
THE UNIVERSITY OF HULL 

Studies on the Genetics and Breeding of Maize 

(Zea mays L.) for Cold Tolerance and Early 

Maturity. 

being a Thesis submitted for the Degree of 

Doctor of Philosophy 

in the University of Hull 

by 

Obaid Tahir Hassan, B.Sc. and ~1.Sc. (Baghdad University) 

November, 1990. 



DEDICATION 

To my family, and in the memory of my Mother and Father 



TABLE OF CONTENTS 

CHAPTER 1. Introduction 

CHAPTER 2. Material and methods 

Source of materials. 

Environments and traits measured. 

PART ONE 

CHAPTER 3. 

Evaluation of 32 maize (Zea mays L.) double crosses for 

germination at low temperature, for flowering time and for 

maturity under controlled conditions. 

Introduction. 

Experiment A. 

Evaluation of the 32 double crosses for their ability to 

germinate at a constant temperature of 6 0 c. 
Results of Experiment A. 

Experiment B. 

Evaluation for flowering stages and other agronomic characters 

of the plants grown from the earliest 5 seeds to germinate from 

Page 

1 

12 

12 

14 

20 

20 

22 

23 

each double cross. 27 

Results of Experiment B. 28 

Experiment C. 

Tests of the progenies (S1) of the selfed So plants for heat-unit 

requirements and some other agronomic characters. 39 

Results of Experiment C. 41 

Discussion and conclusion 48 



CHAPTER 4. (Experiment D). 

Variation for germinability at low temperature (6 0 C constant 

temperature) within SI and S2 families of maize (Zea mays L) 

derived from double crosses. 

Result and conclusions 

Results of SI families 

Results of S2 families 

CHAPTER S. (Experiment E). 

Field evaluation of maize double crosses and the SI and the S2 

families developed from them: Family selection among and 

within the double crosses for cold tolerance, early flowering 

52 

55 

55 

61 

and maturity in the North East of England. 64 

Introduction. 64 

Material, methods and experimental techniques. 66 

Traits measured. 69 

Methods of statistical and genetic analyses. 71 

Statistical analysis. 71 

Me~od of Genetic analysis. 75 

Results and conclusions. 78 

Seedling emergence and seedling vigour for the double 

crosses, the SI and the S2 families. 

Number of seedlings emerged and seedling 

emergence rate. 

Seedling dry weight and 1-5 vigour scale. 

The correlation between seedling emergence 

and seedling vigour. 

78 

78 

86 

96 



Flowering stages and maturity. 

Evaluation of the calendar day and the accumulated 

heat-unit degrees methods for the study of variation 

in the flowering and maturity stages. 

Results of the double crosses SI and S2 families 

for flowering and maturity stages. 

S 1 and S2 families; results for flowering and 

maturity stages. 

Results for the other agronomic characters. 

Plant height and ear height 

Grain moisture content at maturity. 

Results of the yield components: kernel number, 

grain weight and 1oo-kernel weight per plant 

Estimates of the genetic components of variance, 

heritability, selection differentials, and expected 

gain from selection. 

Genetic components of variance. 

Heritability estimates. 

Selection differentials and expected gain from 

selection. 

PART TWO. 

CHAPTER 6. (Experiment F). 

The North Carolina design: procedure for the development of 

the single crosses and the study of the germination, emergence 

and seedling growth of the parents and their reciprocal F1s at 

low temperature under controlled conditions. 

Pa2e 

98 

99 

101 

103 

141 

141 

142 

144 

163 

163 

165 

166 

171 



Introduction. 

Material and methods. 

Results and conclusions. 

Genetic material obtained. 

Results of the gennination, the emergence and the 

seedling dry weight tests. 

The inbred lines results. 

Results of the Fls and reciprocals. 

CHAPTER 7. (Experiment G). 

The North Carolina mating design 2 (NC2) as a method for 

testing the combining ability of two different sets of selected 

inbred lines of grain maize for cold tolerance and earliness in a 

Pal:e 

171 

173 

175 

175 

175 

175 

177 

field trial over two seasons. 183 

Introduction. 183 

Materials, methods and experimental technique. 184 

Methods of statistical and genetic analysis. 185 

Theory of the NC2 design analysis. 185 

The North Carolina design 2 and the fixed model. 188 

Methods of analysis. 192 

Results and conclusions. 193 

The preliminary ANOV A results. 193 

Results for the inbred lines. 193 

ANOVA results for the single crosses (FIS and reciprocals). 194 

ANOV A results for the F2 s. 194 

Results of the NC2 analyses for the F IS and their 

reciprocals in the 1988 season. 195 



Results for emergence rate and seedling dry weight. 

Results of the NC2 ANOV A for the flowering and 

maturity stages in 1988 season. 

Results of the NC2 ANOV A for the other agronomic 

characters in the 1988 season. 

. Results of the 1989 season. 

The preliminary ANOV A results. 

Results of the NC2 ANOV A for the 1989 season. 

