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Maize weevil (Sitophilus zeamais Motschulsky) is a major maize (Zea mays L.) storage insect pest in the 
tropics which reduces the quantity and quality of maize hence facilitating establishment of aflatoxin and 
other mycotoxins. The objective of this study was to evaluate maize weevil resistance on selected 
inbred lines. Twenty eight inbred lines with 2 checks (MTPO701-reistant and Duma 41-susceptible) were 
used in this experiment. Thirty unsexed adult insects were introduced into 250 ml glass jars with grains 
of the lines at room temperature.  Evaluation of weevil damage was done at 10, 60 and 120 days after 
maize weevil infestation. Each category of storage period was replicated 4 times and experiment was 
set at the same time. Data was collected on percent weevil damage, grain weight loss and number of 
live and dead weevils on each inbred line. ANOVA analysis showed significant differences (P ≤ 0.05) on 
weight loss. The selection of the resistant genotypes was based on percent weight loss after 60 days. 
Resistant lines selected included KEN2/TZL2.25# and LEPOOL-1/TZL2-2-1. These lines showed 
resistance to maize weevil damage and hence can be stored up to 4 months. At 120 days there was 
maximum damage and most lines could not be differentiated on the basis of resistance. KEN2/TZL2-2-
5# showed consistency in resistance to maize weevils at all storage periods. High heritability at 60 days 
showed that selection for weevil resistance in these inbred lines is effective and feasible. Results in this 
study also revealed high, positive and significant correlation relationship between percent damage, 
weight loss and live weevils. The maize weevil resistant lines can be used to improve resistance of high 
yielding varieties in breeding programmes.  
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INTRODUCTION 
 
Maize (Zea mays L.) is the most important cereal crop in 
Kenya and is consumed in various regions (Kang’ethe, 

2011; Suleiman and Kurt, 2015). While farmers may 
achieve high yields  in  the  farm,  they  experience  much  
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grain losses during storage due to insect pests. Research 
has focused on increased field maize productivity while 
postharvest handling has not received adequate attention 
yet; insect pests at maize storage cause devastating yield 
and quality losses (Tefera et al., 2011; Kumar and Kalita, 
2017). Due to surplus maize in the market after 
harvesting, coupled with low prices, farmers mainly store 
their maize to take advantage of higher prices of their 
produce when the demand is high (Suleiman and Kurt, 
2015). In most tropical countries, harvested grains are 
mainly stored by farmers for considerable periods in 
various types of storage structures made of mud, 
bamboo strips and plastic sacks (Bilgami and Sinha, 
1987; Ranjan et al., 1992; Kumar and Kalita, 2017). 
These unimproved traditional storage methods inevitably 
provide suitable conditions for the growth of insects and 
microorganisms responsible for the quality loss in stored 
grains. Most insect pests have been reported to be 
associated with stored maize and their by-products 
causing loss of food for human and animal consumption 
(Demianyk and Sinha, 1987; Kumar and Kalita, 2017). 
The main storage insect pests causing yield losses in 
maize include maize weevil, large grain borer, red flour 
beetle, Indian meal moth and lesser grain borer. These 
insect storage pests may destroy 10 to 15% of grain and 
contaminate the grains with undesirable odors and 
flavors. Among the pests, maize weevil has been 
identified to cause major grain losses in stored maize and 
creates a higher risk of establishment of aflatoxin and 
other mycotoxins in the grains (Tefera et al., 2011; Kumar 
and Kalita, 2017). The female weevils bore holes into 
grain kernels, lay eggs in the holes, and then cover the 
holes with gelatinous plugs (Subramanyam and 
Hagstrum, 2012). The larvae feed inside the kernel and 
the adult eventually chew their way out of the kernels 
(Subramanyam and Hagstrum, 2012).  

Postharvest maize weevil infestation commences in the 
field but most damage occurs during storage (Demissie 
et al., 2008; Goftishu and Belete, 2014). We therefore 
require control measures that are effective both in the 
field level and under storage. As a remedy to control of 
these pests, synthetic insecticides have been widely used 
on stored grains. However, there are global concerns due 
to environmental hazards, chemical residues on food, 
insecticides resistance development and associated 
costs (Cherry et al., 2005; Nicoloupolou-Stamati et al., 
2016). Host plant resistance offers sustainable control 
measure to weevil infestation in the field level, under 
storage and minimizes the major concerns associated 
with use of insecticides. Studies have found resistance to 
weevil infestation to be heritable (Derera et al., 1999; 
Goftishu and Belete, 2014). Most studies on host plant 
resistance to maize weevil have focused on grain factors 
contributing to resistance and inheritance mechanism of 
resistance (Derera et al., 2001; Zunjare et al., 2014). 
Despite the increased understanding of the inheritance of 
weevil resistance and  of  the  resistance  mechanisms  in  

 
 
 
 
the maize grains, there has been very little application of 
this knowledge in maize breeding programmes (Dhliwayo 
and Pixley, 2002; Zunjare et al., 2014). Maize inbred lines 
represent a resource for studies in genetics and plant 
breeding towards crop improvement (Mwololo et al., 
2012; Zunjare et al., 2014). These lines are mainly used 
in development of hybrids. Progress has been made in 
developing maize cultivars resistant to post-harvest 
insect pests (Goftishu and Belete, 2014). Understanding 
the level of responses of different maize inbred lines 
especially against S. zeamais infestation is important to 
decide the course of resistance breeding strategy. The 
objective of this study was to screen and identify resistant 
inbred lines to weevil attack so as to develop resistant 
maize hybrids. 
 
