COMBINING ABILITY AMONG MULTIPLE BORER
RESISTANT, MAIZE (ZEA MAIS, L.) INBRED LINES,
RESISTANT TO CHILO PARTELLUS AND BUSSEOLA

FUSCA STEM BORERS 11

Karaya Githu Haron

B.Sc. Agric. (Hons.)

Nairobi univfrsity
KABETE LihrRAHV

A Thesis Submitted in Partial fulfillment ofthe
requirements for the award of a Degree of Master of Science
in Genetics and Plant Breeding, Department of Plant Science

and Crop protection, Faculty of Agriculture,

University of Nairobi

April, 2006



DECLARATION

| declare that this thesis is my own original work. It is being submitted for the degree of Master of
Science in Genetics and Plant Breeding in the University of Nairobi. It has not been submitted before

for any degree in any other university.

Signed Dat
Haron Githu Karaya, (Candidate)

This thesis has been submitted for examination with our approval as University supervisors.

Signed T Date........ N h (L
Dr. Kiarie Njoroge

University of Nairobi

Signed

Signed

u



DEDICATION

In memory o fmy late sister:

Rosemary Wanja

1972-2002



ACKNOWLEDGEMENT

I would like to express my sincere appreciation to my supervisors, Dr Kiarie Njoroge, Dr Huria Nderitu
and Dr. Stephen Mugo for their guidance in the project setting and thesis writing. Thanks go to the

University of Nairobi for sponsoring my two-year M.Sc. programme.

I wish to thank CIMMYT for the support they gave me during my fieldwork and also in Thesis writing.
Special thanks go to Dr. Mugo and all members of staff who showed great co-operation during my
research work. Appreciation goes to KARI staff in Katumani, Kiboko and Embu for their assistance
and for allowing me to set my experiments at their stations. | appreciate Paul Mmtoni (KARI-

Katumani) and John Mark Ngeny (KEPHIS- Nairobi) for their assistance and advice on data analysis.

I am particularly indebted to my parents Mr. and Mrs. Wilson Karaya, my brother and my sisters for all
their love, encouragement and support during the struggle for academic excellence. My special thanks
go to my wife Anne Wangui and my friends for their moral support, to all I say may our Almighty God

bless you abundantly.



(D TTe] -1 = L 0] o U TR n
[ T=To LTo%= 1 ([0 o TP tii
FANo 01T [=To o= 0 T=T ) RSSO iv

T A0 T U =PSRN *
TS o v=1 o] =TT RPN Xi
o 0] 0177011 Xii
FAN o1 4 - Y] SRRSO Xiv

Chapter One: Introduction

1.0 Introduction

...................................................................................................................................... 1

I e 0] o 1= 4 IES] 7= =T 0 =T o PR ROSSTSON 3

1.2 Broad ODJECTIVE. ...ttt 5

121 SPECITIC ODJECHIVES....iiiiiiiciice sttt 5

I o Y7 oL £ T 1 USSP 5
Chapter Two: Review of Literature

2.0 LITEIATUIE TEVIBW ...ttt bbb bbbt b bt 6

b = o = UV 1 =Y 4TSS 6

P20 I R U0 0] )2 (-] o USSR 6

2.1.2  SEEM NG TEAVES.....eiiiiciee et 6

2.1.3  Flowering and polliNation..........ccooiiiiiiiicee s 7

2. 14 GAINM .ttt bbb 8

2.2 ComMDBINING ADTTILY ..c.viiicice e ettt sre s re e nre s 8

2.2.1  Estimation of combining ability.......c.ccccoiiiiiiiiiic 9

2.2.2  DIAIIET CrOSSES......ciiiiiieeeiee ettt 10

2.2.2.1 Partial diallel 10



2.3 Population improvemMeNt iN MAIZE........cooiiiiiieieiee ettt 12

2.3.1  Inbred line devVelOPMENT. ..o 13

2.4 INSECT reSISTANCE 1N MAIZE .. .ottt b ettt b et b b n e 15
2.4.1  Types and classification Of reSiStanCe.........ccocevviriierieics s 15

2.4.2  INtENSITIES OF FESISTANCE. .....ciiiiiiicieir e 15

2.4.2.1 NON PrefeIBNCE.....ciiieieeieest bbb 16

2.4.2.1.1 Antixenosis in maize for oviposition.........ccccoeevvieiieiennene. 16

2.4.2.2 ANTIDIOSIS ..t 17

2.4.2.3 HOSt plant reSISTANCE........cccveeiice e 19
2.4.2.4 TOIEIANCE . ...c.iiiiieeee e 19

2.5 Multiple Borer Resistance (MBR) pOpUIatioNS.........cooviieiiiiiiiee e 19
2.6 Development of iNSECt reSiStANCE MAIZE.......ccccveiieiieeie e 20
2.6.1  Conventional Bre@diNg ... s 20