Results for the number of seedlings emerged and SDW 

in 1989 season. 

Results for flowering and maturity stages (1989 season). 

Results for the other agronomic characters 

Final conclusions from both years' results of 

the NC2 mating. 

CHAPTER 8. General discussion and conclusions. 

Part one 

Part two 

. APPENDIX 1 

REFERENCES 

ACKNOWLEDGEMENTS 

SUMMARY 

LIST OF TABLES 

LIST OF PLATES 

Pa~e 

196 

197 

199 

222 

222 

222 

223 

224 

225 

227 

249 

250 

266 

276 

280 

II 

V 

XIII 



ACKNOWLEDGMENTS 

I would like to express my sincere gratitude to Professor David A. Jones for 

his support, guidance and for patient supervision throughout his presence at Hull 

University, U.K. and subsequently during his present post as Chairman of the Botany 

Department at the University of Florida, USA. I also would like to thank him and Dr. 

B. Maryam for providing me with the seeds of the maize double crosses and inbred 

lines investigated in this study. 

I gratefully acknowledge the help of Mr. A. Rees of the Computer Centre for 

his assistance with the programming of the Statistical analysis of the results. 

I am also indebted. to the Botanic Technicians of the 'University Botanic 

Garden', especially Victor Swetes and Gerald King for their assistance with the 

various experiments carried out. 

My deepest thanks are also extended to the Iraqi Ministry of Higher Education 

and Scientific Research, Baghdad, for providing me with a scholarship to study at the 

University of Hull. 

last but not least I would like to express my love and gratitude to my wife 

Faleha and my children Karar, Hind, Hadeel and Amaar for their patience, invaluable 

help and understanding throughout the entire course of my study. 

I 



Summary of the Thesis Submitted for the Ph.D. Degree 

By Obaid Tahir Hassan 

Studies on the Genetics and Breeding of Maize (Zea mays L.) for Cold Tolerance 

and Early Maturity. 

1. Thirty two double crosses (made from cold tolerant 'Cambridge' material) were 

evaluated for their germinability at 6 0 C constant temperature. The five earliest 

germinating seeds from each double cross were selected, grown in the glasshouse, and 

evaluated for flowering and maturity, based on method of accumulated heat-unit 

degrees. All So plants were selfed. Sl progeny evaluation was carried out in the 

glasshouse and Sz seeds were obtained. Germination tests and field evaluations were 

carried out for all the double crosses, 48 Sl and 22 ,Sz (selected and non selected) 

families and the following results obtained: 

a) good response and variability for germination at low temperatures were found 

among the 32 double crosses and their response was found to be better than that for 

the single crosses from which they were obtained, 

b) S 1 and S2 families, developed from the selected seeds, germinated at 6 0 C as well 

as the double crosses or better for some families, 

c) the procedure used for selection for early flowering and early maturity under the 

glasshouse conditions, which based on less heat-unit degrees to maturity was found to 

be effective to distinguish the early maturing families, 

d) selection for early maturity did not alter the cold tolerance and the other agronomic 

characters in these genotypes, 

e) most of the variability for cold tolerance, and the flowering and maturity stages 

was due to additive genetic effects. No important G x E interaction was found in the 

field, 
, 

f) highly significant correlation among the emergence traits and seedling vigour traits 

was found, suggesting that the same genetic system controlled these traits. Similarity 
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between the gennination test in the laboratory and the emergence in the field was also 

observed, 

g) no significant differences were found between two heat-unit degrees methods 

(Gilmore-Rogers 1958 and the Ontario of Brown, 1975) in the evaluation of the 

flowering and maturity stages for all generations, 

h) selecting of the earliest SI and S2 families resulted in a positive selection 

differential and positive expected gain from selection for most traits studied. 

Promising families for further improvement were identified. No negative effect on the 

yield and other agronomic characters resulted from selection. 

2. Five selected inbred lines from the Cambridge material were mated with 5 USA 

lines in a North Carolina mating design 2. Thirty nine F l s and their F2s were obtained. 

All materials were evaluated under controlled and uncontrolled conditions. The NC2 

analysis was used to study the genetic variability and the general combining ability 

(GCA) and the specific combining ability (SCA) for both sets of inbred lines for'two 

seasons (two years), and the following conclusions were obtained: 

a) for any cold-tolerance study for these genotypes, measurements and analysis of the 

germination, emergence and seedling growth traits are required. Different behaviour 

was observed for some genotypes in the gennination, emergence and seedling growth 

tests. The USA inbred lines were more vigourous in their seedling growth rate than 

the Cambridge lines. 

b) highly positive heterosis for most of the traits studied was observed, and additive 

and non-additive genetic effects found to be important for most of the traits studied, 

c) results for flowering and Maturity stages in both years were similar for both the 