 

MATERIALS AND METHODS 
 

Source of maize germplasm 
 

Maize grains used in this study were from twenty eight inbred lines 
which had been planted at the Kiboko nursery in July, 2016. The 
genotypes used were provided by the Kenya Agricultural and 
Livestock Research Organization (KALRO), Katumani centre. The 
inbred lines originated from Kenya, Zimbabwe and France. The 
grains were selected on the basis of their high resistance to 
aflatoxin contamination.  
 
 

Field trial design and management 
 

The experimental materials were evaluated at KALRO Kiboko. 
Kiboko is located in Makueni County. The mean annual rainfall is 
530 mm and is spread over two very short rainy seasons. It lies at 
an altitude of 975 meters above sea level and between latitude 02° 
15’ S and longitude 37° 75’ E. Sand-clay type of soil occupies this 
location. Temperatures are uniformly high with mean maximum 
value of 35.1°C and the minimum of 14.3°C. The twenty eight 
entries were planted in the Kiboko experimental site. Field sizes for 
the inbred lines were 87.5 m by 18 m and 87.5 m by 30 m, 
respectively. Each plot measured 5 m by 0.75 m. Fertilizer was 
applied at a standard rate of 30 kg Calcium Ammonium Nitrate 
(CAN) and 30 kg Di ammonium Phosphate (DAP). Supplementary 
irrigation was administered when needed. The fields were kept free 
from weeds by hand weeding. Number of rows per plot was 2 and 
distance between stations, 0.25 m. Treatments were laid in a 
randomized complete block design (RCBD) with 4 replicates.  
 
 

Grain preparation, insect culture and infestation 
 

At harvest, sieving was done to remove any dirt, dust or broken 
grains. The mature maize weevil insects used for the evaluation 
were sourced from CIMMYT/KARI-Kiboko post-harvest testing 
laboratory. The insects had been reared on commercial hybrid 
maize H614 under controlled conditions of 28°C and 70% relative 
humidity (Tefera et al., 2011). Fifty grams of grains was put in 250 
ml capacity no-choice glass jars at room temperature and then thirty 
unsexed adult insects were introduced into the glass jars (Tefera et 
al., 2011). Glass jars were then covered with a lid made of wire 
mesh (1 ml) to allow for adequate ventilation and prevent escape of 
the weevils (Tefera et al., 2011). 
 
 

Categories of samples 
 
At  harvest,  the  maize  was  arranged  in  three  categories.   Each 



 
 
 
 
category describes the time when the samples were assessed for 
insect damage. One category represented materials under storage 
for 10 days; the second had materials under storage for 60 days 
while the third, materials were stored for 120 days. Each category 
consisted of 28 entries replicated 4 times. The experimental set up 
for these genotypes was done at the same time.  
 
 

Experimental design 
 

Treatments were laid out in a completely randomized design and 
kept on wooden shelves at room temperature in the laboratory. The 
experiment consisted of 28 germplasms replicated 4 times and put 
in 3 categories. A total of 336 samples were assessed in this 
experiment. MTP0701 (resistant check) and DUMA 4(susceptible 
check) to weevil infestation were incorporated in the study. 
Assessment of the trials was done at 10, 60 and 120 days of 
storage.   
 
 

Data collection and assessment 
 

Data was collected on weight of damaged and undamaged grains, 
live and dead weevils. On each assessment date (10, 60 and 120 
days), the glass jars were opened, contents separated into grains, 
insects and dust using 4.7 and 1 mm sieves (Endecotts Ltd UK). 
Mortality was assessed. All maize weevils were separated and 
removed (by hand) from the maize at the end of these three storage 
periods. Separation of the damaged and undamaged kernels was 
done using grain tunneling and holes as the criteria (Tefera et al., 
2011); these were counted and the percentage of damaged grain 
and grain weight loss computed. The percent damage was 
determined using the converted percent damage method (Baba -
Tiertor, 1994): 
 

where:   GD = Damaged grain 
WDG = Weight of damaged grain 
WDUD = Weight of damaged and undamaged grains 
 

Weight loss was determined by the count and weight method of 
Gwinner et al. (1996). 

 
Weight loss (%) = (Wu x Nd) - (Wd x Nu) X 100 / Wu x (Nd + Nu)  
 

Where, Wu = Weight of undamaged grain,  
Nu = Number of undamaged grain, 
Wd = W eight of damaged grain, and  
Nd = Number of damaged grain. 
 

