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ABSTRACT. The study evaluated some maize varieties for resistance to damage by Larger Grain Borer
(LGB), Prostephanus truncatus and determined their grain hardness and phenol content. One maize ear of
100g from each of the maize varieties was placed in a glass bottle with perforated lid and infested with five
males and five females LGB of 1-7days old.At 90 days post-infestation, the maize ears were visually rated
for damage on a scale from 0-1O. Data were collected onweight of grain dust, number of adult LGB, larvae,

. pupae and dead LGB. Percentage grain weight loss and % grain damage were calculated. Grain hardness
and phenol content ofthe kernels were determined and correlated with grain damage indices. The number
of adult LGB, adult mortality, weight of grain dust, % grain damage and % grain weight loss of the maize
varieties were significantly (P < 0.05) different from each other. The % grain weight loss (38.23) in the
variety White Maya was significantly (P < 0.05) higher than those in 98/SWI-Y, DMR-LSR-Y, DMR-
ESR-Y and SUWAN-l-SR-Y. The % grain damage (30.51) in the variety TZPB-W was significantly (P<
0.05) higher than the damage (2.85) in SUWAN-l-SR-Y. Grain hardness (1.31) was significantly (P <
0.05) high in DMR-LSR- Yandsignificantly(P<0.05) lower (0.74) inwhite Maya. Phenol content (24. 17)
was significantly (P< 0.05) high in SUWAN-l-SR-Yand significantly (P< 0.05) lower (0.11) inART/98/
SW5-W. The varieties TZPB-W and White Maya with visual ratings (VR) of8.50 and 9.25, respectively,
were highly susceptible to the borer. Solo with VR of 7.75 was susceptible. ART/98/SW5-W and
ART/98/SW 1-Y were moderately resistant with VR of5.0 each. DMR-LSR- YandART/98/SW6-Wwere
resistant with VRof3.5 each, while DMR-ESR-Y and SUWAN-l-SR-Ywere highly resistant with VRof
1.5 each. The number of adult LGB correlated positively with % weight loss, % grain damage and weight
of grain dust. Phenol content of grain and grain hardness index significantly (P < 0.05) correlated
negatively with weight of dust, % grain damage and % weight loss. The study suggested inherent
biophysical (hardness) and biochemical (phenols) components that could withstand damage by LGB
among the maize varieties. Grain hardness and phenol content of the maize grains acted as suppressive
variables in relation to the maize damage traits.
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cassava chips that was accidentally introduced
from Central America to Tanzania in the late
1970's from where it spread to other countries in
the region (Nansen et al. 2004; Kucerova and
Stejskal, 2008). In West Africa, the insect was
first reported in Togo in 1984; since then, it has
spread rapidly in the African continent where it

INTRODUCTION
Larger Grain Borer (LGB), Prostephanus

truncatus Horn (Coleoptera: Bostrichidae), is a
pest of farm stored maize (Zea mays) and dried
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has become a major and most destructive insect
pest of stored maize and dried cassava in
Republic of Benin, Burkina-Faso, Guinea,
Kenya, Malawi, Burundi, Ghana, Mozambique,
Namibia, Niger, Rwanda, Uganda, Zambia and
Nigeria (Meikles et al., 2002; Boxall, 2002). The
adult and larvae of P. truncatus are highly
destmctive; they bore into maize grains and
produce large quantities of dust in which the
larvae feed and pupate. Losses of stored maize
vary from 9 % to 45 % depending on period of
storage (Pantenius, 1988; Keil,1988; Markham
et al., 1991; Schneider et al., 2004; Gueye et al.,
2008).

Maize (Zea mays) is a staple food in
several countries of the world and is the third
most important cereal crop after wheat and rice
in sub-SaharanAfrica (CGIAR, 1997). Maize is
high yielding, easy to process, readily digested
and cheaper than other cereal (CGIAR, 1997).
Postharvest maize insect pests are major
constraint to food security and income
generation in Sub-Saharan Africa because of
significant yield losses and grain quality
degradation (Abebe et al., 2009). In addition to
direct consumption of the product, insect pests
contaminate infested commodity through
excretion, moulting, dead bodies and their own
existence in the product. Damage by insect
pests encourages infection with bacterial and
fungal diseases through transmission of their
spores (Osipitan et al., 2011). The presence of
insects also raises the product temperature, due
to their feeding activity, resulting in "hot spots",
and increased humidity within the product, seed
deterioration and further fungal activity
(Appert, 1987).