2.6.2 Maize improvement using Biotechnology......c.cccccovvieiiciic v 21

2.6.2.1 Marker assisted selection for resistance of stem borer..........cccocvvenennne. 21

2.6.2.2 Bt maize resistance for Stem DOTerS........ocooviiirineieic s 22

2.7  Target stem borer SPECIES IN KENYA.......ccvciiiiiiiiiicc e 23
2.7.1 Spotted stem borer, Chilopartellus (SWine hoe)........cccceveviiiviievieiiiece e 23

2.7.2 Maize stem borer, Busseolafusca (FUIIE). ... 24

2.8  Control of Chilopartellus and BusseolafusSCa . ......ccoeveiviieieiiieeiee e 25
2.8.1  CUltUral CONTIOL. ..o s 25

2.8.2  BI0l0giCal CONTIOL. ..o 25

2.8.3 Insecticidal CONrOl ..o s 26

2.8.4 Control through Breeding........cooeoeiiiiiiic e 26



2.9 PhenotypiC COMTEIAtioNS........ccviiieiiie it nre s 27

Chapter Three: Materials and Methods

3.0 Materials and MethOaS. ........ciiiiiiii e 28
3.1 IMAEETTAIS ..o 28
B2 IMLBENOM .. 29
3.3 FIEId BVAIUALION. ..o 31
3.4 DAt CONBCLION. ..ottt 32
341 SEEM DOTEr GAMAGE .. .ceeieitiieeieeee et 34
3.4.2  DayS 10 TIOWETING.....ciiiiiiiieieise e 34
3.4.3  Anthesis SilKing INterval (ASH).....o s 34
3.4.4  Plant height (CM) .ot sre e reane e 34
345  EAr NEIGNT (CIM )ittt 34
3.4.6 Number 0T Years Per PIANT........ccvviiiiieisi s 34
3.4.7 Root lodge and ShOOt 10UGE. ........oiiiiiiiie e 35
3i4.8  EI BSPRCT. ..ttt bbb reees 35
3.4.9  Grain Yield (10NS/NA) ..o e 35
3.4.10 Yield 10SS (10NS/NA) ...cuiiiiiciiicceee et bbb s 36
3.5 SEALISHICAL ANATYSIS. . .iviiiiiiitie e 36
Chapter Four: Results and Discussion
4.0 ReSUIS AN QISCUSSION........iiiiiiitiiitiiiit et 38
4.1Variability among the F I S . 38
I R =Ty I o ToT = o U =T - S 38



4.1.2 DayYS t0 FIOWEIING...cciiiiii et sttt s re e ne s 45

4.1.3 Plant height (CM) ..ot 45
.14 Ear NBIGNT. ..o e ane s 46
4.1.5 Number 0f ears Per PIANT.........coooiiiiee e 47
4.1.6 ROTEEN BAIS....iiieiitiiiiie ettt bbb bt b nr e b b e b ne e 47
4.1.7 ROOt and SO0t 10AQE.........ciiiiiiecie s 47
O B o Lol SR SPRSRRRN 48
4.1.9 Grain VIl ...coooieiiee et are s 48
4.1.10 YIEIA 10SS. .. 49
4.2 CombBINING @DTITY ...oouiiiiee e e 49
A A (=Y ¢ I o 0T (=T o K=Y 1 4 1= Vo - S 49
4.2.2 DayS t0 FIOWETING . ..iiiiiiiiie e 57
4.2.3 PIant height (CM)).uecuecicii ettt 58
A4.2.4 Bar NEIGNT ..o 58
4.2.5 BT BSPBCT ittt 58
O I ] - U1 YA 1= o OSSPSR 59
A.2.7 YTEIA T0SS i 59
4.3 COITEIALIONS. ...ttt r e 62
4.3.1 Correlations between yield and yield components ofthe FI hybrids.......... 62

Chapter Five: Conclusions and Recommendations

5.1 CONCIUSTONS ...ttt 71
5.1.1 Mean performance Of gENOTYPES. ......coveiiiririerieieeeese e 71
5.1.2 Combining ability .....ocoiiiiiiiiiii e 71
5.1.3 COMTEIATIONS. ....cuieiiiiiieiieee sttt 72



5.2 RECOMMENUALIONS. .....iiviiiieie ettt st e st e te e s e st e st e e reesbesresneeneere e
(O 4T o] T T D G 2 L =] = 411 OSSR SP

(O 0T Y o] (e STV 2T o AN o] o= g o o=



LIST OF FIGURES:

Figure 1. Crosses made through use of partial Diallel mating design..........cccoceviveveevevi e 30
Figure 2. Mean performance of the top 18 FI hybrids and two local checks infested with

Chilo partellus stem borers at KiDOKO.......cooiiiiiiici e 40
Figure 3. Mean performance ofthe top 18 FI hybrids and two local checks infested with

Busseolafusca Stem DOrers at EmM DU ...t e s 42

Figure 4. General combining ability effects of the maize genotypes (inbred lines) under Chilo partellus
INFEStation N KIDOKO ..ot 53
Figure 5. General combining ability effects of the maize genotypes (inbred lines) under Busseolafusca

