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ABSTRACT. Dry bones (femur and ribs) oftheAfrican humped cow, Bos indicus (L.), were
burnt with wood fire and the resulting charcoal was manually ground and sieved to produce the
fine inert cow bone charcoal dust (CBCD) that was admixed-with maize (Zea mays L.) grains at
the rates of 0.1 ,0.25,0.5, 1.0,2.0,4.0, and 8.0 g /100 g of grain. Adults of Sitophilus zeamais
Motsch. and Rhyzopertha dominica Fab. were exposed to the treated grain and mortality was
recorded at 2, 4, 6, and 8 days post-infestation. The study was conducted under ambient
conditions (28.5-32.5°C and 50-62 % RH) in the laboratory. For both species, mortality
increased significantly (P<0.05) with application rate and exposure interval. CBCD
significantly (P<O.01) suppressed F, progeny production and repelled adults from treated grain.
Complete inhibition of S. zeamais progeny emergence was achieved with ~ 0.25 g CBCD /100
g of grain from the 4ththrough to the 12thmonth of storage at ambient laboratory conditions of
23.5- 33°C and 63.5-87.5 % RH. Test withR. dominica gave similar results when 100 g grains
were treated with ~ 0.5 g CBCD. The regression of mortality (probit) on rate of application
(log) indicated that Rcdominica was less susceptible to CBCD than S. zeamais. CBCD appears
to have a potential in the management of insect pests of stored grains.

INTRODUCTION
Maize (Zea mays L.) is one of the most

important cereal crops grown on about 3.8
million ha in West Africa (UTA, 1981).
Nigeria produces about 1.5 million tonnes of
grains annually from approximately 2 million
11acultivated (UTA, 1981). As a major food
crop. feed, and industrial raw material, maize
holds considerable promise as a weapon
against poverty and food crisis in the West
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African sub-region (Okoruwa, 1992). As the
first harvested crop in the year; maize plays a
significant role in reducing hunger period
(Fajemisin, 1991). It is therefore important to
effectively preserve harvested grains in order
to ensure adequacy of food, feed, seeds, and
raw materials to agro-based industries.

The maize weevil, Sitophilus zeamais
Motsch., and the lesser grain borer,
Rhyzopertha dominica Fab., are among the
most destructive pests of stored maize
worldwide (Ofuya and Lale, 2001). They are
both primary pests of whole grains (Haines,
1991) in which immature stages develop.
Infested grains are hollowed out and
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perforated thereby allowing entry of
secondary pests which accentuate damage
(Golebiowska, 1969). Because both species
have high rates of oviposition and a relatively
short development period, high populations
easily build up within a short time
(Golebiowska, 1969).

Since the 1950s, the control of storage
insect pests has largely been with
conventional synthetic insecticides
(Subramanyam and Hagstrum, 1995). Usage
of synthetic insecticides is fraught with
health and environmental hazards (Schwab
et al., 1995). Consumer demands for residue-
free food are increasing just as there is
increasing concern for safety of workers
handling pesticides (Longstaff, 1994) as well
as concern about environmental pollution.
Gradual withdrawal of the commonly used
synthetic insecticides and focus of research
on reduced-risk alternatives to conventional
insecticides have been advocated (Arthur
and Throne, 2003).

Inert dusts are receiving attention as viable
alternatives to conventional insecticides in
the grain industry (Mewis and Ulrichs,
200 1). This is because the dust residues, if
kept dry. are active against insects for a long
time (Subramanyam et al., 1998); they are
non-toxic to mammals (McLaughlin, 1994;
WHO, 1974); they require no specialized
equipment andlor skill to use; and they can
be easily removed from grains during
processing (Athanassiou et al., 2005).

Various modes of action have been
proposed for inert dusts. Abrasion of the
epicuticular lipid layer is, however, believed
to be the mode of action of non-silica based
dusts such as quicklime. rock phosphate,
clays, marble and minerals (Korunic, 1998).
It has been postulated that physiological
resistance against inert dusts is unlikely to
occur since they act through their physical

rather than their chemical properties
(Kuro n ic , 1998; Subramanyam and
Hagstrum, 1995).