The effect of grain hardness, phenol and
amylose content of grains on host plant
resistance of some crops has been reported
(Peters et al., 1960; Classen et al., 1990). The
acceptance or rejection of food by insects
depends largely on its chemical composition
and physical factors such as toughness,
thickness and hairiness (Constabel, 1999). The
chemical inhibitor was also reported to play an
important role in the inhibition of oviposition,
insect larval growth and survival of progeny on
the host-plant. Plant phenolics are secondary

metabolites involved in the defence mechanisms
of plants against fungal pathogens and insect
herbivores.

Influence of Maize Grain Hardness and
Phenol Content
Phenols exhibit a wide range of biological
activities as antibacterial, anti- inflammatory,
anti-allergic, hepatoprotective, antithrombic,
antiviral, anti carcinogenic and vasodialatory
actions and are widely distributed in plants of
various categories such as grains, vegetables,
fruits and beverages (Middleton et al., 2000;
Nardini and Ghiselli, 2003; Laximon-Ramma
et al., 2005). Chlorogenic acid in maize has
been implicated in resistance to com earworm
(Helicoverpa zea) (Bushman et al., 2002).
Santiago et al. (2005) reported that phenolic
compounds present in pith of 13 inbred maize
lines are involved in imparting resistance
against stem borer Sesamia novagrioides which
is a very important insect pest of maize. Phenols
have now been regarded as playing vital roles in
protecting plants from both insect and
mammalian herbivory (Constabel, 1999).

The concentration of the toxic phenolic
compound(s) in the plant is a key factor in
deterrence and the accumulation of phenols in a
particular part of the plant represent a feeding
barrier (Castellanos and Espinosa-Garcia,
1997).

Varietal resistance to infestation and
damage by storage insect pests is a potential
means of reducing post-harvest losses of maize
crop due to the advantages of safety to handlers
and the environment. Host plant resistance
(HPR) is the collective heritable characteristics
by which a plant species can reduce the
possibility of successful use of the plant as a
host by an insect species (Beck, 1965). HPR is
available to farmers encapsulated in the seed,
which ensures that after purchasing the seed,
farmers need not invest in any more inputs to
control post-harvest pests of maize. In this way,
post - harvest resistant maize reduces yield
losses from stem borers and post-harvest pests,
as well as reduces or eliminates the expenses of
insecticides and their associated health risks
(Mugo et af. 2001. Kumar (2002) and Mugo et
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a!. (2008) reported that genetic variability for
resistance to LGB exists among maize varieties.
The use of resistant maize varieties becomes
more advantageous to small scale farmers that
store their produce in rural storage structures
where adequate pest control techniques are not
employed due to volume of stored produce and
high cost of insecticides. Even in stores where
other pest control techniques are used,
integration of control with the use of resistant
varieties will make the control more effective,
lasting and environmentally friendly.

Chemical constituent of the grain playa
vital role in determining the relative resistance
to insect pest attack. This study therefore
evaluated the resistance of some maize varieties
to damage by P. truncatus and the influence of
grain hardness and phenol content of the maize
grains on theirresistance ..

MATERIALSAl\'D METHODS

Study Site, Source of Maize Varieties and
Culture of Larger Grain Borer
The study was conducted at the Entomology
Laboratory of the Department of Crop
Protection, College of Plant Science and Crop
Production, Federal University of Agriculture,
Abeokuta (FUNAAB) at28 ±2°C and 79-82 c;,'~.

The nine maize varieties used for this study
were sourced from Institute of Agricultural
Research and Training(IAR & T), lbadan, Oyo
State, Nigeria. The larger grain borer used for
the study was cultured in the Department of
Crop Protection, Adult insects were placed in
250 ml Kilner jars containing some maize
grains. The insects were allowed to lay eggs and
multiply. Dust generated by the feeding
activities of the insect was sieved periodically
to prevent caking ofthe dust, moisture build up
and growth of mould. The LGB used for the
study were sexed using the method of Shires
and McCarthy (1976).