Genotypes were categorized as resistant (1 to 5%), moderately 
resistant (5.1 to 8%), moderately susceptible (8.1 to 10%), 
susceptible (10.1 to 13) and highly susceptible (>13.1%) after 60 
days based on percentage weight loss, which was found to be a 
key trait of discriminating genotypes in relation to resistance (Tefera 
et al., 2011; Mwololo et al., 2012). 

 
 
Data analysis   
 
The numbers of percentage weevil damage, grain weight loss, live 
and dead weevils were subjected to Genstat 14th edition software 
and means separated using Fishers least significance difference at 
5% probability level. Heritability was measured based on grain 
damage. Broad sense heritability was estimated based on Johnson 
et al. (1955) where by the error mean sum of squares (EMS) was 
considered as error variance (σ2

e). Genotypic variance (σ2
g) was 

derived by subtracting error mean sum of squares (EMS) from the 
genotypic mean sum of squares (GMS) and divided by  the  number 
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of replications as given by the formula: 
 
σ2

g = GMS-EMS/r    

 
where GMS=Genotype mean sum of squares, EMS= error mean 
sum of squares and r = number of replications. Phenotypic variance 
(σ2

P) was derived by adding genotypic variance with error variance 
as given by the formula: 
 
σ2

p = σ2
e + σ2

g 

 
Broad sense was then calculated as; 
 
H2b = σ2

g/ σ
2

p 

 
 
RESULTS 
 
Maize weevil damage of inbred lines 

 
There was no significant difference among inbred lines in 
response to weevil damage after 10 days of storage and 
damage on lines was less than 1%. The inbred lines 
differed significantly to weevil damage after 60 days of 
maize storage. The highest weevil damage was recorded 
in ZIMLINE/MORO/BC18-1-1, TZL2/MUG1-2-4 and 
RF291-10-5-3-9 as they were more damaged than the 
susceptible check. On the other hand, lines KEN2/TZL2-
2-5#, LEPOOL-1/TZL2-2-1 and CML 312 were less 
damaged than the resistant check MTP0701 (Table 1). 
The inbred lines showed significant differences to maize 
weevil damage after 120 days of storage. 
KEN2/TZL2.2.5#, LEPOOL-1/TZL2-2-1, TZL-3/DIPLO-1-
1-6#, CML 312 and PIP2ENTRY 14 were less damaged 
than the resistant check at this stage (Table 1). The 
combined effect of weevil damage at the 3 stages 
revealed that RF291-10-5-3-9 was highly damaged by 
the weevils (Table 1). On the contrary, line KEN2/TZL2-2-
5 was the least damaged at all the 3 stages. KEN2/TZL2-
2-5, CML312 and LEPOOL-1/TZ2 2-2-1 were resistant 
lines at 10, 60 and 120 days of storage on the basis of 
percent damage as they recorded less damage in relation 
to the resistant check MTP0701. 

 
 
Maize weevil grain weight loss of inbred lines 

 
The inbred lines did not differ significantly after 10 days of 
weevil infestation. Their weight loss varied from 0 to 0.3% 
(Table 2). There was significant difference in grain weight 
loss after 60 days of storage. The lowest was recorded in 
inbred lines KEN2/TZL2-2-5# and LEPOOL-1/TZL2-2-1 
while the highest was in ZIMLINE/MORO/BC18-1-1 
(Table 2). Two lines were resistant, 4 were moderately 
resistant, 5 were moderately susceptible, 11 were 
moderately resistant and 7 were highly susceptible 
(Table 2). The inbred lines showed significant differences 
in grain weight loss after 120 days of storage. Even 
though much grain weight was lost at this stage, 
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Table 1. Maize weevil damage of inbred lines at 10, 60 and 120 days of storage. 
 

Genotypes 
Maize weevil damage (%) 

10 days 60 days 120 days Mean (%) 

