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ABSTRACT 

This study determined the effects of cassava chips percentage damage, quantity of powder produced, 

products weight losses and number of adults emerged over a storage duration of 30, 60 and 90 days after 

infestations (DAI), with initial adult P. truncatus, 5, 15, 25 and 35 insects per 250 grams of cassava chips 

weight. These parameters showed significant relationships with what was obtained in most studies over the 

storage duration and the initial P. truncatus densities in small holder cassava storage to buffer gains as 

post-harvest activity. The temperatures 30-37
o
C and 68-92% r.h., favor susceptibility of the larger grain 

borer obtainable in the experimental laboratory. The pest breeds well, with high survival and increased 

damage to the commodity. This could be attributed to the starch content and the processed status of the 

cassava roots into chips with lowered cyanogenic content and lowered moisture regime. 
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1.0 INTRODUCTION 

Cassava Manihot  esculenta Crantz ( Euphorbiaceae) constitutes a major source of dietary energy for over 

500 million people in the world (Osei et al., 2009). In Africa, it is mostly used for human consumption and 

commercially for the production of animal feeds and starch based products. Cassava is primarily a source 

of carbohydrate and contains very little fat or protein. It plays a major role in the diets of the sub-region 

and contributes significantly towards effort to alleviate food crisis in Africa. Furthermore, this is because 

of its efficient production year round and availability, tolerance to extreme drought and suitability to the 

peasant farming system on the continent (Hodges et al., 2003). It has been reported that over half of the 

world’s cassava is produced in the humid and sub-humid tropics of sub-Saharan Africa (IITA, 2000). The 

larger grain borer (LGB), Prostephanus truncatus (Horn, 1878) is a major pest of cassava and other stored 

products. It causes damage to dried cassava chips by converting the stored dried chips to flour, and 

contaminates chips with frass and cadavers. Dried cassava chips are highly susceptible to attack by this 

insect (Tefera et al. 2011). 

In Africa where subsistence agricultural and livestock production supports the livelihood of majority of the 

population, yield losses caused by storage pests such as the LGB threaten food security. Insect damage in 

stored products is a serious problem in developing countries due to favorable climatic conditions and poor 

storage structures (Birkinshaw et al., 2004; Mautinte, et al., 2014). LGB remains a quarantine threat to 

cassava chips, maize and other stored products in the developing regions of the world. The phyto-sanitary 

measures that should be taken against Prostephanus truncatus in international trade have been reviewed by 

(Tyler and Hodges, 2002). 
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The insect pest has spread long distances through its movement in infested grains (Boxall, 2002; Nangayo  

et al., 2002; Nansen and Meikle 2002). Attack commences in the field during chips drying to reduce 

moisture content (Nangayo et al., 2002.).  

Cassava production and consumption often falls below demand as a result of post-harvest losses due to 

insect and pest damages (IITA, 2000; Chijindu and Boateng, 2008). The storage pests can cause losses 

either directly or indirectly through consumption of the crop or creating favorable environment for the 

establishment of secondary pests (Boxall, 2002.). These direct and indirect effects of storage pests could 

make cassava chips unfit for food and feed stuff (Rahman et al.,2003; Isman, 2006). The dried roots of 

cassava maybe readily reduced to dust by boring adults of the LGB. Average losses of 19 -30% have been 

recorded after 6 months of storage in some cases (Markham et al., 2001). 

The pest is known to primarily attack stored maize resulting in high losses (Borgemeister et al., 2003; 

Isman, 2006). An alternative strategy for the control of insect that is cost effective and environmentally 

friendly is host resistance. However, cassava is mostly selected for agronomic traits such as yield and 

duration of maturity and not for resistance to LGB. A large number of pyrethroid insecticides have been 

tested and subsequently used to control LGB (Giga and Canhao, 2001). These measures have failed to 

check losses and spread of this destructive pest, hence an extensive dependence on pesticides by farmers in 

these regions which is highly undesirable. An integrated approach to control LGB had been proposed to 

reduce the use of pesticides (Hodges et al., 2003).  