GCA and SCA for the two sets of inbred lines. Both GCA and SCA were important, 

d) some promising hybrids for early maturity with less range of spread of maturity 

were detected, 

e) the production of new genotypes, combining together the early maturing 

characteristics of the Cambridge lines with the good agronomic traits of the USA 
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lines, is worthwhile and very promising for the establishment of grain-maize 

genotypes ideal for cold environments, 

f) it was confirmed that the NC2 mating design is very satisfactory mating system to 

be followed to study genetic variation in hybrids produced from unrelated sets of 

inbred lines. 
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CHAPTER ONE 

INTRODUCTION 

With a global harvest in 1986 of 480 million metric tonnes from 132 million 

hectare (ha), maize (Zea mays L.) ranked second to wheat among the world's cereal 

crops. It is the third most important cereal crop in the developing world after rice and 

wheat (Food and Agriculture Organization (FAO), 1986). The report by the Agency 

for International Development (AID) in 1988 stated that some 70 countries produce 

maize on 100,000 ha or more; 53 of these are developing countries. The so-called 

developed market economies account for 30% of the global area, but provide 50% of 

total production because of average yields that are three times higher than the world 

average. Developing countries account for approximately 60% of the total world 

maize area, but produce only 40% of the global harvest During 1983-85, developing 

countries produced an average of 169 million tonnes of maize per year (AID, 1988). 

The estimated production of maize and the other cereal crops in 1986 is given in the 

table below. 

Area harvested, production and yield per hectare of the main cereal crops in the 
World and in the developing countries, the 1986 means (FAO, 1986). 

World Developing countries 

Area Production Yield Area Production Yield 
1000 1000 1000 1000 

Crop ha MT kg/ha ha MT kg/ha 

Wheat 228945 535842 2340 100967 218046 2056 

Maize 131475 480609 3656 80143 172524 2153 

Rice 145358 475533 3271 140960 449371 3188 

Barley 79645 180441 2266 18043 25705 1425 
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Maize is used in more ways than any other cereal: as a human food, as feed 

grain, as a fodder crop, and for a large number of industrial products both food and 

non-food based. The grain, stalk, leaves, cobs, tassel, and silk all have commercial 

value in many situations, though that of the grain is the greatest. The most diversified 

uses of maize occur in the United States of America, where over 1000 products in a 

typical supermarket contain maize in some processed form or another (AID, 1988). 

World-wide, about 66% of all maize is used for feeding livestock, 25% for 

human consumption, and 9% for industrial purposes and as commercial seed for 

further maize production. In the developing world, however. roughly 50% of all 

maize is consumed by humans as a direct food source, 43% is for livestock feed and 

the remainder is used for industrial and seed purposes (CIMMYT, 1984). 

Tropical and subtropical environments contain 65% to 70% of the area over 

which maize is grown and the temperate environment accounts for the remainder. 

The biology of maize and its husbandry are vastly different from those of wheat and 

rice. This difference appears in many ways such as the use of breeding methods, 

technology apd capability of seed production and distribution. The improvement of 

maize germplas m for local, national, or international purposes can be effected by 

several different breeding programmes with emphasis on population improvement, 

concentration on hybrids and inbred lines, or by combinations of both approaches. 

Maize is grown in more diverse areas of the world than any other major crop. 

It is grown from sea level to 3800 m elevation near lake Titicaca in Bolivia and Peru, 

from desert oases to zones having 11,000 mm rainfall along the western coast of 

Colombia, and from about 420 latitudes south near Chiloe Island to about 500 latitudes 

north on the Gaspe Peninsula of New Brunswick, Canada. It is cultivated over a 

range from Northern Europe and Russia to South Africa, eastwards through Asia, the 

Himalayas, China, southeast Asia, and the Pacific Islands (AID, 1988). 

, The genetic diversity is enormous both between and within the different kinds 

of maize grown in the distinct locales of these disparate areas. The particular 
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conditions of soil, temperature, rainfall, relative humidity, photoperiod, and light 

intensity have all imposed selection pressures on the kinds of maize at each site. 

The adaptation of maize to new environments and subsequent yield may often 

be limited by poor early vigour (seedling emergence and growth) caused by low soil 

and air temperatures during the early growing season in many temperate and higher 

altitude tropical regions of the world. On the other hand, adaptation and yield of 

maize is also limited by very high or by low temperatures at flowering time that can 

lead to poor pollination on hot and dry days or to incomplete grain filling in cool or 

frosty conditions. Thus it seems that the development of strains able to germinate and 

grow under cold conditions, with early flowering and maturity characteristics, could 

enable the crop to escape high temperature and drought stress during flowering and to 

complete grain filling before frost. Pendlton (1965) suggested that early planting of 

maize should result in the following advantages: (1) short plants with low ears and 

good standability, (2) drier grain and earlier harvest, (3) pollination before hot, dry 

days of late summer, (4) grain filling during the long-light days of the growing 

season which increases the efficiency in the use of sunlight energy, and (5) better 

utilization of stored subsoil moisture and reduction of soil water evaporation through 

early canopy development. 

