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ABSTRACT. Marble stones obtained from a quarry in Okpella, Edo State, were manually ground, sieved into fine dust and
tested under laboratory conditions in Sapele. Delta State. Nigeria, for efficacy against the maize weevil, Sitophilus zeamais
Morsch. At the rates of 2, 5 and 109 per 100 g maize. the marble dust effectively controlled adult S zeamais and reduced
progeny production significantly (P<0.05). Weevils avoided contact with grains treated with the dust. In pilot scale study over
12-month duration, all rates of dust significantly (P < 0.05) suppressed S zeamais population growth and damage.
Chemical analysis of the dust did not detect the presence of poisonous heavy metals such as lead (II) (Pb 2+) and cadmium (Il)
(Cd 2+). Prospects of integrating marble dust with other pest control measures were discussed.

INTRODlJCTION

In recent years, concern about the consequences of
environmental pollution, increasing cost of insecticides and
the growing problem of insect resistance has caused pest
management practitioners to evaluate inert dusts for the
control of stored product insects (Golob. 1997). Though
inert dusts need to be administered in large quantities in
order to exert an effect (Golob and Webley. 1980). they
have to their advantage 10\\· mammalian toxicity (Korunic,
1997). The dosage required to kill insects could be reduced
significantly by extending period of insect exposure to
treated grains (20 days or longer) (Mcl.aughlin. 1994).

Unlike the elite silica-based inert dusts such as
diatomaceous earths and silica aerogels. non-silica inert
dusts such as lime and marble are less expensive, readily
available, and have been used traditionally as prophylactic
measures against storage insects in developing countries
(Ebeling, 1971; Golob, 1997). Golob et al. (1982) in a
field-simulated trial with maize in Malawi observed that
dolomite (a carbonate of calcium and magnesium) at the
rates of 1%, 5%. 15% and 30% wiw restricted insect
infestation of the stored maize. Also in India. Banerjee et
al. (1985) reported 100% mortality of the rice weevil,
Sitophilus oryzae (L), ancl the lesser grain borer,
Rhizopertha dominica (F.), after 10 days on raw rice treated
with quicklime at 1% w/w.

Geological differences affect inert dusts: up to 20-fold
difference in insecticidal activity had been observed in the
dust from different geological sources (Korunic. 1998).

In this study, the effectiveness of marble (a non-silica
inert dust) against S.zeamais Morsch .. a major field-to-store
pest of maize in Nigeria (Comes. 1971) was tested.
Chemical analysis of the marble dusts was conducted to
determine if it contained poisonous chemicals which could
pose a health threat to man.

MATERIALS A:\"D METHODS
Preparation of Grain Samples and Culturing of Test Insects

Maize grains (Var. 8434-11) which had not been
treated with insecticide were purchased and dried to 12.0%
moisture content. Eight batches of grains. each 1kg, were
placed in insect cages and infested with 500-1000 adult S
zeaniais. Alter 10 days. the weevils were sieved out from
the grains and new adults that emerged later were used for
the tests. Several generations were reared in these cages for

the study conducted at Sapele Station of the Nigerian
Stored Research Institute.

Marble Dust
Raw marble stones from a quarry at Okpella. Edo

State. were broken into small chips with a hammer. The
chips were ground into dust by means of local grinding
stones. sieved with 90 micron mesh sieve (Serial number
DIN 4188), and kept in air-tight Kilnerjars until used.

Effect of Marble Dust on Weevil Mortality,
Development Period and Fecundity
The treatments consisted of three rates of dust, 2 g, 5 g

and 109 admixed with 100 g of maize in 0.15 mm gauge
polythene satchets measuring 43.0 x 21.0 ern. Each sachet
was vigorously shaken to ensure proper mixing and the
dust was allowed to settle for 2 hr before introducing
twenty 1-2 weeks old unsexed adult weevils. The open ends
of the sachets were loosely tied with twine to avoid
hermetic suffocation of the weevils. The treated grains and
an untreated control were stored separately in plastic
buckets arranged in a completely randomized design
replicated tour times in the laboratory. Laboratory
temperature and humidity (recorded by means of
thermohygrograph) were 28 ± 6° C and 70 ± 7% RH,
respectively.

