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Abstract

Three grain forms (whole grains, broken grains and wholemeal ¯our) of three improved varieties
(ICMV-N89305, GB8735 and Sosat) developed at ICRISAT (Patancheru, India), one cultivar which
originated in Zimbabwe (Zimbabwean dwarf) and two local cultivars (Ex-borno and Gwagwa), of pearl
millet were compared for their susceptibility to the rust-red ¯our beetle (Tribolium castaneum ) under
tropical storage conditions. The biological e�ects of Piper guineense seed oil were also investigated on T.
castaneum con®ned on similar forms of millet (Ex-borno) contained in ventilated or unventilated
devices. Mortality of adult ¯our beetles was signi®cantly higher on whole grains of GB8735 (99.7%),
Gwagwa (92.3%) and Ex-borno (77.7%) stored in unventilated glass jars than on whole grains of
Zimbabwean dwarf (52.7%) stored in a similar device. The number of adult progeny was signi®cantly
higher in wholemeal ¯our than in broken grains; the number in broken grains was signi®cantly higher
than that in whole grains. Development of the beetle was signi®cantly longer in GB8735 than in
Zimbabwean dwarf and the overall susceptibility of Zimbabwean dwarf was signi®cantly higher than
that of ICMV-N89305. Susceptibility of the cultivars increased with decreasing grain particle size;
susceptibility indices for the whole grains, broken grains and wholemeal ¯our were 2.52, 12.14 and
14.16, respectively. Signi®cantly fewer beetles developed in grains/products treated with P. guineense
seed oil than in untreated grains/products. The unventilated glass jar retained the biological e�cacy of
the two lower dosages (20 and 40 mg/10 g) of P. guineense seed oil signi®cantly more than the ventilated
clay pot or polypropylene sack. 7 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Pearl millet, Pennisetum glaucum (L.) R. Brown is a major staple diet in the sahelian regions
of many tropical and subtropical countries (Gupta and Singh, 1996; Lale et al., 1998). In
Nigeria, between 3.1 and 4.0 million tonnes of pearl millet, representing 12.7% of total world
output, are produced on a land area of about 34.8 million hectares (Anon, 1979a,b; FAO,
1989). Williams et al. (1983) reported that at least 13% of the output of millet is stored by
farmers to provide a steady supply for domestic food requirements and as the only source of
seed for subsequent crops.
Research e�orts directed at increasing pearl millet production consist mainly of genetic

improvement in yield and increasing the level of pest and disease resistance of pearl millet
accessions (e.g. Gartan et al., 1988; Thakur et al., 1989). With increased grain production,
however, comes the necessity for storage of excess millet grain. In comparison with maize
(corn) for which a number of storage practices have been proposed to limit pest infestation,
little has been published on e�ective methods for the control of storage insect pests attacking
pearl millet. This situation may have arisen as a result of the belief that pearl millet grains
store well (Purseglove, 1988). This notion is likely to be untrue since in a survey carried out as
far back as 1975, Williams et al. (1983) reported that 55% of the farmers interviewed in Kano,
Nigeria, used insecticides on their stored millet.
Pearl millet is susceptible to a similar spectrum of pests to that attacking maize in

storage and in most cases su�ers similar levels of damage (Haines, 1991). For instance,
FAO (1989) reported about 10% loss each in stored grains of millet, maize and sorghum
in Nigeria in 1987/88. In Ghana where millet is stored mostly unthreshed, losses of pearl
millet in storage are minimal (Tanzubil and Yakubu, 1997). Tanzubil (1991), however,
reported that damage is usually high if millet is threshed and stored. In Nigeria, millet is
normally threshed prior to storage and losses estimated at over 4 million US dollars are
incurred annually (FAO, 1989). Threshing consists of pounding harvested millet heads
with a pestle in a mortar and then winnowing. The method is accompanied by varying
degrees of grain breakage and this predisposes grains to infestation by secondary storage
pests such as Tribolium castaneum (Herbst) and Cryptolestes ferrugineus (Stephens)
(Appert, 1987; Haines, 1991). In addition, millet is milled like other cereals into ¯our for
various culinary uses and this bene®ts the major insect pest in stored millet ¯our, the
rust-red ¯our beetle, T. castaneum (Haines, 1991).
In order to limit the damage caused by T. castaneum to threshed millet, Lale et al. (1998)

