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Abstract
Maize ranks with wheat and rice as one of the vierbthief grain crops. However, the safety of thgportant
food crop is threatened by pests such as insemdents and moulds which results from inapproprdteage
methods. Insect pest infestation accounts for aB0t80% of all food crop losses. This study wasiedrunder
ambient laboratory conditions of 32£Q@ and 72-88% r.h to determine the effectivenessheftriple-layer
hermetic bag in controlling the maize weeSitophilus zeamais (Mot) on three varieties of maize (Obatampa,
Abrodenkye and Kamangkpong). Five (5) kilogram&ath variety with three replicates were infesteth \&sD
S zeamais and stored for three (3) months in three differtgpes of bags (hermetic, Polypropylene and Jute).
Destructive sampling was done monthly to deterntireemoisture content, viability of each variety ameight
loss after storage. Percentage damage of grairiodBezeamais was assessed on the different types of storage
bags. The results show that the high yielding Obptawas more susceptible $ozeamais than the two local
varieties; Abrodenkye and Kamangkpong. Damage, hteigss and germination rates were significantly
(p=: 0.0017 higher in the polypropylene and jute bags thanhttrenetic bags. These were also dependent on the
length of storage. The triple-layer hermetic bagseneffective again§ zeamais and could be used for storage
of maize.
Keywords: Maize weevil Stophilus zeamais; Triple-layer hermetic bag; Polypropylene; Jute.

1. Introduction

1.1 Maize production and importance of storage in Ghana

Maize is the most important cereal in Ghana anbdsstaple food for about 90% of the population.

Average annual production increased from 141,00@ientonnes in 1983 to 533,000 metric tonnes in3199
(PPMED, 1993) and currently stands at 1,871,700icnnes (ISSER, 2011).

As maize can be stored for longer periods than coaps, it is a very important crop during thenesason.
Post-harvest grain storage in Ghana and other ol@wgl countries of the world is a major constraiiaize
price is one of the most important factors thaluierfice its storage in Ghana. Maize deficit aress ekperience
these price hikes. Such areas usually experierice jpicrease of over 200% to 300% from the mairvéstrto
lean season (SRID, MOFA, 2006). Stored maizetéckéd by 20 different species of insect pestsiiog the
maize weevil, Stophilus zeamais (Mots.) (Coleoptera: Curculionidae) and the larggain borer (LGB),
Prostephanus truncatus (Horn) (Coleoptera: Bostrichidae). Recently, isHzeen reported that 9% postharvest
losses are due to insect and mite infestation wde; suggesting a need to make strenuous effocoirol
them (Vachanth et al., 2010). In Ghana, about 208»nual maize and cowpea production are loSt mamais
(Owusu-Akyaw, 1991).

The maize weevilS. zeamais (Figure 1) occurs throughout warm, humid regiomsiad the world, especially in
locations where maize is grown. It commonly attacksze before and after harvest, and is also asacivith
rice. Insect pest damage to stored grain resultmajor economic losses to farmers throughout theldvo
(Obeng-Ofori et al, 1997). These losses are divanskintense, and it is estimated that approximateé-third
of the world’s food crop is damaged or destroyednisects during growth, harvest and storage.

Besides contamination with the insect bodies aadsfrthe food substrate can be exposed to quithia¢sire
released from the thoracic and abdominal deferem®dgl (Kabir et al., 2011).

Currently, insect control in stored food produatties heavily on the use of gaseous fumigants asuiuwal
contact insecticides (White, 1995; Obeng-Ofori, Z@011). The widespread use of synthetic chemitatsled

to some serious problems, including developmemesiktant insect strains and health hazards to guaidlers
(Zettler and Cuprus, 1990; White, 1995; Obeng-Oébral., 1998). Annual grain losses of up to 50%éreals
and 100% in pulses have been reported (Obeng-C#0dil), although average losses stand at roughy 20
(Obeng-Ofori, 2011). This calls for better storaystems to protect grains and other food cropscehdine
hermetic storage technology.
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Hermetic simply means airtight. The origin of hetimés lost in antiquity. Modern hermetic storaghieh was
pioneered by Calderon and Navarro (1980) consi$ta sealed storage system containing a modified
atmosphere. This technique is based on the prancipbenerating an oxygen-depleted, carbon diogittiched
interstitial atmosphere caused by the respiratibthe living organisms in the ecological systemao$ealed
storage structure (Donahaye and Navarro, 2001; @Bdari, 2011). The low permeability envelope mains a
constant moisture environment. Food stored heralgticemains fresh and tasty; seeds maintain thigiour
and their ability to germinate.