INTESTATION 1N B M DU .ciiiieiii ettt et e e sttt e sttt e s et e e st et e e sasreeessreeeenarseeessneees 56



LIST OF TABLES:

Table 3.1 The ISt OF INDIEd TINES ..o e 29
Table 3.2  Different planting PEIIOUS. ......ov i 31
Table 3.3  Scale for scoring stem borerdamage towhorl-stagemaize plants..........cccocoovevenriiiireenne 33
Table 4.1(a) Mean performance of the top 18 FI hybrids and two local checks infested with Chilo
partellus at KiDOKO .. ...ooi e 39

Table 4.1(b) Mean performance of the top 18 FI hybrids and two local checks infested with Busseola
(VT of= B L ST 0 1 o OSSPSR 41

Table 4.1(c) Mean performance of the top 18 FI hybrids and two local checks protected from stem
borer damage at KibOKO.....ccooi i 43

Table 4.1(d) Mean performance ofthe top 18 FI hybrids and two local checks protected from stem

borer damage at EM B U ..o s 44
Table 4.2 (a) Mean squares for GCA and SCA for various traits at KiboKo.........cccoccevvvviiiicnnnnnnn, 50
Table 4.2 (b) Mean squares for GCA and SCA for various traits at EmbuU.........c.ccooeiiiiiiiiiinieeen, 51
Table 4.3  Estimates of GCA effects ofthe 20 inbred lines at Kiboko ... 52
Table 4.4  Estimates of GCA effects of the 20inbred linesat EMbBU..........cccoooiiiiiiinciii e, 55
Table 4.5 Estimates of specific combining ability effects ofthe top 20 single crosses grown

at Kiboko under Chilo partellus infestation...........cccceoeveiiiiiciei e 60
Table 4.6 Estimates of specific combining ability effects of the top 20 single crosses grown

at Embu under Busseolafusca infestation............ccocoovveiiiiiniiciiccee 61

Table 4.7(a) Phenotypic correlations among yield components for FI hybrids infested with

Chilo partellus at Kiboko season one 63



Table 4.7(b) Phenotypic correlations among yield and yield components for FI hybrids
protected from stem borer damage at Kiboko season one
Table 4.7 (c) Phenotypic correlations among yield components for FI hybrids infested with
Chilo partellus at Kiboko season two
Table 4.7(d) Phenotypic correlations among yield and yield components for FI hybrids
protected from stem borer damage at Kiboko season two
Table 4.7(e) Phenotypic correlations among yield components for FI hybrids infested with
Busseolafusca at Embu season one
Table 4.7(f) Phenotypic correlations among yield and yield components for FI hybrids
protected from stem borer damage at Embu season one
Table 4.7(g) Phenotypic correlations among yield components for FI hybrids infested with
Busseolafusca at Embu season two
Table 4.7(h) Phenotypic correlations among yield and yield components for FI hybrids

protected from stem borer damage at Embu season two

X1l



LIST OF ACRONYMS

AD - 50% Days to anthesis
ASI - Anthesis silking interval

CIMMYT - International Maize and Wheat Improvement Center
EA - Ear aspect

EH - Ear height

EPP- Ears per plant

ER - Ear rot

EXH- Exit holes for the stem borers
GCA - General combining ability

NE - Number of ears harvested

NP - Number of plants harvested
NRRC - National Range Research Center
PH - Plant height

RL - Root lodge

RRC - Regional Research Center

SBD - Stem borer damage

SCA - Specific combining ability

SD -50% days to silking

SL - Shoot lodge

TNL- Tunnel length

TLPH- Tunnel length plant height ratio
YLD- Yield (tones per hectare)
YLOSS- Yield loss (tones per hectare)

Xiii



ABSTRACT

Maize (Zea mays L.) is an important cereal crop of the world. It has worldwide significance as human
food, animal feed and raw material for the manufacture of many industrial products. The most
important insect pests of maize in Kenya are Chilo partellus and Busseolafusca stem borers. These two
stem borers causes loss in maize worth Kshs. 7.2 billion. The objective of this work was to determine
the combining ability of twenty insect resistant inbred lines. A partial Diallel mating design was used.
One hundred and ten single crosses were made to give one hundred and ten FI hybrids. The FI hybrids
were evaluated for insect resistance in two different sites i.e. in Lowland and Mid altitude areas for two
seasons. The FI hybrids and two local checks (PH3253 and H513) were artificially infested with black
head eggs of Chilo partellus and Busseolafusca stem borers for Kiboko and Embu respectively. The
FI hybrids and two local checks were planted in a five meter row plot which was later divided into two.
Half of the plot was infested with respective stem borer while the other half was protected against stem
borer using a systemic insecticide. Thirteen traits were recorded to determine the combining ability of
the inbred lines. The traits that were recorded to determine resistance included: stem borer damage, exit
holes, tunnel length plant height ratio, tunnel length and yield loss. In both Kiboko and Embu inbred
lines; 5, 6, 8, 10, 11, 14, and 16 showed negative general combining ability (GCA) effects for the insect
damage. The GCA: Specific combining ability (SCA) ratio was higher in both Embu and Kiboko, an
indication of higher GCA variances; the range was from 0.35 to 0.90 at Embu and 0.46 to 1.32 at
Kiboko. Inbred lines 18, 19 and 20 were found to be good combiners for yield in both Embu and
Kiboko. The FI hybrids which were made with inbred line 3 as the male performed well in terms of
insect resistance and yield and this proved it was a desirable good combiner. These good crosses
included; 3x18, 3x9, 3x13, 3x10 and 3x14. Single crosses 3x18 and 3x14 were the best combiners for
yield with 6.71 and 5.15 tons per hectare respectively. These crosses can be used to form synthetics
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CHAPTER ONE

