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Abstract 

The aim of this study was to determine the effect of sealing methods, grain volume and lighting candle in metal 
silo for the control of Prostephanus truncatus in stored maize. Metal silos with 100 kilograms holding capacity 
were loaded with 90 kilograms of grain, in-let and out-let were covered with lids and sealed either with rubber 
band, grease, rubber band combined with grease and lid without sealing (control). The control suffered highest 
grain damage of 6.6% and weight loss of 1.9% compared to metal silo sealed using rubber band combined with 
grease which had grain damage 4.5% and weight loss 0.6%, thirty-five days after storage. Metal silo sealed with 
rubber band combined with grease had significantly higher CO2 level of 2.1% v/v than the control 0.5% v/v. In a 
separate experiment, metal silos with: 90 kilograms of grain, with and without lighted candle; 45 kilograms of 
grain, with and without lighted candle and a polypropylene bag with 90 kilograms of grain were compared. 
Ninety days after storage, grain stored in all metal silos regardless of grain volume and candle lighting suffered 
the least weight loss 0.2% to 1.1%, and damage 4.1% to 10.5% compared to grain in polypropylene bags which 
had the highest loss 7.3% to 25.3% and damage, 28.9% to 37.5%. All metal silos irrespective of grain volume 
and candle lighting during storage had 100% insect mortality while in control the number of live P. truncatus 
increased from 100 to 1786, ninety days after storage.  Proper sealing of metal silo with either rubber band or 
grease and use of lighted candle effectively controlled P. truncatus in stored maize irrespective of grain volume. 

Keywords: carbon dioxide, maize, metal silo, post-harvest loss, Prostephanus truncatus 

1. Introduction 

Postharvest losses estimated at 30% are because of postharvest insect pests, poor and ineffective storage 
technologies accessible at all levels along the maize value chain (Songa & Irungu, 2010). Larger grain borer, 
Prostephanus truncatus (Horn) is the most serious pest of on-farm stored maize grain causing over 30% weight 
loss (Boxall, 2002; Mallya, 1992). P. truncatus caused 67% weight loss compared to 6.9% caused by Sitophillus 
zeamais in a period of 90 days in a laboratory experiment (Tefera et al., 2011b). Chemical, biological and 
cultural methods have been explored to manage P. truncatus but none is efficient and cost effective (De Groote et 
al., 2013). Pesticides have been used to manage P. truncatus but have negative effects on human health 
environment and non-target organisms (Sambarashe et al., 2013; Musa et al., 2009). Pesticides are costly and 
require frequent application thus farmers who cannot afford pesticides are forced to dispose their produce soon 
after harvest at lower market prices (Kimenju et al., 2009). Globally, metal silos have been promoted as 
alternatives for pesticide use in managing storage pests (Tefera et al., 2011a; De Groote et al., 2013; Quezada et 
al., 2006). They are cheap, effective and environmental friendly with a shelf-life of over 10 years (Hellin & 
Kanampiu, 2008; CIMMYT, 2009). They allow storage of grain for long periods while maintaining grain quality 
(Tefera et al., 2011a; FAO, 2008).  

In sub-Saharan Africa, small scale farmers use their maize as a source of food and income. They sell part of their 
grain to meet their various needs at different times of the year, affecting the volume of the grain left in the metal 
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silo. Adoption of metal silos to store on-farm maize will ensure food and income security to small holder farmers 
who can store their maize for a longer period and sell their produce at higher prices in the market. For effective 
control of storage pests, metal silos should be properly managed during storage. A survey done in Central America 
showed that farmers incurred losses of up to 20% due to poor silo management practices (POSTCOSECHA, 
2011). In Africa, metal silo is being promoted with proper sealing and depletion of oxygen with locally available 
materials to maintain its hermetic condition. Rubber bands derived from worn-out vehicle tyres and wax candle 
burning are employed as sealing agent and oxygen deplete, respectively. There is, however, no empirical 
evidence so far on the efficacy lighting candle and rubber sealing on the level of damage and loss of grain in 
metal silos.  We argue that the type of materials used to seal the in-let and out-let lids of the metal silo may 
affect the effectiveness of the metal silo to control storage pests and maintain grain quality. This paper, therefore, 
reports on different methods of sealing and lighting candle in metal silos on P. truncatus survival and grain in 
stored maize.  

2. Materials and Methods 

2.1 Experimental Site 

The on-station experiment was conducted at Kenya Agricultural and Livestock Research Organization (KALRO) 
and International Maize and Wheat Improvement Center (CIMMYT) Kiboko postharvest insect pest laboratory 
(latitude 2o1′S, longitude 37o7′E and altitude 975 m above sea level) at ambient room conditions with mean 
temperature of 26±2 oC and relative humidity of 57±5%.  

