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ABSTRACT
The major objectives of this study were to determine 

genetic variability for parameters of resistance to £. 
Partellus and other desired agronomic traits, construct and 
test appropriate selection procedures, and estimate 
heritabilities, predict both direct and correlated responses 
to selection. The study involved a white grained parental 
population named ICZ3 from which 163 S2 lines and 150 ^ 
testcrosses were obtained and evaluated according to the study 
objectives so far stated.

Genetic variability and predicted responses to S2 and S2 
testcross selection methods were studied in the ICZ3 
population. Evaluation of progress after one cycle of 
selection for grain yield, parameters of resistance to Chilfi 
partellus and agronomic traits were investigated.

The results of determining the genetic variability for 
each of the three parameters of resistance (leaf feeding, dead 
heart and stem tunnelling) and grain yield in each progeny 
type revealed high levels of variability for effective 
selection to be practised. Using a 9 - point rating scale for 
leaf feeding, populations derived from S2 and testcross 
progenies showed a difference of 5.00-6.33 and 5.00- 6.17, 
3.14%-3.29% and 2.56%-3.14% for dead heart, 27.97%-28.52% and 
19.46%-23.92% for stem tunnelling and 5.65-11.10 and 7.85-8.60 
t/ha for grain yield for S2 and testcross progenies, 
respectively. After one cycle of selection the S2 and 
testcross progenies exhibited a reduction in leaf damage 
rating of 0.01-0.11 and 0.05-0.08 per cycle corresponding to 
a decrease of 0.40%-4.38% and 1.99%-3.19% per cycle relative 
to the source population (C0) respectively. Stem tunnel length
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decreased by 0.15%- 1.81 % per cycle in S, progenies and 
0.13%-1.76% per cycle in the test cross hybrids corresponding 
to 1.15% - 13.92% and 1.00% - 13.54% per cycle relative to C0. 
Grain yield increased by 5.29% to 24.23% per cycle and plant 
height by 4% per cycle of selection.

Genetic variances and heritability estimates were 
moderate to high for the S3 progenies with the heritability 
estimates being higher for the agronomic traits compared to 
the resistance parameters.

Predicted direct response for grain yield, parameters of 
resistance and rank summation index were generally higher in 
the S2 selections as opposed to the test crosses. Generally 
more gain/cycle of selection was achieved through single trait 
selections than by index selection.

Predicted correlated response in grain yield assuming 
selection was done for the parameters of resistance were 
smaller than predicted direct responses to selection for grain 
yield.

In all cases, there was poor correspondence between 
predicted and observed gains to selection.

A breeding procedure involving recurrent selection for 
parameters of resistance (leaf feeding, dead heart and stem 
tunnelling) and selection indices should aid in combining £. 
Partellus resistance with desirable agronomic traits.



CHAPTER 1

1.0 INTRODUCTION
Maize (Zfid mays L.) is the third most important cereal 

crop in the world after wheat (Triticum aegtivum L.) and rice 
i n r v z a  a a t i v a  L.) (FAO, 1991) . In Kenya, it is the single most 
important food crop; being the only cereal crop that is grown 
in every part of the country - from areas of low agricultural 
potential to those endowed with high agricultural potential. 
Apart from being the staple food crop, it is also important in 
the production of livestock feeds. But despite its 
significance as a major cereal crop its yields are low due to 
a number of factors which include, amongst a host of other 
problems, environmental hazards caused by insufficient 
rainfall, poor soil conditions and presence of obnoxious weeds 
such as R t r i a a  spp. Other factors include low levels of inputs 
due to limited availability of resources for the majority of 
the small scale farmers, diseases and insect pests.

''The most important maize disease in Kenya is maize streak 
(Theuri fit al, 1988) which is caused by maize streak virus 
(MSV) and transmitted by leaf hoppers of the genus C icadulma - 
As for the insect pests, stem borers constitute the most 
important field insect pests of maize in Africa. The most 
important species are the pink stalk borer, (SPSainiS 
raT amist is Hmps), the African sugar cane borer,(Eldans 
sarrharina Walker), the maize stalk borer, (Busseola fUgCfl 
Fuller) and the spotted stalk borer, (Child partellug Swinhoe) 
(Bosque-Perez fit al, 1987). In the Kenyan lowlands, £. 

p a r t e l l u s  is the most important (Walker, 1967; Warui and 
Kuria, 1983; Overholt, 1991). Losses in maize yield due to



A q spp stem borer damage range from 18% in Kenya (Walker, 
17; Warui and Kuria 1983) to 44% in Pakistan (Mohyuddin and 
:ique 1978) .

The attack of £. Dartellus on the plants begins with the 
'ing of its eggs on the leaves. The eggs hatch into neonate 
-st instar larvae which move into the leaf whorls where they 
:d and develop on the bases of the leaves, causing lesions.
: larvae then develop to the late third or early fourth 
>tar, bore into the stem, feeding on the tissues and making 
mels. As a result of the larvae feeding within the leaf 
>rl or stem, the meristematic tissues are cut through and 
! central leaves dry up to produce the "dead heart" symptom 
i the plant dies. The three damage parameters, namely, leaf 
:ding, dead heart and stem tunnelling, lead to grain yield 
;s. A number of studies have been reported which give 
lormation on the resistance levels of some genotypes that

resistant to £. p a r t e l l u s  that can be used in the 
lagement of the pest (Omolo, 1983; Ampofo and Saxena, 1984; 
>ofo al, 1986a and b; ICIPE, 1991; Ajala and Saxena, 
>4). Furthermore it is known that genotype by damage 
■ameter interaction exists such that a genotype may be 
fhly resistant to leaf feeding but less to the stem 
inelling and vice versa (Ampofo e£ al, 1986b). Therefore 
imensurate improvement in each of the damage parameters is 
:essary to achieve an overall improvement in resistance 
rels.

Inheritance studies on parameters of maize resistance to 
: spotted stem borer have shown resistance to be 
intitative (polygenic) and preponderately additive (Pathak 
1 Othieno, 1990; Ajala, 1992a) . Recurrent selection, a



breeding procedure involving the identification and 
recombination of superior genotypes in a population to form a 
new but improved population from which further selection can 
be practiced, is a method of increasing frequency of 
favourable alleles for quantitatively inherited traits. 
Appropriate recurrent selection schemes that utilize more of 
additive gene action e.g. S,, Sa or their test crosses 
selection procedures can therefore be used to effectively 
improve on levels of resistance to SL. partellus attack.

This study was undertaken with the main objective of 
simultaneously improving on the level of resistance to the fL. 
p a r t e l l u s  attack, grain yield and desirable agronomic traits 
using appropriate selection parameters or aggregate traits in 
identified progeny from a maize population, ICZ3.

Specific objectives for the study were to :
(a) determine the genetic variability for parameters of

resistance to £. partellus and other desired agronomic 
traits.

(b) construct and test appropriate selection indices that 
combine £. partellus resistance with desirable agronomic 
traits.

(c) estimate heritabilities, predict both direct and
correlated responses to selection.



CHAPTER 2

2.0 LITERATURE REVIEW
2̂ _1 Insect pest-host plant resistance.

Host plant resistance is an important component of 
integrated pest management schemes in crop production (Kumar 
et al, 1993) . However, the ease of insect control by the use 
of insecticides has often superseded the study of host plant 
resistance to insects. Painter (1951) defined resistance of 
plants to insects as the relative amount of heritable 
qualities possessed by the plant which influence the ultimate 
degree of damage done by the insect. Resistance in plants 
therefore represents the ability of a certain variety to 
produce a larger crop of good quality than ordinary varieties 
at the same level of insect population.
The mechanisms of plant resistance to insects have been well 

documented by Painter (1951). He outlined and described three 
main components of resistance: preference or non-preference 
(otherwise called antixenosis), antibiosis and tolerance.

Preference and/or non-preference refers to the ability of 
host plant to attract or discourage the feeding, colonization 
or oviposition of an insect pest. This may be attributable to 
morphological, physiological or biochemical factors in the 
host plant. Wiseman (1987) reported that resistance of maize 
to the corn earworm (CEW), Heliothis zea (Boddie), was 
associated with the structure of the silk. He noted that the 
preferred oviposition site for the females was the fresh 
silks. When large quantities of succulent silks were present 
the larva could complete its life cycle in the silk channel 
without inflicting damage for the developing channels as
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have also been observed to contribute immensely to the degree 
of non-preference shown by insect pests. For instance, the 
boll weevil (Anthonomus arandis) has a marked preference for 
cotton plants with green foliage to those with red cnes 
(Isley, 1928). In maize the adult moths of the corn earworm 
(CEW) showed a general preference for taller plants to shorter 
ones. Whilst stem hardiness contributed to reduction in insect 
infestation (Wiseman, 1987).

Preference or non-preference type of resistance is 
sometimes due to biochemical compounds which attract or repel 
the insects. Visser and Minks (1982) reported a potent factor 
in carrot which influences the attractiveness of the carrot 
fly (Psila rosae) for ovipositional stimulant as 
trans-methyliso-eugenol. Whilst in cucumber, cucurbitacin is 
responsible for resistance to the two spotted spider mite 
(Tetranychus urticae'i . Thus various behavioural stimuli would 
contribute to non-preference types of pest resistance.

Antibiosis includes all adverse effects exerted by the 
plant on the insect's biology such as survival, development 
and reproduction. Brazzel and Martin (1956) studied the number 
of eggs laid by the pink bollworm on Gossypium thuroeri in 
comparison with the number laid on the susceptible cotton 
species Gossypium hirsutum. When the two kinds of plants were 
confined together in the same cage, 79 percent of the bolls of 
the resistant variety were without eggs compared to 53 percent 
when the same variety was alone in the cage. Such could be 
attributed to the presence of chemical senses in host 
selection. Antibiosis type of resistance may be due to 
insufficient supply of nutritional requirements. Mize and 
Wilde (1986) reported antibiosis resistance in sorghum
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breeding lines which adversely affected development rate and 
adult size of chinch bugs (Blissus leucopterus leucopLexiia 
Say). In maize, Davis and Williams (1986) observed significant 
reduction in the survival, growth and development rates of the 
south west corn borer (SWCB). These adverse effects on the 
insect biology indicate that antibiosis is a mechanism 
operating within the resistant plants.

Tolerance is the ability of the plant to withstand 
infestation and support insect populations that would severely 
damage those that are susceptible. It can be conditioned by 
increased vigour of the plant, ability to repair damaged 
tissues and or the ability to metabolize toxic substances 
produced by the pest into non-toxic compounds. Olonju Dixon 
et al (1990) noted that crosses between resistant and 
susceptible lines of sorghum had increased levels of tolerance 
to the green bug biotype. E. More recently, Ajala at al (1993) 
reported mid-parent heterosis associated with leaf feeding and 
stem tunnelling damage parameters for Chilo partellus in some 
maize crosses. Ability to replace or repair of damaged tissues 
was observed by Coon (1946) in soybean varieties resistant to 
the Japanese beetle.

Normally resistant cultivars do possess combinations 
and/or varying levels of resistance mechanisms. Thus, a 
cultivar that is non-preferred does not require the same level 
of antibiosis or tolerance that a more preferred cultivar must 
possess. Therefore different cultivars may possess the same 
level of resistance with different mechanisms of resistance 
and levels of resistance components (Wiseman, 1985) .

2.2 Inheritance of pest resistance.



Resistance to insect pests in plants is either 
qualitative (particulate) in which the genetic control is 
under the influence of a few genes, or quantitative, that is 
conferred by several genes each with smaller individual 
effects. Therefore development of an efficient resistance 
breeding programme requires a thorough understanding of the 
inheritance pattern of the traits under consideration (Penny 
and Dicke, 1956).

Most expressions of the qualitative type of inheritance 
follows a gene-for-gene relationship, that is, for each gene 
conferring the specific resistance in the host there is also 
a specific and "matching" gene in the pest, which when present 
gives it the ability to overcome the resistance (Kim, 1992) . 
This gene in the pest is known as virulence gene. In a plant 
with race-specific expression, this major gene controlled 
resistance is often called "vertical" resistance. Such type of 
resistance is easy to incorporate into susceptible lines or 
cultivars through conventional backcrossing programmes: j_or
instance, resistance of barley to greenbug (Scdizaphia 
araminum Rondani) (Merkle aL al, 1987) , improved rice to b̂ asi.
(Pyricularia oryzae), potato to late blight and cereal rusts
and leaf blights (Kim, 1992).

Because of its simplicity and race-specificity, however, 
vertical resistance often breaks down with time as the 
virulent gene spreads in the pest population. Velnsammy al 
(1987) reported the occurrence of a new biotype of the brown 
plant hopper (Ni laparvata lugeilS Stal) in rice fields. He 
observed that reduced genetic variability of a short-st^.tuied, 
high yielding cultivar coupled with continuous monocropping o- 
the rice, use of high levels of nitrogenous fertilizers and
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insecticides induced brown hopper resurgence due to a biotype 
which had overcome the resistance. Obanni al (1989) 
observed that despite this shortcoming, however, vertical 
resistance had been used to control Hessian fly (Mavetiola 
destructor Say) in durum wheat for more than 30 years through 
sequential release of cultivars with single genes for 
resistance to the emerging biotypes. Multiline cultivars may 
also be utilized. The approach was explored in breeding crown 
rust resistant cultivars (Browning and Frey, 1969) . However, 
the use of such a technique is yet to be explored for the 
control of insect pests.

Quantitatively inherited insect pest resistance is not wide 
spread in literature. However, a few cases have been reported. 
Scott at al (1964) showed that in corn leaf feeding resistance 
to the European corn borer (ECB). Ostrinia nubilalis (Hubner) , 
is polygenically controlled. Estimates obtained from analysis 
of F3 and selfed backcrossed progenies indicated that most of 
the genetic variance observed was additive. Earlier reports 
had suggested qualitative inheritance (Penny and Dicke, 1956; 
1957). These authors reported that resistance of leaf feeding 
to the pest was conditioned by 1 to 2 or 3 or more genetic 
factors depending on the source of resistance.