proposed the cultivation and storage of varieties with natural or genetically-induced resistance.
The method has been e�ective in the control of the major beetle pests of stored maize
(Ivbijaro, 1981; Kossou et al., 1993; Serratos et al., 1993; Al-Yahya, 1995; Kang et al., 1995;
Throne et al., 1995).
Today, the use of synthetic insecticides for the protection of stored crop products has

declined signi®cantly due mainly to high cost and to drastic reduction or complete withdrawal
of subsidy by governments in developing countries (Lale, 1995). The application of plant-
derived insecticides for the protection of stored cereals and pulses is currently one of the major
foci of research in many developing countries. Research, however, appears to have been
concentrated on the protection of high value crops such as maize, cowpea and groundnut
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especially in tropical Africa (e.g. Olaifa and Erhun, 1988; Lale, 1993, 1994; Schmidt and
Streloke, 1994; Okonkwo and Okoye, 1996). Of the plants screened so far, the e�cacy of Piper
guineense Schum and Thonn seed oil against the maize weevil (Sitophilus zeamais Motschulsky)
and other insect pests attacking maize in storage has been widely reported (Su, 1977; Lale,
1992; Odeyemi, 1994; Okonkwo and Okoye, 1996).
This study reports the relative susceptibility of whole grains and processed products of six

cultivars of pearl millet to T. castaneum in Nigeria. It also reports the biological e�ects of the
seed oil of P. guineense on T. castaneum in millet grains/products stored in ventilated and
unventilated devices.

2. Materials and methods

2.1. Insect rearing and sources of millet cultivars

The colony of T. castaneum used for the study was established from a batch of infested
millet and was subsequently reared on broken grains of a locally available cultivar of pearl
millet (Ex-borno) and on wholemeal ¯our derived from the same cultivar under prevailing
storage conditions (32±358C and 55±67% r.h.). Experiments were also conducted under these
conditions.
Of the six pearl millet cultivars screened, three (GB8735, ICMV-N89305 and Sosat) were

bred at the International Crops Research Institute for the Semi-Arid Tropics, one
(Zimbabwean dwarf) originated in Zimbabwe and two (Ex-borno and Gwagwa) are local
cultivars grown commonly in the sudano-sahelian zones of Nigeria. These cultivars were
obtained from the Lake Chad Research Institute, Maiduguri, Nigeria. The cultivars di�ered in
their seed characteristics: seed colour varied between shades of green or brown; seed size
ranged from 2.73 mm in Zimbabwean dwarf to 4.04 mm in Sosat; and 100-seed weight ranged
from 660 mg in Zimbabwean dwarf to 970 mg in GB8735 (Table 1).

2.2. Survival of adult ¯our beetles on di�erent millet cultivars

Five grammes of whole grains of each of the six pearl millet cultivars were weighed into a
100 ml glass jar and ten 7±10-day old unsexed adults of T. castaneum were introduced. The lid
was then replaced and the insects were allowed to feed for 10 days. This experiment was laid
out in a completely randomized design replicated six times.
On day 10, surviving and dead insects were counted and the proportion of dead insects was

expressed as a percentage of the total number originally introduced. Percentage data were arc
sine transformed before subjecting them to one-way ANOVA and di�erences between means
were compared using Duncan's multiple range test (DMRT) at the 5% level of signi®cance.

2.3. Development of T. castaneum on millet grains and processed products

In this experiment, undamaged grains were selected from a batch of each pearl millet
cultivar to constitute the whole grain category. Broken grains were produced from a batch of
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pristine grains of each cultivar by pounding gently with a pestle in a mortar while wholemeal
¯our from each cultivar was obtained by milling grains in an electric milling machine (Phillips
model).
Ten grammes of each grain form for each cultivar were weighed into 100 ml glass jars

