control treat-

ments. The reverse situation had no significant effect

on S. oryzae egg production,
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9.2 The Effect of Seed Odour
9.2.1. Introduction

Fletcher and Long (1971) found a seven fold increase in

the oviposition of the cigarette beetle, Lasioderma serricorne

(F.) on non food material using odours from tobacco and wheat

flour.

The objective of this experiment was to determine whether
sorghum seeds produce odour{s) which might influence egg
laying by the female rice weevil. Odours might be produced
by the susceptible seed cultivar(s) which could act as an
oviposition stimulant and similarly odours form the resis-

tant cultivar{s) might act as a deterrent,

9.2.2. Methods

An open ended 12,.7mm diameter glass tubing was cut into
pieces 50mm in length, thereby producing tubes each measuring
50mm x 12, 7mm,. A circular wire mesh (aperture 850 microns)
measuring 12.7mm in diameter was placed between any two of
such glass tubes and stuck in place by Araldite thereby

producing a two piece tube (about 100mm in length), {(see

Fig. 9.1).

Eighty seeds of the susceptible cultivar Ex-Mk were
placed in one of the two pilece tubes (designated upper tube)
and held in place by the wire mesh in the middle. The inner
rim of the upper tube was painted with fluon to prevent in-
sect escape. Two pairs of adult §. oryzae (1 - 2 weeks old)
were introduced and the tube covered by a polytop with pin-

head holes. Eighty seeds of the resistant cultivar 303
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T p— POLYTOP WITH PINEEAD ~f .o 1 T
oe s HOLES TR
— UPPER GLASS TUBE
_  — SUSCEPTIBLE EX-MK RESISTANT 303 RESISTANT OR
SEEDS - SEEDS QUSCEPTIBLE
SEEDS
WIRE MESH ' 5
! _LOWER GLASS TUBE
| EMPTY LOWER
GLASS TUBE
RESISTANT 303 SEEDS
SUSCEPTIBLE EX-MK
SEEDS
. P Pony
- POLYTOP WITH NO HOLES | SRS
TREATMENT I ' TREATMENT II CONTROL

FIG. 9.1 ILLUSTRATION OF THE DESIGN OF THE EXPERIMENT TO DETERMINE THE EFFECT OF SEED

ODOUR ON OVIPOSITION OF FEMALE S. ORYZAE (SEE TEXT)
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were placed in the lower tube and the tube covered by a
polytop with no pinhead holes (Fig. 9.1). The second
treatment which had the resistant seeds in the upper glass
tube was in the reverse of the first treatment (see Fig.
89.1), The control treatments were similar except that there
were no seeds in the lower tube. There were eight repli-

cates per treatment.

The idea was that if odour(s) were produced by the
seeds in the lower tube, it would escape'via the middle
wire mesh into the seeds in the upper tube and stimulate

or deter the ovipositing female rice weevil.

The experiment was terminated after two weeks, Seeds

were examined for egg plugs which were counted.

9.2.3. Results

Table 9.2 shows the mean eggs laid by 2 pairs of females
per week on the different treatments. The analysis of
variance (Table 9.2) showed significant differences (F = 57.2,
P < 0.001) (Table 9.2}. As expected significantly more
eggs were laid in the susceptible cultivar Ex-Mk than in the
resistant 303 (Table 9.2) but there were no significant
differences between the treatments and their control (Table
9.2). The implication of these results is that sorghum

seeds do not produce odours affecting oviposition at a dis-

tance.
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Table 9.2 Oviposition in relation to seed odours :.ovi—
position by two pairs of rice weevils confinegd
separately for two weeks on eighty seeds of each
of the resistant cultivar 303, the susceptible
Ex-Mk and their controls.

Treatment Mean eggs per female per week

+ Standard Errors

Ex-Mk control 12.6 %+ 1.39

Ex-Mk (experimental) 12.7
{Treatment I, see text)

[+
et
.

¥ ]
~J

303 control .31 £+ 0.08

303 (experimental) 0.28 &+ 0.07

(Treatment II, see text)

Analysis of variance

Source of Variation SS DF MSs F ratio
Treatment 1215.9 3 405.3 57.2%%x%
Error 198.4 28 7.086

Total 1414.3 31

Table FO.OOl (3, 28) = 7.19

*** p < 0.001 ©

L = 2.73

SD(o.05)
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9.3 Equilibrium Moisture Content of Seeds
3.3.1. Introduction
Changes in the moisture content of seeds are known
to affect oviposition, developmental period, adult longevity,

intrinsic rates of natural increase and other population

parameters of Sitophilus (see Birch 1945a, 1953a,; Reddy

1950; Davey 1965; Shazali, 1982; Evans 1982), given the

appropriate temperature.

The aim of this experiment was to determine whether
moisture content affects resistance 6f ‘resistarnt' and
susceptible cultivars, Firstly a study was made of the
equilibrium moisture contents of seed cultivars at 70% air
relative humidity and secondly a study was made of the
effect of an increése in the eguilibrium moisture content
from 70% to 95% air relative humidity on the oviposition

of S. oryzae on the resistant 303 and the susceptible Ex-Mk.

9.3.2. Methods
9,.3,.2.1. Eguilibrium moisture contents of seed cultivars
at 70% air relative humidity.

For the determination of equilibrium moisture contents,
the Nigerian éorghum cultivars (Table 9.3) which were avail-
able at the time were used. Samples of each cultivar
previously conditioned at 70% air relative humidity (see
Section 2) were made into flour using a Moulinex grinder,
Five grams of the ground sorghum were placed in a 50mm x 25mm

unsealed glass tube and dried in a ventilated oven at 130°C

+ 3°C for 2 hours [International Standards Organization (IS0)
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recommendation for cereal grains except maize] (Pixton
1982). There were five replicates per cultivar treatment,.
The dried sorghum samples were cocled in a sealed dessi-
cator over silica gel and weighed on a "Unimatic Stanton”

balance (resolution 0,10 mg}.

9.3.2.2., The effect of an increase in the eguilibrium
moisture content from 70% to 95% air relative
humidity on oviposition
Seeds of the susceptible cultivar Ex~Mk and the re-
sistant 303 were conditioned at 70% and 95% air relative
humidities at 30°C. The 30°C and 70% air relative humidity
were the normal experimental conditions, while the 95%
air relative humidity was maintained in dessicators by
appropriate solutions of caustic soda ('Analar' grade)

(Madge 1961).

One hundred seeds of each of the two test cultivars
conditioned at each of the two test relative humidities
were separately placed in 75mm x 25mm glass tubes. There
were 4 replicates per treatment. Ten paired S. oryzae were
placed in each replicate tube for a 24 hour oviposition
period at the normal experimental temperature and humidity
{i.e. 30°C and 70% R.H.}). The tubes were sealed with
polytop with pinhead holes. The weevils were removed at
the expiration of the 24 hours. The seeds were stained with
acid fuchsin (Frankenfeld 1948) and the numbers of egg

plugs determined. The eguilibrium moisture contents of the

seeds at 70% and 95% air relative humidities were also
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determined using the methods described in Section 9.3.2.1,

9.3.3. Results
9.3.3.1, Eguilibrium moisture contents of seed cultivars
at 70% air relative humidity.
The equilibrium moisture contents of sorghum seed
cultivars tested are shown in Table 9.3. There were no
significant differences between the cultivars (F = 2.234, P > 0.10,

Table 9.3). The conclusion is that the tested seed cultivars

contain similar amounts of water in equiiibrium at 70% R.H.

9.3.3.2. The effect of an increase in the equilibrium moisture
content from 70% to 95% air relative huﬁidity on
oviposition,
Table 9.4 shows the mean numbers of eggs laid by 10
pairs S§. oryzae per 24 hours on resistant and susceptible
seeds conditioned at 70% and 95% air relative humidities.
The analysis of variance (Table 9.4) show that significantly
more eggs were deposited on seed cultivars at 95% air relative
humidity than at 70% (F = 42.44, P < 0.001). The numbers
of eggs laid on the resistant seeds were 8 times greater on
seeds conditioned at 95% air relative humidity than at 70%
({Table 9.4). Similarly the numbers of eggs on the suscept-
ible seeds were 2,43 times greater on seeds conditioned at

95% air relative humidity than at 70% (see Table 9.4).

The mean percentage moisture contents were similar on
the resistant and on the susceptible seeds at a specific

air relative humidity (Table 9.4).

The implication of these results is that moisture
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Table 9.3 Percentage moisture contents of sorghum seed

cultivars at 70% air relative humidity.

Cultivar Mean Percentage moisture content % S.E.
CSHS 12,00 % 0,07
Ex-Mk 12,1 + 0.07
BES 12.2 + 0.12
FD1 12.3 * 0.06
S5K5912 12.3 t 0.22
L5187 12.4 + 0.11
LS1499 12.4 + 0.16
ML4 . 12.4 1+ 0.12
c-7-4 12.5 t 0.15

Analysis of variance : Equilibrium moisture content of seeds

Source of Variation Ss DF MS F ratio
Cultivars 1.01 i 0.126 1.50 ns
Error 3.03 36 0.084
Total 4.04 44

Table FO.OS (8, 36) = 2.234

P > 0.10 .. not significant.
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Oviposition per 10 paired S.oryzae per 24 hours

at 70% and 95% air relative humidity using the

susceptible cultivar Ex-Mk.and the resistant

cultivar

Mean
(S.E.)
%

Cultivar

moisture
content
at 70%

air R.H.

11.98

303

{resistant)}+0.03
Ex-Mk 12.04 1
(suscepti- +0.04

ble)

Analysis of variance
Source of Variation
R.H.

Cultivars

Cultivars x R.H.
interaction

Error
Total

Table FO.OS

. Table FO.OOl

* %k %

(1,
(1
P < 0.001

ns = not sign

303.

Mean Eggs/ Mean %
10 females/ (S.E.)

day (2 %

S.E.) moisture
content
at 95%

air R.H.

15.26

2.00 2

0.91 * 0.06
1.5 % 15.29
3.01 +0.06

+ Eggs produced at

relative humidities

SS DF
930.25 1
462.25 1

6.25 1
263.0 12

1661.75 15
12) = 4.75

, 12} = 18.6
ificant

Mean Eggs/
10 females/

day (%

S.E.)

16.0  2.97
28.0 + 1.78

70% and 95% air

(R.H.)

Ms F ratio
930.25 42.44%%%
462.25 21.09%%*

6.25 0.285 ns

21.92
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Table 9.4 (Continued}

Analysis of variance : Eguilibrium moisture content (E.M.C.)
Source of Variation ss DF MS F ratio
Moisture content 42.575 1l 42.575 3942, 1*%*%*
Cultivars 0,006 1 0.006 0.5556
Interaction 0.004 1 0.004 0.3703
0.131 12 0.0108
42.716 15
Table FO.OS {1, 12) = 4.75
Table FO.OOl (1, 12) = 18.6

*** P < 0.001

ns = not significant

ns

ns
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content is a factor to be considered in resistance. Re-
duced moisture content of resistant seeds would favour
resistance and increase in moisture content will reduce

the level of antibiosis in resistant seeds and weould also

increase the value of‘rmi
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9.4 Determination of Seed Hardness
9.4.1. Introduction

The results in Fig. 5.2 and Table 9.1 suggest that
resistance in resistant sorghum seeds may be physical rather
than hiochemical. In other words there may be nothing
toxic about resistant sorghum seeds. The results thus
far point to "seed hardness" as a probable seed character
responsible for resistance in sorghum seeds. The aim of
this experiment was to determine relative seed hardness
in selected sorghum cultivars namely: NSC Ex-Mk, LS187,

SK5912, FD1l, T8C212, 257, 352 and 303. These cultivars

range from susceptible to resistant seeds (see Table 4.1}.

9.4.2. Methods
Twenty grams of each cultivar previously conditioned
at 30°C and 70% air relative humidity for more than six
months were made into flour by grinding in a 'Moulinex'
grinder for 40 seconds. Forty seconds was the period re-
quired for all the seeds to be made into fine flour. After
grinding the fractions of sorghum retained by a sieve of
500 ym aperture {Dobie, 1974) were weighed on a 'Stanton
Unimatic' balance (resolution 0.10 mg.). There were four
replicates per cultivar. The floury endosperm passed
through the sieve while the corneous éndosperm tended to
fragment and was retained by the sieve., The percentage

«of corneous endosperm in the seed was therefore used to

estimate seed hardness (see Dobie, 1974;'Davey, 1965).

9.4.3. Results

The mean percentage corneous endosperm was significantly
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Table 9.5 The percentage corneous endosperm retained by

500 Um aperture sieve in the different seed

cultivars conditioned at 30°C and 70% relative

humidity.

Cultivar

Ex-Mk
(Susceptible)

LS 187
SK5912
FD1
212
257
352

303
{(Resistant)

Different superscripts

Mean % corneous endosperm

+

12.7

15.7

17.5

20.4

22.5

24.4

25.3

27.0

Standard error

*

I+

I+

I+

4

1+

I+

I+

0.52 a
0.38 b
0.37 b
0.29 ¢
0.27 4
0.54 e
0.58 ef
1.38 ¢

indicate significant differences

(P < 0.05) (Least significant differences).

Anova Table‘
Source of variation
Cultivars
Error
Total
**% P < 0,001

L = 1.84

5D 5.05)

55

704.8

38.92

743.72

DF

24

31

MS F ratio
100.686 62.08 **x*
1.622
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more in the resistant seeds e.g. TSC 303 and 352 than

in the susceptibles e.,g. NSC LS187 and Ex-Mk (F = 62.1,

P < 0.001, Table 9.,5). The percentage corneous endosperm
was 2.13 times greater in the resistant TSC 303 than in
the susceptible Ex-Mk (see Table 9.5)., These results

have bearing on non-preference and antibiosis (see Section

10).

9.4.4. Summary

The percentage corneous endosperm was significantly

more in the resistant than in susceptible seeds,

9.4.5. Conclusions

The results imply that resistant seeds are harder

than susceptible ones.
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SECTIOR 10

GENERAL DISCUSSION
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l0 GENERAL DISCUSSION

10.1 Resistance Mechanisms in Sorghum Seeds

The evidence of the findings from Section 4.0 and
5.0 suggest that non-preference and antibiosis are in-
volved in the resistance of sorghum seed cultivars to
attack by 5. oryzae. However, these two forms of re-
sistance seemed to be closely associated for example
larval mortality was negatively correlated with the nuﬁbers

of eggs laid on different cultivars {(see .Section 4.1.3,5.3).

10.1.1. Non-preference

Non-preference is an important resistaﬁce mechanism
particularly in situations where the female insect (e.g.
5. oryzae) deposits eggs in a seed and the first instar
larva is commited to and/or feeds in the same seed. The
choice of food is therefore predetermined by the female at
the time of egg iaying and if antibiosis is also involved,
the survival of the larva{e) may indirectly depend on the

judicious decision of the female to lay or not to lay eggs

on a food type.

Table 4.1 shows that significantly more eggs were
laid on some cultivars than others. Davey (1965}, Russell
(1962) and Shazali {1982} also reported similar findings.
However Shazali {1982) found an ovipositional difference
of only x 2.11 between the cultivars he tested and Russell
}1962) reported x 2.45 between his most qpsceptible and
most resistant cultivars. In the present study the differ-

ence was X 25. Non-preference for oviposition was greater
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in some of the Tanzanian than in the Nigerian cultivars
(Table 4.1), Russell (1968) using S. zeamais, a species
closely related to S§. oryzae reported a 22 fold ovipo-

sitional difference between the rice cultivars he tested,

The mean eggs laid by 8. oryzae was shown to be linearly
related to the mean Fl emergent weevils (Fig. 4.2). This

is important because it means the numbers of Fl weevils could
be used as an indirect measure of non-preference for the

cultivars.

The results of the experiment in Section 5.5.3. in
which the rice weevil was presented with an egqual mixture
of resistant seeds TSC 212 and susceptible NSC Ex-Mk and
compared with the éure susceptible and resistant control
treatments illustrate clearly the nature of non-preference
(and antibiosis) in sorghum seeds. The adults died guicker
on the resistant seeds than on the susceptible in the control
treatments suggesting differential levels of antibiosis was
responsible for the differential adult survival. However,
in the choice treatment adult survival was just as good on
the mixture as on the susceptible control {see Fig. 5.1l1B
and Table 5.11). Adult survival on the mixture treatment
was unaffected no doubt because the weevils were able to
feed on the susceptible cultivar. Evidence for this can be
seen in Section 5.3.3.1. where it was reported that the
mean numbers of feeding holes on the mixture treatment
was not significantly different from the.ﬁure susceptible

control. Further analysis of the data on feeding holes
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emphasises that non-preference is a behavioural response,.
Thus the ratio of feeding holes on the susceptible Ex-Mk
in the presence of the resistant 212 was 1.00:0.36 com-
pared with 1.00:0.31 in pure susceptible and resistant
controls. In the presence of a susceptible cultivar 8.
oryzae was probably confused and therefore took a few more
bites from the resistant 212 than when the two seed cultivars
were presented separately (see Section 5.3.3.1. and Table
5.3}. Purthermore the fact that there was reduced feeding
on resistant seeds (a clear case of non-preference) might
have some physiological basis and feeding on resistant
seeds could therefore be influenced to some extent by

antibiosis.

It was also reported (see Table 5.13) that 26% fewer
eggs were laid on the mixture compared with the susceptible
control and that the ratio of eggs laid on the pure sus-
ceptible and the pure resistant was 1.00:0.053 compared
with 1.00:0.25 when the weevils were given a choice (see
Sectionl5.5.3.2. and Table 5.13). This also suggests non-.
preference. The weevils were unable to lay their full
complement of eggs on the mixture because the seeds of the
resistant cultivar had some direct repellent effect even
though in part the weevils were 'fooled' by the presence
of susceptible seeds. It could alsoc be partly the result
of the high degree of association between feeding and ovi-
position so feeding on the susceptible stimulated oviposition
even on the resistant which was mixed with it (see Section

5.3.3.3. and Table 5.4). If in the presence of the sus-
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ceptible cultivar the weevils fed more on the resistant
seeds than it would normally do and since feeding and

oviposition are highly asscciated, it is not surprising
that in the presence of a susceptible cultivar more eggs
were laid on the resistant seeds in the mixture than on

the unmixed resistant seeds.

The above experiments on the effect of a mixture
treatment on adult longevity and oviposition of S. oryzae
demonstrate that non-preference and antibiosis are operating
together in stored sorghum cultivars though perhaps it
becomes difficult to separate them at times. For example
part of the apparent non-preference for oviposition must
be due to reduced feeding by adults on resistant seed which
is therefore a secondary outcome of an antibiosis effect
on the adult female, at any rate when only resistant seed

is available,.

The failure of S. oryzae to lay eggs on the different
cultivars, expressed as percentage 'mortality' from non-
preference could be up to 96% on the most resistant cultivar
303 using the susceptible Ex-Mk as the standard cultivar
{(Table 106.1). This indicates a high degree of non-prefer-

ence for the resistant seeds,.

Dobie (1974, 1982) reported no differences in oviposition
between cultivars of maize he tested using S. zeamais and
suggested that factors operating after oviposition were
solely responsible for the differences in the numbers of

emergent Fl weevils. By implication therefore non-preference
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as a resistance mechanism in maize might be unimportant
and that antibiosis may be the key mechanism of resistance

in maize.

10.1.2. Antibiosis
Antibiosis is a more clearly evident mechanism of
resistance, and there are a number of experiments in the
rresent study which demonstrates this form of resistance,
These included:-
a) increased larval mortality (see Tables 4.10, 10.1
and Fig., 4.16.
b) longer larval developmental period (Table 4.4)
c) smaller sized adults (see Table 5.9)
d) adults dying guicker ({(Tables 5.2, 5.5 and Figs.
5.1 and 5.11B).
e) decreased survival of larvae from one generation

to the next {(Table 5.5),.

The experiment in Section 5.2.3. (see also Fig. 5.2)
where the survivorship of adult §. oryzae on the two re-
sistant cultivars (TSC 303 and 352} was compared with that
on artificial seeds (glass balls) imply that higher levels
of antibiosis in resistant seeds may not be due to a simple
toxic effect. Although this {antibiosis) may be a mech-
anism it is not overwhelmingly important otherwise adult
S. oryzae would have lived for less time rather than lived
longer on resistant seeds than when given an inert medium,

namely glass balls., Clearly the weevils derived some bene-

fit from the resistant seed. Apart from feeding the weevils
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no doubt derived metabolic water. Lack of water possibly
contributed to the earlier death of the insects on glass

balls.

