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ABSTRACT

Maize (Zea mays L.) is the staple food crop in Zimbabwe with a per capita consumption
of 103kg. It is grown in a wide range of environments with 80% being produced by the
smallholder farmers who occupy more than 90% of the marginal areas of the country.
Marginal area production has seen a high hybrid variety turnover on the market hence the
need to develop hybrids with stable yields under diverse environments. National program
use of inbred lines as testers has had shortcomings in the early identification of good
inbred lines, resulting in slow variety development, poor seed production and eventual
delayed variety release for farmer use. The objectives of this study were to develop
single-cross hybrid testers among Agriculture Research and Extension(AREX) and
CIMMYT lines as well as determine the heterotic relationship among the two sets of
inbred lines. In the study, testcross development was done using ten elite inbred lines
each from AREX and CIMMYT programs. Using North Carolina Design II, the resultant
100 hybrids were evaluated under optimum and stress (low N and drought) environments.
An Alpha (0,1) lattice design was used in the evaluation process with traits such as
flowering dates, standability, disease tolerance scores, plant heights and grain weight
being recorded. An across site analysis was done and results showed that there were
significant differences (p<0.05) for environments, genotypes and genotype X environment
interactions. Significant general combining ability (GCA) effects for all the traits
(P<0.05) measured except for plant heights and stem lodging were observed, with five
lines being identified as having good (positive) GCA effects for grain yield. Non-
additive genes were also predominant in most traits except for anthesis dates, anthesis
silking interval and ear heights. A total of 39 testcrosses were assigned heterotic groups
basing on the N and SC heterotic groups. Tester identification was based on good GCA
for grain yield, stability under diverse environments and maturity of genotype. In the N
heterotic group, genotype LT52 (NAWS5885/CMML442) was identified as a potential
single cross tester in the intermediate maturity group while in the SC heterotic group
genotype LT26 (SC5522/ZM621A-BBBB) was identified as another intermediate
maturity group tester. In the early maturing category LT99 (RS61P/CML508) which is in
the SC heterotic group was identified. The study also showed that there were heterotic
group overlaps of the N and SC groups in relation to CIMMYT’s A and B heterotic
groups as some genotype combinations had to be assigned new heterotic groups or had
their group unidentified resulting in the need for further evaluation.



DEDICATION

To my parents, Cletus and Christina; Wife and kids, Gloria, Kudakwashe and Tinotenda.

vi



ACKNOWLEDGEMENTS
[ am highly indebted to Dr. Bindi Vivek at CIMMYT Zimbabwe for his support and
guidance throughout this study. Special thanks also go to my supervisor Dr M Lungu, the
academic and technical staff at the University of Zambia for their unwavering support
during the course of my study. I also extend my appreciation to my fellow 2005 MSc
students for their support and encouragement. A special mention also goes to the AREX

Maize Breeding Team for the support rendered during field evaluations.

[ also extend my gratitude to the Government of Zimbabwe for granting me study leave

to pursue this MSc programme. Finally I wish to acknowledge the financial support from

the Rockefeller Foundation.

vii



Table Of Contents

AL s s o s d o 555 o 3 98 S S TS 0 B 06656 5 e s e s 5 0 6 5 2008 1
P CCIATALION. ..o ossissocsistonsisiossomsiisibisiinssitss 5 58 5555755700 b s BB BTSS0S0 5 3 B 558 SR A SIS iii
TRIIROURL. . ... . .t s sttt it S35 S b R R SSARRAY GRS R S B S R v
BBSIRCE L1 0 o e i s Rt R e i s e e iy s \
e At Ot 0 s B A T A A B B Subariommor s pers s s iy SO AT AT R S s AR TS 35S Vi
ACKENOWELEDGENMENTS. 5. i foie futa tusnsmsanss spausiassias e sisi e s st sonysos s v sasna smsinesnse e i erssses VII
TABEE OF CONTEINTS .5t i s erconssosmnsensenssonsssesnsonsivessssonsess siassssrssmssossnsasssersssosssssassasessnssass ¥ I
@32 5 2 H 21 5 Do U i S S St T SO G oo SRt ot 1
1 O PR OB EIEION 1. 21 555 e comamsniossasmass sasunsasnssabasensnsanensssmsssssnmmnesssnssssnnsss s ash s nsnks v A s8R0 SHORRERORAARR NS R0 H0 1
CEIAREERID..... ... iiceense somunsassossnsomoseranobnmensssassabinesenssnsonnsnnionsns assmssstons s nbanin trin s osh ifi s RRAsRERAT T TS TR SRS oA FeR o3 5
2.0-LITERATURE REVIEW: i ciusiicisssssssssisssssssissosssinssssssss s ssssmas i s ssssstorsssss sessssess i sassssss sissnsnissssssonsansansin 5
2.k MEXTZE PRODUGCTION IN-ZIMBABWE. .. i i B i b ol ssmmmevinsumsnissnississssssasnospinsnssssssnsed 5
2.1.1 PRODUCTION CONSTRAINTS 6
2.2 HISTORY OF MAIZE BREEDING IN THE NATIONAL AGRICULTURE RESEARCH SYSTEM..6
2.3 BREEDING AND SCREENING FOR ABIOTIC STRESS ......ooiiiiitiee et eeerreeeeessire e enneees 9
2.3.1 WHY BREED FOR MARGINAL CONDITIONS 9
2.3.2 THE CHALLENGES OF BREEDING FOR DROUGHT AND LOW N TOLERANCE 11
2.3.3 EFFECTS OF DROUGHT ON MAIZE DEVELOPMENT 11
2.4 BREEDING STRATEGIES FOR DROUGHT PRONE ENVIRONMENTS ........ccccoeen P 15
2.4.1 DROUGHT ESCAPE 15
2.4.2 DROUGHT TOLERANCE 15
2.4.3 SELECTION FOR HIGH YIELD POTENTIAL ... 17
2 5. SO FER TILITY =ocnmnmnommansdasmmn v e v s imsstssseis iy pesbsssss 19
2.5.1 NITROGEN AND THE MAIZE PLANT 19
2.5.2 MAIZE BREEDING AND CROP RESPONSE UNDER LOW N STRESS: . 20
2.6 COMBINING ABIETEY ... tccomssreiisiorsiionnessssimessssoresssssiomatsvatonssionsrons pavsssssbhonssiicrosagiis voont shsissiasonsnsasion 21
2.6.1 GENERAL COMBINING ABILITY .cccveeresssansaesssssssnssssssssssssnsassens 22
2.6.2 SPECIFIC COMBINING ABILITY 22
2 LHERITABILITY & HETEROSIS ...ocooioiumunmnmsnsnraosmssmsssysisss i iass ianessmrasssessiisssatissamssssesss 24
2.7.1 HETEROTIC GROUPS .26
S TR ST ER S . i B S R R L R L I 2. 8 R Banesss tanseiad S wmssssnaveesmmmsa s suiss 27
AP TER 3 i s s s s e S S R SN v eeions 29
3.0 MATERIALS AND METHODS ......oooiiottiiciiiieeie e et eeeeteeeeeeteeeeseaaeessssaessssaesssseessanesesuneeesssseesaneessasnes 29
3.1 GERMPLASM AND TESTCROSS DEVELOPMENT .......coooiiiiiitiecttee et erie e e evve s esieesssereesaneee e 29
B2 B VAL UATIONSITES .. i.oviiciivessmsssossiusasasssssnsiosi ssesessorsnsamssussssonsssesseas srassnsasrosmanansessasssssnssssossrassass sosssn 31
3.2.1 SIMULATION OF DROUGHT STRESS 31
3.2.2 SIMULATION OF NITROGEN STRESS 31

viil



3.4 DATA COLLECTION AND ANALYSIS ...t 34
3.5 NORTH CAROLINA I MATING DESIGN ...ttt 36
CHAPTER B:.ssisiumsinsisassmiamiorsunsiassnsssassssssasransossossossassassssssemssesmussros et s s s sea sissn s amt o some | 38
40, RESULTS e sinmsenrasecasorsoressonansanvesosssssssangossesssess sonsils besasssomrimsediss s st ansaose o 38
4.1’ ANALYSES OF VARIANGE CANOVA) it e i M i m i s ssots s ovssstis st atsso s s 38
4.2 INDIVIDUAL SITES ANALYSES......oooototttiteteieteteeeeeeeee e eeeeee e 39

4.2 1V ORTIMUM CONDITIONS . o5 e 05001 1606363050 asb g tonmasesdionge st Shesnedosennssiebasans sesesesesssens vessssssisssssmsn essassessessarss 39

4.2.1.1 SCA EFFECTS OF GRAIN YIELD UNDER OPTIMUM CONDITIONS w...ovovoeoeeoe oo 39
4.2.1.2 SECONDARY TRAITS wc.veeuieeretctieietiteteteseeeeeeeeeteseeee e es e s es e e e s es e e 40
4.2.2 LOW SOIL N CONDITIONS ..ovuvvieieteitieeetetes oo es e ees e e s e e 41
4.2.2.1 SCA EFFECTS OF GRAIN YIELD UNDER LOW SOIL N CONDITIONS +..vveooe oo 41
4.2.2.2 SECONDARY TRAITS ...veenerrieieeitereeeeeteseeseeeeeeeesesssesesesesseseses e ee e e e 42

4.2.3 DROUCHT CONDITIONS stssasarmeronsin imese s sms o iebavbad sosssbeeonsss do s e b S g e e ss b g s s 43
4.3 TESTCROSSES PERFORMANCE IN STRESS ENVIRONMENTS ... oo 45

4.4 SECONDARY TRAITS FOR TESTCROSS PERFORMANCE ASSESSMENT IN STRESS ENVIRONMENTS. .. ... 47

4.4.1 ANTHESIS DATES (AD).....cucvittirieieiiieeeeste et s e e e s s s s e s es e 47
4.4.2 ANTHESIS SILKING INTERVAL (ASI)...ucvtieieieeeeeeeee oo 48
4.5 COMBINED ANALYSES OF VARIANCE ... ooeeee oo 49

4.5 LGRAINYIELD. . iiivsssiiiossnssssviogsionomnesesnonsessssensensenssrons s sssesssssss rossssss sy cssesssssssss oo sessessssssiessse s semones 49

4.5.2 ANTHESIS DATE, ANTHESIS -SILKING INTERVAL AND EAR PER PLANT ..o oo 49
4.6 GENERAL COMBINING ABILITY (GCA) EFFECTS ... oo 52
4.7. SPECIFIC COMBINING ABILITY (SCA) EFFECTS ... veeteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeo 55

4.7.1 COMBINED SITES SCA EFFECTS FOR GY ..eeuetteueeeeeeeeeee oo 6.5]
4.8 SCA EFFECTS: HETEROTIC GROUPS AS DETERMINED BY TESTERS N & SC AND A & B...56
CHAPTER §ususivusmmismmssmsisssiisminsmiesssnenstssssssedotasshrortibensdeissonsor stersvsdtsssbes dseasssivassssisesesats sntaint 60
SO PISCUSSION .. it o) oo i 1 RIS e e e | 2 TuEs iy g o S 60
5.1 GCA AND SCA MEAN SQUARES .......ottotiteeeeeeeeeee oo 60
5.2 GCA AND SCA-ENTRY SUM-OF SQUARES ..ot ittt it oot b 61
5.3 GCA AND SCA VARIANCES .......ooveeeiiiieeeeeeeeeeeeeeeeesess oo es oo e ee e e 61
34 HERITABILITY .....cotvonreeseeinersiversasseensnesssesssssssssmssssnssenssssnstosssmssssossssssssssssssss sobssenssmmensnesesemsssssesesmse e 62
9D GCA BFEBGITS covirissimsc cninsmsssivsnsiornesesnivssenss ssisssmessustossssssesss et s s e e e s it ooat e btentinecon | 62
5.6 GENOTYPE, GCA AND SCA BY ENVIRONMENT INTERACTIONS ... 65
5.7 SCA EFFECTS FOR GRAIN YIELD AND HETEROTIC GROUPS AS DETERMINED BY
TESTERSE: .l s v ittt ittt s im0 i g 68
5.8 GCA EFFECTS FOR GY AND SELECTION OF SINGLE CROSS TESTERS ..o 69
(85 TN 1] O 1L Sl N i S = N T S i1
6.0 CONCLUSION ......ciueuisenssessanssnssisssssssisessisssssssssssmmsasnssassressesensessassrsssnsiomnsntetsnss sessemmnsrsseseessssseesssssssesin 71
R R EINCE S .. s L B B R e s B i B I o o 73
APPENDICES....  bstar it i catiinssss e tssssio it sravonias ot e oms et oesssesensibsseosssm sl 82

ix




Table 3-1

Table 3-2

Table 3-3

Table 4-1

Table 4-2

Table 4-3

Table 4-4

Table 4-5

Table 4-6

Table 4-7

Table 4-8

Table 4-9

LIST OF TABLES

Description of Parental Materials used in Testcross

DEVEIOPIMENE . isisissiisinnncnrenrnennsnrsvmmrbormemsirssm e st 435 s 53548 30
Traits measured and procedures of measurement............................. 34
Skeleton Analysis of Variance for Design II.................................. 35

Analysis of Variance for Grain Yield under Drought

CONAItIONS. ... v e e 39

Mean Grain Yield (t/ha) under Optimum Conditions........................ 40

Analysis of Variance for Anthesis Dates, Anthesis- Silking

Interval and Ears Per Plant under Optimum Conditions.......................40

Analysis of Variance for Grain Yield under low soil N

CONAItIONS. ...ttt e 41

Mean Grain Yield (t/ha) under low soil N conditions........................ 42

Analysis of Variance for AD, ASI and EPP under low
SOl N cONditions. ......ovuieiiiii e 42

Analysis of Variance for Grain Yield under Drought
CondItIoNS. .....ouiiit i 43

Mean Grain Yield (t/ha) under Drought Conditions......................... 44

Analysis of Variance for AD, ASI and EPP under
Drought Conditions. ..........c.oouiiiiiiii e, 44




Table 4-10

Table 4-11

Table 4-12

Table 4-13

Table 4-14

Table 4-15a

Table 4-15b

Table 4-16

Table 4-17

Table 4-18

Individual and Across Site, Line x Tester SCA for

Grain Yield. . ..oooooo

Analysis of Variance for Grain Yield Across Four Sites..........

Analysis of Variance for AD, ASI and EPP Across

RETHI o 1 S TR LA EL I o P o I TR L S

Analysis of Variance for PH and EH Across Four Sites..........

Analysis of Variance for Stem and Root Lodging Across

FOUL SItES. ..o e e

GCA Effects of Lines for measured traitS............o.ooeooeeeooeooeen

GCA Effects of Testers for measured traitS...........ooueeeeeeeeooeeoiein,

SCA Effects for Grain Yield (t/ha).............c..ccoovveviiiin...

SCA Effects and Heterotic Groups of Hybrids

ACTOSS BNV T oMM IS 5 i 0t s i i sm s omssiai s sons sas s

xii

&k

54




Appendix A

Appendix B

Appendix C

Appendix D

Appendix E

Appendix F

Appendix G

Appendix H

Appendix I

Appendix J

Appendix K

Appendix L

LIST OF APPENDICES

SCA Effects for AD under Optimum Conditions................

SCA Effects for AD under Low Soil N Conditions..........

SCA Effects for AD under Drought Conditions.................

SCA Effects for ASI under Optimum Conditions.....................cco.....

SCA Effects for ASI under Low Soil N Conditions...........oovvuvvevveiin,

SCA Effects for ASI under Drought Conditions.................

SCA Effects for EPP under Optimum Conditions...............

SCA Effects for EPP under Low Soil N Conditions............covuvvueviiin,

SCA Effects for EPP under Drought Conditions.................

SCA Effects for AD Across Four Sites............ooovvveviin..

Line GCA Ranks for Measured TraitS...........oovvvennevennnnnn.

xiii

83

83

.84




CHAPTER 1

1.0 INTRODUCTION

Maize (Zea mays L.) is the world’s most widely grown cereal and is the primary staple
food in many developing countries (Nass et al., 2000). It ranks first in Latin America and
Africa but third after rice and wheat in Asia (Doswell et al., 1996). Maize is grown at
varying latitudes from the Equator to approximately 50° North and South. Its grown from
sea level to over 3000m above sea level, from heavy rainfall areas to semi arid
conditions, and from cool to very hot climates with growing cycles ranging from 3 to 13
months. The area devoted to maize production is largest in developing countries. It is
estimated that 64% of world maize area is found in developing countries, which account
for only 43% of the world’s total production (Doswell ef al., 1996). This is mainly due to
marginal area production with very limited production such as fertilisers and improved

varieties

In Sub Saharan Africa and maize is one of the most important food crops in this region. It
is the staple food for Eastern and Southern Africa. History seems to indicate that in
Southern Africa maize production was initially linked to the spread of commercial
mining (Byerlee and Heisey, 1997). Its increase in popularity was due to its palatability
and yield potential which is higher than that of sorghum and millets. Maize continues to
be the dominant food crop in Sub Saharan Africa. It is estimated that maize demand in
Sub Saharan Africa is expected to increase from 27 million tonnes in 1995 to 52 million
tonnes in 2020 (Pingali and Pandey, 2001). There is therefore a need to increase the

maize productivity to meet the growing food demand. This may be achieved through the




development of better adapted varieties, increased seed security, adoption of better
agronomic practices through extension messages and intensification of fertilizer use
especially in the smallholder sector. The latter option has been found to be very difficult
since most of the smallholder farmers are resource poor, and cannot afford fertilizer

application to optimum levels.

