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  ________________________________________________________________________ 
ABSTRACT  

The ability of P. truncatus to attack sorghum grain, the extent of grain damage and 

consequent dry weight loss was investigated in the laboratory. At the end of 90 days 

storage, mean percentage grain damage ranged from 19.01% to 37.75%. Mean 

percentage dry weight loss observed was between 5.18% and 19.81%. The quantity of 

grain dust produced weighed between 5.92g and 28.60g. Live adult beetles (0.00 to 

77.00) were also recovered, especially on the high-yield improved sorghum cultivars. The 

total number of adult beetles (22 and 94) emerged were higher on the high-yield 

improved sorghum cultivars than on the native one. Thus, sorghum grain can suffer 

considerable destruction by P. truncatus, especially the high-yield improved sorghum 

cultivars. High-yield improved sorghum cultivars have relatively soft pericarp and soft 

endosperm which offer low resistance to tunneling, feeding or breeding activities by these 

beetles. Efforts should be made to keep this beetle from assuming a pest status on 

sorghum grain by both improving grain storage qualities through breeding and by 

observing necessary preventive sanitary measures in storage. 

 

Keywords: Prostephanus truncatus, sorghum grain, grain damage, dry weight loss, grain 

dust, high-yield improved cultivars 

________________________________________________________________________ 
 
INTRODUCTION 
 
Sorghum (Sorghum bicolor (L.) Moench) is an 
important dietary staple in sub-Saharan Africa 
(FAO, 2003; Gwary and Asala, 2006). It 
provides energy, protein, vitamins and minerals 
to the poorest people of the arid and semi-arid 
tropics. Hence, it contributes to the socio-
economic development of many people in these 
parts of the world. The Larger Grain Borer 
(LGB) Prostephanus truncatus (Horn) 

(Coleoptera: Bostrichidae), a native of Mexico 
and Central America was accidentally introduced 
into Africa in the 1980’s (Dunstan and Magazini, 
1981). The beetle has since spread to at least 17 
countries on the continent (Roux, 1999; Farrell, 
2000). In Africa, P. truncatus is an outbreak pest 
of economic importance, which has assumed the 
status of a major post-harvest pest of stored 
maize and dry cassava chips. Various authors 
have reported losses between 11% and 34% due 
to this beetle on stored maize and cassava 



Int. Jor. P. App. Scs., 2(2): 28-35, 2008__________________________________www.ijpas.com 

 

 29 

(Hodges et al., 1983; Pantenius, 1987; Solomon, 
2002). However, there is insufficient information 
on the impact of P. truncatus on sorghum grain. 
In addition, sorghum grain is reported to be 
among the most preferred crop produce 
associated with storage pest in sub-Saharan 
Africa (Ayertey and Padi, 1996). Therefore, this 
study was carried out to evaluate the ability of P. 

truncatus to cause damage and weight loss on 
sorghum grain in storage. 
 
MATERIALS AND METHODS 
 
Laboratory studies were conducted at the Plant 
Protection and Regulation Services, Ministry of 
Food and Agriculture (PPRS/MOFA), Pokuase, 
Ghana. Initial laboratory cultures of P. truncatus 
were set up with individuals collected from the 
stock at PPRS/MOFA in Kpeve, Volta Region, 
Ghana. In each 1000mL glass jars, 300g of 
shelled maize was infested with 100 unsexed 
adult beetles and kept covered with a metal 
screen. All adult beetles were removed after 2 
weeks to obtain a synchronized F1 progeny. One 
maize (Obatanpa [native]) and 3 sorghum 
(Framida [high-yield], Mankaraga [native] and 
Naga-White [high-yield]) cultivars were 
obtained from the Savannah Agricultural 
Research Institute (SARI) of the Council for 
Scientific and Industrial Research (CSIR), 
Tamale, Ghana. Undamaged grains were deep 
frozen for 2 weeks and then thermally sterilized 
at 45oC for 4 H in a laboratory air-oven (Santhoy 
and Rejesus, 1975). For each sorghum grain 
cultivar, 250g grains were kept in a 500mL glass 
jar. Afterwards sterilized grains were 
conditioned for 21 days in the laboratory at 32°C 
± 3°C and 81% ± 5% RH under a L12:D12 
photoperiod. Twenty unsexed adult beetles (0-7 
days old) were introduced into each jar, except 
for the control jars. Each cultivar was replicated 
5 times. The experiment was arranged in a 
complete block design. Observations were made 
after 30, 60 and 90 days storage. During which, 
the contents of each jar were sieved (Endecott 
sieves [Nos. 10 to 35]) to separate adult beetles 
and grain dust from the grains. Grain dust 
produced was weighed using an electronic digital 
balance (Cahn 29) with an accuracy of 0.001mg. 
Percentage grain damage was calculated using 
the ‘Count and Weigh’ formula described by 
Adams and Schulten (1978): Damaged grains 
(%) = number of bored grains divided by the 
total number of grains per sample multiplied by 
100. Percentage grain weight loss was calculated 
using the ‘Standard Volume/Weight Method’ 
also described by Adams and Schulten (1978): 