CML 222 0.0 24.1±11.6 65.3±0.6 29.8 

CML 366 0.0 35.9±9.6 67.8±4.7 34.6 

CML312 0.0 16.3±4.1 62.5±16.0 26.3 

CML4 0.0 44.8±10.9 69.0±4.2 37.9 

HIFIL-57 0.0 23.8±13.5 63.9±3.9 31.2 

HIFIL-6 0.0 28.9±20.0 65.4±3.2 31.4 

Katumani 11-2-1 0.0 40.1±10.6 68.0±4.9 36.0 

Katumani 3-7-3 0.0 39.4±6.4 68.0±3.9 35.8 

KEN2/TZL2-1-2# 0.0 47.9±8.8 69.9±4.0 39.3 

KEN2/TZL2-2-3# 0.0 42.1±9.3 68.0±4.8 36.7 

KEN2/TZL2-2-5# 0.0 10.8±8.6 41.1±18.4 17.3 

KEN3/TZL2-2-6# 0.0 48.2±11.5 69.0±0.8 39.1 

Kikamba 4-3-3 0.0 28.6±24.1 65.2±2.4 31.3 

LEPOOL-1/TZL2-2-1 0.0 16.1±6.6 51.2±2.6 22.4 

PIP2ENTRY 108 0.1 47.2±9.9 69.4±1.6 38.9 

PIP2ENTRY 135 0.0 35.4±17.5 66.5±2.8 34.0 

PIP2ENTRY 14 0.0 20.3±1.1 63.5±1.8 27.9 

PIP2ENTRY 143 0.0 38.3±4.5 67.1±1.9 35.1 

RF291 3-10-11-1 0.0 34.8±10.8 66.1±1.5 33.6 

RF291-10-5-3-9 0.0 62.3±7.1 72.6±6.8 45.0 

RF291-8-3-4-9 0.0 42.2±5.2 68.3±2.3 36.8 

TZL-1/DIPLO-1-2-2# 0.0 34.5±11.9 65.8±2.7 33.4 

TZL-1/DIPLO-1-2-3# 0.0 37.1±10.0 67.6±5.5 34.9 

TZL2/MUG1-2-4# 0.0 52.0±5.8 71.1±6.3 41.0 

TZL-2/MUG-1-2-5# 0.0 32.4±12.5 65.3±4.6 32.6 

TZL-3/DIPLO-1-1-6# 0.0 22.6±3.9 63.1±2.0 28.6 

TZL3/MUG4-1-10# 0.0 23.7±7.9 63.9±6.1 29.2 

ZIMLINE/MORO/BC18-1-1 0.0 52.1±7.0 71.5±6.5 41.2 

     

Checks     

MTP0701( Resistant) 0.0 19.8±10.3 63.6±4.0 27.8 

DUMA 41( Susceptible) 0.0 51.5±16.4 69.3±3.8 40.3 

P-value 
 

P ≤ 0.05 P ≤ 0.05 P ≤ 0.05 

Mean 0.0 35.1 65.6 33.6 

LSD (Gen × Days)  15.5 8.7 10.0 

CV (%)  33.1 27.2 21.6 

 
 
 
KEN2/TZL2-2-5# lost the least weight at 16%. Combined 
analysis showed KEN2/TZL2-2-5# had the least grain 
weight loss (7.0%) while KEN2/TZL2-1-2# and 
ZIMLINE/MORO/BC18-1-1 had the most weight loss 
(18.2%). 
 
 
Number of live weevils in inbred lines 
 
After 10 days of storage, the inbred lines did not show 
any significant difference in number of live weevils. 
Ninety eight percent of introduced weevils were still alive 

after 10 days of maize storage in the jars. Inbred lines 
showed significant differences in number of live weevils 
at 60 days of storage. Ninety seven percent of inbred 
lines recorded increased number of live weevils. 
KEN3/TZL2-2-5 had fewer weevils than the introduced 
number (18 live weevils) at 60 days of storage while the 
rest of the lines had more weevils than the initial number 
(Table 3). The highest number of live weevils was 
observed in lines; Katumani 11-2-1, PIP2ENTRY 143 and 
ZIMLINE/MORO/BC18. The lines had more than 120 live 
weevils (Table 3). Inbred lines did not differ in number of 
live weevils after 120 days of storage. The  least  number 
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Table 2. Grain weight loss among inbred lines at the three storage periods 
 

