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Introduction

A set of 100 S1 plants were selected from a white and yellow maize population to generate both full-sib and half-sib 
progenies using North Carolina Design II (NCD II) mating scheme. The 250 progenies generated in each population 
were evaluated under artificial infestation with two borer species (Sesamia calamistis and Eldana saccharina) at 
two locations in two seasons to determine levels of genetic variability for improvement purposes. 
There were wide ranges for most of the traits studied in both maize populations. Plant height and grain yield were 
significantly reduced with mean grain yield loss being between 25 and 30%. In the white population, additive vari-
ance was larger than dominance variance for grain yield, days to 50% silking, stalk breakage and ear per plant, but 
for the yellow counterpart, additive variance was larger for plant height, ear per plant, leaf feeding and cob dam-
age. None of the gene actions was important for dead heart. Narrow-sense heritability was low to moderate for the 
resistance parameters. It ranged from 1.45% for leaf feeding to 40.6% for stalk breakage in the white population, 
and from 3.80% for leaf feeding to 40.1% for cob damage in the yellow population. Heritability for grain yield was 
37.6% in the white population but much lower (10.5%) in the yellow population. 
Although, heritability was low to moderate for the traits studied, the wide ranges and moderate additive variances 
obtained suggest that substantial genetic variability exist in the two maize populations for reasonable improve-
ment to be made. Breeding scheme that capitalizes on both additive and dominance gene action would be effec-
tive for improving the populations for stem borer resistance and grain yield.

Abstract

Stem borers are the most important insect pest 
of maize in Africa. Three stem borer species namely 
the pink stem borer (Sesamia calamistis), the sugar-
cane borer (Eldana saccharina), and the African stem 
borer (Busseola fusca) are of economic importance 
to maize in West and Central Africa. However, S. 
calamistis and E. saccharina are the most damag-
ing and widespread in the sub-region (Bosque-Perez 
and Mareck, 1990; Polaszek, 1998). Yield loss due 
to stem borer attack was estimated to be between 
20 and 70% depending on the severity and stage of 
plant development when attacked (Ajala et al, 2001; 
De Groote et al, 2001; Odiyi, 2006). Total crop failure 
has also been reported in some instances (Girling, 
1980; Bosque-Perez and Mareck, 1991; Gounou et 
al, 1994; Schulthess and Ajala, 1999) especially in 
the second planting season in the south of the sub-
region.

Various measures have been employed to con-
trol stem borers. Lawani (1982) did a review on the 
complex nature of cultural and chemical control 
methods for stem borers while Ampofo (1986) noted 
that chemical application may not be effective when 
the insect has bored into the stem. Ande et al (2010) 

also reported on the repetitive and serial application 
of biochemical for stem borer control which makes it 
tedious and almost impracticable. All the authors not-
ed that breeding for resistance is therefore the most 
viable option for the control of stem borers because 
it is cheap, safe and compatible with other control 
measures.

The choice of efficient breeding procedure re-
quires information about the magnitude of genetic 
variances. Several studies on genetic variability and 
resistance to different pests of maize exist in the liter-
ature but very few have reported on genetic variability 
and resistance to the African stem borer complex, the 
few being on the Chilo partellus (Ajala, 1992; Pathak 
and Othieno, 1990; Ajala et al, 1995) and Sesamia 
nonagrioides (Butron et al, 1999; Butron et al, 2006), 
with none being on either S. calamistis or E. saccha-
rina, or resistance to both. This study was therefore 
carried out to determine the extent of genetic vari-
ability for resistance to both the pink stem borer (S. 
calamistis) and the sugarcane borer (E. saccharina) in 
two adapted maize populations.

Materials and Methods
Development and evaluation of progenies
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Two tropically adapted early-maturing maize 
populations, one yellow-grained (DMR ESR-Y) and 
the other white-grained (DMR ESR-W), both resistant 
to downy mildew and the maize streak virus diseases, 
were used in this study. Both populations were devel-
oped by intermating downy mildew resistant (DMR) 
sources from the Philippines with TZSR (Tropical Zea 
Streak Resistance) from IITA (Fajemisin et al, 1985). 
About 300 S1 progenies were generated from each 
of the populations. Thereafter, 100 S1s with well filled 
cobs that were representative of the population by 
being predominantly dent, were then selected from 
each population and used to generate both full- and 
half-sib progenies using the North Carolina Design II 
(NCD II) mating scheme of Comstock and Robinson 
(1952). To generate the full- and half-sib progenies, 
the selected S1s from each population were grouped 
into 10 sets, with each set having 10 lines. Five lines 
from each set were designated as males while the 
other five were females. Each male line was then 
used to cross all the five females in the set to pro-
duce five units of half-sib and consequently, 25 full-
sib families within the set. Therefore, a total of 250 
progenies were generated altogether across all the 
sets in each population. However, only 225 progenies 
were obtained for the white population due to prob-
lem of flowering date synchrony between males and 
females in one set.