There is paucity of information on
insecticidal activity of mammalian bone dust
against storage insects. The objectives of the
study were to evaluate the insecticidal
efficacy of cow bone charcoal dust against
two storage beetles, determine their effect on
beetle population dynamics and damage, and
examine the beetle behavioural response(s) to
contact with the dust.

MATERIALS AND METHODS

Grain Sample.
The maize used (Var.ACR 9931 DMR-SR)

was obtained from International Institute of
Tropical Agriculture (IITA), lbadan, Nigeria.
Whole grains were picked and fumigated with
aluminium phosphide for 96 h to disinfest the
grains and thereafter aired for 96 h to dissipate
the fumigant gas.

Cow Bone Charcoal Dust.
Dry bones (femur and ribs) of the African

humped cow, Bas indicus (L.), obtained from
a local market abattoir in llorin, Nigeria, were
burnt with wood tire. The resulting charcoal
was pounded to dust and sieved with 90
micron mesh sieve (serial number DIN 4188).
The cow bone charcoal dust (CBCD)
obtained was stored in air-tight Kilner jars
until ready for use.

Effect of Rates and Exposure Interval on
Beetle Mortality.

CBCD was tested against each of S.
zeamais and R. dominica at seven rates, 0.1,
0.25, 0.5, l.0, 2.0, 4.0, and 8.0 gllOO g of
undamaged grain (i.e.% W/w) inside
cylindrical plastic vials measuring 7.5 x 7.5 x
5.5 em. Each vial was covered with muslin
cloth before placing the cap cover having a
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central 2.5 em hole for aeration. The vial was
vigorously shaken for approximately 1min to
ensure proper coating of grain and 2 hours
later, twenty 1- to 2-wk old unsexed adults
were introduced. The treatments and an
untreated control were replicated four times
and arranged in completely randomized
design on laboratory bench. Mortality counts
were taken at 2, 4, 6, and 8 days after
exposure to the CBCD and LCsovalues were
determined. Toxicity factor (TF) or relative
susceptibility at each exposure interval was
computed according to Denloye et al.
(2007):

TF = LCsoofthe more tolerant species

LCO!) of the more susceptible species

Ambient temperature in the laboratory
during the 8-day assay (in Mar.lApr.) ranged
between 28.5°C and 32.5°C (mean=31.3°C)
and the relative humidity ranged between
50% and 62% (mean=53%).

Effect of Rates and Exposure Interval on
F i Progeny Emergence

After the 8th day, all insects (dead and
alive) were sieved out and the vials kept for
-+7 days before commencement ofF, progeny
count. When there was no emergence for 7
consecutive days counting was stopped.
Percentage reduction (%R) in F I emergence
was computed using the formula of Arthur
and Throne (2003):

%R= 1- No. ofF, in treatment
No. ofF, in control

X 100
1

Effect of CBCD on Insect Population
Dynamics and Damage During Long
Term Storage.

Emerged adults in treatments and control
were left in their respective vials and insect

population «living and dead), grain moisture,
and damage (in terms of kernel perforation,
weight loss, and viability) were assessed at 4-
month intervals for a period of 12 months.
Percentage grain perforation was computed
from the number perforated in a random
sample of 200 grains. Weight loss was
determined by the method of Golob et al.
(1982):

%Wtloss=(UNd)-(DNu) X 100
U x (Nd+Nu) 1

where U= wt of undamaged grain,
D = wt of damaged grain,
Nd = no of damaged grain, and
Nu = no of undamaged grain.

Adjustments were made for weights of grain
taken for analysis by removing corresponding
weights of dusts. Moisture content was
determined by oven method (A.O.A.C.,
2000). Viability was determined by the
number of seedlings emerging after 7 days
from 100 randomly selected grains placed in
between wet Whatman No. 1 filter papers
inside Petri dishes (Oparaeke et al., 2002).
Laboratory temperature and humidity within
the period ranged from 23.5 to 33°C (mean
25°C) and 63.5 to 87.5% RH (mean=71 %),
respecti vely.