1.0 INTRODUCTION

Maize (Zea mays L) is the third most important cereal after wheat and rice in the world and it is also
the most widely distributed (Purseglove, 1981). Maize is used for three main purposes: as a staple
human food, particularly in the tropics, as feed for livestock in the temperate economically advanced
countries, and finally as raw material for many industrial products (Onwueme et. al. 1991). In 1989
the total area under maize production in the world was 129.6 million hectares with a yield 0of 470.3
million tonnes respectively (Onwueme and Sinha 1991). This has increased over time due to the
importance of maize as a food crop, and currently about 140 million hectares of maize is grown
worldwide (CIMMYT, 2001) with approximately 96 million hectares grown in the developing
world. The average maize productivity is 2.4 tonnes per hectare in developing countries compared to
5.9 tonnes per hectare in the developed world (Chopra, 2001). In Kenya, 1.4 million hectares were
estimated to be under maize cultivation in the period between 1994 to 1998, with an average total
grain production of 2.5 million tonnes per year (FAO, 1999). By 1981 approximately 70% of area
under maize in Kenya was planted with FI hybrids or composites and the remaining 30% was
planted with either local or some advanced generation of commercial cultivars (Omolo, 1981).
Growing of FI hybrid has changed over the years due to the current market liberalization in Kenya.
The cost of getting maize to the markets can sometimes outweigh the benefits of growing improved
hybrid varieties (Songa et al. 2002).

Maize was first grown in East Africa on the islands of Zanzibar and Pemba in the sixteenth Century
(Miracle, 1966). The Arab traders introduced the cereal from these islands to Kenya's

1



coastal areas. Later, through the movement of the European settlers, the crop spread further into the
mainland, where it remained a minor food crop until the turn of the 20th Century. In 1903, maize
occupied only 20 % of Kenya's food crop area but by 1960 this area had risen to 44% (Meinertz L.,
1957, Kenya, 1966). Maize was used to offset food shortages resulting from disease epidemics,
drought and locust invasions that decimated the traditional food crops, sorghum and millet (Derek B.
and Carl K. E., 1997).

Maize was popular because it was resistant to pests and diseases and it was also easier to store and
process than the traditional food crops. As export markets for maize continued to expand, the
colonial government imported maize seed, promised higher prices for maize and subsidized transport
costs (Njoroge et al. 1992; Taylor, 1969; Gerhart, 1975).

Grain yield in maize depends on the genotype of the plant and its interaction with environmental
factors such as soil, climate, pests, pathogens and cultural practices (Chumo, 1986). Field pests such
as stem borers are known to play a considerable role in reducing the yield of an otherwise high
yielding variety. This occurs through damaging the stalk, leaves and ears. Often the main breeding
objectives are yield, resistance to pests and diseases, lodging, cold tolerance and improvement in
grain quality as well as nutritive value (Bajaj, 1994). Among the pests, which have proved to be
more damaging to maize crop in the field, are the stem borers. Lepidopteran stem borers are among
the most damaging insect pest of maize in the semi-arid areas of eastern Kenya (Songa et al. 1999).
The semi-arid and arid areas represent over 80% of Kenya’s landmass and 50% of the country’s
arable land (Jaetzold and Schmidt, 1983). Kenya has an estimated annual population growth rate of
2.9% (De Groote et al. 2002) which has increased pressure on the available arable land, resulting in

increased migration into semi-arid areas.



In maize production farmers face several constraints which includes, drought, cold, water logging,
low nitrogen(N), acidity, diseases and insect pest (Chopra, 2001). The stem borers that infest maize
in this region include C. partellus (Swinhoe). B. fusca (Fuller), Sesamia calamistis (Hampson),
Cryptophlebia leucotreta (Meyrick) and Eldana saccharina, with C. partellus being the dominant
and most widespread species (Songa et al, 1999).There is therefore a need to develop maize varieties

resistant to stem borers.