Mock and Skrdla in 1978 also discussed the advantages of the early planting 

of maize and stated that one of the major environmental factors limiting the range of 

production of maize is low temperature; especially low air and soil temperatures at 

planting time. In many high latitudes and high altitudes of the world, potential maize 

yields could be enhanced if maize genotypes of full-season maturity could be planted 

earlier than traditional planting dates. This yield increase would result from full­

season genotypes using more solar energy throughout the growing season. 

Furthermore, early planting of maize in the central latitudes followed by normal 

growth and development of the plants would result in near-coincidence of the grain­

filling period of the growing season. Consequently, more photosynthate could be 

available for deposition in the grain. For all these suggestions to be effective it is 
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necessary to obtain maize genotypes that are tolerant of cold temperatures during seed 

germination, seedling emergence, and growth. 

However, to increase or maintain yields following early-spring planting, the 

seed must be able to germinate in cold, wet soil which presents an unfavourable 

environment for growth. Low temperatures can inhibit the germination and 

emergence of com, with the minimum temperature for growth reputedly being 

approximately loo C (Blacklow, 1972; Eagles and Hardacre, 1979a; Warrington and 

Kanemasu, 1983a). At and about this temperature, seedling emergence is slow and 

damage by soil micro organisms can be severe. 

It has been reported by many researchers that cold tolerance of maize should 

be regarded as the ability to germinate, emerge and grow under cold conditions. It 

has been found that cold tolerance is a complex and quantitatively inherited trait 

(Pinnell, 1949; Ventura, 1961; Grogan, 1970; Pesev, 1970; Chapman, 1984, Maryam 

and Jones, 1983a; 1983b). In all these studies additive and/or dominance gene effects, . 

and epistatic effects play important roles both for laboratory germination tests and for 

field emergence under low temperature conditions. The importance of these genetic 

effects varied according to the source of the genotypes used. Most of the work cited 

above also reported the existence of maternal effects for cold-test germination and 

emergence. 

Many studies have determined the relative amount of genetic variation for 

cold tolerance present in different maize breeding materials (Grogan, 1970; Mock and 

Eberhart, 1972; Mock and Skrdla, 1978; Mock and McNeill, 1979; Eagles and 

Hardacre, 1979a, b; Hardacre and Eagles, 1980; Maryam and Jones, 1983a). In these 

studies estimations of many genetic parameters (genetic effects, heritability, 

correlation with other important growth and agronomic traits) were analysed for many 

cold tolerance traits (germination, emergence, seedling dry weight). Considerable 

genetic variation and genotype x environment variation were found for germination 

and growth at low temperatures ( e.g. Mock and Eberhart, 1972; Mock and Skrdla, 

1978; Mock and McNeill, 1979). Non-significant associations were found, in general, 
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between cold tolerance and most of the other traits. Some positive association was 

reported for early emergence and seedling vigour with fmal grain yield (Mock and 

McNeill, 1979 for example). In the papers listed above various selection programmes 

were suggested to improve the cold tolerance of maize. Grogan (1970), for example, 

suggested that the best approach for developing superior cold tolerance in maize 

would be by recurrent selection. Subsequently recurrent selection of selfed progenies 

from different maize cold tolerant populations was utilized and was found to be 

effective in improving of cold tolerance (Mock and Bakrl, 1976; Hoard and Crosbie, 

1985; 1986a). 

One of the selection methods used extensively in maize breeding is SI and S2 

selection for the improvement of many traits, since the recurrent selection procedure 

has been proposed as system to maintain tested genotypes (Hallauer and Miranda, 

1988). Genter and Alexander (1962) reported that SI progeny performance was more 

closely associated with general than with specific combining ability, and this 

corresponds with the observation by Lonnquist and Castro (1967) that SI recurrent 

selection is more effective with additive than non additive genetic variance. Mock 

and Bakri (1976) used SI recurrent selection for cold tolerance and they obtained 

some progress in response to this selection; percentage of emergence and dry weight 

increased 8.4% and 0.6 kg per cycle, respectively. 

The breeding of varieties of maize that have the capability to emerge under 

cool and wet conditions has been of major interest in North-Western Europe since 

1965. In a survey of research and breeding on maize in Britain, Bunting and Gunn 

(1973) gave historical details about the introduction and spread of maize in North­

Western Europe. In England, they noted that since 1950 and especially after 1967 

many flint and dent grain-maize strains have been introduced to Britain in order to 

establish a breeding programme to obtain hybrids that canJt~ed for commercial grain­

maize production. Grain maize production in Britain was initiated in 1967, when 

about 100 ha were grown. The area rose to 1500 ha in 1972 and decreased to 1000 ha 

in 1973. It seems that no further increase in the area under grain maize has occured 
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since then. The 1986 FAD report recorded ·1000 ha planted with grain maize in 

Britain each year since 1979 (FAD, 1987). Bunting and Gunn also stated that the fIrst 

serious study of factors affecting the productivity of grain maize in England was 

initiated by Professor G. E. Blackman in the 1940s, and continued in the Unit of 

Experimental Agronomy, Oxford, until 1970. Questions of crop production, 

utilisation and economics, with particular references to grain maize, also have been 

under consideration since 1965 at Wye College, where a Maize Unit was formed in 

1970. Plant breeding programmes started at the Unit of Experimental Agronomy at 

Hurst Gunsons Ltd, was transferred to the Plant Breeding Institute at Cambridge in 

1970. The Maize Development Association, formed in 1967, acts as a centre for 

collating information and advising grower members on all aspects of production and 

utilisation. Many attempts were concentrated on the developing of cold tolerance 

varieties in central and southern England, and those were reviewed by Bunting and 

Gunn (1973). 