The 225 progenies of the white with three checks 
and 250 progenies of the yellow population with six 
checks were subsequently evaluated in both early 
and late seasons of 2008 and 2009 at Ibadan (Lat 
7°22N, Long 03°58E) and Ikenne (Lat 6°54N, Long 
03°42E), both locations in southwest Nigeria. A ran-
domized incomplete block design with two replica-
tions was used for evaluation in each location. For 
evaluations in Ibadan, a single row plot of 7m long 
was used, but each row was separated into two half-
row plots of 3m each with 1m in the middle. The first 
3m was artificially infested with egg masses of stem 
borers raised on artificial diet in laboratory, while the 
other half was left as control. However, a single un-
infested 5m row plot was used at Ikenne. For both 
locations, plant spacing of 75 cm x 25 cm was used 
and two seeds were planted per hole but thinned to 
one plant per hill at three weeks after planting (WAP) 
just before infestation to get a maximum of 13 plants 
per sub-plot at Ibadan and 21 plants per row at Iken-
ne resulting in a plant density of 53,333 plants/ha. 
An egg mass of both S. calamistis and E. saccharina 
containing 30-40 eggs at black head stage was in-
serted in-between the stem and leaf sheath at three 
WAP and in-between the forming cob and the stem at 
silking, respectively. Other cultural practices included 
pre-emergence spray of gramozone and primextra 
for weed control supplemented with hand weeding as 
necessary during the season. Fertilizer was also split-
applied using N-P-K 15:15:15 at 10 days after plant-
ing (DAP) at the rate of 30 kg N/ha and top dressed 

with urea six WAP at the same rate.
Data collected from both Ibadan and Ikenne tri-

als included days to silking estimated as days from 
planting to the day when half of the plants in a plot 
had silk extrusion, plant height measured from five 
competitive plants per plot as distance from base of 
the plant to base of the tassel,  plant aspect rated per 
plot after anthesis on a scale 1-9 with 1 representing 
vigorous and appealing plants without leaf defolia-
tion, disease symptoms, or lodging, and carrying their 
first ear at the middle of the plant, while 9 represents 
lodged, diseased and defoliated plants with their first 
ear closer to the soil surface or to the tassel. Ear per 
plant was calculated as ear at harvest divided by 
plant at harvest per plot. Data on leaf feeding, dead 
heart, stalk breakage, cob damage count and stem 
tunneling were collected per plot from the Ibadan 
trials on infested plots. Leaf feeding was scored at 
three weeks after infestation (WAI) based on a visual 
rating on a scale of 1-9 with 1 = clean un-defoliated 
leaves and 9 = 80-100% defoliation of the entire leaf 
area. Dead heart was counted at  four WAI as num-
ber of plants with their growing points destroyed, and 
expressed as the percentage of plant stand. Stalk 
breakage was taken as number of broken plants and 
expressed as percentage of plant stand. Number of 
damaged cobs was expressed as percentage of ear 
at harvest, while stem tunneling was taken after har-
vesting by splitting five stalks longitudinally and mea-
suring the length tunneled by stem borer larvae then 
expressed as percentage of plant height.  Grain yield 
(t/ha) was obtained as ear weight adjusted to 14% 
moisture content.

Data analyses 
Data from each population were analysed sepa-

rately. Data on dead heart, stalk breakage and cob 
damage were normalized using arcsine transforma-
tion before analysis. Analysis of variance for North 
Carolina Design II was performed for individual char-
acter studied for both infested and non infested plots 
using PROC GLM of SAS (Version 9.2). Random 
model was assumed for the analysis. The statistical 
model (for Design II) for producing number of sets (n1 
x n2 progenies) tested in a replicated trial was fol-
lowed as:

    Yijkln = µ+si+bij-mik+fil+(mxf)jk,l +eijkln  
where µ = general mean, si = the effect of ith set, bij = 
the effect of jth replication in ith set, mik = the effect of 
kth male in ith set, fil = the effect of lth female in ith set, 
(mxf)jk,l = the male x female effect in ith set, eijkln = the 
error associated with each observation.

