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ABSTRACT

The use of Sitophilus zeamais resistant maize germplasm for breeding new varieties can contribute to
reduce hazardous insecticide use on stored maize. This study evaluated six maize genotypes, five
genebank accessions (GH2354, GH3239, GH3324, GH3609, GH6182) and one commercial variety
(OBAATANPA) for resistance to S. zeamais infestation. Maize grains were infested with adult weevils
and data on number of grains with weevil damage, percentage weight loss, median developmental time
and index of susceptibility was collected. Differences in the number of days to first adult emergence
between genotypes were not significant (P > 0.05). Differences between genotypes for all other
parameters evaluated were however significant (P < 0.05). Accession GH3609 recorded the most
damaged grains (23.32%) and the highest (15.41%) grain weight loss, whereas OBAATANPA recorded
the lowest (9.81%) damaged grains whilst the lowest weight loss (8.26%) was observed in GH6182.
The proportion of damaged grains correlated with weight loss (r = 0.96) and index of susceptibility (r
= 0.82). All evaluated genotypes were susceptible to S. zeamais attack. Little research has been
conducted to identify S. zeamais resistant maize germplasm in Ghana. The results of this study should
serve as baseline information in the screening for resistance to S. zeamais.
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INTRODUCTION

Maize, Zea mays L, is a vital food and cash crop for a significant proportion of subsistence farmers and
their families across sub-Saharan Africa (Van den Berg et al., 2015). Infestation of stored maize grain
by insect pests and subsequent losses resulting from the feeding activities of such pests remains a
significant constraint to increasing production to guarantee food and nutrition security (World Bank,
2011). The maize weevil, Sitophilus zeamais Motschulsky (Coleoptera: Curculionidae) is one of the
most economically significant post-harvest constraints to maize storage (World Bank, 2011) in many
production areas, particularly in the tropics. The adult weevil bores into and lays eggs on maize kernels
both in field and storage or at any time it comes into contact with unprotected maize grains. After
hatching, larvae feed and pupate inside maize kernels. Infestation of maize kernels results in weight
loss and quality (nutritional) deterioration which constitutes a threat to food security especially in
developing countries like Ghana (Hill, 1983; Rouanet, 1992). Storage structures as well as physical and
chemical properties of the infested maize may influence its susceptibility to damage by S. zeamais
(Odeyemi and Daramola, 2000). Acording to the World Bank (2011) damage to maize grains is most
severe in smallholder farmers’ fields and cribs. Estimates of qualitative and quantitative damage to
maize grains by infested S. zeamais ranges between 20 to 100% (Nukenine et al., 2002; Muzemu et al.,
2013; FAO, 2010).

In Ghana, most maize farmers have been observed to apply broad spectrum insecticides to harvested
maize grains prior to or during storage to prevent S. zeamais damage (MoFA, 2001). While these
insecticides are important tools for the reduction of storage losses due to S. zeamai, their repeated use
can lead to the emergence of insecticide resistant insect strains, an increase in production and storage
costs, contamination of treated grains with toxic insecticide residues and increased risks to insecticide
applicators (Asawalam et al., 2006; Mabbett, 2007) and consumer safety. Although a number of
strategies including the use of plant products with insecticidal, anti-feedant or repellent properties have
been proposed for the management of S. zeamais, adoption and use remains a challenge (Owusu-
Akyaw, 1991; Midega et al., 2016). In recent times, research efforts in some maize production areas
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have focused on sustainable S. zeamais management strategies including host plant resistance which
involves the breeding and deployment of maize varieties resistant to S. zeamais (Abebe et al., 2009).
The development of such varieties however relies on the identification of maize germplasm with
resistance or tolerance to infestation by the target insect pest (Kotey et al., 2020). Although, there is a
large collection of maize germplasm in Ghana, little research has been devoted to identifying S. zeamais
resistant genotypes for use in maize improvement programmes. This study therefore evaluated five
maize accessions from the Ghana genebank against S. zeamais infestation.