Evaluation of Maize Ears for Resistance to
Larger Grain Borer
One maize ear of 1OOgfrom each ofthe varieties
was placed in a 500 ml glass bottle with
perforated lid on the top. Each of the glass

bottles was infested with five males and five
females LGB of 1-7 days old. Each treatment
was replicated four times and arranged on the
laboratory work tables using a completely
randomized design. The LGB-infested maize
grains were left for 90 days to allow three
generations of LGB. At 90 days post-
infestation, the insects and dust generated from
the feeding activities were sieved out of the
maize ears and the ears were rated visually for
damage on a scale from 0-10 with 0 indicating
no damage to the grains and 10 indicating all
(100 %) grains on the ear dameged. Ears with a
scale of 0 - 2 were regarded as highly resistant,
2.1-4 as resistant, 4.1-6 as moderately resistant,
6.1-8 as susceptible and 8.1-10 as highly
susceptible (Kumar, 2002.The following data
were collected:
1. Weight of grain dust (g)
11. :\'umberofliveadultLGB
111. :\' umber of larvae and pupae,
IV. :\'umberofdeadLGB.

The kernels were shelled from the ears
and the weight of damaged and undamaged
grains were determined. The % grain weight
loss and %) grain damage were calculated using
the formulae according to Baba- Tierto (1994).

%Grain damage =Weight of damaged grains xl 00
Total weight of grain

% Grain weight loss =
Initial grain weight- Final grain weightx 100

Initial grain weight

Determination of Grain Hardness and Phenol
Content
Grain hardness was determined by relative
hardness method (Russell and Rink, 1965;
Gudrups et a!., 2001). Twenty grammes of
maize kernels were weighed into the hopper of a
milling machine (Manger 32060967) and
milled for 50 seconds at a constant speed. The
ground maize was collected and a standard
mesh sieve (0.25 mm) was used to sieve out the
maize powder. The sieved powder and the
partially ground maize retained in the sieve
were weighed.
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The hardness index was calculated using
the formula:
Hardness index = Weight of partially ground maize

Weight of sieved powder.
Phenol content was determined using

colorimetric method according to (AOAC, 1990).

Statistical Analysis
Statistical analysis of data was based on SAS
general institute linear models procedure (SAS
Institute, 2001). Analysis of variance table was
generated for all the variables and significantly
different treatment means separated using.
Newman-Keuls test (SNK). Data on grain
hardness and phenol and amylase were
correlated with the LOB damage-indices (final
adult population of LOB, weight of dust, %
grain damage and %weight loss).

RESULTS

Life Stages of Larger Grain Borer,
P. truncatus, in Maize Grains
The number of adult LOB, larva, pupa as well as
dead adults in the maize ears is shown in Table 1.
There was a significant (P < 0.05) difference in
the number of adult LOB among the maize
varieties; TZPB- W had the highest number
(223.90) of adult LOB while SUWAN-1-SR-Y
had the lowest (16.60) number. The number of

adult LOB in the varieties TZPB- Wand Solo
were not significantly (P > 0.05) different from
each other. The number of adult LOB in the
varietiesART/98/SW5-W, White Maya, DMR-
LSR-Y and ART/98/SW l-Y were significantly
(P < 0.05) higher than the number (16.60) ofthe
insect in SUWAN-1-SR- Y. Solo had the highest
mean number (50. 12) oflarvaewhile the lowest
mean number (1.81) oflarvae was in SUWAN-
I-SR- Y. There was no significant difference (P
> 0.05) in the mortality of adult LGB and
number of pupae in all the maize varieties.

Weight of Grain Dust, % Grain Weight Loss
and %Grain Damage in Infested Maize Ears
The weight of grain dust in the maize varieties
were significantly (P< 0.05) different from each
other (Table 2). The weight of grain dust in
White Maya and TZPB- W were significantly (P
< 0.05) higher than those in varieties
ART/SW5- W,ART/98/SW6- W,ART/98/SW 1-
Y, DMR-LSR-Y, SUWAN-l-SR-Y, DMR-
ESR- Y. The weight (2.l3 g) of grain dust in the
variety DMR-ESR-Y was significantly (P <
0.05) lower than the weight (23.18 g) of grain
dust in White Maya. The % grain weight loss
(38.23) in the variety White Maya was
significantly (P < 0.05) higher than those in
98/SW 1-Y, DMR-LSR- Y, DMR-ESR- Y,
SUWAN-l-SR-Y. The % grain weight loss (3.45)