Combined ANOVA was done for each population 
across all environments. Variance due to entry was 
sub-divided into variance due to male (sets), female 
(sets), and female x male (sets). Variance due to en-
try by environment interaction was also partitioned 
into males/sets x environment, females/sets x envi-
ronment, and males x females/sets x environment. 
Variances of males within sets and females within 
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sets were tested by variances due to environment by 
males in sets and environment by females in sets re-
spectively. The variances of male by females within 
sets interaction, environment by males in sets, and 
environment by females in sets interaction were test-
ed using variance due to environment by males by 
females in sets in situations where the second order 
interactions were significant. Since variances due to 
males in sets and females in set have the same de-
gree of freedom, the sum of square of male in set and 
female in set were pooled to estimate additive vari-
ance. Similarly, the male in set by environment and 
female in set by environment sum of squares were 
pooled to estimate the additive x environment inter-
action according to Hallauer and Miranda (1988).

Additive genetic variance (σ2
a), dominance vari-

ance σ2d) and their interaction with environment σ2ae 
and  σ2de ) were estimated from the mean squares of 
ANOVA as: 

σ2
m = (MSM - MSMF - MSME + MSEMF)/ref

σ2
a = 4σ2

m = 4σ2
f 

σ2
mf = (MSMF - MSEMF)/re = 1/4σ2

d 
σ2

d = 4σ2
mf 

σ2
me = (MSME - MSEMF)/rf 

σ2
ae = 4σ2

me 
σ2

mfe = (MSEMF - MSE)/r  
σ2

de = 4σ2
mfe  

σ2
e = MSE/er

The standard errors for the variance estimates 
and narrow-sense heritability were calculated as 
described by (Hallauer and Miranda, 1988). Narrow-
sense heritability (h2) was estimated as:

hn
2 = 4σ2m/ [σ2/er + 4σ2me/e + 4σ2mfe/e + 4σ2mf + 

4σ2
m] 
Dominance ratio was also estimated as σ2

d/σ
2

a. 

Results
Performance of progenies of DMR ESR-W and 
DMR ESR-Y 

Means and ranges of traits studied under infest-
ed (IC) and non-infested condition (NIC) in the two 
maize populations are shown in Tables 1 and 2. Plant 

height and grain yield were significantly reduced 
under IC relative to NIC in both maize populations. 
In DMRESR-W, average grain yield of 3.5 t/ha was 
obtained under IC and 4.6 t/ha under NIC (Table 1), 
therefore grain yield reduction in the white population 
was 23.9%. For DMR ESR-Y, the yellow maize popu-
lation, the mean grain yield was 3.2 t/ha under IC and 
4.6 t/ha under NIC (Table 2) thus reflecting a relatively 
higher grain yield reduction of 30.4% when compared 
with the white population. Proportion of dead heart 
was low in both populations being 2% for the white 
and 0.4% for the yellow. However, values obtained 
for other damage parameters were high. Leaf feeding 
was 5.3 for the white and 4.7 for the yellow popula-
tion. Stalk breakage and cob damage were also high, 
up to 25% and 31% for the white, and 20% and 44% 
for the yellow population, respectively. Generally, 
there were wide ranges for most of the traits studied 
in both maize populations. CVs for most of the traits 
were moderate except for dead heart, stalk breakage, 
cob damage and stem tunneling, where the standard 
error of means were also large.

Variance estimates of progenies of DMR ESR-W 
and DMR ESR-Y 

Partitioning the sum of square of entries (data not 
shown) revealed that GCA accounted for 50.0% of the 
total variation among entries for grain yield, 35.1% for 
stem tunneling, 38.4% for leaf feeding, 37.6% for cob 
damage count, 29.8% for dead heart, and 53.0% for 
stalk breakage for DMR ESR-W population under in-
fested condition. But for DMR ESR-Y under the same 
infested condition, it accounted for 38.6% of the to-
tal variation for grain yield, 42.2% for stem tunneling, 
34.2% for leaf feeding, 47.7% for cob damage count, 
34.8% for dead heart and 48.7% for stalk breakage. 
Dominance variance was greater than additive vari-
ance for plant height, leaf feeding, stem tunneling and 
cob damage count while additive variance was larger 
than dominance variance for grain yield, days to silk-
ing, stalk breakage and ear per plant under infested 
condition in DMR ESR-W. None of the gene actions 
was important for dead heart in the same population 

Table 1 - Mean ± SE and ranges for agronomic and resistance traits among progenies of DMR ESR-W maize population 
evaluated under stem borer infested condition in Ibadan and non-infested condition in Ibadan and Ikenne during 2008 and 
2009 seasons.

