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ABSTRACT

A study was conducted with the objectives to determine the resistance of maize varieties to
maize weevil, Sitophilus zeamais. It was conducted at Jimma University College of Agriculture and
Veterinary Medicine in entomology laboratory at room temperature of 25-27°C and 40-60% RH in
2011/2012. The maize varieties were collected from Bako and Holeta Agricultural Research Centers,
Ethiopia and local market, Jimma-Merkato. A total of 13 maize varieties were screened for their
relative resistance to S, zeamais. Dobie index of susceptibility was used to classify the varieties in
to different reaction categories. The varieties were significantly different in terms of susceptibility
index. Only one variety, BHQP-542’ had 3.5 index of susceptibility and was regarded as resistant
variety to maize weevil attack. However, most of the varieties, namely BH660, BH670, BH543,
BHQPY545, Gibe-1, Gibe-2, Wanchi, Argane, Hora and Local variety-Orome, had index of
susceptibility 4.6, 5.3, 4.7, 4.8, 4.9, 4.8, 52, 57, 52, 6.0, respectively and are regarded as
moderately resistant to maize weevil attack. Two varieties (BH661 and Kuleni) had index of
susceptibility 7.11 and 7.09, respectively and are regarded as moderately susceptible varieties to
maize weevil attack. The resistant variety produced low numbers of F, progenies {(51.33), had a
high median developmental time (48.33 days), a low percentage of seed damage (15.85%), less
production of grain dust (powder (0.03%)), low percentage of seed weight loss (4.11%) and high
percent weevils mortality (14.24%) and seed germination (93.66 (undamaged) and 86.60%
{damaged)). Weevil progenies emergency is significantly and positively associated with seed damage
and weight loss but inversely with median development time. The use of resistant varieties in insect,
pest management is an eco-friendly and cost effective means that should be promoted for S, zeamazs
management in maize especially for small-scale farmers in the tropics.
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INTRODUCTION

Maize, Zea mays L., is an important crop ranking second in world grain production only
preceded by wheat. Maize production and distribution is a cosmopolitan (Makate, 2010) and 1t 1s
an important component of agriculture and food systems all over the world. The crop is versatile
in its uses and environmental adaptation. It i1s consumed all over the world both by human being
and animals. Maize grains find themselves in many industries to be processed in to various food
and industrial products of multi-purpose functions. In Ethiopia, maize is predominantly used for
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human consumption; and the crop is a strategic crop selected as one of the national commodity erops
to satisfy the food self-sufficiency program of the country. It is the staple food and one of the main
sources of calories in the major producing areas (Abebe ef al., 2009).

The production and productivity of maize has increased since the development. of high yielding
hybrid maize varieties by the Ethiopian Institute of Agricultural Research (Bako Agricultural
Research Center) in collaboration with other centers. These hybrid varieties are reported to be
highly susceptible to insect pest attacks hoth in the field and storage (Demissie et al., 2008). Hence,
farmers are not as such the beneficiaries of the increased production and productivity potential of
the varieties. Traditionally, maize grain is stored by Ethiopian farmers, both in and outdeaors for
consumption and sell in the later months of the year depending on the quantity produced per
household. The stored maize is attacked and damaged by several pests that lead to quality
deterioration forcing farmers to sell at throwaway price even below the production cost.

Post-harvest losses of maize due to storage insect pests such as the maize weevil
(Sttophilus zeamais), rice weevil (Sittophtlus oryvzae), angoumois grain moth (Sitetroga cerealella)
and larger grain borer (Prostephanus truncatus) have been recognized as an increasingly
important problem in Africa including Ethiopia (Giga et al, 1991; Bekele ef al., 1995,
Arnason ef al., 1997 Dobie, 1977; Abebe et al., 2009; Tefera et al., 2011). Of course, infestation of
maize by maize weevil commences in the field (Demissie et al., 2008) but the lion share of the
damage to maize grains by maize weevil is done during storage pericd. Such damaged grains have
reduced nutritional values, low percent germination and reduced weight and market wvalues.
(iga et al. (1991) reported maize grain loss of 20-90% worldwide due to maize weevil, S. zeamais.
Often, synthetic chemical insecticides are in use to control S, zeamais. However, the widespread use
of insecticides causes enviroenmental hazards, resistance development, residues accumulation in
food and feed and negative effects on non-target organisms apart from continuous increase of their
costs unaffordable by poor farmers (Dhuyo and Ahmed, 2007). Teday, there 1s an increased public
awareness and concern for the broader environmental safety which directed several insect pest
control researches to the development of alternative management strategies. Une of such
management option is the use of resistant maize varieties against insect pests of maize including
5. zeamais. The use of resistant varieties 1s effective, technically easy, environmentally benign,
economically feasible and acceptable by the society. Thus, it was deemed necessary to evaluate
commercially available maize varieties in Ethiopia for their resistance to S. zeamais on the basis of

susceptibility index.