Genotype 
% Grain weight loss 

Mean Remarks 
10 days 

 
60 day 120 days 

KEN2/TZL2-2-5# 0.1 
 

4.9±0.7 15.9±4.3 7 Resistant 

LEPOOL-1/TZL2-2-1 0.1 
 

4.9±0.8 22.3±5.8 9.1 Resistant 

MTP0701(R) 0.1 
 

5.1±0.8 18.5±2.6 7.9 Resistant 

CML 222 0.1 
 

7.2±1.8 25.2±3.9 10.8 Moderately resistant 

CML312 0.1 
 

7.5±1.1 25.5±3.3 11 Moderately resistant 

TZL3/MUG4-1-10# 0.1 
 

7.8±1.4 25.2±2.1 11 Moderately resistant 

TZL-3/DIPLO-1-1-6# 0 
 

8.0±1.1 25.3±3.7 11.1 Moderately resistant 

HIFIL-57 0.3 
 

8.1±2.4 26.4±10.1 11.6 Moderately resistant 

PIP2ENTRY 14 0.2 
 

8.3±0.7 27.5±3.1 12 Moderately resistant 

CML 366 0 
 

8.6±1.3 26.6±3.2 11.8 Moderately resistant 

RF291 3-10-11-1 0.1 
 

9.5±1.4 28.4±3.3 12.7 Moderately resistant 

Kikamba 4-3-3 0 
 

9.9±0.8 30.1±4.3 13.3 Moderately resistant 

Katumani 3-7-3 0.1 
 

10.8±1.1 29.7±3.2 13.5 Moderately resistant 

TZL-1/DIPLO-1-2-3# 0.1 
 

10.8±1.3 30.9±3.5 14 Moderately resistant 

DUMA 41(S) 0.1 
 

11±3.0 31.2±4.1 14.1 Susceptible 

TZL-2/MUG-1-2-5# 0 
 

11.2±4.3 31.2±4.2 14.1 Susceptible 

KEN3/TZL2-2-6# 0 
 

11.7±0.9 33.8±4.6 15.2 Susceptible 

PIP2ENTRY 108 0 
 

11.7±1.5 35±3.9 15.6 Susceptible 

PIP2ENTRY 135 0.1 
 

12.3±2.8 35.8±1.8 16.1 Susceptible 

RF291-8-3-4-9 0.1 
 

12.5±2.1 35.0±3.8 15.9 Susceptible 

CML4 0.3 
 

12.5±2.8 30.2±3.1 14.3 Susceptible 

KEN2/TZL2-2-3# 0.1 
 

12.6±2.6 34.5±7.7 15.7 Susceptible 

HIFIL-6 0.1 
 

12.6±8.9 36.8±5.7 16.5 Susceptible 

RF291-10-5-3-9 0.1 
 

13.0±2.4 36.6±5.0 16.6 Highly Susceptible 

TZL-1/DIPLO-1-2-2# 0.1 
 

13.4±2.5 37.6±4.4 17 Highly Susceptible 

PIP2ENTRY 143 0.1 
 

13.8±1.1 37.5±4.2 17.1 Highly Susceptible 

Katumani 11-2-1 0.1 
 

15.5±4.1 37.9±2.9 17.8 Highly Susceptible 

TZL2/MUG1-2-4# 0.1 
 

15.6±3.7 36.6±4.6 17.4 Highly Susceptible 

KEN2/TZL2-1-2# 0.1 
 

15.9±2.6 38.7±2.5 18.2 Highly Susceptible 

ZIMLINE/MORO/BC18-1-1 0.1 
 

16.3±2.6 38.3±2.9 18.2 Highly Susceptible 

P value   P ≤ 0.05 P ≤ 0.05 P ≤ 0.05 
 

Mean 0.1  10.77 30.81 13.92  

%CV 
  

32.3 29.0 21.1 
 

LSD (Gen × Days) 
 

2.4 8.2 3.9 
  

Gen= genotypes, days= number of storage days, S=Susceptible check, R=Resistant check. 

 
 
 
of live weevils was found in MTP0701. The highest 
number of weevils was found in TZL2/MUG1-2-4# and 
KEN2/TZL2-1-2# (Table 3). Combined ANOVA results 
showed that there were significant differences in inbred 
lines, storage periods and the interaction of the two 
factors in response to number of live weevils. The 
number of live weevils increased steadily with the number 
of storage periods. However, in PIP2ENTRY135, RF291-
8-3-4-9, RF291-10-5-3-9, Katumani11-2-1, PIP2ENTRY 
143 and ZIMLINE/MORO/BC18 the live weevils 
increased up to the 60th day and decreased at the 120th 
day. 

Number of dead weevils in inbred lines 
 
There were no significant differences in number of dead 
weevils among inbred lines after 10 days of storage. 
Ninety three percent of the inbred lines had dead weevils 
after 10 days of storage. However the numbers of dead 
weevils at this storage period were few and ranged from 
0 to 2 (Table 4). The inbred lines differed notably in the 
number of dead weevils after 60 days of storage. The 
numbers of dead weevils at this stage were still few and 
ranged from 0 to 4 (Table 4). Most dead weevils were 
found in RF291-10-5-3-9 and ZIMLINE/MORO/BC18 
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Table 3. Number of live weevils in inbred lives at the three storage periods. 
 