Dry weight loss (%) = dry weight (baseline) 
minus dry weight of sample divided by dry 
weight (baseline) multiplied by 100. Grain length 
(mm) was measured with the aid of a digimatic 
caliper (Baty). Measurements were replicated 5 
times per cultivar. Grain hardness was 
determined as described by Pomeranz et al. 
(1985) with the aid of Hounsfield Tensile 
Strength Machine. Fifty-grain samples per 
cultivar were equilibrated for 14 days in a 
humidity chamber maintained at 30ºC and 70% 
RH. Using the tensile strength machine, 
compression force (Newton [N]) that cracked 
each individual grain was recorded per cultivar. 
Grain endosperm texture was determined using 
the ‘Grind and Sieve Method’ as described by 
Davey (1965). Fifty-grain samples per cultivar 
were also equilibrated as stated above. The 
grains were ground at a constant setting in a 
laboratory (Mill Christy and Norris Hammer), 
the flour was then sieved through a 500µm mesh 
(Endecott sieve). Percentage fraction of 
floury/corneous endosperm = weight of grains 
retained in the sieve (g) divided by the sum of 
the weight of grains that pass through the sieve 
(g) and weight of grains retained in the sieve (g) 
multiplied by 100. Count data were log (log [x + 
1]) transformed (Zar, 1999) and percentage data 
arcsine square root transformed (Sokal and 
Rohlf, 1995). All data were subjected to analysis 
of variance (ANOVA), using SAS (1998) 
software. When significant F-values were 
obtained (P<0.05), means were separated using 
Student-Newman-Keul (SNK) Test (Zar, 1999).  
 
RESULTS 
 
Sorghum cultivars 
Mean percentage grain damage was significantly 
different (P < 0.05) among sorghum cultivars at 
the end of 90 days storage. Mean percentage 
grain damage was much higher on the high-yield 
cultivars (Framida & Naga-White) than on the 
native one (Mankaraga) (Table 1). In a similar 
manner, mean percentage dry weight loss was 
significantly different (P < 0.001) among 
sorghum cultivars after 90 days storage. Higher 
dry weight loss levels were recorded on the high-
yield cultivars (Framida & Naga-White) as 
compared to the native cultivar (Mankaraga) 
(Table 2). Following the same trend, grain dust 
produced on the high-yield sorghum cultivars 
(Framida & Naga-White) was significantly (P < 
0.05) much higher than on the native one 
(Mankaraga) (Table 3). Likewise, the mean total 
number of adult beetles produced on sorghum 
grain was significantly (P < 0.05) higher on the 
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high-yield cultivars (Framida & Naga-White) 
than on the native one (Mankaraga) (Table 4). 
The mean grain length of all sorghum cultivars 
were fairly similar and not significantly different 
(P < 0.08) (Table 5). In addition, the native 
cultivar (Mankaraga) had significantly (P < 0.05) 
harder endosperm (texture) and pericarp (grain 
hardness) than those of the high-yield cultivars 
(Framida & Naga-White).   
 