Other cases of quantitative inheritance have been 
reported in other crops: in common bean (Phaseolus 
vulgaris)resistance to the leafhopper (Empoasca kraemeri Ross 
and Moore) Kornegay and Temple (1986)is quantitative. In 
sorghum non-preference resistance to shootfly (Antheriaona 
soccata Rondani) is also quantitatively inherited and mainly 
governed by additive genes (Rao fijt al. 1974).
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Quantitatively inherited resistance is called horizontal, 

general or nonspecific resistance (Maxwell and Jennir.gs, 
1980). Unlike the vertical resistance which offers protection 
against a particular biotype of an insect pest, horizontal 
resistance protects the crop against all the known biotypes of 
a given pest. Kim (1992) argues that it is more difficult for 
a pest to overcome a number of minor genes, rather than a 
single major gene since polygenes by their number and 
complexity would offer a far greater challenge to the pest 
attempting to overcome them. Thus, rather than aiming at 
eliminating the pest with a dominant gene, which has the 
side-effect of challenging it into evolving a new biotype in 
order to survive, polygenic resistance attempts to defuse the 
situation by allowing a small number of the pest to survive at 
levels that do not cause economic damage.

There are relatively few reports of comprehensive studies 
on the inheritance of the resistance to stem borers. The 
information available is either contradictory or inconclusive 
(Ortega at al, 1980). Whereas resistance to the European corn 
borer and south western corn borer is quantitatively inherited 
(Brindley and Dicke, 1963; Scott at al, 1964; 1967; Onukogu £&. 
al. 1978; Williams at al 1989), that of the first brood 
generation is quite independent of the second brood (Brindley 
et al. 1975; Gallun at al, 1975; Williams and Davis, 1983). 
Most genes that condition resistance to leaf feeding by first 
generation corn borers do not have an important role in 
controlling the resistance to sheath collar feeding by second 
generation broods.

Studies reporting inheritance of resistance to the 
spotted stem borer, Chilo partellus. are also very few and
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inconclusive. A recent review by Guthrie (1989) indicated 
resistance to be multigenic with both additive and 
non-additive genes being involved. Recent studies at the 
International Centre of Insect Physiology and Ecology (ICIPE) 
on resistance to this pest, however showed that the resistance 
is quantitative with a preponderance of additive gene action 
(Pathak and Othieno, 1990; Ajala, 1992a). It was observed that 
resistance to parameters of resistance namely, leaf feeding, 
stem tunnelling and dead hearts were generally additive with 
some non-additive gene control for the stem tunnelling.

Since gene action conditioning resistance to stem borers 
in maize is predominantly additive (Ortega, aJL, 1980) and 
that polygenic resistance is more durable for sustainable crop 
production, then recurrent selection schemes would be 
appropriate in accumulating desirable genes for resistance 
(Kim, 1992) .

2.3. Recurrent Selection Schemes

Quantitative traits, such as grain yield and resistance 
to insects which are conditioned by large number of genes 
whose effects can not be individually classified, are improved 
through recurrent selection schemes (Hull, 1945), Change in 
gene and genotypic frequencies being the consequence of such 
traits. These result in changes in means and variances during 
selection (Hallauer and Miranda, 1988). Thus, selection within 
a population is aimed at improving the population per ££ and 
this is accomplished by increasing the frequency of favourable 
alleles within the population.
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Generally recurrent selection involves the selection of 
plants with superior phenotypes in the breeding population and 
intermating the selected individuals to form a new but 
improved population which serves as source material from which 
further selections can be made. Population improvement schemes 
can be categorized as Intra-population selection methods and 
inter-population or reciprocal selection methods. The first is 
aimed at the improvement of the population per as whereas the 
last two are for the improvement of the interpopulation cross 
or the hybrids of inbred lines to be extracted from two 
reciprocally selected populations. Inter-population 
improvement was stimulated by the expression of heterosis 
(Hallauer al, 1988) .

There are two types of selection procedures under 
recurrent selection, namely, Mass selection and family 
selection. The major difference between the two types being 
that in family selection some type of progeny testing is 
carried out such that plant genotypes are evaluated on the 
basis of the average performance of their progeny whilst in 
mass selection, individual plants selected are also the ones 
recombined to form another cycle of improvement. In family 
selection, however, the recombined plants for the proceeding 
cycle of selection are the parents of the best progenies after 
evaluation. Thus, in family selection, the selection unit is 
different from the recombination unit unlike the situation in 
mass (phenotypic) selection.

Types of family selection methods include selfed family 
selection, full-sib family selection, half-sib family 
selection, and combined family selection procedures. In selfed 
family selection method, S, or Sj progenies are evaluated to
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ietermine superior genotypes and the remnant seed of the 
selected progenies are recombined to produce a new base 
jopulation for further improvement. Full-sib family selection, 
mlike the selfed family procedure, involves evaluation of 
crosses in which each of the progenies have the two parents in 
:ommon. Progenies are produced by crossing two S0 plants from 
:he same population. Remnant seed of the selected progenies or 
:heir selfed progenies are recombined. In the half-sib family 
selection the progenies to be evaluated have only one of the 
:wo parents in common. Another form of half-sib family 
selection is test-cross selection. The procedure is used 
:ither to evaluate combining ability of inbred lines to be 
lsed in hybrid combinations or to evaluate the breeding values 
>f plants for population improvement. In both cases, there is 
leed for a tester in order to identify superior genotypes to 
leet the objective of selection. A combination of two or more 
selection methods in the same programme is also feasible.

Often the choice of the best tester is obscure. For 
.nbred evaluation, a desirable tester was defined by Matzinger 
11953) as one that combines the greatest simplicity in use 
/ith the maximum information on performance to be expected 
:rom tested lines when used in other combinations or grown in 
>ther environments. Rawlings and Thomson (1962) defined a good 
tester as one that classifies correctly relative performance 
>f lines and descriminates efficiently among lines under test, 
'or improvement of breeding populations, Allison and Curnow 
(1966) noted that a good tester must maximize the expected 
nean yield of the population produced from random mating of 
selected genotypes. It was recognized, however that no single 
:ester can completely fulfill all of the criteria in the above
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efinitions. It was therefore concluded that the choice of a 
ester should be determined to a considerable extent by the 
xpected use for a particular group of lines. If these are 
estined as replacements for lines in existing hybrid 
ombinations, the tester chosen will certainly differ from 
hat selected if the lines are to be screened for average 
erformance to be tested in new combinations. Matzinger ( 
953) opined that for inbred lines to be used as replacement 
or an existing line in a certain combination, specific 
ombining ability is of prime importance and the most 
ppropriate tester would be the opposite single cross parent 
f the double cross or its component inbred lines and that 
anking of lines with respect to general combining ability can 
e accomplished most economically through use of a tester 
aving a broad genetic base. Hallauer and Miranda (1981) 
oncluaed from an extensive review of literature that the 
hoice of a tester on the basis of its performance depends 
argely on chance. They favoured the use of the parental 
ariety as tester in intra-population improvement schemes 
ecause only such a case would ensure that high frequency of 
ecessive allele in the tester is associated with high 
requency of recessive allele in the rraterial being tested.

Several ir.tra-population recurrent selection methods have 
sen explored for the improvement of breeding populations, 
owever, methods which are effective for improving one 
opulation may not be effective for another 'Lonnquist, 1968; 
urton al, 1971). Also, different selection methods have 
hown differences in effectiveness when utilized in the 
mprovement of the same population. Penny fit al» (1967) 
eported on three cycles of S; recurrent selection for
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resistance to first brood European corn borer (Ostrinia 
nubilalis. Hubner). Progress from selection was measured from 
the original (C„) and third cycle (C, ) of selection on five 
populations. Based on a rating of 1 (resistant) to 9 
(susceptible), the procedure improved the mean rating for the 
five populations from 5.5 in Q, to 2.5 in C3 (Frey, 1981). More 
recently, Widstrom (1992) observed significant reduction in 
damage to leaf feeding by Fall Armyworm on maize after five 
cycles of S3 recurrent selection.

Family selection methods have also been employed in 
improving grain yield and agronomic traits of several maize 
populations. Burton at al (1971) observed increase of 4.1% 
per cycle whilst Lonnquist (1968) reported an increase of 15% 
after four cycles of Sj test-cross selection. Hoard and 
Crosbie (1985) observed that five cycles of S, recurrent 
selection for improved cold tolerance in two maize 
populations, BS13 (SCT) and BSSS2 (SCT), resulted in 
significant genetic gains; 2.1% and 0.04g per cycle for 
percent emergence and seedling dry weight respectively. It was 
therefore concluded that recurrent selection could 
effectively increase and/or change allelic frequencies at 
different loci (Hoard and Crosbie, 1985; Walters at. ai, 1991) • 
This however, requires the existence of genetic variability in 
the population under improvement. Cyclical selection 
procedures are imposed on populations in order to increase the 
frequency of favourable alleles for the selected traits 
(Hallauer, 1981).

2.4 Genetic variability and_ heriLability.



Quantitative characterization of variability in plant 
Dopulations is a prerequisite for designing an effective 
breeding programme. The choice of the breeding method to be 
ased in the improvement of a particular trait depends on the 
dean and magnitude of genetic variation present in the 
jopulation. Observable differences among individuals in a 
copulation can be quantified as phenotypic variance which 
.ncludes both genetic (hereditary) variance and environmental 
variance plus the interaction between these two components 
Falconer, 1960). For purposes of describing the various types 
>f gene action, genetic variation can be partitioned into two 
iroad-based coomponents, the additive and non-additive 
■ariances. The former is due to average effects of genes and 
s also termed variance of breeding value. It reflects the 
iegree to which progenies are likely to resemble their 
■arents. The larger the additive variance the more the 
henotype approximates the genotype and the more the progress 
xpected from selection. Furthermore, additive genetic 
ariance can be used in obtaining reliable estimates of 
eritability and progress from selection. The non-additive 
enetic component, on the other hand, consists of the 
iominance and epistatic variances; dominance variance being 
ccasioned by the occurrence of interaction of average effects 
-f alleles at the same locus whereas epistatic variance is due 
o interaction of additive and/or dominance effects of two or 
ore loci.

In both evolution and in plant breeding, populations are 
onstantly being sifted for superior types. In this continual 
ifting, the primary force is selection, in which individuals 
ith certain characteristics are favoured in reproduction.

W I U M W I I W I B U  I M  ....... ................................................. i l l  II I
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Allard (1960) stipulated that in selection two attributes are 
important to the understanding of breeding principles, namely, 
that selection can act effectively only on heritable 
differences and that selection does not create variability but 
acts only on that which is already in existence. It is in 
connection with the second attribute that inbreeding assumes 
importance in plant improvement for it causes an increase in 
nomozygosity. Such effect is deemed to affect all loci, so 
chat quantitatively inherited characters as well a; those 
determined by major genes are subject to its influence. The 
effect of sufficiently long and intense inbreeding is 
cherefore the fixation of genetic characters, i.e, separation 

the population into genetically distinct groups each 
miform within itself. Thus, inbreeding which is the mating of 
closely related parents, uncovers genetic variability 
concealed in heterozygotes for selection to act upon. The 
converse, outbreeding, is those matings involving individuals 
lot so closely related.

Pathak and Othieno (1990) studied the types and magnitude 
if gene action for resistance to both leaf feeding and stem 
:unnelling in maize to £. partellus. Estimates of additive 
variance for parameters of resistance were considerately 
arger than those of dominance variance. Ajala (1990) in a 
separate study also observed the presence of substantial 
tmount of additive genetic variance. Resistance to both leaf 
ieeding and stem tunnelling was predominantly additive, 
ion-additive variance being important for stem tunnelling.

Widstrom at al (1992) used Sj recurrent selection to 
mprove resistance in maize synthetics to leaf feeding by 
arvae of the European Corn Borer (Ostrinia nubilalis Hubner).
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Analyses of variance of S, progenies indicated the presence of 
significant genetic variation for resistance to the larval 
feeding by the pest within each cycle. He observed genetic 
variance of 0.08 ± 0.018 in C0 which increased to 0.36 + 0.04 9 
in Cj. This was attributed probably to genetic recombination 
in later cycles, thus, generating additional genetic variance. 
In sorghum, Olunju Dixcn at al (1990) reported significant 
general combining ability (GCA), specific combining ability 
(SCA), maternal and specific reciprocal effects among inbred 
lines for resistance to Greenbug Biotype E. General combining 
ability was more significant in determining both antibiosis 
and tolerance. The significant maternal and specific 
reciprocal differences found among parents and crosses 
suggested that the variation observed was not only due to 
direct genetic effects but also highly influenced by maternal 
and cytoplasmic inheritance or their interactions.

In maize, Obilana ££. al (1979) estimated the genetic 
/ariability for grain yield and agronomic traits in a variety 
:ross (inter-population) (BS10 and BS11) and showed that 
additive variance was of greatest importance (accounting for 
75% or more of the genetic variability). He reported genetic 
/ariances of 167 ± 39 (Ear length), 399 ± 95 (ear diameter), 
>26 ± 51 (Kernel depth) and 248 ± 59 (days to silk), 218 ± 47 
(Ear height), 1410 ± 384 (tiller length) for grain yield and 
agronomic traits respectively. Ajala (1992b) evaluated S 3 

Lines from three maize populations (TZSR-Y1, DMR-LSRY and EV 
3443 SR) for emergence index (El), a measure of seedling 
index, days to 50% silking, number of standing plants at 
larvest and grain yield. Means and ranges, from an analysis of 
variance, for each of the four traits in each population
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revealed significant levels of variability for effective 
selection to be practised. There was a difference cf about two 
days for El, 13 to 20 days for 50% S, 7 to 8 stands and 3.4 to 
4.6 t/ha for yield.

Progress in breeding for economic characters that are 
quantitative in inheritance and therefore subject to 
environmental variability is determined by the nature and 
magnitude of the genetic variability. Such characters present 
difficulties in selection programmes since heritable 
variations are often masked by non-heritable variation. lienee 
the need to partition overall variability into heritable and 
non-heritable components with the aid of genetic parameters 
such as genotypic and phenotypic coefficients of variation. 
Ariyo (1989) studied variation in fifteen characters of Okra 
f Abelmoschus. esculentus (L.) Moench). The wide range of 
variability exhibited by all lines for most of the characters 
measured was a reflection of their diverse eco-geographical 
backgrounds suggesting that the traits in the study were 
influenced more by environment than by their genetic 
constitution.

Adeyemo (1966) studied the genetic variability in an 
open-pollinated maize variety, TZSR-Y1 using full-sib (FS), 
half-sib (HS) , Si and Si testcross (TCH) selection methods. 
Grain yield ranged from 3.4 to 9.2 t/ha for the FS, 2.9 to 7.5 
t/ha for HS, 1.75 to 8.0 t/ha for Si and 3.2 to 8.8 t/ha for 
TCH. Genetic variances were equally large, suggesting that 
there was sufficient genetic variability for selection to 
occur. Partitioning of this variability so observed showed 
that the additive genetic variance was the most important 
component for both grain yield and agronomic traits. Studies
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elsewhere have unravelled somaclonal variation. In grasses 
(ItpLLum tfimulentum, Lolium perene and Lsliuan multiilorum) 
Mutinda (1989) showed that somaclones derived from tissue 
culture could generate genetic variability for the improvement 
of such grasses.