Repellency Test.
This test was conducted to determine the

likelihood of adults of the two insect species
avoiding contact with the CBCD in storage.
The two-way choice method as described by
Nwaubani (2006) was adopted. This entailed
placing 100 g of grains treated with 2 g of
CBCD and a similar weight of untreated grains
10 em apart in a long plastic chamber
(30x12xlO em), and introducing thirty 1- to 2-
wk old insects starved for 48 h through a
central hole on the lid of the chamber. Four
replications were set up inside a dark cupboard
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Table l , Effect of rate of cow bone charcoal dust
and exposure interval on mortality of adults
zeamais and R. dominicu:

Rate applied % mortality ex ±SE)' at day
(%w/w) 2 4 6

S. zeamais
0.10 7.8±0.53 57.0± 1.23 73.1±2.7a 82.5± 1.73
0.25 44.S±3.7b 72.7±3.6b 88.5±3.6b 92.6±2.lb
0.50 57.5±3.5c 92.1±3.2c 97A±2.2c 100.0±0.-Ib
1.00 62A±0.3d 96.I±OAc 96.1±OAc 100.0±OAb
2.00 66.2±0.7d IOO.0±0.4c 100.O±OAc 100.0±0.4b
4.00 74.3±O.5o 100.0±OAc 100.0±OAc IOO.O±O.4b
8.00 87.1±OAf IOO.O±O.4c 100.O±O.4c JOO.O±OAb
Control O.O±O.Og JA±O.I d 1.4±0.ld 3.9±OAc

R. dominica
0.10 4.7±3.2a 7.7±3.3a 15.2± 1.5a 26.9±2.0a
0.25 40.8±1.7b 47.7±1.4b 56.8±2.3b 68.6±2.lb
0.50 SO.9±l.lc 54.7±1.0c 69.8±1.6c S7.5",1.8c
1.00 GO.6±0.9d 69.7±0.9d 75.G±0.6c 100.0±OAc
2.00 62.7±1.3d 83.9±l.lc 96.8±1.3d 100.0±0Ac
4.00 70.8±1.5e 88.9±1.3e 97A±1.4d lOU.O±OAc
8.00 82.2±2.Rf 96.6±0.3f ]()O.O±OAd IOO.O±O.4c
Control 2.3±0.3a 2.3±0.3g 2.3±OAe 5.3±04e

3 Mean offour replicates: for each insect species, column values having the same letter are not
significantly different (P.>O.05) [Student Newman-Kculs test]

to avoid effect of sunlight on the distribution
of the insects. Insects found on, or within, a
1.0 em radius of treated and untreated grains
were counted daily for 7 days. Student's t-test
was used to determine whether there was a
significant deviation from the expected equal
distribution of insects.

DataAnalysis.
Mortality counts were converted to

percentages which were arcsine-transformed
before analysis by variance method using the
General Linear Models Procedure (SAS,
2000). Significantly different means were
separated by Student-Newman-Keuls (SNK)
test. Student's t-test was used to determine
significance of differences between mortality
of the two test insect species on the last day
(8th day) of the rate-mortality-exposure
interval test. Correlation analysis was used to
determine whether or not mortality increased
with increasing dosage. LC'tl values at the
four exposure intervals were estimated from
log-dosage/probit-rnortality regressions
.. ' l'n~7q, fitt ,1 b . mnuter '1'.'1 the(~i!n;:f":/~_'1-). h) ll~·f-:Q Y CO' ..l _c-,- :"ti~lJ. 1.

zoodness-of ..fit of the regression lines waso

determined by Chi-square test.

RESULTS
Table 1 generally shows linear increase in

mortalitv in both insect species with
increasi~g rate ofthe CBCD. Similarly, insect
mortality generally increased with increasing
exposure time. All rates of application of
CBCD caused significantly (P<0.05) higher
mortality in both species than the control.
With S. zeamais, mortality reached 100% in 4
days at the rate of2.0 g CBCDIl 00 g of grain
(Table 1), whereas with R. dominica it took 8
days to attain 100% mortality. With S.
zeamais, 0.5 g CBCD/IOO g of grain also
caused 100% mortality but in 8 days, whereas
this rate in R. dominica caused 87.5%
mortality in 8 days.

Differences in mortality between the two
insect species at rates ::::0.5g CBCD/IOO g of
grain were not significant on the 8th day as
100% mortalitv had been attained. However,
at lower rates o"fapplication, e. g., 0.1 and 0.25
g CBCDIl 00 g grains. mortality to S. zeamais
and R. dominica differed significantly (t =
4.96. df=6, ta=0.003 for 0.1 g; t = 2.81, df= 6,
ta = 0.037 for 0.25 g).