Sorghum and maize 
Mean percentage damage, dry weight loss, dust 
production and the total number of adult beetles 
produced were significantly (P < 0.001) much 
higher on maize than on sorghum grain (Table 1, 
2, 3 & 4). Mean grain hardness was significantly 
(P < 0.001) higher on maize grains than those of 
sorghum (Table 5). Mean endosperm texture 
observed on maize (Obatanpa) was similar to 
that of the native sorghum cultivar (Mankaraga), 
both were significantly (P < 0.05) higher than 
those of the high-yield cultivars (Framida & 
Naga-White) (Table 5). The mean length of a 
single maize grain was significantly (P < 0.05) 
higher than those of sorghum (Table 5).    
 
DISCUSSION 
 
Present results indicate that P. truncatus can 
attack sorghum grains in storage and inflict 
relatively high damage levels (Table 1). In 
addition, percentage damage levels progressively 
increased with storage periods. This suggest that 
in the absence of its most preferred hosts (maize 
grain and dried cassava chips), the beetle can 
freely attack and damage stored sorghum grains. 
In addition to sorghum grain, the beetle can 
probably attack many other crop produce in 
storage, since the beetle has the ability to bore 
through very solid structures such as wood and 
plastic, nutritive or not (Li, 1988). Damage was 
particularly greater on the high-yield sorghum 
cultivars than on the native one. Making the 
high-yield sorghum cultivars more vulnerable to 
borer attack, possibly owing to their low 
resistance by virtue of relatively soft pericap and 
endosperm (Tables 1 & 5). These results support 
work done by Baker et al. (1989), who reported 
that increased grain hardness generally increases 
grain resistance to insect attack. The results of 
this work also concurs with the findings of 
Doggett (1988), who reported that the extent of 
damage in storage often depends on the 
proportion of endosperm layer of the grain. In his 
experiment, he observed that grains with largely 
corneous (flinty) endosperm succumb to insect 

attack slowly, whereas soft mealy grains 
succumb more rapidly.  
 
Results obtained indicate that P. truncatus is 
capable of causing fairly high percentage dry 
weight loss levels on sorghum grain in storage 
(Table 2). In contrast to the findings of Li 
(1988), the beetles were able to bore through 
completely smooth grain (sorghum) surfaces. In 
addition, the mean length of sorghum grain (4.22 
to 4.57mm) was fairly large to accommodate 
tunneling within the grain by an average size 
adult beetle (3 to 4.5mm long) (Haines, 1991) 
(Table 5), thereby producing grain dust (Table 
3). Mean percentage dry weight loss levels also 
increased with storage periods and were much 
higher on high-yield sorghum grain cultivars. 
These high-yield sorghum cultivars must have 
offered less resistance to the beetles’ tunneling 
activities, thereby incurring greater quantities of 
grain dust. Therefore, varietal differences in 
sorghum grain can influence the tunneling 
activity of P. truncatus, as well as its consequent 
grain damage and weight loss.  
  
The mean numbers of live and total adult beetles 
recovered at the end of 90 days storage period 
indicate that the beetles were able to successfully 
feed and breed on sorghum grains, especially on 
cultivars with relatively soft pericarp and 
endosperm (Table 4 & 5). This contradicts the 
report by Hill (2002) that the beetle can only 
breed in maize and cassava. These results further 
suggest that sorghum grain is nutritionally 
adequate to support the feeding and breeding of 
P. truncatus. Since grain germ alone provides 
unsatisfactory diet to P. truncatus (Howard, 
1983). It is possible that the beetles may have 
tunneled indiscriminately within the grain, 
feeding on non-germ tissues for more nutrition. 
Indiscriminate grain feeding by P. truncatus was 
observed on maize grain by Ramirez Martinez 
and Silver (1983), Subramanyam et al. (1987) 
and Vowotor et al. (1998). Furthermore, Li 
(1988) reported that the beetle is capable of 
completing its life cycle in grain dust. Meaning 
that dust produced on sorghum grain must have 
provided the beetles the opportunity to either 
reproduce within the grain or in grain dust. This 
in turn, increased their reproductive chances on 
cultivars that incurred greater dust production.  
 