identical to those used in the previous experiment. Ten female and ®ve male 7±10-day old T.
castaneum adults were then introduced into each jar containing pearl millet grains or their
products and the lid was then replaced. This experiment was laid out in a complete
randomized block design replicated three times. Female beetles were allowed to oviposit for 14
days after which all insects were removed.
Adult progenies that developed in each grain form for each cultivar were counted over a

period of 14 days. Beetles in the ¯our were obtained for counting by sieving the ¯our using a
sieve of an appropriate size (0.5 mm2). Developmental period was determined by calculating
the total number of days from the day oviposition began to the day when the ®rst adult
progenies appeared. Susceptibility index (SI) as reported by Dobie (1974) was also determined
for each grain form and for each pearl millet cultivar. Damaged grains in a sample of 50 seeds
taken randomly from each replicate were counted and expressed as a percentage of the 50
seeds in each sample. Percentage data were arcsine transformed and the entire data set was
then subjected to one-way or two-way ANOVA. Means were compared using DMRT as in the
previous experiment.

2.4. Extraction of P. guineense seed oil

Dry seeds of P. guineense were obtained from a local market in Maiduguri (northeastern
Nigeria) and ground to ®ne powder using a co�ee blender. One thousand grammes of the
powder was weighed into a thimble bag and extracted for 6 h in 3 litres of hexane using a
Soxhlet extractor maintained at the temperature of 68.78C by means of a heating mantle. This
process yielded 300 ml of the seed oil which was collected into a 1 litre glass jar and stored at
room temperature.

Table 1
Seed characteristics of pearl millet cultivars screened against infestation by Tribolium castaneuma

Cultivar Seed colour Seed size (mm)b 100-seed weight (mg)c

Zimbabwean dwarf Light green 2.73a 660a
Sosat Light brown 4.04d 830e
ICMV-N89305 Light brown 2.97ab 810d

Ex-borno Greyish green 3.49c 700c
Gwagwa Light green 3.26bc 670b
GB8735 Light green 3.16b 970f
SED ± 0.12 1.25

a For each set of comparison, means followed by the same letters are not signi®cantly di�erent according to Dun-
can's multiple range test at the 5% level.
b Means are based on 10 seeds.
c Means are based on 4 replicates of 100 seeds each.
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2.5. Toxic e�ect of the seed oil on T. castaneum adults

Whole grains, broken grains and wholemeal ¯our obtained from pearl millet in a manner
similar to that described in the previous experiment were used to assess the toxic e�ect of P.
guineense seed oil on T. castaneum adults. Ten grammes of each grain form were weighed into
a 100 ml glass jar and admixed with 0.2 ml of analytical grade acetone containing 20, 40, 60 or
80 mg of P. guineense seed oil. Grains/products in control jars were admixed with 0.2 ml of
pure acetone. The contents of the jars were stirred until the acetone completely evaporated.
Fifteen 7±10-day old unsexed T. castaneum adults were introduced into each jar and the lid
was then replaced. This experiment was laid out in a complete randomized block design
replicated three times. Mortality was assessed after 20 days and the data were analysed as in
the previous experiments.

2.6. E�ect of the seed oil on development of T. castaneum

Similar weights of the same three grain forms were treated with a similar range of dosages
(20, 40, 60 and 80 mg) of P. guineense seed oil in glass jars as in the preceding experiment, 2.5.
After evaporating o� the acetone, ten females and ®ve males 7±10-day old T. castaneum adults
were introduced into each of the jars containing millet grains/products already treated with the
various dosages of seed oil in 0.2 ml of acetone or with 0.2 ml of pure acetone in the case of
control seeds/products. The lids of the jars were then replaced. This experiment was also laid
out in a complete randomized block design replicated three times.
On day 30, all introduced insects were removed. Adult progenies that developed in each

replicate during the 120-day storage period were counted. Data obtained were analysed as in
the previous experiments.