Successful progress in growing maize for forage has been reported ( see 

below) .. Up to date improvrnent for forage still forms the main objective in the 

breeding of maize in Britain following on from similar studied reported before 1980 

reviewed by Bunting (1978). It seems that no further important results have been 

reported on the breeding of the grain maize in Britain. Most of the work has been 

directed to forage maize (Kimber and Fenwick, 1981; and ~imber and Kichtly, 1984). 

They reported that over 20,000 hectares of forage maize were grown in the UK in 

1980 compared with fewer than 1000 ha ten years earlier (1971). They also stated 

that the main impetus to that came from new hybrid varieties that enhanced the 

prospects for maize growing in northerly latitudes. 

Experimental cold tests in the fIeld have generally been disappointing because 

of weather changes and of the pathogens which attack slowly germinating maize in 

cold conditions. Thus controlled laboratory tests such as the 'germination test' and 

'emergence test' have been used frequently by many researchers in different parts of 

the world ( in the USA, UK, USSR, Yugoslavia, Hungary and Newleqland (Maryam, 
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1981». The development of suitable laboratory techniques was essential for the 

improvement of cold tolerance for many crops (Christiansen and Lewis, 1982). 

However, Bunting and Gunn (1973) reported that, in field observations, flint material 

acclimatised to European conditions makes more rapid seedling growth under cool 

conditions than dent material from the USA. Much American dent material, however, 

has a higher yield potential and better resistance to lodging and consequently the 

breeding programmes in Northern Europe have been directed toward the development 

of hybrid varieties incorporating the better features of both European flint and 

American dent material. This approach has met with considerable success, and the 

flint x dent hybrids currently grown in Northern Europe are much more productive 

than the open pollinated flint varieties or American hybrids previously available. 

It has been suggested that screening inbred lines or hybrids for their ability to 

germinate at low temperatures should be a satisfactory initial test in selecting for cold 

tolerance (Bunting, 1955; Walther, 1971, Zemetra, 1983). For her study on the 

genetics of maize for cold tolerance Maryam (1981) obtained inbred lines of dent and 

flint grain maize from the Plant Breeding Institute, Cambridge and another set of 

inbred lines from the USA (details about this material are given in Chapters 2 and 6 of 

this thesis). The seeds were screened for their germinability at 80 and 60 C constant 

temperature. A study of the generation means was carri~ out on the Fit Flo B) and B2• 

Diallel crosses were made between selected lines from within each set to study the 

genetic system controlling the main characters for cold tolerance, flowering time, 

time to maturity and other important agronomic characters. It was found that the cold 

tolerance characters, flowering and maturity in the Cambridge lines was mainly 

controlled by additive-gene effects, and the lines contained good genetic diversity for 

these three characters. On the other hand, the genetic basis of these characters was 

found to be rather complex in the USA lines, with both additive and non-additive 

genetic factors being important. These USA lines do have many good agronomic 

characters (thick flexible stems, better root systems, and they remain green right up to 

harvest date. In 1985 Maryam obtained 32 double crosses by crossing as many as 
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possible of the best F1s obtained from the Cambridge inbred lines. She also suggested 

that for further breeding a combination between the best Cambridge and USA lines 

would be desirable. She had shown that variability in this material for flowering and 

maturity would be sufficient for a good response to selection for earliness. 

Maryam emphasised in her study that the genetic characteristics of this 

material are of great importance for growing grain maize in Britain, Pakistan and in 

many other countries. This material is also of importance for the improvement of 

maize production in Iraq. The advantages expected are similar to those reported by 

Maryam for Pakistan, because to some extent there are similarities in the weather 

condition between the two countries. 

Iraq is situated in the South-West of Asia. Iraq lies between latitudes 290 511 

and 370 2211 North and between longitudes 380 4511 and 480 4511 East, with the 

moderate region. Its climate is continental and SUbtropical with a rainfall rather 

similar to the Mediterranean region. Rain occurs mostly in late Autumn, Winter and 

early Spring. There are three climatic regions in Iraq: The Northern mountainous 

area, is characterized by cool winters with snow falls on the mountains and moderate 

summers. Precipitation in the mountains ranges between (400-1000 mm) annually. A 

steppe climate occurs between the mountainous region in the North and the hot desert 

in the South, with 200-400 mm of rainfall. In the hot desert region there is 50-200 

rom rainfall, but this has to be supplemented by irrigation from the Tigris and 

Euphrates rivers (Ministry of Plann ing Annual statistic report, Iraq, 1989). 