After 10 days, all weevils were sieved out and
categorized as living or dead before counting (Banerjee et
al.. 1985). Weevils which neither moved spontaneously,
nor responded to a slight pressure from a blunt probe were
considered dead (Dyte and Forster. 1973). Other data
recorded were development period (recorded over 58 days
post-bioassay) and the number of emerged adults.

Reaction of Weevil to Marble Dust (Avoidance Test)
This test was conducted using the two-way choice

method of Don Pedro (1985), to check the likelihood of
weevils avoiding marble-dusted grains in natural storage
condition. One hundred grarnrnes of grains treated with 5 g
marble dust and 100 g of untreated grains were placed 10
ern apart in a long plastic chamber (30 x 12 x 10 ern) and
twenty 1-2 weeks old weevils which had been starved for
48 hr were introduced through a central opening on the lid
of the chamber. Four treatment replicates were set up and
the plastic chambers were placed in a dark cupboard to
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avoid photo effect of sunlight on the distribution of the
weevils. The weevils found on or within a 1.0 ern radius of
treated and untreated grains in the chamber were counted
daily over a 7-day period. Emerged FI adults were counted
after 38 days. Student's t-tesr was used to determine
whether there was a significant deviation from the
expectation of equal distribution of weevils in treated and
untreated grains.

Pilot Scale Study
This study was conducted to investigate the efficacy of

marble dust against maize weevils in simulated commercial
grain storage. A 240 kg lot of maize with light weevil
infestation was obtained from the field. Three SOOg grain
samples (reference samples) were randomly taken and
insect infestation and damage levels as well as the weight
of 1000mi of grains were determined by the method of
Harris and Lindbald (1978). Grain moisture content was
determined by AOAC (2000) and viability was determined
by planting 150 randomly selected grains in heat-sterilized
river bed sand and counting emerged seedlings after 5 days
(T1ondu et al., 1996). The grain lot was then infested with
2.500 unsorted adult weevils and thereafter divided into
twelve 20-kg lots. Marble dust was admixed at the rate of
2%. 5% or 10% w/w. The treatments and an undusted
control were replicated thrice. The maize grains were
placed in polythene-lined Hessian bags to minimize
moisture imbibition by the dust which could reduce the
efficacy (Golob, 1997). The open ends of the linings were
loosely tied with twine to avoid hermetic suffocation of the
insects.

The bagged grains were stacked on wooden pallets in
a completely randomized design inside an empty room
(28± 7° C. 80± 15% RH) to simulate the storage condition
of most commercial grain stores in Sapele.

Every 3 months. each bag was emptied into a large
bowl and the grains and dust were mixed thoroughly. A
500 g sample was taken, sieved and insect in testation and
damage were quantified as described above. Adjustments
were made for weight of grains taken by removing
corresponding weight of dust.

Chemical Analysis of Marble Dust
Chemical analysis of marble dust was conducted using

atomic absorption spectrophotometer (Model: Unicam
Solaar 32). The sample solution was prepared following
with the procedure of Bolt and Bruggenwert (1976) and
standardized in accordance with equipment manufacturer's
recommendations for calcium (Ca ». iron HI (Fe J+)
magnesium (Mg 2+), aluminium (AI J-). sodium (Na+),
potassium (K+), cadmium (II) oxide (Cd ,.). lead (/1) (Pb
2+). zinc (II) (Zn ''J. and copper (II) (Cu 2-).

Statistics
Angular transformation was donc for data obtained in

percentages. Data were analyzed by variance method and
significantly different means were separated by New
Duncan's multiple range test.