In Zimbabwe, maize production accounts for 80% of the total cereal crop production. The
crop is widely grown in varying environments with a total of 1.2 million ha having been
put to maize during the 2004/05 season (AREX, 2004). Normal annual production ranges
from 1.8 to 2.1 million tonnes with a yield average of 1.2 t/ha and 4.5t/ha in the
smallholder and large scale commercial sectors respectively. In the last 30 years maize
production has more than doubled largely due to an average annual area expansion of
1.8% and yield increase of 0.7% (Dowsell et al, 1996; Machida 1997). Technical
innovations for maize, especially improved germplasm, played a major role is the
expansion of production with the adoption of hybrids and fertiliser use giving a 70%

yield increase in the 1980s.

The main maize production constraint in the country has been the use of poorly adapted
varieties since most of the previous maize breeding work was focusing on high input
environments. Droughts, low soil fertility and increasing disease incidences, especially
maize streak virus and gray leaf spot (Cercospora zea maydis) have resulted in further
yield reduction especially in the smallholder sector which occupies 91% of the semi arid

areas of the country. According to CIMMYT (1990) improved yields, variety yield




stability, pest and disease resistance, tolerance to drought and low soil fertility, generally
produce yield improvements of 30-50%. There is therefore a need to develop stress

tolerant varieties especially for the smallholder, stress prone environments.

The national maize breeding program in Zimbabwe has been trying to solve some of the
production constraints highlighted, through the development of maize varieties with
drought, low N and disease tolerance. Since 1909, when maize breeding was initiated in
the country, maize open pollinated and hybrid varieties have been developed for
production in different ecological niches. Exotic germplasm from CIMMYT, IITA, USA,
Europe, the SADC and other African countries have been used in combination with local
germplasm. It is from these sources that twenty eight composites have been constituted

and are being improved by various recurrent selection methods.

Currently the main focus of the breeding program is to develop drought, low soil fertility
and disease tolerant maize varieties (hybrids and synthetics) with the pedigree method
being used in inbred line development. Inbred line development is being done through
recycling of elite lines, selections from populations, selfing of elite commercial hybrids
and introductions from CIMMYT and Southern Africa Development Community
(SADC) Regional National Agriculture Research Systems (NARS). Segregating
populations are screened through managed drought, low soil fertility and disease stresses.
The pedigree breeding method employed led to the establishment of two heterotic groups
namely the SC and N group that are being used. Artificial inoculation of major diseases

namely gray leaf spot (Cercospora zea maydis), maize streak virus and maize leaf blight



(Exsorhilium. turcicum) is done and tolerant inbreds are then used in constituting new
single, three-way hybrids and synthetic varieties. Currently the two inbreds N3.2.3.3 and
SC5522 are being used as testers in the national program and have been seen to have
some shortcomings especially in seed production and three way hybrid development.
According to Pixley (1994), the inbred line testers N3.2.3.3 and SC5522 also have a
shortcoming in that they fail to clearly separate their testcrosses into distinct heterotic

groups.

The general objective of this study therefore was to identify single cross testers that have
desirable traits, such as drought, low N and disease tolerance and ideal maturity to
complement and/ or later substitute the inbred lines currently in use. The developed
testers will also define the heterotic relationships between the national and CIMMYT

germplasm.

The specific objectives of this study were:
1. To identify single cross hybrid testers among National Agricultural Research and
Extension (AREX) and CIMMYT lines.

2. To determine the heterotic relationship among AREX and CIMMYT inbred lines.



CHAPTER 2

2.0 LITERATURE REVIEW

2.1 Maize Production In Zimbabwe

Maize (Zea mays L.) ranks first in terms of the number of hectares grown and total cereal
production in the country. It is the staple food and an important cash crop. The country
requires 1.8 m tonnes of maize and 300 000t as national strategic reserves per annum.
This requirement is divided into the following proportions, 64% for human consumption,
22% for livestock and poultry and 14% for other industrial uses (Mashingaidze, 2006).
White maize is preferred for human consumption while yellow maize is used for

livestock feeds.

Maize production varies annually according to rainfall pattern and input support
programmes. The total communal, resettlement and small scale commercial production
contribution to the overall national maize production, increased from 7.6% during the
1979/80 season to approximately 80% in the mid 1990s. This increase in the post
independence maize production can be attributed to increases in the area planted to
maize, better yields and improved support services. Maize yields in the dryland farming
smallholder sector increased significantly from 0.7 t/ha in the 1980s to 1.5 t/ha in 2004

(Mashingaidze, 2006).

Zimbabwe maize breeding has been a success story over the years with hybrids being
developed for both small scale and commercial production. According to Mashingaidze
(2006) commercial adoption of hybrids in terms of area planted increased from 22%

(1949/50) to 88% (1960/61) and 93% (1966/67). Adoption was however slower in the



communal lands before independence. The Mangwende communal area for instance had
a hybrid adoption of 42% in 1975 but by 1985 it stood at 99% (Mashingaidze, 2006).
Currently 90% of the total production area is planted to hybrids with the remainder being

planted to other products such as OPVs, synthetics and recycled seed.

2.1.1 Production Constraints
Maize is relatively more sensitive to moisture and nutrient stress compared to crops such

as sorghum and millets. Drought and low soil fertility are however ubiquitous production
constraints on small scale farmers fields in Africa (Edmeades e al 1998). Diseases and
pests are also other production constraints of note in the maize production process.
Annual maize production losses due to diseases and pests were estimated at 13% of the
total production in East and Southern Africa. With regards to biotic stresses, maize streak
virus (MSV) affects an estimated 60% of the area planted to maize. This ranks MSV as
the most widespread biotic constraint to maize production in Africa (De Vries et al.,

2001).

2.2 History of Maize Breeding in the National Agriculture Research System
Research to develop improved varieties was key in increased maize yields in Zimbabwe.
Decades of intensive and sustained breeding led to the development of a range of adapted
maize varieties for both low and high rainfall areas of the country. The maize-breeding
program evolved through four phases, namely, Open Pollinated Variety (OPV), double
cross hybrid, single cross hybrid, and the three-way hybrid development phases. Formal
maize breeding started in 1909 at Salisbury Research Station, with the aim of developing

open pollinated varieties (OPVs) that were high yielding and ecologically adapted to the



different regions where maize was being grown. The first breeding phase was
characterized by the development of OPVs such as Hickory King, Salisbury White and

Southern Crosses (Olver, 1988).

The search for good yielding varieties saw a major shift from OPV to hybrid
development in the early 1930s. The hybrids were developed with inbreds being isolated
from the locally adapted OPVs. This led to the development of double cross hybrids, with
SR1 being the first commercially grown hybrid during the 1948/49 season and was
released for planting during the 1949/50 season. These double cross hybrids were on

average 30%-44% higher yielding than the best OPV (Mashingaidze 2006) .

The initial hybrid program was mainly focusing on high yielding varieties targeting high
input environments. The hybrid era saw the landmark release of SR52 in 1960, which
was the first commercial single-cross in the world (Mashingaidze, 2006). Parental lines of
this hybrid were derived from the OPVs, Salisbury White (N.3.2.3.3) and Southern Cross
(SC5522) respectively. The single cross hybrid SR52 was successful because it was
developed for high potential areas with adapted parents which had excellent response to
high management levels. This hybrid was not suitable for the marginal rainfall areas of
ecozones 3 to 5 which are characterised by short rainy seasons with frequent intermittent

droughts, where the majority of the smallholder farmers are found.

Since the early 1970s, there has been a paradigm shift in the national breeding program.

The development of three way hybrids with abiotic stress tolerance of drought and low



soil fertility is now being incorporated into the inbred line and variety development
process. The drought tolerance focus is the development of early maturing drought
escaping heterogeneous hybrids. The pre-independence era (before 1980) saw the
development of varieties such as R200, R201 and R215 which offered drought escape,
long pollen shedding period (14-18days), excellent nicking and tolerance to heat stress,
while the post independence era saw varieties such as ZS251, ZS255, ZS257, ZS259 and
78261 being released. This was done in order to address the smallholder farmers’
concerns. The 1990s however saw most of the varieties developed succumbing to
diseases such as grey leaf spot (Cercospora zea maydis) and maize streak virus. As a
result of these problems the national program sought external germplasm with resistance
to these diseases. The quick hybrid turnover due to biotic stresses meant that new hybrids
had to be developed faster, and therefore the development of single cross testers were to

hasten variety identification and seed production.

Current food security concerns have prompted the National Maize Breeding program to
continue focusing on both the smallholder and commercial sectors but with special
attention being given to the smallholder farmer. This priority breeding approach for both
biotic and abiotic stresses has also seen the breeding program taking OPV (synthetics)
development as a high priority in order to increase the farmers’ variety choices. Recent
studies have also shown that in low potential environments (<2 t/ha), a hybrid has no
comparative yield advantage over an OPV. As a result the use of cheaper OPV seed in
low potential areas, is being encouraged to enable the farmer to save some money to buy

other inputs such as fertilizer (Banziger, 2002).



2.3 BREEDING AND SCREENING FOR ABIOTIC STRESS
2.3.1 Why Breed For Marginal Conditions

Maize in the tropics is exposed to drought and low nitrogen (N) stress. The stress may
increase due to global climate changes and the displacement of maize production to
marginal environments by high value crops. It is also due to reduction in soil organic
matter, leading to reduction in soil fertility and water holding capacity. Fertility and
water availability varies greatly within many farmers’ fields especially in the tropics,
which therefore means that a single variety must be able to withstand a wide range of

drought stress and N availability.

Farmers are reluctant to use fertiliser in marginal environments because they cannot
afford, or because the fertiliser is allocated to better environments or more profitable
crops. The main reason is risk aversion by farmers, because in very dry years there will
be no crop irrespective of fertiliser application and farmers will lose the additional

investment made in fertiliser.

Irrigation has a potential impact even greater than fertiliser but water is a non- renewable
resource. Irrigation may also result in problems of salinization. Therefore, irrigation can
only be a partial solution to the problem of drought even in developing countries
(Ceccarelli, 1996). Water and nutrient resources are often limited and economic and
environmental problems are likely to restrain their use. Accordingly it is possible to
increase agricultural production at country level and at the same time serve small scale,

resource poor farmers by recognizing that their environments need separate breeding



programs, with different objectives, methodologies and types of germplasm (Ceccarelli et

al., 1996 and Banziger, 2002).

Most varieties are specifically adapted to conditions which are at or near the optimum for
crop growth. The superiority of these varieties is lost in sub optimal environments.
According to (Simmonds, 1991) breeding for low yielding environments requires that
selections be conducted in low yielding environments. Similarly (Smith e al., 1990)
concluded that selection in low input conditions is essential if significant yield gains for
such conditions are to be achieved. Therefore response to selection is maximized when
selection is conducted in the same target environments where future varieties will be
grown (Ceccarelli ef al., 1996). Several other workers have investigated the usefulness of
evaluating genotypes under stressed conditions. They concluded that breeding progress
might be increased if abiotic stresses in the target environment are included during

selection (Altin and Frey, 1990; Banziger et al., 1997).

Results from (Banziger et al., 1986-95) showed that genetic correlation between grain
yields under low and high nitrogen were generally positive. Selection under high N for
performance under low N was significantly less efficient than under low N leading t; the
conclusion that low N selection environments should be included in order to maximize
selection gains for environments where N stress is important. Banziger et al. (2006)
carried out trials in Zimbabwe between 2000 and 2002 with over one thousand hybrids,
under optimum, low N stress and managed drought with yield ranges from 1t/ha to

10t/ha.  Selection differentials were largest between 2-5t/ha and they became less
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significant at higher yield levels. An Eberhart-Russell, stability analysis, estimated a 40%
advantage at lt/ha yield level, which decreased to 2.5% at the 10t/ha yield level
(Banziger, 2002). It is from this work that they concluded that selection under carefully
managed high priority abiotic stresses, including drought in a breeding program and with
adequate weighing can significantly increase maize yields in highly variable drought

prone environments and especially at lower yield levels.

2.3.2 The Challenges of Breeding for Drought and Low N Tolerance
One of the challenges is to find ways of guaranteeing good selection progress. The
conceptual framework therefore implies that the breeder needs to:
* Have useful variation in the germplasm in characteristics that confer drought and
low N tolerance.
* Be able to assess precisely drought and low N tolerance under relevant conditions
that are similar to the target environment.
* Be able to apply a high selection intensity when selecting for tolerance to the two

stresses.

2.3.3 Effects of Drought On Maize Development

Drought affects maize production on approximately 60% of the land area in the tropics. It
is estimated to reduce maize yield by about 15% annually in lowland tropics and
subtropics which results in a loss of 16 million tonnes of grain per annum (Edmeades er
al., 1999). Production is seldom with irrigation in the tropics and natural variability in the

amount, and distribution of rainfall means that drought stress can occur at any point in the
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crop’s life cycle. Maize is thought to be more susceptible than other crops at flowering
because the florets develop at the same time and are borne on a single ear or a single
stem. The male and female flowers are separated by approximately 1m, while the stigmas

and pollen are exposed to otherwise dry and hostile atmosphere for pollination to occur.

Drought severity is quantified based on the extent of soil drying, reduction in
transpiration relative to potential evapotranspiration and plant water status. On the other
hand the impact of restricted water availability is influenced by crop growth stage, crop
history, leaf area, rooting volume, atmospheric vapour pressure deficit , temperature and

radiation, hence it’s difficult to compare drought across years (Banziger ef al., 2000).

In maize production, drought affects maize grain yield at almost all growth stages but the
crop is most susceptible during the flowering period. At crop establishment seedlings die
and plant population is reduced. Maize has no tillers hence no compensation. During the
vegetative stage drought is not very lethal. However it slows leaf area development and
accelerates leaf senescence.

Stomata closure may occur, resulting in photosynthesis and respiration decline due to
photo-oxidation and enzyme damage. At flowering extreme sensitivity is confined to the
period -2 to 22 days after silking with the peak at 7 days. Complete bareness can occur if
the maize plants are stressed in the interval just before tassel emergence to the beginning
of grain filling (Banziger et al., 2000). Grain production is reduced due to impaired
pollination. Silk growth is sensitive to low plant water status, while tassel growth is not

affected much hence late emerging silks may not be pollinated. Delay in silk emergence
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may lead to failure of pollen tube growth or abortion of the newly formed zygote.
Abortion occurs because the flux of assimilates from current photosynthesis to
developing grain is inadequate. Drought or high temperature during the early stages of
seed growth increase concentration of ABA in the endosperm and this reduces the
number of endosperm cells and starch grains initiated. Cytokinins are also important in
establishing kernel sink potential and their level in plant tissues decline with drought

(Edmeades et al., 1998) .

At grain filling drought results in incomplete filled kernels and assimilate fluxes to
growing organs are reduced. Kernel and ear abortion increases and plants may become
barren. This bareness may lead to complete loss of grain yield. Female reproduction
structures are the most affected with tassel blast occurring with temperature exceeding
38°C. Lodging occurs because too much of the stalk carbohydrate reserves are mobilized
to the grain when the rate of photosynthesis is limited by moisture stress( Banziger et al.,

2000).

Drought stress affects some key physiological traits at cellular level which include
accumulatioh of abscisic acid (ABA) which is a plant growth regulator generated in the
roots. This causes leaf wilting, stomata closure and accelerated leaf senescence. It also
causes inhibition of cell division and expansion which manifests itself in reduced leaf
area expansion, reduced silk growth, reduction in stem elongation and finally decreased
root growth, leading to the intensification of the stress. In addition, osmotic adjustment

through the formation of osmotically active substances in the cytoplasm and vacuole may
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occur. This leads to the plant taking up more water and maintaining turgor and cell

function for a longer time under drought.

Osmotic adjustment is apparent in sorghum, wheat and rice but less in maize (Banziger et
al., 2002). Proline accumulation is seen under severe drought stress. This proline acts as
an osmolyte or protects protein structure as turgor is lost. The photo-oxidation of
chlorophyll is through loss of synchrony between Photosystems 1 & 2. The loss of
synchrony leads to release of free electrons in the leaf resulting in reduced or loss of
photosynthetic capacity which is seen by the bleaching of leaves exposed to direct sun
under drought conditions. Enzyme activity is reduced under drought which affects starch
accumulation since sucrose conversion to starch is reduced because of reduced activity of

the enzyme acid invertase.