2.7. In¯uence of storage devices on e�cacy of seed oil

The broken grain form produced as described in earlier experiments was used for this
experiment. Ten grammes of broken millet grains were treated with 20, 40, 60 or 80 mg of P.
guineense seed oil in 0.2 ml of acetone or 0.2 ml of pure acetone in the case of control seeds.
After evaporating o� the acetone, seeds treated with each of the dosages of the seed oil or with
pure acetone were put into the 100 ml glass jar used in previous tests (unventilated), 100 ml
wide-mouthed clay pot (ventilated) or a polypropylene sack bearing several 0.5 mm2 holes
(ventilated).
Ten females and ®ve males of a similar age of T. castaneum adults were then introduced

onto the grains contained in each of the storage devices. The lids of the glass jars were
replaced; the mouths of the clay pots were screened with mesh cloths held in place by rubber
bands; and the open ends of the sacks were zipped. On day 30, introduced insects were
removed. Adult progenies that developed in each replicate during the 120-day storage period
were counted and data obtained were analysed as in the previous experiments.
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3. Results

3.1. Survival of adult beetles on di�erent millet cultivars

The mortality of adult ¯our beetles was signi®cantly higher on whole grains of GB8735 and
Gwagwa than on whole grains of ICMV-N89305, Sosat and Zimbabwean dwarf. Mortality
was also signi®cantly higher on GB8735 than on Ex-borno and mortality on Ex-borno was
signi®cantly higher than on Zimbabwean dwarf (Table 2).

3.2. Development of T. castaneum on millet grains and processed products

Percentage damage in whole grains of Zimbabwean dwarf was signi®cantly higher than in
whole grains of any of the other cultivars (Table 2). The percentage of seeds damaged by T.
castaneum was signi®cantly higher in Gwagwa than in GB8735.
The numbers of adult beetles that developed on the di�erent millet cultivars across the grain

forms were not signi®cantly di�erent. Signi®cantly higher numbers of beetles developed in ¯our
than on broken grains; and signi®cantly more developed on broken grains than on whole
grains. For each cultivar, signi®cantly more adults developed in ¯our than on broken grains
and whole grains supported signi®cantly fewer o�spring (Table 3). However, the di�erence
between the numbers of beetles that developed on whole grains of the di�erent millet cultivars
was not signi®cant. Broken grains of Ex-borno or Zimbabwean dwarf harboured signi®cantly
higher numbers of beetles than broken grains of ICMV-N89305 but not GB8735, Gwagwa or
Sosat. For the wholemeal ¯our, ICMV-N89305 produced signi®cantly more beetles than Ex-
borno, Gwagwa or Zimbabwean dwarf and milled Ex-borno harboured signi®cantly fewer
beetles than GB8735 or Sosat.
The developmental period of T. castaneum was signi®cantly longer on whole grains than on

broken grains or ¯our and developmental period was signi®cantly shorter in Zimbabwean
dwarf than in GB8735 (Table 4). Development of the beetle on whole grains of Gwagwa or

Table 2
Mean percentage of Tribolium castaneum adults that died on whole grains of pearl millet cultivars and percentage of
seeds damaged after 40 days storagea

Cultivar Percentage mortality Percentage seed damage

Zimbabwean dwarf 52.7 (46.6)a 13.2 (21.3)c
Sosat 60.0 (51.0)ab 6.4 (14.7)b
ICMV-N89305 62.7 (52.4)ab 3.8 (11.3)ab
Ex-borno 77.7 (61.8)bc 5.3 (13.3)ab

Gwagwa 92.3 (73.9)cd 7.8 (16.2)b
GB8735 99.7 (86.9)d 2.0 (8.1)a
SED 6.7 2.3

a Figures in parentheses are arcsine values to which SED is applicable. For each set of comparison, means followed
by the same letters are not signi®cantly di�erent according to Duncan's multiple range test at the 5% level.
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GB8735 was signi®cantly slower than development on Zimbabwean dwarf; and development
on whole grains of GB8735 was also signi®cantly slower than development on whole grains of
ICMV-N89305. In broken grains or ¯our, di�erences in development times of the beetle were
not signi®cant among the cultivars (Table 4).
Susceptibility indices indicate that Zimbabwean dwarf (SI=10.23) was more susceptible than

ICMV-N89305 (SI=8.85) (Table 5). In all cultivars, susceptibility signi®cantly increased with
decreasing particle size of the grains. Whole grains of Gwagwa, Zimbabwean dwarf and Sosat
were signi®cantly more susceptible than whole grains of GB8735. Susceptibility of broken
grains of ICMV-N89305 (SI=11.18) was signi®cantly lower than that of GB8735 (SI=12.79).