MATERIALS AND METHODS

The study was undertaken from May to July, 2019 at the Entomology Laboratory of the Council for
Scientific and Industrial Research - Plant Genetic Resources Research Institute (CSIR-PGRRI), Bunso-
Ghana. Five maize accessions; GH2354, GH3239, GH3609, GH6182, GH3324 from the CSIR-PGRRI
and one commercial maize variety, OBAATANPA were used for the study. Grains of all the six maize
genotypes were subjected to sun-drying for four weeks. After which period the moisture contents) of
grains of each genotype were determined using an LDS-1G grain moisture meter. Grains with moisture
contents above 12% were further dried until they attained the desired moisture content of 12%. Three
hundred 300 unsexed S. zeamais adults were obtained from maize grains that were previously infested
and introduced into three 750 ml glass jars with 500 g of untreated maize grains obtained from the
market. The adults used for the starter culture were not sexed because previous studies have reported
that the sex ratio of Sitophilus spp including S. zeamais is approximately, 1: 1 (Richards, 1947; Evans,
1977; Danho et al. 2002). Following the introduction of adult weevils, a muslin cloth with open weaves
small enough to prevent S. zeamais adults and larvae from escaping but loose enough to allow for
unhindered ventilation was used to seal each glass jar to prevent the weevils from escaping or re-
infesting other jars. The jars with the introduced weevils were left to stand for 14 days under ambient
conditions to allow the weevils to feed and oviposit. After the 14-day period, the introduced weevils
were sieved out with a 2.4 mm mesh. All first filial (F1) generation adult weevils that emerged from the
infested maize sample were placed in new glass jars with a new batch of uninfested maize grains. The
resulting F» S. zeamais adults were used in the experiment.

All maize grains to be used for the experiment were evenly spread on a clean plastic tray such that all
grains were visible. All grains were closely inspected individually and any grain with signs of
infestation or damage including exit/entrance holes signs of boring and chewing were hand-picked and
discarded. Maize grain selected as clean were placed in a Wagtech GP120SSF300HYD drying oven
and subjected to heat treatment at 54.5C for a period of 30 minutes (Back and Cotton, 1924) to kill
insect stages hiding within grains. After grains were removed from the oven, 100 g batches were
weighed into 750 ml glass jars. Ten newly emerged and unsexed adult weevils from the weevil culture
described above were randomly picked with a camel’s hair brush and used to artificially infest the grains
in each jar. After infestation, each jar was tightly covered with a muslin cloth and kept under ambient
conditions. The introduced weevils were left to feed and oviposit for 14 days following which they were
removed by sieving out with a 2.4 mm mesh. The design of the experiment was Completely
Randomized (CRD) with three replications. Thus, there were three jars per maize genotype adding up
to a total of 18 glass jars.

After 18 days of infestation, the maize genotypes were sieved daily and the number of days to first
weevil emergence was recorded. The number of maize grains with weevil damage symptoms was
recorded by closely inspecting all the grains of each maize genotype for signs of weevil damage
including grains with exit or ragged holes. The number of damaged grains (bored kernels) in each
genotype was used to compute the percentage of grains damaged by S. zeamais per each genotype. An
Adam equipment electronic weighing balance (Max. capacity = 410g) was used to record the weight of
grains of each maize genotype 62 days after infestation when no new weevil emergence was observed.
The count and weigh method (Tiongson, 1992) was then used to determine the percentage of weight
lost by grains of each maize genotype.

Weight loss (%) = % * 100%

Where Wu = Weight of undamaged seed, Nu = Number of undamaged seed, Wd = Weight of
damaged seed, and Nd = Number of damaged seed.



The total number of adult weevils that emerged each day were sieved out and counted until all F;
progenies had emerged. The median developmental time was determined as the number of days
from the middle of oviposition to 50% adult weevil emergence. The data obtained was used to
calculate the index of susceptibility (Dobie, 1974).

Index of susceptibility =% *100%

Where F=total first filial (F1) generation emerged and mdt = median developmental time/period.