11 PROBLEM STATEMENT

Stem borers are the most damaging group of insect pests in maize cultivation worldwide, including
Kenya. The most damaging, widely distributed stem borer species include the spotted stem borer
(Chilo partellus), the African stem borer (Sesamia calamistis), the African maize stalk borer
(Busseolafused), the pink stem borer {Sesamia cretica) and the sugarcane borer {Eldana saccharina)
(CIMMYT, 2001). Throughout the maize and sorghum growing areas of Africa, B. fusca is a major
pest requiring the application of expensive chemical control measures in order to avoid severe crop
losses (Seshu Reddy 1985; Revington et al. 1984; Kaufmann, 1983a; Mlambo 1983; Egwuatu and
Ita 1982; Walker 1981; Ogunwolu et al. 1981). Various attempts have been made to develop
resistant maize cultivars as an alternative or a supplement to chemical application, but with little
success (Kuhn 1978; Waltors 1974; du Plessis and Lea 1943). In Kenya, the most important species
of stem borers are the spotted stem borer Chilo partellus (Swinhoe), which is essentially a pest of hot
lowland areas and is seldom found above an altitude of 1500m above sea level (a.s.l). Busseolafusca
(Fuller) is found in the cooler and higher altitude areas (Mulaa, 1995).

Stem borers are reported to be of particular importance in Kenya especially in lower altitude
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zones (Songa et al, 2002), because low altitudes have high temperatures and humidity that favor
insect growth and development (Haines, 1991), and hence increase stem borer infestation levels to
crops.

Total maize loss in Kenya due to stem borers is estimated at 13.5% valued at Kshs 7.2 billions

(De Groote et al. 2002) which is enough to offset the balance that is imported. Chemical control
method is the most widely used in control of stem borers, but this method exposes the farmer to
health risks and can result in pesticide loading of the environment through continuous use.
Biological control method can also be used to control stem borers, but it requires trained personnel
for identification and deployment of control agents and commitment of the farming community to
enhance the establishment of this method. Development of host plant resistance, to stem borers
would increase the efficiency of farming by reducing or eliminating the expense of insecticides and

reduce yield losses from stem borer damage.

Crop losses result from death of the growing point, early senescence, reduced translocation, lodging
and direct damage to ears (Mutinda, 1996).

There is therefore, need to develop borer resistant maize varieties to curb these losses from stem
borer damage. This is one of the most cost-effective and user friendly methods of pest control for
resource poor farmers and is also environmentally sustainable.

This study therefore, was designed to determine the combining ability of twenty maize inbred lines
resistant to C. patellus and B. fusca stem borers. This is important as opposed to other approaches

because it would enable the breeder only to use the lines which are good combiners for both yield

and resistance to stem borers.



1.2 BROAD OBJECTIVE

To determine the combining ability of known insect resistant maize inbred lines in order to identify

lines that can be used to develop insect resistant maize synthetics and hybrid combinations.

1.2.1 Specific objectives

1 To determine the general combining ability (GCA) of the twenty insect resistant inbred lines.
2. To determine the specific combining ability (SCA) of the twenty insect resistant inbred lines.
3. To identify important agronomic traits that maize breeders could use to combine insect

resistance and grain yield during selection.

4. To identify possible potential cultivars for further evaluation.

1.3 HYPOTHESES

This study was being carried out on the basis that:
1 Lines which exhibit higher heterotic effect regarding insect resistance will produce
progenies with good general GCA and SCA for insect resistance.
2. Inbred lines which exhibit higher heterotic effect regarding grain yield and other traits
related to grain yield will produce progenies with good grain yield for use directly as

finished FI variety combinations or as source material to improve other maize

populations and further evaluation.



CHAPTER TWO

2.0 REVIEW OF LITERATURE

21 BOTANY OF MAIZE

Taxonomically maize is a coarse, annual grass and belongs to the family Gramineae, tribeMaydeae ,

genus Zea and species mays (Onwueme and Sinha, 1991).

2.1.1 Root system

The root system is fibrous and spreads out in all directions mainly in the topsoil. The maize plant has
four seminal roots, which may persist throughout the life of the plant. The main adventitious fibrous
system develops from the lower nodes of the stem below ground level and spreads out in a lateral
direction in the upper layers of the soil. The roots then assume vertical downward trend to tap the
lower levels of the soil. The extent to which the roots penetrate to the deeper layers depends largely
upon the supply of nutrients and on the drainage of the topsoil and subsoil. In well drained soils rich
in nutrients, the roots are comparatively strong and branch out in all directions, while in dry and
infertile soils they grow longer and are weaker in damp soil as found in waterlogged areas. An

individual maize root can penetrate to of 2.5 meters depth (Berger, 1962).

2.1.2 Stem and leaves

The maize stem is normally 2 to 3 meters high. Some early maturing varieties attain a height of only
90 centimeters and certain varieties of popcorn (Zea mays everta) reach a height of only
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30 to 50cm. In tropical and sub-tropical regions, maize plants can reach a height of 6 - 7 meters
(Berger, 1962). The stems are filled with pith and have from 8 to 21 intemodes. The number of
leaves ranges between 6 and 48 with an average of 15 leaves. Early maturing varieties have few

leaves whereas late maturing varieties have more leaves (Anon, 1972).