On the other hand silk growth and kernel number depend directly on the flow of
photosynthates during the 3 weeks bracketing flowering (Banziger et al., 2000). When
photosynthesis per plant at flowering is reduced by drought, silk growth is delayed,
leading to an increase in anthesis silking interval (ASI), kernel and ear abortion
(Edmeades, 1999; Banziger, 2002). However once kernels enter the linear phase of
biomass accumulation (2-3weeks) after pollination, they develop sink strength needed to
attract reserve assimilates stored in the stem and husk and will grow to approximately
30% of weight of kernels of unstressed plants even with increased drought severity

(Edmeades et al., 1999).
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2.4 Breeding Strategies for Drought Prone Environments

2.4.1 Drought Escape

Breeding may aim at developing cultivars that escape drought by being early in maturity
so as to complete their life cycle within a given season length. Season length is defined as
the time when rainfall is equal to or exceeds 50% potential evapotranspiration as
determined by radiation, wind and temperature. In mid-altitude areas the minimum
seasonal rainfall for successful maize cultivation (> 1t/ha) is about 350-400mm (Banziger
et al., 2000). Physiological maturity is a highly heritable trait and therefore selection for
earliness can easily be achieved. Earliness however has a yield penalty when rainfall is
above average since yield will be limited by the amount of radiation the cultivar can

capture.

2.4.2 Drought Tolerance

Tropical rains are variable and unpredictable, hence a successful maize variety must be
able to withstand some variation in rainfall from season to season. According to Banziger
et al. (2002), drought tolerant cultivars are characterised by increased production under
drought, implying that survival with no grain is of little use, except at the seedling stage.

Grain yield and secondary traits are employed in conjunction with each other in screening
for drought tolerance (Banziger et al., 2000). Yield is the main trait while secondary traits
include ASI, leaf senescence, tassel size, ears per plant and leaf rolling. Selection indices
are used in bringing together the different scores from the different traits (yield and
secondary traits) and identifying the best materials. Secondary traits are valuable because

of the following reasons:
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* They can demonstrate the degree to which a crop was stressed by drought.

o If observed before or at flowering, they can be used for selecting desirable
crossing parents.( In this instance two blocks are planted, one for selections to be
made and the other for crossing parents. The crossing parents block is planted
slightly later than the block for selections. The parents to be used in crosses are
identified in the selection block and crosses made in the crossing parents block.)

* They improve the precision with which drought tolerant genotypes are identified
compared to measuring grain yield only under drought. The precision is lower
when using grain yield alone because heritability of grain yield decreases under
drought or stress conditions, generally. This is because the error variance is
linked to the stress effect itself.

The stress effect makes the plant more sensitive to other environmental factors thereby
inflating the error with which the response to the specific stress factor is being measured,
more so the high stress levels required for selection purposes. Thus, these high stress
levels cause a large increase in the error variance and, at the same time, reduce the
heritability of the trait under selection, often to an extent that very little or no advance is
made (Geerthsen, 1984). Heritability of suitable secondary traits is less or not affected by

stress (Banziger and Lafitte, 1997).

For efficient identification of drought tolerant genotypes, the secondary traits used must
fulfill the following criteria:
e Be genetically associated with grain yield under stress.

e Highly heritable.

16



e Genetically variable.

e Cheap and fast to measure.

e Be stable within the measurement period.

e Not associated with yield penalty under stressed conditions

e Observed at or before flowering so that undesirable parents are not crossed.

e Be a reliable estimator of yield potential before final harvest (Edmeades et al.,

1998).

Greater progress has been shown to be made in breeding under drought or N stress using
grain yield and secondary traits than from using grain yield alone. The secondary traits,
which are recommended for use in a drought-breeding program in their order of
decreasing importance, are as follows: grain yield, ears per plant, anthesis—silking

interval (ASI), leaf senescence, tassel size and leaf rolling (Banziger et al., 2000).

2.4.3 Selection for High Yield Potential

High yield potential (including heterosis) is a constitutive trait that often gives increased
yield under moderate drought condition, that’s when drought stress reduces yields by less
than 50%. Estimation of spillovers from one environment to another can be done by
looking at the genetic correlation for yields of the same cultivar in two environments.
Spillover effects can be expected when the genetic correlation (rg) between yield in
stressed and well watered sites is positive and significant. If rg is weakly positive, zero or
negative, selection for yield potential alone does not affect drought tolerance much

(Banziger et al., 2000).

17



2.4.4 Drought Screening
Screening procedure for genetic differences, in drought tolerance include:
e Defining practical objectives of the screening process
* Selection of environments and stress occurrence to be targeted in the program
e The design and operation of field physical facilities and experimental methods to

apply a uniform, repeatable drought stress.

Drought tolerance can be approached through:

e Crop yield stability under stress

e Response to stress indicative of tolerance

e Biology underlining the responses

* Genes and alleles governing the presence or expression of the responses.
The ability to yield well in dry environments may be due to drought avoidance, drought
tolerance or both mechanisms. Approximately 95% of the maize area in the tropics is
dependent on rainfall. This varies considerably from season to season, and maize is most
vulnerable to moisture stress that occurs two weeks before and after flowering. During
this period drought depresses yield potential by limiting the number of kernels and ears
that develop. Moisture stress during flowering lengthens the ASI and reduces the number
of silks that are viable for pollen germination to fertilize the embryos. The plant aborts
ears and grain, and concentrates its limited energy to assure male flowering and pollen
shed, thus increasing the odds of some pollen fertilizing surrounding plants that are not

moisture stressed.
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2.5 Soil Fertility

Farmers in Sub Saharan Africa use by far the least amount of fertiliser in the world.
Removal of subsidies in the 1980s led to a decline in inorganic fertiliser use, especially in
the smallholder sector resulting in a yield decline from 1,3t/ha to around 0.7t/ha for most
of East and Southern Africa Countries (Jayne et al, 2004). The most limiting nutrient in
the smallholder sector in the SADC region is nitrogen. This is as a result of continued
soil mining through mono-cropping of maize. In addition the majority of the smallholder
farmers are found in the semi arid areas of the country where they do crop production in
granite derived sandy soils that are inherently low in organic matter and mineral N.
Production is worsened by the fact that the majority of the farmers are resource poor and

cannot afford loans to buy inputs such as fertilisers.

2.5.1 Nitrogen and The Maize Plant

Nitrogen is a common enzyme component hence neccesary for plant growth and
development. Ninety five percent N in the field is not readily available to plants as its
bound by soil organic matter (Banziger et al., 2000). Mineral N in the form of NO’; and
NH'; ions is increased through mineralization. The mineral N pool is reduced by plant

uptake, microbial immobilization, leaching and clay mineral fixation.

Nitrogen deficiency is almost universal in the tropics except on recently cleared land
(Paliwal et al., 2000). As a result N required in the crop must be met by addition of
organic or inorganic fertilisers. Nitrogen is second only to drought as a constraint in

tropical maize production. Weed competition may also result in N deficiency. The N
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deficiency symptoms include reduced shoot growth, yellowing and eventual senescence
of lower leaves, reduced kernel sink capacity at flowering. In addition N deficiency is
associated with reduced levels of cytokinnins and increased ABA in the plant ( Paliwal ef

al., 2000).

2.5.2 Maize Breeding and Crop Response under Low N Stress:

Nitrogen stress affects photosynthesis through reduced leaf area development, and
accelerated leaf senescence. Fifty percent of all leaf N is directly involved in
photosynthesis either as enzymes or as chlorophyll (Banziger et al., 2002). Nitrogen
stress also influences root growth. Plants favour root growth over shoot growth under N
stress and the root/shoot ratio increases. However absolute root amount is lower than
under normal N development. There is limited information about N stress on
reproductive development. However severe N stress delays pollen shed and silking but

silking delay is more such that ASI becomes greater.

Breeding strategies for nitrogen stressed environments aim at selecting genotypes under
conditions of severe nitrogen stress, especially if the attained yield in the target
environment is ideally 25%-35% of the yield obtained under well-fertilized conditions
(Banziger et al., 2000). The reason for this is that the correlation between genotype
performance under low nitrogen and well-fertilized conditions diminishes with an
increase in the severity of nitrogen stress. Thus, there is no relationship between genotype
performance under well-fertilized environments and environments severely stressed for

nitrogen (Banziger et al., 1997).
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The use of secondary traits in low nitrogen stress selections is recommended for the same
reasons as those for screening for drought tolerance. The secondary traits recommended
are as follows, in their order of decreasing importance: grain yield, ears per plant, leaf
senescence and anthesis-silking interval. With grain yield, selection is for high grain
weight. Measurement of the grain weight is done on shelled grain adjusted for moisture.
The grain weight is then used to calculate grain yield. Selection for ears per plant is
aimed at identifying genotypes with no barren plants or genotypes with at least one ear.
An ear is defined here as a cob having at least one fully developed grain. Leaf
senescence is visually scored on two to three occasions, seven to ten days apart during the
latter part of the grain filling period. For anthesis silking interval, selection for this trait is

aimed at a reduced or negative value.

2.6 COMBINING ABILITY

The combining ability estimate is a measure of the value of genotypes based on
performance of their offsprings, produced in a definite mating system (Allard 1960). It
can also be described as a phenomenon where some parents produce superior Fls or
progenies from crosses while others do not. These genotypes can be populations, inbreds
or varieties. The combining ability enables the prediction of performance, but the
genotype performance cannot be predicted for traits that are polygenic. The performance
of a hybrid is related to the general (GCA) and specific (SCA) combining abilities of the
inbred lines involved in the cross. The concept of GCA and SCA was introduced by

Sprague and Tatum (1942) and its mathematical modeling was set about by Griffing
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(1956). A combining ability estimate serves as a useful guide in the selection of parents

for hybridization programs.

2.6.1 General Combining Ability

The GCA is the mean performance of a line in all its combinations expressed as a
deviation from the overall population mean. GCA is associated with additive effects of
the genes. The deviation can either be positive or negative and is trait specific. In maize
yield, GCA was found to be more important than SCA in unselected populations,
whereas SCA was found to be more important for previously selected lines. The GCA
test is used in the early screening of segregating populations in a breeding program. In the
process lines with poor GCA are discarded. GCA is also used to identify types of gene
interactions governing traits of interest. A high GCA indicates additive gene action. Plant
breeders have used measures of GCA and SCA effects to establish heterotic patterns

among populations and pools.

2.6.2 Specific Combining Ability

Specific combining is the deviation of a particular cross performance from that predicted
on the GCA basis. SCA is related to dominance and epistatic effects (non-additive
effects) of the genes. It indicates the value of inbred combinations and helps in the
identification of specific inbred line performances. A high SCA indicates a non additive
gene action. In addition SCA estimates can be used to determine heterotic relations
among different genotypes. However it should be noted that yield only is used to

determine heterotic relations among the different genotypes.
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According to Hallauer and Miranda (1988), SCA & GCA estimates are relative to and
dependent on a particular set of materials (inbreds or populations) used in the hybrids
under evaluation, hence any new germplasm introduced in a breeding program has to be
tested for GCA and SCA. The value of any population depends on its potential per se and
its combining ability in crosses (Malik et al., 2004). Two factors are considered important
for the evaluation of an inbred line in the production of hybrid maize namely,
characteristics of the line itself and behaviour of the line in a particular hybrid
combination. The superiority of a line on the basis of combining ability estimates can
only be decided precisely after knowing the purpose of a certain breeding program
output, whether to develop

1. Open Pollinated Varieties, where a line with higher GCA effects can be used in
synthetic development.

2. Hybrids, where specific combinctions are desired hence SCA effects would help in

selection of parental material for hybridization.

However, Rojas & Sprague (1952) verified that the variance of SCA also contains
deviations due to the interaction between genotypes and environments, in addition to
those that come from dominance and epistasis. Increasing the number of environments
reduces the contribution of both the pooled error and the additive by environment
interaction to the phenotypic variance, whereas replications only reduce the pooled error
contribution (Eberhart ef al., 1995). Hallauer and Miranda Filho (1988) pointed out that
external environmental factors such as weather, soil, pests and diseases probably have a

greater effect on single crosses than other types of hybrids. This was supported by Troyer
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(1996) who stated that single crosses usually interact with the environment more than

double cross hybrids.

2.7 Heritability & Heterosis

Heritability is a ratio that describes the amount of phenotypic variation that can be
attributed to the differences in the additive genetic merit of individuals in a population
(Singh 2003). Additive genetic action exists, if individuals have different alleles at loci
that contribute to measurable differences in performance. Two types of heritability can be
estimated namely
* Broad sense heritability; It is a ratio of total genetic variance to the phenotypic
variance. The total genetic variance is made up of additive, dominance and
epistatic variances, where dominance is the intralocus value while epistasis is the
inter loci value.
e Narrow sense heritability; is the ratio of additive genetic variance to total
phenotypic variance.
It should however be emphasized that heritability being an estimate is specific to the
population and environment one is analyzing. This estimate is also a population and not
an individual parameter. In addition heritability does not indicate the degree to which a
trait is genetic, but measures the proportion of the phenotypic variance that is the result of
genetic factors. On the other hand realized heritability is an estimate of what the
heritability needs to be, for one to observe the rate of divergence given the selection
practiced. This estimate is used by breeders to decide the efficacy of selection, especially

phenotypic selection. Direct phenotypic selection for traits with low heritability is not
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promising. Use of phenotypes from relatives and selection indices can be employed to

determine more accurately the underlying genetic merit.

Plant breeding has been responsible for the development of new varieties with superior
traits such as better disease and insect resistance, drought and low soil fertility tolerance.
Exploitation of heterosis is one of the reasons for this success (Singh, 2003). Heterosis
has been considered as superior hybrid compared to the parents and is dependent on
heterozygosity and dominance (Hallauer and Miranda, 1988). Heterosis is also known as
hybrid vigour. It is the phenomenon in which the progeny of crosses between inbred lines
or purebred populations are better than the expected average of the two populations or
lines for that particular trait. Thus heterosis is the complement of inbreeding depression

and usually appears in traits that show depression of performance under inbreeding.

Heterosis is usually small or absent in traits that are influenced by additive genetic
effects. In its most basic form, additive gene action is the summation of many genes
‘adding up’ together to bring about a total result. Heterosis is then one of several genetic
effects that are part of the non additive genetic effects. The magnitude of additive gene
effects then becomes important in how heritable a trait is. On the other hand, heritability
in the broad sense is simply what proportion of differences in a trait are due to genetic
differences rather than the environment differences. In the narrow sense heritability is the
proportion of differences from additive genetic effects versus overall phenotypic
variations, or how a trait actually looks. Therefore non additive effects like heterosis will

express themselves in traits that are lowly heritable (www.cau.edu.cn).
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The benefits of crossbreeding include heterosis and genotype complimentarity which is
the optimum combination of genotype to use strengths of genotype and hide their

weaknesses. (www.cau.edu.cn). The effective use of heterosis involves the development

of populations or parental lines with high combining ability (Griffing 1956, Vasal ef al,,
1992). In maize, inbreds are low yielding but their hybrids exhibit a high degree of
heterosis for yield as well as other traits such as plant height, flowering and maturity
(Duvick, 1999). However, high yielding hybrids owe their yield not only to heterosis but
also to other heritable factors that are not necessarily influenced by heterosis. Hybrids are
continuously improved in yield limiting traits such as disease and insect resistance, low

soil fertility, standability, drought tolerance and many other traits.

2.7.1 Heterotic groups

A heterotic group contains genotypes, which shcw similar heterosis because of similar
allelic frequencies. Genotypes in a group will usually show no or very little heterosis
when crossed to each other because they are generally closely related. There are
exceptions to this rule because high heterosis from germplasm derived from within a
heterotic group has been observed in some experiments (Vasal et al., 1999). Heterotic
groups thus generally represent broad sources of germplasm, which exhibit optimum

heterosis when crosses are made between the groups.

The distinction between heterotic groups is not absolute, because a heterotic group can be

made from germplasm of different heterotic groups. Heterotic groups are said to be open-

ended since more materials of tested affinities can be added to them. These new materials
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could be introducing traits of interest like disease resistance or any other trait. As new
challenges in the production of maize emerge, new heterotic groups will be identified and
developed to give suitable genotypes and old groups might be included or done away
with altogether. Heterotic patterns developed in one region can be moved to a different
region and used as they are, if they are adaptable. Where they are not adaptable, they are

crossed to native materials to adapt (Hallauer et al., 1988).