Hallauer and Miranda (1981) reviewed the literature on 
the types of gene action that condition quantitative traits in 
maize and concluded that genetic variability of the 
quantitatively inherited traits such as grain yield and 
disease resistance is due largely to additive genetic 
effects. Although non-additive variance, i.e, dominance and 
epistasis, may exist, they are less important. Presence of 
significant amount of additive variance in maize populations 
would therefore indicate that progress would occur from 
intra-population selection programmes.

Differences that occur among individuals of a species in 
the expression of a particular trait, whether due to their 
genetic make up or the environmental effects, can be described 
in terms of the heritability concept. The concept and its 
estimates can also be useful in the selection of superior 
individuals from a germplasm pool and in the utilisation of 
the selected individuals to generate superior varieties. 
Generally, heritability is the proportion of the observed 
variability that is due to genetic causes expressed as a 
fraction of total phenotypic variation.

In biometrical terms, there are two types of 
heritability: broad and narrow sense heritability. In the 
broad sense heritability (BSH), the total genetic variation 
consists of both additive and non-additive genetic values 
expressed as a fraction of the total phenotypic variation.
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lilst in the narrow sense, heritability is estimated as the 

oportion of the total variability attributable to additive 
due to the average effect of genes, that is, the ratio of 

le breeding value to the phenotypic variation (Falconer, 
60). Narrow sense heritability (NSH), therefore, determines 
ie degree of resemblance between relatives and expresses its 
edictive advantage i.e the reliability of the phenotypic 
lue as a measure of the breeding value. Since genes and not 
motypes are transmitted from parent to the offspring, 

;timates of heritability in the narrow sense would be 
effered to those in the broad sense for predictive purposes, 

Lrticularly in selection programmes (Falconer, 1960) . In 
lose situations where the former can not be obtained, 

iwever, broad sense estimates provide useful approximations. 
Le various basic methods for the computation of heritability 
itimates can be grouped into three: regression of offspring 

i parent (bo-p), which involves the regression of the mean 
ilue of a character in the progeny upon the value for the 
ime character in the parent, variance components and usually 
>cained from analysis of variance (AOV) and recurrent 

ilection experiments (Obilana and Fakorede, 1981).
Differences between heritability estimates obtained by 

.fferent methods have been reported in the literature, 

.rstly, it should be pointed out that broad sense 

:ritability estimates are generally larger than narrow sense 
iritability estimates. Therefore, any methods that do not 
;parate non-additive from additive effects will usually bias 
values upwards. In cases where the non-additive effect ±s 
;latively unimportant as in highly inbredlines, broad sense



21

heritability may be very close to or even the same as narrow 

sense heritability.
Even when the same population is sampled, different 

methods of computation may give different estimates of 

heritability. Generally, regression of offsprings on parents 
tends to give lower values relative to variance component 
approach. Robinson, ££. a l  (1949)  obtained heritability of 
20.1% for yield in maize using variance component method while 

values of 15. 5% and 9.5% were obtained for regression of 
offspring on male and female parents, respectively. Frey and 

Horner ( 1 9 5 5 )  reported heritability estimates of 59% and 39% 

while using component of variance and regression methods 

respectively for yield in barley (Hordeum vulgars L . ) .
Generally, most of the traits of economic value such as 

grain yield and related traits in cereals have variable 

heritability values. For example, Robinson, ££. a l  (1949)  

obtained low heritability estimates for yield and ear traits 

but high values for plant and ear heights. Ajala (1992)  

reported broad heritability estimates (%) of 1 5 . 4 ,  1 0 . 9 2  and 
5 . 2 5  for leaf feeding, stem tunnelling and tolerance resistant 
parameters for £. partellus in maize lines, respectively. 

These estimates were generally low, probably, due to large 
genotype by environment interaction and the levels of genetic 

diversity involved. However, narrow sense heritability 

estimates for leaf feeding was quite high (66.66%). It would 
therefore appear that heritability estimates are a property of 
not only the trait, genetic constitution of the population and 
the environmental conditions to which the individuals in the 
population are subjected, but also the method of computation.
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1.5 Predicted and correlated responses to aelec-Lian.

Usually recurrent selection procedures involve long 
generation intervals and require a lot of effort and 
•esources. It is therefore necessary to predict progress from 
selection for the purposes of determining the extent to which 
i population is suitable for breeding work and comparison of 
lifferent selection methods. Moll and Stubber (1974) and 

iallauer and Miranda (1988) have demonstrated that estimation 
)f expected progress from selection generally utilizes the 
regression approach. Thus with assumption that X is the 
selection unit for the identification of superior genotypes 
m d  W represents the improved population and that a linear 

relationship exists between X and W, then for each unit change 

_n X, a response of bwx is expected in W.
Reports in literature show different findings in 

rorrespondence between observed and predicted responses to 

selection. Widstrom fit al (1992) using S* selection for 
resistance to leaf feeding by Fall Armyworm on maize observed 

varied responses to selection from cycle to cycle. Response to 

selection was on average about two thirds as large as that 

predicted from estimated parameters. In maize, Moll and 
Robinson (1966) observed poor agreement between predicted and 

actual grain yield in C121 x Nc7 population, Jarvis and Indian 
ahief varieties. Eckebil et al (1977) while working on three 
random-mating Sorghums NP3R, NP5R and NP7BR predicted genetic 

advances in grain yield of 16.6, 28.8 and 15.2 -s respecti/ely, 
tfhich was in agreement with the actual yields obtained. 
Elsewhere, Silva and Lonnquist (1968) and more recently 
Schipper and Frey (1991) reported good correspondence between
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the predicted and actual responses to selection. The 

discrepancies so observed could be attributed to the presence 
of non-additive variation such as dominance and epistasis in 
the estimation of genetic variance (Widstrom al, 1992). 
Another contributory factor for the differencies between the 
expected and realized responses to selection may be the 
inadequacy of the data to account for all the variation due to 
interaction of genotypes with the environment (G X E) . It 
would, therefore, suggest that evaluations involving a large 
number of environments should show close agreement between 

predicted and actual response to selection. Also, agronomic 

selection and mated pairs of the same phenotype occuring more 

often than would by chance, technically referred to as 
assortative mating, in the recombination nurseries may 
contribute to poor agreement between predicted and realized 

gains.
Whereas several authors have advocated for S: family 

selection in preference to other forms of family selection 

(Bradshaw, 1983), the formula of the predicted response to S 1 

family selection as proposed by Empig ££. al (1972) involves 
some non-additive (dominance) variance. Hence estimates of the 

predicted response to Ss family selection from the genetic 
variance among Sx family means as it is commonly done are 

deemed biased (Eckebil £JL air 1977; Bradshaw, 1983) . Perhaps 
this also, may be one of the causes of the discrepancies often 

observed between predicted and observed responses to Sj family 

selection.
Bradshaw, 1983, therefore, proposed the use of covariance 
between Sx and half-sib or Sx and full-sib families in the 
prediction of response to selection in order to partition the
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snetic variance into its components. Bradshaw's proposal is 

et to be validated from empirical results.
In breeding programmes, responses to selection are either 

irect or indirect (correlated responses) (Falconer, 1960; 
akorede and Mock, 1982). Such correlated changes are either 
enetic or environmental in origin. For instance, a positive 
nvironmental correlation would be expected between plant and 
ar heights. This is also true of the traits that are taken 
rom the same or closely related individuals (Hallauer and 

iranda, 1988) . The genetic mechanisms that condition 

orrelated responses are either pleiotropic or linkage 

isequilibrium. The former occurs when a gene influences the 
xpressions of two or more traits, the latter being the 

henomenon by which combinations are held together with 
endency of being transmitted together. Predicted correlated 
esponses are, therefore, of interest to plant breeders 
ecause they provide information on how the improvement of one 
rait influences other traits. Such information is useful in 
electing for yield and other agronomic traits alongside the 

air. effort of breeding for insect resistance, (Gardner, 

978) .
Many experiments designed to evaluate various selection 

ethods have concentrated on single traits. Correlated changes 

n other traits, however, have been studied in several 
election programs. Moll and Robinson (1966) reported observed 
nd expected responses to recurrent selection for grain yield 
n maize. They found good agreement between observed and 

xpected correlated responses for number of ears per plant, 
rain yield of a maize population increased at the rate of 
.3% per cycle through indirect selection for number of ears
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per plant (Lonnquist, 1967). Other studies of recurrent 

selection in maize (Harris fit al, 1972; Russel fit, al, 1973; 
Horner fit fil, 1976 and Darrah fit al, 1978) also demonstrated 
consistent positive associations between grain yield and 
number of ears per plant. Elsewhere, three cycles of recurrent 
selection for stalk rot resistance resulted in correlated 

responses for 11 other traits (Jinanyon and Russel, 1969). In 
this study, grain yield showed a positive correlated response 

with improved stalk-rot resistance.
Negative correlated responses to selection have also been 

observed. For example, Nyhus fit. al (1989) studied S x progenies 

derived from BSAA and BSBB maize populations for resistance to 
both first generation European Corn Borer (ECB) and Diplodia 

stalk rot (DSR) . In their study, improvement in resistance to 
ECB and DSR was associated with considerable reductions in 

yield.
One way of simultaneously improving a number of 

quantitatively inherited traits in any breeding programme is 
through use of selection indices. Several workers (Smith, 

1936; Hazel, 1943; Williams, 1962) have developed appropriate 

selection indices while Elston (1963) further improved on 

these by proposing weight free indices. More recently, Mulamba 
and Mock (1978) developed a parameter free index, the Rank 
Summation Index (RSI) to improve density tolerance in maize 

(Zea mays L ) . In their study three rank summation indices were 
developed to evaluate progress from selection in a maize 
population, Eto Blanco. Each index was based on several traits 
and was calculated by ranking family means for each trait 
included in the index and summing the rankings for the traits 

for each family. The first RSI-1 in Mulamba and Mock's (1978)
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study was constructed from rankings of family means for leaf 
orientation rating, leaf area per plant and 
pollen-shed-to-silking interval, all of which were measured at
50,000 plants/ha. RSI-2 and RSI-3 included the three 
parameters and grain yield at 50,000 and 80,000 plants per 
hactare respectively. The experiment involved 250 full-sib 
families grown in only one experiment. The three RSI's 
appeared to be nearly equal in effectiveness because 19 of the 
top 25 full-sib families selected by RSI-2 were also selected 

by RSI-1 and the 25 families selected by RSI-3 included 21 

selected by RSI-1. It seems, therefore, that the three indices 
were highly correlated.

The use of selection indices for the improvement of 
quantitatively inherited traits is, therefore, important to 
plant breeders for they aid in the simultaneous selection of 
several desirable traits.
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CHAPTER 3

3.0 MATERIALS AND METHODS
3.1 Maize genotype (parental population)

ICZ3 (IC-90-WI), a white grained early to medium maturity 
population whose development was initiated in 1990 wa3 used 

for this study. To develop it crosses were made between MP704, 

a highly resistant maize inbred to Chilo partsllus from 
Mississippi, U.S.A. and selections from MMV400 (Mount Makuru 
Variety 400 from Zambia), PR 7832, Katumani composite, V-37, 

and a few others (ICIPE, 1990). Seeds from selfed materials of 
the multiple cross were subsequently separated along colon: 

lines and recombined by random mating to form two experimental 

varieties (EVS); EV-90-WI and EV-90-YI, white and yellow 
genotypes respectively. Three generations of random mating 

within each genotype culminated in the formation of two 
populations, IC90-WI and IC90-YI respectively. For purposes of 
availability of the genotypes to other users, they were later 
renamed ICZ3 and ICZ4; both being germplasm bases for further 
selection and improvement (Ajala, 1992; Ajala and Saxena, 

1994). For this study ICZ3 was used mainly due to its colour 

which is white and thus more preferable to the farmers.

3.2 Progeny type development-
In the long rains (LR) of 1992, a total of 163 Sj lines 

were obtained by selfing individual plants at random within 
ICZ3 maize population. The Sj progenies were planted out in 
single-row plots of 1.5 m in the short rains (SR) of 1992 and 

selfed to generate S2 progenies. Some seeds of the S2 progenies 
were planted so as to make test-crosses to the parental 

population (serving as tester) during the off season (Dec
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1992-March 1993) to obtain test-crosses. A total of 150 S2 
test-cross (S2TCH) hybrids v/ere obtained in this way.

3.3 Evaluations
3.3.1 Determining genetic variability.

The S2 and S2test-cross progenies from ICZ3 were evaluated 
for damage parameters (leaf feeding, dead hearts and stem 
tunnelling) caused by Chilo partellus and agronomic traits 

including grain yield in three locations during the long rains 
(LR) of 1993. The experimental locations were Mbita Point 
Field Station (MPFS) of the International Centre for Insect 

Physiology and Ecology (ICIPE), Ungoye ( another fie_d site of 

the ICIPE) and Matuga, in the Coast province of Kenya. Mbita 
Point Field Station has a bimodal rainfall distribution with 
two distinct peaks. The early season (long rains) starts from 
late March and ends in late September or early October; the 
late season (short rains) starts from late September or early 
October to December. It is situated on the shores of lake 
Victoria in Western Kenya (Latitude 0° 25'-0° 30' south,
Longitude 34° 15' east and altitude. 1240 m) . Ungoye is 35 km 

from Mbita Point Field Station with similar rainfall 

distribution pattern , and also situated along the lake region 

(latitude 0° O'- 0°1' south, longitude 34°30' east. The third 
site, Matuga is in the coastal region of Kenya (latitude 4° - 
5° south, longitude 39p east) and has a bimodal rainfall 

distribution similar to the afforementioned sites.
At each site a total of 144 S2 lines and 140 S2test-cross 

progenies were planted in two replicate experiments. The 
genotypes were grown in a randomized complete block design 
with single row plots. Each row was 5 . 0 m  long but separated
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to two 2.25 m halves with a space of 0.5 m in the middle, 
acing was 0.75 m between rows and 0.25 m between hills. Each 
11 was planted with two plants but later thinned to one 
ree weeks after germination to give a maximum of 10 
ants/2.25 m row and a density of approximately 53,333 

ants/ha. Cultural practices included ploughing and 
rrowing, weed control by hand weeding, twice or thrice as 
cessary during the season. In all plantings a minimum of 

kg/ha of DAP (fertilizer) was applied in each location. Each 
ant in one half of the row was artificially infested with a 

tch of Q . partellus egg masses reared on artificial diet and 

ntaining about 40 eggs at the black-head stage at three 

eks after emergence (3WAE) .