RESULTS AND D1SCl:SSIO:\
Effect of Marble Dust on Mortality of Adult Weevils

Table I shoxvs that marble dust applied at 2, 5 and 10
g per 100 g maize grains caused significantly (P<O.OS)
higher adult weevil mortality than the level in untreated
grains. As has been suggested by Wigglesworth (1945.
1947). David and Gardiner (1950). mortality caused by

non-silica inert dusts, marble dust inclusive, is ascribable to
abrasion of the insect" s cuticle and consequent desiccation.

Table 1. Effect of marble dust on maize weevil mortality.
development period and Fl progeny emergence.

Rate
applied Mean" Mean Mean number

of emerged
F1 adults% mortality development

(g/100
g grains) after 10 days period (days)
2 93.8a 33.0a 0.5a
5 94.2a 330a O.3a
10 94.7a 34.0a O.3a
Control 5.5b 33.0a 106.8b
Mean of four replicates; column values having same

letter are not significantly different (P>005).

Effect of Marble Dust on Development Period
Although very few progeny emerged in the three

treatments, they developed at rates comparable to those in
the control (Table I). It appears that the waxy plug with
wh ich the female insect seals its eggs protected the few
eggs laid from deleterious effect of the experimental dust.

Effect of Marble Dust on Fecundity
Progeny emergence (Table 1) was significantly

reduced (P<0.05) by all rates of marble dust relative to
emergence in the control. This reduction mighty be due to
hindrance in mating activities (McFarlane, 1989) or
irritation response by the weevils to the dust (Finney and
Fisher, 1964). It is also probable that the insects were killed
by the dust before they could breed.

Reaction of Adult S. zeamais to the Marble Dust
(A voidance Test)
Table 2 shows results of the daily distribution of

insects between dusted and undusted grain for 7 days. The
proportion of insects recorded on or within 1.0 ern radius of
the dusted grain was consistently and significantly lower
(trr= 0.0 1) than that recorded on undusted grain. This shows
that the weevils avoided contact with dusted grain. even
though starved for 48 hrs before exposure to grains. The
results agree with the findings of other workers who tested
various inert dusts against dry wood termites (Ebeling and
Wagner. 1959) and against cockroaches (Ebeling et al..
1966). Fl progenies were few (1.5 ± 0.5) in dusted grains
compared with undusted grains (96.3 ~13.5).

Table 2. Daily distribution ofS. zeamais between
marble dust treated and untreated grains.
Time (Days) Mean" number,

of weevils on
Significance

of
t-valueUntreated srain Treated grain

1 16.0
2 15.5
3 14.0
4 15.5
5 15.3
6 16.3
7 16.8

4.0
4.5
6.0
4.5
4.8
3.8
3.3

a Mean of four replicates
* Significant at ta=O.O I.
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Pilot Seale Study
Effect of marble dust on insect population growth
Table 3 shows the number of live insects found per

500 g of maize at the beginning of the study and at
quarterly intervals. Living S. zeamais adults were virtually
absent from dusted grains for the 12 months whereas the
untreated grains had significantly higher population
(P<O.05). Tribolium castaneutn Herbst was encountered in
both treated and untreated grains all through the 12 months.
It could have evaded dust abrasion because of its relatively
harder cuticular wax (Nair. 1957).

Effect of Marble Dust on Kernel Damage
\\'ith each of the three application rates (equivalent to

2" o. 5~-o and 10% w/w), mean per cent kernel damage was
not significantly different from that of the initial reference

3
sample (Table 4), and the grains remained aesthetically
valuable and marketable all through the 12 months of
study. Conversely, grains in the control were severely
damaged and by the 9th month they had to be discarded
due to severe perforation and caking. Golob et al. (1982)
while studying the effect of dolomite dust on stored maize
in Malawi observed an increase in kernel damage in
treatments during the rainy compared with the dry season.
This was not observed in the present study probably
because the polythene lining used reduced moisture
imbibition by the marble dust.