Table-1. Susceptibility index

Dobie’s index Classification

< 3 Resistant

4-7 Moderately Resistant
8-10 Susceptible

> 11 Highly Susceptible

Ten intact grains with no signs of S. zeamais infestation or damage were randomly selected from each
maize genotype. Standard maize crop descriptors (IBPGR, 1991) were then used to describe the shape
of the upper surface of the selected grains. The length, width and thickness of all ten selected grains
were also recorded using a pair of digital calipers (150 mm) and recorded.

Ahrens et al. (1990) has stated that arcsine transformation is generally not recommended for the
transformation of percentage data sets having values from 0 to 20% or 80 to 100%. The same authors
have also suggested that for such data sets, the square root transformation is recommended. Square root
transformation was therefore performed on all count and percentage data before analysis using
GENSTAT (12" Edition, The NULL Corporation). Untransformed means are presented in tables. Mean
differences were separated using the least significant difference (LSD) at 5% (alpha = 0.05). Correlation
analysis was performed separately using Microsoft Excel (Microsoft Office, version 10).

RESULTS

Mean Number of Days to First Adult Weevil Emergence

There were no significant differences (P > 0.05) in the time (days) to first emergence of adult weevils
among the different maize genotypes. The mean number of days to first emergence of S. zeamais adults
ranged from 24.7 days (accession GH3609) to 35.7 days (accession GH3239). For OBAATANPA
variety, the mean number of days to first weevil emergence was 26.3 (Table 2). The correlation between
days to first emergence of adult weevils and other parameters evaluated ranged from r=-0.665 to 0.339
(Table 4).

Mean Percentage Damaged Grains

There were significant (P < 0.05) differences in the percentage of damaged grains between maize
genotypes. The highest percentage (23.32) of damaged grains was recorded in accession GH3609 while
the lowest (9.81) percentage was recorded in OBAATANPA variety. The percentage of damaged grains
of accessions GH2354, GH3239, GH3324 and GH6182 were however not significantly different from
that of OBAATANPA variety (Table 2). A strong positive correlation (r=0.957) was observed between
percentage damaged grains and grain weight loss. There was also a strong positive correlation between
the percentage of damaged grains and the number of F; progenies that emerged (r=0.811) as well as the
index of susceptibility (r=0.822) of genotypes (Table 4).

Mean Percentage Weight Loss of Maize Grains

There were significant differences (P < 0.05) observed among the maize genotypes with respect to
percentage weight loss. The lowest mean weight loss was 8.26 (accession GH6182) while the highest
mean weight loss was 15.41 (accession GH3609). Differences in weight loss between accessions
GH2354, GH3239, GH6182 and OBAATANPA variety were not significant (Table 2). It was observed
that grain weight loss had a positive correlation with the number of F; progenies that emerged (r=0.689)
as well as the index of susceptibility (r=0.795) (Table 4) of maize genotypes.



Table-2. Mean emergence of weevils, percentage damage and percentage weight loss of maize
accessions.

Genotypes Days To Emergence % Damage Grains % Weight Loss
GH 2354 30.7 14.26b 11.44bc

GH 3239 35.7 10.59b 9.23c

GH 3324 31.3 16.45ab 13.02ab

GH 3609 24.7 23.32a 15.41a

GH 6182 30.0 11.05b 8.26¢
OBAATANPA 26.3 9.81b 8.51c

P —Value 0.484 0.013 0.007

F- Value 0.95 4,71 5.66

Means within the same column followed by the same alphabets are not significantly different at P <
0.05.

F1 Emergence and Index of Susceptibility

There were significant (P < 0.05) differences in the number of F1 progenies that emerged and the index
of susceptibility of maize accessions. The highest number of weevil adults that emerged (117.7) was
recorded in accession GH3324 while the least number (36.7) was recorded in accession GH6182 (Table
2). Using Dobie’s index of susceptibility (Table 1), the six maize genotypes were all scored as
susceptible to S. zeamais attack. Accessions GH3609, GH3324 and GH2354 were highly susceptible
while accession GH3239, GH6182 and OBAATANPA were susceptible (Table 3). The index of
susceptibility of maize genotypes was strongly correlated (r=0.733) with the number of F; progenies
that emerged. Inversely, there was a negative correlation between the time (days) to first emergence of
adult weevils, number of F; progenies that emerged (r= -0.103) and the index of susceptibility (r= -
0.370) (Table 4) of maize genotypes.