The correlation between rate of CBCD
application and resultant adult mortality
(Table 2) was highly significant for S zeamais
on day 2 (r = 0.83, P<0.05), but it declined
with increasing exposure interval (0.57"'s;
0.53NS

; 0.4 7NS for days 4. 6, and 8,
respectively). A similar trend was observed
for R. dominica, except that significantly
positive correlations were obtained on day 2
(r=0.76) as well as day 4 ([=0.75).

From the rezression of mortality (probit) on
rate of CBCD (log), Leo,) declined with
increasing exposure interval (Table 3). LC50

values for S. zeamais assay were consistently
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Table 2. Rate- mortality correlation in 8-day assay
with cow bone charcoal dust against
s. zeamais and R. domlnica.

Species Days post-infestation Correlation Coefficient'

S. zeamais 2 0.83*

4 0.57 ns

G 0.53 ns

8 0.47 ns

2 0.76*

4 0.75'

6 0.70 ns

8 0.66 ns

R. dominica

a • significant at the P 0.05
ns n~t significant (P>0.05).

Table 3. Analysis of rate-mortaliry data for S. zeamals and R. dominica at
various exposure intervals to cow hone charcoal dust.

Inter- Insect Regression
val species equation'
(days)

Slope - LCs!) Toxicitv
(±Sj::.') (g/IOOg grain) factor' X'

s zcnmais Y» 49.84 1 8 98X 898 J 0.69 1.20

R. domimca Y~7.t4 1691X 6.9UD.39 1.90

S zeomais Y~58.68 +768X 7.68111.43 0.90

N. domimca Y~53.61 16.27X 627",060 1I0

S. zeamats Y,=£2.13 f6.79X 6.79.tO.33 0.86

R dorninica Y~60.65 +630X 6.30±0.63 0.9\

.";. ::;£'Ol11al.1 )"=65.38 1-5.93X 5.93~O.75 0.82

1.0 72.08*

I. 60 117.27*

1.0 69.63*

1.2 102.84*

1.0 66.27*

r.t 95.86*

1.0 64,12*

1.0 93.S6*R dvmlnica \"==6.3.7815.19X 5.39 -0.55 0.86
::t Y = Probit mortality; X= Log-dosage tgilOO g grain).
'" significant at p ..<O.O I

lower and the slope slightly higher than those
of R. do minic a at each exposure
interval. Toxicity factor [TF] (Table 3) shows
that on day 2, R, dominica individuals were
1.6 times more tolerant to CBCD than S.
zeamais individuals. The difference in TF
decreased gradually with extended exposure
but by the 8th day both species had equal
value. The chi-square (X 2) test showed
goodness-of-fit of the regression equations
for both species (Table 3).

Significantly (P<O.Ol) fewer F\ adults of

both species emerged from treated maize than
from the control (Table 4). Emergence
decreased with increasing concentration until
~ 2 g CBCDII 00 g of grain where no
emergence occurred. Percentage reduction in
F I emergence ranged between 96.5% and
100% for S. zeamais and between 88.2% and
100.0% for R. Dominica.

All rates of the dust caused significantly
(P<0.05) higher suppression of S. zeamais
population growth and damage compared to
the control in the 12 month duration of storage
(Table 5). Population growth and damage in
the control were heavy with intense grain
perforation and frass load. No insect survived
in treatments with ~ 0.25 g CBCDII OQg of
grain. Levels of grain deterioration" and
damage in effective and equitoxic rates of
0.25,0.5, 1.0,2.0,4.0, and 8.0 g CBCDIIOO g

Table 4. Mean emergence of S. zeamais and R. dominica F,
adults at 55 days post bioassay with cow bone charcoal dust.

Rate Mean' number of % reduction

(g/IOO g grain) emerged F I adults relative to

control(±S:E.)