2.8 TESTERS

In inbred line evaluation a good tester is one that correctly classifies relative performance
of lines and discriminates efficiently among lines under test (Rawlings and Thompson,
1962). According to Vasal et al. (1997), a desirable tester must facilitate discrimination
among genotypes for combining ability and desirable traits, simultaneously identify
useful hybrid products for direct use and be compatible with a practical breeding
program. Hallauer, (1975) states that a suitable tester should include simplicity in use,
provide information that correctly classifies the relative merit of lines and maximize
genetic gain. In terms of practicality there is need to use the same testers for evaluating
combining ability under drought or low N stressed conditions, as they are used for

evaluating combining ability under well watered and well fertilised conditions.

The use of testcrosses in maize breeding has the following objectives:

1. Evaluation of combining ability of inbreds in a hybrid breeding program.

2. Evaluation of breeding values of genotypes for population improvement.

In each instance a problem of choice of tester is essentially the same, and is that of

finding a tester that provides the best discrimination among genotypes according to the
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purpose of selection. In general a tester should be poor in the traits for which the lines are
analysed. Moreover the testers should be highly adapted to environmental variability. In
selection for GCA, a broad based heterogenous population is used as a tester. In this case
the tester can either be the parental population or any broad genetic base synthetic or
OPV, or an unrelated population. In all instances genotypes are tested with a
representative sample of genotypes in the tester. When a tester has narrow genetic base

(inbred or single cross) selection among testcrosses is for SCA.
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CHAPTER 3

3.0 MATERIALS AND METHODS

3.1 Germplasm and Testcross Development

Twenty four elite inbred lines from AREX and CIMMYT were crossed in winter 2005 at
Gwebi VTC (Table 3.1). The Design Il method (Line x Tester) was used in the crossing
program to give a total of 144 crosses, with reciprocal crosses being bulked. Four of the
inbred lines were removed from the evaluation and analysis due to seed shortage at
planting. As a result inbred lines N3.2.3.3 & SC5522 (national) and CML312 & CML395
(CIMMYT) were used in the design as standards for the heterotic group classifications.
The removal of CML206, CML312, FR17 and RA150P led to the evaluation of 100
testcrosses. These testcrosses were then evaluated under two stress and two non stress

environments.
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Table 3-1: Pedigree, Heterotic Groups and Maturity of Parental Materials Used In
Testcross Development

Inbred Pedigree Source Heterotic Maturity
Group

1 N.3.2.3.3 AREX N Late

2 SC5522 AREX sC Late

3 2Kba AREX SC Early

4 K64r AREX SC Early

5 NAW5885 AREX N Intermediate
6 SV1P AREX 8c Early

7 WCOBY1P AREX SC Intermediate
8 2N3d AREX N Late

9 RS61P AREX SC Intermediate
10 RA214P AREX N Late

11 CML395 CIMMYT B Late

12 CML442 CIMMYT A Intermediate
13 CML444 CIMMYT B Late

14 CML202 CIMMYT B Late

15 CML445 CIMMYT B Late

16 ZM621-A-BBBB CIMMYT A Intermediate
17 CML505 CIMMYT A Early

18 CML504 CIMMYT A Early

19 CML508 CIMMYT A Early

20 CML509 CIMMYT A Early

N and SC: National heterotic groups from inbred lines N.3.2.3.3. and SC5522

A and B: CIMMYT heterotic groups that correspond to N & SC respectively
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3.2 EVALUATION SITES

The sites used were Harare Research Station (Harare; 17.48 S, 31.04 E, 1506 masl),
Gwebi Variety Testing Centre (Harare; 17.13°S, 31°E, 1406masl) and Save Valley
Experiment Station (Middle Sabi; 20°S, 33°E, 455masl). The soil types (FAO
classification) and rainfall data for the sites are as follows: Harare Research Station and
Gwebi VTC have Rhodustalf greater group soils with an ICG texture code. The soils are
medium grained sandy clays (35-55% clay content). Gwebi VTC has an average annual
rainfall of 920mm/annum while Harare has an average of 880mm/annum. Save Valley
Experiment Station soils are of the Sandy soil type and the site has an annual average

rainfall of 425mm/annum.

3.2.1 Simulation of Drought Stress

In the study water stress implied drought. As a result the Save Valley site, drought was
managed through irrigation at critical times only. A total of 280 mm irrigation was
applied in the first 8weeks of crop’s growth. This resulted in drought coinciding with
flowering and grain filling. The stress level projected to be achieved in this trial was a
yield of about 15% to 20% of yields achieved under well-watered conditions. This stress

level delays silking and causes ear abortion in non-stress tolerant genotypes.

3.2.2 Simulation of Nitrogen Stress

The Harare low N site has been depleted of mineral nitrogen by continuously growing
maize and irrigated wheat for six years. No nitrogen was applied at this site and N supply
to the crop was dependent on soil mineralization. The low N block soil analysis results

showed 4ppm N in the top 30cm which translates to approximately 30kg N per hectare
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which is about 25% of the required N under optimum conditions. Available P,Os was
57ppm which is ideal (>50ppm) for optimum plant growth hence no phosphorus (P) was
added. Exchangeable cations me/100g were 0.24 for potassium (K), 8.74 for calcium (Ca)
and 4.99 for magnesium (Mg). All were above the threshold for optimum plant growth in

a reddish brown clay soil but a maintenance dressing of 20kg/haK SO, was applied.

3.3 TRIALS HUSBANDRY

The 100 single cross hybrids were planted in four trials across three locations. The trial
set was planted under optimum conditions at Harare and Gwebi VTC. Low soil N stress
tolerance evaluation was also done at Harare in N depleted red clay soil. Mid season
drought stress evaluation was done off season, during winter at Save Valley. The
testcross evaluation was done using the Alpha (0,1) lattice design. Trials were replicated
three times, with each entry being planted in one row plots 4m long, while a 90cm
between rows x 30cm between plants within rows was used. Two seeds per station were

planted and later thinned to give a plant population of 48 000 plants/ha.

Basal fertilizer was broadcast by hand and disced into the soil before planting. The rates
differed with sites. Harare and Gwebi VTC optimum trial sites received 400kg/ha maize
fertilizer (N-8, P-16, K- 8); The Harare’s low nitrogen site received no phosphorus and
30kg/ha Muriate of Potash only as per the soil analysis results, while at Save Valley ,
400kg/ha maize fertilizer was applied. Top dressing rates were the same for all sites

except in the low N trial where no N fertiliser was applied. Split applications of 350kg/ha
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ammonium nitrate were done; the first at four weeks after crop emergence and the second

at eight weeks after crop emergence.

Furadan at 20kg/ha and regeant, to control soil pests were applied into the planting holes
before the seed auring planting. The pests targeted were ants, termites and other soil
pests. This is particularly important because seed-dressing chemicals were not applied
onto the seed. Two seeds were planted per hole and later thinned to one per station.
Thinning was carried out at between 3 — 4 weeks after plants emerged, for a target plant
population of 48 000 plants/ha. Irrigation was applied to field capacity soon after planting
to aid crop germination. Where a soil crust formed before the crop emerged, another light

irrigation was applied to soften and assist plant emergence.

After crop emergence, the major pest of interest was stalk borer (Buseola fusca}. Two
applications of Dipterex 2.5% granules into the funnel of each plant were done at 3 and 6
weeks after crop emergence at all sites except Save Valley. The rate of application used
was 4kg/ha. A full cover spray of Carbaryl 85% wettable powder was done weekly at
Save Valley from 4 weeks after crop emergence due to pest pressure. Confidor was also

used for the control of termites at Save Valley.

3



3.4 DATA COLLECTION AND ANALYSIS

Raw data for flowering dates (at 50% anthesis and 50% silking), plant and ear height,

plant standability, leaf senescence, disease scores, field and grain weight were recorded.

Some derived traits such anthesis-silking interval (ASI), lodging percentage, ear per plant

(EPP) and yield per hectare (at 12.5% moisture adjustment) were also calculated.

Table 3-2: Table showing measured and derived traits

Trait

Procedure

Anthesis date (AD)/Silking Date (SD)

Taken as number of days after planting to
when 50 percent of plants start shedding
pollen or had extruded silks.

Anthesis- silking interval (ASI)

Derived from anthesis date and silking date
as follows: ASI=SD - AD

Ears per plant (EPP)

It is calculated as a ratio of the number of
ears with at least one fully developed grain
divided by the number of harvested plants.

Plant height (PH)

Measured as the height between the base of
a plant and the insertion of the first tassel
branch.

Ear height (EH) Measured as the height between the base of
a plant to the insertion of the top ear.
Ear position (EPO) Calculated as EH divided by PH.

Root lodging (RL)

Measured as a percentage of plants that
showed lodging by being inclined 45°

Stem lodging Measured as a percentage of plants that
were broken below the ear.
Leaf senescence Number is leaves that are yellow below the

ear as a percentage

Disease Score

Taken using a 1-5 score with 1 being
resistant and 5 being susceptible

Field Weight It was calculated from unshelled cobs
weight per plot, adjusted to 12.5% grain
moisture.

Grain yield (GY) It was calculated from shelled grain weight

per plot adjusted to 12.5% grain moisture.
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Individual sites analysis of variance (ANOVA) was done before a combined analysis
using the North Carolina Design II method. The main criterion used for the choice and
grouping of the materials was the performance of the testcrosses made between the
known heterotic groups. The performance measurements of the testcrosses were based on
the values of General Combining Ability (GCA) and Specific combining Ability (SCA)
effects.

Table 3-3: Form of ANOVA for Design II

Source Df Mean Squares
Males m-1 6’ H G fntrforn
Females f-1 676 fmtrmo’s
Males*females (m-1)(f-1) 0% H0%m

Error (r-1)(mf-1) o%

Total rmf-1

Analysis of variance was conducted for all the measured traits on individual plot data for
each environment and then combined across environments. The Gardner-Eberhart (1966)
model for combining ability analysis was used.

Xi= utgitsijteij

Where: Xj= performance of the cross between the i and the j" genotypes in the k"
replication,

u= overall mean,

gi= GCA effects for the i™ and " parents respectively,

si= the SCA effect for the cross between the i and i genotypes,

eiji= error effect associated with the ijk™ observation.
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Across site analysis was done using SAS (SAS Institute, 2001) and this enabled the
performance of the crosses to be assessed under stress and non-stress conditions.

In the calculation of heritability and assigning inbred lines to heterotic groups, positive
SCA effects between inbred lines generally indicates that inbred lines are in opposite
heterotic groups while inbred lines in the same heterotic group tend to exhibit negative
SCA effects when crossed together (Vasal ef al.,1992). The GCA of lines is the average
value of a line estimated on the basis of its performance in hybrid combination with other
lines. It is mainly due to additive gene effects and higher order interaction. On the other
hand SCA is the performance of a certain hybrid relative to expectation of the average
performance of the parent inbred lines included (Sprague and Tatum, 1942). Positive
SCA effects between inbred lines generally indicates that lines are in the opposite

heterotic group while negative effects show that lines are in the same heterotic group.

3.5 NORTH CAROLINA II MATING DESIGN
The design was developed by Comstock and Robinson in 1948. This mating design is

used for the purpose of obtaining genetic information from experimental populations. In
developing the experimental progenies different sets of parents are used as males and
females. Equal numbers of males and females are randomly selected from the F2
population and each male (m) is crossed with each female (f). The total number of
crosses will be an (m x f') product. In this design both maternal and paternal half sibs are
produced. The design is cross classified in terms of analysis. In this design the genetic
expectations for males and females are equivalent to general combining ability (GCA),
while the male x female interaction is equal to specific combining ability (SCA).This

design separates the variance of progenies into three fractions, namely, variance due to
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males, variance due to females and variance due to the male and female interaction.
Appropriate F tests can thereafter be made to test for the differences among males,

females and for interaction.

Although Design II has not been used extensively in maize compared to the diallel,
Hallauer and Miranda (1988) found some merits of this design over the diallel designs
which include:

e more parents can be included for a given level of resources

e two independent estimates of additive genetic variance are available

* an estimate of dominance variance is determined directly from the mean square

e a greater number of parents can be included by subdividing parents into sets
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CHAPTER 4

4.0. RESULTS

All the trials under discussion were conducted in Zimbabwe. The 2005/06 season in
which the evaluation of the testcrosses was conducted was characterized by a wet spell,
with even rainfall distribution. Harare Research station and Gwebi VTC sites received
928 mm and 1024 mm of rainfall respectively. However Harare Research station had a
dry spell towards the end of February and early March such that 30mm of irrigation water
were was applied for both the optimum and low N stress trials. The mean monthly
temperatures at these sites were 25.4 and 24.8 °C respectively. The moisture stress trial at
Save Valley was planted in winter 2006 and irrigated for the first 8 weeks with a total of
280 mm having been applied at critical growth stages only. The site had an average

temperature of 29.7°C during the period of evaluation.

4.1 Analyses of Variance (ANOVA)

Individual sites analysis of important traits such as grain yield, secondary traits of
anthesis date, anthesis silking interval and ears per plant were reported. Combined
analyses of variance across the stress and non stress environments for all measured traits
were done and the study mainly focused on identification of genotypes that perform
across diverse environment (general adaptation). Two parents on either sets of lines and
testers were dropped due to seed shortage as a result of poor synchronization. This

discussion report is therefore based on the 10 x 10 line and tester analysis.
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4.2 INDIVIDUAL SITES ANALYSES

4.2.1 Optimum Conditions

Table 4-1 below shows the analysis of variance for grain yield (GY) under optimum
conditions, with significant differences (P<0.001) being observed for testcrosses, lines,

tester and line x tester interactions.

Table 4- 1 ANOVA for Grain Yield under Optimum Conditions

Source DF SS MS F P
Testcross 99 418.33 423 3781 b
Line 9 73.79 8.20 5.91 il
Tester 9 150.26 16.70 12.04 ¥k
Line *Tester 81 188.63 2.33 1.68 i
Error 199 275.87 1.39

CV % 14.3

4.2.1.1 SCA Effects of Grain Yield under Optimum Conditions

Optimum trial results in Table 4-2 show that there were significant differences for
testcrosses and line x tester interactions (p<0.05) with the best three SCA effects being
obtained in genotypes LT27 (13.2t/ha), LT16 (13.03t/ha) and LT93 (11.84t/ha). The
lowest yielding testcross was LT81 (5.59t/ha). Line and tester means were also calculated
with the highest mean yield being for L10, (9.6t/ha) and the best mean for testers being
for T6 (9.94t/ha) with the site mean yield being 9.23t/ha. The average GY among
testcrosses due to testers ranged from 8.00 to 9.94t/ha while that due to lines ranged from
8.73 to 9.60t/ha. Most testers conferred higher grain yield in the testecrosses than the
mean of the trial except T1, T2 and T8. The average line GY also shows that most lines

conferred higher yield than the mean of the trial except L3, L4, L7 and L8.
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Table 4-2. Mean Yield (t/ha) under Optimum Conditions

TESTER
LINE 1 2 3 + 5 6 7 8 9 10 MEAN
1 8.45 9.18 8.61 10.01 10.49 13.03 7.82  10.12 9.37 8.85 9.59
2 6.25 10.99 8.70 10.41 6.88 1097 13.20 9.00 8.85 9.25 9.45
3 7.43 8.39 947 10.24 11.48 8.39 9.48 8.72 8.42 8.37 9.04
4 8.05 1.59 8.65 7.93 9.56 9.07 10.00 9.60 11.11 8.24 8.98
5 9.60 1035 8.92 9.74 10.68 9.84 7.83 9.00 811 10.71 9.48
6 6.52 6.88 11.24 9.57 7.79 9.19 934 1149 1042 10.30 9.27
7 8.00 8.42 9.61 8.03 11.43 8.91 9.81 6.25 9.00 7.82 8.73
8 5.59 1053 8.66 8.35 8.34 991 11.87 7.21 9.21 10.19 8.99
91 10.42 7.58 11.84 9.74 9.92 9.22 7.78 173 7.87 10.18 9.23
10 9.73 779 11.24 9.14 9.22 1091 10.18 7.40 863 11.74 9.60
MEAN 8.00 8.77 9.69 9:32 9.58 9.94 9.73 8.65 9.10 9.57 9.23
LSDO0.05 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57

4.2.1.2 Secondary Traits

Table 4-3 shows the analysis of variance for secondary traits that are also used to aid in
testcross selection under diverse environments. The results show that there were
differences observed for testcrosses, lines, testers, line x tester interactions for AD and

ASI. However for EPP there were no significant differences observed for testcross and

line x tester interactions.