Since the early 1970s maize has become an important grain and forage crop in 

Iraq. Many varieties and hybrids were introduced from different parts of the world, 

especially from the USA, to improve maize production and productivity in Iraq. 

Maize is grown in Iraq in two seasons (two maize crops in the year); the first 

is the Spring season, with seeds sown early in March, and in the second crop is sown 

in july with the harvest in October and November. The summer crop usually gives 

the best yield. 
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The main problems facing the spring season are that in February the 

temperatures are too low to permit rapid germination of the existing varieties, 

especially in the North of Iraq. In the middle of Iraq, where the main crops of maize 

are grown, the monthly average temperatures for February 12.30, 18.80, 5.80 C for the 

average daily, the average maximum and the average minimum temperatures, 

respectively (Ministry of Planninf Annual Statistical Report, Iraq, 1989). 

Unfortunately the temperatures in May and June are too high to enable a satisfactory 

seed set and pollen grains have a very short life. The establishment of hybrids or 

varieties with good cold tolerance and the ability to emerge earlier than the local 

varieties, together with early maturing characteristics would be major contribution to 

improving the productivity of maize in the spring season in Iraq, because the 

flowering time would be sufficiently early to escape the critical high temperatures in 

May and June. Furthermore, it would be also be possible to grow maize in the North 

of Iraq. This area depends mainly on the rainfall for irrigation, and the maturity stage 

could be reached before the dry Summer begins (Ministry of Agriculture, State Board 

for Applied Agricultural research in Iraq, 1986). 

The results of two series of experiments are reported in this thesis: 

1. The first series include the evaluation of the material and selection experiments 

carried out on the 32 double crosses made by Maryam 1985. Both, Controlled 

environment (in the growth chamber and in the glasshouse) and field 

conditions were used both for the evaluation and selection for cold tolerance 

and early flowering and maturity. SI and S2 family selection was utilized. 

The following investigations are included in this part (Chapter 3, 4 and 5): 

a) the 32 double crosses obtained by Maryam (1985) were evaluated for germination 

at a low temperature (60 C constant) and selections were made within and 

among them for this trait (Experiment A, Chapter 3), 
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b) the selected material was evaluated under glasshouse conditions for flowering, 

maturity, and the other agronomic characteristics and So plants were selfed to 

obtain the SI generation (Experiment B, Chapter 3). Flowering and early 

maturity studies were based on two methods for calculating the heat-units 

degrees (BUD) required to reach each particular stage. It has been reported by 

many researchers that the heat-units degrees methods are more accurate for 

classifying maize genotypes for their flowering and maturity (details are given 

in Chapters 2 and 3). The calender day method was also used in the field 

experiments, 

c) SI progenies were evaluated and tested under controlled conditions for the desired 

characters and at the same time Sl seeds were obtained by selfing S 1 plants 

(Experiments C-Chapter 3), 

d) variation for germinability at low temperature within the SI and the Sl families was 

investigated (see Experiment D, Chapter 4), 

e) an experiment was carried out in the field to evaluate all the double crosses and 

selected and non-selected SI and Sl families for cold tolerance, early 

flowering, early maturity and for many other agronomic characters. In these 

experiments the phenotypic and the genotypic variability were studied and 

selection was made within SI and Sl family for further breeding (Experiment 

E, Chapter 5). 

2. In the second part of this work, the inbred lines selected by Maryam (1981) from 

the Cambridge and from the USA materials, on the basis of good cold 

tolerance and early maturity, were utilized as follows: 

a) two sets of inbred lines, five from the Cambridge inbred lines and five from the 

USA inbred lines, were crossed in a North Carolina mating design 2 (NC2). 

Fa and FJ generations were obtained, 
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b) the inbred lines and their Fls were tested, under controlled conditions, for 

germination at 60 C constant temperature and for emergence and seedling 

growth at 9-130 C, (Experiment F, Chapter 6), 

c) field experiments over two seasons were carried out. In the first year all the 

material was evaluated and an investigation of the genetic variation and the 

combining ability of the two sets of inbred lines was undertaken. The Fls 

were tested in the field for two seasons and the North Carolina 2 analysis was 

carried out (Experiment G, Chapter 7). 

This study was designed to meet the following general objectives in addition 

to the specific objectives which will be explained later for each experiment 

individually: 

1. to develop a better understanding of the genetics of cold tolerance and early 

maturity and to select suitable materials for further breeding, 

2. to develop breeding methods for selection for both cold tolerance and earliness by 

using controlled and uncontrolled environment conditions, 

3. to identify those inbred lines, families and hybrids superior for the desired 

characters of use in further breeding programmes. 
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Source of Materials. 