MATERIALS AND METHODS

Multiplication of S. zeamais for the experiment: S. zeamais was multiplied on susceptible
maize variety seed to obtain similar aged weevils for the experiments. Twenty kilo gram seed of
BH-660 maize variety was bought from the market in Jimma town and cleaned to remove seeds
with visible damage symptoms. The cleaned seeds were disinfested in an oven at 40°C for 4 h and
kept in the air cooled condenser before use (Bekele et al., 1995). Seeds were then transferred to
plastic bags and kept at room conditions for three weeks. Unsexed S. zeamais were collected from
infested maize seeds and multiplied on clean and disinfested maize seeds (BH-660) in 6 jars
(2.0 L capacities). To each jar containing 600 g of seeds, 75 adult weevils were introduced. Then,
the jars were covered with muslin cloth and fixed with rubber band to prevent escape of weevils

and allow aeration. Ten days after oviposition, all parent weevils were removed from each jar and
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the seeds were kept under the same experimental conditions (incubator at temperature of 27°C).
The insects were multiplied in jars of maize grain for two to three generation to obtain uniform

population for the experiment (Abebe et al., 2009).

Collection of maize varieties (the treatments): A total of thirteen maize varieties, namely
BH-660, BH-670, BH-661, BH-543, BHQP-542, BHQFY-545, Wanchi, Argane, Gibe-1, Gibe-2,
Kulani, Hora and a local variety-Orome were collected from different sources and used for the
experiment. The varieties were collected from Bako and Holeta Agricultural Research Centers and
the local variety-Orome was bought from Jimma-Merkato market. Most of the varieties are hybrids
developed by National maize research coordination center-Bako Agricultural Research Center and
are currently under proeduction in different maize belts of Ethicpia. Freshly harvested seeds of each
variety were procured, cleaned and disinfested by keeping them in a deep freezer at -20°C for one
weelk prior to starting the experiments. The seeds were then kept for one week at the experimental

conditions {(recom temperature) for acclimatization (Abebe et al., 2009).

Procedures and experimental designs: Three hundred gram of each collected maize variety
seeds were placed in a one liter glass jar with brass screw lids at the top allowing ventilation and
preventing escape of the weevils. No choice test method in which pre-determined weevils were
introduced to each jar was used for the study {(Abebe et af., 2009). Fifty emerged unsexed adult
weevils were introduced to each jar to infest 300 g seeds of each variety and were kept for ten days
for oviposition (Siwale et al., 2009). A control was maintained for each variety without S. zeamais
for comparison. The treatments were arranged in a Completely Randomized Design (CRD) with
three replications each. The experiment was maintained in a laboratory at room temperature
(25-27°C) and 40-60% RH.

Data collected

Protein and moisture contents of maize varieties: Protein and moisture contents of the
thirteen varieties of maize were determined before weevils were introduced into each maize variety.
The moisture content of the variety was measured by moisture tester and protein contents were
determined by, grounding twenty gram sample of whole maize kernel in laboratory mill for each
variety, using the Biuret procedure.

Adult mortality: Mortality was assessed ten days after introduction of weevils by counting. All
insects were removed; dead and alive insects were counted.

F, progeny: In adult mortality data assessment all the dead and alive adult insects were removed
from each jar and the seeds of each test variety were kept under the same experimental conditions
to further assess I, progeny emergency for the subsequent. two months period (56 days). Inspection
of the progenies was made every day were every emerging progeny were removed and counted per
jar on each assessment day. This interval of counts did not pose a risk of the F, progeny laying eggs
in the maize samples to produce the F, generation (Siwale et al., 2009).

