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Abstract 
A study on AgroZ airtight bag was conducted against two major storage insects under simulated farmers' 
storage practice. Two (2) lots of 50kg white maize of Pioneer variety were put into AgroZ bag and polypropylene 
woven bag to serve as a control. Four replications of each bag type were used. In each bag, 50 adults of unsexed 
larger grain borer, Prostephanus truncatus, and maize weevil, Sitophilus zeamais, each were introduced. AgroZ 
bag had one liner placed inside polypropylene bag to provide support and handling convenience. Each liner 
had been tested for air tightness before use. The AgroZ bags were securely tied to ensure airtightness thus 
leading to a hermetic environment. The bags were then randomly placed in a barn on pallets in a randomised 
complete design (RCD). Sampling was done every 4 weeks up to 24 weeks. A 500g sample was initially taken 
using a compartmented long spear probe from each bag for baseline data, and subsequent ones at 4, 8, 12, 20 
and 24 weeks. Repeated sampling from the same storage device reflected farmer practices of opening the device 
at regular intervals to draw grain for use as household food. Gas analysis in AgroZ bags showed oxygen level 
dropping rapidly to 7% within 4 weeks and later increased gradually to 10% at 12 weeks. Conversely, carbon 
dioxide level increased sharply to 10% and declined gradually to 9% over the same period. The number of insects 
and percentage damaged grains between AgroZ bag and polypropylene bag significantly differed from 12th 
week to 24th week. AgroZ bag outperformed the polypropylene bag commonly used by farmers and 
conveniently protected maize from insect infestation within the 6-month storage period.  

Introduction 
Maize (Zea mays L.) is a major grain staple in Sub-Saharan Africa that provides calories and income 
for many households (Zia-Ur-Rehman, 2006). Whereas the crop is harvested every season, 
substantial amount of the grain is lost to insect pests during storage because to control these pests 
remains a challenge to resource-poor smallholder farmers. This is aggravated by lack of effective, 
appropriate and affordable storage devices (Baributsa et al., 2014). As a result of insect feeding, 
damage, and contamination, the volume of stored grain and quality, grain value, and marketability 
is reduced (Affognon et al., 2015). To avoid the risk of losing the harvested crop to insect pests, some 
farmers sell their maize early at low price while others treat it with dilute insecticidal dusts, but 
satisfactory protection is never achieved (Obeng-Ofori, 2011). The major insect pests of stored maize 
are the larger grain borer, Prostephanus truncatus (Horn), and the maize weevil, Sitophilus zeamais 
Motschulsky (DeGroote et al., 2013). The former is the most damaging pest, and in endemic areas 
causes weight loss estimated at 30% while the maize weevil causes 10-20% weight loss when 
untreated maize is stored in traditional structures (Boxall, 2002; Mutambuki & Ngatia, 2012; Likhayo 
et al., 2016). 

Hermetic storage technology offers farmers’ effective alternative for protection of stored maize 
against insect pests. The technology functions by creating modified atmospheres around the grains 
through physical and biological means to retard the activity and survival of insects in the stored 
grain (Anankware et al., 2012). In recent years, the technology has received much attention by the 
private sector as the means of safeguarding stored grain because it is cheaper compared to metal 
silo and safe (Murdock et al., 2003). Currently, there are two hermetic bags available commercially, 
namely, Purdue Improved Crop Storage (PICS) and GrainPro bags. Whereas these bags effectively 
control storage insect pests of crops such as maize (DeGroote et al., 2013), cowpeas (Moussa et al., 
2014) and beans (Mutungi et al., 2015), the plastic film (liner) has been found perforated (Garcia-Lara 
et al., 2013; Martin et al., 2015; Likhayo et al., 2016) thus compromising the integrity of the bags. With 
changing behaviour of insect pests, it is imperative to continually evaluate novel and newer 
hermetic bags to address this concern. Hermetic grain storage bags of 100kg or less capacity offer 
smallholder farmers the desired flexibility and control of their produce. AgroZ bag is a low 
permeability plastic bag developed by A to Z Textile Mills Ltd (Tanzanian manufacturer) for the 
storage of maize and pulses against postharvest insect pests.  