S. zeamais

0.1

([.25

0.5

1.0

96.5

Control

3.0±1.1 a

1.8±O.8b

l.3±().6b

1.0±0.5b

O.O±O.Oc

O.O±O.Oc

O.O±O.Oc

84.8±7.7d

97.9

98.5

98.8

100.0

100.0

IGJ.O

2.0

4.0

8.0

R. dominica

0.1 88.2

95.1

98.0

99.0

100.0

100.0

1000

10.3±4.9a

0.25 4J±2.3b

0.5

1.0

l.8±1.8c

1.000Ac

O.O±O.Od

O.O±O.Od

O.O±O.Od

2.0

4.0

8.0

Control 87.3±8.6e

"Mean or four replicates-fer each insect species column values havingthc same letter are not
significantly different (P>OOI) [Student-Newman-Keuls test].
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Table 5. Effeet of cow bone charcea! dust on S. zeomeis population ~maize grain Table 6. EfTed of cow bone charcoal dust on R. dominica popul a tiuu, maize grain
perforation, weight loss, moisture content and viability at 4-monlh intervals perforation, weight loss. moisture content, and viability at 4-month intervals
post-treatment. post-treatment.

Storage Rate ~>an Storage R;ltc= Mean
duration :lpplicc.l no.of no.of %wtloss %moisture % germination duration applied no.ot nc.of %wtloss 'YolTIoisturc % germination
(months) (giiOO s grain) Insects grains with content (months) (gilOO g grain) insects zrains with content

exit holes ;:<it holes

lnitiatsamplc 0.03 O.Oa 12.5a 95.03 Initial sample 0.03 12.5a 95.0a
4 0.1 7.:~3 1Ab 2.lb 12.83 81.0b 4 0,[ 87.U;. I So.')a S.3b 13.% 70.lb

0,25 O.Ob O.Oa O.]a 12.5a (e.Oa 0,25 2'J'()h 5,"/0 l.4c 12.7a 81.Oc
0.5 o.ou U.O u O.3a 12.501 93.0:1 0.5 U.Dc O.OC' O.Sd 12.5a 90.0<)
1.0 O.Ob O.Oa O.3a 11.43 94.0a 1.0 O.Oc O.Oc O.Sd 12.5a 91.03

2.0 O.Ob O.Oa 0.3a 12.4a 93.0a z.n O.Oc O.Oc 0.6d 12.43 90.0a
4.0 (l.Ob O.Oa 0.43 12.43 93.0a 4.0 O.Oc O.Oc O.6d 12.43 92.03
8.0 O.Ob D.Oa OA3 12.3a t)4.0a ~.O O,Uc O.Oc DAd I:Ua 91.0 a

0.0 2X6.<lc 79.5<: 2J.Jc 15.7b u.o, 0.0 Jl'H!J RS.3d 25,]1,: 14.9c l3 3d

0.1 96.53 24.3a 6.0a 14.43 63.33 (1,1 219.0a 53.1.1 13.33 14,]3 31:(0 a
0.25 O.Ob O.lIb DAb 12.8b 86.0b 0.25 112.0b 26.3b 6.0b 13.9a 6S.7b
0.5 O.Ob O.Ob O.3b 12.8b 84.0b 0.5 0.00 O,Oc O.5c 12,7c ~5.0c
1.0 O.Ob O.Ob O.3b 12.7b HS,Db 1.0 O.Dc 0.0.: 0.4" 12.6c 84.0c
2.0 O.On O.Ob 11.2b 12.(.0 87.0b 2.0 n.o; O.O~ O.4c 12.llc R5.0c

4.0 O.Ob O.Ob 0.2b 12.6b 86.0b 4.0 (I.Or.: 0.00 0.3e 12.6c 8S.0t:

8.0 11.0b I>'Ob 0.2b 12.6b 87.0b 8.0 D.Oc D.Oc O.3c 12.6c 86.0c
0.0 452.0c 100.Dc 30.3..:: 17.30.: D.De 0.0 S31.Dd IOD.Od 33.3d 14.8a D.Od

12 U.I 417.0a IUO.Oa 33.3a 14.Ka O.Oa
12 1).1 391.0a 113.4a 2~Ua IS.3a LOa 0.25 316.Dh ~5.3<l 31.8a IS.Kh LOa

0.25 D.Db D.Ob O.lib 1J.5b t.9.0b 05 OJ)c o.Ob O.6b 13.3<: 69.0h

05 O.Ob U.Ob O.Sb 1).4b 73.3b 1.0 O.Oe O.Ob O.5b IJ.2c 71.0b
1.0 D.Ob U.Db O.Sb 13.4b 69.0b 2.0 O.Dc O.Db D.6b 13.0e 74.0b