Further evidence that resistance might be physical
came from the results in Table 9.1 where it was shown that
the effect of the flour of the resistant seeds TSC 303
on oviposition by S. oryzae was neutral. This result and
the one on adult survivorship 6n glass balls, that on
feeding holes, and the fact that more than 80% of the in-
dividuals found dead on seeds were first instar larvae
(Table 4.14) suggest that the cause of antibiosis (and
non-preference} might well relate to "seed hardness". it
was shown in Table 9.5 and Fig. 10.1 that the percentage
corneous endosperm in resistant seeds was significantly
more than in the susceptibles,. There is however, no
agreement by workers as to what constitutes "seed hardness®

and the measurement of hardness had included the determination

of:

a) the weight loss through pearling expressed as per-
centage of the original weight (e.g. Russell 1962,
1966; Russell and Rink, 1965).

b) the proportion of corneous to the floury endosperm
{e.g. Davey, 1965; Dobie, 1974),

c) the thickness of the corneous endosperm {(e.g. Doggett,

1957},
a) the crackability of the seed (e.g. Eden, 1952,
e) the ease of grinding (e.g. Dobie, 1977},

£) 'gluten strength' (see Bhatia, 1976).
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Nevertheless there igs evidence that there could be
distinct biochemical differences between the resistant
and susceptible seeds. The smaller sized adults emerging
from standard sized resistant seeds compared with similar
sized susceptible seeds (Table 5.9) and the longer develop-~
mental periods on resistant seeds as compared to susceptible
seeds (Table 4.4) suggest that resistant seeds might not
be nutritionally as good as susceptible seeds. Furthermore
the fact that the flour of the susceptible seeds Ex-Mk
added to its own intact seeds or to the seeds of the re-
sistant TSC 303 caused S. oryzae to lay significantly more
eggs on either seeds {Table 9.1) could be explained on the
basis that susceptible seeds are nutriticonally better than
resistant ones (see Table 9.1}. The flour of the resistant

303 did not produce such an effect (see Table 9.1).

Further support for these findings is shown in Table
10.2. The table shows the constituent amino acids in four
cultivars of sorghum namely Ex-Mk (susceptible), FDI1,

TSC 212 (intermediate resistance) and 303, {(most resistant)
{see Table 4.1}. it is important to note that 13 constituent
amino acids were found in the susceptible Ex-Mk compared

with 10 in the resistant TSC 303 and 11 each in the inter-
mediate cultivars FD1l and TSC 212 (Table 10.2). These re-
sults are similar to those of Sudhakar and Pandey (1981)

who reported that the total numbers of amino acids were

more in the susceptible varieties of wheat, and rice than

in the resistant ones.

Ten "rat-essential” amino acids are generally regarded
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as also "essential" in insect diets : {arginine, histidine,
isocleucine, 1eu§ine, lysine, methionine, phenylalanine,
threonine, trytophane and valine) (House, 1972). Six of

the "essentials" were found in the susceptible Ex-Mk com-
pared with three in the resistant TSC 303 {(Table 10.2).
Furthermore the total concentration of the "essential®” amino
acids was 5.8 times greater in the susceptible Ex-Mk than

in the resistant 303 (see Fig. 10.2).

T. confusum and S. oryzae were found to be able to
grow in an artificial diet which contained only 10 ess-
ential amino acids although the addition of "non-essential"”
(useful) amine acids improved growth rates (Fraenkel and
Printy, 1954 & Baker, 1976). Fraenkel and Printy (1954}
also found that the omission of one of the 10 essential
amino acids from the diet of T. confusum led to the failure

of larvae to develop.

Glutamic acid and/or aspartic acid (non-essential
amino acids) were reported to accellerate growth rate of
T. confusum (Naylor, 1963). Davis (1959) also showed that
small quaﬁtities of alenipne and proline were necessary

for normal survival and development of O. surinamensis,.

It is important that L-lysine, an "absclute dietary
reguirement” for S. oryzae, (Baker, 1976) was found in all

the four cultivars of sorghum (Table 10.2).

-

There seems no doubt that susceptible cultivars of
sorghum are nutritionally better than the resistant ones,

The differences in gualities and guantities of constituent
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amino acids between susceptible and resistant seeds may
at least in part account for the deterioration and reduced
survival of S. orvzae from the first generation to the

second on the resistant cultivar 212 (see Table 5.5).

10.1.3. Non-preference, antibiosis and intrinsic rates of

Both non-preference and antibiosis will affect the
intrinsic rates of natural increase, 'rmt, a useful statis-
tic in indicating the growth potential of a species under
‘specified conditions. The value of the net reproductive
rate (RO), a component of 'rm', obtained from the expression
lemxs {see Section 5.4.1,1., Table 5.5 and Figs. 5.4-5.7)
is affected by
a) age specific adult survivorship which in turn is

affected by antibiosis
b) age specific fecundity which in turn is affected by

non-preference
c) immature survival, which in turn is affected by antibiosis.
The results in Table 5.5 suggest however, that there could
be delayed antibiosis in resistant seeds until the second
generation. Larval survival from the first generation to the
second decreased from 88% to 24% using the resistant 212
(Table 5.5). If this trend continued it might lead to fur-
ther deterioration of successive S. oryzae dgenerations with

'

tonsequential further decline in the rate of 'rm .

-

Similarly the cohort generation time (alsoc a component

of 'rm') obtained by adding the median developmental period
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and the mean age of females at oviposition is affected

by antibiosis. This is because the developmental period
is affected by antibiosis and the mean age of female at
oviposition would depend on adult longevity which in turn
depends on antibiosis which affects adult survival (see

Tables 5.1, 5.5 and Fig. 5.4-5.7).

Therefore low values of intrinsic rates which would
favour fesistance in stored sorghum are influenced by both
non-preference and antibiesis and this ié another example
of how non-preference and antibiosis may be closely ass-
ociated in stored sorghum cultivars. Table 10.3 summarises
the resistance mechanisms governing S. oryzae behaviour and

its population parameters on stored sorghum.
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10.2 Moisture Content and Resistance

The r:<sults in Table 9.4 shows that increase in
the equilibrium moisture content of seeds from 70% to
95% air relative humidity increased the numbers of eggs
laid by 8. oryzae on resistant seeds. The preference for
resisfant seeds increased by x 8 and, as pointed out
cearlier (see Section 9.3.3.2) low moisture contents of
seeds would favour resistance, Rogers and Mills (1974b)
found that at 43% air relative humidity the resistant
variety of sorghum caused 84% of S. zeamais to die as a
result of antibiosis after 5 days oviposition period and
that death of weevils did not occur at any other combin-
ation of variety and relative humidity. Evans (1982)
showed that increase in moisture content of wheat from
11.2% to 14.0% at 21°C increased the intrinsic rate of
natural increase of S. oryzae by x 1.22.- Evans (1982)
also reported that no eggs were laid at 15°C and 10.3%
moisture content. However, at 11°C and 14% moisture con-
tent oviposition by..8. oryzae was observed but no develop-
ment, implying that moisture content of seed could influ-
ence egglaying far more than temperature. Birch (1945b)
reported that in wheat of 10.5% moisture content mortality

of 5. oryzae larvae was more than 75% at all temperatures.

It seems therefore that low moisture content of
seeds will reduce preference for seeds and increase anti-
-

biosis and both processes would reduce the intrinsic rates

of natural increase. These results have practical impli-
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cations. For example, resistant sorghum seeds may keep
better in . drier Northern Nigeria than in humid

Southern Nigeria.
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10.3 Seed Size and Resistance

Resistant seeds used in this study tended to be
small. The word "small" was defined in Table 6.2 to mean
seeds retained by sieves with 3.15mm diameter apertures
but not by 4.00mm diameter aperture sieves. For the pur-
pose of this discussion, cultivars with "small" seeds
representing 50% or more of the total in a bﬁtch, are
regarded as small seeded varieties. This means that
cultivars TSC 352, 303, 212, NSC L5149%9 @nd CSHS5 are all

small seeded cultivars {see Fig. 6.2).

Russell (1962) showed that out of the five sorghum
cultivars he tested, variety 'Msumbiji' was most resistant
and that it had small seeds. Doggett (1957) reported that
there was a "positive association" between low weevil
damage and thick corneous endosperm and that seeds with
thick corneous endosperm tended to be small. Darling (1952)

claimed that the small size of millet, Pennisetum americanum

(L.) was the main factor conferring resistance against

5. oryzae.

While it is true that in this study the strongly
resistant seeds e.g. TSC 303 and 352 were small seeds (see
Tables 4.1, 4.3 and Fig. 6.2}, the fact that the most sus-
ceptible Nigerian cultivar, CSHS5, {(see Table 3.1) and the
moderately susceptible cultivar LS1499 (see Table 3.1} also
had small sized seeds (see Fig. 6.2 and Table 6.2), makes

it impossible to generalise that small sized se¢eds are

always resistant seeds. However, all the strongly resistant
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sorghum seed cultivars encountered in this study and by
other workers e.g. Davey {1965),Doggett (1957}, Russell

(1962), Shazali (1982) had small sized seeds.

In spite of the difficulty in generalising about the
relationship between small seed and resistance, experi-
ments in Section 6 and 8.10 were performed to try and

‘determine how seed size might affect susceptibility.

It was reported in Section 6.3.3. that in a mixture
of large and small seeds the ratio of mean eggs per large
seed to small corresponded to the ratioc of their mean
weights. The results were comparable to those of Govindaraijan
and Balasubramanian (1983) who found that C. maculatus

and C. chinensis laid eggs on mung beans Vigna radiata (L.)

in proportion to the weight of seeds. When large and
small seeds were offered separately to S. oryzae, however,
similar numbers of eggs were laid on the large and small

seeds ({(Table 6.3).

Results in Table 6.6 show that in a mixture of equal
weights/volume of large and small seeds, §. oryzae laid
similar numbers of eggs on each size of seed. However,
based on mean numbers of eggs per seed, there was still a
greater preference for large seeds. The preference for
large seeds was not due to differences in surface area
petween large and small seeds ({(see Table 6.4). Perhaps
preference for large seeds may not be totwlly unexpected,

after all large seeds have more food in them than small
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seeds. The weevils might be able to Jjudge the weight/
volume of the seed by its surface curvature. Avidov et
al (1965) reported that curvature rather than surface

area was responsible for the ovipositional response of

L. chinensisg,

The results in Tables 8.13 and 8.14 suggest that larval
survival was similar on the large and small seeds. However,
heavier adults emerged from large seeds than from small

seeds. Surtees (1965) found the same to-be true for S.

granarius.

From the foregoing therefore it is not possible to
suggest that resistance in stored sorghum relates to small
sized seceds. However, the fact that lighter adults emerge
from small than large seeds could have a bearing on resistance
and pest control. Small sized adults lay fewer eggs than
lérger adults (Richards, 1947) and this would favour re-
sistance, and from the viewpoint of control by ;nsecticides,
smaller individualé are more susceptible to toxicants than

larger ones (see MacCuaig, 1956; and Way, 1954).

But there is a paradox to the whole concept of small
seeds and resistance in sorghum. Small size of seeds is
not an acceptable agronomic characteristic (see Obilana,
1981) and small seeds are favoured by Quelea birds, a.pest
of sorghum and millet seeds in Africa (Doggett, 1970) and
;herefore it is difficult to advocate breeding for small
sized seeds. Furthermore some other stored products insects

appear to show preference for small sized seeds. For example,
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Shazali (1982) found that the small seeded sorghum cul-
tivar "Cross 33:55" was relatively resistant to S. oryzae.

However, great.r numbers of adult S. cerealella were pro-

duced from the same cultivar than from any other cultivar
he tested. Similarly Agah (1961l) reported that more

§. cerealella emerged from a culture of Dukhun millet,

Pennisetum americanum than from the same weight of large

sized sorghum seeds.
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10.4 . Egg Distribution and Resistance

It was reported in Section-8.3.1. that the general
trend was for the female $. oryzae to lay eggs in a
clumped distribution irrespective of cultivar type. In
terms of mean eggs per seed an average of 2.41 eggs and
0.48 eggs per female were found on the susceptible Ex-Mk and
the resistant 303 respectivley (see Section 4.3.1.). So,
in a situation where only one individual emerges from a
seed irrespective of seed size or of cultivar type, it is
inevitable that larval mortality due to intra-specific
competition 1is greater in susceptible than resistant seeds
{see Table 4.11). Any situation therefore which would
cause the female 5. oryzae to clump its eggs in as few

resistant seeds as possible would favour resistance.
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10.5 Resistance and Sorghum Seed/Crop Improvement

Programmes

From the foregoing it can be seen that host plant
resistance applied to S. oryzae could be advantageously

employed in reducing weevil damage on stored sorghum seeds.

Evidence obtained from this study on the nature of
non-preference and-antibiosis point to the fact that re-
sistance in sorghum seeds may be physical and "seed hard-
ness” which have been reported in this study and by other
workers e.g. Davey {1965), Doggett (1957}, Russell. ({1962)
and Russell and Rink (1965) is therefore implicated and
should be incorporated in breeding programmes. Furthermore
the reduction of the total numbers of constituent amino
acids in resistant seeds might also be considered (see
Sudhakar and Pandey, 1928l1; and Table 10.2), Such con-
sideration will have to pe made against the background of
human dietary requirements. In any case such genetic
manipulation has been made possible in maize (Mertz et al

1964, Nelson et al 1965).

Breeding for resistance to stored products insect
pests in stored sorghum and other cereals as pointed out by
Kogan (1982) would involve a) screening for resistance,
b)Y determination of resistance mechanisms, c¢) identification
and incorporation of seed characters which are involved in
resistance into acceptable agronomic varieties. Further-
more the evaluation of the cultivars for their acceptance

by farmers would be necessary. In certain parts of NWigeria
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for example, white and red sorghum seeds are strongly
preferred to yellow or brown, so the colour of sorghum
seeds could be more important to the peasant farmer than
its resistance gualities. The milling properties of such
improved seeds must be taken intoc consideration, Mills to

cope with harder seeds may have to be developed.

To identify sources of resistance and breed for re-
sistance takes time and is not going to solve immediate
pest problems. An integrated control appreoach which will
incorporate breeding resistant seeds with insecticide
treatment might be ideal. Such an approach would minimise
the cost of insecticide treatment, and the peasant farmer
for whom the sorghum is a staple food might be able to
store his grain safely till the 'raining' day {and ironicaliy
the rains may not come for a long time) with reduced losses

from stored products insects!
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Table 10.1 Compariscn of the population parameters of S. orvzae as they relate to non-preference

and antibiosis on five sorghum cultivars,

$ relative egqg % mortality from Numbers of Fl Value of Index
Cultivar Mean Eggs/%/week 'mortality' from antibiosis {un- progeny per of susceptibility
non-preference corrected for parental 9

natural mortality)

TSC 303 0.48 95.9 51.3 0.22 3.06

(resistant)

TSC 257 1.38 88.3 20.7 0.70 5.25
TSC 212 3.36 71.5 19.6 1.26 6.87
NSC FD1 6.56 44.4 6.73 2.76 9.99
NSC Ex-Mk 11.8 0.00 4.68 4,36 11.8

{susceptible
control)

Table compiled from Tables 4.1, 4.3, 4,10 and 4.5
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Table 10.2 QOnstituent amino acids in four cultivars of
sorghum seeds

Name of amino acid Cultivar

Ex~-Mk FD1 TSC 212 TSC 303
(susceptible) (resistant)

L-ASPARTIC ACID + + + +

L-THREONINE - - - . -

L-SERINE

L-GLUTAMIC ACID

.

L~GLYCINE

+ + + +
+ + + +

L-PROLINE + + + +
+ + + +
+ +

L-ALANINE

00 ~ O W bW N
.

L-CYSTINE : - - - -

9. L-VALINE - - - -
10.L-METHIONINE - - - -

11.L-ISOLEUCINE** + - ¥ -
12.L-LEUCINE** + - - -
13.L-TYROSINE - - + ¥
14.L-PHENYLALINE*%* + + + +

15. GAMMA-AMINO—-N-

BUTYRIC ACID + + + +
16 .L-BISTIDINE** + + + +
17.L-LYSINE** + + + +
18.AMMONIA+ + + + n
19.L—ARGIN;NE** + + - -
20.ARGINE - - - - _
Total numbers of
amino acids found 13 11 _ 11 10

+ = present
- = absent
¥ = not an amino acid

*
*
]

essential amino aclid
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Table 10.3 Summary of the resistance mechanisms governing
8. oryzae behaviour and its population para-
meters on stored sorghum.

Attribute Resistance mechanism(s) Reference

Adult feeding Non-preference and Table 5.3

probably some antibiosis

Adult oviposition Non-preference Table 4.1

Larval mortality

and survival Antibiosis Tables 4.10,5.5
Developmental
period Antibiosis Table 4.4
Adult éize Antibiosis Table 5.9
Adult longevity Antibiosis Tables 5.2, 5.5
Intrinsic rates Non-preference Tables 5.5, 5.8
(rm) and antibiosis
Net reproductive Non-preference and Table 5.5
rate (RO) antibiosis
Cochort generation Antibiosis Table 5.5
time
Gross reproductive Non-preference Table 5.5

rate
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THE RELATIONSHIP BETWEEN a) THE MEAN EGGS
LAID ON SEEDS AND THE MEAN PERCENTAGE
CORNEQUS ENDOSPERM (IN ARéSIN TRANSFORMATION
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CONCLUSIONS AND RECOMMENDATIONS
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CONCLUSIONS AND RECOMMENDATIONS

This study suggests that resistance to S. oryzae in
resistant sorghum seeds is probably due primarily to phy-
sical rather than the biochemical or other characteristics
of the seed. For example, increase in the equilibrium mois-
ture content of resistant seeds TSC 303 from 70% to 95%
air relative humidity increased egg production on the re-
sistant seeds by 8 fold (Table 9.4). But it is difficult
to be conclusive as to whether seed hardness or the bio-
chemical characteristics of the seed is the most important
factor in resistant sorghum seeds. The 7 fold increase in
egg production on the resistant 303.seeds which had added
flour of the susceptible Ex-Mk, compared with the flour
free (resistant) control treaiment {(Table 9.1) suggest
that hardness is not the only important factor in resistant
sorghum seeds. Ovipositing adults could for exmaple be re-
acting to bicchemical or other factors rather than mere
hardness, Table 10.2 shows that there are more amino acids
in susceptible Ex-Mk than in the resistant TSC 303 seeds.

So biochemical differences could also be crucial in deter-
mining both.preference for seeds-and the ‘survival-of-larvae.
The fact that resistant seeds are harder than susceptibles
could even be i1ncidental. However, seed hardness reported
in this study and by other workers (e.g. Davey 1965; Doggett
1957; Russell, 1962; Russell and Rink 1965) correlates with
r;sistance in sorghum seeds (see also Fig. 10.1). Bio-

chemical characteristics of the seed may be tied up with
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ha;dness, for example amylose content of maize seeds was
shown to be correlated with hardness {(Dobie, 1974}, Some
other substance e.g. silica may alsc be a component of
hardness. The moisture congént of seed must alsc be tied

up with hardness. Work on the biochemical basis for re-
sistance including the role of various amino acids would be
of value, All such mechanisms need to be investigated

and related to other desirable characters. For example,

it may not be very helpful if lack of essential amino acids
needed for resistance to insects meant that the food wvalue
of sorghum for humans and domestic animals was sisnificantly
decreased. There is also the guestion of the relationship
between resistance and intrinsic yield potential of the
cultivar as well as the sensitivity of a particular cultivar

to unfavourable so0il and weather conditions.
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Appendix 1.0 Insect pest of stored sorghum in
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(After Cornes, 1973).

Name

Oryzaephilus mercator
(Fauv.)
Rhyzopertha dominica {F.)

Sitophilus orvzae (L.)

Sitophilus zeamais (Mots.)

Sitotroga cerealella (Oliv)

Tribolium castaneum
{(Herbst.)

Tribolium confusum
J.du.Vv.

Ahasverus aduena (Waltl)

Lasioderma servicone (F.)

Palorus ratzeburgi (Wissm,)

Palorus subdepressus .
{Woll.)
‘Plodia interpunctella
(Hubner)
Alphitobius diaperinus
(Panz. }-Db
Alphitobius laewvigatus (F.)