3.2 Data collection
Data for the three resistance parameters namely, leaf 

eding lesions, dead heart and stem tunnnelling were taken 
r each plant in both the infested and the uninfested 
ntrol. The data on both leaf feeding lesions and dead hearts 

re obtained at 4 weeks after infestation (4WAI). Leaf 

eding was scored for each plant on a scale of 1 = resistant 
o visible damage) to 9 = susceptible (severe damage). A 

neral description of the visual leaf feeding scoring scale 

given in the following summary (Guthrie ££. 1960)

ore 1. No visible leaf damage or small amount of short-hole

type of damage on a few leaves, 
ore 2. Small amount of short-hole type lesions on a few

leaves.
:ore 3. Snort-hole damage common on several leaves.
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Score 4. Several leaves with short-hole and elongated lesions. 

Score 5. Several leaves with elongated lesions.
Score 6. Several leaves with elongated lesions (about 0.4cm) 
Score 7. Long lesions common on about one-half of the leaves 
Score 8. Long lesions common on about two-thirds of the leaves 

Score 9. Most of the leaves with long lesions.

Data on dead hearts were obtained as absolute counts of 

plants showing the symptom in a plot expressed (In percentage) 

as a proportion of the number of plants per plot. Stem 
tunnelling was estimated at harvest by splitting each plant 
longitudinally to measure the stem length tunnnelled and this 

was expressed as a proportion of the plant height. Data were 

taken for six plants in a row of ten plants per plot.
Days from the date of planting to the dates when 1st plant 

and 50% of the plants in a plot showed tassel emergence, 

pollen shedding and silk extrusion were recorded.
The heights from the soil surface to the nodes bearing 

the flag leaf and the top ear were obtained for six random 
plants in a plot and their means were expressed as plant and 

ear heights respectively. At harvest, the number of standing 

plants per plot was recorded. All the ears from each plot were 

weighed separately to obtain the field weight (FWT) and g r a m  
weight (GWT) was estimated as 80% shelling percentage. Ear 
length (EL) was estimated as the length of five shelled ears 

in each plot. Some of the grain was put in a moisture mei_er to 
determine the moisture content expressed as a percentage (M-s / . 

Grain yield per plot was adjusted to 13% moisture cor.ten.- and 

converted to tonnes per hactare.
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Yield reduction was calculated as the difference between the 

yield of uninfested control and the infested.

3.3.3 Selection indices:
Two rank summation indices (RSI) were constructed to 

determine the ranking of each line within the population for 
suitable response. The first index (RSI-1) was obtained by 
ranking the means of each leaf feeding (LF), dead hearts (DH) 
and stem tunnelling (ST) for each line, summing the ranxing of 

the line to obtain its aggregate performance when compared 

with other lines within the same population. A second RSI 

(RSI-2) was obtained using the three traits and grain yield. 

Rank summation index (Mulamba and Mock, 1978) was summed as 

follows:
RSI = Ri's

Where R is the rank of the mean of each of the desired traits. 
RSI-1 = Aggregate performance of a genotype using the rankings 

of leaf feeding, dead heart and stem tunnelling.
RSI-2 = Aggregate performance of a genotype based on ranked 
means of leaf feeding, deadheart, stem tunnelling and giain 

yield.
The Smith-Hazel index, 1= b ^  where i= is the rank cf the 

genotype, x = the phenotypic value for each oj. the resistance 

parameters and the grain yield was used as an appropriate 
selection index. The index coefficient (b) was obtained by 

solving the equation bi = ((x^)'1 (gij) (at) ) » where and g4j 
are variance-covariance matrices of the phenotypic and 
genotypic values respectively for the traits. Two indices were 
constructed. One based on leaf feeding, dead heart and stem 
tunnelling and another on the three parameters of resistance
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and grain yield. Economic weights (a.) were determined for the 
calculation of the index coefficients for leaf feeding, dead 
hearts, stem tunnelling and grain yield (Smith, H.F. (1936) ; 

Hazel, L.N. (1943)).
Based on this evaluation the best 10% of the genotypes, 

based on the single trait selections (leaf feeding, dead 

heart, stem tunnelling and grain yield) in addition to the two 
rank summation and Smith-Hazel index selections, from each 
progeny type selection i.e S2 and S2 test-cross hybrid (±C:-.) 

families were recombined in the short rains (SR) of 1993 to 

form improved versions of the populaton i.e the C2 

populations. As a result, 35 of improved populations (Cj) i.e 

16 selections for single traits (leaf feeding, 
tunnelling, dead heart and grain yield) from each of the 
progeny types (S2 and test cross hybrids) based on theii 
performance in each of the sites (MPFS and UFS) , 8 selected
for rank summation indices (RSI-1 and RSI-2) from the two 
progeny types for the two sites, Another 8 selected for Smi<_h- 

Hazel indices (B2 and B2), 1 selected for yield from the test 
crosses evaluated at Matuga in Mombasa. And 2 more selecteu 
for yield performance combined for two sites MPFS and uFS 

(Table 1) . Together with the original population (ICZ3) C2 
populations were evaluated in four replicate experiments at 
MPFS, Ungoye and Muguga (medium altitude, medium agricultural 
potential with a bimodal rainfall distribution) for selection 

gains in the LR 1994. The experimental design was as for the 
evaluation of the progeny types in the LR of 1993. in 
addition, remnant seeds of S2 and S2 testcross progenies were 
evaluated for entomological observations related to mechanisms 

of resistance such as leaf feeding lessions, development and
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sstablishment of £. partellus larvae at MPFS and Ungoye. 
his case the two halves ;f each row were infested with 20 
first instar larvae at three weeks after emergence. Four weeks 
after infestation data on both leaf feeding and dead hear_ 

f/ere recorded from the whole row while that of stem tunne- 
.■/as only taken from one half. The larvae recovered were 

counted and categorized into various instars by measuring the 
head capsule width using a calibrated microscope. At harvest 

stem tunnelling, number of larvae recovered, their instars and 

grain yield were recorded for the remaining half.
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Table 1: List of 35 C; populations selected from $ and S

testcross families derived
population and evaluated at MPFS, UFS a; i Matuga 

(MGA).

Progeny
type $2

Name- S2mpfs If- 9 * S2tchmpfs If- 13

Number S2mpfs st- 10 S2tchmpfs st- 14

S,mpfs dh- 11 S2tchmpfs dh- 15

S2mpfs yld- 12 S2tchmpfs yld- 16

S2mpfs rsi-1- 21 S2tchmpfs rsi-1- 23

S2mpfs rsi-2- 22 S2tchmpfs rsi-2- 24

S2mpfs bl- 2 9 S2tchmpfs bl- 31

S2mpfs b2- 30 S2tchmpfs b2- 32

S2com yld- 33 S2tchcom yld- 34

S2ufs If- 1 S2tchufs If- 5

S2ufs st- 2 S2tchufs st- 6

S2ufs dh- 3 S2tchufs dh- 7

S2ufs yld- 4 S2tchufs yld- 8

S2ufs rsi-1- 17 S2tchufs rsi-1- 19

S2ufs rsi-2- 18 S2tchufs rsi-2- 20

S2ufs bl- 25 S2tchufs bi- 27

S2ufs b2- 26 S2tchufs b2- 28 
S2tchmga yld- 35

* If, st , dh and yld = leaf feeding, stem tunnelling dead

heart and yield, respectively. The number represents the 

randomization assigned to each genotype
Com = selections based on combined yield data from MPFS and

UFS.



3.4 Statistical analyses
Data obtained on each type of progeny (e.g S :/ S, and 

S2TCH) were subjected to both analyses of varian e 'A'TC/A) and 
covariance (ANCOVA). Care was taken to ensure that data was 
taken from competitive plants in each plot. The two forms are 

given in Tables 2 and 3 below.

Table 2. Analysis of variance

Scarce Df MS EMS

Env. (E) e-1

Reps/E e(r-1)

Genotype (G) g-1 M, o2e + ro2ge + reo2g

G X E (g-1)(e-1) m2 o2e + ro2ge

Error e(g-1)(r-1) M i a2e

Where
r = No of reps/site 
g •= No of genotypes under test 
e = No of sites (environments)

U N IV E R S IT Y O F  N A IR O B I L IB R A R Y
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»ble 3. Analysis of covariance

Durce Df MCP EMCP

lv. (E) 
eps/E
enotype (G)

e-1
e(r-l)
g-1 o2exy + ro2gexy + rea2gxy

X E (g-1) (e-1) M2xy o2exy + ra2gexy

rror e(g-1)(r-1) Mlxy o2exy

here
r, g and e are as defined above 
x = independent variable or covariate 

y = dependent variable
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The model used for the combined analysis of var.ance 

across locations was:
Y£jk = u + ek + b (e) jk + gj + (ge) u  + e )Jk.

'Where,
yl k = the observation made in the jth replication of the k 

environment on the ith genotype, 

u = overall experiment mean.
ek = effect of the kth evironment, b(e) Jk is the effect of 

the jth replication within the k01 environment. 

gt = effect of the ith genotype.
(ge) ik = effect of the interaction of the iLh genotype with 

the kch environment. 
eri! = random error.

Data from Matuga site was not included in the combiner 

analysis since the S, and S2TCH progenies were only evaluated 
under natural infestation unlike those at Mbita and Ungoye 

field sites. As a result the analysis of variance carried out 
was for selection of a sub population for the site alone. 
Likewise, the Muguga site experiment was not included in the

analysis for the same reason.
Expectation of mean squares (EMS) and the expectation of 

mean cross products (EMCS) from ANOVA and ANCOVA respectively 

(Tables 1 and 2) were used to obtain the following components 

Genetic variance (o2g) = m3-m2/re
Genotype x environment interaction variance (o ge) 

m^-m^r
Environmental variance (eke) = m- 
Genotypic correlation: rg ,x.y, = cov xy / J  (o-x X oy)

Genotypic component of covariance (oxy) =cov ^ = (M>Xy 

Mjxy) /re
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Standard errors (s.e.) for each of the variances (c?i) 

except phenotypic variance were calculated as follows:
s.e (o2i) = (2/c2 E (msi 2/df i+2))1/2. While that for phenotypic 

variance was computed as:
s.e (o2ph) = ((1) / (re) (2 (msg) 7 /  (df i + 2) )1/2 

Where o2i, msi2, c and dfi are the components of variance, mean 
squares, coefficients of the component in the EMS for trait 
i, and degrees of freedom, respectively. Msg is the mean 

square for genotype.
Estimate of phenotypic variance (o2ph) was obtained as: 

o2ph = o2/re + a2 ge/e + a2g.
Broad sense heritability (h2) estimates were calculated

a s :
h2 = o2g/o2g + o2ge/e + o2/re 

With s.e calculated as proportions of s.e c ?g to o2p h .
Note: The genetic expectations for S: and S2 test cross hybrids 

(SjTCH) selection are predominantly additive.

S2TCH (o2g) = 1/8 o2A = 8 02g 
Whilst the S2 t,02g) = 3/2 O2A + 3/16 a2D 

Therefore, it is expected that the heritability estimates for 

each of the S2TCH and S2 families were in the narrow sense.
Correlation coefficients (phenotypic) were determined 

between all possible pairs of traits, while stepwise multiple 
regression was further obtained using yield or yield reduction 
as the dependent variable and all other traits as independent 
variables. These include: Leaf feeding, stem tunnelling and

dead hearts.
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Least significant difference (Isa) was used to 
pacific means for significant differences for various trai’: 

or the original population and improved versions.
Predicted responses to selection was estimated as:- 

AG = ckoph2
where, k = standardized selection differential (k=1.76 for

election
ntensity of 10%), c = parental control (c = 1 for S 7 families 
snd c = 2 for TCH) , op = phenotypic standard deviation arvi h 

heritability estimate.
RSI values were subjected as for a trait, to bouh 

malyses of variances and covariance and information obtained 
/ere used to estimate variances, genotypic correlations and 

leritability. Predicted response to aggregate trait created by 
IS I was then calculated using the formula above. The formula 
-;f Mock and Eberhart (1972) for calculating gains from 

agaregate selection was used as follows.

H = Ea.Agi-
tfhere a, is the economic weight for the itn trail. a..d g t, that 
//as calculated using the formula of Pesek and Baker (1969a; . 

which is the predicted response to that trait due to index 
selection. Economic weights were -1, -1, - 1  and 1 for LF, DA,

ST and yield respectively.
Correlated responses due to single and aggregate trait

selection were calculated a s :-
CRy.x = kxhxh..rg ,x.y, oPy < Falconer, 1 9 6 0  )

where kx = selection intensity for trait X.
hx and h y = square root of heritability estimates for

traits X and Y, respectively.
rg v = genetic correlation between traits X and Y-
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oPy = phenotypic standard deviation of trait y.

A Chi-square test (X2) was performed to check whether 

>th observed direct and correlated responses to selection 

inform to expected responses.
x- = (0.  - E, I - 0.5)2 / E ; (Gomez and Gomez, 1984)

O, = observed response for the ith trait 
E, = expected response for the ith trait

Gains from aggregate trait selection obtained by use or 

ndices were also predicted. The predicted gains i.roT. noth 

•ingle and aggregate traits were compared with their 

espective observed responses.
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CHAPTER 4

4 . 0  RESULTS

Combined analysis of variance for all entries (Tables 4 

to 7) revealed highly significant differences (p < 0.01) for 
environment (E) only for leaf feeding, plant height, ear 
height, stand count and moisture % at harvest ror the S2 
progenies whilst for the testcrosses all traits were highly 
significant (P ■< 0.01) except for grain yield and ear number. 
Highly significant differences among replications (P < O.Ox) 

were observed for all traits except grain yield, ear length (P 
< 0.05), dead heart, stem tunnelling and grain moisture 

content at harvest for the S2 progenies. In case of the 
testcrosses, there was no significant replicate differences 

for leaf feeding and plant height. Genotype mean squares (MS) 
were highly significant (P < 0.01) for plant height, e<»r 
height, stand count, ear number, ear weight, ear length, 

moisture % at harvest, grain weight and significant (P < 0.05) 
for leaf feeding for S2 families. No significant genotype 

differences were observed for grain yield in the S2 progen.es. 
Only ear height showed significant (P < 0.05) differences

among the genotypes for the testcross hybrids. Genotype by 
Environment (G X E) interactions were not significant for any 

of the traits of the S2 lines but were highly significant (P 

-c 0.01) for stand count of the testcross hybr..
Means and ranges (Table 8) for each o: the t h r e

parameters of resistance (leaf feeding, dead heart and stem 
tunnelling) and grain yield in each progeny type revealed 
highly significant levels of variability for effective 
selection to be practised. There was a difference of about
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5.00 - 6.33 and 5.00 - 6.17 for leaf feeding, 3.14V 
and 2.56% - 3.14% for dead heart, 27.97% - 28.52% and 1? 46'. 