Seed damage and weight loss: Sixty-six days after introduction of the weevils, 200 seeds were

randomly taken from each jar to assess each maize variety seed damage (seeds with hole (s}) and
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grain weight loss. Seed damage was expressed as a proportion of the total number of seeds sampled
{Abebe et al., 2009). The count and weight method of Gwinner ef al. (1998) was used to determine
seed weight loss using the formula:

(Wi Nd) - (Wdx Nu)

W(%) =
%) Wux (Nd+ Nu)

%100

where, W 1s the weight loss (%), Wu 1s the Weight of undamaged seed, Nu is the No. of
undamaged seed, Wd 1s the Weight of damaged seed and Nd 1s the No. of damaged seed.

Median development time (in days): The median development period were calculated as the
time (in days) from the middle of the oviposition periced to the 50% emergency of F1 adults
{(Dobie, 1977).

Index of susceptibility: The Dobie index of susceptibility was used as the criterion to separate
varieties into different resistance groups (Dobie, 1977). The index of susceptibility is given by the
formula:

_ LogeX

I8 %100

where, [S is the Dobie’s index of susceptibility, Log_* is the natural logarithm of the total number
of F'| progeny emerged and MDP is the Median development pericd.

The Dobie Index was used to classify the maize varieties into susceptibility groups following the
scales as follows: scale index of <4 was classified as resistant; scale index of 4.1-6.0 as moderately
resistant; scale index of 6.1-8.0 as moderately susceptible; scale index of 8.1-10 as susceptible; and
scale index of >10 was classified as highly susceptible.

Germination test: The viability of the varieties was tested by randomly drawing 100-seeds from
each variety before and after the grains was damaged by weevils. The randomly selected seeds
were placed in Petri dishes containing maistened filter paper and arranged in a CRD with three
replications for each variety. The number of emerged seedlings from each Petri dish were counted
and recorded after seven days (standard germination period needed for maize seeds). The percent,
germination (viability index) was computed according to Ogendo ef al. (2004) adopted from
Zibokere (1994) as follows:

vie NG 100
TG

where, VI stands for Viability index (germination percentage), NG stands for number of seeds
germinated from each Petri-dish and TG is the total number of seeds tested in each Petri-dish.

Data analysis: All data collected were subjected to analysis of variance (ANOVA) procedures
(BAS, 2008) soft ware package 9.2, Tukey test were used to detect mean differences between
treatments. Data with regard to percent adult mortality, seed damage and weight loss were
subjected to angular-transformation while numbers of F, progenies were log transformed in order
to ensure assumptions of ANOVA before analysis. Then, the transformed data were analyzed using
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one-way ANOVA. Tukey standardized “Honestly Significant Difference” (HSD) test were used to
differentiate statistically different means at 5% level of significance whenever the means were
found significant for pair wise comparison of the treatments.

RESULTS

Crude protein and moisture contents of maize varieties: Crude protein and moisture
contents of the thirteen varieties of maize were determined before weevils were introduced into the
jars containing maize varieties, The varieties were highly significantly different (p<0.05) for crude
protein and moisture contents (Table 1), The variety BHQPY-545 contained relatively high and
significant crude protein content (8.59%). On the other hand, varieties such as BH-660 (7.10%),
Kuleni (7.15%), Orome (7.21%), Hora (7.24%), Argane (7.24%) and BH-670 (7.25%) were found
to contain statistically similar and significantly less amount of crude protein content. Varieties such
as Kulem (11.53%) and BH-661 (11.50%) contain relatively higher and significant maoisture
content were as varieties such as BHQP-542 (9.50%), BH-670 (9.63%), BH-660 (9.70%), BHQPY-
545 (9.70%), Hora (9.70%) and Gibe-2 (9.73%) were found to contain significantly lower moisture
content as compared to other varieties.

Adult mortality, F;progeny emergency and median development time (days): Percentage
adult mortality, F; progeny emergenecy and median development period among the varieties was
significantly different (p<0.05) (Table 2). Maximum and significantly higher weevil's adult
mortality was recorded from variety BHQP-542 (14.24%) followed by Gibe-2 (10.41%) and Gibe-1
(10.09%). There was no mortality recorded from BH-660 and BH-661. Among all the maize
varieties tested, maximum and significant numbers of F, progenies were emerged from
BH-661(326.00) and Kuleni (322.33) while significantly lower number of I, progenies was emerged
from BHQP-542 (51.33). The median development period ranged from 35.33 days for BH-661 to
48.33 days for BHQP-542 maize variety. Generally, as the median development period increases
the F, progeny emergency decreases were as the percentage adult weevil mortality increases.