2.1.3 Flowering and pollination

Maize plant bears its flowers in spikelets, the characteristic units of the inflorescence of all grasses.
The spikelets are of two types, male and female; hence maize is a monoecious plant. The male
inflorescence is the tassel carried terminally in the main axis. The female spikelets are seldom seen

as such because the husks of the younger ear cover them. The female inflorescence is known as the

"cob" or "ear". It consists of modified lateral branch deriving from an axillary bud of the main stem
(Berger, 1962).

Pollination is by means of wind and gravity. Any movement of the plant helps to shake out the
pollen, and pollen is usually all discharged within a few hours. Pollen is produced in large

quantities from the opening flowers of the tassel. Counts and computations made on maize

plants indicate that an individual plant produces probably 50,000 pollen grains for each one

that become effective in producing a grain of maize. In some tropical varieties the ratio is

probably much higher (Weather, 1955). The tip of the tassel is usually seen several days

before the silk emerges. The silks are receptive as soon as they emerge, and remain receptive

for sometime. Pollen shedding continues for about 5-8 days, with peak production occurring

on the third day. The duration of viability of pollen ranges between 18 to 24 hours. Peak

shedding on a typical sunny day is between 9.00 and 11.00am (Samuel, et. al, 1975) in many

varieties.



2.1.4 Grain

The seeds are surrounded on the cob by the chaffy remains of the glooms and lemmas and paleas of
the two flowers and are supported on very short, spongy pedicels. The length of the cob varies
between 8 and 42 cm, in extreme cases between 2.5 and 50cm. In large cobs diameter can be 7.5 cm
but it normally lies between 3 and 5 cm. The normal ear of maize contains 8-30 rows of grains while
each row bears 20-70 grains (Onwueme and Sinha, 1991).

Usually, a maize cob contains between 300 and 1000 seeds. The seeds are rounded or dented
according to variety hence maize grain is classified as either flint or dent texture. The color of the

grain also varies greatly with variety ranging from white through yellow, red and purple to almost

black (Berger, 1962).

2.2 COMBINING ABILITY

Combining ability is the capacity of a parent to produce superior progenies when combined with
another parent. It should always be examined when the objective is the development of superior
progenies, when heterosis is practically exploited (Borojevic, 1990). Combining ability of maize
inbred lines is the ultimate factor determining future usefulness of the lines for hybrids (Hallauer and

Miranda, 1987).

Combining ability involves crossing each line with several others and the variance in performance
among crosses is then partitioned to better understand the use of cross-breeding for improvement.
Large numbers of lines, crosses and individuals are used, so that all means are estimated with
minimum experimental error. Crossing a line to several others provides an additional measure ofthe
worth of the line, i.e. the mean performance ofthe line in all its crosses.
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General combining ability (GCA) of a line is the mean performance, when expressed as a deviation
from the mean of all crosses. It is the average value of all F1’s having this line as one parent, the
value being expressed as a deviation from the overall mean of crosses. Any particular cross, then has
an ‘expected’ value which is the sum of the GCA abilities of its two parentals. The cross may,

however, deviate from this expected value to greater or lesser extent.

Specific combining ability (SCA) is the deviation of the two parental lines in combination (Falconer,
1996). In statistical terms, the general combining abilities are main effects and specific combining
ability is an interaction. According to Falconer (1991) the true mean X of a cross between lines P
and Q can thus be expressed as:

Xx-X =GCAP +GCAQ+SCAMR

Where * = mean ofall crosses.

X= True mean

GCAP= General combining ability for line P

GCAQ= General combining ability for line Q

SCAPQ= Specific combining ability of the cross between line Pand Q.

2.2.1 Estimation of combining ability
The method that is convenient for use with plants is known as the polycross method. A number of
plants for all the lines to be tested are grown together and allowed to pollinate naturally, self

pollination being prevented by the natural mechanism for cross pollination, or by the



arrangement of the plants in the plot. The seeds from the plant of one line are therefore a mixture of
random crosses with other lines, (i.e. ‘polycross’) and their performance when grown tests the GCA
ofthat line. The GCA measured is those of lines used as female parents. The GCA of a line can be
estimated by crossing it with individuals from the best population instead of with other inbred lines.
This method is known as top crossing (Falconer, 1996). In maize the diallel method of crossing is

used.

2.2.2 Diallel crosses

A Diallel cross is a method whereby, single crosses are made in all possible combinations of lines or
clones. Any single cross will measure SCA, while the average combining ability of several different
single crosses of one line or clone will reflect its GCA (Briggs, 1967). Diallel crosses are sometimes
used to pinpoint parents capable of rendering a large number of superior lines or those capable of

producing heterotic FI hybrids as it is impossible to know beforehand the combining ability of an

inbred line (Borojevi, 1990).

2.2.2.1 Partial diallel

A partial diallel cross may comprise progenies obtained by crossing according to a scheme for a
balanced incomplete block design.
Partial diallel is much preferred because it does not require too many crosses as in the case of

complete diallel. There are many types of diallel but the most popular is the circulantpartial diallel.