Traits  Infested   Non infested

 Mean ± SE CV (%) Range Mean ± SE CV (%) Range

Days to silking 50.0±1.34 3.8  46.2 - 56.5 51.0±1.20 3.3 47.0 - 57.0
Plant aspect 5.3±0.80    21.3  3.0 - 7.0 3.1±0.48 22.1 1.9 - 4.7
Plant height (cm) 144.6±0.09  7.9  112.4 - 177.3 162.6±9.66 8.4 137.8 - 183.8
Ear per plant 0.8±0.09   17.3  0.5 - 1.1 1.0±0.11 16.3 0.7 - 1.3
Grain Yield (t/ha) 3.5±0.60   24.3  1.7 - 5.2 4.6±0.79 24.5 1.6 - 6.3
Dead heart (%) 2.0±5.30 366.4       0.0 - 27.8 - - -
Leaf feeding  5.3±0.86   23.1  3.1 - 6.9 - - -
Stalk breakage (%) 25.1±12.14   68.5    0.8 - 59.7 - - -
Cob damage count (%) 30.6±7.70   81.9       0.0- 78.4 - - -
Stem tunneling (%) 15.9±6.42   57.3    4.4 - 33.3 - - -

SE - Standard error; CV - Coefficient of variation
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(Table 3). However, for DMR ESR-Y, additive vari-
ance was larger than dominance variance for plant 
height, ear per plant, leaf feeding and cob damage 
count while both additive and dominance variances 
were equally important for days to 50% silking and 
stalk breakage but neither of the two gene actions 
was important for dead heart (Table 4). Estimates of 
variance components were at least twice their corre-
sponding standard error for days to 50% silking and 
plant height for the two populations. 

Generally, environmental or error variances were 
low to moderate, but larger than genetic variances 
for plant aspect, ear per plant, leaf feeding and stem 
tunneling. Also, estimates of additive by environment 
interaction variance were lower than that of domi-
nance by environment interaction for most of the 
traits studied in the two maize populations (Table 3 
and 4). Dominance ratio (σ2

d/ σ
2

a) was above unity for 
some traits in the two maize populations. The ratio 
was strikingly high for leaf feeding and cob damage 
count in the white population (Table 3), and for grain 
yield and stem tunneling in the yellow maize popu-
lation (Table 4). Complete dominance was observed 
for days to 50% silking in the yellow population while 
partial dominance was observed for days to 50% silk-
ing and grain yield in the white population, and plant 
height and stalk breakage in the yellow counterpart. 

Table 2 - Mean ± SE and ranges for agronomic and resistance traits among progenies of DMR ESR-Y maize population   
evaluated under stem borer infested condition in Ibadan and non-infested condition in Ibadan and Ikenne during 2008 and 
2009 seasons.

Traits  Infested   Non infested

 Mean ± SE CV (%) Range Mean ± SE CV (%) Range

Days to silking   49.8±0.95 2.7 46.0 - 55.0 51.3± 1.02 2.8 48.0 - 56.0
Plant aspect     4.5±0.73 23.0 3.1 - 6.4 3.1± 0.43 19.9 1.8 - 4.1
Plant height (cm) 175.4±8.28 6.7 146.7 - 204.5 186.6±10.46 7.9 155.9 - 214.5
Ear per plant     0.7±0.09 16.9 0.5 - 1.0 0.9± 0.10 15.5 0.8 - 1.2
Grain Yield (t/ha)     3.2±0.61 27.0 1.9 - 5.5 4.6± 0.93 28.4 3.2 - 8.3
Dead heart (%)     0.4±1.28 406.2    0 - 6.1 - - -
Leaf feeding  4.7±0.91 27.6 3.1 - 6.5 - - -
Stalk breakage (%) 19.9±10.75 76.5      0 - 56.9 - - -
Cob damage count (%) 43.9±14.88 47.9 15.4 - 89.1 - - -
Stem tunneling (%)      4.4±2.46 78.6 0.4 - 9.9 - - -

SE - Standard error; CV - Coefficient of variation

Table 3 - Components of genetic variance* and narrow sense heritability estimates of agronomic and resistance traits among 
progenies of DMR ESR-W maize population under stem borer infested condition in Ibadan in 2008 and 2009.