Table-3. Index of susceptibility and mean number of F; emerged.

Genotypes Total (F1) MDT DIS. Susceptibility status
GH 2354 74.3b 37 11.61bc Highly susceptible
GH 3239 66.0b 40 10.47bc Susceptible

GH 3324 117.7a 37.33 12.77ab Highly susceptible
GH 3609 106.7a 37.33 14.31a Highly susceptible
GH 6182 36.7¢c 37 9.71c Susceptible
OBAATANPA 43.7c 36 10.46bc Susceptible

P —Value <0.001 - 0.018 -

F — Value 31.55 4.32

Means within the same column followed by the same alphabets are not significantly different at P <
0.05.

MDT=Median Developmental Time

DIS= Dobie’s Index of Susceptibility

Correlation Analysis of Test Genotypes

Grain shape had a positive correlation with days to first adult weevil emergence, percentage damaged
grains, grain weight loss, emergence of F1 progeny and index of susceptibility whiles grain size had a
correlation coefficient ranging from positive (r = 0.626) to strongly negative (r = -0.757) (Table 4).

Table-4. Correlation coefficients among parameters for maize resistance to S. zeamais

#DE DG (%) | GWL #F1 IS Shape Length | Width
18 (%) Emerged (mm) (mm)




DG (%) -0.399 | -
GWL (%) -0.361 | 0.957 |-

#F; Emerged | -0.103 | 0.811 | 0.689 | -

IS -0.370 | 0.822 | 0.795 | 0.733 -

Shape 0297 | 0572 |0.695 | 0.653 0552 | -

Length (mm) | -0.665 | -0.020 | -0.648 | -0.333 -0.278 | -0.757 | -

Width (mm) | -0.608 | -0.259 | -0.428 | -0.582 -0.389 | -0517 |0423 |-
Thickness 0339 |-0270 |0.067 |-0.270 -0.279 | 0439 | 0626 |0.285
(mm)

#DE 1° = number of days to first emergence, DG (%) = percent damaged grains, GWL (%) = percent
grains weight loss, #F1 Emerged = number of F; progenies emerged and IS = index of susceptibility

Table-5. Mean grain shape and size of maize accessions

Genotypes Shape Length (mm) Width (mm) Thickness (mm)
GH 2354 3.4 8.19 8.49 4.77

GH 3239 3.1 8.9 7.99 4.35

GH 3324 3.6 8.48 8.24 4.59

GH 3609 3.4 9.68 8.34 4.2

GH 6182 3.2 9.11 8.7 5.01
OBAATANPA 2 10.22 8.75 4.2

DISCUSSION

Sitophilus zeamais is a destructive insect pest species that constrains the safe and sustainable storage of
maize in many sub-Saharan African countries. In this study, the type of maize genotype had no effect
on the mean period (days) for the emergence of adult weevils. The early emergence of adult weevils
from a maize genotype may be an indication of susceptibility to Sitophilus zeamais attack. Maize
genotypes from which adult weevils emerged early may have supported successful laying of eggs and
the rapid development of progeny. Inversely, genotypes with a longer period to adult weevil emergence
could be an indication of some level of resistance to S. zeamais infestation. The delayed emergence of
progeny may be attributed to the effect of some physical attributes of the maize grain including hardness
or antibiosis resulting from the biochemical composition of grains. These attributes may have reduced
oviposition success and progeny production (Garcia-Lara et al., 2004; Siwale et al., 2009). The
structure, attractiveness and conduciveness of individual grains of maize genotypes for S. zeamais to
feed, develop and reproduce on could have also played a role in earlier or delayed progeny emergence.
The nature of food on which an insect is reared may therefore affect its rate of growth and development
(Ojo and Amoloye, 2016). The resistance to S. zeamais infestation has been observed to be associated
with protein content, presence of ferulic acid, tryptophan and lysine in maize grains (Abebe et al., 2009;
Nhamucho et al., 2017). Maize genotypes with harder grains and high crude protein content have been
observed to be resistant to S. zeamais infestation (Siwale et al., 2009). Mcmullen et al. (2009) have also
suggested that the expression of genes that inhibit proteinase activity is elicited by mechanical injury
and insect damage to the grain.