Genotype 
Number of live weevils 

10 days 60 days 120 days Mean 

CML 222 29.25±0.9 49.00±2.5 122.25±0.5 66.83 

CML 366 30.00±0.2 53.00±9.3 99.00±19.6 60.67 

CML312 29.50±1.1 43.75±14.0 82.00±6.8 51.75 

CML4 28.75±0.1 99.75±1.0 109.25±21.4 79.25 

HIFIL-57 29.25±0.5 42.25±10.2 108.50±7.9 60.00 

HIFIL-6 29.75±0.1 72.75±16.9 110.00±21.8 70.83 

Katumani 11-2-1 30.00±0.6 127.25±10.9 99.50±9.8 85.58 

Katumani 3-7-3 28.75±1.3 79.00±3.6 93.50±13.6 67.08 

KEN2/TZL2-1-2# 29.25±0.7 103.00±2.2 134.00±3.5 88.75 

KEN2/TZL2-2-3# 28.75±1.1 100.75±11.4 119.00±22.2 82.83 

KEN2/TZL2-2-5# 29.25±0.9 18.50±7.3 84.50±23.2 44.08 

KEN3/TZL2-2-6# 29.25±0.4 79.00±6.6 112.75±12.1 73.67 

Kikamba 4-3-3 29.50±0.6 92.75±12.0 128.75±3.6 83.67 

LEPOOL-1/TZL2-2-1 29.00±0.2 43.50±16.9 96.25±3.6 56.25 

PIP2ENTRY 108 29.50±1.1 101.25±9.1 119.50±21.9 83.42 

PIP2ENTRY 135 28.50±1.5 104.50±5.5 82.00±3.0 71.67 

PIP2ENTRY 14 29.25±0.2 52.75±13.4 82.50±22.8 54.83 

PIP2ENTRY 143 29.25±0.5 126.75±3.9 106.50±12.2 87.50 

RF291 3-10-11-1 28.75±0.5 63.25±1.9 127.75±11.6 73.25 

RF291-10-5-3-9 29.50±0.2 118.25±11.1 100.25±3.1 82.67 

RF291-8-3-4-9 30.25±0.7 101.50±0.2 97.50±2.2 76.42 

TZL-1/DIPLO-1-2-2# 29.25±0.1 121.50±0.1 126.50±2.4 92.42 

TZL-1/DIPLO-1-2-3# 29.50±0.3 89.50±17.7 97.00±4.1 72.00 

TZL2/MUG1-2-4# 29.00±1.1 114.25±3.5 132.00±3.2 91.75 

TZL-2/MUG-1-2-5# 28.50±0.7 72.25±14.2 110.75±11.7 70.50 

TZL-3/DIPLO-1-1-6# 29.25±0.8 60.50±1.7 85.75±12.2 58.50 

TZL3/MUG4-1-10# 29.75±1.3 60.75±18.6 81.00±21.4 57.17 

ZIMLINE/MORO/BC18-1-1 29.25±0.3 127.75±3.8 119.00±12.8 92.00 

Checks     

MTP0701( R)  29.00±0.4 43.25±38.3 76.25±1.5 66.17 

DUMA 41(Susceptible)  29.00±0.7 56.25±29.7 106.00±4.0 63.75 

P value  P ≤ 0.05 P ≤ 0.05 P ≤ 0.05 

Mean 29.30 80.62 104.98 72.17 

%CV  40.9 34.3 36.10 

LSD (Gen × Days)  25.4 29.5 20.80 
 

Gen= genotypes, days= number of storage days.  

 
 
 
lines. There was a significant difference in number of 
dead weevils after 120 days of storage among inbred 
lines. This was the most recorded storage period with 
highest number of dead weevils (Table 4). Eighty nine 
percent of inbred lines had more than 100 dead weevils 
(Table 4). The highest number of dead weevils was found 
in ZIMLINE/MORO/BC18. There were significant 
differences among inbred lines, storage periods and the 
interaction of inbred lines and storage periods in number 
of dead weevils. The mean numbers of dead weevils 
were fewer at 10 and 60 days than at 120 days (Table 4). 

Heritability of maize weevil resistance  
 
Heritability in the broad sense of weevil resistance was 
estimated as described by Johnson et al. (1955). It was 
necessary to estimate variances first so as to calculate 
heritability in the broad sense. Percent damage was used 
to calculate heritability. It was found that heritability varied 
with the storage period. Heritability was 34% at 10 days, 
56% at 60 days and 43% at 120 days. The highest 
heritability was recorded after 60 days of weevil 
infestation (Table 5).  
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Table 4. Number of dead weevils in inbred lines at the three storage periods. 
 