2.0 O.Ob D.Db DAb 13.3b 73.0b 4.0 0.00 O.Ob U.Sb 13.le 73.0b
4.0 O.Oh D.Db D.Sb 13.2b 74.0b 8.0 O.Oe O.Ob O.Sb 13.Dc 74.0b
8.0 O.Db U.Ob DAb 13.2b 71.0b D.1lo.o

'Mean of four replicates; at each storage duration, column values having
the same letter are not significantly different (P>O.05) [Student-Newman-Keuls test].

of grain were not significantly different
(P>0.05). The grains were aesthetically
similar to starting stock of grains but at the 12th
month percentage germination was
significantly lower and moisture content was
slightly but significantly higher. S zeamais
p o p u l a t io n and damage increased
progressively in the 0.1 g/lOO g of grain rate.
Results for R. dominica (Table 6) were
comparable to those ofS zeamais, except that
two rates (0.1 and 0.25 gll 00 g of grain) were
ineffective.

Results of the repellency test (Table 7)
show that adults of both species avoided
contact with dusted grain. Thus, significantly
(ta = 0.05) lower proportion ofthe two insects
were consistently recorded on, or within 1.0
em radius of treated grain all through the 7
days of observation.

DISCUSSION

The rate-mortality results for both test
insects (Table 1) showed that CBCD was
highly effective, killing all S zeamais adults

'Mean of four replicates; at each storage duration, column values having
the same letter are not significantly different (P>O.05) [Student-Newman-Keuls test].

exposed to a rate as low as 0.5 gll 00 g of grain,
as well as killing all R. dominica adults
exposed to > 1.0 gll 00 g of grain within 8 days.
The major mineral component of the
mammalian bone is calcium phosphate,
although magnesium, carbonate, and fluoride
ions are also found (Kimball, 1974). Burning
of cow bone in air, as was done in our study,
resulted in the formation of calcium oxide
(quicklime) and it is considered to be a key
active material in the dust. In a similar study in
India, Banerjee et al. (1985) assayed
laboratory grade quicklime dust against R.
dominica and S oryzae in raw rice. They
obtained 100% mortality of both beetles at 1
g/1 00 g of grain in 10 days. The superior
performance of the cow bone dust in the
present study could be as a result ofthe lower
humidity (53%) as compared with the 75%
RH in the study by Banerjee et al. (1985). Inert
dusts are characterized by low efficacy at
elevated humidities (Mewis and Ulrichs,
2001). It is equally possible that unknown
additional lethal factor such as water-soluble
fluorides from the bone as well as smoke from
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Table 7. Daily distribution of S. zeamais and R. dominica adults between dusted and
undusted grain in a two-way choice arena (repellency test).

S zeamais R. dominica

Time Meanano.of Meanano.of

(days) adults on, or adults on, or

within lDcm within l.Ocm

radius of: radius of:

treated untreated t-value treated untreated t-value

gram gram gram gram

6.7 23.3 24.37* 9.5 ·20.5 24.94*

2 6.0 24.0 13.94* 10.0 20.0 8.67*

3 7.0 23.0 16.00* 8.5 21.5 14.24*

4 7.3 22.7 22.90* 9.5 20.5 26.94*

5 7.7 22.3 16.30* 9.0 21.0 20.79*

6 6.0 24.0 15.32* 9.5 20.5 26.94*

7 6.3 23.7 19.67* 9.0 21.0 20.79*

"Mean of four replicates; * Significant at ta= 0.05

the burning of the cow bone acted as contact
insecticides after cuticular abrasion had
taken place. Water-soluble fluorides are
known to enhance efficacy of inert dusts even
at higher humidity (Ebeling and Wagner,
1959). Generalization on the lethal
mechanism of action of CBCD should,
however. be avoided as a number of factors
including the dust's physical properties,
insect behaviour and maize variety used need
qualification.