The current triple layer hermetic bag (Figure Zhtlogy was developed by the Purdue Universitiyjgrove
upon the storage of cowpea which has proven vdegtife. It consists of two sealed plastic (polydtine) bags
placed inside a third bag which is made of wovelomyr polypropylene for strength

—l

Figure 1:S. zeamais

Figure 2: 50kg Triple-layer Bag
(Source: Villerst al., 2006)

This research investigates the effectiveness ofrtpke layer hermetic bag and two other converglestiorage
bags in controlling the maize weeditophilus zeamais.

2. Materials and Methods

2.1 Sudy site

The study was conducted in the laboratory of theécAh Regional Postgraduate Program in Insect Seien
(ARPPIS), University of Ghana, Legon in the Greadiecra Region of Ghana from October, 2011 to March,
2012.

2.2 Source of maize varieties and insects for laboratory studies

Maize with an average moisture content of 14.2 waschased from farmers during the harvesting period
(August-September, 2011) in Wa (Northern Ghana) dedhiman (middle belt). Moisture content was
determined using a Digital Grainmaster (Protimetidyree different varieties of maize (Obatampa,odlenkye
and Kamangkpong) were used. Obatampa is an impreseety where as Abrodenkye and Kamangkpong are
local varieties. The main reason for choosing theva varieties for the study is that they are thestm
commonly cultivated varieties in many parts of tweintry. They have also been reported to be highdiyig,
very nutritious and mature earlier than other \ase

Stophilus zeamais was collected from infested stock of grains atNfslina market, Accra and reared on whole
maize grains at 28 €, 65% relative humidity and 12L: 12D photo regif@safo, 1998; Bonu-Ire, 2001). The
weevils were placed in a plastic bowl covered aithlylon mesh and left under the sun for three htwukdl all
mite-infected ones. The survivors were washed in sBdium hypochlorite solution. The insects werenthe
washed in water and dried by placing them on fifteper before introducing them into a glass jartaioing
5009 of sterilized maize. The grains where stexilin a refrigerator for 24 hours before steriligin an oven at
40°C for six hours as recommended by Bonu-Ire (2084ter two weeks of oviposition, the parent stockswa
removed using an aspirator and killed by freezBwythis, insects of the same cohort were alwaydabla for
the research.
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2.3 Characteristics of bags used

The hermetic three layer bags were supplied by-trem for Agricultural Research in Africa, (FARA)rough
Bioplastics (a local manufacturer of plastic andrer products in Ghana). Each triple layer bag istsisf two
plastic bags (made of polyethylene) put inside iedthag made of woven polypropylene to give addiio
protection and strength. The bags were 100um thic# measure 86cm x 157cm in width and length
respectively. Ordinary bags made of polypropylefegtilizer sack) and jute sacks were used for thetrol.
These were bought from Madina market for the expeni.

2.4 Effectiveness of triple-bagging in controlling S zeamais

Five (5kg) kilograms of each maize variety wasiptit each bag and infested with 50 unse&ezkamais (3 to

7 days old). These were replicated three timesstéoedd for three months. Each bag was tightly seatel was
kept unopened for 3 months. In all there were gleamental units. Destructive sampling was doneye2@®
days for three months to determine the weight Ipessentage damage and the germination potenttakagrain

in the various bags. Damage at the end of everytimeas determined by taking a random sample ofgt@ihs
using the cone and quarter method. Bored graine s&parated from whole grains and their numbersesspd

as a percentage using the formula by Adams andI®oh(1978). At each sampling period, the grairesev
sieved out from the various bags and mixed thorbyugrhe Thousand Grain Mass method as described by
Boxal (1986) was then used to assess weight losses.

2.5 Germination potential and vigour

The determination of the germination capacity (@ viability) was carried out by a method recomnezhty
the International Seed Testing Association (ISTBQD). The viability test was done before and afterage in
the field using a random sample of 100 grains cheaariety and replicated four times. Emerged segsliwere
counted after 7 days and expressed as a percentage.