Table 4-3 ANOVA for AD, ASI and EPP under Optimum Conditions

Source AD ASI EPP
DF MS F P MS F P MS F P

Testcross 99  42.51 7.13 k= 12.09 2.19 kA 0.01 2.19 ns
Line 9 8.20 5.91 k% 263.30 44 DA 291.17 4.72 ekl
Tester 9 16.70  12.04 *** 12797 21.39 ok 188.27  3.05 B
Line*Tester 81 2.33 1.68  *** 8.42 1.41 *¥ 59.00 0.96 ns
Error 199 1.39 5.98 61.64

CV % 13.6 2.8 32.7
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4.2.2 Low Soil N conditions

Grain yield under low N conditions had significant differences for testcrosses, lines,

testers and line x tester interactions as shown in Table 4-4.

Table 4- 4 ANOVA for GY Under Low N Conditions

Source DF SS MS F P
Testcross 99 192.73 1.95 2.23 L
Line 9 49.13 5.46 6.18 Rk
Tester 9 46.28 5.14 5.82 s
Line*Tester 81 95.67 1.18 1.34 *
Error 200 176.59 0.88

CV % 35

4.2.2.1 SCA Effects of Grain Yield under Low Soil N Conditions

Under the low soil N environment (Table 4-5) there were significant differences (P<0.05)
observed for the SCA effects with the most stress tolerant testcross being the LT93
combination (4.72t/ha) while the least yielding testcross was the LT31 (0. 96t/ha). The
average GY among testcrosses due to lines ranged from 3.17 t/ha (L9) to 1.95t/ha (L6).
The average GY among testcrosses due to testers ranged from 3.38t/ha (T4) to 2.23t/ha
(T9). Six of the lines had conferred higher yield to the testcrosses than the mean of the
trial (2.67t/ha) while only four testers conferred higher yield than the mean of the trial to
their testcrosses. The mean yield of the trial was 2.67t/ha, which was 28% of the mean

yield (9.23t/ha) under optimum conditions.
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Table 4-5. Mean Yield (t/ha) Under Low N Conditions

LINE TESTER MEAN
1 2 3 4 5 6 7 8 9 10
1 1.36 4.34 2.32 3.53 3.97 1.95 2.56 1.67 1.93 2.51 2.62
2 3.09 2.25 4.01 4.13 3.50 1.44 3.63 172 2.52 1.91 2.82
3 0.96 2.02 2.07 3.48 1.87 2.29 227 2.88 1.43 2.33 2.16
4 2.22 2.47 3.68 2.71 1.83 1.88 1.17 2.39 1.90 2.16 2.24
5 3.20 3.00 2.67 3.59 3.77 3.27 3.01 2792 3.21 2.13 3.06
6 1.81 2.78 2.92 1.86 2.07 1.55 1.52 1.94 1.72 1.32 1.95
7 2.67 4.09 3.77 4.62 2.26 2.49 2.75 3.42 1.96 3.03 3.11
8 2.97 2.86 2.78 3.40 3.28 2.38 3.03 1.42 1.78 291 2.68
9 3.21 3.79 4.72 2.65 3.00 351 2.13 2.96 2.88 2.84 3.17
10 2.97 2.97 2.95 3.85 3.10 299 2.04 2.41 2.94 2.29 2.85
MEAN 2.45 3.06 3.19 3.38 2.87 2.38 2.41 2.35 2.23 2.34 2.67
LSDO0.05 1.86 1.86 1.86 1.86 1.86 1.86 1.86 1.86 1.86 1.86 1.86
4.2.2.2 Secondary Traits
The secondary traits measured under low N showed significant differences (p<0.05) for
AD and ASI, for testcrosses, lines, testers and line x tester while for EPP there were no
differences observed for testcrosses, testers and line x tester (Table 4-6).
Table 4-6. ANOVA for AD, ASI and EPP Under Low N Conditions
Source AD ASI EPP
DF MS F P MS F P MS F P
Testcross 99 5426 "15.04 : w¥¥ 9.44 2.89 it 111.56 1.16 ns
Line 9 134 5.3 ek 346.55 94.54 et 279.67 2.87 B
Tester 9 8.65::1::6105 ¥ 143.51 39.15 TEN 69.28 0.71 ns
Line*Tester 81 1.94 136 * 11.72 3.2 roHk 95.09 0.98 ns
Error 200 1.43 3.67 97.37
CV% 43.7 2.6 32.1
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4.2.3 Drought Conditions

Table 4-7 shows the analysis of variance for grain yield under drought conditions. These
results show that there were no significant differences for tester and line x tester

interaction, with significant differences being observed for testcrosses and lines.

Table 4-7 ANOVA for Grain Yield under Drought Conditions

Source DF SS MS F P
Testcross 99 114.85 1.16 1:19 »
Line 9 20.95 2.33 2.31 *
Tester 9 7.00 0.78 0.77 ns
Line*Tester 81 82.88 1.02 1.02 ns
Error 148 148.81 1.01

CV % 22.8

4.2.3.1 SCA Effects Of Grain Yield under Drought Conditions

The moisture stress (drought) results in Table 4-8 recorded significant differences
(P<0.05) among testcrosses for yield. The average grain yield among testcrosses due to
lines ranged from 1.63t/ha (L2) to 2.67t/ha (L9). The average grain yield among
testcrosses due testers ranged from 2.02t/ha (T3) to 2.61t/ha. The mean yield of the trial
was 2.32t/ha which translated to 25% of the mean yield under optimum conditions. In
this trial the best yielding testcross hybrid was the LT54 combination (4.03t/ha), with the
least tolerant testcross hybrid being the LT27 (0.85t/ha). The LT27 testcross hybrid was
the best yielding entry under optimum conditions, which indicates that the hybrid can

only perform under optimum conditions.
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Table 4-8. Mean Grain Yield (t/ha) under Drought Conditions

TESTER
LINE 1 2 3 4 5 6 7 8 9 10 MEAN
1 1.85 230 3.13 2.81 274 256 385 220 198 249 2.59
2 1.47 235  0.96 1.18 1.61 2.05 0.85 1.90 . 255 1.39 1.63
31 295 1.45 1.18  3.29 258  2.03 297 253 1.90 1.60 225
41 214 264 2.68 1.74 2.63 3.41 204 39 240 215 2.58
5 143 3.84 1.75  4.03 225 267 251 244 241 2.55 2.59
6 1.41 2.48 1.63 1.74 334 204 1.95 197 3.06 2380 2.24
71 295 1.09 2,65 233 200 254 255 207 214 1.94 2.22
8| 217 211 2.60 1.94 1.96 1.82 70 2,57 1.17  2.67 2.07
9} 3,34 X2 295 207326 1.84 354 276 242 258 1.90 2.67
10| 2.25 2.37 1.57 278 356 347 1.06 222 1.85  2.04 2.32
MEAN | 220 236 2.02 251 245 261 222 243 2200 : 215 2.32
LSD
0.05 1.98 1.98 1.98 1.98 1.98 1.98 1.98 1.98 1.98 1.98 1.98

4.2.3.2 Secondary Traits

Testcross hybrids were significantly different for AD and ASI only with lines being

different for all the three traits. Testers were however significantly different for ASI and

EPP while the line x tester interactions were not different for all traits (Table 4-9).

Table 4-9 ANOVA for AD, ASI and EPP under Drought Conditions

Source AD ASI EPP

DF MS F P MS F P MS F P
Testcross 99 467 531 |*** 10.77 2.42 bt 0.05 1.03 ns
Line 9 2,304 2.33 * 239.36 26.22 Ltk 282.51 2.32 *
Tester 9 1.07 1.09 ns 158.80 17.4 k% 541.94 4.45 o
Line*Tester 81 1.03 1.05 ns 12.00 1.31 ns 113.86 0.94 ns
Error 200 0.99 9.13 125.72
CV % 223 3.8 35.7
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4.3 Testcrosses Performance In Stress Environments

Thirteen testcross hybrids were observed to have good yields across all environments

with LT26 and LT52 being the best performing testcrosses. An additional fourteen

testcrosses were recorded as having good yield performance under stress (low N and

drought) environments with testcrosses LT48, LT810 and LT96 being among the best

stress tolerant testcrosses (Table 4-10).

Table 4-10: Across & Individual Sites SCA Yield of Line x Tester

ENTRY LINE TESTER OPTIMUM LOWN DROUGHT ACROSS
SCA SCA SCA SCA SCA SCA SCA SCA
Rank Rank Rank Rank

1 1 1 -0.01 53 -1.03 97 -0.69 88 -0.80 96
2 1 2 0.11 47 1.34 1 -0.33 68 0.08 38
3 1 3 -1.34 86 -0.82 92 0.83 11 -0.57 87
4 1 4 023 39 0.20 41 -0.04 47 0.14 31
5 1 5 0.53 33 1.16 2 0.06 40 0.32 21
6 1 6 2.70 3 -0.37 74 -0.30 64 0.69 8
7 1 7 -2.24 98 0.21 40 1.15 4 -0.14 59
8 1 8 1.04 21 -0.63 85 -0.55 84 0.06 40
9 1 9 -0.11 55 -0.27 69 -0.53 81 0.10 34
10 1 10 -1.07 80 0.22 39 0.06 41 -0.03 48
11 2 1 -2.07 96 0.49 19 -0.12 54 -0.22 68
12 2 2 2.06 10 -0.96 95 0.66 19 0.11 33
13 2 3 -1.10 82 0.67 8 -0.39 74 -0.07 54
14 2 4 0.78 27 0.60 13 -0.73 90 0.77 6
15 2 -] -2.94 100 0.48 22 -0.13 55 -1.01 99
16 2 6 0.79 26 -1.08 99 0.13 33 -0.33 79
17 2 7 329 1 1.06 3 -0.91 96 1.80 1
18 2 8 0.06 50 -0.79 89 0.10 35 -0.60 89
19 2 9 -0.49 61 0.11 48 0.99 7 0.10 35
20 2 10 -0.54 64 -0.59 82 -0.10 51 -0.31 78
21 3 1 -0.45 59 -0.98 96 0.70 18 -0.17 65
22 3 2 -0.10 54 -0.53 80 -0.89 95 -0.58 88
23 3 3 0.11 45 -0.61 84 -0.83 93 -0.34 81
24 3 4 1.05 20 0.61 12 0.72 17 0.50 17
25 3 5 2.10 9 -0.48 78 0.19 30 0.55 4
26 3 6 -1.35 88 043 28 -0.54 82 -0.40 83
27 3 7 0.01 52 0.36 30 0.55 22 0.63 12
28 3 8 0.23 40 1.03 4 0.07 39 0.03 42
29 3 9 -0.47 60 -0.32 71 -0.32 67 -0.26 71
30 3 10 -0.97 76 049 20 -0.55 83 -0.07 53
31 4 1 0.19 42 0.20 42 -0.31 66 0.20 28
32 4 2 -0.88 73 -0.16 61 0.10 34 -0.52 85
33 4 3 -0.70 68 0.92 6 0.46 23 0.19 29
34 4 4 -1.25 85 -0.25 67 -1.03 97 -0.57 86
35 4 ) 0.20 41 -0.61 83 0.03 43 -0.06 51
36 4 6 -0.66 67 -0.06 56 0.63 21 0.03 41
37 4 7 0.54 32 -0.82 91 -0.58 87 -0.63 91
38 4 8 1.12 19 0.46 24 1.29 1 0.81 3§
39 4 9 223 8 0.07 50 -0.03 45 0.77 7
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-0.33
-0.64
1.37
0.51
0.45
0.54
-0.12
0.57
-0.17
0.27
-0.09
0.00
-0.67
-0.22
-0.15
-0.71
1.46
0.09
-1.09
-0.23
-0.26
0.22
-0.13
-0.31
0.63
0.66
0.19
0.27
0.08
-0.15
0.27
-0.70
0.25
-0.34
-0.42
-0.03
0.00
-0.01
-0.05
0.28
0.69
0.02
-0.94
-0.30
0.47

0.3

72

90
63
20
39

67
60
49
73
98
75
32
58
52
80
92

16
19
15
56
13
64
23
55
45
93
66
61
95

36
100
69
70
27
57
77
11
10
30
25
37
62
24
94
26
82
84
47
44
46
50
22

43
97
76
18
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4.4 Secondary Traits for Testcross Performance Assessment in Stress Environments
Trait differences (p<0.05) were observed to be due to variation in the testing sites or
environment. As a result, selection of suitable testcross hybrid with traits that impact
greater performance under stress become critical. Stress related traits namely AD, ASI

and EPP were therefore assessed.

4.4.1 Anthesis Dates (AD)

Mean anthesis dates are summarized in Appendix A to C. The average AD among
testcrosses under optimum conditions due to lines ranged from 65.6 to 67.0 days. The
tester range average was from 65.4 to 66.7 days with a trial mean of 66.1 days and LSD
(p<0.05) of 5.3days. The earliest maturing testcross was LT61 (60days), which flowered
significantly different (p<0.05) at 66 and 77.5 days under low N and drought conditions
respectively. Under low N conditions average AD among testcrosses due to lines ranged
from 66.8 to 78.5 days indicating significant different maturity influence among lines.
Under drought condition testcrosses flowered later than the other environments,
indicating severe stress. Under water stress conditions the average AD among testcrosses
due to lines ranged from 75.9 (L6) to 85.8 (L2) while that due to testers ranged from 78.8
(T4) to 85.4 (T7). This indicates that there were significant differences within lines and

within testers.
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4.4.2 Anthesis Silking Interval (ASI)

Appendix D shows that the average ASI among testcrosses due to lines under optimum
conditions ranged from 0.9 to 4.6 days with that due to testers ranging from 2.2 to 4.0
days and a trial mean of 3.2 days. The best nicking testcrosses were LT62 (0.0 days),
LT63 (0.5days), and LT65 (0.7 days). The trial mean for ASI under low N was 3.7 days,
with the best nicking testcross being LT61 (1day), while the worst was LT71 (8.0 days)
as shown in Appendix E. The average ASI among testcrosses due to testers ranged from
2.7 t0 5.3 days while that due to lines ranged from 1.4 to 5.7 days. Under drought
conditions, (Appendix F), the stress was more severe as evidenced by large ASI values
that ranged from 1 day (LT85) to 10 days (LT23). Significant differences (p<0.05) were

found between L2 average (6.7 days) and L6 average (2.1 days).

4.4.3 Ears Per Plant (EPP)

Significant differences (LSD 0.05 : 0.39) were recorded for EPP trial means across the
different environments; 1.22, 0.74 and 0.60 for optimum, low N and drought respectively
as shown from Appendix G to I. This is an indication that there was significant stress
under drought and low N environments. The average EPP among testcrosses due to lines
under optimum conditions ranged from 1.14 to 1.30 cobs with average due to testers
ranging from 1.15 to 1.27 cobs per plant. Under low N the best EPP value was recorded
for testcross hybrid, LT36 (1.2cobs). The testcross with the best average EPP under
drought was LT97 with an average of 0.90 cobs/ plant with the worst being LT82

(0.31cobs/plant) which was below the trial mean of 0.60cobs/plant.
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4.5 Combined Analyses of Variance
4.5.1 Grain Yield

Table 4-11 shows the ANOVA for GY of testcrosses, lines, testers and their respective
interaétions. Highly significant differences (P<0.01) were observed among sites,
tescrosses, lines, and testers for GY. Testcross x Site (G*E) interactions were also highly
significantly different. Tester x Site and Line x Tester (SCA) interactions were highly
significantly different, with the Line x Site interaction being significant (P<0.05) for GY.

Table 4-11. ANOVA for Grain Yield (GY) Across Four Sites:

Source DF SS MS F P
Site 3 8659.33 2886.44 1287.3 i
Testcross 99 413.96 4.18 1.83 il
Line 9 62.74 6.97 3.11 RS
Tester 9 91.47 10.16 4.53 s
Testcross*Site 297 880.84 2.97 1.3 4
Line*Site 27 97.97 3.63 1.62 *
Tester*Site 27 205.9 7.63 3.4 HAH
Line*Tester 81 298.72 3.69 1.64 HER
Line*Tester *Site 243 569.8 2.34 1.05 ns
Error 747 1706.78 2.28
CV % 23.4

SS: Sum of Squares MS: Mean Square F: F VaTlue DF: Degrees of Freedom

ns: not significant *%* (P<0.001) ** (P<0.01) *(P<0.05)

4.5.2 Anthesis Date, Anthesis -Silking Interval and Ear Per Plant

The ANOVA data for AD, ASI and EPP are presented in Table 4-12. The table shows
that there were significant differences among for sites, lines, and testers for AD
(p<0.001). There were also significant interactions among these factors. However, the
line x tester x site interaction for AD was not significant. Appendix A also show that
there significant SCA effects for AD across all the sites. Differences (P<0.001) were
observed among sites, lines, genotypes, testcross x site, site x tester and site x line, with

line*tester and site x line x tester interactions being different (P<0.05) for ASI. There
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were highly significant differences for EPP due to sites, testcrosses and lines (p<0.001),
with line x tester differences being significant at p<0.01 while tester and site x tester were
different at p<0.05 level of significance.