Trait σ2
a ± SE σ2

d ± SE σ2
ae σ2

de σ2
e σ2

d/ σ
2

a σ2
ph h2(%) ± SE

Days to silking 2.18 ±  0.77 1.71 ± 0.75 0.00 1.10 0.76 0.78 5.16 42.29 ± 0.15
Plant aspect 0.10 ±  0.10 0.12 ± 0.23 0.00 0.47 0.27 1.15 0.67 15.53 ± 0.15
Plant height (cm)     59.83 ± 25.21 90.72 ± 26.53 9.42 12.73 25.29 1.52 186.92 32.01 ± 0.13
Ear per plant 0.001 ±  0.00 0.00 ± 0.00 0.00 0.00 0.00 † 0.01 18.30 ± 0.23
Grain Yield (t/ha) 0.15  ± 0.08 0.01 ± 0.12 0.00 0.20 0.15 0.08 0.41 37.56 ± 0.19
Dead heart (%) 0.00 ± 0.00 0.00± 0.00 0.00 0.00 0.01 1.46 0.00 †
Leaf feeding  0.01 ± 0.11 0.17 ± 0.21 0.12 0.00 0.33 30.33 0.38 1.45 ± 0.28
Stalk breakage (%) 0.01± 0.01 0.00 ± 0.01 0.01 0.04 0.02 † 0.03 40.59 ± 0.29
Cob damage count (%)  0.01± 0.02 0.23 ± 0.03 0.00 0.00 0.04 22.25 0.16 6.36 ± 0.10
Stem tunneling (%) 0.00 ± 0.00 0.002 ± 0.00 0.001 0.00 0.00 † 0.00 †

*σ2
e =environmental variance; σ2

a = additive variance; σ2
de=dominance x environment interaction variance; σ2

ae=additive x environment interaction variance; σ2
d =dominance variance; σ2

ph = 
phenotypic variance; h2 = narrow-sense heritability; SE = standard error;  † not estimated because of negative additive and dominance variance

Narrow-sense heritability estimate was low to 
moderate under infested condition in both maize 
populations. It ranged from 1.45 % for leaf feeding 
to 42.3 % for days to 50% silking in DMR ESR-W, 
and 3.55% for ears/plant to 45.3% for plant height 
in DMR ESR-Y (Table 3). Heritability estimate for 
grain yield in the white population was 37.6% but 
was rather low for the yellow population with a value 
of 10.5%. Among the resistance parameters, stalk 
breakage had highest heritability estimate of 40.6% 
for the white population while cob damage count had 
highest value of 40.1% for the yellow population. Leaf 
feeding had the least in both populations (Tables 3 
and 4).

Discussion
Knowledge of genetic variability is important in 

determining breeding method to adopt and gains 
from selection. The wide ranges and reasonable level 
of variance estimates for most of the traits measured 
is an indication of substantial genetic variability in the 
two maize populations to allow good progress from 
selection for grain yield and resistance to the two 
borer species. When maize plant is infested by stem 
borer larvae, photosynthetic parts are reduced and 
the vascular tissues destroyed as the larvae feed on 
the leaves and bore into the stem. This leads to stunt-
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Table 4 - Components of genetic variance* and narrow sense heritability estimates of agronomic and resistance traits among 
progenies of DMR ESR-Y maize population under stem borer infested condition in Ibadan in 2008 and 2009.