3. Results and Discussion

3.1 Moisture content changes and Germination potential

Data collected were subjected to Analysis of Varéansing GenStat"%dition. Grain germination data showed
significant differencesp(=0.001) within grain varieties, storage periods amghtments as shown in figure
3.There is a high significant difference (p<0.00&}ween hermetic storage and the conventional imatggms
of viability. This makes hermetic triple-bagging raceffective in preserving seed viability than titker bags,
hence confirming the results of Donaha&yel, (2001).

80.00 -
70.00 - /\’
60.00 -

50.00 - .\'_1

ermination potential

40.00 - =o—Hermetic
30.00 - == Jute
.
~ 20.00 - \ Polypropylene
=] "
= My
= 10.00 -
E
= 0.00
1 2 3

Duration of storage (months)

Figure 3: A graph showing the viability of grains infested wih S. zeamaisand stored in different bags over
a 3 month period.
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At the start of the experiment, the water contdnhe grain varieties was 13-14.2% (wet basis) civigradually
rose with time to reach an equilibrium with the.rrhaintained in the enclosures assisted by thectdies
hydration of the grains from the atmosphere.

The increase in grain moisture content was aldadnted by transpiration caused by insects, edpediaring
the last month of storage when the density exce&@60 insects per kg in the controls (Polypropyland jute
sacks). This phenomenon was previously observe®tiwrmaputraet al. (1994) and Fourar-Belaifaet al.
(2010)with a very highS. zeamais population density on corn.

A significant increase of moisture content was oles@ in the infested Obatampa and Abrodenkye. \tfidse
two varieties, after 90 days storage, the very lidhlt insect populations (1000-1300 insects pé&rckgsed a
rise in moisture content of 2%—5% and an increagemperature inside the grain samples.

Germination capacity was found to be dependenthenstorage duration. Whatever the conditions afagi,
germination capacity decreased with storage tinsepi@viously established for malting barleillis and
Roberts, 1980aNVoodset al., 1994 Jacobsemt al., 2005. The presence of infestation also negativelyuirficed
germination as observed by many authétewe, 1973 Fleurat-Lessard and Poisson, 19Bdura and Sinha,
1984 Fleurat-Lessard, 2002This acceleration in germination decay couldabeentuated in situations where a
progressive increase of moisture content lead$i¢ofarmation of a hot-spot (e.g. in the infestedataimpa
variety after a three-month storage period undgh hih.).

3.2 Effectiveness of triple-bagging in controlling S. zeamais

Insect population dynamics, damage and weightw@ssused to determine the effectiveness of thewartags
in controlling S. zeamais. Damage data showed a very high significant diffee (p<0.001) between the
hermetic bag and the two conventional bags as shwvigure 4. The graph shows an upsurge in danbgde
zeamais in the jute and polypropylene bags where as inthal hermetic storage treatments, damage levels
decreased as the storage period prolonged. Data tlie weight loss analysis shows a very high sicpnitt
difference (p<0.001) between the hermetic bag hedcbnventional bags as shown in figure 5. Thiseisause
the respiratory activities of the weevils and thairg itself leads to the depletion of @nd a buildup of Cgn
the sealed triple-bags resulting in asphyxiatiod awentual mortalities of the weevils thereby reédgcor
truncating damage. This confirms the results ofi€ain and Navarro (1980) and Donahaye et al. (2001)
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Figure 4: A graph showing the damage caused k. zeamaisin different bags over a 3 month period.
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Figure 5: A graph showing the weight loss in percentage cautdy S. zeamais in different bags over a 3
month period.

Very few insects were detected either by sieving®hidden stages in the hermetic bags as comparie
controls. The rate of increase &fzeamais populations was mainly dependent on both the Inaigstorage time
for adults and hidden stages. Neither the temperatfi storage nor the grain moisture content lichitee
development of the weevils in the controls. Accogdto Hagstrum and Milliken (1988), the order ofatiee
influence of factors on the development of ninectge of beetles including. zeamais is represented by
temperature as the principal factor, followed bg thater content, then by the food source. In aat, tthese
three factors were set at near optimum. The reshlisv that the triple-layer hermetic bag is effeztagainss.
zeamais and can be used for effective storage of grains.
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