In an effort to contribute to the Public-Private Partnership, the manufacturer submitted samples of 
AgroZ bags to KALRO-Kabete for local validation through a structured evaluation. The aim of this 
study was therefore to validate the efficacy of the bag in protecting stored maize against the larger 
grain borer and other important storage insect pests under field conditions.  
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Materials and methods  
The field trial was conducted at Kiboko sub-centre, about 200 km from KALRO-Kabete, along Nairobi 
Mombasa highway. The choice of the site was due to prevalence of the larger grain borer and a barn 
where simulation of farmers’ storage condition was adopted. Two (2) lots of 50kg white maize of 
Pioneer variety (H614D) that had been fumigated was put into AgroZ bag and polypropylene 
(farmer) bag to serve as a control. Four replications of each bag type were used. In each bag, 50 
adults of unsexed P. truncatus and S. zeamais each (based on 1 adult insect per kg) were introduced. 
AgroZ bag had one liner placed inside polypropylene bag to provide support and handling 
convenience. Prior to placing the liners in polypropylene bags, they were tested for air tightness or 
leakage by filling the air to form a pouch before compressing them with both hands. The AgroZ 
bags were securely tied to ensure airtightness thus leading to a hermetic environment. Any bag that 
leaked was discarded. The bags were then randomly placed in a barn on pallets (dunnage) in a 
randomised complete design (RCD). Sampling was done every 4 weeks up to 24 weeks. A 500g 
sample was initially taken using a compartmented long spear probe from each bag for baseline 
data, and subsequent ones at 4, 8, 12, 20 and 24 weeks. Repeated sampling from the same storage 
device reflected farmer practices of opening the device at regular intervals to draw grain for use as 
household food.  

Each grain sample was sieved to separate dust from insects and grain. Grain moisture was 
determined using Dickey-John Multi-Grain® moisture tester (Dickey-John Corporation, Aurburn, IL, 
USA) (wet basis). Moisture content was measured at the beginning of experiment and at every 
sampling time.  Three readings of each sample were taken, and the average recorded. The sample 
was then divided using a riffle divider until four sub-samples of approximately 65g were obtained.  
Grains in three of the sub-samples were sorted into undamaged, damaged, discoloured, and broken 
grain categories which were counted and weighed.  The damaged grain was expressed as a 
percentage of the total grain in the sub-sample. The fourth sub-sample was reserved for reference.  
Percentage grain moisture content, number of live adult insects, and percentage grain damage 
were parameters used to judge the efficacy of each treatment. Upon termination of the trial, the 
hermetic bags were inspected for perforation (holes) made by adult P. truncatus and the number of 
holes recorded. 

Statistical analysis 
The number of insects was log10 (count +1) transformed, while percentage moisture content and 
damaged and discoloured grain data were square-root transformed in order to stabilize the 
variances. The transformed data were analysed using General Linear Model procedure of GenStat 
Release 12.1 (VSN International Ltd 2009), with bag type and storage period as main effects. Insect 
counts, grain moisture content, and percentage damaged grains at each time-point post-treatment 
were the response variables. Significant differences between the means were separated by Tukey 
test at P<0.05. However, for ease of understanding untransformed means are presented. The means 
of gas composition levels at each sampling time-point were computed. 

Results 

Effect of bag type on grain moisture content 

There were significant differences (F1, 33 =16.43; P<0.001) in grain moisture content between bag 
type and storage period (F5, 33 =21.82; P<0.001) but the interaction was not significant (P>0.05). 
Although significant differences were observed, the moisture content did not change markedly 
between bag types throughout the entire storage period and, remained below the recommended 
limit of 13.5% (Table 1). The grains stored in polypropylene bag (12.1%) and AgroZ bag (12.3%) 
recorded almost same moisture contents after 24 weeks of storage, respectively. 

Table 1: Mean percentage (±SE) grain moisture content changes during storage 
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Bag Type Storage period (weeks) 
0 4 8 12 20 24 

AgroZ 12.3 ± 0.2cd 11.9 ± 0.0a 12.4 ± 0.0cd 12.6 ± 0.0d 12.3 ± 0.0cd 12.3 ± 0.0bcd 
Polypropylene 12.2 ± 0.0bcd 11.6 ± 0.0ab 12.1 ± 0.1bc 12.5 ± 0.0cd 12.1 ± 0.1bc 12.1 ± 0.0bc 

Means within the same column or row followed by the same letter are not significantly different at P = 0.05 
level (Tukey test) 

Effect of bag type on adult insect counts (both live and dead) 

In this study P. truncatus, S. zeamais, and Tribolium castaneum (Herbst) were detected. At the start of 
the trial, the maize did not have emergent infestation. Interaction effect between treatment and 
storage duration was significant (F5, 33 =73.6; P<0.001). AgroZ bags supressed increase in insect 
population compared to control (polypropylene) bags. On all sampling occasions starting at 12 
weeks, least number of adult insects was recorded in the grains stored in AgroZ bags (Table 2). 
Significant numbers of insects became evident starting from 12th week of storage in the 
polypropylene (4) bags (Table 2). At the end of the trial, holes perforated by P. truncatus were 
detected in AgroZ bags. Two replicates had 3 and 4 holes each while the other 2 had no holes hence 
only half of the plastic liner bags used were perforated.  