The greater tolerance exhibited by R.
dominica to the dust in this study could be as
a result of the low mobility characteristic of
this beetle, resulting in reduced accumulation
of dust on its cuticle (Subramanyam et al.,
1998). Taxonomic differences in the quality
and quantity of cuticular lipid components of
the two insect species which influence the
rate of water loss through the cuticle (Nawrot
et al., 1994) may also explain differences in
susceptibility of the two species to the dust.

This implies that toxicity data of the test dust
obtained from one population of an insect
species may not be extrapolated to population
of other species with any degree of
confidence. Previous studies also classifiedR.
dominica among stored-grain species tolerant
to inert dusts (Arthur and Throne, 2003).

The positive rate-mortality correlation
observed in this study implies that
effectiveness ofthe dust was directly related to
dosage. This is consistent with observations
by other workers (Golob et al., 1982;
Subramanyam et al., 1998). The decline of
LCso values with increasing exposure interval
in both species (Table 3) suggests that action
of the dust is progressive and extended
exposure to treated grain may significantly
reduce dosages required to kill populations of
both species. McLaughlin (1994) made
similar observations while assaying a number
of diatomaceous dusts againstS granarius.

Significance of the (X2) test for goodness-of-
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fit for the regression equations in both species
(Table 3) implies that effects ofCBCD on the
two species can be predicted. The
comparatively lower slope values in R.
dominica regressions (Table 3) indicate that
their curves are shallower than those of S
zeamais. This implies that R. dominica
individuals would have greater variation in
their susceptibility to the dust and would
therefore require higher dosage of the dust
than S zeamais individuals in control
programmes (Busvine, 1971).
The significantly low F Iprogeny emergence

in all rates of the dust in both species (Table 4)
might be as a result of physical hindrance to
the beetles' movement by the dust, thereby
preventing mating activities (Ofuya, 1986). It
might also be due to irritation (Chiu, 1939), or
disruption of circadian rhythm, affecting
behaviour and mating activities (Faulde et al.,
2006).

The ability of the bone dust to protect the
stored maize from S. zeamais and R. dominica
infestation for 12 months (Tables 5 and 6)
shows that it is stable and persistent in
storage, and this is a desirable trait for
reduced-risk insecticides such as inert dusts
(Arthur and Throne, 2003). This is contrary to
most storage organophosphate dusts,
including pirimiphos-methyl and
chlorpyrifos-methy I dusts (Mejule and
Oloyede, 1985) and damfin dust (Falomo et
al., 1987) whose efficacies hardly last beyond
6 months.

For practical purposes, rates of 0.25-2.0 g
CBCDIl 00 g of grain may be sufficient
against S zeamais infestations, while 0.5-2.0
g CBCDIl 00 g of grain may be sufficient
against R. dominica infestations. Rates> 2.0
gll 00 g of grain may be intolerable because
high dust rates adversely affect physical
properties of the grain, particularly the bulk

density (Athanassiou et al., 2005; Lale, 1995)
and the grain angle of repose and flow rate
(Jackson and Webley, 1994; Korunic, 1998).
The 0.25 and 0.5 gll 00 g of grain are therefore
deemed as critical concentrations of the dust
capable of controlling S zeamais and R.
dominica, respectively, during long term
storage (Tables 5 and 6).

The slight increase in grain moisture at the
12th month, ranging between 0.7-1.0% and
0.5-0.8% for S. zeamais and R. dominica
treatments, respectively (Tables 5 and 6), was
probably due to elevated ambient humidity
during the rainy periods. The decline in
germination at the 12th month was not
consistent with the wholesome condition of
the grains. The reason could be genetic.

Avoidance of contact with dusted grain by
adults of both insect species (Table 7) is
consistent with results of other workers who
tested various inert dusts against the German
cockroach (Faulde et al., 2006), dry wood
termites (Ebeling and Wagner, 1959) and S
zeamais (Nwaubani, 2006). The implication
is that it is possible for insect pests to develop
behavioural response to the CBCD by
avoiding contact as has been observed by
Rigaux et al . (2001) while assaying
diatomaceous earths against various storage
beetles.

Cow bone is not expensive in Nigeria;
subsistence farmers will be able to adopt its
use because the technology involved is simple
and it is a ready alternative when access to
conventional insecticides becomes difficult or
the cost exorbitant.
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