Genotype 
Number of dead weevils 

10 days 60 days 120 days Mean 

CML 222 0.75±0.5 1.50±1.7 103.25±1.6 35.17 

CML 366 0.00±0.0 2.75±2.4 111.75±2.8 38.17 

CML312 0.50±1.0 0.00±0.0 62.75±3.3 21.08 

CML4 1.25±0.5 1.50±1.3 138.00±6.9 46.92 

HIFIL-57 0.75±1.5 0.75±1.0 109.50±2.2 37 

HIFIL-6 0.25±0.5 2.00±1.8 109.00±1.3 37.08 

Katumani 11-2-1 0.00±0.0 1.25±1.9 148.25±3.6 49.83 

Katumani 3-7-3 1.25±1.3 2.50±1.9 129.75±3.5 44.5 

KEN2/TZL2-1-2# 0.75±1.0 3.00±2.6 114.50±4.3 39.42 

KEN2/TZL2-2-3# 1.50±3.0 3.00±3.6 138.25±2.1 47.58 

KEN2/TZL2-2-5# 1.00±0.8 0.25±0.5 55.00±2.0 18.75 

KEN3/TZL2-2-6# 0.75±1.0 2.25±1.3 123.25±1.0 42.08 

Kikamba 4-3-3 0.75±1.0 0.75±1.0 114.50±1.2 38.67 

LEPOOL-1/TZL2-2-1 1.00±0.0 2.00±1.4 79.75±1.0 27.58 

PIP2ENTRY 108 0.50±0.6 2.00±1.8 157.50±3.0 53.33 

PIP2ENTRY 135 1.50±1.0 0.75±1.0 145.00±6.5 49.08 

PIP2ENTRY 14 1.00±1.2 1.75±2.2 105.25±2.1 36 

PIP2ENTRY 143 0.75±1.0 1.00±1.2 175.25±2.2 59 

RF291 3-10-11-1 1.25±1.3 3.00±2.4 124.50±3.0 42.92 

RF291-10-5-3-9 0.50±0.6 3.75±3.6 133.25±2.0 45.83 

RF291-8-3-4-9 0.50±1.0 1.25±1.9 119.25±3.2 40.33 

TZL-1/DIPLO-1-2-2# 0.75±1.0 2.75±2.2 135.50±2.7 46.33 

TZL-1/DIPLO-1-2-3# 0.75±0.5 1.50±1.3 127.00±2.9 43.08 

TZL2/MUG1-2-4# 1.00±0.8 1.00±1.2 160.75±4.1 54.25 

TZL-2/MUG-1-2-5# 1.50±1.3 2.50±2.6 139.50±2.9 47.83 

TZL-3/DIPLO-1-1-6# 0.75±1.0 2.50±3.0 111.00±3.1 38.08 

TZL3/MUG4-1-10# 0.25±0.5 2.25±1.9 103.50±2.6 35.33 

ZIMLINE/MORO/BC18-1-1 0.75±0.5 3.75±3.2 175.00±2.9 59.83 

Checks     

MTP0701(Resistant) 1.25±0.5 1.50±1.3 117.00±1.1 39.92 

DUMA 41(Susceptible) 1.00±0.8 0.25±0.5 83.50±1.4 28.25 

P value  P ≤ 0.05 P ≤ 0.05 P ≤ 0.05 

Mean 0.82 1.83 121.68 41.44 

%CV  25 35.4 40.6 

LSD (Gen x Days)  1.38 31.5 23.4 
 

Gen= genotypes, days= number of storage days. 

 
 
 
Correlations 
 
The result (Table 6) shows a linear association between 
variables measured after maize weevil infestation on 
inbred lines. All the variables showed significant (at P ≤ 
0.05) and positive association. Weevil damage was found 
to correlate strongly with weight loss (r = 0.9), live (r = 
0.8) and dead weevils (r = 0.7). However, in all variables, 
weight loss (%) was strongly correlated to weevil damage 
(%). The number of live weevils and dead weevils gave a 
correlation coefficient of 0.5 (Table 6). 

DISCUSSION 
 
Maize weevil damage of inbred lines 
 
Significant differences in genotypes response to weevil 
damage is attributed to genotypic effects because the 
inbred lines were exposed to identical capacity of weevil 
infestation and environment. These differences in the 
resistance of the maize varieties indicate the inherent 
ability of the studied lines to resist S. zeamais attack. The 
resistance could either be due to antibiosis as a  result  of  
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Table 5. Heritability of weevil resistance on percent damage in inbred lines. 
 

Heritability of weevil resistance (%) After 10 days After 60 days After 120 days 

VE 0.00045 106.5 33 

VG 0.0002325 135.4 132.8 

VP 0.0006825 241.85 57.95 

HBS (%) 34.07 55.96 43.05 
 

VE= Environmental variance, VG= genotypic variance, VP= phenotypic variance and HBS= broad sense heritability. 
 
 
 

Table 6. Correlation coefficients of maize weevil infestation in inbred lines. 
 

Parameter Weevil damage (%) Weight loss (%) Dead weevils Live weevils 

Weevil damage (%) 1 
   

Weight loss (%) 0.9192* 1 
  

Dead weevils 0.7482* 0.8964* 1 
 

Live weevils 0.807* 0.7602* 0.5219* 1 
 

*=significant at 5% probability level. 
 
 
 
biochemical compounds which are toxic to insects or 
physical factors such as grain hardness (Garcia-Lara et 
al., 2004; Siwale et al., 2009; War et al., 2017). 
Resistance can also be attributed to pericarp surface 
texture, nutritional factors such as amylose, lipid and 
protein content (Dobie, 1974; Tipping et al., 1988; Tefera 
et al., 2013) or non-nutritional factors, especially phenolic 
compounds (Serratos et al., 1987; Tefera et al., 2013). 
Gerema et al. (2017) reported that high level of grain 
damage depends on the number of emerging insects and 
grains permitting high level of adult emergence. Weevil 
damage increased progressively from 10 to 60 to 120 
days in all inbred lines. These results are similar with 
those of Tefera et al. (2011) and Togola et al. (2013) who 
reported the same trend.  According to Tefera et al. 
(2016), despite the shape, size and hardness of the 
grain, its chemical and nutritional composition are 
important primarily in resisting insect attack and damage, 
the length of exposure of the grain to the pest may affect 
the level of infestation of maize varieties by S. zeamais 
thus compromising extent of maize damage. The grain is 
then left exposed to micro-organisms leading to the 
production of mycotoxins thus lowering the quality and 
also rendering it undesirable for consumption (Mejia, 
2007). Maximum weevil damage on lines was recorded at 
120 days with 98% of lines having damages of more than 
60%. This showed that resistance alone was not enough 
to suppress S. zeamais population build up but it can 
reduce losses due to weevil infestation since no maize 
grain was immune to attack by the weevil (Ivbiljaro, 
2009). From the study, all the lines were undamaged for 
the first 10 days of storage. This showed that maize 
weevil damage does not commence immediately and 
hence maize grains can be stored for up to two weeks 
with minimal damage. 