Araecerus fasciculatus
{deG.)
Attagenus gloriosae (F.)

Brachypepus sp.

Bruchidius atrolineatus
(Pic)-X
Callosobruchus maculatus

(F.)
Carpophilus pilosellus
{Mots.)
Corcyra cephalonica
(Staint.)
Corticaria sp.

Cryptolestes pusillus
(Schdn.)
Cryptolestes ugandae
{Steel and Howe)
Latheticus oryzae
{Waterh.)

Order
Coleoptera

Coleoptera
L
Lepidoptera

Coleoptera

n

"

Lepidoptera
Colecptera

Coleoptera

Coleoptera
Coleoptera
n
Lepidoptera
Colecoptera

Coleoptera

Nigeria

Family
Silvanidae
Bostrychidae

Curculionidae

Gelechiidae

Tenebrionidae

Silvanidae
Anobiidae

Tenebrionidae

Phycitidae

Tenebrionidae

Anthribidae
Dermestidae
Nitidulidae
Bruchidae
Bruchidae
Nitidulidae
Galeriidae
Lathridiidae
Cucujidae

Tenebrionidae



Appendix 1.0 (Continued)}

Name

Lophocateres pusillus
{Klug)
Thorictodes heydeni
(Reitt.)
Tribolium destructor
{Uytt.)
Trogoderma granarium
(Everts)
Typhaea stercorea (L.)

Coranus sp.

Korynetes analis (Klug)

Lophocarteres pusillus
(Klug)
Reduvius minutus Reut.

Tenebroides mauritanicus
(L.) ‘
Xylocoris flavipes [(Reut.)

-352-

QOrder

Coleoptera

Heteroptera
Coleoptera
"
Heteroptera
Colecptera

Heteroptera

Family
Trogossitidae
Thorictidae
Tenebrionidae
Dermestidae
Mycetophagidae
Reduviidae
Cleridae
Trogossitidae
Reduviidae
Ostomatidae

Anthocoridae



Appendix 2.1

Code No.
212
213
229
257
287
291
303
305
3386
337
341

352

Tanzanian sorghum cultivars supplied by ICRISAT

Local Name
Kalashi

Mbangala

Langalanga

Lionja

Msumbinji
Msumbiniji
Msumbiniji
Msumbinji
Msumbinji

Msumbiniji

Location where collected
Magole, Morogoro Region
Ilonga, Morogoro Region
Market sample from Mpapura,
Dodoma Region
Singida Region
Mikumi, Morogoro Region
Kibaha, Cocast Region
Mtopwa, Mtwara Region
Mtopwa, Mtwara Region
Mtama, Mtwara Region
Mtama, Mtwara Region

Nanchengrea, Mtwara Region

Nanchengnea, Mtwara Region



Appendix 3.1

Cultivae

FD1

L5187

ML4

LS51499

SK5912

C-7-4-2

B ES

Ex-Mk

CSHS

22

33

28

42

40

38

-354~

Numbers of emergent S. oryzae from the

Nigerian sorghum seed cultivars

Number of emergents

R

2

16

17

38

29

23

38

36

47

60

R

3

le

34

24

39

37

29

45

53

52

R

4

30

26

214

27

38

43

42

53

57

Ry
23
21
28
31
35
13
34

31

54

Ix

107

131

142

156

165

190

199

224

261

b
1+

21.4

26.2

28.4

31.2

33.0

38.0

39.8

44 .8

52.2

SE

-+

-+

4+

-

I+

I+

i+

1+

I+



Appendix 3.2

Cultivar

Ry
FD1 30.8
LS187 32.3
ML4 32.5

Ls51499 33.8
SK5912 33.5
Cc-7-4-2 33.1
BES 33.3
Ex;Mk 33.1

CBH5 32.8

Median developmental period

-355-

Nigerian sorghum cultivars

Developmental period (days)
R2 R3 R4 R5
32.0 32.0 32,2 31.8
35.0 33.5 33.0 33.8
33.2 33.5 34.0 33.9
33.4 34.0 34.7 34.6
34.0 33.8 33.9 34.2
32.1 33.0 33.3 32.8
33.1 32.3 32.5 33.2
33.1 32.3 32.3 33.4
33.1 32.2 32.8 32.5

{in days)

158.8
167.6
167.1
170.5
169.4
164.3
l164.4
164.2

163.4

33.5
33.4
34.1
33.9
32.9
32.9
32.8

32.7

1+

i+

H

i+

I+

H

H



Appendix 3.3

Cultivar

FD1

L5187

ML 4

L51499

SK5%912

C-7-4-2

BES

Ex-Mk

CsHS5

10.0

10.8

10.3

10.1

10.3

10.9

11.2

Index of susceptibility

~-356-

seed cultivars).

11.6

12.4

Index of susceptibility

10.7
10.2
11.8
12.3

12.3

Ry

10.6

10.7

11.3

11.5

12.3

12.3

47.8

48.3

50.0

50.4

51.3

55.2

55.9

57.6

60.4

(Nigerian Sorghum

Yo
wu
[
"+
o]
w
0

]
=)
)]
I+
Q
u
Q

10.0 + 0.30
10.1 +* 0.21
10.3 ¢ 0.27
11.0 + 0,23
11.2 + 0.22
11.5 £ 0.38
12.1 ¢+ 0.25

* Standard
error
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Appendix 3.4 Number of Emergent §. orvzae from Tanzanian

local sorghum cultivars.

Cultivar
Number of emergents

R, R, R, R, Rg Ix x t SE
291% - - - - ~ | - -
303 2 4 2 3 0 11 2.20 = 0.66
352' 4 2 3 2 2 13 2.60 + 0.40
305 7 & 5 6 3 27 5.40 * 0.68
229 10 4 7 6 4 31 6.20 = 1.11
257 8 8 5 11 8 40 8.00 + 0.95
337 9 13 23 4 8 57 11.4 * 3,23
341 14 13 15 9 19 70 14.0 = 1.61
212 23 8 14 16 15 - 76 15.2 + 2.40 -
287 27 25 27 32 27 138 27.6 + 1.17
213 45 24 27 32 30 158 31.6 = 3.61
336 33 52 31 31 21 168 33.6 = 5.06
ExMk 56 41 42 46 46 231 46.2 * 2.65

{control)

* not tested as found contaminated by pesticide.
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Appendix 3.5 S. oryzae. Cumulative emergence data., 1092 104 ; Dne week oviposition

The time from oviposition is calculated from the middle of the seven day ovipesition period.

Observed cumulative emergence (Mean of 5 replicates)

Serial Days after
No, Qviposition Variety
Ex-Mk ML 4 Cc7-4-2 5K CSsH5 FDi LS1499 L5187 BES
1 27.5 0.0 0.0 0.2 0.0 0.2 1.2 0.0 0.2 0.0
2 28.5 0.4 0.2 1.0 0.8 0.8 3.0 0.0 0.6 0.6
3 29.5 3.0 1.4 1.8 1.8 3.4 4.2 0.6 1.8 1.4
4§ 30.5 7.8 2.8 5.2 2.8 8.2 7.2 1.2 3.8 4.0
5 31.5 11.8 6.0 12.0 6.0 15.8 10.0 3.6 6.0 10.8
6 32.5 18.6 10.4 16.4 9.8 24.8 12.6 8.2 10.6 15.8
7 33.5 29.8 14.6 22.8 14.4 35.40 14.4 13.2 13.2 26.4
8 34,5 34.0 19.2 27.2 20.0 39.8 17.6 i7.4 v 17.2 30.2
9 35.5 37.0 20.6 29.6 22.6 44.4 19.6 21.6 - 20.2 33.2
10 36.5 40.2 22.6 31.8 26.4 46.2 19.8 25.0 21.6 34.2
11 37.5 41.4 24.0 33.0 27.6 48_4 20.2 27.4 23.2 35.8
12 38.5 42 .6 24.4 34.4 30.2 50.4 20.4 28.2 23.4 36.2
13 39.5 42.8 25.4 36.8 30.8 51.0 20.6 28.8 24.0 38.4
14 40.5 43.2 26.4 36.8 31.2 51.6 20.8 29,2 25.14 39.0
15 41.5 44,0 26.4 36.8 31.8 52.2 20.8 29.6 26.0 39.6
16 42.5 44,2 26.8 36.8 3z2.0 52.4 21.0 29.8 26.0 39.56
17 43.5 ’ 44 4 27.2 37.2 32.2 52.4 21.0 30.2 26.0 39.8
18 44.5 44.6 27.2 37.6 32.6 52.4 21.2 30.2 26.2 = 39.8
19 45.5 44.8 27.2 37.6 32.8 52.6 21.2 30.2 26.4 39.8
20 46.5 44.8 27.2 37.8 32.8 52.8 21.2 30.2 26.4 39.8
21 47.5 44,8 27.2 37.8 32.8 52.8 21.2 30.4 26.4 39.8
22 48 .5 44.8 27.4 18.0 32.8 52.8 21,2 3o. 4 26.4 39.8
23 49.5 44.8 27.8 3g.0 33.0 52.8 21.2 30.4 26.4 39.8
24 50.5 44 .8 28.0 38.0 33.0 52.8 21.2 30.4 26.6 39.8
25 51.5 44 .8 28.4 38.0 33.0 52.8 21.2 0.4 26.6 39.8
26 52.5 44 .8 28.4 38.0 33.0 52.8 21,2 30.4 26.6 39.8
27 53.5 44.8 28.4 38.0 33.0 52.8 21.2 30.4 26.6 39.8
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Appendix 3.6 Numbers of emergent adult Rhizopertha dominica

from the Tanzanian sorghum seed cultivars

Cultivar Number of emergents
R1 R2 R3 R, R5 Ix x * SE

303 0 2 0 2 0 4.00 0.80 £ 0.49
229 7 3 1 0 1 12.0 2,40 = 1,25
305 1 5 4 4 1 . 15.0 3.00 + 0.84
341 8 3 3 1 2 17.0 3.40 £ 1.21
352 7 1 3 4 5 20.0 4.00 £ 1.00
287 8 6 5 1 6 26.0 5.20 £ 1.16
257 12 6 2 5 5 30.0 6.00 £ 1.64
212 7 9 2 7 6 31.0 6.20 £ 1.16
337 5 5 6 10 9 35.0 7.00 ¢+ 1.05
213 12 15 8 6 8 49 9.80 * 1.62
336 9 13 7 .9 13 51 10.2 + 1.20
Ex-Mk 18 14 5 16 24 77 15.4 + 3.09

(Control)



Appendix 3.7

weevil.

Appendix 3.7a

and percent loss in weight in cultivars Ex-Mk and FD1.

[= - BN I\ TN V2 [T S FX N 6 I

Seed
wt.
{mg)

33.3
37.1
39.5
37.7
33.6
35.7
39.8
35.2
31.9
39.5
38.1
33.0
36.6
33.2
39.2
34.4
36.5
35.1
39.9
33.4
3.2
37.9
36.0
3g.9
38.5
34.9
33.2
36.9
39.0
38.1
35.6

Seed weight

Cultivar Ex-Mk

wt.
(mg)
con
sumed
11.1
11,6
13.3
13.7
13.6
14.1
15.8
15.2
12,2
14,7
9.83
12.6
13.8
12.5
13.0
11.1
14.0
9.94
9.42
13.0
11.1
13.4
12.8
12.3
21.1
16.2
14.2
11.5
12.1
16.6
13.4
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% wt.
loss

33.3
31.2
33.7
36.6
40.5
39.5
39.7
43.2
38.2
37.2
25.8
3.2
37.7
37.7
33.2
32.3
38.4
28.3
23.6
8.9
30.7
35.4
35.6
31.6
31.4
46 .14
42.8
31.3
31.0
43.6
37.6

{mg},

Seed
wt.
(mg)

33.5
38.2
38.1
37.5
36.5
34.5
34.4
36.4
35.5
33.4
38.8
37.9
33.1
39.2
34.5
37.3
34.5
36.8
37.6
34.7
34.7
34.5

Amount of food consumed by developing rice

amount of seed consumed

Cultivar FD1

Wt.
(mg)
con
sumed
11.0
13.6
11.9
12.6
14,1
14.9
11.5
11.6
15.6
11.6
11.9
15.1
13.3
15.6
12.0
12.2
9.54

13.3
11.0
12.2
12.3
10.9

{mg)

% wt.
loss

32.8
35.9
31.2
33.6
38.6
43.2
33.4
31.9
43.8
34.7
30.7
45.8
36.3
47.0
30.6
35.5
26.1
37.9
27.6
36.5
34.0
28.8



Appendix 3.7b Weight of seed,

loss accounted for by,

O~ AU b =

[¥e)

Cultivar Ex-Mk

Seed
wt.
(mg)

33.3
37.1
39.5
37.7
33.6
35.7
39.8
35.2
31.9
33.5
38.1
33.0
36.6
33.2
39.2
34.4
36.5
35.1
39.9
33.4
36.2
37.9
36.0
38.9
38.5
34.9
33.2

36.9.

39.0
38.1
35.6

Frass
wt .
(mg}

1.26
1.32
0.49
0.25
1.00
t.52
1.01
0.67
0.92
0.59
0.30
0.94
0.91
0.33
0.04
0.63
0.74
0.45
0.47
0.99
1.72
0.22
1.14
6.11
0.43
0.82
0.86
0.28
1.03
1.65
0.84
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frass

frass

3.78
3.56
1.24
0.66
2.98
4.26
2.54
1.90
2.88
1.49
0.79
2.85
2.49
0.99
0.10
1.83
2.03
1.28
1.18
2.96
4.75
0.58
3.17
0.28
1.11
2.35
2.59
0.76
2.64
4,33
2.36

Seed
wt.
{mg)

33.5
38.2
381
37.5
36.5
34.5
34.4
36.4
35.5
33.4
38.8
37.9
33.1
39.2
34.5
37.3
34.5
36.8
37.6
34.7
34.7
34.5

Cultivar FD1

Frass
wt.
{mg)

0.59
0.31
0.34
0.54
0.16
0.22
0.20
0.16
1.49
0.17
0.84
0.83
0.35
0.45
0.30
0.05
0.06
0.28
0.33
0.05
0.12
0.16

weight of frass and percentage

Frass

1.76
0.81
0.89
1.44
0.44
0.64
0.58
0.44
4.20
0.51
2.16
2.19

1.06

1.15
0.87
0.13
0.17
0.76
0.88
0.14
0.35
0.46
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Appendix 4.1 Number ot eggs laid on different seed cultivars
by 10 paired 5. oryzae confined for 1 week

oviposition period on 100 seeds

Cultivar R, R, R, R, R, Ix X t SE*

303 3 5 5 5 6 24.0 4.80 * 0.49
352 5 7 4 10 6 32.0 6.40 = 1.03
229 9 16 7 10 5 47.0 9,40 + 1.86
257 10 11 25 8 15 69.0 13.8 + 3,02
212 30 31 19 52 36 168.0 33.6 ¢ 5.37
336 70 91 37 37 .52 287.0 57.4 % 10.4
FD1 65 52 58 49 102 326.0 65.4 * 11.9
SK5912 78 102 47 53 81 361.0 72.2 ¢ 10.0
LS187 95 90 92 90 82 449.0 89.8 * 2,15
Ex-Mk 104 126 122 85 152 589.0 117.8 + 11.2

* Standard error



-363-

Appendix 4.2 Numbers of seeds infested by 10 paired female
rice wecvils confined on 100 seeds of

different cultivars for 1 week oviposition period

Cultivar Rl R2 R3 R4 RS Ix X t+ SE *

303 3 4 5 4 6 22.0 4.40 t 0.51
352 4 7 4 6 6 27.0 5.40 + 0,60
229 8 10 5 7 4 34.0 6.80 + 1.07
257 9 7 15 7 11 49.0 9.80 £ 1.50
212 20 16 14 24 21 95.0 19.0 + 1.79
336 41 49 - 28 31 32 181.0 36.2 * 3.87
FD1 33 25 30 25 50 163.0 32.6  4.61
SK5912 41 47 28 33 38 187.0 37.4 * 3,27
L5187 40 44 42 38 34 198.0 39.6 ¢+ 1.72
Ex-Mk 43 50 50 45 57 245.0 49.0 * 2,43

* Standard error
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Appendix 4.3 Fl weevils on different seed cultivars

resulting from 1 week oviposition by

paired femaleg on 100 seeds.

Cultivar Ry R, R, R, R, Lx X t SE*
303 0 0 2 4 5 11 2.20 ¢
352 2 4 2 5 4 17 3.40 ¢
229 8 8 3 7 4 30 6.00 ¢
257 7 5 11 3 9 35 - 7.00 %
212 12 11 9 19 12 63 12.6 %
336 - 32 45 25 19 25 146 29.6 *
FD1 28 22 25 21 42 138 27.6 ¢
SK5912 34 36 25 26 30 151 30.2 ¢
LS187 37 38 35 34 31 175 35.0 ¢
Ex-Mk 37 43 47 41 50 218 43.6 ¢

* Standard

10



Appendix 4.4

Cultivar

+ brackets indicate numbers of

*

303

352

229

257

212

336

FD1

SK5912

L5187

Ex-Mk

= no adult emergence

~-365-

different seed cultivars

37.5 36.5
(5.36){5.21)

37.5 35.5
(5.36){5.07)

36.0 34.0
(5.14)(4.86)

35.2 36.8
(5.02)(5.26)

34.5 35.1
(4.93)(5.01)

32.6 32.9
(4.66)(4.70)

32.5 31.5
(4.64)(4.50)

32,2 33.5
(4.60)(4.79)

32.0 32.5
(4.57)(4.64)

R3 R4

39.5 38.5
(5.64)+(5.50)

43.5
{6.21)

35.0
(5.00)

33.0
(4.71)

35.8
(5.11)

36.8
{5.26)

37.5
(5.306)

39.8
(5.69)

35.3
(5.04)

36.8
(5.26)

38.8
{(5.54)

32.4
(4.63)

32.7
(4.67)

32,9
(4.70)

33.5
(4.79)

31.8
(4,54)

33.3
(4.76)

33.3
(4.76)

32.0
(4.57)

weeks

Rg

42,0
{6.00)

37.5
{5.36)

35.5
(5.07)

33.0
(4.71)

36.0
(5.14)

35.3
(5.04)

33.8
(4.83)

32.5
(4.64)

35.0
(5.00)

30.0
{4.29)

Median Developmental Period (days) eon

Ix X * SE*

léO 40 + 0.81
190 38.0 * 1.45
177.5 35.5 + 0,72
177.3 35.5 +# 0.85
183.1 36.6 + 0.85
180.5 36.1 * 0.77
164.4 32.9 + 0.24
162.9 32.6 + 0.33
165.8 33.2 * 0.56

152.8 32.0

*SE =

H+
o
«

wu
-3

Standard
Error



Appendix 4.

where

Cultivar

303

352

229

257

212

336

FD1

SK5912

L8187

Ex-Mk

-366-

5 Indices of susceptibility on seed cultivars
tested

iii%__ﬁ x 100

I = Index of suscep&ibility

F = total Fl weevils

D = Median developmental period

RS R, R, R, R, z X t SE*

- - 1.75 3.60 3.83 9.18 3.06.¢t 0.51
1.85 3.80 1.59 4.60 3.70 15.5 3.11 + 0.59
5.55 5.86 3.33 5.44 4.53 24.7 4.94 & 0.46
5.41 4.73 6.52 2.92 6.66 26.3 5.25 + 0,68
7.06 6.52 5.52 8.34 6.90 34.3 6.87 t 0.46

10.0 l10.7 8.75 7.59 9.12 46.2 9.23 * 0.53
10.2 9.40 9,93 9.31 11.1 49.9 9.99 * 0,32
10.9 11.4 9.78 9.73 10.5 52.3 l1o0.5 t 0.32
11.2 10.9 11.2 10.6 9.81 53.7 l10.7 t 0.26
11.3 11.6 11.6 11.6 13.¢0 59.1 11.8 t 0.30

*SE = Standard
Error
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Appendix 4.6 Numbers of immature mortality on different

seed cultivars

Cultivar Ry R, R, R, Rg Ix X + SE *

303 3 5 3 1 1 13 2.6 % 0.75
352 3 3 2 5 2 15 3.00 t+ 0.55
229 1 8 4 3 1 17 3.40 * 1.29
257 3 6 14 5 6 34 6.80 + 1.88
212 18 20 10 33 24 105 21.0 + 3.77
336 38 46 12 18 27 141 28.2 + 6.25
FD1 37 30 33 23 60 183 36.6 * 6.28
SK5912 44 66 22 27 51 210 42.0 £ 8.02
LS187 58 52 57 56 51 274 54.8 % 1.39
Ex-Mk 67 83 75 44 102 371 74.2 * 9,53