Table 4-12. ANOVA for AD, ASI and EPP Across Four Sites:

AD ASI EPP

Source DF MS F P MS F P MS F P
Site 3 14719.7 1971.1 *** 51488 152.81 *** 2136 596.82 ***
Testcross 99 89.68 1212 ¥ 14.25 4.28 RN 0.06 1.7 HAk
Line 9 611.22 81.85 k% 10125 7 30.05 ek 0.14 3.91 *E%
Tester 9 243.58 32.62 w 12.21 3.63 % 0.08 2.12 *
Testcross*Site 297 20.9 2.84 N 6.04 1.81 *h¥ 0.04 1.04 ns
Line*Site 27 81.31 10.89 Ak 20.48 6.08 Ak 0.04 1.21 ns
Tester*Site 27 64.08 8.58 i 9.57 2.84 i 0.05 1.43 ¥
Line*Tester 81 17.66 2.37 wEE 4.53 1.35 * 0.05 1.44 e
Line*Tester*Site 243 7.99 1.07 ns 3.99 1.18 * 0.03 0.88 ns
Error 799 7.35 3.37 0.04
CV% 3.9 12.3 23.7

MS: Mean Square F: F Vvalue DF: Degrees of Freedom ns: not significant

*%% (P<0.001) **% (P<0.01) *(P<0.05)

4.5.3 Plant , Ear Heights and Ear Position

The plant and ear height traits results are shown in ANOVA Table 4-13. Site, testcrosses,
line and tester were significantly different (P<0.001) for both PH and EH. Ear Height,
testcross x site, line x site and tester x site were also significantly different. Line x tester
for EH was also different (P<0.05) for the testcrosses evaluated. However there were no
significant differences observed in the testcross x site, tester x site, line x tester and line x

tester x site interactions for PH.
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Table 4-13. ANOVA for Plant heights (PH) and Ear heights (EH) Across Four Sites

PH EH EPO

Source DF MS F P MS F P MS F P
Site 3 557498 161.5 i t*h 163719.- . 765:8 - X*% 122 381.33  x#
Testcross 99  5623.32 1.63 w2 114299 536 2 ¥ 0.01 2.64 b
Line 9 175279 5.08 BE*. 617047 2886, % 0.04 11.53 bk
Tester 9 10257 2.97 X 379413 1775 A 0.02 6.91 ¥hw
Testcross*Site 297 ; =3811:35 g | ns 403.82 1.89 ek 0004 1.37 s
Line*Site 27 5980.74 1.73 % 1202.04 5.62 *¥** 0 0.009 2.84 WA
Tester*Site 27 4283.81 1.24 ns 1268.72 5.93 4% 0.009 2.84 b
Line*Tester 81 3820.74 1.11 ns 286.22 1.34 * 0.004 1.19 ns
Line*Tester*Site 243 3494 .45 1.01 ns 219.08 1.02 ns 0.003 1.04 ns
Error 799  3452.07 213.79 0.003
CV % 45.9 18.1 4.5

MS: Mean Square F: F Vvalue DF: Degrees of Freedom ns: not significant

**% (P<0.001) ®*%* (P<0.01) *(P<0.05)

4.5.4 Root and Stem Lodging

The Table 4-14 shows the standability for root and stalk traits. There were no differences
in RL except due to line effects that were significant at (p<0.05). However site,
testcrosses, lines, tester X site, line x tester were significant (P<0.001) while tester, line x
site were significant (p<0.01) and testcross x site (p<0.05). There were no differences for
line x tester x site for both traits.

Table 4-14. ANOVA for Root and Stem Lodging Across Four Sites:

RL SL
Source DF _MS F P MS F P
Site 3 2535 1.94 ns 998.73 12,16 ***
Testcross 99 13.96 1.07 ns 184.22 2.2 knk
Line 9 37.83 2.89 ** 624.41 T6.-¥%%
Tester 9 8.39 0.64 ns 222.9 21 e
Testcross*Site 297 12.48 0.96 ns 93.33 1.13 - *
Line*Site % 10.01 077" ns 148 T8 ok
Tester*Site 27 9.11 0.7 ns 240.11 2.92 - xex
Line*Tester 81 72 0.9 ns 129.51 F.58 < ime
Line*Tester*Site 243 13.17 1.01 ns 71.96 0.88 ns
Error 799 13.07 82.29
CV % 23 16
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4.6 General Combining Ability (GCA) Effects

Significant differences (P<0.05) of lines were observed for grain yield, anthesis dates,
anthesis silking interval, root lodging, ear heights, ear position, ears per plant and ear rots
(Table 4-15a). Lines, L1, L2, LS5, L7, L9 and L10 had positive GCA effects for grain
yield implying they conferred higher yields to their testcross progenies, with the best
GCA effects being recorded for L5 with a GCA effect of 0.363t/ha. However, L3, L4,L6
and L8 had negative GCA effects for grain yield. In the measurement of AD, positive
values indicate late maturity while negative values indicate earliness. GCA effects values
for AD were positive for L1, L2, L5, L8 and L10 while negative effects were recorded
for L3, L4, L6, L7 and L9. Line L6 conferred early maturity to its testcrosses as it
recorded the least AD GCA effects of -4.88 days (Table 4-15a). ASI, which is an
important trait for measuring stress tolerance had negative GCA effects recorded for L4,
L6, L7, L8 and L9, with positive (undesirable) effects being recorded for L1, L2, L3, L3,

and L10.

There were no variations of GCA effects for PH. Lines with the poorest values of PH
GCA effects were those with positive values such as L2, L10 and L8 with values of
18.189, 17.414 and 5.773cm respectively (Table 4-15a). Besides being tall, L2 and L10
also had positive GCA effects for AD which confirms that they are late maturing. The
shortest line, having the smallest GCA effects value for PH, was L6 with a value of -
18.218cm (Table 4-15a). Root lodging was recorded least in L3, L10 and L7, with values
of -0.603, -0.596 and -0.453% respectively. GCA effects of L6 for RL were positive

(1.26%) an indication that the line had poor standability effects on its testcrosses. Shoot
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lodging GCA effects were not significantly different (LSD0.05: 10.903%). L6 had the
least lodging effects while L10 had the worst shoot lodging effects, an indication that SL

is height dependent.

Ear position (EPO) GCA effects were weakly expressed in all the ten (10) lines making
selection among lines for this trait very difficult. However L1, L4, L5, L6, L7 and L10
had negative (desirable) GCA effects. The derived trait EPP had positive GCA effects for
L7 and L9. Ear rots (ER) had positive GCA effects for L2, L3, L4, L5, L6 and L8 while
desirable lines with negative effects were L1, L7, L9 and L10. Assessment of the diseases
incidence revealed that the ear rots were mainly Diplodia spp. Though results of husk
cover are not shown the three lines with negative disease effects were also good on husk
cover scores. There were no significant GCA effects for PH and SL. Lines with good
GCA effects for all traits inclusive of yicld were L5, L7, L9 and L10. Considering traits
“that are important for stress namely GY, ASI and EPP, L7 and L9 can be said to be

superior lines.

Table 4-15a. GCA Effects Of Lines For The Measured Traits

LINE Yield AD ASI PH RL SL EH EPO EPP ER
t/ha days days Cm % % cm cm score
1 0.07 1.67 0.34 515 0.35 0.51 222 0.00 -0.03 -0.29
2 0.29 2.79 1.51 18.19 0.24 0.69 13.62 0.02 -0.01 0.69
3 -0.22 -0.23 0.29 -5.14 -0.60 0.76 -1.29 0.00 -0.01 1.49
+ -0.37 -0.23 -0.87 -8.06 0.19 -0.23 -3.60 0.00 0.00 0.36
5 0.36 0.31 0.56 3.84 0.02 -1.81 1.58 0.00 -0.02 0.23
6 -0.33 -4.89 -1.64  -18.22 1.26 532 -13.03 -0.03 0.00 1.29
7 0.02 -1.59 -0.46 -11.04 -0.45 -2.17 -4.27 0.00 0.04 -1.06
8 -0.05 2.90 -0.27 5.77 -0.03 1.09 8.03 0.02 -0.05 0.08
9 0.15 -0.85 -0.43 -8.12 -0.36 -1.66 -0.61 0.01 0.07 -1.74
10 0.06 0.08 0.96 17.41 -0.60 -2.38 -2.70 -0.02 0.00 -1.02

LSD0.05 0.03 0.11 0.05 50.82 0.19 10.90 3.15 0.00 0.00

@SIT
STr
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Table 4-15b. GCA Effect of Testers For The Measured Traits

TESTER | Yield AD ASI PH RL SL EH EPO EPP ER
t/ha days days Cm % % cm cm score

1 -0.26 1.43 0.00 8.57 -0.34 0.01 7.06 0.01 -0.01 0.56
2 0.11 0.76 -0.09 1.96 0.10 -1.33 0.86 0.00 0.01 -0.32
3 0.54 2.55 -0.22 10.63 -0.25 -0.94 10.56 0.03 -0.04 -1.47
4 0.32 -0.26 0.39 -0.86 0.16 0.90 3.53 0.02 0.05 -1.87
5 0.02 -0.02 0.15  -11.50 -0.24 2.42 =717 -0.02 0.00 -0.60
6 0.15 -0.01 0.09 12.88 0.49 -2.18 -2.74 -0.01 0.01 1.01
7 -0.01 -0.16 -0.21 -3.64 0.23 -0.03 -1.41 -0.01 0.01 1.55
8 -0.19 0.02 0.58 -0.11 -0.19 0.88 -1.25 -0.01 -0.03 -0.02
9 -0.51 -2.37 -0.17  -16.14 -0.08 -0.83 -6.44 0.00 0.00 -0.63
10 -0.12 -1.87 -0.52 -1.37 0.13 1.15 -2.72 -0.01 0.00 1.65

LSDO0.05 0.03 0.11 0.05 50.82 0.19 10.90 3.15 0.00 0.00 0.67

GY: grain yield

ASI: anthesis silking interval
RL: root lodging

EH: ear height

EPP: ears per plant

AD: anthesis dates
PH: plant height
SL: stem lodging
EPO: ear position

ER: ear rots

Significant differences (P<0.05) among testers were observed for all traits except PH and

SL (Table 4-15b). Testers, T2, T3, T4, T5 and T6 had positive GCA effects for yield with

Tester 3 recording the height GCA effects of 0.54t/ha. GCA effects of line for AD were

negative, hence ideal in T4, T5, T6, T7, T9 and T10. These negative effects for AD

indicate the testers conferred earliness to their testcrosses. Anthesis- Silking- Interval,

had negative GCA effects recorded for T2, T3, T7, T9 and T10 while EPP GCA effects

were desirable in T1, T3 and T8. Testers T2, T3, T4, TS, T8 and T9 conferred desirable

GCA effects for ER to their testcrosses hence a reduced disease incidence in these

testcross hybrids.
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4.7. Specific Combining Ability (SCA) Effects

4.7.1 Combined Sites SCA Effects for GY

Line x Tester (SCA) effects for GY were significantly different (P<0.05) for some

combinations, as shown in Table 4-16. The best SCA effects were recorded for the Line 2

x Tester 7 (LT27) combination with a positive effect of 1.804t/ha, while the least SCA

effects were recorded for the Line 8 x Tester 4 (LT84) combination with a negative effect

of -1.086t/ha (Table 4-8). Lines, L1 and L9 had positive SCA effects with six of the

testers while L3, L5 and L7 had positive SCA effects with only three testers hence the

latter lines

are perceived to be poor specific combiners. A positive line x tester

combination SCA is an indication that the line and tester are in opposite heterotic groups

while a negative SCA effect indicates that the two are in the same heterotic group (Vasal

et al 1992).
Table 4-16. SCA Effects For Grain Yield In Tonnes Per Hectare
TESTER
LINE 1 2 3 4 S5 6 7 8 9 10 MEAN
1 -0.80 0.08 -0.57 0.14 0.32 0.69 -0.14 0.06 0.11 -0.03 -0.01
2 -0.22 0.11 -0.07 0.77 -1.01 -0.33 1.80 -0.60 0.10 -0.31 0.02
3 -0.17 -0.58 -0.34 0.50 0.55 -0.40 0.63 0.03 -0.26 -0.07 -0.01
4 0.20 -0.52 0.20 -0.57 -0.06 0.03 -0.63 0.81 0.77 -0.27 -0.00
5 1.15 -0.62 -0.16 0.38 0.07 -0.29 -0.22 -0.14 -0.03 -0.27 -0.02
6 -0.99 -0.29 0.13 -0.14 -0.06 -0.33 -0.64 1.37 0.51 0.45 0.00
7 0.54 -0.12 0.57 -0.17 0.27 -0.09 -0.00 -0.67 -0.22 -0.15 -0.00
8 -0.71 1.46 0.09 -1.09 -0.23 -0.26 0.22 -0.13 -0.31 0.63 -0.03
9 0.66 0.19 0.27 0.08 -0.15 0.27 -0.70 0.25 -0.34 -0.42 0.01
10 -0.03 0.00 -0.02 -0.05 0.28 0.69 0.02 -0.94 -0.30 0.47 0.01
MEAN -0.04 -0.03 0.01 -0.01 -0.00 -0.00 0.03 0.00 0.00 0.00 -0.003
LSDO0.05 0.302 0302 0.302 0.302 0.302 0.302 0.302 0.302 0.302 0.302 0.302
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4.8 SCA Effects: Heterotic Groups As Determined by Testers N & SC and A & B

Using the N & SC heterotic groups which are similar to the A&B groups, from
CIMMYT, the genotypes LT11, LT13, LT17, LT110, LT52, LT53, LT56, LT57,

LTS8, LT59, LT510, LT81, LT84, LT85, LT86, LT88, LT89, LT101, LT103, LT104,
LT108 and LT109 were grouped into heterotic group N, while LT21, LT23, LT25,
LT26, LT28, LT210, LT31, LT32, LT33, LT36, LT39, LT310, LT42, LT44, LT45,
LT47,LT410,LT61, LT62, LT64, LT6S, LT66, LT67, LT72, LT74, LT76, LT78, LT79,
LT710, LT95, LT97, LT99 and LT910 were grouped into the SC heterotic group (Table

4-17).

Among the genotypes grouped under heterotic group N, only two namely LT52 and
LT103 were found to be good yielding across all environments, while LT110, LT59,
LT88 and LT109 had good yields under stress environments. In the SC heterotic group,
LT26, LT79 and LT95 had good yield across all environments, while LT25, LT31,

LT44, LT65, LT66, LT76, and LT99 had good yield performance under stress conditions.
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Table 4-17: Grain Yield SCA Effects (t/ha) and Heterotic Groupings of Hybrids