Circulant partial diallel: Description of mating design: The number of crosses is given by PS/2,

where;
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P=number of parents, and S= number of plants that each parent is crossed with.
S> 2 and it’s a whole number, i.e. the sample size.
P and S cannot both be odd numbers, so that PS/2 is an integer crossing.
In partial diallel instead of crossing each parent with all other parents, each parent is crossed with

only a few others. Each parent is used in the same number of crosses, but not necessarily with the

same parents.

In the assignment of crosses for circulant partial diallel: The numbers are allocated randomly to

crosses as follows:

Assigned no. Parents to cross onto:
Parent 1 X k+1, k+2, ........k+s
Parent 2 X k+2, k+3,...... ..... k+s+1
Parent 3 X k+3, k+4,... ... k+s+2
Parent | X k+1. k+I+1... .. k+s+1-1

Where; k= (P+1-S)/2
For k to be a whole number either P is even and S is odd, or vice versa. For example if we have 5

parents and S= 2, our k would be k= (5+1-2)/2=2. The crosses would be assigned as shown below:

Assigned number. Parents to cross onto
Parent 1 X 2+1=3, 2+2=4, 2+3=5
Parent 2 X 2+2=4, 2+3=5

Parent 3 X 2+3=5



2.3 POPULATION IMPROVEMENT IN MAIZE

Work at North Carolina State University in the late 1940s and early 1950, showed that considerable
additive genetic variance for grain yield existed in the F2 populations and in open pollinated
varieties of com (Robinson, et al, 1941; Robinson and Comstock, 1955). Variance is a measure of
variation, which is simply the mean of the squared values of a variate. Total variance is the sum of
all the components of variance, which can be broken down as follows:
VP=VG+VE
=VA +VD +VI+VE
Where;

VP= Phenotypic variance

VG= Genotypic variance

VA= Additive genetic variance

VD= Dominance variance

VI= Interaction variance

VE= Environmental variance
Additive variance is the variance of the breeding value. It is the important component since it is the

chief cause of resemblance between relatives (Falconer, 1996).

The population, which has been improved by recurrent selection procedures, is a promising source of
new germplasm. Recurrent selection is a method of selection where genotypes at the positive end of
frequency distribution are selected and intercrossed for several cycles as long as genetic variability
exists in the population (Frey, 1983). Recurrent selection provides an excellent way of utilizing
exotic germplasm in maize-breeding program to further broaden the
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With a continuation of the inbreeding, there is a marked decrease in vigor and an increase in the
uniformity of the plants within any progeny row. After five or six generations of self pollination,
every plant is practically like every other plant within any line, but differences among the lines are
large. At this point selfing is often discontinued, and the lines are thereafter continued by sib
pollination (Hallauer and Miranda, 1988). Regardless of the value of selection in improving hybrids
performance, it is accepted that selection during inbreeding does serve a useful purpose in the
development of inbreds lines (Allard, 1960).In the first stages of development of hybrid maize,
inbreds of necessity had to be isolated directly from a heterozygous source. Later on the emphasis

shifted from the isolation of new inbreds to improvement of existing inbreds (Chopra, 2001).

The improvement of established inbreds has usually had one of the following three objectives;

(1) to increase the productivity of the inbreds themselves to facilitate the production of hybrid seed,
(2 to fix inbreds so that they will produce hybrids improved in disease and insect resistance and
standing ability or other specific characters and (3) to enhance the combining ability of specific

inbreds so as to increase the yield potential of their hybrids.

Historically two methods of improving inbreds were tried. The ‘pedigree’ was the first. This consists
of crossing two inbred lines that complement each other in desirable attributes and selecting for
desired recombinations in the segregating generations. Back crossing was the second method. The
method has been widely used to improve inbreds in standing ability, resistance to diseases and

insects such as smut, Exserohilum turcicum leaf blight and stem borer (Allard, 1960).
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24 INSECT RESISTANCE IN MAIZE

2.4.1 Types and classification of Resistance

The characteristics that enable a plant to avoid, tolerate or recover from attacks by insects under
conditions that would more severely injure other plants of the same species are termed as plant
resistance. Plant resistance to an insect is the collective heritable characteristics by which a plant
species, race, clone or individual may reduce the probability that an insect species, race, biotype or
individual successfully uses the plant as a host. Classifications of resistance phenomena may express
the relative success or failure of an insect species to survive, develop, and reproduce on a plant
species; or the classification may describe the relative damage to the host plants in qualitative or
guantitative terms. Tolerance represents the ability of a certain variety to produce a larger crop of

good quality than would other varieties under the same insect population.

2.4.2 Intensities ofresistance

The interaction varies from plants being completely adequate to completely inadequate hosts. The
intensity of resistance was described by Painter, (1951) as being of four types:
(i) Escape - The plants are not infested or injured; this can occur due to transitory
circumstances as incomplete infestation.
(ii) Susceptible - Shows average or more than average damage by an insect.
(Hi) Resistance - This is a cultivar that has qualities that result in small damage by a specific
insect under a given set of conditions.
(hr) Tolerance- these are plant responses that result in the ability to withstand
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infestation and to support insect populations that would severely damage susceptible

plants.