Table 3
Mean number of adult progenies of Tribolium castaneum that developed in whole grains and processed products

derived from di�erent millet cultivarsa

Grain form

Cultivar Whole Broken Flour Mean

Zimbabwean dwarf 5.3a 133.0c 179.0de 105.8a
Sosat 5.3a 110.0bc 210.7e 108.7a
ICMV-N89305 3.7a 80.0b 233.7f 105.8a

Ex-borno 3.3a 123.3c 161.3d 96.0a
Gwagwa 5.7a 110.0bc 186.3de 100.7a
GB8735 2.3a 110.3bc 211.7e 108.1a
Mean 4.3a 111.1b 197.1c

a SED=7.5 (Grain form); SED=10.6 (Millet cultivar); SED=18.4 (Interaction). For each set of comparisons,
means followed by the same letters are not signi®cantly di�erent according to Duncan's multiple range test at the

5% level.

Table 4
Mean developmental period (in days) of Tribolium castaneum in whole grains and processed products derived from

di�erent pearl millet cultivarsa

Grain form

Cultivar Whole Broken Flour Mean

Zimbabwean dwarf 34.3a 25.0d 25.0d 28.1a
Sosat 41.0ab 25.0d 25.0d 30.3ab
ICMV-N89305 39.3ab 25.0d 26.7d 30.3ab
Ex-borno 41.3ab 25.3d 25.0d 30.6ab

Gwagwa 45.7bc 25.3d 25.0d 32.0ab
GB8735 51.0c 25.0d 25.0d 33.7b
Mean 42.1a 25.1b 25.3b

a SED=1.4 (Grain form); SED=2.0 (Millet cultivar); SED=3.5 (Interaction). For each set of comparisons, means
followed by the same letters are not signi®cantly di�erent according to Duncan's multiple range test at the 5% level.
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3.3. Toxic e�ect of P. guineense seed oil on T. castaneum adults

A signi®cantly higher percentage of beetles died on grains treated with the seed oil than on
untreated grains but mortality was signi®cantly higher on grains treated with 80 mg of the seed
oil than on grains treated with 20, 40 or 60 mg (Table 6). There were no deaths in untreated
pearl millet grains or their products. At each dosage, percentage mortality was signi®cantly
higher on whole grains than on broken grains or in ¯our and with only an occasional

Table 5
Mean indices of susceptibility of whole grains and processed products derived from six cultivars of pearl millet

infested with Tribolium castaneuma

Grain form

Cultivar Whole Broken Flour Mean

Zimbabwean dwarf 3.29b 12.17cd 15.23fg 10.23b
Sosat 2.96b 12.46cd 14.02efg 9.81ab
ICMV-N89305 2.31ab 11.18c 13.06ed 8.85a

Ex-borno 2.26ab 12.27cd 14.11efg 9.55ab
Gwagwa 3.00b 11.97cd 14.22efg 9.73ab
GB8735 1.28a 12.79d 14.29efg 9.45ab
Mean 2.52a 12.14b 14.16c

a SED=0.28 (Grain form); SED=0.40 (Millet cultivar); SED=0.69 (Interaction). For each set of comparisons,
means followed by the same letters are not signi®cantly di�erent according to Duncan's multiple range test at the

5% level.

Table 6
Mean percentage of Tribolium castaneum adults that died in pearl millet grains and processed products protected

with Piper guineense seed oila

Form of pearl millet grains

Dosage (mg/10 g seed) Whole Broken Flour Mean

Control 0.0 0.0 0.0 0.0

(0.0)a (0.0)a (0.0)a (0.0)a
20 26.7 8.8 0.0 7.7

(31.1)b (17.3)ef (0.0)a (16.1)b

40 77.4 11.3 15.1 32.4
(61.6)c (19.6)e (22.9)e (34.7)c

60 84.5 2.9 12.4 28.7
(66.9)c (9.8)f (20.6)e (32.4)c

80 100.0 19.7 19.8 54.5
(90.0)d (26.4)e (26.4)e (47.6)d

a SED=2.62 (Dosage of seed oil); SED=4.53 (Interaction). Figures in parentheses are arc sine values to which
SED is applicable. For each set of comparisons, means followed by the same letters are not signi®cantly di�erent
according to Duncan's multiple range test at the 5% level.
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exception (at 20 mg/10 g), there were no signi®cant di�erences among mortalities in broken
grains and ¯our.