Across Environments

PEDIGREE | HETEROTIC LINEGCA TESTGCA SCA EFFECTS GY HETEROTIC GROUP
LOW
COMBINATIONS OPTIMUM N DROUGHT | ACROSS  t/ha OLD NEW
LT41 SC/B -0.37 -0.26 0.19 233 0.21 020  8.05 SC i
LT42 SC/A -0.37 0.11 -0.88 -0.10 -1.46 -0.52 7:59 * SC
LT43 SC/B -0.37 0.54 -0.70 -1.27 2.58 019 8.65 SC i
LT44 SC/A -0.37 0.32 -1.25 1.03 0.98 0.57 793 ks SC
LT45 SC/A -0.37 0.02 0.20 -0.47 -0.19 -0.06  9.56 = SC
LT46 SC/B -0.37 0.15 -0.66 0.66 -0.02 0.03 9.07 SC i
LT47 SC/A -0.37 -0.01 0.54 -0.60 0.32 -0.63  10.00 ¥ SC
LT48 SC/B -0.37 -0.19 L2 0.16 -1.02 0.81 9.60 SC *
LT49 SC/B -0.37 -0.51 223 0.51 -1.10 L4 I e SC *
LT410 SC/A -0.37 -0.12 -1.09 -2.26 -0.27 -027 824 * SC
LTé61 SC/B -0.33 -0.26 -1.64 -3.67 -0.15 -099  6.52 SC SC
LT62 SC/A -0.33 0.11 -1.88 -1.44 -0.33 -029  6.88 s SC
LT63 SC/B -0.33 0.54 1.60 -3.94 -2.29 0.13 11.24 SC »
LTe4 SC/A -0.33 0.32 0.10 0.03 -0.55 -0.14 957 * SC
LT65 SC/A -0.33 0.02 -1.86 0.53 2.28 -006  7.79 . SC
LT66 SC/B -0.33 0.15 -0.83 0.33 0.45 -0.33 9.19 SC SC
LT67 SC/A -0.33 -0.01 -0.41 2.06 -2.13 -0.64 934 * SC
LT68 SC/B -0.33 -0.19 271 0.16 478 1.37 11.49 SC o
LT69 SC/B -0.33 -0.51 1.25 3.18 -0.55 0.51 1042 SC =
LT610 SC/A -0.33 -0.12 0.68 2.74 -0.63 045 10.30 * ®
LT31 SC/B -0.22 -0.26 -0.45 3.30 33 -0.17 743 SC SC
LT32 SC/A -0.22 0.11 -0.10 -1.80 0.64 -0.58 8.39 4 SC
LT33 SC/B -0.22 0.54 0.11 0.03 1.01 -0.34 947 SC SC
LT34 SC/A -0.22 032 1.05 -1.00 241 050 10.24 » L4
LT35 SC/A -0.22 0.02 2.10 0.16 -1.42 055 1148 g ”
LT36 SC/B -0.22 0.15 -135 -0.37 -2.25 -040 839 SC SC
LT37 3.6 -0.22 -0.01 0.01 4.36 -3.25 0.63 9.48 * N
LT38 SC/B -0.22 -0.19 0.23 -3.20 -2.92 0.03 8.72 Sc *
LT39 SC/B -0.22 -0.51 -0.47 -0.86 2.66 -026 842 SC SC
LT310 SC/A -0.22 -0.12 -0.97 -0.63 -0.17 -0.07 837 * SC
LT81 N/B -0.05 -0.26 -241 -1.97 0.11 -0.71 3.59 ¥ SC
LT82 N/A -0.05 0.11 1.92 0.26 1.44 1.46 10.53 N .
LT83 N/B -0.05 0.54 -0.83 0.76 -1.19 009  8.66 * "
LT84 N/A -0.05 0.32 -0.96 -0.94 0.88 -1.09 835 N N
LT85 N/A -0.05 0.02 -1.16 0.90 -1.29 -0.23 8.34 N N
LTg6 N/B -0.05 0.15 0.05 0.03 -0.45 -026 991 = N
LT87 N/A -0.05 -0.01 228 -0.57 1.55 022 11.87 N i
LT88 N/B -0.05 -0.19 -1.41 2:53 0.55 -0.13 721 " N
LT89 N/B -0.05 -0.51 0.19 -4.46 -0.87 -0.31 9.21 * N
LT810 N/A -0.05 -0.12 0.73 3.44 -0.70 063 10.19 N o
LT71 SC/B 0.02 -0.26 0.30 -3.57 2.01 0.54  8.00 SC >
LT72 SC/A 0.02 0.11 0.11 0.33 2.34 -0.12 8.42 3 SC
LT73 SC/B 0.02 0.54 0.43 2.50 -1.62 0.57 9.6l SC 8
LT74 SC/A 0.02 0.32 -0.99 -0.54 -0.89 -0.17 8.03 * SC
LT75 SC/A 0.02 0.02 223 0.63 -1.72 027 1143 * g
LT76 SC/B 0.02 0.15 -0.65 1.10 0.45 -0.09 891 SC SC
LT77 SC/A 0.02 -0.01 0.52 0.16 -0.88 0.00: .:.9.81 * SC
LT78 SC/B 0.02 -0.19 -2.08 -0.74 0.11 -0.67 625 SC SC
LT79 SC/B 0.02 -0.51 0.28 0.28 1.03 -022 9.00 SC sC
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LT710
LT101
LT102
LT103
LT104
LT105
LT106
LT107
LT108
LT109
LT1010
LTl
LE12
LTi3
LT14
LTI5
LT16
ET17
LTI8
LT19
LT110
LT91
LT92
LT93
LT9%4
LT95
LT96
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Table 4-18. GCA & SCA Percent SS Entry Contribution, Variances and Heritability
of Traits

Trait GCA SCA Heritability
SS Entry % Variance SS Entry % Variance %
GY 18.70 1.30 72.00 7.52 21.20
AD 43.50 109.28 16.00 55.04 55.40
ASI 35.50 13.92 26.00 6.24 71.00
PH 22.50 2685.76 55.60 1966.24 31.60
EH 39.70 1252.32 20.50 386.24 70.10
RL 15.10 3.04 68.70 7.20 1.20
SL 20.90 78.48 57.50 251.84 33.40
EPO 27.30 0.01 32.70 0.01 70.60
EPP 16.70 0.02 68.20 0.05 16.90
ER 15.20 15.92 64.60 41.92 15.20

Table 4-18 above shows that there were traits such as AD, ASI, EH and EPO are highly
heritable, hence can be passed from parent to offspring with relative ease compared to
traits such RL, GY, EPP and ER. Heritability is the proportion of the genetic variance to
the total phenotypic variance. It measures the ease with which traits are passed from
parents to progenies. The higher, the heritability estimate, the more readily, the trait

transmission (Melchlinger, 1998).
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CHAPTER 5

5.0 DISCUSSION

5.1 GCA and SCA Mean Squares

Significant differences (p<0.05) of GCA (Line and Tester) mean squares were observed
for GY, AD, ASI, PH, EH, SL, EPO and EPP. This therefore means that there was
variation for additive gene action in the traits measured, which enabled selection to be
done. As a result identification of single cross testers, based on these traits from the 100
testcrosses was made possible. Generally testers are selected on additive gene action
(GCA) effects especially in GY, with traits such as AD, ASI, EPP and others aiding
selection, while SCA effects are used for selecting hybrids. Significant differences
(p<0.05) for SCA (Line x Tester) mean squares were observed for GY, AD, ASI, EH, SL
and EPP (Tables 4-12 to 4-14).However this study mainly focused on determining or
confirming heterotic relations and tester identification. Heterotic groups are identified
from the positive (+ve) and negative (-ve) of GY SCA effects. SCA effects, differences
can be used to measure the degree of relationship between lines making a hybrid (Vasal
et al., 1992). Effects close to zero imply a close relationship, where the lines making the
hybrid have common or identical alleles while effects significantly different from zero
indicate less common alleles hence a distant relationship between the lines making the

hybrid.
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5.2 GCA and SCA Entry Sum of Squares

Table 4-18 shows that there was a predominance of GCA sums of squares to SCA sums
of square for AD, ASI and EH indicating the relative importance of additive gene action
(GCA) to non additive gene action (SCA) for these traits as supported by Betran et al.
(2003). In this study set GY, PH, RL, SL, EPP and ER had a predominance of SCA sums
of squares contributing to the total entry sums of squares implying that non additive gene
action was relatively more important for these traits. As a result selecting for additive
gene effects (GCA effects) was done for AD, ASI and EH while selecting for non
additive genes (SCA effects) was done for GY, PH , RL, SL, EPP and ER for hybrid

combinations in the trial under study.

5.3 GCA and SCA Variances

In this study three traits namely AD, ASI and EH had a predominance of GCA sum of
squares to SCA sums of squares. The traits AD, ASI, EH and PH had a predominance of
GCA variance to SCA variance. Melchinger, (1998) stated that if the predominance of
GCA sum of squares to SCA sum of squares translates to a ratio where GCA variance
predominates SCA variance, then early testing of genotypes becomes more effective and
promising hybrids can be selected based on their prediction from GCA effects. It
therefore implies that early testing of lines selected from the testcrosses from the study
pool can be done for traits AD, ASI and EH because of their predominance of GCA
variances to SCA variances (Table 4-18). Early testing of the lines is more effective

because additive gene action is not affected by inbreeding depression. Inbred lines that
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are under control of additive gene action will therefore not suffer from inbreeding
depression, thereby making hybrid development from such lines more efficient and
quicker to release for farmer use. In the testcrosses under study, GY, SL, RL, EPP and
ER had a predominance of SCA sums of squares to GCA sums of squares as well as a
predominance of SCA variance to GCA variance, which confirms that these traits were
governed by non additive gene action. This type of gene action could be exploited in

hybrids (F1s) since in maize most varieties are F1 hybrids.

5.4 Heritability

In this study narrow sense heritability was reported. Table 4-18 shows that the estimates
were GY (21.2%), AD (55.4%), ASI (71.0%), PH (31.6%), EH (70.6%), RL (1.2%), SL
(33.4%), EPO (70.6%), EPP (16.9%) and ER(15.2%). The estimates for GY, AD, EPO
and EPP compare very well with those reported by Hallauer and Miranda (1981) where
they recorded 18.7% for GY, 57.9% for AD, 39% for EPP and 66.2% for EPO. As a
result traits such as AD, ASI, EH and EPO can easily be conferred to the hybrids

developed from the resultant testcrosses under study.

5.5 GCA Effects

Significant GCA effects were observed for GY which suggest the need of selecting the
genotypes from lines with the best positive (+ve) effects for consideration as testers.

Table 4-15a shows that L1, L2, LS, L7, L9 and L10 had positive GCA effects, which

implies that the lines contributed to an increase in yield for the testcrosses which was
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above the mean of the trial. In addition these desirable lines had significant GCA effects
among themselves with the exception of L1 and L10, which had similar GCA effects for
GY. L3, L4 and L6 had negative (—ve) GCA effects for yield because they were early
maturing as evidenced by their negative GCA effects for AD. Early maturing germplasm
has been reported to yield less in general due to reduced photosynthetic and assimilate
accumulation period. Lines L7 and L9 also had negative GCA effects for AD but positive
GCA for GY because they had a longer grain filling period since they are intermediate in
maturity hence an above trial mean GCA effect for GY. Half the number of lines
evaluated had negative GCA effects for ASI which is a desirable feature in the resultant
testcrosses. Negative ASI GCA effects mean that the lines conferred better
synchronization to their testcrosses. Despite having a desirable GCA effects for ASI, L4
and L6 yielded low, due to GY penalty that comes with earliness. Intermediate maturing
L7 and 1.9 had negative GCA effects for ASI indicating good nicking properties hence
the positive GCA effects for GY. On the contrary L8 had negative GCA effects for ASI
but is late maturing hence the below trial mean GY performance associated with late
maturity especially under stress environments as evidenced in studies by Edmeades et al.

(1993).

There were no significant differences for line PH GCA effects while line EH GCA effects
were significantly different. However the two traits, PH and EH are interlinked as
evidenced by the trend of their GCA effects in Table 4-15a. The lines had the same
insignia for both traits implying that if PH GCA effects for a particular line was positive

the corresponding EH GCA effects would also be positive and vice versa. Standability



traits (SL and RL) were evaluated in the study with line GCA effects for RL being
significantly different (p < 0.05). Lines L1, L2, L4, L5 and L6 had GCA effects for RL
which were above the trial mean. L6 conferred the worst GCA effects to its testcrosses,
implying that above average plants lodged which might further help to explain the poor
performance of testcross progenies from this line. GCA effects for SL were not
significantly different. However, per se SL lodging values indicate that tall genotypes,
such as the ones conferred by L10, had the worst lodging effects, which might mean that

SL is height dependent.

Significant differences were observed for GCA effects for EPP. Only L7 and L9 had
positive GCA effects for EPP, indicating that testcrosses from these lines were stress
tolerant since they had cob numbers that were above the mean of the trial. The two lines’
GCA effect: for EPP were also significantly different from each other, with testcrosses
from L9 having a greater average number of cobs than those produced by L7 testcross
progenies. GCA effects for ER were desirable for L7, L9 and L10. The majority of the
lines had undesirable GCA effects implying they succumbed to the ER diseases since
they recorded disease incidences that were above the mean of the trial. L9 GCA effects
for ER were also significantly different from L7 and L10 an indication that L9 is very

resistant to ear rots (Diplodia spp).

The testers with positive GCA effects for GY were T2, T3, T4, TS and T6. The tester
with the best GCA effects for GY was T3 (0.54) and the one with the most undesirable

GCA effects for GY was T9 (-0.51). However out of a possible 30 hybrids from the best
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five lines and the best six testers, only nine hybrids were potentially good testers. This

implies that the specific combining abilities of most of the best lines and best tester
combinations deviated from expectation. It therefore implies that good general combiners
are not always good specific combiners. Appendix K shows that when considering the .
average GCA effects ranks of the respective traits L7 with the least average rank of 2.70
was the best, followed by L9 (3.70) with L10 (4.50) coming third. The highest average
GCA rank was recorded for L10 (8.00) implying that L10 is the least preferred line for

GCA effects of the measured traits.

5.6 Genotype, GCA and SCA by Environment Interactions

Banziger et al. (2000) suggested that, for ideal selection, genotypes are evaluated in the
target environments where they will be grown. This is because Genotype x Environment
(GxE) interactions occur and they affect genotype stability. In the study there were
significant GxE interactions (P<0.05) for GY, AD, ASI, EH, EPO and SL. The results,
for the interactions observed suggest that, the crosses did not have the same relative
performance across locations. This implies that genotypes responded differently to the
stress and non-stress environments for the above stated traits. The genotypes under study
were single crosses and this explains why all traits except PH, RL and EPP had
significant GxE interactions. This trend of GXE interactions of the single crosses under
study, are supported by Hallauer and Miranda (1988), who pointed out that external
environmental factors such as weather and soil type have a greater effect on single
crosses than other types of hybrids and OPVs. Troyer (1996) also observed that single

cross hybrids interact more with the environment than double cross hybrids.



In the study GY trial means under managed low N and drought stress environments were
28% and 25% of the optimum trial mean (9.23t/ha) respectively. This implies that
genotype performance was retarded under stress conditions. This finding agrees with
previous studies by Banziger ef al. (2000) and Betran et al. (2003) who reported a range
from 20-33% of GY under stress environments compared to optimum environments. This
range of level of intensity of stress observed also falls within the range and stress levels

and results obtained in studies by Laffitte and Edmeades, (1994).

The traits AD and ASI are influenced by environment, and are known to increase under
stress conditions. The study results show that mean AD under optimum was 66.1days
compared to 73.7days under low N and 82.1days under drought conditions (Appendices
A to C). This shows that there were significant differences (p<0.05) due to environmental
effects for AD. Anthesis Silking Interval is also known to increase under stress
environments, a phenomenon that was confirmed in this study where average ASI for
optimum was 3.2 days while that of drought and low N were 3.8 and 3.7days
respectively. There were also GxE interactions for EH and EPO in the different
environments. This is the case because if stress is applied to a maize plant, cell elongation
is reduced resulting in stunting, which will affect EH and the relative placement of the ear
on the stem (EPO). Stem lodging (SL) is bound to increase under low N as a result of
weak stem due to lack of nutrients and nutrient imbalance influenced by nitrogen, while
under drought, lack of moisture results in lodging which in this study was compounded

by strong winds and termite attack in the environment where the study was done.
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The study shows that PH, RL and EPP were not affected by environment. This is contrary
to findings by Edmeades e al. (1998) and Banziger et al. (2000). PH is known to be
affected by both drought and low N stresses which affect both cell division and
elongation. EPP is a derived trait that is used in the selection of superior genotypes under
drought and low N stress conditions. The reasons why there were no environmental
effects for these traits might be that the stress levels were not severe enough to stimulate
response. It might also be due to large error variances due to the environmental variances
as the evaluation was done on one site each for drought and low N, whereas in the studies
done by Banziger et al. (2000) genotypes were evaluated across more than 20 managed

drought and low N sites.

Previous studies by Matziger et al. (1959) and Pixley & Bjarnasson (1993) have shown
that GCA can interact with the environment. In the study under discussion there were
significant (p <0.05) GCA*E interactions for all traits measured except RL. This implies
that the GCA also known as the differential performance of genotypes of lines and testers
for the traits varied with environments. The lines and testers differed in the way they
conferred these traits to their progeny under different environments. The testing of lines
under different environments ensured that ideal testcrosses that are stable across
environments are selected. GCA*E interaction for GY, was observed as the difference in
the average yield of a series of hybrids made from a particular line in different
environments. As shown in (Tables 4-9 to 4-11), L1 average yield was 9.59t/ha
(optimum), 2.62t/ha (low N) and 2.59t/ha (drought); compared to L9 with 9.23t/ha,

3.17t/ha and 2.67t/ha under optimum, low N and drought conditions respectively. The
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GCA*E interactions indicate that GCA effects were not the same across all
environments. Thus to maximize the yield potential for each environment the choice must
be made with testcross GCA effects within each environment.

Significant SCA*E interactions were observed for GY, AD, ASI, EH and SL. This
implies that specific testcrosses differed in the way they expressed these traits in the
different environments. Traits such as EPO, EPP, ER, RL and PH were not expressed
differently by the testcross hybrids in the evaluated environments implying that the

variations in the testcross hybrids, were due to other factors other than the environment.

5.7 SCA Effects for Grain Yield and Heterotic Groups As Determined by Testers:

Vasal et al (1992) stated that lines in the same heterotic group exhibit —ve SCA effects
when crossed to each other while those in different heterotic groups show +ve SCA
effects. This was also supported by Gama et al. (1995) who reported that on average
crosses produced by inter-population lines have more +ve SCA effects than those
produced by intra-population lines which tend to have more —ve SCA effects. The —ve
SCA effects are due to more common alleles between lines which results in reduction in
yield than the mean of the parents (inbreeding depression). In the study two known
heterotic groups namely N & SC were used in classifying genotypes into heterotic

groups.