2.2 Grain Preparation 

Freshly harvested hybrid maize grains were bought from farmers in the area and used for the experiment. For 
insects rearing in the laboratory, freshly harvested hybrid H513 was obtained for KALRO/CIMMYT kiboko 
station farm. The grains were cleaned by sieving to remove dirt, dust, fine materials, mouldy and shrivelled 
kernels and dried in the sun to 10-12% moisture content. It was fumigated with Phostoxin tablet (55% aluminum 
phosphide, 45.0% inert material) in sealed plastic drums for seven days to disinfest it from any possible sources 
of infestation before the start of the experiment and use in the laboratory. After fumigation, the grain was 
thoroughly mixed and aerated through sieving 24 hours before use to avoid residual effect of phosphine gas in 
the grain.  

2.3 Insect Culture 

Adult P. truncatus were obtained from KALRO/CIMMYT Kiboko postharvest insect pest laboratory where the 
experiment was conducted. They were reared on freshly harvested maize grain of susceptible hybrid H513 in the 
laboratory, where four hundred grams of the grain was put in 1.5 litre glass jars covered with perforated lids. 
Two hundred unsexed P. truncatus adults were introduced into each glass jar. After ovipositing for ten days, all 
adult insects were removed by sieving glass jar contents using 4.7 and 1.0 mm sieves (Endecotts Limited, UK) to 
separate the dust, grain and insects. The grain where the adults had oviposited was kept in clean aerated 1.5 litre 
glass jars and monitored daily for progeny emergence. Those that emerged on the same day were transferred to 
fresh grain in 1.5 litre glass jars and kept in the incubation room at 28±2 oC, 65±5% relative humidity and in a 
12:12, light: dark regime until sufficient number of insects were obtained. Ten-day old adult P. truncatus were 
used in the experiment (Tefera et al., 2010).  

2.4 Treatments 

Metal silos with a holding capacity of 100 kg, made of galvanized metal sheet of 24-inch gauge fabricated 
locally by trained tinsmith were used (Figure 1). The joints were sealed by capillary soldering using tin-lead 
(50/50) solder and a soldering iron to ensure that they were airtight (CIMMYT, 2011). The metal silos were 
designed to have a knob that was fitted five centimeters from the neck of the metal silo and covered with an 
elastic rubber cork.  
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Figure 3. Weekly carbon dioxide trend in metal silos filled with maize grain and sealed with different sealing 
methods 

 

3.1.2 Percent Grain Damage and Weight Loss  

Sealing methods significantly affected percent weight loss (F3, 12 = 0.015; P < 0.05) compared to the control 
while grain damage (F3, 12 = 0.25; P < 0.05) did not differ significantly. Grains stored in the control suffered the 
highest weight loss (1.9%) and damage (6.6%) compared to metal silo sealed with rubber band combined with 
grease which had the least weight loss (0.6%) and grain damage, 35 days after storage (4.5%) (Figures 4 and 5).  

 

 
Figure 4. Grain damage (%) in metal silo sealed with different sealing methods 

Note. The bars with different letter (s) across the graph are significantly different at P < 0.05.  
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3.2.3 P. truncatus Mortality and F1 Progeny Emergence 

Significant differences were observed in P. truncatus mortality (F4, 15 = 0.001; P < 0.05) and F1 progeny 
emergence (F4, 15 = 0.001; P < 0.05) in all treatments after storing maize for ninety days (Table 3). There was 
100% P. truncatus mortality in all glass jars as well as in the metal silos with and without lighted candle 
irrespective of grain volume. In control, the number of live P. truncatus increased from 100 to 1537 in the glass 
jar and increased from 100 to 1786 in the polypropylene bag.  

The control had the highest mean of F1 progeny (56) that emerged from the grain in the glass jar and F1 progeny 
(191) which emerged from the grain in the polypropylene bag after incubating for 56 days (Table 3). About 4 to 
7, F1 progeny emerged from grain stored in the metal silo without lighted candle irrespective of the grain volume. 
No F1 progeny emerged from grains stored in metal silo with lighted candle.  