* Standard error



Appendix 4.7

Cultivar
303

352

22;

257

212

336

FD1
SK5912

L5187

Ex-Mk
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Percentage total mortality of

on different seed cultivars

100

60

11.1

30

60

54.3

56.9

56.4

61.0

64.4

42.9

50

54.5

64.5

50.5

57.7

64,7

57.8

65.9

50

57.1

56

52.6

32.4

56.9

46.8

62.0

61.5

50

30

62.5

63.5

48.6

46.9

50.9

62.2

51.8

16.7
33.3
20
40
66.7
51.9
58.8
63.0
62.2

67.1

immature stages

I

296.7

236.2

1l68.2

243

307.3

237.7

277.2

281.8

305.2

310.7

X t SE*
59.3 + 18.3
47.2 + 4.42
33.6 + 8.73
48.6 t 5.93
61.5 * 2_.46
47.5 % 3.90
55.4 + 2.16
56.4 % 3.43
61.0 + 0.84
62.1 + 2,75
*SE = Standard

Error
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Appendix 4.8 Numbers of individual S. oryzae found dead

on dissection of the different seed cultivars

Cultivar R, R, R, R, R Ix X * SE *

303 3 4 3 0 1 11 2.2 + 0.73
352 2 3 2 1 2 10 2.0 % 0.32
229 ) 2 2 o ) 4 0.80 + 0.49
257 - 2 2 4 4 2 14 2.80 *+ 0.49
212 8 5 5 5 9 32 6.40 * 0.87
336 9 4 3 12 7 35 7.00 + 1.64
FD1 5 3 5 4 8 25 5.00 + 0.84
SK5912 7 11 3 7 8 36 7.20 + 1.28
LS187 3 6 7 4 3 23 4.60 + 0.81
Ex-Mk 6 7 3 4 7 27 5.60 * 0.87

* Standard error
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Appendix 4.9 Percentage mortality of dead eggs as per

total eggs laid

Cultivar Ry R, R, R, R Ix X t SE *
303 0 0 20 0 o 20 4.00 * 4,00
352 0" o 0 o} 0 0 0.00 * 0.00
229 0 6.25 © o) o} 6.25 1.25 % 1.25
257 10 0 4 o} 0O 14.0 2.80 & 1.96
212 3.33 3,23 O 1.92 0 8.48 1.70 & 0.74
336 1.43 1,10 2.70 O 1.92 7.15 1.43 t 0.45
FD1 1.54 1,92 © 0 0.98 4.44 0.89 & 0.39
SK5912 1.28 0.98 2.13 1.89 1.23 7.51 1.50 ¢+ 0,22
LS187 1.05 1.10 © 0 0 2.15 0.43 * 0.26
t 0.22

Ex-Mk .96 0.79 O o O 1.75 0.35

* Standard error



Appendix 4.10

Cultivar
303

352

229

257

212

336

FD1
SK5912
1.8187

Ex-Mk

10

23.37

11.47
6.15

Percentage immature mortality due to

-371-

'antibiosis' as

per total eggs laid

(uncorrected for natural mortality).

18.2

12.87

3.29
3.85

28.6

12.0

26.3

5.41
8.62

l6.7

33.3

13.3

27.8

11.58
6.86

256.7

196.2

34.85

103.5

08.04

64.15
33.64

41.71

23.39

22.32

X % SE*

51.3 + 20.9
39,2 + B.52
6.97 £ 5.54
20.7 + 7.45
19.6 + 3.96
12.8 * 5.16
6.73 £ 0.84

o0
.

L
fi=4
H
-
.

[
0

Y
.

()]
w
1+
o
.

e
N

*Standard
error
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Percentage
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immature mortality due to intra-

specific competition on the different seed cultivars.

Cultivar

303

352

229

257

212

336

FBl

SKb5912

LsS187

Ex-Mk

11.1

10

33.3

41.4

49,2

47.4

37.5

36.3

48 .4

46.1

51.9

53.9

51.1

60.3

2B.5

40

26.3

24.3

48.3

40.4

54.4

59.0

R, R, Ix
20 0 20
40 o] 40
30 20 127.1
12.5 26.7 125.5
53.9 38.9 200.8
16.2 38.4 166.4
- 38.7 51.0 239.1
37.7. 53.1 232.5
57.8 58.5 279.6
47.1 62.5 286.6

X t SE*
4.00 + 4.00
8.00 + B8.00
25,4 + 4,53
25.1 * 6.07
40,2 + 4,99
33.3 + 5.6l
47.8 + 2.37
46,5 + 3,27
55.9 + 1,40
57.3 * 2,68
*SE = Standard

Error



~373-

Appendix 4.12 Mean percentage total mortalities (as per mean eggs laid) on different

cultivars split into several causes.

% % % %
Cultivar egg mortality natural mortality due to mortality due to Total
mortality antibiosis intraspecific

competition

303 4.00 . 2.30 49.0 4.00 59. 3,
352 0.00 2.80 36.4 ‘ 8.00 47.2
257 2.80 3.70° 17.0 25.1 48.6
212 1.70 3.80 15.8 40.2 61.5
336 1.43 4.07 8.73 33.3 47.5
SK5912 1.50 1.28 4.06 . 46.5 56.3
229 1.25 4.34 2.63 25.4 33.6
FD1 0.89 4.10 2.38 47.8 55.2
LS187 0.43 4,45 0.23 55.9 61.0
Ex-Mk . 0.35 4.6 0.00* 57.3 | 62.1

*Control (see text)
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Appendix 4.13 Percentage composition of total mortalities caused by different factors

using different seed cultivars.

Cultivar egg mortality natural mortality due to mortality due to Total
mortality . antibiosis intraspecific
competition

303 6.75 3.88 B2.6 6.75

352 0.00 5.93 77.1 l6.9
257 5.76 7.61 35.0 51.6
212 2.76 6.18 25.7 65.4
336 3.00 8.57 18.4 70.1
SK5912 2.66 7.60 7.21 B2.6
229 3.72 12.9 7.83 75.6
FD1 1.61 7.43 4.31 86.6

Ls187 0.70 7.3 0.38 91.6

Ex-Mk 0.56 7.18 0.00 92.3
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Appendix 4.14

Numbers and stage of develcopment of immature S. oryzae dying on the

different seed cultivars. Percentages as in terms of total numbers that died.
Developmental Numbers dying on different seed cultivars (Aggregates of 5 replicates)
Stage _
303 352 229 257 212 336 FD1 SK5912 L5187 Ex-Mk Ix X
Egg 1 - 1 2 3 4 3 5 2 2 23 2,30
% total 9.09 25 14.3 9.38 11.4 12.0 13.8 8.70 7.41 115.'4 11.54
lst instar larvae l0 10 3 12 23 27 20 27 20 24
$ total 90.9 100 75 85.7 71.9 77.1 80.0 75 86.96 88.9 831.46 83,146
Older larvae 3 4 1 4 1 13 1.30
$ total 9.38 11.4 4 11.1 3.70 39.58 3.96
Pupae
$ total
Pre—-emergent adults 1 1 1l 3 0.30
§ total 3.13 4.00 4.35 11.5 1.15
n 11 lo 4 13 32 35 25 36 23 27
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Days after

Appendix 4.15

S. oryzae cumulative emergence data

Observed cumulative emergence

{mean of 5 replicates)

oviposition Ex-Mk SK5912 LsS187 257 336 212 229 352 303 FD1
1 26.5 0.2 c.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 27.5 2.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 28.5 6.80 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.00 V‘O.OO
4 29.5 12.6 3.00 1.80 0.20 0.80 0.00 0.00 0.00 0.00 3.00
5 30.5 l6.4 6.80 5.60 0.80 2.40 0.40 0.20 0.00 0.00 6.60
6 31.5 20.8 l10.0 8.60 1.20 5.40 1.40 0.60 c.00 0.00 9.20
7 32.5 25.0 13.8 13.6 1.40 7.60 2.20 0.80 0.20 0.00 12.0
8 33.5 31.6 18.2 19.8 2.20 9.20 3.40 1.20 0.60 0.00 16.6
9 34.5 36.8 22.8 24.0 2.40 10.6 4.80 2.00 c.80 0.00 18.6
10 35.5 39.4 24.6 26.8 3.20 13.4 6.40 2.80 1.00 0.00 20.2
11 36.5 41.4 27.2 29.6 4.40 15.8 7.00 3.80 1.20 0.00 21.6
12 37.5 43.0 27.6 31.0 5.00 17.4 8.20 4,20 l.80 0.40 22.6
13 38.5 43.6 28.6 32.4 6.20 19.8 9.20 4.20 2.20 0.60 23.4
14 39.5 43.6 28.8 33.4 6.40 22.6 9.80 4.40 2.26 1.00 24.8
15 40.5 43,6 29.0 33.4 6.60 24.0 10.6 4.60 2.26 1.00 23,6

Continued
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Days after

Appendix 4.15

{Continued)

oviposition Ex-Mk 5K5812 L5187 257 336 212 229 352 303 FD1

16 41.5 43.6 29.6 33.6 6.60 . 25.4 11.2 4,80 2.26 1.20 26.2
17 42.5 43,6 30.0 34.0 6.80 26.6 11.8 5.00 2.26 1.20 26.8
18 43.5 43.6 30.2 34.2 6.80 27.2 11.8 5.60 3.00 1.20 27.0
19 44.5 43.6 30.2 34.6 6.80 27.8 11.8 5.80 3,00 1.20 27.2
20 45.5 43.6 30.2 34.6 6.80 28.0 12.0 6,00 3.00 1.20 27.6
21 46.5 43.6 30.2 34.6 6.80 28.4 12.4 6.00 3.00 1.20 27.6
22 47.5 43.6 30.2 34.8 6.80 28.4 12.4 6.20 3.00 1.20 27.6
23 48.5 43.6 30.2 34.8 6.80 28.6 12.4 6.20 3.20 1.20 27.6
24 49.5 43,6 30.2 34.8 6.80 28.6 12,4 6.20 3.20 1.80 27.6
25 50.5 43.6 30.2 35.0 6.80 28.6 12.4 6.20 3.20 2.00 27.6
26 51.5 43.6 30.2 35.0 6.80 28.8 12,86 6.20 3.20 2,20 27.6
27 52.5 43.6 30.2 35.0 6.80 28.8 12.6 6.20 3.40 2.20 27.6
28 53.5 43.6 30.2 35.0 6.80 -~ 28.8 12.86 6.20 3.40 2.20 27.6
29 54.5 43.6 30.2 35.0 6.80 28.8 12.6 6.20 3.40 2,20 27.6

30
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Appendix 5.1 Length of life (in weeks) of S. oryzae on

cultivars 303, 352, FD1 and Ex-Mk at 30°C and 70% R.H.

Sex Cultivar
212 303 352 FD1 Ex-Mk Row Totals
Female 3,1 2,1 1,2 5,4 10,7
2,3 1,2 2,1 2,2 6,3
1,5 2,1 2,1 4,3 9,10
2,3 1,2 2,2 3,9 8,9
2,3 2,2 1,2 3,5 3,5
3,1 1,1 2,1 2,4 6,10
2,3 1,1 2,1 2,4 5,6
4,2 1,2 1,1 2,3 7,10
2,2 3,2 3,1 2,1 9,5
3,1 2,2 2,1 4,3 6,6
Ix=48 Zx=32 Ix=31 Ix=67 Lx=140 318
Male 2,1 2,1 1,1 5,4 8,5
2,2 1,1 1,1 9,8 11,6
1,4 2,1 1,1 2,2 6,7
2,1 1,1 1,1 7,2 9,3
1,2 1,1 1,1 .3 6,10
3,2 1,1 1,1 2,3 5,9
1,2 1,1 2,1 2,2 6,5
2,1 1,1 1,1 4,3 11,6
4,2 2,2 3,1 2,1 7,6
2,1 1,1 2,1 7,5 3,10
Lx=40 Ix=24 Ix=24 Ex=75 Ex=139 302
‘ Column 88 56 55 142 279 620

totals
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Appendix 5.2 5. orvzae Adult survivorship on cultivars

Ex-Mk, FD1, 212, 352 and 303 at 30°C and 70% R.H.

Appendix .2a. Numbers of adult survivors on weekly basis.
Pivotal Number of Survivors
age
{weeks)
Ex~-Mk FDI1 212 352 303

0.00 20 20 20 20 20 20 20 20 20 20

0.50 20 20 19 19 16 14 10 3 11 4
1.50 20 20 13 1 9 4 I 1 1 0
2.50 18 18 8 8 2 2 0 0 ¢ 0
3.50 18 18 4 5 1 0

4.50 14 14 1 4 0 0

5.50 10 9 1 4

6.50 8 7 1 2

7.50 7 6 1 1

8.50 4 4 0 0

2.50 0 2
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Appendix 5.2b S. oryzae adult survivorship values (1k) on cultivars Ex-Mk, FD1, 212, 303, 352

1 values
X

Pivotal age Cultivars
(weeks) Ex-Mk FD1 212 303 352
? g ? d @ d @ d Q d
.
-0;50 1.00 1.00 0.98 0.98 0.90 0.85 0.75 0.58 0.78 0.60
1.50 1.00 1.00 0.80 0.75 0.63 0.45 0.28 0.10 0.30 0.10
2.50 0.5%5 0.95 0.53 0.48 0.28 0.15 0.03 0.03 -0.03 0.00
3.50 0.9%0 0.%0 0.30 0.33 g.08 0.05 0.00 0.00 0.00 0.00
4.50 0.80 0.80 0.13 0.23 0.03 0.00
5.50 0.60 0.58 0.05 0.20 0.00 0.00
6.50 0.45 0.40 0.05 0.15
7.50 0.38 0.33 0.05 0.08
8.50 0.28 0.25 0.03 0.03
9.50 0.10 0.15 0.00 0.00

10.50 0.00 6.05



Appendix 5.3 5.

3
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03, TSC 352 and artificial seeds

period.

Appendix 6.3a.

(glassballs)

over a

oryzae adult survivorship on cultivars TSC

14 day

Numbers of adult survivors on daily basis.

Numbers of Survivors*

Pivotal
age
(days)
"
0.50 B8O
1.50 80
2.50 BO
3.50 80
4.50 56
5.50 52
6.50 44
7.50 44
8.50 37
9.50 37
10.50 32
11.50 23
12.50 20
13.50 20

*

BO

80

80

77

56

36

27

25

25

25

12

12

12

12

80

80

76

72

57

52

49

44

44

36

33

28

24

24

Sum of four replicates

B8O

80O

75

52

36

29

24

17

12

Glassballs
" 3
80 80
80 80
77 77
49 37
12 8
2 1
0 0
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" Appendix 5.3b 5. oryzae adult survivorship values (1x) on

cultivars 303, 352 and artificial seeds (glassballs).

Pivotal
age 1x values

{days)

303 352 Glassballs
? d Y d ? d

0.50 1.00 1.00 1.00 1.00 1.00 1.00
1.50 1.00 17.00 1.00 1.00 .00 1.00
2.50 1,00 1.00 0.98 0.97 0.98 0.98
3.50 1.00 0.98 0.93 06.79 0.73 0.71
4.50 0.85 0.83 0.81 6.55 0.33 0.28
5.50 0.68 0.58 0.68 0.41 0.09 .06
6.50 0.60 0.39 0.63 0.33 0.01 0.006
7.50 0.55 0.33 0.58 0.26 0.00 0.00
8.50 0.51 0.31 0.55 0.18

9.50 0.46 0.31 0.50 .13

10.50 0.43 0.23 0.43 6.10
11.50 0,34 0.5 *:0.38 0,08 RIIRE ¥
12.50 0.27 0.15 0.33 0.03

13.50 0.25 0.15 0.33 0.00
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Appendix 5.4 Length of life {in weeks) of S. oryzae on

cultivars 212 and Ex-Mk at 30°C and 70% R.H.

Appendix 6.4a : Parental weevils
Sex Cultivar

212 Ex-Mk Row Totals
Female 4,4 8,5

2,2 8,4

1,4 9,8

2,3 1,7

2,3 : 8,4

2,3 7,7

2,1 7.8

2,1 9,6

3.5 5,6

4,3 4,6

Ex=53 Ex=127 180

Male 4,2 8,5

1,1 ; 8,4

2,2 DA 9,9

1,4 ' 1,6

2,3 8,4

1,3 ' 11,7

2,1 7.8

3,2 4,9

1,5 3,6

2,2 4,6

Ex=44 Ex=127 171

Column 97 254 351

Totals
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Appendix 5.4b Fl Weevils
Sex Cultivar
212 Ex-Mk Row Totals
Female 2,3 7.7
4,1 9,10
1,3 8,6
2,1 6,6
1,1 "8,6
3,2 8,11
4,1 8,6
1,4 5,8
1,6 5,6
2,1 4,8
Ex=44 Ex=142 186
Male 1,1 5,7
2,2 8,1
1,2 7,6
2,1 5,6
1,2 1,6
3,4 8,11
4,1 7,6
9,8 4,8
1,2 5,6
2,1 5,8
Ex=50 Ex=120 170
* Column 94 262 356

Totals -
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Appendix 5.5 5. oryzae numbers of adult survivers on
cultivars b:-Mk and 212 on weekly basgis at 30°C and 70% R.H.

Appendix 6.5a: Parental weevils

Pivotal
age
Numbers of Survivors

Ex~Mk 212
4 d Total Q d Total
0.50 19 19 38 17 14 31
1.50 19 19 38 10 6 16
2.50 19 18 37 5 3 8
3.50 16 14 30 1 1 2
4.50 15 13 28 0 0 0
5.50 11 10 21 0 0 0
6.50 7 8 15 0 0 0
7.50 3 3 6 0 0 0
8.50 0 1 1 0 0 0
9.50 0 1 1 0 0 0
10.50 0 0 0 0 0 0
Appendix 6.5 b F1 Weevils
0.50 20 18 38 11 11 22
1.50 20 18 38 7 5 12
2.50 20 18 38 4 4 8
3.50 19 17 36 1 2 3
4.50 17 13 30 1 2 3
5.50 11 8 19 0 2 2
6.50 9 5 14 0 2 2
7.50 3 1 4 0 1 1
8.50 2 1 3 0 0 0
9.50 1 1 2 0 0 0
10.50 0 0 0 "0 0 0
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Appendix 5.6 S. oryzae adult survivorship values on
cultivars Ex-Mk and 212

Appendix 6.6a: Parent Weevils

Pivotal Cultivars

age

(weeks) .