23.92% for stem tunnelling and 6.70 - 11.10 t/ha for grain 
yield for S 2 and testcross progenies, respectively. The 
standard error of the mean (S.e) for all the traits in each 

progeny were small (Table 8). Other mature plant traits such 
as stand count, plant height, ear height, days to 50 %

tasselling,
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Table 4: Mean squares and standard errors(s.e) from an
analysis of variance for grain yield, 
parameters of resistance of S2 families across two 

environments (Mbita and Ungoye) .

Mean squares

Source of Df Grain Dead Leaf Stem tunne-

variation yield heart feeding lling

Env.(E) 1 6.95 4.09 119.33** 10792.94

P.eps / (E) 2 14.82 1.79 10.34** 205.18

Genotype (G) 132 3.10 0.46 0.87* 24.81

G X E 132 2.32 0.44 0.76 20.35

Error 264 2.54 0.45 0.64 21.47

Mean 2.47 t/ha 0.24 % 3.37 10.14 %

S.e. 0.07 0.03 0.04 0.28

*, ** significant at P < 0.05 and 0.01, respectively



traits of S2 families across two environments (Mb;
Table 5: Mean squares and standard errors (S.e.) from an an;

Mean squares

Source 
of var
iation

Df Plant
height

Ear
height

Stand
count

Ear
numbe r

Ear
weigh

Env (E) 1 58968.42** 20671.40** 44.00** 0.42 0.05
Reps /(E) 2 2840.04** 1387.17** 8.98 49.86** 0.59*
Genotype (G)132 965.44** 350.06** 6.91** 11.58** 0.15*
G X E 132 491.03 156.34 4.04 6.60 0.08
Error 264 444.54 144.17 3.63 5.82 0.07
Mean 107.10 cm 58.44 cm 8.50 6.00
S.e 1.15 0.67 0.09 0.11 0.01

* + t* significant at P •< 0.05 and 0.01, respectively
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Table 6: Mean squares and standard errors (S.e) from an
analysis of variance for grain yield and parameters 
of resistance of testcross hybrids across two 

environments (Mbita and Ungoye).

Mean squares

Source of 
variation

Df Grain
yield

Dead
heart

Leaf
feeding

Stem tunne
lling

Env.(E) 1 0.57 3.85** 115.54** 12104.27**
Reps/(E) 2 51.93** 5.79** 2.68 179.90**
Genotype (G) 141 4.17 0.30 0.86 14.46
G Y. E 141 3.80 0.28 0.81 12.66
Error 282 3.51 0.27 0.95 10.86
Mean 4.20 t/ha 0.17 % 3.37 9.99%

S.e 0.08 0.02 0.04 0.26

•k k significant at P < 0.01.



traits of test cross hybrids across two environme

Table 7: Mean squares and Standard errors (S.e) from an ane

—

Mean squares

Source Df Plant Ear Stand Ear Ear
of var
iation

height height count number weigl

Env (E) 1 18x342.55 ** 69003.28** 98.06** 2.68 1.77'
Reps /(E) 2 381.96 2958.21** 75.89** 45.97** 2.16'
Genotype (G)141 7256.16 234.38* 3.36 5.98 0.19
G X E 141 6000.04 177.05 2.73** 3.67 0.14
Error 282 5151.24 176.26 2.49 5.32 0.17
Mean 151.43 cm 84.05 cm 9.00 8.50 1.21
S.e 3.69 0.75 0.07 0.09 0.02

* ★ * significant at P < 0.05 and 0.01, respectively
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Silking and pollen shed exhibited great variability (Tabl^- 8} . 

Generally, the S2 progenies were less yielding and shorter 

with delayed maturity than their contemporary testcross 

hybrids (Table 8) .

Estimates of pertinent components of variance obtained 

for each of the two types of progeny are presented in Tables 

9 and 10. In most cases, genetic (o2g) , environmental (oze) and 

phenotypic (o2ph) variances exceeded twice their standard 

errors except the genetic variances for stem tunnelling, plant 

height and moisture % at harvest of the testcross hybrids. On 

average, estimates of genotype x environment variances (o’ge) 

were either negative or smaller than their respective standard 

errors (S.e) in all cases, except for plant height in the 

testcross hybrids and leaf feeding, ear weight in the S2 

progenies. Also, most of the genetic variances were larger for 

the S2 progeny types than for the testcross hybrids 

corresponding to high heritability estimates in the former 

than the latter. Heritability estimates for parameters of 

resistance, grain yield, mature plant traits and selection 

indices in most cases were moderate for the S2 families thus 

suggesting that simultaneous improvement of these traits in 

che desired direction should be possible, and especially so 

with the use of selection indices to effectively combine the
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craits (Table 11). However, for the testc:oss hybrids the 

heritability estimates were low for the majority of the traits 

except for ear placement (0.78).



Table 8: Means and standard errors (s.e) of means and
resistance and desirable agronomic traits of 
derived from ICZ3 maize population and evalua 

(MPFS) and Ungoye (Ufs).

Mbita Point Field Station

Traits Sa SjTCH

Leaf feeding 
heart 
tunnel- 

{slant height 
ear^ height 
stand count 
ear number

Dead
Stem

ear weight(Kg>ê ar ̂ length 
moisture(%)cjrain weight 
Days_$o;50%tassellirv

m
to 5 inc s%

poays t5 50% illen shed

fib= Mean ± S.e = Range

Hi

2.35 + 0.091.05 6.703.84 ± O.Ofc2.17 7.170.32 ± 0.050.0014.68 + 0.270.00 27.9796.63 ± 1.3036.60 154.0052.17 ± 0.7622.00 87.509.00 ± 0.113.00 10.006.00 ± 0.143.00 11.000.51 ± 0.020.0561.69 ± 0.7620.00 91.0016.16 ± 0.3814.00 27.700.41 ± 0.010.00 1.2858.00 ±4 9.00 78.0063.00 ± 0.3751.00 81.0060.00 t 0.3852.00 74.00

5.82 ± 0.102 35 10.203.82 + 0.077.500.25 ± 0.04
14.61 0.272.07 25.99133.59 ± 1.0652 50 174.0073.07 ± 0.773.15 125.009.00 ± 0.073.00 10.008.00 ± 0.102.00 13.00

± 0.02
± 0.7530.00 100.009.49 ± 0.2516.00 33.100.92 ± 0.020.56 1.8454.00 ± 0.1347.00 67.0059.00 ± 0.1872.00
± 0.1367.00



Table 9: Estimates of genetic (erg), genotype X enviror
and phenotypic variances (o2ph) for test cros 

the maize variety (ICZ3).
Traits oJg a:ge
Grain yield (t/ha) 0.10 ± 0.12 0.15 ± 0.22
Dead heart (%) 0.01 ± 0.01 0.01 ± 0.02
Leaf feeding 0.01 ± 0.02 -0.07 ± 0.05
Stem tunnelling (%) 0.45 ± 0.43 0.90 ± 0.74
Plant height (cm) 314.03 ± 214.53 424.40 ± 354.79
Ear height (cm) 14.33 ± 8.68 0.40 ± 10.47
Stand count 0.16 ± 0.13 0.12 ± 0.14
Ear number 0.58 ± 0.21 -0.83 t 0.38
Ear weight (kg) 0.01 ± 0.01 -0.02 ± 0.01
Ear length (cm) 7.05 ± 4.96 7.51 ± 8.26
Moisture % 0.30 ± 0.20 0.75 i 0.34
Grain weight (kg) 0.01 ± 0.00 -0.01 ± 0.01
Rsi-1 40.61 ± 16.54 -38.62 ± 40.27
Rsi-2 6.55 ± 2.12 -4.90 t 5.24

Rsi-1 = Aggregate performance of a genotype based on 2 

parameters of resistance.
Rsi-2 = Aggregate performance of a genotype based on 1 

parameters of resistance and grain yield.



Table 10: Estimates of genetic (o2g) , genotype x enviro 
and phenotypic variances for S2 families de

(ICZ3)
Traits o2g crge

Grain yield (t/ha) 0.20 + 0.11 -0.11 ± 0.14
Dead heart (%) 0.01 ± 0.01 -0.01 ± 0.02
Leaf feeding 0.03 ± 0.03 0.06 ± 0.04
Stem tunnelling (%) 1.12 ± 0.99 -0.56 ± 1.24
Plant height (cm) 118.60 ± 33.33 23.25 ± 29.99
Ear height (cm) 48.43 ± 11.80 6.09 ± 9.55
Stand count 0.72 ± 0.25 0.21 ± 0.25
Ear number 1.25 ± 0.41 0.39 ± 0.40
Ear weight (kg) 0.02 ± 0.01 0.01 ± 0.00
Moisture % 5.40 ± 2.01 0.18 ± 2.09
Grain weight (kg) 0.01 ± 0.01 0.00 ± 0.00
Ear length (cm) 30.69 t 14.03 7.54 ± 15.58
Rsi-1 18.05 ± 15.40 -17.98 ± 30.80
Rsl-2 405.30 ± 223.71 -790.6 ± 447.43

Rsi-1 = Aggregate performance of a genotype based on 

resistance.
= Aggregate performance of a genotype based 

of resistance and grain yield.
Rsi-2
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Table 11: Heritability estimates (broad) for grain yield, 
parameters of resistance and desirable agronomic 
traits of the two progeny types developed from ICZ3

Traits Test cross hybrids S, families

Grain yield (t/ha) 0.10 ± 0.11 0.26 ± 0.14
Dead heart (%) 0.11 ± 0.11 0.09 ± 0.09
Leaf feeding 0.05 ± 0.09 0.27 ± 0.27
Stem tunnelling (%) 0.12 ± 0.11 0.18 ± 0.16
Plant height (cm) 0.17 ± 0.12 0.49 ± 0.14
Ear height (cm) 0.78 ± 0.47 0.30 ± 0.07
Stand count 0.19 + 0.15 0.41 ± 0.14
Ear number 0.08 ± 0.03 0.43 1 0.14
Ear weight (kg) 0.01 ± 0.00 0.40 ± 0.20
Ear length (cm) 0.17 ± 0.15 0.32 ± 0.15
Moisture % 0.17 ± 0.12 0.39 ± 0.14
Grain weight (kg) 0.01 ± 0.00 0.50 ± 0.50
Rsi-l 0.04 ± 0.02 0.02 ± 0.16
Rsi-2 0.01 ± 0.002 0.31 ± 0.17

Rsi-l = Aggregate performance of a genotype based on ranked 

means of parameters of resistance.
Rsi-2 = Aggregate performance of a genotype based on ranked 

means of parameters of resistance and grain yield.



53

Phenotypic correlations among parameters of resistance, 

grain yield and the selection indices (Tables 12 and 13) were 

in all cases low except that of leaf feeding and dead heart 

for the S2 progenies (-0.97) combined for the two locations 

(Mbita Point Field Station and Ungoye Field Site). 

Corresponding genotypic correlations were much higher and to 

an extent exceeding unity, especially, for the testcrosses.

Correlations of parameters of resistance to £. partellus. 

(leaf feeding and stem tunnelling) with mature plant 

characteristics, including grain yield (Table 14), were 

generally negative with a few exceptions. Whilst those of dead 

neart showed highly significant correlations with stand count, 

ear length, ear number and moisture % at harvest for the two 

orogeny types. Rank summation index (RSI-1) involving the 

three parameters of resistance namely, leaf feeding, dead 

heart and stem tunnelling also showed highly significant (P *< 

0.01) correlations with the four agronomic traits as oppose! 

to those involving RSI-2 which were generally negative apart 

from a few cases. The possible contribution of each of the 

damage parameters to grain yield was examined using stepwise 

multiple regressions. Results obtained (Table 15) indicated 

that in the testcrosses, stem tunnelling accounted for at 

least 45 % of the total variation in grain yield reduction (R2
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= 0.45) whilst in the S2 progenies leaf feeding accounted for 

20% of the variation in yield reduction. In the two progey 

types, stem tunnelling seemed to have the most contribution 

towards grain yield determination (R2 being 0.36 for S2 lines 

and 0.45 for the testcrosses).

Pedicted direct responses to grain yield, parameters of 

resistance i.e leaf feeding, dead heart and stem tunnelling 

due to index selection were much lower than when each of the 

traits was selected directly (Tables 16 and 17) . There was 

higher response in the S2 selections than in the test crosses 

for the four traits (grain yield, leaf feeding, dead heart and 

stem tunnelling) including rank summation indices (RSI-1 and

RSI-2) .
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Table 12: Genotypic (r3) correlations (lower diagonal) and 
phenotypic (rp) correlations (upper diagonal) 
amongst grain yield, parameters of resistance to 

Chilo partellus. agronomic traits and rank 
summation indices for test cross hybrids derived 

from ICZ3 population.

Grain
yield
(t/ha)

Dead
heart (%)

Leaf
feeding

Stem tunn- RSI-1 
elling (%)

RSI-2

Grain
yield (t/ha) 
Dead

-0.15 -0.08 -0.02 -0.002 -0.002

heart (%) -1.05 -0.18 o01o01 -0.01
Leaf
feeding 
Stern tunn-

-1.01 -0.20 -0.10 0.003 0.01

elling (%) -1.00 -1.03 0.13 -0.001 -0.002

RSI-1 -0.04 0.29 -0.001 -0.01 -0.001

RSI-2 -1.12 -1.10 -1.11 -1.21 -0.19

Rsi - 1  = Aggregate performance of a genotype based on ran<ed 

means of parameters of resistance 
Rsi-2 = aggregate performance of a genotype based on ranged 

means of parameters of resistance and grain yield
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Table 13: Genetic (rg) correlations (lower diagonal) and 
phenotypic (rp) correlations (upper diagonal) among 
grain yield, parameters of resistance to Chila 
part-.ellus and rank summation indices for S2 

progenies derived from ICZ3 population.