 

Table 3. Mean number of dead and live P. truncatus and F1 progeny emerged in maize grain stored in glass jars, 
metal silos and polypropylene bags for 90 days 

Treatments 

Glass jars Metal silos & Polypropylene bag (control)

No. of  
dead LGB

No. of  
live LGB 

No. of  
F1 progeny

 
% Mortality 

No. of  
live LGB 

No. of 
F1 progeny 

Metal silo with 90 kg grain and lighted candle 100±0.2a 0±0.03a 0±0.01a  100±0.01a 0±0.02a 0±0.01a 

Metal silo with 45 kg grain and lighted candle  

Metal silo with 90 kg grain without candle 

Metal silo with 45 kg grain without candle 

Polypropylene bag (control) 

100±0.2a 

100±0.2a 

100±0.2a 

247±0.03b

0±0.03a 

0±0.03a 

0±0.03a 

1537±3.1b

0±0.01a 

0±0.01a 

0±0.01a 

56±1.0d 

 100± 0.01a 

100± 0.01a 

100± 0.01a 

534±0.06b 

0±0.02a 

0±0.02a 

0±0.02a 

1786±3.1b 

0±0.01a 

6±0.04b 

7±0.04b 

191±2.1c 

Note. Means followed by the same letters within a column are not significantly different.  

 

4. Discussion 

In this study, oxygen level in metal silos sealed with rubber band, rubber band combined with grease and grease 
alone reduced below the normal level (21%) in the atmosphere while carbon dioxide increased with time to over 
10 times the normal CO2 level (0.038%) in the atmosphere. Calderon and Navarro (1980), and Murdock et al. 
(2012) reported metabolic activities of the insects, microorganisms and grain respiration in hermetic storage 
utilize oxygen and increase carbon dioxide production leading to insect mortality due to desiccation. In this study, 
production of CO2 in the metal silos was because of using lighted candle inside the metal silos in combination 
with metabolic activities of the insect and grain respiration. The level of oxygen consumed and carbon dioxide 
produced in hermetic containers is dependent on the level of insect infestation and grain respiration. Navarro et 
al. (1994) reported oxygen levels of below 10% v/v in 180 days when 2 insects/kg were used and 5% in less than 
90 days when 8 insects/kg of grain in a liner with an oxygen ingress rate of 0.24%/day. Baoua et al. (2012b) in 
his study reported a reduction of oxygen to 3% and production of 5% carbon dioxide when an average of 24 
insect/kg of grain was used in Purdue Improved Cowpeas Storage (PICS) bags. It was observed in this study that 
the level of O2 depletion and CO2 production was low contrary to what Baoua et al. (2012b) reported in PICs 
bags. An insect infestation level of 1 insect/kg of grain was used in this study to mimic low levels of insect 
infestation that may occur naturally when the crop is still in the field. This could have contributed to the slow 
rate of O2 depletion and CO2 production in metal silos. During grain respiration, maize with high moisture 
content (23%) produced higher CO2 compared to when the moisture content was 15% because of high 
respiration rate (Ragai & Loomis, 1954; Reuss et al., 1994). In this study, the moisture content of the grain was 
10-12% and this could have lowered the rate of grain respiration and insect metabolism leading to less oxygen 
consumption and carbon dioxide production during storage. 

A negative correlation between gas composition (low oxygen and high carbon dioxide levels), weight loss and 
grain damage was observed in the metal silos. Metal silos sealed with rubber band, grease and rubber band 
combined with grease had lower weight losses and grain damage compared to the unsealed metal silos (control). 
This could be attributed to slowed insect feeding activity when O2 level in the sealed metal silos fell below the 
normal level (21%) in comparison with the control. Murdock et al. (2012), in their study observed slowed insect 
feeding activity when oxygen fell below ambient level and completely ceased when oxygen fell to 1-4% in PICS 
bags. In this study, grain damage was relatively higher than normal phenomena that could be explained by the 
fact that this maize was bought from different farmers who handled their grain differently and hence some had 
high numbers of damaged kernels including broken kernels. However, it is worth noting that the number of 
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insect damaged kernels (holed and windowed) in the sealed metal silos was far much lower compared to those in 
the control at the end of the experiment.  

Use of lighted candle inside the metal silo during grain storage assisted in quickly depleting oxygen and 
elevating carbon dioxide level in metal silos. The metal silos with lighted candle had higher CO2 and lower O2 

levels compared to the metal silos without candle, both in preliminary and the main trial. The higher level of CO2 
in metal silos with lighted candle was because of combustion, insect metabolic activity and grain respiration 
compared to the metal silos without lighted candle where CO2 production depended on grain respiration and 
insect metabolic activities only. During combustion, oxygen in the metal silo was used as carbon dioxide and 
water were being produced; C3H8 + 5O2 → 3CO2 + 4H2O + Heat and light. The presence of water which was 
produced during combustion raised humidity in the grain which in turn increased biological activities in the 
metal silo depleting O2 faster and raising CO2 level than in the metal silos without candle and the control. 
Studies by Ragai and Loomis (1954), and Reuss et al. (1994), indicated respiration rate is higher in the grain 
with higher moisture content than in low moisture content, thus raising the amount of CO2 which was produced. 
Metal silo with 45 kg had less volume of grain and more oxygen in the headspace of the container than that with 
90 kg hence higher CO2 was produced during combustion.  