· CHAPTER TWO 

MATERIAL AND METHODS 

The experimental material used in this research consisted of 32 double crosses 

and ten inbred lines of grain maize (Zea mays L.) The double crosses were originally 

made in the Department of Plant Biology and Genetics, University of Hull, England, 

by Dr. B. Maryam (1985) and were available for this study. The single crosses used 

to form the 32 double crosses were obtained by crossing some selected inbred lines 

which had been developed at the Plant Breeding Institute in Cambridge to meet the 

climatic conditions of Cambridge from dent material obtained from Poland, France 

and the U.S.A, and flint material obtained from Switzerland and France (Maryam, 

1981). 

The inbred lines had been screened for their cold tolerance and for other 

agronomic characteristics (flowering and maturity), in a series of experiments 

conducted in a growth cabinet, the greenhouse and the field, at a latitude further north 

than the generally accepted limit of the crop in the U.K. (Maryam and Jones, 1985). 

These investigations were conducted in the Department of Plant Biology and Genetics 

between 1977 and 1985, and they found that some of the inbred lines showed good 

cold tolerance and, furthermore, that significant genetic variation for cold tolerance 

existed among them. The genetic basis of the cold tolerance in these inbred lines was 

mostly due to additive-gene effects. After an initial screening the most cold tolerant 

lines were included in an experiment to obtain and study the performance of Fit F2, 

Bit and B2 families. Subsequently the progeny of the single crosses were themselves 

crossed in the glasshouse in 1985, according to the availability of pollen and silks, to 

produce the double crosses which were used in this study. A total of 32 double 

crosses have been made. They are listed in table 1, both with the experimental code 

used in this study, and the germination characteristics at low temperature and the 

flowering characteristics of the inbred lines from which each double cross was 
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Table (1). The 32 double crosses that were made in the glass house i.n .1985. wi~ their 
experimental codes and the germination and flowering charactensttcs of the mbred 
lines involved in their fonnation. E = early. M = medium, L = late. -------------------------------------------------------------

Exp. Germination Flowering 
code characteristic characteristic 

for their of the inbred 
No Double crosses inbred lines lines -------------------------------------------------------------

(GB071xGBCllS)x(GB078xGBC233) (LxE)x(ExM) (ExM)x(ExE) 

2 (GB077xGBCllS)x(GBClOOxGBClIS) 2A (LxE)x(l..xE) (MxM)x(ExM) 

3 (GBClOOxGBCllS)x(GB077xGBCllO) 2B (LxE)x(UL) (ExM)x(MxE) 

4 (GB077xGBCIOS)x(GB078xGBC233) 3A (LxE)x(ExM) (MxL)x(ExE) 

5 (GB077xGBCIOS)x(GB077xGBCIIO) 4 (LxE)x(LxL) (MxL)x(MxE) 

6 (GB071xGBCIIO)x(GB078xGBClI4) 5 (UL)x(ExM) (MxE)x(ExE) 

7 (GB077xGBCIIO)x(GB078xGBCIIS) 6A (UL)x(ExE) (MxE)x(ExM) 

8 (GB078xGBCl 1S)x(GB071xGBCl 10) 6B (E.xE)x(l..xL) (ExM)x(MxE) 

9 . (GBC77xGBCIIO)x(GB078xGBC233) 1 (LxL)x(ExM) (MxE)x(ExE) 

10 (GB077xGBCI10)x(GBCIOOxGBC11S) 8 (LxL)x(LxE) (MxE)x(ExM) 

11 (GB077xGBC110)x(GBCIOSxGBC233) 9A2 ~)x(ExM) (MxE)x(MxE) 

12 (GBOSOxGBCI02)x(GB071xGBCII0) 10 (LxM)x(l..xL) (MxE)x(MxE) 

13 (GBC233xGBCIOS)x(GB078xGBCIIS) lIA (MxE)x(ExE) (ExM)x(ExM) 

14 (GB078xGBCIlS)x(GBCIOSxGBC233) liB (ExE)x(ExM) (ExM)x(MxE) 

15 (GB078xGBC11S)x(GB077xGBCIOS) 12A (ExE)x(l..xE) (ExM)x(MxL) 

16 (GB078xGBCl 14)x(GB077xGBCl 10) 13 (ExM)x(LxL) (ExE)x(MxE) 

17 (GB078xGBCII4)x(GB077xGBCIOS) 14A (ExM)x(LxE) (ExE)x(MxL) 

18 (GBOSOxGBCI02)x(GB077xGBCI08) IS (LxM)x(LxE) (MxE)x(MxL) 

19 (GBC233xGBCIOS)x{GB078xGBC233) J6A ~xE)x(ExM) (ExM)x{ExE) 

20 (GB078xGBC233)x(GBCI0SxGBC233) 168 (ExM)x(ExM) (ExE)x(MxE) 

21 (GBC233xGBCIOS)x(GB078xGBCl14) 17A (MxE)x(ExM) (ExM)x{ExE) 

22 (GBCIOSxGBC233)x(GB078xGBCI14) 18 (ExM)x(ExM) (MxE)x(ExE) 

23 (GBCIOSxGBC233)x(GB077xGBOII0) 19A2 (ExM)x(LxL) c.uE)x(MxE) 