The seriousness of LGB damage to stored cassava chips varies considerably among countries. Infested 

commodities are physically destroyed and become unsuitable for human consumption and trade due to 

adults and larvae boring and damaging dry cassava chips (Boxall, 2002; Chijindu and Boateng, 2008). 

They further reported high infestation levels result in accumulation of insect metabolic excrements, fungal 

growth on stored produce and build-up of detritus in storage facilities.   

Gnonlonfin et al, (2008), also in Benin, investigated infestation and population dynamics of insects on 

stored cassava chips, and found that LGB was more prevalent with up to 90.9% of individuals and 100% 

infestation in the Northern guinea savannah. Hodges et al. (2003), reported losses up to 52.3% for 

fermented and 73.6% for unfermented cassava chips in Tanzania. This high level of damage was observed 

after a storage period of only four months. In Ghana, this beetle reduced storability of cassava chips from a 

previously acceptable period of one year or more, to between four and five months, with losses amounting 

to between 39  and 57% (Tefera et al.2011 ).  

This research critically evaluates the current damage status of the LGB, assesses losses to dried cassava 

chips in small farm holdings and measures the extent of post-harvest losses in cassava at different storage 

durations. 

 

MATERIALS AND METHODS 
This research was carried out in the Crop Production and Protection Laboratory Faculty of Agriculture and 

Life Sciences, Federal University Wukari, Nigeria  

Test insect culture 

Susceptibility of cassava chips to damage by the LGB, P. truncatus was investigated. Adult insects used in 

the study were obtained from commercial produce stores in Wukari Local Government Ultra-modern 

Market. These were subsequently cultured on pristine cassava chips for two months. The newly emerged 

unsexed adults were used for the study. 

Experimental set up 

The cassava roots were peeled and cut into approximately 3x3x1 cm and sun dried, without further 

processing (Chijindu and Boateng, 2008). These chips as obtained were then de-infested (sterilized) for 

any hidden infestation by placing them in a closed container with 2 grams of phostoxin tablet (AL2PO3) for 

seven days, and later left in the open to stabilize and remove pesticidal effects of the phostoxin for one 

week. 

The sterilized chips were weighted 250 grams each into 100cm
3
 capacity kilner jars and were artificially 

infested with the unsexed newly emerged adults at 5, 15, 25 and 35 initial infestation rates (population/ 
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250g). The lids were covered with muslin cloth to allow for adequate ventilation, prevent cross infestation 

and escape of emerged adults. The experiment had four treatments (initial infestation) observed in 30, 60 

and 90 days storage duration as practiced in the study area. The trial was laid out in randomized complete 

block design (CRD) and replicated four times. The experiment was conducted in the laboratory under 

ambient temperature 30-37
o
C, 68-92% relative humidity and 12 hours day, 12 hours night regime from the 

month of January to June 2017.    

Data collection and statistical analysis 
At the end of 30, 60 and 90 days, the infested cassava chips were sieved in the laboratory and the data on 

the following were collected: weight of cassava powder, weight of cassava chips after the storage period, 

number of cassava chips without exit holes, number of chips with exit holes, initial weight of the cassava 

chips. 

Data generated from the storage study was analyzed using analysis of variance ANOVA. The means were 

separated using Duncan Multiple Range Test (DMRT) at α ≤ 0.05 level of significance.  

 

RESULTS 

Table 1. Mean weight (g) of cassava powder produced due to P. truncatus infestation in cassava chips 

at different storage periods. 

                                                             Initial insect infestation 

Storage durations            5                                15                            25                        35 

30DAI 6.00±1.22
b
 12.50±4.21

b
 13.00±2.38

b
 17.75±1.37

b
 

60 DAI 11.25±2.09
b
 13.00±2.97

b
 15.75±2.86

b
 18.75±4.71

b
 

90DAI 15.00±5.14
b
 19.25±4.13

b
 45.50±10.97

a
 67.00±6.17

a
 

Means followed by the same letters within a column are not statistically different (p>0.05) according to DMRT. 