Percent weight loss and grain damage in metal silos with lighted candle was lower than in metal silos without 
candle. This may be attributed to high CO2 and low O2 level which slowed down insect feeding in metal silos 
with lighted candle compared to the metal silos without candle and the polypropylene bags. Murdock et al. (2012) 
reported that insect feeding was slowed down when oxygen fallen below ambient level and the insects 
practically ceased feeding when it fell to 1-4%. Although in this study oxygen and carbon dioxide levels did not 
reach those reported by Murdock et al. (2012) in PICS bags, damage by insects in the metal silos was lower 
compared to the control (polypropylene bag). Grain volume and use of lighted candle in the metal silos affected 
LGB insects and hence the level of grain damage. Metal silos without lighted candle had the higher damage level 
than those with lighted candle after ninety days of storage. Similarly, the level of damage was slightly higher in 
the metal silos with 45 kg of grain compared to those with 90 kg. It is probably that, there was a slower rate in 
the change of gas composition in metal silos without candle, thus giving the insects more time to feed than in 
metal silos with lighted candle. In metal silos with less volume, there was more oxygen in the headspace and this 
took time to deplete thus enabling the insects to feed more than in the higher grain volume. This agrees with 
similar observations by Pattison (1970), and Navarro et al. (1994) where they reported that, partially filled drums 
have large headspace and insects can cause grain damage before oxygen levels are reduced to a level that would 
prevent insect development. Hermetic containers should be filled as close to the brim as possible to avoid large 
air space to grain ratio which may not reduce oxygen to levels that can effectively control pest populations 
(USDA, 2009). The number of insect damaged grains was low in the metal silos with lighted candle than those 
without lighted candle. In the control (polypropylene bag), grain damage was highest with Sitophilus zeamais 
and Tribolium casteum invading the grain after 90 days of storage. The invasion was a result of the insects 
gaining access to the grain when the polypropylene bag was damaged by the larger grain borer. 

Use of lighted candle in the metal silos during storage affected the levels of CO2 and O2 in the metal silos 
quickly killing the adult females before they could oviposit the eggs. Hence no progeny emerged in the metal 
silos with lighted candle after exposing the grain to favourable temperature of 28±2 oC, relative humidity of 
65±5% in the incubation room. Synergistic effect of low O2 and high CO2 in hermetic containers deprives insects 
of air and water leading to their death (Murdock et al., 2012). Irrespective of grain volume, change in gas 
composition inside the metal silos led to 100% insect mortality after ninety days of storage. In this study, it is 
likely that there was carbon monoxide gas produced during incomplete combustion that may have occurred when 
the candle was lit in an enclosed metal silo. In other studies, the presence of carbon monoxide gas in the head 
space of hermetic containers used to store grain and legumes have been reported (Reuss & Pratt, 2001; Whittle et 
al., 1994). Contrary to the metal silos with lighted candle, F1 progeny emerged in metal silos without candle after 
the grain was exposed to temperature of 28±2 oC and relative humidity of 65±5% in the incubation room (Tefera 
et al., 2011b). It is supposed that there was a slow rate of CO2 which was produced in metal silos without lighted 
candle because of metabolic activities of the insects and the respiration of grain compared to the CO2 which was 
produced by the lighted candle, metabolic activities of the insects and the respiration of the grain in the metal 
silos with lighted candle. Thus, enabling the adult females to oviposit the eggs in the metal silos without lighted 
candle before they were exposed to the lethal levels of CO2 which was produced during storage. Studies by 
Murdock et al. (2012), and Baoua et al. (2012) reported that although Callosobruchus maculatus adults died 
when the CO2 level increased, the eggs were tolerant to low O2 and high CO2 levels. In this case, the eggs could 
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survive the lethal conditions and developed when they were exposed to favourable temperature of 28±2 oC and 
relative humidity of 65±5% during incubation.  

5. Conclusion 

Irrespective of grain volume, metal silos could preserve grain quality and effectively controlled P. truncatus 
without use of insecticides. Use of lighted candle in the metal silos enhanced insect mortality by rapidly 
lowering oxygen and elevating carbon dioxide at the beginning of storage leading to little or no damage due to 
insects.  
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