Grain
yield
(t/ha)

Dead
heart
(%)

Leaf
feeding

Stem
tune1 ling 
(%)

RSI-1 P.SI-2

Grain
yield (t/ha)

HO01 -0.05 -0.02 - 0 . 0 0 1  0 . 0 0 1

Dead
heart (%) -1.03 -0.97** 0.03 0.03 0.01

Leaf
feeding -0.49 -0.58 0.05 -0.01 -0.01

Stem tunn-
elling (%) -1.20 0.20 0.01 -0.002 0.002

RSI-1 -0.14 0.28 -0.003 -0.01 0.002

RSI-2 -1.01 -1.02 -0.08 0.53 0.05

** significant at P < 0.01.
Rsi-1 = Aggregate performance of a genotype based on ranked

means of parameters of resistance.
Rsi-2 = Aggregate performance of a genotype based on ranked

means of parameters of resistance and g r a m  yield.



Table 14: Simple linear correlations of Chilo partellus 

resistance index (RSI) on mature plant traits 
hybrids and S2 progenie combined for Mbita point 

Kenya.

Trait Progeny type Leaf
feeding

Dead
heart (%)

Stem
tunnelling

Plant ht (cm)
(i) O.ll -0.07 0.29**
(ii) 0.05 o01 0.22**

Stand count (i) 1 o o VD 0.19* -0.11
(ii) COOo» 0.30** 1 o o OC

Ear length (cm) (i) 1 o o 0.40** -0.09
(ii) -0.14 0.32** -0.15

Ear number (i) 0.01 0.26** 0.09
(ii) 1 o H O 0.25** oo

Moisture (%) (i) -0.09 0.27** -0.14
(ii) 0.04 0.24** 1 o M

Grain yield (t/ha) (i) roOOi 1 o o -0.05
(ii) -0.01 1 o o u> 1 O o

★ ★
9

* significant at P < 0.05 and 0.01, respectively, (i)
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Table 15: Unstandardized partial regression coefficients 

(b-values) , coefficients of determination (R2) and 
R2 change (AR2) from stepwise multiple regression of 
grain yield on parameters of resistance (leaf

•
feeding, dead heart 
the progeny types.

and stem tunnelling) in each of

Family type Trait b-value R3 AR3

Testcrosses Leaf feeding 1 O o H* 0.01 0.01
Dead heart (%) 1.40 0.01 0.00
Stem tunnelling <#> 1 O »-* 0.45 0.44

S2 lines Leaf feeding 0.002 0.20 0.20
Dead heart (%) -0.09 0.27 0.07
Stem tunnelling (%) 0.02 0.36 0.09
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ble 16: Predicted direct response (AG)/cycle and observed 
Gain/cycle to single trait selection for grain yield, 
parameters of resistance (leaf feeding, dead heart and 
Stem tunnelling) and rank summation index (RSI) .

ily
es

grain
yield
(t/ha)

leaf
feeding

dead
heart
(%)

stem tun 
nelling
(%)

RSI-1 RSI-2

expected 0.40 -0.16 -0.05 -0.79 1.06 10.75
ilies observed 0.55 -0.08 -2.19 -0.72 0.79 0.11

(23.21) (-2.09) (-67.18) (-4.92) (33.33)® (4.64)9
- expected 0.32 -0.08 -0.12 -0.22 4.48 1.26
sses observed 0.46 0.03 -0.81 -0.54 0.34 0.27

(7.90) (0.78) (-31.40) (-3.69) (5.84)® (4.64)®

Gain expressed as % of the overall means of their respective 

family means.
Gain expressed as % of the overall means of the yield in the 

respectiv families.
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17: Predicted direct response (AG/cycle) and observed 

gain/cycle to aggregate trait selections for grain yield, 
parameters of resistance (leaf feeding, dead heart and 

stem tunnelling ) for S2 families and test crosses 
derived from ICZ3 population.

' aggregate 
trait

grain
yield
(t/ha)

leaf
feeding

dead
heart
(%)

stem
tunnelling
(%)

aiAgi

Bj expected 0.10 -0.08 -0.04 -0.63 3.55
s observed -0.27 -0.27 -2.27 1.09 -1.45

(-11.39) (-7.05) (-69.48) (7.45) (-20.03)®
Bj expected 0.10 -0.08 -0.03 -0.55 4.64

observed -0.15 -0.44 -3.13 -0.15 -3.87
(-6.33) (-11.49) (-96.01) (-0.99) (-64.18)®

Bi expected 0.12 -0.09 -0.06 CO0o1 4.20
observed -0.10 -0.02 -1.25 0.43 -1.78

(-1.63) (-0.01) (-48.45) (2.90) (-25.39)®
b2 expected 0.13 ino01 -0.06 -0.09 4.78

observed -0.07 -0.49 -2.17 -3.03 -5.76
(-0.01) (-12.66) (-83.91) (-20.71) (-85.71)0

Gain /cycle expressed as % of the verall mean of their 

family means.
ain /cycle expressed as % of the overall mean of the yield in 

he respective families.
imith-Hazel index constructed using parameters of resistance 
'tnith-Hazel index constructed using parameters of resistance 

ad grain yield.
= Aggregate gain.
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n all cases, predicted direct and observed responses to both 

ingle and aggregate trait selections showed poor correspondence as 

snfirmed by Chi-square X2 test (Table 18).

Predicted correlated responses in grain yield when selection 

is done for parameters of resistance and the rank summation 

dices are presented in Table 19. When these gains were expressed 

a proportion of the means of their respective families in the 

o progeny types, they were lower than those expected from direct 

lection for grain yield per se■ Comparatively, higher correlated 

ins were observed for the S2 families for all traits than for the 

st crosses. Aggregate selection with the Smith-Hazel index (B;) 

ere only the parameters of resistance were included in the index 

ve more progress than when the same traits were included in the 

nk summation index (RSI-1) in the two selection methods (Tables 

and 17) . However, when grain yield was included in the two 

iices as a trait, rank summation index (RSI-2) consistently gave 

:e gains than the Smith-Hazel index. There was a gain of -11.05-s 

!.16% compared to -6.33 - -0.01% (Tables 17 and 19) for RSI-2 and 

Lth-Hazel index (B2) , respectively. Highly significant (P < 0 . 0 1) 

L-square values (Table 20) were obtained suggesting poor 

reement between predicted and observed correlated responses to 

Lection for all the characters studied.



62

le 18: Chi-square test X2 for homogeneity of ratio for predicted 

and observed responses to selection for single and 
aggregate traits in ICZ3 population.

Sj families Testcross hybrids
- observed expected XJ df observed expected XJ df
1
1 (t/ha) 0.55 0.40 0.31 1 0.46 0.32 0.41 1

.ng -0.08 -0.16 -1.10 1 0.03 -0.08 -1.90 1

: (%) -2.19 -0.05 139.39 1 -0.81 -0.12 -11.80 1
tunn-
ig (%) -0.72 -0.79 -0.23 1 -0.54 -0.22 -3.06 1

0.79 1.06 2.30 1 0.34 4.48 4.81 1
0.11 10.75 11.54 1 0.27 1.26 1.76 1

-1.54 13.21 126.57** 6 -0.25 5.64 -9.78** 6

-1.45
/

3.55 8.52 1 -1.78 4.20 10.0 1
-3.87 4.64 17.50 1 -5.76 4.78 25.50 1
-5.32 8.19 26.02** 2 -7.54 8.98 35.50** 2

P-1, where p = number of classes, 

significant at P ■< 0.01
Smith-Hazel index constructed using parameters of resistance 

Smith-Hazel index constructed using parameters of resistance 

and grain yield.
L = Aggregate performance of a genotype based on ranked means 

of parameters of resistance.
I = Aggregate performance of a genotype based on ranked means 

of parameters of resistance and grain yield.
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; 20: Chi-square test X2 for homogeneity of ratio for both 

predicted and observed correlated responses to selection 

for grain yield when selection was done for parameters of 
resistance and rank summation index (RSI) in ICZ3 

population.

y types Traits observed expected X2 Df

.lies Leaf feding 1.17 -0.05 -29.77 1
Dead heart (%) 0.37 -0.23 -1.57 1
Stem tunnelling (%) 0.75 -0.32 -3.53 1
RSI-1 0.79 - 0.001 -623.68 1
Rsi-2 0.19 0.20 0.001 1

total 3.27 -0.399 -658.55** 5

rosses Leaf feeding 0.28 -0.02 -1.33 1

Dead heart (%) 0.43 -0.20 -1.98 1
Stem tunnelling (%) 0.66 -0.25 -1.25 1

RSI-1 0.34 -0.002 -58.48 1

RSI-2 0.27 -0.64 -1.29 1

Total 1.98 -1.11 -64.33** 5

5 - 1, where P = number of classes.

.gnificant at P ■< 0.01.
= Aggregate performance of a genotype based on ranked means 

>f parameters of resistance.

= Aggregate performance of a genotype based on ranked means 

>f parameters of resistance and grain yield
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The means of the source of the source population (C0) and 

enies of first selection (Ĉ ) cycle opresented in Table 21 

;st that selection lead to some improvement in the parameters 

resistance, grain yield and related agronomic traits. 

rer,the selection gains were not significantly different from 

/alues observed in the original population. Ther was yield 

vement of 24.23% for S, lines and 5.29% for testcrosses. Plant 

t, stand count, ear number, ear weight, ear length and grain 

t were on the increasing trend with selection in the two 

ny types. Moisture % and ear height seemed to decrease with 

tion in the two cases. Generally, the improvements were higher 

s S2 progenies than in S2 testcross progenies. When the means 

ch of the individual Cj populations derived from ICZ3 for 

yield, leaf feeding, dead heart and stem tunnelling were 

ted (Table 22), significant differences (P -< 0.05) were

/ed for grain yield where 60.79 % improvement over the source 

ition was observed. The Cx populations recombined from S 2 and 

ross progenies exhibited a reduction in rating for leaf 

b , on a scale of 1-9, of 0.01-0.11 and 0.05-0.08 per cycle 

sponding to a decrease of 0.40% - 4.38% and 1.99% - 3.19 % per 

relative to the source population (C0) , respectively. Stem 

. length decreased by 0.15% - 1.81% per cycle in S2 progenies 

.13% - 1.76% per cycle in testcross hybrids corresponding to
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- 13.92% and 1.00% - 13.54% per cycle relative to C0. Dead 

damage was reduced by 1.87% per cycle corresponding to 74.8 

cycle compared to C0. Selection for resistance to leaf 

ig, dead heart and stem tunnelling by larvae of £. partellus 

lasible after one cycle of family selection suggesting that 

rogress is possible with more cycles of selection.
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ble 21: Mean grain yield, parameters of resistance and agronomic 
traits after one cycle (CJ of selection in the 

open-pollinated maize variety (ICZ3).

its C0

Cj populations
S2 families testcrosses LSD

(0.05)

in yield (t/ha) 2 ..27 2.82 (24..23) 2.39 (5.29) NS
f feeding 2., 51 2.59 (0..03) 2. 51 (0.00) NS
d heart (%) 2.. 50 4.i69 (87..6) 3..13 (25 .2) NS
m tunnelling (% 13..00 13 .72 (5..54) 13.. 54 (4.15) NS
nt height (cm) 122 ..63 127 .03 (3..59) 22.,93 (0.24) NS
height (cm) 65.. 85 62 . 54 (-5..03) 59..61 (-9.48) NS
nd count 13 .. 00 13 .49 (3,.77) 12..93 (-0. 52) NS

number 10..25 11. 78 (14 .93) 10 .36 (1.07) NS

weight (kg) 1..00 1.12 (12 .00) 1..16 (16. 00) NS

length (cm) 69 .63 75.27 (8.10) 75 .00 (7.71) NS

sture % 17 .65 17 .10 (-3 .10) 17 .02 (-3. 57) NS

in weight (kg) 0 . 80 0.97 (21 .25) 0.97 (15.00) NS

values in parentheses represent observed gains expressed as % 

of the source population (C0) ;
No significant difference among means within a row.
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able 22: Mean yield, parameters of resistance and agronomic 
traits after one cycle of selection in the open- 
pollinated maize population (ICZ3).

;lec- yield
Lons ( t / h a )

Traits
Dead Leaf Stem tunn-
heart (%) feeding elling (%)

jf s If 
jfs St 
its dh 
jfs yld 
:chufs If 
:chufs st 
;chufs dh 
:chufs yld 
upfs If 
(ipfs st 
ipfs dh 
(ipfs yld 
chmpfs If 
chmpfs st 
chmpfs dh 
chmpfs yld 
ifs rsi-1 
ifs rsi-2 
:chufs rsi-1 
.chufs rsi-2 
ipfs rsi-1 
lpfs rsi-2 
chmpfs rsi-1 
chmpfs rsi-2 
ifs bl 
ifs b2 
chufs bl 
chufs b2 
ipfs bl 
ipfs b2 
chmpfs bl 
chmpfs b2 
:om yld 
chcom yld 
chmga

i
.05)

3.65** (60.79)
3.01 (32.60)
2.40 (6.17)
2.18 (-3.96)
2.47 (8.81) 
2.58 (13.66) 
2.71 (19.38)
2.26 (0.44)
3.22 (41.85)
3.13 (37.89) 
2.86 (25.99) 
2.90 (27.75)
2.62 (15.42)
3.27 (44.05) 
2.69 (18.50) 
2.52 (11.01)
2.55 (12.33)
2.28 (0.44)
2.55 (12.33)
2.44 (7.49) 
3.57** (57.27)
2.48 (9.25)
2.66 (17.18)
2.64 (16.30)
1.73 (-23.79) 
2.09 (-7.93)
2.29 (0.88) 
2.15 (-5.29)
2.27 (0.88)
2.45 (7.93) 
2.06 (-9.25)
2.25 (-0.88) 
3.39** (49.34) 
3.55** (56.39) 
2.60 (14.54)
2.27

1.03

1.88 (-24.80)
1.88 (-24.80)
1.25 (-50.00)
1.25 (-50.00) 
0.63 (-74.80)
1.88 (-24.80)
2.13 (-14.80)
1.25 (-50.00)
3.75 (50.00)
1.88 ( -24.80)
1.88 (-24.80) 
0.63 (-74.80)
1.88 (-24.80)
2.50 (0.00)
2.13 (-14.80)
6.88 (175.20)
5 . 0 0  ( 1 0 0 . 00 )

2.50 (0.00)
3.13 (32.52)
4.38 (75.20) 
0.63 (-74.80)
4.38 (75.20)
2.50 (0.00) 
0.63 (-74.80)
3.13 (32.52)
5.63 (125.20) 
5.00 (100.00)
5.63 (25.20)
6.25 (150.00)
3.75 (50.00)
2.50 (0.00)
3.75 (50.00)
3.75 (50.00)
2.50 (0.00)
1.25 (-50.00)
2.50
4.77