Table 1: Crude protein and moisture contents of different maize varieties

Variety Crude protein content (%) Moisture content (%)
BH-660 710 9.70%
BH-543 7.51¢ 9.86°¢
BH-670 7.25° 9.63¢
BH-661 7.681 11.502
BHQP-542 8.24° 9.30¢
BHQPY-545 8.592 9.70%
Gibe-1 8.21° 9.80¢¢
Gibe-2 8.20° 9.73¢
Kuleni 7.15° 11.53°
Wanchi 7T 9.83¢
Argane 7.24° 10.38*
Hara 7.24° 9.70%
Orome 7.21° 10.53°

P value <0.0001** <0.0001%**
cv 158 2.05
LSD 0.22 0.62

**Highly significant, CV: Coefficient of variation, LSD: Least significant difference, Values (Means) followed by same letter with in the

column are not significantly different at p<0.05
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Table 2: Adult mortality, F; progeny and median development period (MDP) of S. zeamais on different maize varieties

Varieties Adult mortality (%) No. of F, progenies emerged MDP (days)
BH-660 1.81+ 106.17¢ 44,000
BH-543 8.78% 130.33" 44.66°
BH-570 8.19¢ 163.00¢ 42.00°
BH-661 1.81+ 326.00° 35.33¢
BHGP-542 14.242 51.338 48.332
BHQPY-545 8.13¢ 155.33% 41.30¢
Gibe-1 10.09® 152.33% 41.40°
Gibe-2 10.41% 143.66% 41.60°
Kuleni 2.668 322.332 35.36
Wanchi 8.19¢ 151.33% 41.83°
Argane 3.63° 205.00¢ 40.16¢
Hara 8.134 152.00% 42.33°
Orome 3.15 253.00¢ 38.16°

P value <0.0001%* <0.0001%* <(.0001%*
CV 1.86 3.67 0.95
LSD 0.43 18.86 1.17

**Highly significant, CV: Coefficient of variation, LSD: Least significant difference, Values (Mean) followed by same letter with in the

column are not significantly different at p<0.05

Table 3: Extent of infestation of maize varieties due to maize weevil, S. zeamais

Infestation (%)
Varieties Mean seed damage Mean weight loss Mean dust (powder) produced
BH-660 30.76° 5.83¢ 0.24
BH-543 31.46% 6.55% 0.28°
BH-670 33.05k 7.92% 0.28°
BH-661 46.80° 13.772 0.832
BHQP-542 15.85¢ 411} 0.03¢
BHQPY-545 33.20% 8.72¢ 0.28°
Gibe-1 33.36°% 5,768 0.28°
Gibe-2 26.18° 4,804 0.28
Kuleni 45.022 12.832 0.80°
Wanchi 31.65% 8.72¢ 0.28°
Argane 35.28 10.08° 0.714
Hora 33.33% 6.96% 0.28°
Orome 36.21F 11.24° 0.74
P value <0.0001** <0.0001%* <0.0001%*
cv 2.79 3.99 0.81
LSD 2.75 0.97 0.01

**Highly significant, CV: Coefficient. of variation, LSD: Least significant difference, *Values followed by same letter with in the column
are not significantly different at p<0.05

Varieties with high F, progeny emergency tended to have shorter median development
period and very minimum percentage adult mortality.

Seed infestation (seed damage, weight loss and dust or powder weight): Significance
difference (p<0.05) was recorded among the varieties with respect to maize seed damage, weight
loss and percentage dust produced from the different varieties (Table 3). The highest and
significantly different percentage seed damage was observed from BH-661(46.80%) and
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Table 4: Index of susceptibility (IS) of maize varieties to maize weevil, .S. zeamais

Varieties Dobie’s IS Classification

BH-660 4.608 Moderately resistance
BH-543 4.70% Moderately resistance
BH-670 5.304 Moderately resistance
BH-661 7.10° Moderately Susceptible
BHQP-542 3.500 Resistance
BHQPY-545 4.80" Moderately resistance
Gibe-1 4.90° Moderately resistance
Gibe-2 4.80% Moderately resistance
Kulani 7.092 Moderately Susceptible
Wanchi 5.20% Moderately resistance
Argane 5.70° Moderately resistance
Hora 5.204 Moderately resistance
Orome £.00° Moderately resistance

CV =1.19, LSD = 0.18 ,Values (means) followed by same letter with in the column are not significantly different at p<0.05

Kulani {45.02%) maize varieties. The trend was similar with respect to weight loss and percent dust
produced. On the contrary, significantly lower percentage seed damage (15.85%), weight loss
{4.11%) and dust production {0.03%) was observed in BHQP-542 maize variety. Percentage seed
damage, weight loss and dust production were high from the varieties with more number of F,
progeny emergency.