3.4. E�ect of P. guineense seed oil on development of T. castaneum

During the 120-day storage period, a signi®cantly higher number of adult progeny developed
in untreated millet grains/products than in treated grains/products (Table 7). Development of
the beetle signi®cantly decreased with increasing dosage of the seed oil but the di�erence
between 60 and 80 mg was not signi®cant. At each dosage of the seed oil, signi®cantly fewer
beetles developed on whole grains than in broken grains or ¯our. Signi®cantly fewer beetles
developed in untreated broken grains and broken grains treated with 20 mg of the seed oil
than in untreated wholemeal ¯our and wholemeal ¯our treated with 20 mg of the seed oil,
respectively.

3.5. In¯uence of storage devices on e�cacy of P. guineense seed oil

Millet grains/products protected with P. guineense seed oil were infested signi®cantly less by
T. castaneum than untreated grains/products and infestation decreased with increasing dosage
of seed oil (Table 8). At each dosage of P. guineense millet grains/products stored in the
unventilated glass jar were infested signi®cantly less by adult ¯our beetles than grains/products
stored in the ventilated clay pot or polypropylene sack. For each storage device, infestation
decreased with increasing dosage of seed oil.

4. Discussion

The results show that Zimbabwean dwarf was more susceptible than ICMV-N89305 and that
developmental period of T. castaneum in the former cultivar was signi®cantly shorter than in

Table 7
Mean number of Tribolium castaneum adults that developed during a 4-month storage period in pearl millet grains
and processed products protected with Piper guineense seed oila

Form of pearl millet grains

Dosage (mg/10 g seed) Whole Broken Flour Mean

Control 57.0a 196.0c 374.3g 209.1a
20 21.7ab 140.0d 190.0h 117.2b

40 8.3b 84.3ej 113.0j 68.6c
60 0.0b 53.7ef 44.7ef 32.8d
80 0.0b 35.3f 45.7ef 27.0d

a SED=8.43 (Dosage of seed oil); SED=14.61 (Interaction). For each set of comparisons, means followed by the
same letters are not signi®cantly di�erent according to Duncan's multiple range test at the 5% level.
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GB8735. Percentage damage in whole grains of ICMV-N89305 or GB8735 was also
signi®cantly lower than in Zimbabwean dwarf. It is also indicated that whole grains were
signi®cantly more resistant to infestation by T. castaneum than broken grains or wholemeal
¯our. Resistance in ICMV-N89305 and GB8735 may be due to the mechanical barriers
provided by the testae and the hardness of the grains. This view is corroborated by the fact
that although the di�erences in seed size between ICMV-N89305 (2.97 mm) and Zimbabwean
dwarf (2.73 mm) was insigni®cant, the di�erence in their 100-seed weight was highly signi®cant,
being 810 mg for ICMV-N89305 and 660 mg for Zimbabwean dwarf (Table 1). The materials
forming the endosperm are perhaps more tightly packed in ICMV-N89305 and GB8735 than
they are in Zimbabwean dwarf thus making ICMV-N89305 and GB8735 harder than
Zimbabwean dwarf. Harder endosperms would make it more di�cult for T. castaneum to feed
and this may result in poor development.
Throne (1993) reported that the productivity of C. ferrugineus on undamaged maize kernels

was lower than on damaged kernels and coarsely cracked maize, and concluded that sound
grain was relatively resistant to infestation by this secondary pest. In a more recent study,
Dudu et al. (1996) reported that milled and broken forms of three di�erent oilseeds were
signi®cantly more susceptible to infestation by the merchant beetle, Oryzaephilus mercator
(Fauvel) than previously undamaged seeds. In the present study, whole grains were signi®cantly
more resistant to infestation by T. castaneum than broken grains or wholemeal ¯our in all the
millet cultivars screened. Secondary storage insect pests are known to develop better on
damaged seeds than on sound seeds and T. castaneum in particular develops more successfully
on ¯our derived from cereal grains (Haines, 1991).
Toxicity of P. guineense seed oil to T. castaneum adults was signi®cantly higher on whole