Table 1: Number of Larger Grain Borer in Infested Maize Ears

Maize variety Mean number ±SE*
Live adult Larva Pupa Dead adult

TZPB-W 223. 90± 1.1o- 41.69±1.1Oa 8.13±1.82 18.20±1.22

ART/98/SWS-W 74.13±1.0sab 29.S1±1.17a 6.46±1.30 lS.14±1.18

White Maya 147.00±1.11 ab 21.38±1.38a 4.79±1.64 17.78±1.S2

DMR-LSR-Y 63.10±1.14ab 29.S1±1.26a 1O.00±1.65 lS.14±1.13

DMR-ESR-Y 3S.48±1.19c 9.77±3.16a 1.45±1.45 12.02±1.18

ART/98/SWI-Y 75.86±1.18ab 42.66±1.29a 2.00±2.00 lS.49±1.17

Solo 213.80±1.17a 50. 12±1.42a 8.71±1.92 1O.96±1.20

SUWAN -l-SR-Y 16.60±2.35c 1.81±1.82b 3.24±3.24 13.18±1.15

ART/98/SW6-W 53.70±1.44abc 32.36± 1.08a 4.47±2.22 10.47±1.11

Mean 75.86 8.70 4.56 12.57

*Mean values with different alphabet within the column are significantly different
from each other at P < 0.05
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in the variety SUWAN -l-SR -Ywas significantly
(P<0.05) lower than that of White Maya (38.23).
The %grain damage inWhite Maya, DMR- LSR-
Y, ART/98/SWI-Y, Solo and ART/98/SW6-W
were not significantly (P > 0.05) different from
each other. Similarly, the % grain damage in
ART/98/SW5-W and DMR-ESR-Y were not
significantly (P > 0.05) different from each other.
The % grain damage (30.51) in TZPB-W was
significantly (P < 0.05) higher than that of
SUWAN-l-SR- Y (Table 2).

Visual Rating of Ears of Maize Damaged by
P. truncatus
TZ PB\W andWhite Maya with visual ratings of
8.5 and 9.25, respectively, were rated as highly
susceptible, while Solo with visual rating of7.75

was susceptible. ART/98/SW5-W and ART/98
/SWI-Y were rated as moderately resistant with
visual ratings of 5.0 each. DMR-LSR- Y and
ART/98/SW 6-Wwere rated as resistant with visual
ratings of3.5 each. DMR-ESR-Yand SUWAN-l-
SR-Y were rated as highly resistant with visual
ratings en.s each. (Table 3).

Phenol Content and Grain Hardness
The phenol content of TZPB- W, White Maya,
DMR-LSR- Y and ART/SWl- Y were not
significantly (P> 0.05) different from each other.
The phenol content ofART/98/SW5-Wand Solo
were not significantly (P > 0.05) different from
each other (Table 4). The grain hardness index of
the maize varieties were significantly (P < 0.05)
differentfromeachotherDMR-LSR- Y.

Table 2: Weight of Grain Dust (g), Weight Loss and Grain Damage in Infested Maize Ears
Maize variety Damage parameters"

Weight of dust ±SE % weight loss± SE % damage± SE

TZPB-W 22.61± 2.37a 32.93±5. 71 ab 30.51±1.51a

ART/98/SW5-W 10.53± 2.24bc 13.23±4. 79bc 14.29±0.40bc
White Maya 23.18± 3.99<1 38.23±2.44:t 29.26±0.31 ab
DMR-LSR-Y 7.46±O.44c 12.49±2.07bc 20.37±3.95ab

DMR-ESR-Y 2.13± 0.91c 5.30±1.S3c 14.l4±S.90bc

ART/98/SW 1-Y 1O.06± 1.33bc 12.61±3.04bc 20.30±3.34ab
Solo 7.79± 1.43ab 27.04±4.20ab 28.72±1.49ab

SUWAN -1-SR-Y 4.l4±2.53c 3.4S±1.38c 2.8S±2.03c

ART/98/SW6-W 10.1O±3.80bc 14.01±3.S4bc 24.32±S.39ab

Mean 12.00 17.75 20.S3

"Mean values with different alphabet within the column are significantly different
from each other at P <O.OS