Index of susceptibility (IS): Significant differences (p<0.05) were observed in the index of
susceptibility (IS) among the varieties tested (Table 4). The IS ranged from 3.50 for BHQP-542 to
7.10 for BH-661. Out of the thirteen maize varieties tested against S. zeamais for resistance, only
one variety ‘BHQP-542', had 3.5 index of susceptibility and was regarded as resistant to weevil
attack. However; most of the varieties, namely BH-660, BH-670, BH-b43, BHQPY-b45, Gibe-1,
Gibe-2, Wanchi, Argane, Hora and Local variety-Orome had index of susceptibility 4.6, 5.3, 4.7,
4.8 4.9,4.8 6.2 57,52 and 6.0, respectively and are regarded as moderately resistance to weevil
attack. Two varieties (BH-661 and Kuleni) had index of susceptibility 7.10 and 7.09, respectively
and are regarded as moderately susceptible varieties to maize weevil attack.

Germination test: Viahility index (germination percentage) among the varieties (undamaged and
damaged seeds) was significantly different (p<0.05) (Table 5). Generally, high percent of
germination were recorded on the treatments of undamaged grain when compare to damaged grain
for each test variety. Maximum viability (94.83%) was recorded from BHQPY-545 on par with the
most resistant variety, BHQP-542 (93.66%) where as minimum was from Wanchi (82.46%) in
undamaged seeds. In damaged grain significantly higher percent of germination were recorded
from variety BHQP-542 (85.60%) and significantly lower percent germination was recorded from
BH-661 (29.50%) and Kulani (31.83%). The resistant variety registered better germination even
after weewvils attack and the more susceptible variety registered very poor germinability.

Simple correlation coefficient of the variables: The simple linear asscciation between
variables like weight loss, grain damage, germination percentage, dust or powder produced,
moisture content, crude protein content, adult mortality, median development period, F, progenies
emergency and susceptibility index were determined and summarized (T able &),

7
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Table 5: Mean germination of maize varieties due to maize weevil, S. zeamais

Crermination (%)

Varieties Undamaged grain Damaged grain
BH-660 85.16°% 75.06"
BH-543 87.8F% 74.10°
BH-570 89.830% 75.10°
BH-661 79.068 29,501
BHGP-542 93 .66 86.607
BHGPY-545 94.832 70.70%®
Gibe-1 81.16¢ 66.91°
Gibe-2 91.00°* 70.06%
Kuleni 83.33%=f 31.83%
Wanchi 82468 60,4014
Argane 83.46%! 54.164
Hara 82.76 68.66%
Orome 84.90¢f 38.06°

P value <0.0001** <0.0001**
CV 1.86 3.53
LSD 4.76 6.44

**Highly significant, CV: Coefficient of variation, LSD: Least significant difference, *Means followed by same letter with in the column
are not significantly different at p<0.05

Table 6: Pearson correlation coefficients of S. zeamais infestation
18 mor kP moi pro mdp wl dam dust germ
IS 1
mor -0.74%* 1
F.P 0.98%* -0.71** 1
moi 0.89%* -0.69%* 0.93%* 1
pro -0.44* 0.59%* -0.35 -0.29 1
mdp -0.98%* 0.75%* -0.95%* -0.87%* 0.52%* 1
wl 0.92%* -0 72% 0.94%* 0.89%* -0.43* -0.91%* 1
dam 0.93%* -0.78%* 0.91%* 0.84%* -0.45% -0.91%* 0.87%* 1
dust 0.92%* -0.71%* 0.05%* 0.89%* -0.44* -0.91%* 0.91%* 0.83** 1
germ -0.75% 0.76%* -0.74%* -0.73%* 0.48* 0.76%* -0.73%* -0.71%* -0.75%* 1

***Fiomificant at 0.05 and 0.01 probability level, respectively, wl: Seed weight loss, dam: Damaged seeds, germ: Seed germination,

dust: Dust or powder procuced, moi: Moisture, pro: Protein, mor: Contents, adult mortality, mdp: Median development period, F,P:
No. of weevils produced and IS: Index susceptibility