millet grains than on broken grains or in ¯our. This suggests that toxic amounts of the seed oil
are acquired primarily by direct contact with the oil. Whole grains may have provided a better
opportunity for the insects to pick up lethal amounts of the seed oil than broken grains or
¯our by retaining the oil on the surface. This observation is in conformity with the ®nding of
Obeng-Ofori and Reichmuth (1997) who reported that eugenol obtained from the essential oil
of Ocimum suave (Wild.) was more toxic to four species of stored product Coleoptera when

Table 8

Mean number of Tribolium castaneum adults that developed during a 4-month storage period in pearl millet grains
and processed products protected with Piper guineense seed oil and stored in ventilated and unventilated devicesa

Storage device

Dosage (mg/10 g seed) Glass jar Clay pot Propylene sack Mean

Control 298.3ae 464.0d 383.7g 380.3a
20 173.7bf 307.0e 298.0e 259.6b
40 131.3b 193.7f 289.0e 204.7c

60 26.0c 64.0ch 168.7bf 86.2d
80 13.7c 43.3ch 90.3h 49.1e

a SED=15.85 (Dosage of seed oil); SED=27.45 (Interaction). For each set of comparisons, means followed by the
same letters are not signi®cantly di�erent according to Duncan's multiple range test at the 5% level.
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admixed with whole grains than when the insects were con®ned on ®lter papers impregnated
with eugenol. Exposed endosperm and ¯our particles are also highly absorbent materials and
much of the oil applied may thus become unavailable to the beetles.
Treating pearl millet grains/products with P. guineense seed oil signi®cantly reduced their

susceptibility to T. castaneum infestation in storage through increased mortality and reduced
progeny development. The insecticidal and insectistatic e�ects of P. guineense seed oil on
di�erent species of stored product beetles have been reported in previous studies and the oil is
reported to owe its biological activity to the alkaloids piperine, chavicine and piperidine
contained in the seeds (Dalziel, 1937; Cobley and Steele, 1976; Su and Sondengam, 1980;
Grainge and Ahmed, 1988; Lale, 1995).
Storage in the unventilated glass jar provided a signi®cantly better protection of pearl millet

against T. castaneum infestation than storage in the ventilated devices (clay pot and
polypropylene sack). In addition, the unventilated glass jar enhanced the biological e�cacy of
P. guineense seed oil by preventing loss of the oil through volatilization which is a
characteristic feature of essential oils. This e�ect has been reported in previous studies on other
species (Lale, 1993, 1994); much better control of coleopteran pests can be obtained in
unventilated than in ventilated devices.
The results of the present study have also shown that undamaged and broken grains as well

as ¯our derived from pearl millet grains are vulnerable to infestation by T. castaneum in
storage albeit to varying degrees. This beetle caused damage in whole millet grains ranging
from 2.0% in GB8735 to 13.2% in Zimbabwean dwarf after only 40 days storage. Grain and
¯our quality though not measured in this study, may also have been substantially reduced.
The following conclusions could be drawn from the ®ndings of this study. Modi®cation or

complete change of the method of threshing pearl millet (which involves pounding millet
heads) is required. Application of P. guineense seed oil has great potential for safe storage of
pearl millet against T. castaneum infestation. Pearl millet grains or their products pre-treated
with the oil especially at the rate of 80 mg/10 g (8 g/kg of grain) and stored in unventilated
devices could be adequately protected against T. castaneum infestation in Nigeria and other
millet-growing areas of sahelian Africa and Asia. The use of P. guineense seed oil for the
control of insect pests in stored food commodities is unlikely to result in serious health hazards
in consumers because P. guineense is an edible spice and presently constitutes an integral part
of the diets of many Africans and Asians. Furthermore, the amounts of the seed oil that
remain on grains after storage for 1±3 months are too small to be harmful to consumers.
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