Ex-Mk 212
? é g 2 d Q

0.50 0.98 0.98 0.98 0.93 0.85 0.89
1.50 0.95 0.95 0.95 0.68 0.50 0.59
2.50 0.95 0.93 0.94 0.38 0.23 0.30
3.50 0D.88 0.80 0.84 0.15 0.10 0.13
4,50 0.78 0.68 0.73 0.03 0.03 0.03
5.50 ’ 0.65 0.58 0.61 0.00 0.00 0.00
6.50 0.45 0.45 0.45 .00 0.00 .00
7.50 0.25 0.28 0.26 0.00 0.00 0.00
8.50 0.08 0.10 0.09 0.00 0.00 0.00
9.50 0.00 0.05 0.03 0.00 0.00 0.00
10.50 0.00 6.03 0.01 0.00 0.00 0.00

Appendix 5.6b F1 Weevils

0.50 1.00 0.95 0.98 0.78 0.78 0.78
1.50 1.00 0.90 0.95 0.45 0.40 0.43
2.50 1.00 0.90 0.95 0.28 0.23 0.25
3.50 0.98 0.88 0.93 0.13 0.15 0.14
4.50 0.9¢6 0.75 0.83 0.05 0.10 0.08
5.50 0.70 0.53 0.61 0.03 0.10 0.06
6.50 0.50 0.33 0.41 0.00 0.10 0.05
7.50 0.30 0.15 0.23 0.00 0.08 0.04
8.50 0.13 0.05 0.09 0.00 0.03 0.01
3.50 0.08 0.05 0.06 0.00 0.00 ¢.00

10.50 0.03 0.03 0.03 0.00 g.00 0.00



Appendix 5.7 Life Tables, age-specific fecundity rates and fertility schedules per cohort of

20 pairs of S. oryzae on the susceptible cultivar Ex-Mk and the resistant cultivar 212

Appendix 5.7a: Female Parent Weevils

Cultivar Ex-Mk

-387-

Pivotal age Survival number Survival rate Fecundity 1? mks FertiliEy
(1.) (ri:) T (v )
WX X P
4.79 19 0.98 87 48.6 52
5.79 19 0.95 118 63.9 66
6.79 19 0.95 125 67.7 73
7.79 16 0.88 98 49 .2 52
8.79 15 0.78 93 41.3 53
9.79 11 0.65 51 18.9 28
10.79 7 0.45 25 6.41 16
11.79 3 0.25 9 1.28 6
12.79 0 0.08 0 0 0
Im =606 Z1 m s8=297.3 LV =346

bid H X X

(G.R.R.) {Ro) {Ro)

Cultivar 212

5.71 17 0.93 21 17.2 18
6.71 10 0.68 9 5.39 8
7.71 5 0.38 11 3.68 6
8.71 1 0.15 2 = 0.26 2
9.71 0 0.03 0 0.0 0

Zm? =43 T mys=26.5 zv;= 34

(G.R.R.) (Ro) {Ro)
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Appendix 5.7b : Female F1 Weevils

Cultivar Ex-Mk

Pivotal age Survival number Survival rate Fecundity 1xmxs Fertility
(me {§=0.57) (Vy)
5.14 20° 1.00 85 48.5 54
6.114 20 1.00 121 69.0 70
7.14 20 1.00 142 80.9 82
B.14 19 0.98 104 58.1 60
9.14 17 0.90 83 42.6 44
10.14 11 0.70 53 21.1 25
11.14 9 0.50 24 6.84 14
12.14 3 0.30 5 0.86 4
13.14 2 0.13 3 0.22 2
14.14 1 g0.08 3 0.14 1
15.14 0 0.03 0 0.0 0
I my=623 Z1umys=328.3 IVy=356
(G.R.R.) {RoO) {RO)
Cultivar 212
(5=0.24)
5.79 i1 0.78 7 1.31 2
6.79 7 0.45 15 1.62 3
7.79 4 0.28 12 0.81 4
B.79 1 0.13 1 0.03 0
9.79 1 0.05 1 0.012 ]
10.79 0 0.03 0 0 0
Im =36 1 m s=3.78 IV =9




-389-

Appendix 5.8 Rapid determination of intrinsic rate of natural increase by Howe's (1953) method
A=da+ i /op
loge A = r
Cultivar R, R, R, R, R, Ix x ¢ S.E.
b A P A A
(r) (r) (r) (r) (r)
m m m m m
303 0.753 0.753 0.687 0.765 0.807 3.77 0.75 + 0.019
(-0.284) (-0.284) (-0.375) (-0.268) (-0.21 ) (-1.42) (-0.28 + 0.026)
352 0.675 0.754 0.71 0.777 0.76 3.68 0.74 + 0.018
(-0.393) (-0.282) (-0.343) (-0.252) (-0.274) (~1.54) (-0.31 £ 0.026)
229 0.855 0.848 - 0.698 0.829 0.749 3.98 0.80 %+ 0.031
(-0.1586) {(-0.165) (-0.36 ) (-0.187) (-0.289) (-1.186) {(-0.23 + 0.04 )
257 0.830 0.772 0.901 0.723 0.858 4.08 0.82 ¢ 0.03
(-0.186) (-0.258) (-0.104) (-0.324) {(-0.153) {-1.03) (-0.21 £ 0.04 )
212 0.912 0.901 0.880 0.991 0.782 4,47 0.89 ¢ 0.03
(-0.093) (-0.104) (-0.128) {-0.0094) (-0.246) (~0.58) (-0.12 + 0,04 )
33e6 1.09 1.159 1.040 0.991 1.041 5.32 1.06 = 0.03
(+0.086) (+0.147) (+0.039} (-0.00898}) {(+0.040) (+0.30) { 0.06 + 0.03 )
FD1 1.067 1.020 "1.088 1.052 1.149 5.38 1.08 £ 0.02
(+0.065) (+0.020) (+0.084) (+0.051) {+0.139) (+0.36) { 0.07 £ 0.02 )
SK5912 1.109 1.125 1.044 1.051 1.076 5.41 1.08 + 0,02
(+0.103) {+0.118) {(+0.043) {+0.050) (+0.074) ( 0.39) ( 0.08 = 0,01 )
L5187 1.128% 1.128 1,117 1.106 1.083 5.56 1.11 + 0.01
(+0.121) (+0.121) (+0.111) (+0.101) (+0.0797) ( 0.53) { 0.11 + 0.01 )
Ex-Mk 1.129 1.160 1.176 1.15 1.211 5.83 1.17 £ 0.01
(+0.121) (+0.149) {(+0.162) (+0.141) (+0.191) { 0.76) { 0.5 % 0.01 )

(Brackets indicate intrinsic rates)
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Appendix 5

.9 hge specific oviposition and numbers of surviving S. oryzae on the susceptible

cultivar Ex-Mk and the resistant cultivar T5C 212 and on egual mixture of each cultivar

starting with a cchort of 20 pairs of weevils, each cohort made up of 4 replicates and

S pairs of weevils per replicate.

Cultivar:

Ex-Mk

Numbers of seeds

Week Number surviving Total Numbers of Laid
? d infested
(1x)
1 20 17 37 g9 67
£1.00) {0.93) {D.96)
2 20 17 37 211 134
{1.00) {0.85) (0.93}
3 20 16 36 215 117
(1.00) (0.83) (0.91)
4 20 14 34 201 109
) (1.00) (0.75) {0.88)
5 18 14 32 132 79
{0.95) (0.7 ) (0.83)
6 15 13 28 30 59
(0.83) (0.68) (0.75)
7 11 1o 21 54 41
(0.65) {0.58) {0.61)
8 5 5 10 10 9
(0.40) {0.38) (0.39)
9 1 1 2 2 2
(a.15) (0.151 (G.15)
10 . 0 0 i o} 0
(0.03) {0.03} {0.03)
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Appendix 5.9

Cultivar:

Ex-Mk + 212

{(continued)

— O W o -~ U W =

[Ty

Cultivar:

Numbers surviving

20
20
20
20
19
18

8

o0 oo

212

Ut b 0 N =

16
11

(1

{1.00)
{(1.00)
{(1.00)
{1.00)
(0.98)
(0.93)
(0.65)
(0.20)
(0.00)
{0.00)
{0.00)

(1,)

(0.90)
(0.68)
(0.43)
(0.20)
(0.05)

20
20
19
19
18
14

7

[==J0 3% B AN By (O]

O OO ~Ww

(1.}
b
{(1.00)
{1.00)
(0.98)
(0.95)
(0.93)
(0.80)
(0.53)
(0.23)
(0.10)
(0.10)
(0.05)

(1.)

(0.73}
(0.40)
(0.18)
(0.00)
(0.00)

40
40
39
39
37
32
15

o N

25
18

(0.
(0.
(0.
(0.
(0.

81)
54)
30)
10)
03)

No.

Laid
Ex~-Mk

55
119
140
133

72

65

19

0

0
0
0

of eggs

212

14
38
27
29
21
15

6

[=JR e B o B o )

19
26

Total

69
157
168
162

93

80

25

0

0
0
0

of seeds

infested
Ex-Mk 212
45 11
71 24
73 21
64 19
46 16
38 12
12 6
0 0
0 0
0 0
0 0
14

24

4

4

0

Total

56
95
94
83
62
50
18

o o o



Appendix 5.10 Adult length of life of S. @rvzae in weeks in cultivar Ex-Mk, 212 and an equal

mixture of 212 and Ex-Mk.

Cultivar =~ G=3

Sex
b=2 212 212 + Ex-Mk Ex-Mk Row Totals
Female 1,1 B,86 7.5
1,2 8,7 7,6
1,2 8,7 8,8
- 3,2 8,8 9,8
o 5,3 8,8 9,9
T 3,2 5,7 5,6 ‘
4,2 7,7 6,7
4,3 7.7 8,8
4,3 7.7 8,8
5,4 8,7 10,9
Ex=55 Ex=145 Ex=151 351
X*5.E.=2.75+0.29 x*+S.E.=7.25%0.18 Xx*S.E.=7.5540.31
Male 1,1 7.7 1,1
1,2 B,7 3,4
1,2 8,7 7,8
1,2 B,7 7.8
3,3 6,8 9,9
1,1 5,3 4,1
E] 6,5 6,7
3,2 6,6 8,8
3,3 10,7 8,8
5,3 10,7 10,9
Ex=42 Ex=141 Ex=126 309
X¥=2.10 & 0.25 %=7.05 * 0.35 %=6.3 + 0.65
% 286 277 660

Column Totals =
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Appendix 6.1 Seed weight and numbers in ungraded seed

cultivars.

Cultivar Replicate Weight Number No/gm
{g)

FD1 1 86.2 2,678 31.1
n 2 92.9 2,977 32.1
" 3 84.6 2,794 33.0
" 4 80.2 2,565 32.0

Mean 86.0 2,753.8 32.05

+ S.E. 2.63 87.9 0.39

CsHS5 1 28.3 1,213 42.9
" 2 29.9 1,289 43 .1
" 3 28.9 1,243 43.0
" 4 28.6 1,255 43.9

Mean 28.9 1,250 43,2

+ S.E. 0.35 15.7 0.23

Ex-Mk 1 27.6 824 29.9

" 2 27.7 830 30.0
" 3 30.7 922 3o.0
" 4 31.3 944 30.2
Mean 29.3 880 30.0

* S.E. 0.98 31.0 0.06
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Appendix 6.1 continued
Cultivar Replicate Weight Number No/gm
(g).
LS 1499 1 35.04 1505 43.0
" 2 34.95 1467 42,0
" 3 22.88 1035 45,2
" 4 22.90 1050 45.9
Mean 28.9 1264.3 44,0
* S.E. +3.49 t128.3 +0.92
52 48.8 65842 .2 3.35
T303 1 15.91 888 55.8
" 2 17.13 949 55.4
" 3 15.92 876 55.0
" 4 17.98 982 54.9
Mean 16.7 932.8 55.2
* S.E. , +0.50 +25.1 +0.26
82 1.02 2529.6 0.27
T352 1 30.02 1307 43.5
" 2 24,28 1053 43 .4
" 3 22.72 982 43.2
" 4 25.95 1131 43.6
Mean 25.7 1118.3 43.4
+ S5.E. +1.57 t69.9 +0.09
2

S 5.87 19536.9 0.03
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Appendix 6.2 Percentage Composition of Different Seed

Sizes in each Cultivar

Seed Cultivar : FD1
Total weight examined : 3.723 kg

Seed size weight %
(mm) (kg) Total
5.00 0.162 4.35
4.50 1.842 49.48
4.00 1,392 37.39
3.15 0.327 : B.78

Total 3.723 100.00

Seed Cultivar : CSHS5
Total weight examined : 1.484 kg

Seed si:ze weight %
{mm) {kg) Total
5.00 0.0044 0.30
4.50 0.208 14.02
4.00 0.429 28.91
3.15 0.786 52.96
2.50 0.0566 3.81

Total 1.484 100.00

Seed Cultivar : Ex-Mk
Total weight examined : 1.5065 kg

Seed Size Weight %
(mm} : {kg) Total
5.00 0.0285 1.89
4.50 0.485 32,19
4.00 0.752 49.92
3.15 0.241 16.00

- Total 1.5065 100.00
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Appendix 6.2 (continued)

Seed cultivar : LS149

9

Total weight examined : 1,365.41 gmsg

Seed size weight %
{mm) {gm) Total
5.00 - _
4.50 9.39 0.69
4.00 533.28 39.06
3.15 785.29 57.51
2.50 37.45 2.74

Total 1,365.41 100.0

Seed cultivar : T303 (BZ1806)

Total weight examined : 831.35 gms

Seed size weight %
{(mm) {gm) Total
5.00 - -
4.50 - _
4.00 0.34 0.04
3.15 638.15 76.76
2.50 192.86 23.2

Total 831.35 100.00

Seed cultivar : T352 (B21815)

Total weight examined : 840.97 gm

Seed size weight %
(mm) {gm) Total
5.00 - -
4.50 - -
4.00 3.11 0.37
3.15 762.76 90.7
2.50 75.1 8.93

Total 840.97 100
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Appendix 6.2 (continued)

Seed cultivar
Total weight examined

Seed size

weight %

(mm) (gm) Total
5.00 - -
4,50 0.530 0.09
4.00 €0.97 10.7
3.15 498.40 87.7
2.50 8.72 1.53
Total 568.62 100.02
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Appendix 6.3 Seed weight and numbers of different seed sizes

of named cultivars.

Cultivar : FD1I

Seed size : 5.00 mm
Replicate Weight No of No./gm
(gm) seeds
1 40.6 1053 25.9
2 36.7 973 26.6
3 42.8 1124 . 26.3
4 41 .1 1090 26.5
Mean 40.3 : 1060 26.3
+ S5.E. +1.29 +32.4 +0.15
Seed size : 4.50 mm
1 49 .6 1405 28.3
2 33.6 956 28.5
3 39.1 - 1122 28.7
4 38.8 1116 28.8
Mean 40.3 1149.8 28.6 .
+ S.E. *3.55 +83.4 +0.11
Seed size-: 4.00 mm
1 36.2 1168 32.3
2 33.7 1087 32.3
3 30.4 981 . 32.3
4 26.7 859 32.2
Mean 31.8 1023.8 32.3

t S.E. +2.06 $66.09 +t0.03
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Appendix 6.3 (continued)

Cultivar FDI1

Seed size : 3.15

Replicate Weight No of No./gm
{gms) Seeds
1 23.2 934 40.3
2 20.5 835 40.7
3 22.5 908 ~40.4
4 18.4 747 40.6
Mean 21.2 856 . 40.5
 S.E. t1.08 - 41,9 t 0.09

Cultivar OSHS -

Seed size : 5.00 mm
1 4.4 101 23.0
Seed size : 4.50 mm
1 19.2 528 27.5
2 17.6 482 27.4
3 18.7 527 28.2
4 22.3 613 27.5
Mean 19.5 537.5 27.7
¥ S.E. +1.01 +27.4 +0.18
Seed size : 4.00 mm
1 18.2 626 34.4
2 21,2 755 35.6
3 271.2 731 34.5
4 20.8 723 34.8
- Mean 20.4 708.8 34.8

* S5.E. t0.72 ¥28.4 +0.27

*»




Appendix 6.3 (continued)

Cultivar CSHS

~-400-

Seed size : 3.15 mm

Replicate Weight No of No./gm
(gm) Seeds
1 18.6 907 48.8
2 25.3 1225 48,4
3 21,1 1038 49,2
4 21.7 10650 48.4
Mean 21.7 1055 48 .7
t S.E. 11.38 ¥65.3 +0.19
Cultivar Ex-Mk
Seed size : 5.00 mm
1 28.5 713 25.0
Seed size : 4.50 mm
1 53.0 1365 25.8
2 46.0 1208 25.8
3 48.9 1269 26.0
4 45.3 1168 25.8
Mean 48.5 1252.5 25.9
+# S.E. +1.66 +42.9 +0.05
Seed size : 4,00 mm
1 26.3 809 30.8
2 23.3 713 30.6
3 26 .7 807 30.2
4 25.9 799 * 30.8
Mean 25.6 782 30.6
r S5.E. x0.77 +23 .1 20.14
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Appendix 6.3 {continued)

Seed size : 3.15 mm
Replicate Weight No of No./gm
(gm} Seeds
1 14.8 600 40.5
2 13.7 557 40.7
3 13.7 564 41,2
4 15.0 , 610 40.7
Mean 14.3 582.8 40.8
¥ S.E. +0.35 +13.1 +t0.15
Cultivar : LS1499
Seed size : 5.00 mm - NIL
Seed size : 4.50 mm
1 9.39 321 34.2
Seed size : 4,00 mm-
1 23.02 933 40.5
2 21.86 8990 40.7
3 23.28 920 - 39.5
4 21.55 870 ’ 40.4
Mean 22.4 903.3 . 40.0
+ S.E. +0.43 £14.3 +0.51

s 0.72 815.6 1.05
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Appendix 6.3 (continued)

Cultivar : LS 1499

Seed size : 3.15 mm

Replicate Weight No of No./gm
{gm) Seeds
1 16.85 728 43 .2
2 17.56 773 44.0
3 19.74 882 44 .7
4 17.87 778 43.5
Mean 18.0 790.3 43.9
t+ S.E. +0.62 +32.6 +0.33
52 1.52 4246 .9 0.43
Seed size : 2.50 mm
1 10.15 715 70.4
2" 9.38 681 72.6
3 8.38 593 70.8
4 9.54 684 71.7
Mean 9.36 668.3 71.4
t S.E. +0.36 126.2 30.49
82 0.54 2752.9 0.96

Cultivar : T303 (B21806)

Seed size : 5.00 mm - NIL
Seed size : 4.50 mm - NIL
Seed size : 4.00 mm




Appendix 6.3

Cultivar

{continued)

~403-

T303 (B21806)

Seed size : 3.15 mm
Replicate Weight No of No./gm
{gm) Seeds
1 14.21 756 53.2
2 15.98 863 54.0
3 14.43 780 54.1
4 14,32 771 53.8
Mean 14.7 7892.5 53.8
* S.E. £0.,42 24,0 +0.20
S2 0.70 2307 0.16
Seed size : 2.50 mm
1 14.83 860 58.0
2 14.95 874 58.5
3 17.98 1054 58.6
4 17.83 1043 58.5
Mean 16.4 957.8 58.4
 S.E. 0,87 +52.5 0,14
52 3.04 11033.6 0.07
Seed Cultivar : T352 {B21815)
Seed size : 5.00 mm - NIL
Seed size : 4.50 mm - NIL
Seed size : 4.00 mm
1 3.11 89 28.6




Appendix 6.3

Cultivar :

(continued)

T352 (B21815)

-404-

Seed size : 3.15 mm
Replicate Weight No of No./gm
(gm} Seeds
1 17.64 754 42,7
2 18.53 787 42 .5
3 14.53 620 42.7
4 16.00 683 42 .7
Mean 16.7 711 42 .7
t S.E. +0.89 +37.3 20.05
2
S 3.14 5563.3 0.0t
Seed size : 2.50 mm
1 13.11 712 54.3
2 13.73 744 54.2
3 11.15 604 54.2
4 12.25 668 54.5
Mean 12.6 682 54.3
+ S.E. +t0.5¢6 +30.3 +0.07
52 1.25 3674.7 0.02
Cultivar : T212
Seed size : 5.00 mm - NIL
Seed size : 4.50 mm
1 0.53 14 26.4




Appendix 6.3

(continued)

Cultivar T212

~405-

Seed size : 4,00 mm
Replicate Weight No of No./gm
(gm) Seeds
1 13.97 422 30.2
2 15.33 473 30.9
3 18.58 566 30.5
4 13.33 401 30.1
Mean 15.30 465.5 30.4
* S.E. +1.17 +36.8 +0.18
82 5.47 5403 0.13
Seed size : 3.15 mm
1 19.25 741 38.5
2 16.27 626 38.4
3 15.96 610 3.2
4 17.82 685 38.4
Mean 17.3 665.5 3g.4
+ S.E. t0.76 £+29.9 +D.06
52 2.31 3573.7 0.02
Seed size : 2.50 mm
1 g8.72 579 66.4




Appendix 6.4

Ovipositien by 10 pairs of S. orvzae on 200 seeds of each of large and small seeds and an equal

mixture of 100 large seeds and 100 small seeds for a period of one week.

i R R R
Seed S5ize R1 RZ 3 4 5 RG Ex
Small 82 87 126 110 121 96 622
Large B3 107 93 129 126 105 643
. Mixture* 96 113 110 Ti1 104 101 635
Li=]
L=
-
! *Mixture
Large 55 73 77 61 62 67 396
Small 41 40 33 50 41 34 239
Humbers of seeds infested
i R
Seed Size R1 Rz R3 4 RS RS Ex
Large 39 43 55 53 57 50 297
Small 43 50 47 47 59 51 303
Mixture* 62 77 70 70 63 57 399
tMixture
Large 36 49 40 35 39 35 234

Small ’ 26 28 30 35 24 22 165
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Appendix 6.5 Determination of surface area and volume of

Large and small seeds.