2.4.2.1 Non preference

This is the insects’ response to plants that lacks the characteristics to serve as a good host. It results
from negative reactions or total avoidance during search for food, opposition sites, or shelter. The
non-preference by insect is a property of the plant. It is basically antixenosis, which is a condition
whereby the insect do not prefer certain plants as source of food or shelter. The insect avoids the
plant as a bad host. In certain situations, even though the insects may come in contact with the plant,
the antixenotic characteristics of the plant do not allow the insect to colonize. Sometimes, the
antixenosis mechanism is so effective that the insects starve and die. The antixenotic mechanism
may be due to biophysical or biochemical factors or a combination of both. Plants that exhibit
antixenotic resistance should have a reduced initial number of colonizers early in the season; the size
of the insect population should be reduced after each generation as compared with susceptible plants

(Panda and Khush, 1995).

Antixenosis in maizefor oviposition-Oviposition refers to the laying of eggs by a female
insect. The eggs may be deposited on leaves or for the insects with ovipositors, the eggs can be laid

inthe soil (Barton and Brown, 1974).

There is differential preference for oviposition by C. partellus in maize (Sharma and Chatteiji,
1971a, Lai and Pant 1980, Sekhon and Sajjan 1987). According to Sekhon and Sajjan (1987) young
plants e g. 5 days old were not preferred at all but plants which were about 15 days old were the
most preferred for oviposition by C. partellus. As the plant age, increased from 15 days onwards,
the number of eggs laid by C. partellus thus went on decreasing so much that it was reduced to one

fourth.

16



24*2.2 Antibiosis

In antibiosis, the biology of the insect is adversely affected eg. survival, development and
reproduction. This is the resistance mechanism that operates after the insects have started utilizing
the plant. Panda and Khush (1995) found out that antibiotic plants affects growth, development,
reproduction, and survival of the insects. This effect may result in a decline in insect size or weight,
reduced metabolic processes, increased restlessness, and greater larval or pre adult mortality. Plants
that exhibit antibiosis reduce the rate of population increase by reducing the reproduction rate and
survival of the insects (Panda and Khush, 1995). The antibiotic properties of the host plant may be

expressed as constitutive or induced resistance against herbivores.

Antibiosis in Maize germ plasm -Antibiosis is the adverse effect of a temporary or a
permanent nature, on the insect biology resulting from the ingestion of a plant by an insect.
Antibiosis has been evaluated on the basis of larval survival (Pant et al, 1961, Kalonde and Pant,
1966, Mathur and Jain, 1972 and Lai and Pant, 1980) and development period (Panwar and Sarup,
1980). Sharma and Chatteiji (1971), Sekhon and Sajjan (1987) and Durbey and Sarup (1984)
evaluated different populations and hybrids. They studied larval survival and also the antibiotic
effect of these germplasm on parameters such as larval and pupal weight larval and pupal period,
pupal survival, fecundity, and egg viability, sex ratio and multiplication rate. These workers reported
that the resistant varieties had reduced larval survival, larval weight and pupal weight, prolonged
larval and pupal period as compared to the susceptible local variety.

Durbey and Sarup (1985, 1988) observed an antibiotic effect on C. partellus when the pest was

reared on a diet that contained powdered dry material and the ether extract of resistant populations.
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Antibiosis in differentplantparte-The antibiotic effect of four plant parts, stem whorl, ear
and tassel on the biological parameters of C. partellus, has been investigated by Sharma and
Chatteiji (1971). The percentage survival of the larvae, larval weight, pupal weight, sex ratio
(female/male), fecundity and egg viability were found to be relatively higher in the case of the larvae
reared on ears than those on other parts of plant. Also larval and pupal period and incubation period
were relatively less when reared on tassels. This suggested that the tassel and the ear had the

maximum and minimum antibiotic effect, respectively.

Antibiosis in relation to plant age- Plant age has been reported to influence antibiosis
(Kalonde and Pant 1967). Sekhon and Sajjan (1990) evaluated larval survival of C.partellus on the
plants of different ages (5,10,15,20 and 25 days old) in Antigua Gr.l, Ganga 5 and Basi local. It was
found out that there were very small differences among the lines for larval survival on 5 and 10 day
old plants. The borer survival however, sharply declined on 15-day old plants of resistant
populations (Antigua Gr. 1 and Ganga 5) and the decline was confined up to 25 days, but at a lower
rate. This showed that the most critical time for the development of antibiosis may be when the
plants are 10 to 15 days old. Lack of expression of antibiosis in resistant germplasm during their

early growth period has also been observed by Mathur and Jain (1972).
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24*2.3 Host plant resistance

Plant resistance represents the inherent ability of a crop variety, to retard or overcome insect pest
infestations. According to Beck (1965), plant resistance is the collective heritable characteristics by
which a plant species, race, clone or individual may reduce the probability of successful utilization
ofthat plant as a host by an insect species, race, biotype or individual.

These are varieties with tight or extensive leaf sheath, they are not favored for oviposition; other

varieties have an i