Table 3. The effect of marble dust on insect population at quarterly intervals after treatment
Storage period Rate applied Meana number /500g grain
(months) (% w/w) Live S. -elllllrli~ Live T. castaneum
O(initial sample) - 5.3a 3.0
3 2 O.Ob 1.3

5 O.Ob 1.7
10 O.Ob 2.0

12.0
6 3.7

2.7
4.3

22.3
9 3.3

3.7
3.0

12

Control 455.3c
2 0.3b
5 0.3b
10 0.3b
Control 1016.0d
2 0.3b
5 0.3b
10 0.3b
Control
2 0.3
5 0.3
10 0.3
Control

3.3
2.7
3.0

a Mean of three replicates; column values followed by the same letter are not significantly different (P>0.05).

Table 4. Effect of treatment with marble dust on grain damage, weight loss, grain moisture content and viability at
Quarterly intervals Rost-treatment
Storage Rate applied Mean" % Mean wt Mean % Mean%
Period (%w/w) grain per 1000ml moisture germination
unonths) damage cooteot (g)
(Reference sample) - 10.3a 762.3a 12.1 b 69.7a
3 2 10.7a 731.3b 11.1a 64.3a

5 10.3a 729.7b 110a 65.7a
10 10.3a 730.0b 11.0a 67.3a
Control 43.7b 650.7b 16.3c 24.4c

6 2 10.7a 729.7b 12.4b 54.3b
5 10.7a 730.3b 12.3b 55.4b
10 10.3a 730.3b 12.3b 55.7b
Control 60.3b 592.3c 27.7b 1.3c

9 2 11.3a 728.7b 12.7b 44.3d
5 10.7a 731.0b 12.3b 45.3d
10 10.3a 731.7b 12.3b 45.7d
Control

12 2 11.7a 727.0b 12.7b 40.9d
5 11.0a 728.3b 12.4b 42.3d
10 10.7a 730.0b 12.3b 43.3d

a Mean of three replicates; column values having same letter are not significantly different (P>0.05).
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Effect of Marble Dust on Weight Loss and Grain Moisture
There was significant weight loss (P<0.05) ranging

between 4.1 % and 4.3% in the first quarter (in the dry
season) in the treated grains compared with 14.6% weight
loss in untreated gr~ins (Table 4). The grain weight
stabilized without further substantial decrease from the
second quarter when the rains became well established.
Similarly, the treated grains lost moisture ranging between
0.98% and 1.02% in the first quarter but regained it from
the second quarter during the rains Crable 4). This indicates
that the dust absorbed grain moisture in dry weather. This
result is comparable to that of Patourel (1986) who studied
the effect of grain moisture on the toxicity of silica dust.

Effect of Marble Dust on Seed Germination
Viability declined gradually from the first quarter to

the end of the study (Table 4). It is apparent the decline has
no correlation with the level of insect infestation and
damage: it may be due to some genetic property of the
stored grains.

Metallic Ion Content of Marble Dust
Table 5 shows the metallic ions present in the marble

dust. Poisonous heavy metals like lead and cadmium were
absent. Calcium ion (16.5%) seems to be the most common
in the dust. Calcium, which is a key element in the marble
dust, is important in bone formation and in the activity of
the nervous and muscular systems (Kimball, 197-1). Since
there are huge marble deposits in different parts of Nigeria
(Raw Materials Update. 2(03), marble dust has bright
prospects of being integrated with other control measures
for grain weevils in Nigeria.

Table 5. Proportion of metallic ions in the
marble dust evaluated
Cations %

Calcium (Ca2+)
Iron (III) (Fe3+)
Magnesium (Mg2+)
Aluminum (AI3+)
Sodium (Na+)
Potassium (K+)
Cadmium (II) oxide (Cd2+)
Lead (II) (Pb2

')

Zinc (II) (Zn2+)
Copper (II) (Cu2+)
a NO = Not detected.

16.510
4.483
0.706
4.403
0.104
0.158
NO*
NO*
3.262
1.462
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