S = 4w R2
= n D2
= 12.57 R2
= 3.142 D2
where 8§ = surface area of a sphere
T = 3.142
R = radius
D = Diameter
D for sorghum seed = L+b {see text)
2
R for sorghum seed = L+b
4
where L = length of seed
b = Dbreadth
2
s = 4 71m (L+b}
4
2
(for sorghum = 3.14 {(L+b)
seed) 2
2
s = 12.57 (L+b)
4
3
v = 4/3 7 R
v = 1/6 m D
3
v = 4/3 m (L+b)
4
3
Vv = 4.189 (L+b)
4
3
v = 1/6 ® (L+b) -

2



Appendix 6.5

(i)

Rep.
No.
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(continued)

Large Seeds

L{mm)}

5.00
5.00
4.75
5.15
5.20
4.90
5.05
5.30
5.20
5.10
5.10
5.30
4.90
5.20
5.20
4.75
4.80
5.25
5.05
4.90
5.15
4.90
5.45
5.20
4.80
5.00
5.35
5.00
4.85
4.70
5.00
5.20
5.20
4.90
5.20
5.10
5.05
5.45
5.35
5.35
5.15
5.70
5.70

b{mm)

4,55
4,75
4.50
4.70
4.35
4,35
4.70
4.50
4.35
4.70
4.50
4.65
4.35
4,55
4,35
4.65
4.40
4.50
4.30
4.55
4.70
4.40
4.85
4.65
4,50
4.60
4.50
4.60
4.45
4.50
4,20
4.60
4.70
4.50
4.60
4.50
4,60
4.55
4.35
4.70
4.55
4.60
4.75

L+b4

2.39
2,44
2,31
2.46
2.39
2.31
2.44
2.45
2.39
2.45
2.40
2.49
2.31
2.44
2.39
2.35
2.30

'2.44

2.34
2.36
2.46
2.33
2.58
2.46
2.33
2.40
2.46
2.40
2.33
2.30
2.30
2.45
2.48
2.35
2.45
2.40
2.41
2.50
2.43
2.51
2.43
2.58
2.61

2
(LH%) (L+b/.4 13

5.71
5.95
5.34
6.05
5.71
5.34
5.95
6.00
5.71
6.00
5.76
6.20
5.34
5.95
5.71
5.52
5.29
5.59
5.48
5.57
6.05
5.43
6.66
6.05
5.43
5.76
6.05
5.76
5.43
5.29
5.29
6.00
6.15
5.52
6.00
5.76
5.81
6.25
5.90
6.30
5.90
6.66
6.81

13.7
14.5
12.3
14.9
13.7
12.3
14.5
14.7
13.7
14 .7
13.8
15.4
12.3

14.5.

13.7
13.0
12.2
14,5
12.8
13.1
14.9
12.6
17.2
14,9
12.6
13.8
14,9
13.8
12.6
12.2
12,2
14.7
15.3
13.0
14.7
13.8
14.0
15.6
14.3
15.8
14.3
17.2
17.8

S(mm)2

71.8
74.8
67.1
76.0
71.8
67.1
74.8
75.4
71.8
75.4
72.4
77.9
67.1
74.8
71.8
69.4
66.5
74.8
€8.9
70.0
76.0
68.3
83.7
76.0
68.3
72.4
76.0
72.4
68.3
66.5
66.5
75.4
77.3
69.4
75.4
72.4
73.0
7B.6
74.2
79.2
74.2
83.7
85.6

V(mm)3

57.4
60.8
51.5
62.4
57.4
51.5
60.8
61.6
57.4
61.6
57.8
64.5
51.5
60.8
57.4
54.5
51.1
60.8
53.6
54.9
62.4
52.8
72.0
62.4
52.8
57.8
62.4
57.8
52.8
51.1
51.1
61.6
64.1
54.5
61.6
57.8
58.7
65.4
59.9
66.2
59.9
72.0
74.6
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Appendix 6.5

(1)

Rep.
No.

44
45
46
47
48
49
50

an

Ex2

~409-

(continued)

Large seeds continued.

L{mm)

5.40
4.65
5.20
4,95
5.00
4.90
5.10

5.10
0.033
0.05
255.05
1303.63
50.0

b(mm}

4.35
4.35
4.55
4,35
4,30
4.85
4.45

4.53

0.02

0.02
226.4
1026.3
50.0

L+by,

2.44
2.25
2.44
2.33
2.33
2.44
2.39

2.41
0.01
0.0086
120.4
290.3
50.0

2
(T4 ° (nib))’

5.95
5.06
5.95
5.43
5.43
5.95
5.71

14.5
17.4
14.5
12.6
12.6
14.5
12.7

i

74.8
63.6
74.8
68.3
68.3
74.8
71.8

73.0
0.66
21.9
3648.8
267349.8
50.0

S(mm)2 V(mm)3

60.8
47.8
60.8
52.8
52.8
60.8
57.4

58.7
0.81
32.7
2934.2
173792.3
50.0
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(ii)

Rep
No.

W~ N W N =

~-410-

{continued)

Small seeds

L(mm)

4.50
4.55
4,60
4,80
5.0

4.60
4.90
3.65
4.65
4.80
4,60
4,80
4,05
4.90
3.95
4.65
4.15
3.75
4.80
4,30
5.00
4,80
4.60
4.70
4.70
4.90
4.30
4.65
5.00
4.25
4.95
5.00
4.50
4.30
4.40
4.20
4,20
4,00
4.80

b (mm)

3.95
3.90
3.90
4.00
3.95
3.90
4.0

3.55
4.0

3.75
3.75
3.70
3.85
3.95
3.90
3.90
4.00
3.20
4.00
3.90
3.80
3.80
2.90
3.80
3.80
4.00
3.40
3.90
4.00
3.60
4.00
3.60
3.30
3.90
3.70
4.00
3.95
3.80
3.80

L+b/4

2.1
2.1
2.13
2.20
2.24
2.13
2.23
1.80
2.16
2.14
2,09
2.13
7.98
2.21
1.96
2.14
2.04
1.74
2.20
2.05
2,20
2.15
2.13
2.13
2.13
2.23
1.93
2.14
2.25
1.96
2.24
2.15
1.95
2.05
2.03
2,05
2.04
1.95
2.15

2
(L+g@)

4.45
4.45
4.54
4.84
5.02
4.54
4.97
3.24
4.66
4.58
4.37
4.54
3.92
4.88
3.84
4.58
4.16
3.03
4,84
4.20
4.84
4.62
4.54
4.54
4.54
4.97
3.72
4.58
5.06
3.84
5.02
4.62
3.80
4.20
4.12
4.20
4.16
3.80
4.62

3
(L+g@)

9.39

9.39

9.66
10.6

11,2

9.66
11.1
5.83
10.1
9.80
9.13
9.66
7.76
10.8
7.53
.80
B.49
5.27
10.6
8.62
10.6
9.94
9.66
9.66
9.66
11.1
7.19
9.80
11.4
7.53
11.2
9.94
7.41
8.62
8.37
8.62
8.49
7.41
9.94

S(mm)2

55.9
55.9
57.1
60.8
63.1
57.1
62.5
40.7
58.6
57.6
54.9
57.1
49.3
61.3
48.3
57.6
52.3
38.1
60.8
52.8
60.8
58.1
57.1
57.1
57.1
62.5
46.8
57.%6
63.6
48.3
63.1
58.1
47.8
52.8
51.8
52.8
52.3
47.8
58.1

V(mm)3

39.3
39.3
40.5
44 .4
46.9
40.5
46 .5
24,4
42.3
41.1
38.3
40.5
32.5
45.3
31.6
41 .1
35.6
22.1
44 .4
36.1
44.4
41.6
40.5
40.5
40.5
46.5
30.1
41.1
47.8
31.6
46.9
41.6
31.0
36.1
35.1
36.1
35.6
31.0
41.6



Appendix 6.5

Me

SE
2

s

Ex

(ii

Rep
No.

40
41
42
43
44
45
46
47
48
49
50

an

Ex2

n

-411-

(continued)

) small seeds continued

L{mm)

3.90
5.00
4.90
3.90
4.50
4.20
4.40
4.80
4,40
4,70
4,70

4.53

0.05

0.13
226.7
1033.7
50.0

b {(mm)

3.65
4.00
3.70
3.60
3.70
3.70
3.90
3.90
3.90
3.90
3.940

3.82

0.03

0.03
191.0
730.9
50.0

L+qﬁ

1.89
2,25
2.15
1.88
2.05
1.98
2.08
2,18
2.08
2.15
2.15

2.09
0.02
0.01
104.5
219.0
50

(L+qh)2

3.57
5.06
4.62
3.53
4.20
3.92
4.33
4.75
4.33
4.62
4.62

(L+b/4

6.75
11.4
9.94
6.64
8.62
7.76
9.00
10.4
9.00
9.94
9.94

)3 S(mm)2

47 .1
63.6
58.1
44 .4
52.8
49,3
54.4
59.7
54.4
58.1
58.1

55.1
0.84
34.9
2755.4

V(mm)3

28.3
47.8
41.6
27.8
36.1
32.5
37.7
43.6
37.7
41.6
41.6

38.6
0.86
37.3
1928.6

153552.8 76215.5

50

50



Appendix 6.6

Seed size

-412-

Weight of small and large seeds egualised

for surface area.

Replicate No. of

seeds

1 133

5 "

I+

-+

3.907

3.8381

3.8668

3.8924

0.018

1.61

Wt/seed

(mg)

23.0
25.0
25.0
24.2

0.374

39.4
39.1
39.1
38.4
38.7
38.9
0.17

0.153



Appendix 6.7

Seed size

-413-

Oviposition by 10 pairs of S§. oryzae for
a period of one week on small and large
seeds equlised for surface area in a 3

dimensional container

Replicate No. of Total Total Eggs/seed
seeds Eggs seeds

infested

1 133 73 . 51 0.55
2 " 66 43 0.50
3 " 55 29 0.41
4 " 57 40 0.43
5 " 53 43 0.40
- - 60.8 41.2 0.46

- - 71.2 63.2 0.0042

1 100 77 45 0.77

2 " 88 51 0.88

3 " 56 41 0.56

4 " B85 47 0.85

5 " 76 47 0.76
76.4 46.2 0.764

+ 5.59 * 1,62 * 0.056

156.3 13.2 0.01563



Appendix 6.8

Seed size

Small

-414-

Oviposition by 10 pairs of S. oryzae

for one week on small and large seeds

eqgualised for surface area in a 2 dimensional

container.

Replicate No. of
seeds
1 133
2 133
3 133
4 133
5 133
1 100
2 100
3 100
4 100
5 100

Total

Eggs

45

50

35

39

41

42.0

+2.57

33.0

67

57

46

59

532

56.2

3.51

61.7

Total seeds ©Eggs/seed

infested

36 .34
43 0.38
24 0.26
24 0.29
33 c.31
32.0 0.32
+3.65 $0.21
66.5 0.00213
40 0.67
34 0.57
29 0.46
38 0.59
34 0.52
35.0 0.562
¥1.90 $0.04

18.0 0.0062



Appendix 6.9

Seed size

Small

H

(3.15mm)

Large {(4.5mm)

Mean

SZ

-415-

Number of seeds in equal weight (3.50gm)

cof small and large seeds of cultivar Ex-Mk

Replicate
1

2

No.

of seeds

141

147

139

l40

140

143

141.7

$1.20

95

95

91

90

92.7

+0.84



Appendix 6.10

Seed size

Small

-416-

No of eggs laid by 10 pairs of §. oryzae
on small and large seeds when egual weights
(3.5gm) of both seed sizes were mixed together.

(Oviposition period = 1 week)

Replicate Total Eggs Total seeds Eggs/seed

infested supplied
1 61 44 0.43
2 55 38 0.37
3 56 42 0.40
4 73 45 0.52
5 87 56 0.62
6 64 48 0.44
- 66.0% 45,5¢% 0.461%
4.97 2.50 0.04
148.0 37.5 0.00843
1 68 40 0.73
2 51 29 0.55
3 75 43 0.79
4 86 48 0.91
5 63 34 0.69
6 48 33 0.53
- . 65.2¢% 37.8% 0.70%
5.88 2.90 0.06

207.8 50.2 0.0174



Appendix 6.11

Seed size

-417-

(Cultivar Ex-Mk}.

seeds).

Weight of equal volume of small and large seeds.

{152 small seeds, 100 large

Replicate No of seeds Weight

1 152
2 152
3 152
4 152
5 152
6 152
1 , 100
2 100
3 100
4 100
5 100
6 100

3.793

3.741

3.813

3.802

3.724

3.885

3.793

+0.02

0.003

3.891

3.8521

4.045

3.871

3.956

4.061

3.958

+0.03

0.006

(gms) wt/seed’
(mg.)
24.95
24.61
25.09
25.01
24.50
25.56
24,95
+0.15

0.14
28.91
39.21
40.45
38.71
39.56
40.61
39.58

*0.32



Appendix 6.12

Seed size

Small

-418-

Oviposition of 8. oryzae on mixture of equal

volume of large and small seeds.

No. of

seeds

152

152

152

152

152

152

100

100

lo0

100

100

100

Replicate

Total Eggs

76

92

74

62

66

68

73.0

+4.34
113.2

72

75

55

83

68

74

71.2

+3.81

87.0

Total Eggs/seed
seeds supplied

infested

54 0.50
51 0.61
51 0.49
44 0.41
a7 0.43
‘53 0.45
50.0 0.48

+1.55 $0.03

14.4 0.005
41 0.72
45 0.75
34 0.55
49 0.83
45 - 0.68
42 0.74
42,7 0.71

+2.08 +t0.04

25.9 0.009



Appendix 7.la

Cultivar

Ex~-Mk

FD1

-419-

The effect of varying the seed numbers on
oviposition of 10 paired §. oryzae over a
72 hour period using the susceptible cultivar

Ex-Mk and the moderately resistant cultivar

FD1
Seed numbers

25 50 100 200 400
25 39 42 57 49
17 35 51 . 53 57
24 32 41 49 48
25 30 . 49 54 63
15 37 41 56 . 55

= 106 173 224 269 272

= 21.2% 34.61% 44.84% 53.84% 54.4%
2.15 1.63 2.158 1.39 2.75

CI=6.0 CIiI=4.52 CI=6.0 CI=3.86 CI=7.6
23 38 40 46 27
22 40 34 36 47
le 20 25 36 37
23 28 34 35 31
le6 38 42 36 37

= 100 164 175 189 179



Appendix 7.1b

Cultivar

Ex-Mk

FD1

-420-

The effect of varying the seed numbers on the
oviposition of 10 paired §. oryzae over a
72 hour period, using the susceptible cultivar

Ex-Mk and the moderately resistant cultivar

FD1l.
Eggs per female per day
Seed numbers

25 50 100 200 00
0.83 1.30 1.40 1.9%0 1.863
0.57 1.17 1.70 1.77 1.90
0.80 1.07 1.37 1.63 1.60
0.83 1.00 1.63 1.80 2.10
0.506 1.23 1.37 1.87 1.83
3.53 5.77 7.47 8.97 9.06
0.71% 1.15+ 1.49+% 1.79+% l1.81%
0.07 0.05% 0,07 0.05 0.21
0.77 1.27 1.33 1.53 0.90
0.73 1.33 1.13 1.20 1.57
0.53 0.67 0.83 1.20 1.23
0.77 0.93 1.13 1.17 1.03
0.53 1.27 1.4 1.20 1.23
3.33 5.47 5.82 6.30 5.96
0.67% 1.09% 1.16% l.264% 1.19%+
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Appendix 7.1b {continued)

Anova table with regression : eggs per ¢ per day : cultivar

Ex-Mk

Source SS DF Ms F ratio
Densities 4,378 4 1.0945 46.279
Regression 4,051 1 4.051 171.289
Regression error0Q.799 23 0.0347 1.467
Pure error 0.473 20 0.02365

Total 4,851 24

Cultivar FDl : Anova table with regression : Eggs/%/day

Source ss DF MS F ratio
Densities 1.119 4 0.280 10.769
Regression 0.760 1 0.760 16.309
Regression errorl. 291 23 0.056 1.201
Pure error 0.932 20 0.0466

Total 2,051 24



Appendix 7.1c

Cultivar

Ex-Mk

FD1

~-422-

The numbers of seeds infested per 10 paired

5. oryzae over a 72 hour period using the

susceptible cultivar Ex-Mk and the moderately

resistant cultivar FD1

Seed quantity numbers

25 50 100 200
14 23 29 45
13 22 29 41
11 22 23 ‘ 36
13 23 37 . 42
11 23 29 42
14 26 34 37
18 29 27 29
11 11 21 30
17 20 23 32

13 23 32 32

400

40

43

39

51

44

27

40

34

27

3l
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Appendix 7.2 The effect of mixing artificial seeds {glass
balls) with seeds on oviposition per 72 hours
oviposition period

Treatment Numbers of Numbers of

eggs/109 Eggs/?/day seeds infested/109

per 72 hours per 72 hours

50 seeds + 51 1.70 32
150 glasshalls 40 1.33 25
44 1.47 26

58 1.93 29

50 1.67 25

Ix = 243 Ix = 8.1 Ix = 137

x + S.E. = X * S.E.=1.62%0,10

50 seeds 25 0.83 ig
32 1.07 24

31 1.03 19

38 1.27 18

49 1.63 25

Ix = 175 Ix = 5.83 Ix = 104

X + S.E.=1.17+0.14

200 seeds 46 1.43 37
51 1.70 42

51 1.70 44

56 1.87 44

51 1.70 37

Ix = 255 Ix = 8.4 Ix = 204

X *+ S.E.=1.68%+0.07



Appendix 7.3

-424-

Oviposition by ten unpaired S. oryzae per

72 hours on varying quantities of seeds of

the susceptible cultivar Ex-Mk.