This study further confirms reports by various 
authors that maize is the best feeding and 
breeding substrate for P. truncatus (Shires, 1977; 
Li, 1988; Diane, 1993). Comparing maize to 
sorghum grain, mean percentage grain damage, 
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dry weight loss, dust production and total 
number of adult beetles were exceedingly higher 
on maize than on sorghum grain (Table 1, 2, 3 & 
4). 
 
CONCLUSION AND 
RECOMMENDATIONS 
The dispersed nature of sorghum grains on the 
head is unsuitable for attack by P. truncatus 
(Hodges, 1986). However, once threshed 
sorghum grain can be attacked by the beetle, 
causing considerable levels of destruction, 
especially on the high-yield improved cultivars. 
In addition, the beetle can complete its life cycle 
on these grains, and thus increase in numbers. 
Since safe storage is difficult to achieve (Khan et 

al., 2002), efforts should be geared towards 
improving the storage quality of sorghum grain 
by breeders. It is imperative for breeders to 
consider properties that improve the storage 
qualities of sorghum grain while simultaneously 
improving the yield levels of different cultivars. 
Farmers should also take necessary precautions 
to keep P. truncatus from assuming a pest status 
on this grain by observing necessary sanitary and 
preventive measures, else cereal grain storage 
may further get complicated in sorghum 
predominant agroecological zones of sub-
Saharan Africa. 
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______________________________________________________________________________________ 
 
 
TABLES: 
 
Table 1: Mean (± SE) percentage grain damage caused by P. truncatus after 3 storage periods 
 

 Mean percentage grain damage 
Grain cultivar  Storage period  
 30 days 60 days 90 days 
Mankaraga (sorghum)   9.00 ± 0.40 a 15.75 ± 0.22 a  19.25 ± 0.32 a 
Naga-White (sorghum) 13.30 ± 1.80 a 22.00 ± 1.17 b  33.00 ± 0.24 b 
Framida (sorghum) 15.75 ± 0.85 a  26.75 ± 0.68 b  37.75 ± 0.47 b 
Obatanpa (maize) 23.75 ± 2.39 b     32.75 ± 2.17 c        73.00 ± 2.12 c 

Means followed by the same letter within each column are not significantly different at P = 0.05 (Student-
Newman-Keul multiple comparison test).  
 
 
 
 
 
 
 
 
 
 
Table 2: Mean (± SE) percentage dry weight loss caused by P. truncatus after 3 storage periods  
 
  Mean percentage dry weight loss (g) 
Grain cultivar  Storage period  
 30 days 60 days 90 days 
Mankaraga (sorghum)  2.19 ± 0.18 a      3.02 ± 0.33 a  5.18 ± 0.25 a 
Naga-White (sorghum)  4.91 ± 0.22 b     11.46 ± 0.51 b 18.79 ± 0.43 b 
Framida (sorghum)  4.60 ± 0.31 b 12.37 ± 0.37 b 19.81 ± 0.58 b      
Obatanpa (maize) 10.78 ± 0.24 c 29.52 ± 0.33 c 48.63 ± 0.41 c 

Means followed by the same letter within each column are not significantly different at P = 0.05 (Student-
Newman-Keul multiple comparison test).  
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Table 3: Mean (± SE) grain dust produced by P. truncatus after 3 storage periods  
 
  Mean grain dust (g) 
Grain cultivar  Storage period  
  30 days  60 days  90 days  
Mankaraga (sorghum) 1.25 ± 0.18 a    3.02 ± 0.38 a       6.40 ± 0.83 a 
Naga-White (sorghum) 3.82 ± 0.12 b 16.72 ± 0.84 b 27.55 ± 0.34 b 
Framida (sorghum) 3.37 ± 0.22 b 17.67 ± 1.01 b 28.60 ± 0.30 b 
Obatanpa (maize) 7.57 ± 0.59 c  26.25 ± 1.53 c 67.27 ± 0.42 c 

Means followed by the same letter within each column are not significantly different at P = 0.05 (Student-
Newman-Keul multiple comparison test).  
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