Trait σ2
a ± SE σ2

d ± SE σ2
ae σ2

de σ2
e σ2

d/ σ
2

a σ2
ph h2(%) ± SE

Days to silking 1.25 ±  0.43 1.25± 0.39 0.00 0.13 0.43 1.00 2.96 42.37± 0.15
Plant aspect 0.04 ±  0.10 0.06± 0.17 0.11 0.21 0.24 1.65 0.50 7.57± 0.20
Plant height (cm) 98.93 ±36.22  78.52± 26.49 24.48 0.00 31.81 0.79 218.46 45.28± 0.17
Ear per plant 0.00 ±  0.00 0.00± 0.00 0.00 0.00 0.00 † 0.01 3.55± 0.27
Grain Yield (t/ha) 0.06 ±  0.08 0.28± 0.15 0.00 0.24 0.17 4.34 0.62 10.47± 0.12
Dead heart (%) 0.00 ±  0.00 0.00± 0.00 0.00 0.00 0.00 † 0.00 4.09±0.17
Leaf feeding   0.01 ±  0.12 0.00± 0.25 0.00 0.28 0.39 † 0.34 3.80± 0.34
Stalk breakage (%) 0.01 ±  0.01 0.01± 0.01 0.00 0.02 0.01 0.94 0.05 26.18± 0.15
Cob damage count (%)  0.01 ±  0.01 0.00± 0.01 0.00 0.01 0.02 † 0.02 40.10± 0.29
Stem tunneling (%) 0.00 ±  0.00 0.003 ± 0.00 0.001 0.00 0.00 8.86 0.00 8.12±0.18

*σ2
e =environmental variance; σ2

a = additive variance; σ2
de=dominance x environment interaction variance; σ2

ae=additive x environment interaction variance; σ2
d =dominance variance; σ2

ph = 
phenotypic variance; h2 = narrow-sense heritability; SE = standard error;  † not estimated because of negative additive and dominance variance

ed growth, poor plant appeal and eventually, yield re-
duction. The reduction in plant height and grain yield 
under infested condition in the two maize populations 
is a direct result of infestation by stem borers as ob-
served by Ajala (1994) for Chilo partellus. Percentage 
yield reduction recorded in this study also falls within 
the range of loss recorded by previous workers (Ajala 
et al, 2001; De Groote et al, 2001; Odiyi, 2006) for 
various stem borers. 

The low values for dead heart recorded in this 
study suggest limited migration of larvae of the pink 
stem borer to the growing tip of maize and it is an 
indication that the pink stem borers rarely cause dead 
heart. Dead heart occurs when the feeding larva mi-
grate to the meristematic region to feed thus damag-
ing the growing point. Coefficients of variability (CV) 
for especially the resistance traits under infested con-
dition were high. A similar observation was reported 
by Odiyi (2006) under stem borer infestation and by 
Badu-Apraku et al (2005) under drought stress sug-
gesting that CVs are usually high under stressed con-
ditions. However, CVs for traits derived from other 
traits are usually higher than the ones measured di-
rectly (Ajala et al, 2009). Data on dead heart, stalks 
breakage, and stem tunneling were based on propor-
tions and could necessitate the high CVs observed. 

In general, both additive and dominance genetic 
variances were very low for leaf feeding and dead-
heart in the two populations. Deadheart as a param-
eter was not influenced by either of the two gene 
actions. Additive gene action controlling leaf feeding 
and dominance gene action controlling stem tunnel-
ing, with dead heart not being conditioned by either 
type of gene action in DMR ESR-Y is similar to the 
finding of Ajala (1992). Dominance gene action con-
trolling leaf feeding in DMR ESR-W is also in agree-
ment with report of Odiyi (2006). However, heritability 
estimates for stalk breakage and cob damage, two 
other resistance parameters, were moderate. Fur-
thermore, low heritability estimate obtained for stem 
tunneling in DMRESR-Y suggests that resistance 
to the two borer species is under genetic control 
but progress from recurrent selection will be slow. 
Rounding-off variance component values resulted in 

seemingly very low variance estimates, although the 
original values were used to calculate heritability esti-
mates that gave low to moderate values observed for 
most traits. However, since partial inbreds were used 
to generate both full- and half sib progenies for evalu-
ation, values obtained for both additive and non-ad-
ditive variances in this study may be biased. Gardner 
(1963) had noted that values of additive variance will 
change depending on levels of inbreeding. The low 
additive variance for plant height and grain yield is not 
unconnected with the high error variance for these 
traits. Both environmental and dominance by envi-
ronment variance for leaf feeding and stalk breakage 
were larger than estimate of additive variance. The 
implication of this is that environmental forces have 
a strong influence on the expression of the two traits 
and that they may not be very reliable traits for selec-
tion for higher levels of resistance to the stem borers 
used in this study despite the significant differences 
among entries under stem borer infestation obtained 
from the analyses of variance. 