Seed numbers Numbers of eggs Eaggs/?/day Numbers of seeds
per 109s/72 hrs. infested/10%
per 72 hours
25 48 1.6 20
40 1.33 20
55 1.83 21
34 1.13 14
46 1.53 19
Ix = 223 Ix = 7.42 Ix = 94
X t S.E. = 44.6t x t S.E. =1.48+ X + S.E. =18.8%
3.57 .12 1.24
50 55 1.83 23
45 1.50 25
40 1.33 23
52 1.73 26
49 1.63 22
rx = 241 rx = 8.02 Ix = 119
X £+ S.E. = 48.2%¢ x * S.E. =1.60%t x * S.E. =0.74
100 77 2.57 55
66 2.20 43
B4 2.80 48
69 2,30 45
56 1.87 36
Ix = 352 Zx = 11.74 Ix = 2217
X *+ S.E. = 70.4% X + S.E. 2.35¢t x % S.E. =45,4%
4.78 0.16 3.11
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Table 7.3 continued

5eed numbers Number of eggs Eggs/%/day Number of seeds
per 1l09/72 hrs infested/10%9/
72 hours
200 90 3,00 55
58 1.93 56
73 2.43 62
Bl 2.70 57
65 2.17 43
Ix = 367 Ix = 12,23 Ix = 273
X t S.E.=73.4% Xx t S.E.=2.45% X % S.E.=54.6%
5.66 0.19 3.14
400 96 3.20 67
72 2.40 56
79 2.63 68
103 3.43 81
69 2.3 65
Ix = 419 Ix = 13,96 Lx = 337
X t S.E.=83.8%t x tS.E.=2.79% x % S.E.=67.4%
6.7 0.22 4.01
Anova table with regression : Eggs per 9 per day
Source 58 DF MS F ratio
Densities 6.3975 4 1.5994 12.053
Regression 5.874 1 5.874 44,265
Regression error 3.177 23 0.1381 1.041
Pure error 2.6537 20 0.1327
Total 9.0512 24
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Appendix 7.4 Oviposition by ten female rice weevils in
the presence of 10 unsexed R. dominica over

a period of 72 hours on the seeds of cultivar

Ex-Mk
Seed numbers Numbers of eggs/ Eggs/%/day Numbers of seeds
109 per 72 hrs. infested/10%/
72 hours
25 16 0.53 8
35 1.67 17
16 0:53 8
33 1.10 15
24 0.80 13
Ix = 124 Ix = 4.63 Ix = 61
X t S.E.=24.8% x + S.E.=0.93% x % S.E.=12.2%
4.04 0.21 1.83
Ci = 11.0
50 20 0.66 15
42 1.40 23
34 1.13 21
33 l.10 19
30 1.0 20
Ix =159 Ix = 5.29 Zx = 98
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Appendix 7.4 continued

Seed numbers Numbers of eggs/ Eggs/%/day Numbers of seeds
10?2 per 72 hrs. infested/10%/

72 hours

100 23 0.77 21
51 1.70 33

61 2.03 42

51 1.70 36

48 1.60 34

Lx =234 Ix = 7.80 Ix = 166

6.34 0.21 3.43
c.I. = 17.6
200 62 2.07 a8
53 1.77 42
i 50 1.67 39
64 2,12 49
61 2.03 46
Ix =2.90 Ix = 9.67 Ix = 224
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Appendix 7.4 continued

Seed numbers Numbers of eggs/ Eggs/%/day Numbers of seeds

109 per 72 hrs,. infested/109/
72 hours
400 56 1.87 47
67 2.23 56
61 2.03 51
58 1.93 46
64 2.lé 55
Ix = 306 Ix = 10.19 Ix = 255

C.I. = 5.52

Anova table with regression

Source 5s DF MS F ratio
Densities 5.031 4 1.258 10.779
Regression 4,836 1 4.836 41.439
Regression error2.528 23 G.1099 0.9417
Pure error 2.333 20 0.1167

Total 7.364 24



Appendix 7.5
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The effect of female-male interference,

interspecific interference and female-female

interference on the oviposition of 5. oryzae

per 72 hour

oviposition period

Treatment No. of eggs Eggs/%?/day
per 72 hours
10 + 10 39 1.30
S. oryzae 31 1.03
(female-male inter- 32 1.07
ference) 31 1.03
30 1.00
Zx = 163 _Ix = 5.43
X t+ S.E.=32.6+ x * S.E. = 1,09+%
l1.63 0.05
10 S. oryzae + 53 1.77
10 R. dominica 39 1.30
43 1.43
(interspecific 45 1.50
interference) 48 1.60
Ix = 228 ix = 7.6
X + S.E.=45.6%+ x t S.E. = 1,52%
2.36 0.08
20 5. oryzae - 74 1.23
75 : 1.25
{female-female 90 1.50
interference) 67 1.12
80 1.33
Zx = 386 _Ix = 6.43
X * S.E.=77.2%+ X * S.E. = 1.29%
3.81 0.06
10 5. oryzae 46 1.53
54 1.80
(Control) 54 1.80
62 2.07
68 2.27
Zx = 28B4 _Ix = 9.47
X + S.E.=56.B% x * S.E. = 1.89%

3.77

0.13

No. of seeds

infested per
72 hours

28
22
23
20
25

33
29
25
28
27

42

45
38
44

28
32
32
32
39
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Appendix 7.6 S. oryzae oviposition at different weevil
densities on 200 seeds of the susceptible

cultivar Ex-Mk

Weevil Numbers of Eggs/%/day Numbers of seeds
density eggs/10 days infested/%?/day
lpr 32 3.2 2.9
22 2.2 1.9
26 2.6 1.9
26 2.6 2.1
IX =5 32 3.2 2.4
_ Ex =13.8 _ Ix = 11.2
X + S.E. =2,.76%0.19 x-* S.E. = 2.,24%0,19
2 prs 46 2.3 1.85
57 2.85 1.80
60 ’ 3.00 2,00
45 2.25 1.55
Ix = 10 49 2.45 1.80
_ Zx =12.85 _Ix = 9.00
X + S_.E., =2,537+0,15 x + S.E. = 1.80 * 0.07
5 prs 126 2.52 1.48
129 2.58 1.54
Ix = 25 113 2.26 1.38
119 2.38 1.54
92 1.84 1.28
_ Zx =11.58 _ Ix = 7.22
X + S.E. =2.32%0.13 x & S.E. =1.44 % 0.05
8 prs 192 2.4 1.16
177 2.21 1.15
Ix = 40 186 2.33 1.30
177 2.21 1.06
l6e8 2.1 1.04
_ Ix = 11.25 _ Ix = 5.71
X * S.E. =2.2520.05 x +*+ S.E, =1.14 + 0.05
10 prs 249 2.49 1.13
215 2.15 1.16
Ik = 50 199 1.99 0.96
161 l1.61 0.82
209 2.09 ©.97
-
_ Ex = 10.33 _ Ix = 5.04
X * SG.E. =2,07+0.14 x * S.E. =1.01 * Q.06
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Appendix 7.6 (Continued)

Anovar table with regression : eggs/ /day

Source S5S DF MS

Densities 1.497 4 0.37425

Regression 1.403 1 1.403

Regression 2.089 23 0.0913
error

Pure error 2.005 _ 20 0.10025

Total 3.502 24

F ratio

3.733

13.995

0.9107
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Appendix 7.7a Numbers of eggs laid per unpaired female per
day on different seed guantities.
Seed quantity Eggs/®/day

2 0.%3, 1.50, 0.64, 0.50,

1.50, 0.50

X + S,E, = 1,29 + 0,22
40 3.29, 3,29, 2.00, 4.00, 2.79,
3.36, 2.29, 2.86
X + S.E. = 3,01 + 0.23
100 3.50, 3.57, 2.43, 2.14, 2.71

2.07, 1.86, 2.50, 1.43
Xx + S.E. + 2,47 * 0_.24

10 1.64, 1.86, 0.64, 2.43, 0.50

20 3.00, 2.43, 1.86, 3.36, 3.21

200 2.14, 3.64, 2.36, 3.29, 2.64
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Appendix 7.7b Numbers of eggs laid per paired female per
day on different seed gquantities
Seed gquantity Eggs per female per day
2 0.93, 1.07, 0.93, 1.14, 1.00

1.07, 0.21

E |
4]
m
I
]
©
i

+ 0.12 n =7
5 0.71, 0.64, 1.79, 1.14, 1.71
0.43, 0.86
x t S8.E. = 1.04 % 0'24'.n = 7
10 . 1.38, 1.38, 1.29, 1.07, 0.71
1.07, 1.86, 2.07, 1.57
x + 5,E, = 1.38 ¥ 0.14 n = 9
20 1.43, , 1.36, 1.86,
2.07, 1.57, 1.71, 1.29, 1.71,
x t S.E. = 1,63 £+ 0.09, n = 8
40 2.5%7, 2.21, 3.14, 2.21, 2.57
2.36, 1.79, 1.36, 1.93, 2.43
x + S5.E. 2.26 % 0.15
100 2.29, 2,57, 2.43, 1.86, 1.93
1.29, 1.36, 2.14, 2.64, 1.14
x + S,E. = 1.97 * 0,17
200 1.86, 2.57, 2.5, 2.14, 1.36

x ¥ 5,E. = 2.0%9 = 0,22
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Appendix 7.8 Oviposition in relation to possible pheromone

production by the adult S§. oryzae

Eggs per female per day

Replicates Treatment I Treatment II Control I 1
{using paired {using unpaired ({(No weevils, (No weevils
females, see females, see but seeds, no seeds,
text) text) see text) see text)
1 4 .00 3.93 2.57 3.14
2 2.07 3.21 2.29 1.57
3 3.07 3.50 2.21 2.00
4 3.86 4,21 2.71 2.28
5 4.36 3.79 2.93 3.64
6 4.43 4.64 2.07 3.00
7 1.86 3.07 1.86 2.93
8 2,39 4.36 1.86 3.00
9 2.86 3.71 3.64 3.71
10 3.35 3.21 3.57 2.07
Total 32.25 37.63 25.71 27.34
X t SE 3.23 & 0.29 3.76 + 0.17 2.57 + 0.20 2.73 % 0.23
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Appendix 8.1 Frequency distribution of eggs on the different

seed cultivars per ten paired females per week

per 100 seeds supplied per replicate

Cultivar 303

Eggs per seed o]
R1 97
1
R2 96
R3 | 85
R4 96
R5 94
Total 478

Cultivar 352

R, 96
R2 93
R3 96
R, 94
R5 94
Total 473

Cultivar 229

Rl 94
R2 90
R3 95
R4 93
RS 96
Total 468

20

23

20

6 7
o o
O O
o )
Y 0
O 0
O O
O 0]
O O
O 0
O 0]
O 0O
o O
O 0
O 0
O O
O 0O
O 0O
O O

Continued
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Appendix 8.1 (Continued)

Cultivar 257

Eggs per seed 0] 1 2 3 4 5 6

Ry 91 8 1 ) o) o) 0
R, 93 4 2 1 ) o) 0
R, 85 10 3 0 1 1 )
R, 93 6 1 0 ) 0 )
Rg 89 7 4 o o) o) 0
Total 451 35 11 1 1 1 0

Cultivar 336

Rl 59 23 10 6 1 1 0
R2 51 22 15 9 3 o] 0
R3 72 20 7 1 8] o 0
R4 69 25 6 O o] o o
R5 68 21 6 2 2 1

Total 319 111 44 18 6 2 0

Cultivar 212

Rl 79 14 2 4 O 0 1
R2 84 9 3 2 1 0 1
R3 86 10 3 1 8 0 o
R4 76 12 4 3 3 1 1
RS 80 12 7 o 1

Total 405 57 19 10 5 1 3

Continued



Appendix 8.1 (Continued)

Cultivar SK5912

Eggs per seed 0

R1 59
R2 53
R3 72
R4 67
R5 62
Total 313

Cultivar LS187

R, 60
R, 56
R, ' 58
R, 62
R 65
Total ' 302

Cultivar Ex-Mk

Rl 57
R2 50
R3 50
R4 55
RS 43
Total 255

17

21

15

18

16

87

18

20

17

13

13

Bl

21

19

20

22

16

98

-437-

13

14

11

54

15

12

11

50

11

15

13

16

60

11

33

29

29

18

12

29

12

16
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Appendix 8.2 Frequency distribution of eggs per ten paired
rice weevils per 72 hours on different seed

gquantities of the susceptible cultivar Ex-Mk

25 seeds
Eggs per seed 0 1 2 3 4 5 6
Rl 10 5 3 5 2 0O O
R2 12 B 4 1 C 0 B
R3 15 3 5 o 1 1 G
R4 12 7 2 2 2 O Qo
R5 14 7 4 O 0 O 0O
Total 63 30 18 B 5 1 0

Mean/seed = 0.92 $* = 1.397

I =1.518, X? = 188.29, d = + 3.689

K = 1.77 1/K = 0.56
50 seeds
Rl 27 11 7 2 2 0 1
R2 28 13 6 2 1 0 0
R3 28 14 7 o 1 0O 0
R4 27 18 3 2 0 0O O
R, 27 11 8 3 1 0 o
Total 137 67 31 9 5 o] 1
106 seeds
Rl 71 18 9 2 0 O 0
R2 71 19 2 6 1 0 1
33 77 11 8 2 2 0] o
R4 63 29 6 1 o 1 0]
R5 71 21 5 2 1 o 0
Total 353 98 30 13 4 1 1

Continued
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Appendix 8.2 (Continued)

200 seeds

Eggs per seed 0 1 - 2
Rl 155 35 8
R2 159 33 4
R, 164 27 7
R, 158 34 5
Ro 158 33 5
Total 794 162 29
400 seeds

Rl 360 31 9
R2 357 31 11
R3 361 32 5
R4 349 42 6
R5 356 37 5

Total 1783 173 36
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Appendix 8.3 Frequency distributions of eggs per 10 paired
E. oryzae per 72 hours on 25 seeds, 50 seeds,
100 seeds, 200 seeds and 400 seeds using ob-
served values and calculated values based on
Poisson series and negative binomial (AK
values are aggregates of five replicates)

25 seeds

Eggs per seed 0 1 2 3 4
Observed 63 30 18 8 6
Expected (Poisson) 50 46 21 6 1

" (negative binomial) 61 35 17 7 3

50 seeds

Observed 137 67 31 .9 6

Expected (Poilsson) 122 88 32 8 1
" {negative binomial) 135 71 28 10 3

100 séeds

Observed 353 a8 ' 30 13 6

Expected (Poisson} 321 142 31 5 1
" (negative binomial) 352 39 32 11 4

200 seeds

Observed 794 162 29 12 3

Expected (Poisson}) 765 205 27 2 9]
" {negative binomial) 795 158 36 9 2

400 seeds

Observed 1783 173 36 5 3

Expected (Poisson) 1746 237 16 1 0

]

{(negative binomial) 1783 175 33 7 2
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Appendix 8.4 Cviposition by ten pairs of 8. oryzae confined
on 100 seeds {one layer deep) in a 50mm diameter
petri dish for a period of one week,

Egg distribution on 50 seeds at edge

Eggs per seed 0 1 2 3 4 5 6 7
Rl 25 14 6 2 2 1 0 0
R2 31 7 6 3 3 o o 0
R3 25 12 7. 5 o o 1 0
R4 30 11 4 3 0 1 0 1
R5 26 8 9 2 5 o 0 o
Total 137 52 32 15 10 2 1 1

Egg distribution on 50 seeds at centre

Ry 25 14 6 2 2 o 1 0
R, 27 7 8 3 3 2 0 0
R, 29 7 6 4 2 1 1 o
R, 34 8 4 0 2 1 1 0
R 27 8 4 8 1 1 1 0
Total 142 44 28 17 10 5 4 0

Grand Total 279 96 60 32 20 7 5 1
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Appendix B.5 Egg distribution per ten paired S. orvzae
confined on a mixture of 100 large seeds and

100 small seeds for a period of one week

Seed si:ze Observed numbers of seeds

Eggs per seed O 1 2 3 4 5 6 7
Large
Rl 64 25 7 2 1 0 1 0
R2 51 33 9 6 1 0 0 0
R3 60 21 9 7 1. o] 1 1
R4 65 18 11 4 1 1 0 0
RS 61 22 12 4 0 1 o o
R6 65 18 7 7 2 o] 1 0
thal 366 137 55 30 6 2 3 1
Small
R1 74 15 7 4 0 0 o o
R2 72 18 8 2 0 0 0 0
R3 70 27 3 o o o O )
R4 ’ 65 26 5 3 o- 0 1 o
R, . 76 12 8 3 1 0 0 0
R6 77 15 6 1 1 o 0 O
Total 434 113 37 13 2 0 1 0

Whole mixture

total 800 250 92 43 B 2 4 1
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Appendix B.6 Egg distribution per ten paired S. oryzae
confined on 100 seeds (one layer deep) in
a 50mm diameter petri dish for a period of one
week

Egg distribution on 50 seeds at edge of dish

Eggs per seed O 1 2 3 4 5 6 7 B

Rl . 25 14 6 2 2 1 0] o o
R2 31 7 6 3 3 0 o 0] o
R3 25 12 7 5 0 4] 1 o &)
R4 30 11 4 3 O 1 0 1 0
R5 . 26 B 9 2 5 0 o 0 O
Total 137 52 32 15 10 2 1 1 O

Egg distribution on 50 seeds at centre of dish

Rl 25 14 6 2 2 o 1 8] 0]
R2 27 7 8 3‘ 3 0 2 0] 0
R3 29 7 6 4 2 1 1 0 0
R4 34 8 4 0] 2 1 1 0 9]
R5 27 B 4 B 1 1 1 0 0
Total 142 44 28 17 10 3 & -0 o

Whole treatment

(Total) 279 96 60 32 20 5 7 1 8]
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Appendix 8.7 Egg distribution per one pair S. oryzae
confined on 20 seeds of cultivar Ex-Mk for
1l week

Observed numbers of seeds

Eggs per seed o 1 2 3 4 5 6
Rl 10 8 1 1 0 0 C
R2 16 2 2 0 0 0 0
R3 12 4 4 0 0 0 0
R4 13 2 1 3 0 1 o
R5 15 3 2 o O 0 8]
R6 14 5 0 1 0 0 0
R7 13 4 3 0 0] o 0
R8 12 7 o 1 O 0 C
R9 14 4 1 0 1 o 0O
RlO 13 3 4 0 0 0 0
Rll 15 4 o 1 0 0 o
R12 16 3 o) 1 0 0 0
R13 14 5 1 o 0 O o
Rl4 15 4 1 O 0 0 o
R15 13 5 1 1 0 4] 0
R16 16 4 o 6 0 0 o
Rl7 14 3 3 O 0 0 o
Rl8 17 2 1 0 0 O O
ng 12 ) 2 O 6] 0 0
RZO 12 4 3 1 0 O 0
Total 276 82 30 10 1 1 o)
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Appendix 8.8 Egg distribution per one pair of S. oryzea or
one pair §. Egémais confined separately on 20
seeds of sorghum or wheat for a period of 14

days.
Set A (based on 14 day oviposition periogd)
5. oryzae on sorghum

Observed numbers of seeds

Eggs per o] 1 2 3 4 5 6 B Total eggs
R, seed 1o 4 3 3 0 ©0 O O o© 19
R2 9 6 2 3 0 o o 0 O 19
R3 5 4 5 2 4 1 0 0 0 40
R4 12 4 2 1 0 o 1 0 0 17
RS 11 5 3 1 o O 0 0 8] 14
RG 13 3 2 2 o o O o o) 13
R7 12 4 1 2 1 0 o} 0 o 16
RB 3 9 5 3 o 0 o 0 0 28
Rg 11 4 3 2 0 8] 0 O O 16
R10 8 6 5 O O o) 0 O o 24
Rll 12 4 2 1 1 O O o o 15
RlZ 13 3 2 0 1 1 0] o 0 16
R, 4 6 6 4 2 1 1 0 0 o] 29
R14 9 5 2 2 2 O 0 O 0 23
RlS l§ 3 0 1 0 0 0 O 0 13
Total 147 €9 44 24 11 3 1 o 1

Continued



-446-

(Continued)

Appendix 8.8

S. oryzae on wheat

Observed numbers of seeds

Total Eggs

8

0

Eggs per seed

41
36
41
34

23
27
19
29
29
30
27
23
27
35
40

- ¢ O O O O O 0 O 0o © O e O A
o 00 0O O 0o 0 0O O O 0 0o 0 0 0o O
4 4 O A © 4 O O 0O 4 O O A ~
NN A 0 A O A O O A 0O O +~ O ™
N O = m O = O - ~~ 4 4 O A O ™
- N 0O ™M =~ - O &N N ™m QO ™M A
M 1 MmMm N N W o MmN~ s O N
~
M~ = O M~ 1 W Y oM Yo MWD
1
- V- TR~ I - - " S -~ L~ T V- S < WY« « O - « B o B V=]
= =

O =@ oN m < N
N N MmN W~ W - N ~ ~ ~ ~
(s A - - A - 4 “K oA« A - SN A« S & 4

26 20 10

53

89 93

Total

Continued
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Appendix B.8 (Continued)

5. zeamais on sorghum

Observed numbers of seeds

Eggs per seed O 1 2 3 4 5 6 7 8 Total Eggs
Rl 11 4 3 1 0 1 o 0 0 18
R2 6 6 5 3 o 0] o) 0O O 25
R3_ 10 4 4 1 o 1 o 0 o 16
R4 B8 7 2 3 c O 0 O -0 20
R5 5 6 3 3 2 1 O c 0 30
R6 2 5 2 2 o 1 0 o 1 28
R7 9 7 3 o) o 1 O o 8] 18
RB 12 6 2 0 o] o 0 o} 0 10
R9 3 8 5 1 1 1 O 1 c 37
RlO 14 3 1 2 o 0 0 o] o 11
Rll 5 6 4 4 o) 1 0] o 0 31
Rl2 6 2 4 4 2 1 1 O 0 41
R, 9 6 2 1 2 0 o o o 21
Rl4 5 5 5 2 2 1 0 o o 34
Rl5 6 12 2 0 O 0 8] O 0O 16
Total 118 87 47 27 9 9 1 1 1

Continued
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5. zeamais on wheat

~448-

Observed numbers of seeds

Egdgs per seed

Total

0

7

10

12

13

15

11

135

1

~

80

2

4

49

21

5

o

Total Edgds
21
18
19
19
28
32
23
22

24

22
49
i9

19
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Appendix 8.8 (Continued)

Set B (based on larvae 14-28 days old, see text)
5. oryzae on wheat

Observed numbers of seeds

Eggs per seed O 1 2 3 4 5 6 Total Eggs
Rl 2 15 1 2 0 0 O-
R2 ) 3 14 3 0 o o o)
R3 3 1le 0 1 0 0 0
R4 1o 9 1 0 0 0. 0
R5 5 14 1 0 o 0 0
R6 8 12 0 0 0 0 0
R, 5 15 0 o o o© 0
R8 8 12 0 O 0 0 O
R9 4 15 1 0 0 0 0
RlO 8 12 o o) 0 O 0
Rll 8 11 1 0 o 0 0
R12 . 9 11 8} o o o] o
Rl3 ‘ 6 12 2 o 0 0 o
Rl4 4 15 1 0 0 0 0
R15 10 10 o 0 O 0 )