 

Table 1, shows the mean weight of cassava powder produced. At initial infestation of 5 insects 250g
-1

, 

powder of 6.00 grams was produced after 30 days storage duration. This however increases with increase 

in the storage duration, but are not significantly different. 

With increase in number of initial insect infestations i.e.15,25,35 insect’s 250g
-1

 chips, the mean weight of 

cassava powder produced is lowest at 30 days and highest at 90 days storage duration. However these are 

not significantly different, except for 90DAI.   

Analysis of variance for weight of powder produced due to P. truncatus infestation gave statistically 

significant differences for the duration (DAI), initial infestation and interaction between the sources of 

variation with F-values 25.52, 14.88 and 8.39 respectively. 

 
Table 2. Percentage weight loss due to P. truncatus in cassava chips after different   storage durations.  

                                                       Initial insect infestation 

Storage durations           5                               15                           25                             35 

30DAI 3.90±0.50
b
 5.10±1.70

b
 7.70±1.45

b
 8.20±0.52

b
 

60 DAI 5.90±1.14
b
 8.90±2.06

b
 8.00±1.75

b
 11.40±2.79

b
 

90DAI 7.00±2.90
b
 9.40±1.58

b
 19.20±4.41

a
 27.30±2.53

a
 

Means followed by the same letters within a column are not statistically different (p>0.05) according to DMRT. 

 

The 5 and 15 initial insect infestations; there is an increased weight loss over increase in the storage 

duration which is not statistically significant (Table 2). 

Percentage weight loss of the cassava chips increases with increase in storage duration with 7.70±1.45, 

8.00±1.75 and 19.20±4.41 respectively for 30, 60 and 90 days storage durations at the 25 initial  

infestations. However, percentage weight loss of 90 days storage is statistically significant when compared 

to 60 and 30 days. The same trend was observed at 35 initial infestations. 
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Similarly, percentage weight loss of cassava chips, gave the duration, initial infestation and interaction as 

12.32, 11.93 and 6.47 F-values, respectively, to be statistically significant (P<0.05) with high weight 

losses. 

 

Table 3. The level of damage to cassava chips due to P. truncatus at different storage durations 

                                                                Initial insect infestation 

Storage durations                5                         15                              25                           35 

30DAI 76.12±8.19
b
 40.62±8.10

b
 82.50±11.81

b
 87.50±12.50

b
 

60 DAI 85.00±9.57
b
 89.57±6.25

a
 86.07±8.95

b
 95.00±2.82

b
 

90DAI 95.82±4.17
b
 93.42±6.14

a
 97.35±2.65

b
 97.05±2.95

b
 

Means followed by the same letters within a column are not statistically different (p>0.05) according to DMRT. 

 

This table shows the level of cassava chips damaged over different storage durations. Initial infestation 

with 5 adults, had least damage (76.12±8.19) at 30 days storage duration, the highest being 95.82±4.17 at 

90 days storage duration.  

Infestation was significantly different only in 30 days storage durations for 15 adults. While no significant 

difference was found in the level of damage for 25 and 35 initial adults’ infestations. 

Source of variations for chips damage at DAI, initial infestation and interaction were statistically 

significant (P<0.05). 

 
Table 4. Mean number of adult P. truncatus that emerged from infested cassava chips after the storage 

duration (DAI) 

                                                               Initial insect infestation 

Storage durations            5                            15                           25                             35 

30DAI 7.75±0.85
b
 9.00±3.34

b
 18.50±2.10

b
 20.50±4.29

b
 

60 DAI 9.75±2.83
b
 17.25±1.65

a
 19.00±2.67

b
 28.25±2.13

ab
 

90DAI 15.75±3.56
b
 22.50±2.10

a
 24.75±2.80

b
 32.25±1.49

a
 

Means followed by the same letters within a column are not statistically different (p>0.05) according to DMRT. 