Maize weevil grain weight loss of inbred lines 
 
The maize weevil Sitophilus zeamais exhibit  
holometabolous type of post-embryonic development of 
36 days period. This explains why after 10 days there 
was no grain weight loss, and this was aggravated by the 
fact that no damage had occurred. Later, the larvae 
develop and start eating the grains from the inside 
(Abebe et al., 2009; Wangui, 2016). The adults too 
immediately start aggressive feeding, resulting in 
increased destruction of the grains as indicated by more 
weight loss after 60 and 120 days of storage (Dobie, 
1974; Dobie et al., 1984; Wangui, 2016). Given that both 
larvae and adults feed on grains, they create much dust 
and consequently, great maize weight losses as the 
storage period prolongs. 

The degree of weight loss has been found to be an 
important measure of maize grain resistance or 
susceptibility to the maize weevil (Derera et al., 2014), 
therefore its use as a key trait in discriminating genotypes 
in resistant categories in this study. In this study, resistant 
varieties had the least grain weight as it was reported 
before by Siwale et al. (2009). Also, from the study, grain 
weight loss was relatively low and was less than 40% in 
all storage periods. According to Dobie (1977), higher 
grain weight losses are expected when young weevils of 
particularly 0 to 3 weeks are used because they have a 
higher fecundity rate and increased feeding. It has been 
noted that a number of factors contribute to genetic 
resistance of varieties to stored grain insect pests attack 
(Adentuji, 1998; Muzemu et al., 2013). It is therefore 
recommended that the identified resistant lines 
KEN2/TZL2-2-5 and LEPOOL-1/TZ2 2-2-1 should be 
evaluated to determine the specific factors causing 
resistance  to  weevil  attack.  Such  factors  will  then  be 



 
 
 
 
selected when developing resistant inbred lines. The 
selected resistant lines should be regarded as potential 
sources of weevil resistance and thus be utilized in 
breeding resistant maize varieties. 
 
 

Number of live weevils in inbred lines 
 

Number of live weevils remained constant even after 10 
days of storage. This was attributed to the fact that the 
development stage of most weevils is 36 days therefore 
no new insects had emerged within 10 days. It was 
expected that the number of live weevils will be more in 
lines which had most damages. For instance, Katumani 
11-2-1, PIP2ENTRY 143 and ZIMLINE/MORO/BC18 had 
the highest number of live weevils at 60 days and 
TZL2/MUG1-2# and KEN2/TZL2-1-2# at 120. Their 
percent damage was also high. This increased insect 
multiplication resulted into enormous damages in the 
grains of inbred lines.  The resistant lines had lesser 
weevils indicating antibiosis kind of resistance among the 
inbred lines.  
 
 

Number of dead weevils in inbred lines 
 

The numbers of dead weevils were fewer at 10 and 60 
days of storage while more weevils died after 120 days. 
This indicates that the host lines were unfavourable for 
feeding and hence reproduction was not possible. The 
high density population could have resulted in death of 
insects due to competition of limited food resource. 
According to Sori and Keba (2013) and Abebe et al. 
(2009), numbers of dead weevils or weevil mortality rates 
are generally low in most maize varieties. They also 
reveal that adult weevils can survive without food for 
more than 10 days indicating that number of dead 
weevils is not a good indicator of weevil resistance in 
maize varieties. 
 
 

Heritability of maize weevil resistance  
 

Heritability was found to be below 50% at 10 and 120 
days of storage. At 60 days, heritability was moderately 
high at 56%. High heritability at 60 days reveals that 
selection for weevil resistance in these inbred lines is 
effective at this stage. This also shows that resistance 
can easily be transferred to the inbred lines through 
selection procedures which then enhance development of 
resistant varieties (Aminu et al., 2014). High heritability 
estimates indicates the preponderance of additive gene 
action. The variation of weevil resistance at the 3 stages 
also affirms that weevil resistance is controlled by 
additive and non-additive genetic effects (Derera et al., 
2001). 
 
 

Correlations 
 
There was significant positive correlation  among  studied  
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traits. The results revealed a strong association between 
weevil damage and grain weight loss. Also a strong 
association of live weevils and % grain weight loss was 
recorded. These results were in conformity with reports of 
Dari et al. (2010) and Zunjare et al. (2016) who also 
found strong correlation in these factors indicating that 
they are key indicators of weevil resistance in maize. 
 
 
Conclusion 
 
The present study reports here the existence of sufficient 
variation for weevil resistance among inbred lines, 
thereby providing immense opportunity to impart weevil 
resistance through genetic means.  Percent damage, 
grain weight loss and number of live insects are the 
important characters for resistance to weevil. Also this 
study showed that resistance against weevil attack is 
heritable since resistant inbred lines were selected. The 
selected resistant lines should be regarded as potential 
sources of weevil resistance and thus be utilized in 
breeding resistant maize varieties. Moderate heritability 
estimates exhibited in this study indicated considerable 
potential for development of lines which are resistant to 
weevil attack through selection of desirable plants in 
succeeding generation.  
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