It is evident from Pearson Correlation Coeefficients (r) that an inverse relationship existed
between the susceptibility index (IS) and percent adult mortality (mor), median developmental
period (mdp), percent germination (germ) and crude protein content (pro). However, the numbers
of F, progeny emergency (F.F), percent damaged grain (dam), percent dust produced (dust),
moisture content (moi) and seed weight loss (wl) were positively related with the susceptibility
index. The median development period appeared to be negatively and significantly associated with
F', progeny emergency (r = -0.95) and positively associated with percentage adult weevil’s mortality
(r = 0.75). Further, with increasing number of F, progenies, there was an increasing and highly
significant percentage seed damage (r = 0.91), weight loss {r = 0.94) and dust produced (r = 0.95)
from the varieties.
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DISCUSSION

In this study, considerable variation was observed among the maize varieties tested with respect
to the different variables studied. This indicates that the impact of 5. zeamais on different maize
varieties under production in Ethiopia differs. This difference in the susceptibility of the maize
varieties is due to the differences in the ability of a particular variety to resist S. zeamais attack.
The resistant maize variety produced small quantity of powder/dust; is with minimum weight loss
and grain damage, high germination of seeds, less moisture contents, more adult mortality, long
median development period and less multiplication of the S. zeamais. Resistant variety seeds were
less attractive to maize weevil to feed on when compared to the susceptible varieties; this indicates
that probably antibiosis cum non-preference are the mechanism of resistance operating within the
resistant variety of maize seeds.

More maize weevils were found in maize varieties with higher moisture content, suggesting
that moisture plays an important role in maize susceptibility to insects’ pests. The seed size of the
grains varied considerably among the varieties and there exist a relationship between size and
moisture content of the varieties tested. Smaller seeds that were hard and compact had less
moisture and were therefore, more resistant to the maize weevil attack. On the other hand bigger
grains were loose, soft and contain higher maoisture and hence more weevils emerged and are easily
attacked by the weevils.

Maize varieties were significantly different with respect to weewvils’ mortality. However, weevil's
adult mortality percentage was generally low with a maximum of 14.24% (from the resistant
variety) and minimum of 1.81% (from the moderately resistant and susceptible varieties) and is not
a good indicator of susceptibility and or resistance of the varieties. Similarly, Dobie (1974) stated
that overall rate of mortality of maize weevils on different maize varieties as low and concluded that
there was no evidence for a variation among the varieties in their effects upon the mortality of
5. zeamais. Also, Abebe ef al (2009) found non-significant differences among thirteen maize
varieties tested against S, zeamais. Adult weevils can survive without food for more than ten days
in a laboratory test. These indicate weevil’'s mortality is not a good indicator of resistance in
maize varieties. Never the less, less adult weevils mortality in storage is an indication of more
number of egg laying from the survived adult weevils leading to more number of F, progenies
emergency.

Mean number of F| progenies produced from the different maize varieties were highly variable
ranging from 51.83 (in the resistant variety-BHQP-542)-326.00 (in the most susceptible
variety-BH-661). More number of progenies productions is strongly associated with more
susceptibility of the variety indicating the attractiveness/conduciveness of the varieties for maize
weevils to flourish. On such susceptible varieties maize weevils required less developmental time
(35.33 days) were as they required longer time on the resistant variety, BHQP-542 (48.33 days)
displaying minimum index of susceptibility. Thus, less mortality and more number of progenies
production is associated with more infestation to the maize seeds resulting to greater grain loss. Less
number of days to complete the life cycle causes more number generations in a year compounding
the damage they cause to maize grains. Tefera ef al. (2011) and Tadesse (1991) indicated that the
extent of damage during storage depends on the number of emerging adults during each
generation and the duration of each life cycle and varieties permitting more rapid and higher levels
of adult emergence are more seriously damaged. Differential reaction of maize varieties to maize
weevil have been reported by several authors (Horber, 1988, Giga ef al., 1991; Arnason et al.,
1993). Similarly, Garcia-Lara et al. (2004) indicated that progeny emergency tended to be higher
in susceptible genotypes than in resistant ones,
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In this experiment, among thirteen maize varieties tested for their resistance to maize weevils,
5. zeamais, only one variety (BHQP-542), was found resistant to maize weevils based on
susceptibility indices. Further, two varieties, BH-661 and Kuleni were moderately susceptible and
the remaining ten varieties were moderately resistant. BHQP-542 is a Bako hybrid quality protein
maize and resistant to S. zeamais. This variety 1s of compact small sized seeds and contained less
moisture which might have contributed for its resistance. Abebe et al. (2009) identified the same
variety as resistant variety of maize against S. zeamais. According to them, the resistance of this
variety is attributed due to high tryptophan and lysine content of the variety relative to the other
varieties tested. Further, Arnason et al (1993) also indicated protein content was negatively
correlated with the susceptibility of maize varieties to S. zeamais. On the contrary, this study
revealed that there is no consistent relationship between protein content of the maize varieties and
resistance to weevil's infestation suggesting the existence of other factors for resistance which need
to be further investigated. Arnason et al. (1997) reported ferulic acid in the kernels as contributing
factor to confer resistance to maize seeds against maize weevil's attack.