Table 2: Mean number (±SE) of adult insects (both live and dead) per grain sample 

Bag Type Storage period (weeks) 
0 4 8 12 20 24 

AgroZ 0 ± 0f 2 ± 0de 1 ± 0ef 2 ± 1d 2 ± 1de 1 ± 0def 
Polypropylene 0 ± 0f 1 ± 0ef 2 ± 2de 4 ± 0c 10 ± 0b 16 ± 1a 

Means within the same column or row followed by the same letter are not significantly different at P = 0.05 
level (Tukey test) 

Effect of bag type on grain damage 

There were significant interaction differences (F5, 33=185.3; P<0.001) between treatments and 
storage duration. Grain damage for the treatments is presented in Table 3. At the start of the trial, 
the maize showed little damage. From 12 weeks’ storage duration, no further grain damage was 
detected in AgroZ bags (Table 3). In contrast, grain damage in the control bags increased steadily 
from 8th week of storage and reached 11.7% at the end of the trial. If by the 24th week the damage 
was adjusted by subtracting the baseline damage, actual damage for AgroZ bag was only 1.1% 
compared to 10.4% for polypropylene bags.  

Table 3: Mean percentage ((± SE) grain damage due to insect infestation during storage 

Bag Type Storage period (weeks) 
0 4 8 12 20 24 

AgroZ 1.6 ± 0.2hi 2.0 ± 0.2gh 2.2 ± 0.1efg 2.5 ± 0.2ef 2.8 ± 0.2de 2.7 ± 0.2de 
Polypropylene 1.3 ± 0.2i 1.8 ± 0.1ghi 3.1 ± 0.2d 5.7 ± 0.1c 8.4 ± 0.2b 11.7 ± 0.2a 

Means within the same column or row followed by the same letter are not significantly different at P = 0.05 
level (Tukey test) 

Changes in gas composition in AgroZ bag 

Although the storage period was 24 weeks, gas composition levels in AgroZ bags was only 
measured for 12- week storage period (Figure 1). Gas composition levels determined after closing 
the bags at the onset of the storage were 20.7 ± 0.0% oxygen and 0.9 ± 0.0% carbon dioxide. Oxygen 
level dropped rapidly to 6.7 ± 0.1% within four weeks and thereafter increased gradually to 10.7 ± 
0.1% at 12 weeks. Carbon dioxide level on the other hand increased sharply to10.3 ± 0.1% then 
declined gradually to 8.9 ± 0.1% within the same period. 
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Figure 1: Oxygen and carbon dioxide levels in AgroZ bag over 12 – week of maize storage. Data shown are 
means ± standard error for four replications. 

Discussion 

Smallholder farmers store their maize grain to assure supply between the harvests. However, factors 
such as use of improved susceptible varieties and the spread of the exotic storage insect pest like 
the larger grain borer (P. truncatus) could negatively impact effective storage practices. Despite 
farmers applying insecticides and traditional protective measures, fewer achieved satisfactory 
control of the insect pests. Grain damage due to insect infestation is a serious concern that threatens 
food security and livelihood of rural farmers. 

The modified environment created by respiration of th maize grains and insects effectively 
suppressed insect survival and as a consequence stopped grain damage. Low oxygen levels and 
enhanced carbon dioxide of inter-granular atmosphere is the basis of insect infestation suppression 
in hermetic storage. Evidently, extreme oxygen depletion and carbon dioxide build-up levels were 
not achieved in the AgroZ bags probably due to opening of the bags during sampling. The 
depletion of oxygen and build-up of carbon dioxide is a function of, among other elements, storage 
containers; insect population; grain moisture; and gas-tightness. Development of a low oxygen 
environment is very slow in the absence of insects and predominance of dry grains (<13% moisture 
content), even in containers where high standard of gas-tightness is achieved. This is attributed to 
low aggregate oxygen demand in the containers (Moreno-Martinez et al., 2000). Other studies, 
however, reported gradual decrease of oxygen to 8.4% within 30 days in clean maize stored without 
insect infestation under hermetic conditions (Moreno-Martinez et al., 2000). Further, Ng’ang’a et al. 
(2016) reported that oxygen level dropped to 4.9% and carbon dioxide increased to 10.5% within 
the first seven weeks of on-farm storage of maize in PICS bags. The gas composition levels reported 
in this study did not differ markedly from those documented by these researchers suggesting 
hermeticity of AgroZ bags is comparable to that of PICS bags. 