Total 93 1%3 11 3 0 0 0
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~Appendix B.8 {(Continued)

5. oryzae on sorghum

Observed numbers of seeds

Eggs per seed (0]

Rl 7
R2 . 7
R3 15
R4 9
R5 11
R6 6
R7 11
R8 9
R9 10
R10 7
Rll 15
Rl2 9
Rl3 9
R14 8
Rl5 7

Total 140

1 2 3 4 5 6
11 2 0 0 0 0

12 1 O O 0 0
11 o o 0 o 0
14 o 8] o O O
11 o C 0 o o
10 0 0 o O O
13 O o 0 o o
11 O o 0] o) O
11 0 o o o 0
12 0 o o o 0

11 2 0O o) O O

155 5 0 o o] 0
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Appendix 8.8 (Continued)

5. zeamais on sorghum

Observed numbers of seeds

Eggs per seed O 1 2 3 4 5 6

R, 6 14 o ©O0 O O ©
R, 11L. 9 o ©0o o o0 o
R, 8 12 o o0 ©O0 O ©
R, 11 8 1 0 ©0 ©0 ©
R 8 11 1 o ©o o0 o
Re 7 13 o o ©0 o ©
R, 5 1s © 0 o 0 o0
Rg 10 9 1 o0 0o ©O0 ©
R, 7 13 o O O O ©
Ryg 9 11 o ©o ©O0 0 O
Ry 6 14 ©Oo O O O O
Ry, 9 11 © ©O0 O O ©
Ry, 7 13 o O O O ©
Ry, 9 11 ©o o ©O0 ©o O
R g 12 8 ©O0 o0 0 ©0 ©

Total 125 172 3 0 0 o o
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Appendix 8.8 (Continued)

5. zeamais on wheat

Observed numbers of seeds

Eggs per seed O 1 2 3 4 5 6

Ry 7 10 1 1 1 ©o o0
R, | 5 8 3 0 o0 0 O
R, 3 11 o0 ©0 ©o 0 o
R, 13 7 o o o o0, 0
R 8 12 0o ©O0 ©0 O o
R 9 10 1 © O O ©
R, 7 12 1 0 ©0 0 O
Ry 7 13 0o ©O0 ©0 ©0 ©
Ry 8 12 o ©0 ©0 0 0
Ry 13 7 ©o o0 o o0 o©
Ry, 11 9 ©o0o ©0o o o0 o©
Ry, 12 8 o0 ©0 O 0 o
Ry, 6 13 1 ©o0o o0 ©O0 o
Ry, 11 9 o ©O0o O 0 O
Ry¢ 8 12 0 O o0 © ©

Total 138 153 7 1 1 ¢ O
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Appendix 8.9A The effect of presence or absence of life on

oviposition and egg distribution of 10 paired

5. pryzae

lst week of oviposition

Batch A seeds

Eggs per seed 0O 1 2 3 4 5 &6 Total Eggs Total seeds
infested

R1 63 15 14 3 3 0 O 79 37

R2 54 14 11 5 8 2 3 133 46

R3 58 23 14 2 2 0 1 71 42

R4 50 23 12 6 4 2 2 110 50

R5 57 19 10 8 4 1 1 90 43

R, ' 63 11 9 8 3 4 0O 101 37
Total 345 105 70 32 249 7

Batch B seeds

Rl 58 15 10 12 1 2 1 98 42

R2 55 24 12 6 2 1 0 79 45

R3 52 23 9 7 3 3 3 107 48

R4 _ 66 15 11 4 3 1 0O 66 34

R5 57 20 12 4 5 2 0 86 43

R6 49 25 14 3 2 5 2 107 51
Total 337 122 68 36 16 14 6
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Appendix 8.9A (continued)
2nd week of oviposition

Batch A seeds DObserved number of seeds

Eggs per seed o 1 2 3 4 5 & 7

R, 48 25 14 1o 2 0 0 0
R, 41 33 14 B 2 1 0 1
Ry 40 30 10 11 4 3 1 1
R, 51 20 15 6 4 3 70 1
R, 53 25 9 6 4 3 0 0
R6 55 29 9 5 0 2 0 o]
Total 288 162 71 46 16 12 1 3

R, 57 25 9 8 1 O 0O O
R, 49 23 18 7 2 o o0 1
R, 60 17 16 4 3 0 O ©
R, 55 26 13 6 O O O O
R, 63 23 8 4 2 0 0 0O
R, 53 27 17 3 0O O ‘0 0O

Total 337 141 81 32 8 0] 8] 1

Total
Eggs

99
105
127
106

92

72

71
95
73
70
59

70

Total
seeds

infested

52

59

60

49

47

45

43

51

40

45

37

47
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Appendix B.9B Egg plugs and their distribution per 10
paired S. oryzae during the second week of
oviposition using the same seeds as during the
first week of weevil oviposition,

Seed batch A

Previously infested seeds

Eggs per seed 0] 1 2 3 4 5 6 7 8 fTotal Total
Eggs seeds

infested

Rl 16 11 2 6 2 O. 0 o 0 41 21
R2 18 12 ki 6 2 1 o 0 0 57 28
R3 13 i4 5 6 1 1 1 1 0 64 29
R4 24 11 7 2 3 2 0 1 0O 60 26
R 25 11 1 4 2 0 0 0 0 33 18
Re 15 16 2 4 0 0 o} o 0 32 22
Total 111 75 24 28 10 4 1 2 4]

Seed Batch A
Newly infested seeds

Eggs per seed 0 1 2 3 4 5 6 7 8 Total Toctal
Eggs seeds

infested

R, 32 14 12 4 0 0 o] 0 1 58 31
R, 23 21 7 2 o} o 0 1 o} 48 31
R, 27 16 5 5 3 2 0 0 0 63 31
R, 27 9 8 4 1 1 0 0 o} 46 23
R 28 14 8 2 2 3 0 o} o} 59 29
R, 40 13 7 1 0 2 "o 0 o} 40 23

Total 177 87 47 18 6 8 6] 1 1



Appendix 8.9B (conti

S5eed batch B
Previously infested

Eggs per seed o]

Rl 25
R2 21
Ry : 36
R, 20
R, ' 31
R 30

Total 163

Seed batch B
Newly infested seeds

Eggs per seed 0

Rl 32
R2 28
R3 24
R4 35
RS 32
R6 23

rotal 174

nued)

seeds

14

10
10
15

64

16

11
16
13
12

77

-456-~

28

11

1c

10

11

53

24

Total Total

Eggs

28
37
18
19
15

27

seeds

infested

17

24

12

14

12

21

Total Total

Eggs

43
58
55
51
44

43

Seeds

Infested

26

27

28

31

25

26
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Appendix 8.9C The numbers of egg plugs deposited per ten
paired S§. oryzae during the second week of
weevil oviposition on seeds which had one
egg plug, and two or more egg plugs from the
first week of weevil exposure.

Seed description Seed No. of egg plugs No. of seeds Mean egg

based on 1lst batch on previously reinfested plug per
week of oviposi- infested seeds during 2nd infested
tion ; weevil ex- seed
posure
One egg/seed A 9, 19 s, 10. 1.8, 1.9
36, 18 17, 9 2.12, 2.0
i3, 10 10, 8 1.30, 1.25
Two or more egg/ A 32, 38 16, 18 2.0, 2.11
seed 28, 42 12, 17 2.33, 2.47
20, 22 8, 14 2.5, 1.57
One egg/seed B 13, 17 7, 12 1.86, 1.42
10, 9 6, 8 1.67 1.13
4, 13 4, 10 1.0, 1.3
Two or more egg/ B 15, 20 10, 12 1.50, 1.67
seed 8, 10 6, 6 1.33, 1.67

11, 14 8, 11 1.38, 1.27
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Appendix 8.10 The effect of daily change of seed position
on oviposition and egg distribution per 10
paired S. oryzae per week using 100 similar

sized seeds of cultivar Ex-Mk

Treatment : Seeds position changed daily
Eggs per seed 8] 1 2 3 4 5 6 7 8 Total Total
Eggs Seeds

infested

Rl 50 26 8 10 5 ] 0 1 0 929 50
R2 53 18 12 8 3 3 3 0 0o 111 47
R3 50 19 16 7 7 1 0 o 0O 105 50
R4 49 21 15 8 3 3 1 9] O 108 51
R5 61 21 10 6 1 0] 1 0 0 71 39
R6 65 16 5 7 2 1 o 0 0 68 35

Total 328 121 70 46 21 8 5 1 o)
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Appendix 8.10 {Continued)

Control : Seeds undisturbed

Eggs per seed o 1 2 3 4 5 6 7 8 Total Total
Eggs Seeds

infested

R, 46 19 17 6 6 4 2 0 O 127 54
R, 47 18 14 9 5 o0 7 0 © 135 53
R, 51 22 lo 8 4 2 1 1 1 113 49
R, 50 19 15 8 4 2 1 1 0 112 50
R, 65 14 6 6 5 3 0 1 © 86 35
R, 49 21 10 11 6 1 1 1 o0 116 51

Total 308 113 72 48 30 12 12 4 1
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Appendix 8.11 Egg distribution per 10 paired §. oryzae
per week with seed presented in different
ways

Round end stuck down, bearded end free.

Observed numbers of seeds

Eggs per seed o 1 2 3 4 5 6 7 8 Total

Eggs
Rl 75 43 18 17 3 3 1 O o 163
R2 86 29 25 9 4 7 0o 0 o 157
R, 79 30 28 18 4 1 O O O 161
R4 93 30 17 14 3+ 3 0 o o 133
Total 333 132 88 58 14 14 1 0 0
Bearded end stuck down, round end free
Rl 105 26 14 6 7 2 0 O O 110
R2 104 36 lQ 5 3 1 1 O 0 954
R3 113 27 9 2 4 5 o 0 o 92
R4 ) 99 35 15 5 5 1 o O 0 105

Total 421 124 48 18 19 9 1 G O
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Appendix 8.11 (Continued)
Mixture treatment

Bearded end free, round end stuck down

Observed numbers of seeds.

Eggs per seed O 1 2 3 4 8 Total Eggs
Rl 31 19 19 7 4 0] 94
R2 34 28 11 5 o 0 75
R3 26 25 16 10 1 0 101
R4 28 23 19 5 2 s} 100
Total 119 95 65 27 7 0]
Round end free, bearded end stuck down
Rl 51 14 8 4 1 0 58
R, .37 23 10 8 4] o 78
R3 28 25 12 9 4 o 104
R4 46 13 11 6 2 0 34
Total 162 75 41 27 7 0
Total {wheole

mixture) 281 170 106 54 14 0
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Appendix 8.12 -The numbers of adults emerging from seeds
with 1 egg plug, 2 egg plugs and 3 or more
egg plugs based on ten seeds (per replicate)
on which eggs were laid

Numbers of Seed size

egg plugs on seed

Small Large
1 6, 8 8, 8
7. 9 4, 9
T, 6 6, 7
7, 6 9, 5
6, 7 7, 9
Ix = 69 Ix = 72
2 °, 8 9, 10
9, 8 7, 9
1o, 9 19, 5
7, 7 8, 9
8, 1o 6, 8
Zx = 85 Ix = 81
3+ 9, 9 1o, 9
{mean = 3.9) 10, 10 10, 10
10, 10 8, 8
1o, 8 ’ 8, 9
1o, 9 10, 9
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X
K = 1oglo { t/Xs)

Egg plugs
on seed

1

2

3

Death
1l egg
plugs

which
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rates (K

plug,

values) from seeds with

2 egg plugs and 3 or more egg

based on ten seeds (per replicate) on

eggs were laid.

X

X

0

0]

0

0

1

O.

o

o}

3

o

t

Seed size

.15, 0,04
.15, 0.22
.15, 0.22
.22, 0.15

.623

Ix

0.1623+0.019 x

.35, 0.40
.35, 0.40

301, 0.3

.40, 0.30

771

5

1

ix

0.3772+0.018 x

.64, 0.64

I+

I+

1

initial egg density

population density of survivors

Large
0.097, 0.097
0.398, 0.046
0.22, 0.15
0.046, 0.301
0.15, 0.046
1.551
S.E. =0.1551120.03¢

0.35, 0.301

0.301, 0.602
0.40, 0.35

0.52, 0.40

4.084
S.E.=0,4084120.030

0.59, 0.64

0.69, 0.64
0.59, 0.64

6.35

S.E.=0.635t0.014
Ze = 11.985
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Appendix 9.1A Oviposition by 5 pairs of rice weevil confined
for one week on 100 seeds of the resistant
cultivar 303 and 100 seeds of the susceptible-
cultivar Ex-Mk treated with the flour of the

resistant or the susceptible

Treatment " Cultivars
303 ' Ex-Mk Total
Control 10, 5 47, 79
6, 2 73, 54
3, 2 , 62, B85
Ix = 28 Ex = 400 428
303 flour 2, 3 77, 62
2, 1 28, 74
3, 6 64, 69
Ix = 17 Ix = 444 461
Ex-Mk flour . 34, 22 91, 84
32, 28 82, 71
35, 43 60, 83 665
Ex = 194 Ix = 471

Total 293 1315 1554



Appendix 9.1B

Treatment

Eggs per seed

®
R2
R3
Ry
RS
R6
Total
X = 0.047
Lx = 28
s = 0.068
n = 600
d = +7.03
P < 0,001

~465~-

Egg distribution by 5 pairs of rice weevils
confined for one week on 100 seeds of the

resistant cultivar 303 and 100 seeds of the
susceptible cultivar Ex-Mk treated with the

flour of the resistant or susceptible

: Cultivar 303 flour free control

Observed numbers of seeds

o 1 2 3 4 5 6 7 8 Total Eggs

91 8 1 o o 0. O o 0] 10
97 1 1 1 0 o o o o 6
97 .3 o o] 0 o] 0 0 0 3
96 3 1 0 o 0 O 0 o] 5
99 8] 1 O 0 ¢ o o 0 2
98 2 O o 0 0 0] 0 o 2

578 17 4 1 o 0 0] o o

.. Distribution significantly clumped
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Treatment H Cultivar Ex-Mk flour free control

Observed numbers of seeds

Eggs per seed 0 1 2 3 4 5 6 7 8 Toctal Eggs

Rl 69 23 4 1 2 1 o C 0] 47
RZ 51 30 11 6 l 1 O O 0O 79
R3 60 19 14 2 5 C o 0 o 73
R4 63 25 7 5 O 0 O 0] C 54
R5 65 19 10 3 2 0 1 o 0 62
RG 56 19 14 8 1 2 d 0O 0 44
Total 364 135 60 25 11 4 1 O 0

X = 0.67 — d = 9.35

Ix = 400 ' P < 0.001

s? = 1.08 .. Distribution significantly clumped
n = 600

Treatment : Cultivar 303 + Ex-Mk flour

Observed numbers of seeds

Eggs per seed O 1 2 3 4 5 6 7 8 g 10 11

R, 87 6 2 2 o0 1 1 1 ©0o o0 0 o0
R, 91 o 7 1 ©O0 1 o '© 0 0 0 ©
R, 87 6 1 3 1 1 1 o ©o o0 o0 0
R, 3 o 2 1 1 2 ©o 1 o o o ©
R ‘ 89 4 3 1 1 o o 1 ©o o o 1
R 88 4 2 0o 2 2 0o 1 o0 ©0 1 o
Total 535 20 17 8 5 7 2 4 o o0 1 1
x = 0.323 d = 37.6

Ix = 194 P < 0.001 )

s* = 1.404 .. Distribution significantly clumped

n = 600



Treatment

Eggs per seed

0.785
Ix =. 471
=] = 1.979

n = 600

Treatment

Eggs per seed

0.028
Ix = 17
s = 0.044

n = 600

: Ex-Mk + Ex-Mk flour

€8

60

60

65

64

59

376

-467-

o)

Observed numbers of seeds
.1 2 3 4 6
12 6 6 1 2
20 10 3 3 3
21 9 4 2 1
le 14 1 2 0
21 10 2 2 0
21 6 8 5 1

111 55 24 15 7

d = 20.4
P < 0.001

.. Distribution significantly clumped

H Cultivar 303 + 303 flour

98

98

99

39

97

97

588

O

Observed numbers of seeds
1 2 3 4 6
2 0 o] 0 0
1 1 o} 0 0
O 1 0 o 0]
1 & 0 o O
3 O 0 O 0
0 3 o] 0 o
7 5 0 O 0O

d = 8.79
P < 0.001

.. Distribution significantly clumped

-

9 1o
o) 1
o 0o
O 0
0 C
o o
0 0
0 1

5 10
0 0
o) G
0 O
0 o
0 0
0 O
0 0

11

11
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Treatment : Cultivar Ex-Mk + 303 flour

Observed numbers of seeds

Eggs per seed (0] 1 2 3 4 5 6 7 8
Rl 63 20 9 2 3 0 1 1 1
R2 66 16 12 2 4 O 0O 0 0
R3 60 18 11 0 4 3 2 1 1
R4 65 19 4 5 4 2 I o O
R5 68 13 12 4 o 3 0 0 0
R6 63 22 5 5 3 2 0 O o
Total 385 108 53 18 18 10 4 2 2
x = 0.74 da = 18.9

Ix = 444 P < 0,001 |

s* = 1.77 : ;. Distribution significantly clumped
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Appendix 9.2 Oviposition by two pairs of rice weevils
confined separately for two weeks on eighty
seeds of each of the resistant cultivar 303,
the susceptible cultivar Ex-Mk and their
controls, in the experiment to determine the
effect of seed odour on egg laying.

Treatment ' Eggs per ? per week

6.25, 11,75, 16, 13.25

Ex-Mk (Control) B.25, 18.5, 13, 13.5
Ix = 100.5
X = 12.6  1.39

Ex-Mk (experimental} 17, 9.75, 17.25, 14.5

l1c.25, 11.5, 7.25, 14.0

Ix = 101.5
X = 12.7 + 1.27
303 (Control) o, ©0.25, 0.75, 0.25

0.25, 0.50, 0.25, 0.25

Ix = 2.5
X = 0.31 + 0.08
303 (experimental) 0.50, .50, .0, 0.25, o)



Appendix 9.3

Cultivar

CSH5
SK5912
FD1
L51499
Ls187
_ BES

ML4

Percentage

12.02

12.72

12.0

12,45

12.28

12.94

12,12

11.98

12.7

12.35

12.94

11.71

11.71

12.37

12.17

12,79

12.6

12.7
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moisture content

12.02
12.32
12.14
13.04
12,2

12.5

12.29
12.43

12.25

12.1

12.02

12.14

12.08

12.02

12.3

12.04

12.19

12.1
12.36
12.01
12.3
12.37
12.2
12.27
12.08

12.16

Ix

60.49

62.44

59.88

61.64

61.3

61.83

61.77

61.13

62.0

"
33

SE

12.1 ¢

12.49¢

11.98+%

12,33¢

12.26¢

12,37+

12.3514%

12,233

12.4 %

0.06

0.16

0.11

0.12

0.12
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Appendix 9.4 Eggs laid by 10 paired S§. oryzae per day on
the resistant cultivar 303 and the susceptible

cultivar Ex-Mk at 70% and 95% air relative

humidities
Cultivar 70% R.H. 95% R.H. Row Totals
303 4 20
resistant 0 8
3 15
1 21
Zx = 8B Ix = 64 72
Ex-Mk 20 31
susceptible 11 28
9 30
& 23
Ix = 46 Lx = 112 158

Column Totals 54 17¢ 230
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Appendix 9.5 Percentage moisture content of the resistant
cultivar 303 and the susceptible cultivar Ex-Mk

at 70% and 95% air relative humidities

% moisture content

Cultivar

70% air R.H, 95% air R.H. Row total
303 11.95 15.i2
12.06 15.53
12.0 15.42
11.90 ;5.26
L = 47.91 L = 61.03 108.94
Ex-Mk 12.05 ‘ 15.23
11.99 15.47
11.96 15.18
i12.16 15.26
L = 48.16 | L= 61.114 109.3

Column total 96.07 122.17 21B.24