 

The number of bruchids that emerged with 5 initial adult infestations was not statistically significant 

(Table 4), while with 15 insects infestations were statistically difference was observed over the 30 days 

storage durations. 

However, adult insect emergence increased in the 35 initial infestation with the storage period, with 90DAI 

being statistically significant. F-values of 4.03, 19.46 and 3.93 were recorded for the sources of variations 

DAI, initial infestation and interactions. 

 

DISCUSSION 

Initial infestation gave low powder being produced, but as subsequent generation (F2) emerged, extensive 

tunneling of the cassava chips increases, hence more powder production as reported by Tefera et al. (2011) 

in Kenya. Percentage powder produced per 250g chips could likely result in total crop loss over the post-

harvest poor handling of cassava chips in storage. The powders produced during the insects feeding are 

contaminated with the insect’s eggs, larvae, exuviae, cadavers, frass and other excretory secretions, hence 

odorous, unattractive and unfit for human consumption.   

In this study mean percentage weight loss is pronounced, thus implying that in the absence of any post-

harvest pest management, losses due to this insect during storage can be severe, with devastating 

consequences as high losses of up to 27.30±2.53 above the critically allowable 5% dry weight loss in 

stored cassava chips, in tandem with earlier reports of Gnonlonfin et al. (2008) and Hodges (2002)  

In extreme initial pest population densities, higher results were obtained in most studies. This is 

attributable to susceptibility, processed state of the cassava chips and conducive climatic condition of 30-

37
o
C, 68-92% r.h., for rapid population build up in the stores. The results of financial losses though not 
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evaluated, but could be extremely high for small holder storage structures in rural households of tropical 

Africa.   

A damage index (perforated chips) is quantified based on extremely severe infestation by P. truncatus, 

given percentage chips damage which increases throughout the storage duration. Unlike in laboratory 

evaluations, the field damage of cassava chips cannot be under estimated (Birkinshaw et al., 2004). 

This study revealed that smallest initial density of 5 insects in 250g cassava chips can cause high damage. 

Hence the produce left over the season is sufficient to cause significant losses at the end of the traditional 

storage duration commonly 30-90 days, as corroborated by Tefera et al. (2011 )   

Processing fresh cassava roots into chips does not usually aim at reducing susceptibility to storage insect 

pest, but rather increases shelf life of the roots, improved palatability and reduce cyanogenic potentials. 

Relatively soft and less dense texture of plain and sun dried chips enhances ease of boring and oviposition 

activities, hence increased adult population. F1 population effects though mild but becomes extensive with 

F2 generation in agreement with Hodges (2002); Nansen and Meikle (2002) 

Developmental period of 28-37 days are short and enhanced by favorable climatic conditions obtainable in 

most tropical stores. Chijindu and Boateng (2008) reported adult population speedy build up is commonly 

associated with textural status of the plain chips and reduced cyanogenic content of the cassava chips due 

to processing (fermentation) and drying. 

Moisture levels in stored cassava chips were adequate for insects’ development and could have profound 

effects on the chips susceptibility to insects’ damage. Thus texture and environmental parameters within 

the stores are optimal (30-37
o
c, 68-92% r.h.) as obtainable in most tropical stores enhances population 

buildup. Cassava chips after drying have little observed biotic activities except for insects and 

microbiological agents on the chips (Gnonlonfin et.al. 2008). 

This study established that food value of cassava chips affected to a large extent, the biological 

performance of the pest. Efforts aimed at exploring biochemical basis of susceptibility for effective control 

need to be evaluated.  

In conclusion, cassava chips damage, weight losses and insects population increased over the storage 

duration. These parameters show significant relationship with what was obtained in most studies as post-

harvest activity.       
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