This study has demonstrated significant grain damage in maize stored in polypropylene bags 
compared to that which was stored in AgroZ Plus bags. A study by Njoroge et al. (2014) reported 
3.4% grain damage when maize (variety H614D) was stored in PICS bags in the presence of P. 
truncatus at ambient conditions for six months. The same maize variety was used in the current 
study, and a difference in grain damage reported (0.9%) is very small to be important. Therefore, the 
grain damage recorded by AgroZ bags compares well with that of PICS bags. Although insect pest 
multiplication was not very high in the control bags as expected, the grain damage levels observed 
were mainly a result of insect infestation attributed to favourable ambient conditions. Conversely, 
multiplication of insect pests was drastically reduced in AgroZ bags because of the modified 
environment (low oxygen and high carbon dioxide levels) within the bags. 

Upon termination of the trial, inspection showed physical damage (perforation) of AgroZ bags. 
These bags are made of tougher polyethylene (PE), 90 µm thick, with good gas and water barrier 
properties. Therefore, grain volatiles would not be released to the outside to elicit movement of 
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insects into the bags looking for food while the insects inside the bags died due to depleted oxygen 
levels (hypoxia).  Although the holes were evident to the naked eye, their examination by use of 
hand-held magnifying glass showed that the scratch and tear were less marked around the holes 
on the side from which the insects perforated the liner, an indication of exit holes (Riudavets et al., 
2007). The holes might have been made by P. truncatus attempting to escape from the bags when 
exposed to oxygen-depleted environment.  P. truncatus has the ability to bore through hard 
materials such as a 35mm thick plastic (Li, 1988). The holes were made near the bottom of the bags. 
The holed bags therefore failed to attain air-tight conditions resulting in ineffective control of the 
storage pests. The observation is in agreement with that made by Ognakossan et al. (2013 – not in 
References) when maize was stored in PICS bags for 150 days and 180 days in SuperGrain™ bags (De 
Groote et al., 2013). Cowpea bruchid Callosobruchus maculatus F. (Coleoptera: Bruchidae) was found 
to bore PICS bags during storage in Niger (Baoua et al., 2012) but the hermetic condition was not 
completely lost because of the imperforated second liner.  

Conclusion and Recommendation 
AgroZ plastic bag effectively prevented insect multiplication, changes in moisture content, and 
grain damage as demonstrated in the field trial. Without perforations or a few as observed in the 
trial, the bag maintained air-tight condition leading to death of insects and hence translating into 
very minimal grain damage. Owing to this good performance, AgroZ bag is recommended as a 
storage grain protectant against storage insect pests. 
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Rodents are the second most important storage problem after insects during on-farm maize storage 
in Kenya, and the greatest storage problem in the lowland tropical agro-ecological zone. However, 
there is limited information on the actual magnitudes of food lost, and food safety issues associated 
with rodent grain damage. Such information would help to improve maize postharvest 
management. Farmer stores were monitored over 3 months under natural infestation conditions to 
quantify actual weight losses due to rodents. Rodent trapping was also carried out to determine 
rodent species associated with the losses and their population. Additionally, samples of rodent-
damaged and non-damaged grain were analysed for total mould count (CFU/g), mould incidence, 
total aflatoxin contamination, proximate content, and amino-acid and fatty acid profiles. 
Cumulative weight losses ranged from 2.2 to 6.9% in shelled maize grain, and from 5.2 to 18.3% in 
dehusked cobs during 3 months of storage. Rattus rattus was the only rodent species captured over 
the whole trapping period with a trap success rate of 0.62 -10%. Total mould count and Fusarium 
spp. incidence were significantly higher in rodent-damaged grains than in the non-damaged ones 
(P= 0.001; P= 0.011, respectively), whereas no significant difference was observed for Aspergillus 
spp incidence (P=0.239) and total aflatoxin contamination (P = 0.077). Contents of methionine, 
valine, proline and all fatty acids were significantly lower in the rodent-damaged grains.  
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