The strikingly high dominance ratio (above unity) 
for leaf feeding and cob damage in DMR ESR-W, and 
grain yield and stem tunneling in DMR ESR-Y sug-
gests that the non-additive variance may include 
not only dominance and epistatic variances but also 
some portion of genotype by environment interac-
tion variance. It also suggests possible occurrence 
of over-dominance at some loci. An explanation for 
build-up of dominance variance was given by Badu et 
al (2007) that in the presence of overdominance, het-
erozygote is favoured, and both favourable and unfa-
vourable alleles are retained in the population and as 
a result, gene frequency move towards equilibrium. 
The genetic variance resulting from their segregation 
contributes to the dominance variance components.

The low estimates of heritability observed for 
some of the resistance traits in this study was also 
observed by Odiyi (2006). Low heritability may be due 
to poor precision in the field experiment or low ini-
tial frequency of resistance genes in tropical maize 
populations (Kling et al, 2000). It may also be due 
to influence of environment on the traits concerned 
(Falconer, 1989) or due to the few environments used 
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for evaluation. Silva et al (2004) got higher heritability 
values for grain yield when progenies were evaluated 
in six environments with two replications per environ-
ment which have reduced considerably, the genotype 
by environment and error variances. Negative herita-
bility for some traits is due to high dominance effects 
of such traits (Ajala et al, 2009) or high environmen-
tal variance. Diversifying the genetic background 
can enhance heritability values but, high heritability 
alone is not enough to aid significant improvement 
in a selection program, but should be accompanied 
by substantial amount of genetic advance, which is 
a function of selection intensity, phenotypic variance 
and heritability (Badu-Apraku, 2006). The low to mod-
erate heritability values observed for resistance traits 
in both maize populations suggests that those traits 
are under genetic control. But although improvement 
will be made, progress from selection will be slow us-
ing either of the traits as selection criteria.

References
Ajala SO, 1992. Inheritance of resistance in maize to 

the spotted stem borer, Chilo partellus (Swinhoe). 
Maydica 37: 363-369 

Ajala SO, 1994. Maize (Zea mays L) Stem borer (Chilo 
partellus Swinhoe) infestation/damage and plant 
resistance. Maydica 39: 203-205

Ajala SO, Ago CE, Olaoye G, 2009. Comparism of 
predicted responses to three types of recurrent 
selection procedures for the improvement of a 
maize (Zea mays L.) population. J Plant Breeding  
Crop Sci 1: 289-292  

Ajala SO, Kling JG, Kim SK, Obajimi AO, 2003. Im-
provement of maize populations for resistance to 
downy mildew. Plant Breeding 122: 328-333

Ajala SO, Kling JG, Schulthess F, Cardwell K, Odiyi A, 
2001. Progress in breeding for resistance to maize 
stem borers Sesamia calamistis and Eldana sac-
charina in West and Central Africa, pp 41-45. In: 
Proceeding of the 7th Eastern and Southern Afri-
can Regional maize conference

Ajala SO, Lane M, Smith II, Odulaja A, 1995. Potential 
of Kenyan local maize (Zea mays L.) germplasm 
as a source of resistance to the spotted stem bor-
er Chilo partellus (Swinhoe). Tropical Agriculture 
72: 297-302

Ampofo JKO, 1986. Maize stalk borer (Lepidoptera: 
Pyraldae) damage and plant resistance. Environ 
Entomol 15: 1124-1129

Ande AT, Wahedi JA, Fatoba PO, 2010. Biocidal ac-
tivities of some Tropical Mosses extracts against 
maize stem borer. Ethnobotanical leaflet 14: 479-
490

 Badu-Apraku B, Fakorede MAB, Menkir A, Kamara 
AY, Dapaah S, 2005. Screening maize for drought 
tolerance in the Guinea savanna of West and cen-
tral Africa. Cereal Research Communications. Vol 
33, Nos 2-3: 533-540

 Badu-Apraku B, 2006. Estimates of genetic varianc-

es in Striga resistant extra- early- maturing maize 
populations. J New Seeds 8: 23-41

Badu-Apraku B, Menkir A, Lum AF, 2007. Genetic 
variability for grain yield and its components in 
an early Tropical yellow maize population under 
Striga hermonthica infestation. J Crop Improve-
ment 20: 107-122 