Twenty two genotypes were grouped into the N heterotic group. However only 8
genotypes namely LT11, LTI13, LT52, LT81, LT84, LT89, LT108 and LT109 had

significant across site SCA effects of more than 0.3t/ha (Table 4-18). Under optimum
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conditions, GY of the 8 genotypes, were not significantly different (p<0.05) from each
other and were below the trial mean (9.24t/ha) except for LT52. The other 14 genotypes
had less common alleles hence the low —ve values for SCA effects. In the SC heterotic
group 17 genotypes had significant —ve SCA effects which confirms that their parents
had more common alleles. Genotype LT26 which was identified to be good across all

environments was among the elite SC group.

5.8 GCA Effects for GY and Selection of Single Cross Testers

As shown in Table 4-15a, L1, L2, L5, L7, L9 and L10 were found to have the desired
GCA effects. This implies that these lines had good general combining ability with the
different tester used hence their progenies had good performance across environments.
Lines L1, L5 and L10 are in the N heterotic group, while L2, L7 and L9 are in the SC

heterotic group (Tables 3-1 & 4-17).

In the N heterotic group the line with the best GCA effects was L5 which conferred a
yield of (0.36t/ha) above the across site mean yield. Testcross LT52 which is
intermediate in maturity (66 days) under optimum environments, was identified as a
potential tester because it has been noted to have good GCA effects for GY and stability
in GY under diverse environments. Testcrosses LT56 and LT57 which are also
intermediate maturing can also be potential tester as they have Good GCA effects for GY
which is above the mean of the trial under optimum conditions. Line L1 with a GCA
effect of 0.07t/ha is the second best general combiner in the N group series. Two

genotypes LT11 and LT13 can be selected to be good bets for testers. However their
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average yields under optimum conditions were below the trial mean of 9.24t/ha. The
GCA effects for L10 were 0.06t/ha above the grand mean, with testcross LT103 being the

only possible tester candidate.

Lines L2, L7 and L9 were the lines with the best GCA effects in the SC group.
Testcrosses developed from L2 had the best GCA effects (0.29 t/ha) above the across site
trial mean. Testcross LT26 was the best across all environments, with LT25 being the
best candidate for a tester under stress environments. Testcrosses from L9 had a GCA
effect of 0.15t/ha and LT95 is the best option for a tester. It is a good yielder under
optimum conditions under which seed production is done as well as a good performer
under stress environments. LT99 can also be considered for its stress tolerance and early
maturity with L72 and LT79 being other possible tester candidates in the L7 series of

genotypes.
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CHAPTER 6

6.0 Conclusion

Heritability estimates given in the discussion are specific to the germplasm and
environments under study. The North Carolina Design II was effective and ideal in the
identification of lines with good GCA effects which consequently enabled the
identification of potential single cross testers. In the intermediate category LT52 (N
group) and L'T26 (SC group) can be used as tester while in the early maturing range only
genotype LT99 was identified as possible single cross tester. In the study non additive

genes are predominant in most traits with additive gene effects being predominant in AD,

ASI and EH only.

The study however did not managed to confirm the distinctness between N and SC
heterotic groups in relation to CIMMYT’s A and B heterotic groups as some
combinations had to be reassigned new heterotic groups. As a result further investigations
on inbreds and single crosses that showed positive GCA is needed to confirm their
performance and confirm heterotic groupings. Traits used to assess stress tolerances
especially ASI and EPP were also used in aiding the identification of potential single

Cross testers.

Further trials to confirm the identified single cross testers need to be done as
recommended (Vasal et al.,1992) and (Gama et al.,1995) who also stressed the need to do
more than one evaluation to identify good lines and testers in tropical maize germplasm.

Single crosses LT52, LT26 and LT99 can be used as testers while further evaluations are
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being done to confirm their suitability. There is need to establish heterotic groups of
genotypes that were not classified into heterotic groups. Good specific combiners such as
LT27 can be used by the national program as possible candidates for release or for use in

the development of three way hybrids that can there after be released to farmers for

commercial production.
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APPENDICES

Appendix A : SCA Effects for Anthesis Dates Under Optimum Conditions

TESTER

LINE 1 2 3 4 5 6 7 8 9 10 MEAN
1 68.0 660 670 693 63.3 67.0 647 673 660 64.7 66.3

2 66.0 670 670 663 67.3 65.7 653 643 640 62.7 65.6

3 658 650 637 663 66.3 65.3 67.7 667 673 67.0 66.1

4 658 650 620 623 67.0 677 64.0 66.0 67.0 66.3 65.3

] 66.4 660 623 67.7 68.3 66.0 677 633 66.7  63.7 65.8

6 60.0 660 66.0 65.7 67.7 667 657 667 660 663 65.7

7 65.3 68.5 68.7  66.0 657 637 67.8 64.5 693 62.7 66.2

8 66.0 652 69.0 69.0 66.0 680 657 643 667 653 66.5

9 67.7 657 69.5 68.7 66.0 690 680 658 63.0 67.0 67.0

10 67.5 65.5 68.5 66.0 65.3 67.0 65.0 65.0 66.0 68.0 66.4
MEAN 65.8 66.0 66.4 66.7 66.3 66.6 66.1 65.4 66.2 65.4 66.1
LSD0.05 3.3 3.3 5.3 3:3 5.3 5.3 5:3 5.3 3.3 53 5.3

Appendix B: SCA Effects For Anthesis Dates Under Low N
TESTER

LINE 1 2 3 4 5 6 vk 8 9 10 MEAN
1 TR 77.0 81.0 75.0 76.3 75.0 75.0 78.7 72.3 73.7 76.1

2 81.3 81.0 80.3 78.7 78.7 T:T Vi ¥ 7 79.0 733 74.0 77.6

3 80.3 74.0 1753 7383 75.0 73:3 77.0 71.0 70.0 70.7 74.2

4 79.0 753 787 7510 74.0 74.0  71.7 740 710 68.7 73.8

5 7723 79.0 74.0 73.0 717 72.0 74.0 74.7 72.0 68.5 713%

6 66.0 670 660 67.0 68.0 66.7 673 67.0: 667 667 66.8

7 700. 727 76.3 70.3 720 713 69.3 700:, 67.7: 677 70.7

8 79.3 80.3 823 797 80.0 78.0 76.3 81.0 70.7 79.0 78.5

9 75.0 74.0 75.0  73.0 72.3 71.0  68.3 71.3 687 68.3 1.7

10 80.0 73.0 80.3 75.7 759 733 71.0 70.7 71.0 703 74.1
MEAN 76.6  75.3 76.8 739 744 732 722 13.7 - 703 70.8 73.7
LSDO0.05 5.3 5.3 3.3 5.3 53 53 5:3 53 3.3 5.3 53
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Appendix C: SCA Effects For Anthesis Dates Under Drought Conditions

TESTER
LINE 1 2 3 4 5 6 7 8 9 10 MEAN
1 85.3 84.7 85.7 82.0 83.0 84.7 88.3 86.0 78.7 83.0 84.1
2 86.0 80.0 88.7 79.7 88.3 89.7 94.3 85.0 82.7 83.7 85.8
2) 86.3 82.0 85.0 80.3 79.3 79.3 81.0 78.7 80.3 793 81.2
4 84.3 81.0 87.7 80.0 81.7 82.7 85.7 81.7 117 80.3 82.3
3 84.3 85.7 84.0 79.7 81.3 83.0 84.0 82.3 81.0 80.3 82.6
6 TS 5.7 76.3 72.0 177 76.7 76.8 81.0 71.8 73.5 759
7 84.0 82.7 81.3 76.0 78.0 81.0 823 80.7 V47 77.7 80.1
8 87.0 86.7 86.7 82.7 83.3 85.0 89.7 86.0 80.7 82.7 85.1
0 82.8 83.5 85.0 78.3 81.3 81.3 83.0 81.3 78.0 78.3 81.3
10 79.7 81.0 88.3 77.3 82.3 813 89.0 82.0 793 82.7 82.3
MEAN 83.7 82.3 84.9 78.8 81.6 82.5 85.4 82.5 78.8 80.2 82.1
LSDO0.05 53 53 53 5.3 5:3 53 53 5.3 5.3 5.3 5.3
Appendix D: SCA Effects For ASI Under Optimum Conditions
TESTER
LINE 1 2 3 4 5 6 7 8 9 10 MEAN
1 4.3 33 4.0 53 53 33 5.7 4.7 50 4.7 4.6
2 3 5.0 2:7 5i7 5.0 53 2.0 4.7 6.3 53 4.6
3 3.7 4.7 27 4.0 6.7 249 1.7 4.0 3.7 4.0 3.8
-4 157 13 17 3.0 1.7 2.0 147 2.7 3.7 0.3 2.0
5 5.0 3.0 2.3 6.3 4.7 4.3 43 6.0 58 1.9 4.3
6 1.3 0.0 0.5 1.0 0.7 13 1.0 1.8 1.0 1.0 0.9
7 3.7 2.0 2.9 2.0 23 2.7 2.3 340 1.3 0.7 2.3
8 43 5:7 23 4.7 4.5 3.7 53 6.0 3.0 0.0 4.0
9 33 27 2.0 3.0 23 14 574 1.7 Y7 0.8 2.1
10 T 6.7 2.0 53 5.0 1.4 33 4.0 33 357 3.9
MEAN 35 3.4 23 4.0 3.8 2.8 2.9 3.8 35 2.2 3.2
LSD0.05 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6
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Appendix E: SCA Effects For ASI Under Low N Conditions

TESTER
LINE 1 2 3 - 5 6 7 8 9 10 MEAN
1 4.0 4.0 2.0 4.7 6.0 4.0 5.3 5.7 4.3 2:3 42
2 53 5.3 5.0 6.7 5.0 6.0 3.7 8 7.3 5.0 5.7
8 3.0 5:3 3.3 4.7 5.0 43 33 7.7 4.7 3.0 44
-+ 1.0 2.0 1.7 3.3 3.7 1.0 33 37 2.3 1.0 23
5 2.0 2.3 5.3 3.7 3.3 3.3 37 4.7 4.0 2.0 3.8
6 1.0 133 L3 2.0 1.7 1.7 1.3 1.3 1.0 1:3 1.4
b 8.0 27 1.7 6.0 4.3 1.0 4.7 6.3 3.7 1.0 3.9
8 4.0 2.3 3.0 3.0 3.7 3.0 1.7 4.0 6.3 3.3 3.4
9 4.3 3.0 2.0 6.7 3.7 2.9 5.0 53 37 2.7 39
10 5.0 6.0 2.7 4.0 43 57 37 7.0 23 5.0 4.6
MEAN 37 34 2:9 4.7 3.9 3:2 3.6 53 39 2.7 3.7
LSDO0.05 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6

Appendix F: SCA Effects For ASI Under Drought Conditions

TESTER

LINE 1 2 3 -+ 5 6 7 8 9 10 MEAN
1 43 43 4.3 23 3.4 2:3 2.0 6.0 3.3 2.3 35

2 3.7 43 10.0 7.0 6.0 93 77 7.0 43 8.0 6.7

3 3.7 4.0 4.0 53 6.3 43 4.0 3.0 2.7 1:3 3.9

- 3.5 3.0 2.7 43 43 1:7 4.7 3.7 1.7 1.7 3.1

5 5.0 43 3.7 33 5 5.0 4.0 4.0 4.7 8.7 4.8

6 3.0 2.7 2.7 1.7 1.0 23 1.3 2.0 1.8 25 2:1

7 4.7 2.0 5.7 13 2.0 2.7 2.0 43 2.0 1.7 2.8

8 2.0 2.3 2.0 2.7 1.0 3.0 4.0 33 2.0 2:3 25

9 2.5 55 43 23 2 43 3.7 4.0 2.0 2.7 34

10 6.7 3.3 8.3 5.0 3.7 4.7 3.0 4.0 33 7.0 51
MEAN 3.9 3.8 4.8 35 3.6 4.0 3.6 4.1 2.8 3.8 3.8
LSD0.05 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6
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Appendix G: SCA Effects For EPP Under Optimum Conditions

TESTER

LINE 1 2 3 R 5 6 7 8 9 10 MEAN
1 1.07 125 122 1.46 1.30 125 1.13 1.13 1.03 122 1.21

2 127 1.45 1.41 1.06 1.26 1.09 122 115 1.18 1.57 1.27

3 1.25 1.25 1.15 1.19 113 1.02 1.20 1.29 1.11 119 117

4 121 1.19 1.16 1.39 1.07 1.06  0.93 1.18 1.10 1.35 1.16

5 1.20 0.91 1.20 1.43 1.35 1.10 1.18 1.20 1.29 1.09 1.20

6 1.13 121 1.08 1.24 1.11 1.37 0.97 1.18 1.24 1.19 1.7

7 1.39 1.63 1.15 1.18 1.10 1.24 1.51 1.26 1.09 1.38 1.29

8 1.01 1.14 1.14 111 1.11 1.42 1.07 1.20 1.09 1.14 1.14

9 1:32 1.23 1.06 1.42 113 1.26 1.73 1.34 1.16 137 1.30

10 1.34 1.16 1.15 1.00 1.16 1.31 1.57 337 1.16 1.23 1.25
MEAN 1,22 1.24 1.17 1.25 1:17 1.21 1.25 1.23 115 1.27 1.22
LSDO0.05 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 039 0.39 0.39

Appendix H: SCA Effects For EPP Under Low N Conditions
TESTER

LINE 1 2 3 + 5 6 7 8 9 10 MEAN
1 0.52 074 072 0.87 0.81 0.62  0.81 0.51 0.61 0.73 0.69

2 0.55 067 079 0.74 0.77  0.65 070  0.57 0.76 0.67 0.69

3 077 074  0.61 0.82 0.71 1.20  0.61 0.69  0.81 0.82 0.78

4 0.78 098 0.76  0.96 0.69 0.68 058 0.85 0.80 0.59 0.77

5 069 077 059 0.77 0.77  0.83 0.66 0.61 0.83 0.72 0.72

6 0.70 0.76 0.72 0.61 0.85 0.74 0.77 0.68 0.73 0.70 0.73

i 0.78 0.81 046 097 0.82 079 069 077 0.81 0.90 0.78

8 0.68 0.71 0.67  0.87 0.81 074 076 050 0.69 0.69 0.71

24 0.83 0.87 0.75 0.80 070  0.77 0.78 0.88 0.87 0.70 0.80

10 0.68 076  0.70 0.84 074 087 080 0.71 0.81 0.80 0.77
MEAN 070 0.78 0.68 0.82 077 -0.79- --0:72--0:68 A% -~0:73 0.74
LSDO0.05 039 039 039 0.39 039 039 039 039 039 0.39 0.39
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Appendix K: Line GCA ranks for measured traits

GY EPP AD ASI PH RL SL EH EPO ER Average Overall
LINE | Rank Rank Rank Rank Rank Rank Rank Rank Rank Rank Rank Rank
1 4 9 8 7 7 9 6 8 4 4 6.6 8
2 T 9 10 10 8 7 10 9 8 8.0 10
3 6 5 6 5 1 8 5 7 10 6.1 7
4 10 3 4 2 4 () 5 3 6 7 | 5
5 1 8 7 8 6 6 3 7 5 6 5.7 6
6 9 5 1 1 1 10 10 1 1 9 4.8 4
7 6 2 2 3 2 3 2 2 3 2 2.7 1
8 7 10 10 5 8 9 9 10 5 7.8 9
9 3 1 3 4 3 4 6 8 1 3.7 2
10 5 6 9 9 1 4 2 3 4.5 3
Mean 55 5.5 535 5 5.5 5:5 5.3 5.5 5.5 5.5

Appendix L: Tester GCA Ranks for measured traits

GY AD ASI PH RL SL EH EPO EPP ER Average Overall

TESTER | Rank Rank Rank Rank Rank Rank Rank Rank Rank Rank | Rank Rank
1 9 9 6 8 1 6 9 8 8 7 7.1 10
2 4 8 5 7 6 2 7 6 5 5.4 3
3 1 10 2 9 2 3 10 10 10 2 59 8
4 2 3 9 5 8 8 8 9 1 1 5.4 s
5 5 5 8 2 3 10 1 1 6 4 4.5 p
6 3 6 7 10 10 1 3 2 3 8 53 4
7 6 4 3 3 9 5 5 5 2 9 5.1 x
8 8 7 10 6 4 7 6 4 9 6 6.7 (
9 10 1 4 1 5 4 2 7 5 3 42 1
10 7 2 4 9 4 3 7 10 5.4 :

Mean 5.5 5.5 5.5 5.5 5.5 55 55 5.5 55 5.5

87