2.68 (6.77)
2.82 (12.35)
2.94 (17.13)
2.51 (0.00)
2.58 (2.79)
2.64 (5.18)
2.94 (17.13)
2.70 (7.57)
2.50 (-0.40)
2.60 (3.59)
2.78 (10.76)
2.40 (-4.38)
2.43 (-3.19)
2.84 (13.15)
3.18**(26.69)
2.69 (7.17)
2.75) (9.56)
2.79 (11.16)
2.69 (7.17)
2.76 (9.96)
2.65 (5.58)
2.99 (19.22)
2.93 (16.13)
2.59 (3.19)
2.59 (3.19)
2.90 (15.54)
2.58 (2.79)
3.00 (19.52)
2.97 (18.33)
3.09 (23.11)
2.46 (-1.99)
2.99 (19.12)
2.49 (-0.80)
2.63 (4.78)
2.72 (8.37)
2.51

0.59

13.,64 (4.92)
12.,85 (-1.15)
13.,35 (2.69)
14 ..11 (8.54)
13.,82 (6.31)
14 ..33 (10.23)
14 ..65 (12.69)
13.,30 (2.31)
14 .,39 (10.69)
14..58 (12.15)
13.,17 (1.31)
14 .,17 (9.00)
12..80 (1.54)
12 ..74 (-2.00)
13..20 (1.54)
11..24 (-13.54)
12 ..32 (-5.23)
12..57 (-3.31)
11..46 (-11.85)
13..76 (5.85)
11.. 19 (-13.92)
13.. 14 (1.08)
15..12 (16.31)
11..93 (-8.23)
12..04 (-7.38)
13..42 (3.23)
12..28 (-5.54)
12,.87 (-1.00)
11,.54 (-11.23)
11,.33 (-12.85)
13,.39 (3.00)
16,.16 (24.31)
12 .28 (-5.54)
12 . 14 (-6.62)
15 .45 (18.85)
13 .00

3.88

Values in parentheses represent observed gains expressed as % of the 
-irce population.
Significant at P < 0.05



69

Means of grain yield, number of larvae and pupae at four weeks 

er infestation (4 WAI) and at harvest plus various instal stadia 

presented in Table 23: sub populations 13, 1, 14 and 10 produced 

e grain yield than the rest. The four were of single trait 

actions. 1 and 10 selected for leaf feeding and stem tunnel 

jth while 13 and 14 were for leaf feeding and stem tunnelling 

from the test crosses. At 4WAI, the average number of larvae 

>vered for all the C2 populations was from 3 - 1 0  (Table 23) of 

initial thirty (30) first instar larvae used for artificial 

:station. Consequently, there was no pupae recovered suggesting 

the survival and development rate of these larvae were 

rely affected by the sub-populations. The most resistant of the 

poulations was a single selection for stem tunnelling from S2 

enies (2) whilst the least resistant was a single selection for 

feeding from S2 progenies (9). Most of the larvae recovered 

in their fourth, fifth and sixth stadia with the majority in 

first two larval stages. Higher numbers were present in sub- 

lations 21 (a rank summation index selection), 28 (a

h-Hazel selection) and 1 (a single trait selection for leaf 

ing) . At the fifth stage the larvae were still lowest in 

population 2 and highest in sub-population 9 with means Oi. 2.00 

7.00, for the two recombined populations, respectively. Foi the 

h stage mean ranges of the larvae were 0.00 - 1.00, with the
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ne sub-population 2 having the least number and 22 (a Smith-Hazel 

Lection) with the highest number of larvae recorded. It would 

;refore appear that the cycle one (CJ populations were highly 

;istant to £. partellus larvae damage with sngle trait selected 

(-populations being better in terms of resistance than the 

regate selected ones.

At harvest, larval recovery was minimal; ranging from 0 - 1  

all the sub-populations. Only five of the Cj populations i.e 2 

, 13 (1), 27 (1), 30 (1) and 7 (1) (see Table 23), the first two 

and 13) being single selections of leaf feeding, 27 and 30 were 

actions of the Smith-Hazel index while sub-population 7 was a 

?le selection for dead heart were significant (Lsd 0.05) . No 

ie were recovered at harvest from any of the cycle one 

ilations. This was attributed to the long duration of about 

months before the crop had matured. Hence majority of the 

rae had suffered arrested development culminating in death or 

yed pupation. A close look at the larval stages at harvest 

aled that Cx sub-population 2 had the highest number of the 

th instar which was 1 compared to 0 for each of 30 and 27, 

ectively. The rest of the larval stages, namely, fifth and 

h were recorded in 27 and 30 (Table 23) . Incidentally, more 

s were recovered from sub-population 27 than 30. These 

rials therefore were resistant enough to adversely affect the
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ffect the biology of the larvae leading to delayed or arrested 

rowth as shown in this study where larvae never even pupated.
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Table 23: Means of grain yield, number of larvae, number of 
___________ from CL populations derived from ICZ3 maize popul;

Selec
tions yield

(t/ha) Nil Npl 4th
instar

Traits5th 6th 
instar instar N1

S2mpfs yld 3.04 (62.57) 8.00 0.00 1 . 0 0 6 .00* 1 .00* 1 .S2ufs If 2. 86 (52.94) 7.00 0.00 2 .00* 4 .00 1 .00* 0 .Sjtchmpfs st 2.82 (50.80) 6.00 0.00 1 . 0 0 4 .00 0.00 0 .Sjtchmpfs rsi-2 2.70 (44.39) 7.00 0.00 1 . 0 0 5 .00 0.00 0 .S2ufs dh 2. 68 (43.32) 5.00 0.00 1 . 0 0 3 .00 0.00 0 .Sjtchufs st 2.67 (42.78) 6.00 0.00 1 . 0 0 5 .00 0.00 0 .Sjtchufs If 2. 66 (42.25) 5.00 0.00 1 . 0 0 3 .00 0.00 0S.mpfs st 2.64 (41.18) 8.00 0.00 1 . 0 0 5 .00 1 .00* 0S.mpfs b2 2.58 (39.97) 5 .00 0.00 1 . 0 0 6 .00* 1 .00* 1 .Sjtchufs bl 2.51 (34.32) 5.00 0.00 1 . 0 0 4 .00 0.00 1 .S.mpfs ri-2 2.40 (28.34) 4 .00 0.00 1 . 0 0 3 .00 1 .00* 0 .Sjtchmpfs vld 2.38 (27.27) 6.00 0.00 1 . 0 0 4 .00 0.00 0 .S.ufs rsi- 2 2.38 (27.27) 7.00 0.00 0.00 6 .00* 1 .00* 0 .Sjtchcom yld 2.36 (26.20) 6.00 0.00 2 .00* 4 .00 1 .00* 0 .Sjtchmpfs rsi-1 2.36 (26.20) 4 .00 0.00 1 . 0 0 3 .00 0.00 0 .Sjcom yld 2.34 (25.13) 4 .00 0.00 1 . 0 0 3 .00 0.00 0 .Sjmpfs bl 2.24 (19.79) 7.00 0.00 1 . 0 0 4 .00 0 00 0Sjtchufs yld 2.14 (14.44) 7 .00 0.00 1 . 0 0 6 .00* 0.00 0S2mpfs rsi-l 2.06 (10.16) 9.00* 0.00 2 .00* 5 .00 0 00 0Sjtchmpfs dh 2.05 ( 9.63) 8.00 0.00 1 . 0 0 5 .00 0.00 0 .Sjufs b2 2 . 0 2 ( 8 .0 2) 6.00 0.00 1 . 0 0 5 .00 0.00 0 .SjUfs rsi-1 2. 00 ( 6.95) 6.00 0.00 0.00 2. 00 0.00 0Sjtchufs dh 1.98 ( 5.88) 5.00 0.00 1 . 0 0 4 .00 0.00 \S2tchmpfs bl 1.91 ( 2.14) 7.00 0.00 1 . 0 0 4 .00 1 .00* 0 .Sjtchufs b2 1.89 ( 1.07) 4 .00 0.00 2 .00* 3 .00 0.00 0 .S.mpfs dh 1.74 (-6.95) 4 .00 0.00 1 . 0 0 2. 00 0.00 0 .Sjtchmpfs b2 1.74 (-6.95) 9.00* 0.00 2 .00* 6 .00* 0.00 0 .S2ufs st 1.73 (-7.49) 3.00 0.00 1 . 0 0 2. 00 0 06 1Sjtchufs rsi-l 1.72 -8 .02) 6.00 0.00 1 . 0 0 4 .00 0.00 0 .Sjtchmga 1.71 (-8.56) 7.00 0.00 1 . 0 0 5 .00 0.00 0 .Sjtchufs rsi-2 1.70 (-9.09) 7.00 0.00 1 . 0 0 5 .00 0.00 0.Sjufs bl 1.69 (-9.63) 5 .00 0.00 1 . 0 0 4 .00 1 .00* 0.S.mpfs If 1.54 (-17.65) 1 0 .00* 0.00 1 . 0 0 7.00* 0.00 0 .Sjufs yld 1.48 (-2 0.86) 5.00 0.00 0.00 3.00 0.00 0 .
CoLsd 1.87 4.00 0.00 1 . 0 0 3.00 0.00 0.
(0.05) 1.13 5.00 0.00 1 . 0 0 3.00 1 . 0 0 1 .

+, Values in parentheses represent observed gain expressed as % of the 
*, Significant at P < 0.05
Nil, Npl = number of larvae and pupae at 4 weeks after infestation, res 
N12, Np2 = Number of larvae and pupae at harvest at harvest, respective
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CHAPTER 5

5.0 DISCUSSION

Genetic variability is a pre-requisite for effective 

selection in any maize improvement programme. Means and ranges 

for parameters of resistance, grain yield and desirable 

agronomic traits used in this study were large in the two 

progeny types suggesting genetic variability in the maize 

variety ICZ3. This was confirmed by significant differences 

among genotypes in the S2 progeny type for leaf feeding and 

yield components (stand count, ear number, ear weight ear 

length and grain weight). This suggested that there was 

opportunity for improvement of the various traits 

investigated. Also, although there were no significant 

differences between genotypes for dead heart and stem 

tunnelling in both progeny types, selection was carried out in 

order to exploit hidden variability due to unbroken linkages 

during the recombination phase. Generally, the S2 families 

consistently showed larger ranges for most of the traits than 

the test crosses. Similarly, genetic (o2g) and phenotypic (o2p) 

variances were also large and higher among the S2 families. 

These results compare well with those reported by Mulamba and 

Mock ( 1 9 7 8 ) ,  Obilana ££ a l  ( 1 9 7 9 ) ,  Opeke (1983) and Adeyemo
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.986) and more recently, Ajala (1992b) who worked on 

fferent maize populations and observed genetic variability 

r grain yield, desirable agronomic traits and seedling 

ergence.

Estimates of genotype X environment (g x e) interactions 

re large in some cases implying that the traits were 

^luenced to some extent by the environment. However, 

lative values obtained in other instances does not indicate 

it the traits were insensitive to changes in the 

rironment, rather, such cases do arise from computational 

hod due to mean square from g x e being smaller than the 

or mean square. This could have been due to differential 

kings of the genotypes as a result of poor weather 

ditions. More so during the time of artificial infestation 

the Q. Partellus larvae leading to poor establishment, 

her than the analysis model being not sensitive enough to 

-t all the error variance (Kang, 1990).

Heritability estimates reported here, though in the broad 

=e, are reliable for predicting progress from seletion 

liana al, 1981) since the genetic variances for each 

It in each progeny type were moderate to high except in 

2 instances where low estimates for parameters of 

Lstance and agronomic traits occurred. It, therefore, seems
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that selection would be effective and in the desired 

direction. Heritability values for selection indices were also 

of sufficient magnitude to suggest that aggregate improvement 

of the population for £. partellus resistance using parameters 

of resistance would be feassible and progress from such 

selections would equally be high.

For improvement of pest resistance and grain yield as an 

aggregate of resistance parameters (leaf feeding, dead heart 

and stem tunnelling) together with yield, it was of interest, 

in this study, to find whether the traits were correlated. In 

general, phenotypic correlation coefficients were lower than 

genotypic correlations, indicating that the genotype primarily 

determined the phenotypic correlations (Robinson al, 1951). 

Genotypic correlations among resistance traits were on the 

whole high, except for those between leaf feeding and stem 

tunnelling. Genotypic correlations among these traits and 

grain yield were indicative of the possibility of 

simultaneously improving the population by index selection in 

the two progeny types.
Correlations between the resistance parameters and the 

selection indices with mature plant characteristics including 

grain yield were generally very low, except for a few 

agronomic traits, implying that damage levels could not be
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used as measure of expected yield for the materials studied. 

Such findings are in agreement with that of Ajala al 

(1993) .

Since grain yield is of paramount importance to the 

breeder, possible contribution of each of the damage 

parameters examined using stepwise multiple regressions 

indicated that in both the testcrosses and S2 lines, stem 

tunnelling was more important in yield reduction than any of 

the other damage parameters. In S2 progenies leaf feeding 

seemed to contribute less towards yield reduction. Mohyuddin 

and Attique (1978) and Pathak and Othieno (1990) attributed 

yield reduction in maize to be caused more by dead heart. 

Results obtained in this study do not seem to concur with the 

observations of these researchers. Further investigations may 

be needed in this area since leaf feeding damage reduces the 

photosynthetic tissue required for the processes leading to 

grain filling whilst stem tunnelling damages the vascular 

tissues required for translocation of nutrients from the soil. 

It is also worth noting that yield in maize is measured on a 

plot basis which in the event of loss of one or a few plants 

through dead heart damage, there is the tendency to compensate 

by the other plants in way of utilising more of the available 

resources such as sunlight and soil nutrients such
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compensation has been very effective in tillering or branching 

plant species. However, correlation is a bivariate 

relationship that measures the association between a pair of 

variables independent of other variables, therefore there is 

the possibility of multicollinearity and/or spurious 

correlation, both of which are limitations to the use of 

correlations. Multicolinearity being a situation whereby the 

variables considered are highly inter-correlated.

Expected responses to grain yield and parameters of 

resistance due to index selection were much lower than when 

each of the traits was selected directly. In all cases, single 

trait selections would result in almost twice the progress 

expected from index selection. Opeke (1983) noted that 

relative to single trait selection, index selection usually 

gives lower progress from selection because superiority of a 

trait is negated by mediocrity of other traits included in the 

index.

Populations and their crosses may be improved by 

increasing the frequencies of genes that have more desirable 

dominance, additive and epistatic effects (Genter, 1973). 