Bosque-Perez NA, Mareck JH, 1990. Distribution 
and Species composition of Lepidopterous maize 
borers in Southern Nigeria. Bulletin of Entomology 
Research 80: 363-368

Bosque-Perez NA, Mareck JH, 1991. Effects of stem 
borer Eldana saccharina (Lepidoptera: Pyralidae) 
on the yield of maize. Bulletin of Entomology Re-
search 81: 243-247

Butron A, Malvar RA, Cartea ME, Ordas A, Valasco P, 
1999. Resistance of maize inbreds to pink stem 
borers. Crop Sci 39: 102-107

Butron A, Sandoya G, Santiago R, Ordas A, Rial A, 
Malvar RA, 2006. Searching for new sources of 
pink stem borer resistance in maize (Zea mays L.) 
Genetic Res Crop Evol 53: 1455-1462

Comstock RE, Robinson HF, 1952. Estimation of av-
erage dominance of genes, pp. 494-516. In: Het-
erosis. Gowen JW ed. Iowa state college press, 
Ames

De Groote HC, Bett JO, Okuro M, Odendo L, Mose, 
Wekesa E, 2001. Direct estimation of maize crop 
losses due to stem borer in Kenya. Preliminary re-
sult from 2000-2001, pp. 401-406. In: Proceeding 
of the 7th Eastern and Southern African Regional 
maize conference 

Falconer DS, 1989. Introduction to quantitative ge-
netics.  3rd edition. Longman Inc, New York 

Fajemisin JM, 1985. Maize diseases in Africa and 
their role in varietal improvement process. Pro-
ceedings of the 1st Eastern, Central and Southern 
African Regional Maize Workshop

Gardner CO, 1963. Estimate of genetic parameters 
and their implications in plant breeding, pp. 25. 
In: statistical genetics and plant breeding. NAS-
NRS,1982

Girling DJ, 1980. Eldana sacharinna as crop pest in 
Ghana. Trop Pest Manag 26: 152-157

Gounou SF, Schulthess T, Shanower WNO, Ham-
mond H, Braiima AR, Cudjoe R, Adjakloe KK, An-
twi, Olaleye I, 1994. Stem borer and Ear borers 
of maize in Nigeria. Plant health Management Re-
search Monograph N.4 IITA, Ibadan. 25

Hallauer AR, Miranda JB, 1988. Quantitative genetics 
in maize breeding. 2nd Edition. Iowa State Univ. 
Press

Kling JG, Fajemisin JM, Badu-Apraku B, Diallo A, 
Menkir A, Melake-Berhan A, 2000. Striga resis-
tance breeding in maize, pp. 103-118. In: Breed-
ing for Striga resistance in Cereals. Haussmann 
BIG, Hess DE, Koyama ML, Grivet L, Rattunde 
HFW, Geiger HH Eds. Margraf Verlag, Weiker-
sheim, Germany



Maydica 56-1747 Advance Access publication 2011

Oloyede-Kamiyo et al 263

Lawani SM, 1982. A review of the effects of various 
agronomic practices on cereal stem borer popu-
lations. Trop Pest Manag 28: 266-276 

Odiyi AC, 2006. Genetic variability in maize (Zea mays 
L.) for combined resistance to the pink stalk borer 
(Sesamia calamistis Hampson) and the African 
sugarcane borer (Eldana saccharina Walker). PhD 
Thesis. Federal University of Technology Akure, 
Nigeria 

Pathak RS, Othieno SM, 1990.  Inheritance of resis-
tance to the spotted stem borer, Chilo partellus 
(Swinhoe) in maize. Maydica 35: 247-252

Polaszek A, 1998. African cereals stem borers. Eco-
nomic importance, taxonomy, natural enemies 

and control. CABI, Wallingford
Schulthess F, Ajala SO, 1999. Recent advances at 

IITA in the control of stem borer in west and cen-
tral Africa, pp. 35-52. In: Strategy for sustainable 
maize production in West and Central Africa. Ba-
du-Apraku B, Fakorede MAB, Ouedraogo M, Quin 
FM Eds. Proceedings of a regional maize work-
shop IITA Cotonou

Silva AR, Souza Jr CL, Aguiar AM, de Souza AP, 
2004. Estimate of genetic variance and level of 
dominance in a Tropical maize population. I. Grain 
yield and plant traits. Maydica 49: 65-71