Table 3: Visual Damage Rating and Resistance/Susceptibility Rating of Maize Infested with LGB
Maize variety Visual Assessment+ SE* Rating
TZPB-W 8.50 ± 0.23 Highly susceptible
ART/98/SW5-W 5.00 ± 0.55 Moderately resistant
White Maya 9.25 ± 0.65 Highly susceptible
DMR-LSR-Y 3.50 ± 0.22 Resistant
DMR-ESR-Y 1.50 ± 0.44 Highly resistant
ART/98/SWI-Y 5.00 + 0.47 Moderately resistant
Solo 7.75 ± 0.54 Susceptible
SUWAN -l-SR-Y 1.50 + 0.65 Highly resistant
ART/98/SW6-W 3.50 ± 0.78 Resistant.

*Visual rating was done on a scale from 0-10 with 0 indicating no damage to the grains and 10 indicating all
(100 %) grains on the ear damaged, ear with a scale of 0 - 2 = highly resistant, 2.1 - 4 = resistant,
4.1 - 6 = moderately resistant, 6.1 - 8 = susceptible and 8.1 - 10 = highly susceptible (Kumar, 2002).
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of simple phenolics (hydroxycinnamic acids) in
the pericarp of resistant genotypes. These
phenolics act against weevil by offering
mechanical resistance and antibiosis in the
pericarp and aleurone layer respectively
(Amason et al., (1997).

The hardness index negatively correlated
with weight of dust, % grain damage and %
weight loss. This is an indication that hard
grains had relatively reduced weight of dust, %
grain damage and % weight loss. This result
corroborated the report of Dobie (1974) that
indicated the susceptibility of 25 varieties of
maize to S. zeamais as influenced by hardness
of the kernels estimated by the proportion of
floury endosperm. Bamaiyi et al. (2007) also
reported grain hardness as a main resistance
parameter. Rout et al. (1976) studied the
relative susceptibility of eight dehusked, high
yielding paddy rice varieties to Sitophilus
oryzae and reported positive relationship
between grain hardness and resistance. The
result is also in agreement with the findings of
Russell and Rink (1965) which indicated that
hardness of some sorghum varieties was a
principal factor that affected the oviposition
and adult emergence of S. oryz ae and S.
zeamais, relatively soft varieties recorded as
much as 2-6 times more eggs than relatively
hard varieties. Davey (1965) reported that the
number of S. oryzae completing adult
development from "mealy" (soft) varieties of
sorghum could exceed the numbers emerging
from "vitreous" (hard) varieties by a factor of
20 after only a single generation. Classen et al.
(1990) and Amason et al. (1997) reported
correlation between resistance to infestation by
S. zeamais and the larger grain borers, P
truncatus in corn with ferulic acid content ofthe
corn. The positive correlation of% grain weight
loss and % grain damage; % grain weight loss
and weight of grain dust; final adult population
ofLGB and % grain weight loss suggest that %
grain weight loss, % grain damage, weight of
grain dust and final adult population of LGB
could be used to measure maize resistance to
LGB damage. Kumar (2002) reported that
resistance in maize against LGB can be
expressed in terms of % grain damage, weight

of dust and final adult population of LGB
because these parameters highly correlated
with one another. This result is in agreement
with the reports of Tefera et al. (2011) and
Mwololo et al. (2012) that made similar
conclusions. Dobie (1974) and Bhatia (1976)
have used indices of susceptibility and weight
losses of crop varieties to identify maize
varieties which are resistant to insect attack. Six
of the nine maize varieties showed relative
resistance to damage by LGB.

The existence of genetic diversity in
maize varieties for resistance to damage by
LGB is a good development that will eventually
lead to breeding for resistance to the insect.
Maize breeders could effectively incorporate
the characteristics that conferred resistance to
LGB into elite varieties with good yield and
agronomic characters. Neuenschwander et al.
(2003) reported that one of the important
characteristics of resistant crop varieties is to
lower pest population density and damage
symptoms compared to susceptible varieties.
The results of these studies indicate the ability
of LGB to cause high damage to infested maize
cob and existence of diversity in the reaction of
the maize varieties to damage by LGB.

Grainhardness and phenol content of the
maize grains act as suppressive variables in
relation to the grain damage traits.
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