The number of insect pest recorded 1n each maize variety did not vary according to the variation
of protein content of the maize varieties. Thus, the authors suggest further study in order to
establish the protein content and susceptibility indices of more maize varieties/genotypesflandraces.
Moreover, study conducted at CIMMYT (CIMMYT, 2001) revealed the positive association of grain
moisture content and maize varieties susceptible to weevil’'s damage. Grain seeds with higher
moisture contents are more susceptible to maize weevil's attack. Similarly, in this study, the
moderately susceptible maize varieties (Kuleni and BH-681) are with more moisture contents and
bigger seed size. Tongjura ef al. (2010) indicated the existence of no correlation between nutrient
content, of maize varieties and their susceptibility to S. zeamazs. However, they stated variability
in the size of the grains among maize varieties does influence the level of damage caused by maize
weevils. Smaller seeds that were hard and compact had less moisture and were therefore, more
resistant to the maize weevil attack. On the other hand bigger grains were loose, soft and contain
higher moisture and hence more easily attacked by the weevils. The harder a seed 1s, the more
resistant it is to storage pests, such as the maize weevils. Kevin (2002) reported seed hardness
and thickness, both in the pericarp and the whole kernel confer resistance because such seeds are
very hard to penetrate by the weevils. Siwale et al. (2009) reported undamaged pericarp serves
as barrier against weevils and so reduced the number of insects’ progeny emergency. Bergvinson
(2004) mentioned maize with tighter husks or a harder kernel are insect resistant variety.

Siwale et al. (2009) reported, sugar content as the responsible factor contributing to grain
resistance to weevils attack in maize seed. Many workers reported a tendency of increased nutrients
in maize varieties association with resistance to weevils attack (Derera et al., 2001; Dhliwayo and
Pixley, 2003; Garcia-Lara ef al., 2004),

Percent germination of maize varieties was higher in undamaged grains when compared with
damaged kernel. In damaged grain high percent germination was recorded from BHQ@FP-542
(86.60%) when compared to the other varieties. This may be because of less number of F, progenies
emergency from this variety. Viability percentage is low, on the other hand, from BH-661, Kulani,
Orome and Argane (29.50, 31.80, 38.06 and 54.16%, respectively), because of higher number of
F| progeny emergency from these varieties. This is in conformity with the work of Martha (2010),
who reported that when the number of progeny emerged were high; the endosperms were totally
lost therefore, germination was inhibited. Kassa (1993) associated poor viability of haricot bean
seeds (reduced germination) with more number of Mexican bean weevil emergence per grain seed.
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CONCLUSION

It can be concluded that there exists differential reaction of different maize varieties currently
under production in Ethiopia. From the present study, the most resistant variety among the
varieties tested is BHQP-542, This may be due to the differences of this variety from the other
varieties in its morphological and biochemical constituents that confer resistance and reduced the
successful utilization of itself by maize weevil, S. zeamais. BHQP-542 1s a variety with less moisture
content, F, progenies emergency, maize seed damage and weight loss, maize dust produced, indices
of susceptibility; and more adult mortality, median development time and seed viability. These
indicate that the overall logs incurred to this variety during storage will be minimal as compared
to other varieties available in the country. This variety can be stored for longer periods of time
under traditional storage system of small-scale farmers with reduced cost of weevil’'s management,
and no adverse effect on the environment. Thus, the authors suggest the inclusion of this resistant
maize variety in the integrated maize production system and the need for further field level studies.
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