Huang et al. (1998) identified alpha-pinene, an organic compound as being responsible for the anti-
feeding and growth inhibitory effects of some maize genotypes against S. zeamais. Phenolic acids,
structural proteins and diferulates have been reported as the fundamental cell wall components
associated with the resistant trait of the maize grain (Abebe et al., 2009; Nhamucho et al., 2017). These
components are reported to have a strong negative correlation with parameters of S. zeamais
susceptibility and a positive correlation with the extent of hardness of the maize grain (Garcia-Lara et
al., 2004). Even though grain texture was not evaluated in this study, grain hardness has been observed
to be closely related to S. zeamais resistance. This is due to the fact that maize genotypes that are
resistant to S. zeamais have harder kernels and are thus less susceptible to S. zeamais damage (Siwale
et al., 2009; Nhamucho et al., 2017). In view of the reported effects of biochemical traits on S. zeamais
infestation, coupling entomological with biochemical screening of maize germplasm may facilitate the
identification of promising maize germplasm for breeding S. zeamais resistant varieties.



Grain weight loss is a primary parameter for assessing the susceptibility of maize grains to S. zeamais.
Sitophilus zeamais usually lays more eggs and multiplies faster on grains of susceptible maize
genotypes. In the absence of any mitigation strategy therefore, the population of the pest can increase
exponentially. The positive correlation observed between grain weight loss and the number of F;
progenies that emerged among the evaluated genotypes implies that, the greater the emergence, the
higher the rate of feeding. Similarly, the greater the rate of feeding, the more the damage to grains and
consequently, the higher the percentage weight loss. In the course of feeding on grains, S. zeamais
consumes the endosperm and the embryo thereby causing significant reduction in grain weight (Hills,
1983). The strong positive correlation observed between percentage damaged grains and the percentage
weight loss among the maize genotypes evaluated concurs with the finding of Nhamucho et al. (2017)
who attributed high weight loss in susceptible genotypes to the high maize kernel damage caused by S.
zeamais. The implication of this is that, grains of susceptible genotypes supported large numbers of
weevil larvae, causing high kernel damage and subsequent weight loss compared to resistant genotypes.
According to Keba and Sori (2013) maize genotypes with high F1 progeny emergence suffer relatively
higher grain damage and grain weight loss than those with low F1 progeny emergence. Siwale et al.
(2009) have also suggested that the extent of damage to stored maize grains by S. zeamais is a function
of the length of weevil life cycle and the number of adult weevils that emerge. This study shows that
high F1 progeny production is associated with an increase in the susceptibility of maize genotypes to S.
zeamais infestation. It was also observed in this study that a shorter duration between the time of
infestation and F1 progeny emergence was associated with a high level of susceptibility of maize
genotypes to S. zeamais infestation. The implication of this is that compared to resistant maize
genotypes, there are more weevil generations per unit time in susceptible genotypes than in resistant
ones. Thus, for each succeeding weevil generation, there are more weevils per grain of a susceptible
maize genotype compared to a resistant one. Derera et al. (2010) have suggested that the percentage
damaged grains, the percentage weight loss, the number of emerged F1 progenies or the Dobie index of
susceptibility can be primary parameters for the evaluation and selection of S. zeamais resistant maize
germplasm.

CONCLUSION

Using Dobie’s index of susceptibility, all the accessions in the study were found to be susceptible to S.
zeamais infestation; accessions GH2354, GH3609 and GH3324 were identified as highly susceptible
while accessions GH3239, GH6182 and OBAATANPA variety were identified as susceptible. In
evaluating crop germplasm against insect pest incidence, the availability of germplasm with known
susceptibility to a target pest is equally as important as resistant/tolerant germplasm. This is because
such germplasm serve as a reference standard against which test entries can be accessed. The results
obtained from this study can therefore serve as baseline information in the exploration for S. zeamais
resistant maize germplasm.
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