However, populations, like inbred lines, may have high 

combining ability if they contain major genes for desirable 

dominant and additive effects, but they may be low in yield if
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:hey also contain homozygous deleterious recessive genes of 

sufficient effect to suppress or depress yield. Observed S2 

selections showed more gain/cycle in grain yield (23.21 %) as 

:ompared to 7.90 % of the testcrosses suggesting that there 

as effective selection for genes that contribute to yield and 

erhaps effective selection against genes that depress yield 

hen homozygous. The higher predicted gains to selection in 

he S2 families were as expected on the basis of high 

ariances for most of the characters. Similar results by 

anter (1973), Eckebil ££. al (1977) and Adeyemo (1986) show 

lat Sx or S2 family selection may be superior to the testcross 

ilection method. Matzinger, 1953 opined that broad gene based
4

isters are more efficient than narrow gene based testers for 

te evaluation of general combining ability in inbred lines of 

ize. The importance of performance level or gene frequency 

the tester as a criterion for choice of testers, however, 

s never been clearly established (Rawlings and Thomson, 

62). As Hull (1945) pointed out that theoretically the most 

ficient tester would be one that is homozygous recessive at 

1 loci and that homozygosity for dominant alleles at any 

cus should be avoided; in the present study the original 

pulation was used as the tester for regeneration of the test 

osses. Perhaps the posible explanation for the low variances
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and in effect the low predicted gains to selection would be 

due to the presence of homozygosity for dominant alleles at 

certain loci of the tester population and hence not being able 

to discriminate amongst genotypes effectively for selection 

purposes. Also, researchers have attributed the inferiority 

if testcross selection method compared to Si family selection 

;o the fact that an extra season is required for the testcross 

method hence more resources in terms of labour, land e.t.c. 

required unlike in the Sa method.

Smith-Hazel index gave more progress than the rank 

ummation indices (RSIs) of Mulamba and Mock (1978) in the two 

rogeny types. However, progress from RSIs (4.64% - 33.33%) 

as much more realistic than for the Smith-Hazel index which 

as (20.03% - 85.71%). Probably, the best index would depend 

n ease of handling in addition to giving appreciable progress 

o selection. Studies suggesting approaches aimed at reducing 

imitations associated with selection index construction have 

sen reported (Elston, 1963, Pesek and Baker, 1969b, 1970) but 

ne problems in assigning appropriate economic importance 

^eights) to each trait and those associated with extensive 

imputation still exist. RSIs, therefore have the advantage of 

it only giving appreciable progress for aggregate gain but 

Lso the ease with which they can be handled.
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Generally, predicted gains to selection showed poor 

correspondence with the observed gains. On average the 

observed gains exceeded the predicted gains for all traits in 

both the progeny types for single and aggregate traits. 

Although the results for the rank summation indices (RSI-1 and 

RSI-2) the predicted gains were higher than what was realized.

Reports in literature have shown different findings, 

^idstrom ££. al (1992),while working on leaf feeding damage by 

:all army worm in maize obtained results which concurred with 

:he results in the present study. Also, Moll and Robinson 

1966) showed similar findings. However, the results of the 

iresent study differed with those of Eckebil ££. al (1977) , 

ilva and Lonnquist (1968) and Schipper and Frey (1991). The 

iscrepancies observed could be attributed to the presence of 

on-additive variation which often biases the estimation of 

enetic variance or the effects of geenotype x environmental 

nteraction. A lot of concern has been shown over the adequacy 

f some of the prediction formulae more so with the family 

election method where the estimated response to selection is 

rom the genetic variance among the S! family means (Eckebil 

L Al, 1977 and Bradshaw, 1983) . Further investigation is, 

herefore, required in order to improve on prediction

quations.
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Correlated responses among traits are important 

considerations in breeding programmes where more than one 

trait is usually improved simultaneously. Results obtained in 

this study suggest that selection for any of the parameters of 

resistance and RSI would lead to the improvement of grain 

yield, but in most cases, such gain would be lower than that 

expected from direct selection for grain yield per se. 

However, selection for some traits would result in better 

correlated responses in some traits than in others. For 

instance, selecting for increased plant height would 

invariably lead to increased ear height but not necessarily 

increased grain yield. In all cases, predicted correlated 

responses for single and aggregate trait selections did not 

agree with the observed correlated responses. Probably due to 

the same reasons which cause discrepancies between expected 

and observed direct response to single and aggregate traits.

Evaluation of progress after one cycle of selection for 

leaf feeding and stem tunnelling in both progeny types 

revealed a reduction of 0.11 in leaf rating corresponding to 

a decrease of 4 % per cycle. Stem tunnelling was improved by 

2 % corresponding to actual gain of 14 % per cycle. The 

response obtained in this study suggests that recurrent 

selection for simultaneous reduction in foliar damage and stem
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tunnel length due to £. partellus attack is feasible. More 

cycles of selection would therefore be required to 

significantly shift the gene frequencies. Widstrom ££ &1 

(1992) noted that progeny selection reduced leaf feeding 

damage by larvae of the fall arny worm by 0.31 per cycle after 

five cycles of selection.

It was of interest to determine the effect of selection 

for reduction in both leaf feeding and stem tunnelling on 

plant height. Increase in plant height is an undesirable 

:haracter commonly associated with yield in tropical maize 

jermplasm (Miranda Filho, 1985). Results obtained in this 

study showed a similar trend. Grain yield increased by 5.29 to 

!4.23 per cycle relative to the source population with the 

ilant height increasing by 4 %. Excessively tall plants can 

ead to stalk lodging especially in windy weather (Ajala, 

990) . The association or correlated response to selection for 

trait on other unselected traits occur either due to linkage 

r pleiotropy (Fakorede, 1982). The increase in plant height 

nd grain yield associated with selection for parameters of 

esistance, as observed in this study, may probably be due 

ore to pleiotropy than linkage because recombination phase in 

he selection procedure could have broken up existing gene

ombinations while creating new ones.
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Reduction in ear height with selection for reduced 

folliar damage, dead heart and stem tunnelling was observed. 

Acosta and Crane (1972), Jinahyon and Russell (1969) observed 

positive correlated response for grain yield with selection 

for reduced ear height as well as with improved stalk-rot 

resistance in maize. The reduction in ear placement with 

reduced stem tunnelling dead heart and leaf feeding could have 

been due to correlated responses that are obligate rather than 

facultative. Facultative correlated responses is a situation 

where certain traits are affected in one selection programme 

and different traits in another. According to Lerner (1958) 

such responses occur because of differences in combinations of 

alleles in one population relative to the other. For example, 

combinations of alleles with a net "plus" effect on character 

Y may be linked with plus acting alleles for character X in 

one population and with "minus" alleles in another. In such a 

case, selection to improve the mean performance of X in the 

two populations will invariably be accompanied by correlated 

responses of Y in the opposite direction. Obligate correlated 

responses are associated with decreased fitness. In this 

study, obligate correlated responses could have been the cause 

of decreased ear height in ICZ3 maize population. And such may
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be due to linkages that were not broken during the 

recombination phase.

There are several kinds of adverse effects expressed by 

:he antibiosis mechanism of resistance. Wilson &1 (1984) 

showed that for Corn Ear Worm (CEW) larvae feeding on silks 

.ncorporated into a pinto bean diet, those feeding on 

;usceptible silks took half as long as those on silks from 

esistant material to gain equal weight. Ampofo at al (1986b) 

bserved that of the total number of first instar larvae 

eleased on a plant, 8.7 % larval recovery was obtained in a 

esistant cultivar (MP704) compared to 23.4 % in susceptible 

ultivars. With reference to the larval development, the 

ercentage of the recovered insects which had reached pupal 

tages ranged from nil in MP701 and MP704 to 44.7 in the 

asceptible materials. Similar observations were made by Kumar 

L993) who reported significant loss of weight in larvae 

rtificially infested on resistant maize cultivar (MP704) 

smpared to the susceptible (inbred A ) . Inbred A was a very 

isceptible line to Q .  p a r t e l l u s  attack and one of the lines 

>ed in the development of maize hybrids in Kenya. Of the 

irvae recovered from inbred A, most of them were in the 

>urth instar and a few had advanced to fifth instar. However, 

i cultivar MP704, the percentage of larvae in the fourth
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instar was signifcantly (P -< 0.01) lower than that of the 

susceptible inbred A. Results in this study indicate a low 

percentage of larval recovery after 28 days of infestation 

which ranges from 10 to 33.33 % of the initial first instar 

larvae used for artificial infestation. These observations 

suggest that Cx populations were highly resistant to £. 

partellus larvae damage. This, however, was anticipated since 

the population (ICZ3) from which the sub-populations were 

developed was moderately resistant to the pest. The type of 

mechanism of resistance as observed in this study was 

antibiosis. And the most antibiotic of the Cj populations 

being sub-population 2 which was developed as a single 

selection for stem tunnelling from S2 progenies. On this Q 

population, a significantly (LSD, 0.05 P ■< 0.05) greater

percentage of larvae remained in the fourth instar, suggesting 

slower growth than in the other sub-populations.

The ultimate objective of this study was to 

simultaneously improve the level of resistance to £. partellus 

attack, grain yield and desirable agronomic traits using 

appropriate selection parameters or aggregate traits in ICZ3 

maize population. Reduction in foliar rating damage by 0.11 

per cycle and stem tunnel length by 2 % per cycle, increased 

grain yield by 5.29 to 24.23 % per cycle, plant height by 4 %
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per cycle together with positive correlated responses in yield 

components attest to significant additive genetic variation 

and success of the recurrent selection process. More cycles of 

selection would further concentrate resistance genes in this 

population thus making ita good germplasm source for 

resistance to £ .  p a r t e l l u s  larvae damage
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6.0 CONCLUSIONS AND RECOMMENDATIONS.

The two recurrent selection methods (S2 and S2 TCH) 

employed in the present study to determine the genetic 

variation in ICZ3 maize population for parameters of 

resistance, grain yield and related agronomic traits showed 

that S2 family selection method revealed higher genetic 

variation than the S2 testcross method. The differences in the 

responses to selection observed in the two progeny types 

indicated that different types of genes had increased in 

importance. Means and ranges obtained for various traits 

indicated that the tester used for S2 testcross selection was 

effective in increasing the frequencies of genes with dominant 

effects that improved yield of crosses and also those of 

deleterious genes that suppress yield when homozygous as shown 

by the slow response to selection in the testcrosses. A low 

yielding tester developed from ICZ3 population rather than the 

population itself would have eliminated the problem of 

depressed yield by homozygous alleles.

The present study showed that rank summation indices 

(RSIs) were better in predicting progress to selection than 

the Smith-Hazel indices (bx and b2) . This could be attributed 

to the problem of assigning economic weight to each of the 

traits included in the construction of the Smith-Hazel
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indices. For construction of these indices , parameters of 

resistance were each assigned a negative economic weight of 1. 

In assigning these values it was assumed that the

contributions of the parameters of resistance towards yield 

reduction were equal. However, the results obtained in this 

study showed that their contributions were different in the 

two progeny types. Also, yield per se may not be a 

satisfactory measure of economic value in maize, since such 

characters as lodging, ear height, husk cover and plant height 

have a bearing on the final yield expression. Hence the 

economic weight of 1 assigned to yield in the construction of 

the Smith-Hazel index (b2) may not be appropriate. There is, 

therefore, need to investigate how much each of the three 

damage parameters used in the present study contributes 

towards the genetic worth of the genotypes.

The best 10% of the genotypes from each progeny trype (S2 

and S2TCH) were selected for recombination. Results obtained 

after one cycle of selection for grain yield and parameters of 

resistance including related agronomic traits showed that some 

imrovement was made. However, dramatic increases in levels of 

resistance were not expected for the population was known a 

p r i o r i  to have moderate to high levels of resistance to Q .

Partellus attack. The situation would have been different if
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the best 20 % of the genotypes were selected. This would 

probably avoid loss of genotypes with desirable recessive 

alleles through reduced selection pressure. And this might 

have led to higher correlated gains to selection as well.

Results obtained in this study showed that the cycle one 

(CJ selections were highly resistant to £. Partellus larvae 

damage and the mechanism of resistance was antibiosis. 

However, breeding for tolerance rather than resistance per se 

may be a better option since high yielding varieties with the 

ability to withstand high levels of infestation could be 

obtained. It is, therefore, recommended that the Cx

populations be assessed for tolerance. That way, rather than 

completely eliminating the insect, tolerant varieties so 

obtained could co-exist with the insect. It is also 

recommended that some infussion of new materials be done in 

future related research studies in order to increase the level 

of variability of the ICZ3 population. That way, together with 

more cycles of selection, would further concentrate resistance 

genes in this population. The results showed no significant 

genotypic differences for majority of the parameters of 

resistance.

The populations developed in this study, therefore, 

could be recommended for the early and medium maturity agro
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ecological zones as well as the coastal and lake regions in 

Kenya and elsewhere in the tropics where £. Parte! 1 na is a 

serious crop pest.
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8.0 APPENDIX

1.1: Codes of the 35 sub-populations (C.) derived from ICZ3

(C0) maize population.

1 Sjuf leaf feeding 

3 S2uf dead heart 

5 Tchufs leaf feeding

I Tchufs dead heart

9 S2 mbita leaf feeding

II S2 mbita dead heart

13 Tch mbita leaf feeding

15 Tch mbita dead heart

17 S2 ufs rsi-l

19 Tch ufs rsi-l

21 S2 mbita rsi-l

23 Tch mbita rsi-l

25 S2 ufs bl

27 Tch ufs bl

29 S2 mbita bl

31 Tch mbita bl

33 S2 com yield

2 S2uf stem tunnelling 

4 S2uf yield 

6 Tchufs stem tunnelling 

8 Tchufs ield 

10 S2 mbita stem tunnelling 

12 S2 mbita yield 

14 Tch mbita stem tunnelling 

16 Tch mbita yield 

18 S2 ufs rsi-2 

20 Tch ufs rsi-2 

22 S2 mbita rsi-2 

24 Tch mbita rsi-2 

26 S2 ufs b2 

28 Tch ufs b2 

30 S2 mbita b2 

32 Tch mbita b2 

34 Tch com yield

35 Tch Mga yield.
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Ufs - Ungoye field site, Mbita = Mbita point field station 

SjCom, Tchcom = selections for yield based on two sites (UFS 

and Mbita)

Bl, B2 = Smith -Hazel index based on parameters of resistance 

(leaf feeding, dead heart and stem tunnelling) and parameters 

of resistance and yield, respectively. 

rsi-1, rsi-2 are as described in the text.
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