24 (GBCI0SxGBC233)x(GB077xGBCI08) 20 (ExM)x(LxE) (MxE)x(MxL) 

2S (GBCIOSxGB233)x(GBCl00xGBCllS) 21A (ExM)x(LxE) (MxE)x{ExM) 

26 (GBClOOxGBCIIS)x(GBCIOSxGBC233) 21B (LxE)x(ExM) (ExM)x(MxE) 

27 (GBCl00xGBCllS)x(GB078xGBC233) 22 (LxE)x{ExM) (ExM}x{ExE) 

28 (GB078xGBC233)x(GB078xGBCllS) 23 (ExM)x{ExE) (ExE)x{ExM) 

29 (GB08OxGBCI02)x(GB078xGBCIIS) 24A (l..x.\f)x{Ex E) ~xE)x(ExM) 

30 (GB08OxGBCl02)x(GBClOSxGBC233) 2SA (LxM)x{ExM) (MxE)x{MxE) 

31 • (GBCI0SxGBC233)x{GBOBOxGBCI02) 2SB (ExM)x(LxM) (MxE)x{MxE) 

32 (GBC233xGBCIOS)x(GBOBOxGBCI02) 26A2 (MxE)x(LxM) (ExM}x{MxE) 

-------------------------------------------------------------
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derived. All 32 double crosses were used in this study in evaluation and selection 

experiments conducted in the growth cabinet, the glasshouse, and in the experimental 

field. 

For another experiment, ten inbred lines from the material obtained by 

Maryam were used. These were the most promising lines among the Cambridge 

material, and some other inbred lines which had been obtained directly from the 

U.S.A. and subjected to a selection study by Maryam (1981). The lines GB078, 

GBC102, GBC108, GBCl00, and GBC233 of the Cambridge lines, and Fr43, Fr619, 

HY2, A556 and Pa32 of the U.S.A. lines were chosen. The two different sets were 

used in a North Carolina mating design (2). Further details about these lines will be 

given in Chapter 6. 

Environments and Traits Measured. 

The different experiments were carried out under growth cabinet, glasshouse 

and field conditions. These different environmental conditions will be described in 

detail with each individual experiment. 

The growth cabinet used for germination experiments was a Sherer Cel 44, with both 

temperature and humidity control. Kernels were placed on sterile Whatman filter 

paper No.3, size 9 cm in a sterile petri dish. The kernels were treated with the 

fungicide Captan. Ten ml of sterile distil~ water were added to each petri dish; the 

dishes were covered and placed in the growth cabinet at 60 C constant temperature in 

the dark. The dishes were screened each day during the following 21 days. A seed 

was considered to have germinated when the radicle and the coleoptile had broken 

through the pericarp (McConnell & Gard ner, 1979a). Any seed which had not 

germinated by the 21st day was j9nord •. 

The glasshouses of the Botanic Garden of the University of Hull were used to 

conduct the glasshouse experiments. They were equipped with mercury vapour 

discharge lamps (MBRF/U) or with high pressure sodium plant irradiator lamps 
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(SONff) set initially at 1 m above the glasshouse bench. These lamps gave a photon 

flux den ity of 360 to 390 micro-mole photons m"~. x s1 at bench level. 

Although maize is a short-day-Iength plant it does grow well in the north of 

the U.K. where in Summer the day length is very long (averaging 16 hours). 

Therefore the lamps were set at a 16 hours day-length. When experiments overlapped 

the Summer season, the lights were turned off, from the middle of May, leaving the 

plants subject to natural day-length and light 

In the glasshouse experiments seeds were sown in John Innes potting soil 

compost No. 2 into 90mm plastic pots. After 4 weeks all plants were transplanted 

into 250mm diameter plastic pots and the large pots were placed on the ground inside 

the glasshouse. 

The minimum temperature in the glasshouse was set at not less than 120 C, a 

balance between ventilation and heating ensured that the temperature did not fall 

below 120 C and did not exceed 350 C. As and when necessary the plants were 

fumigated and sprayed against red spiders, aphids, sciarid flies and other insects 

before the male and female flowering took place. 

The selfing procedure used in these experiments to obtain the Sit S2, S3, and F2 

seeds was as described by Hays and Ammer (1942) and Poehlman, (1959). The 

technique used for monitoring the inbred lines and to make hybrid crosses was of 

Poehlman (1959, fig. 13.8 and 13.9). Glassine bags were used for ear-shoots and 

kraft bags for the tassel. Each plant and each ear, after selfing or crossing, was tagged 

with the appropriate infonnation, written with marker pen. 

The field experiments were carried out in the field of the Botanic Garden, 

Thwaite Street, Cottingham, Hull. Before sowing, the land was well rotavated and 

farmyard manure was added. Sowing and harvesting were done by hand. Weeding 

throughout the growing season was also done by hand. More details about the field 

experimental technique will be given in Chapters 5 and 7. 

For the glasshouse and field experiments, the time to reach each stage of 

flowering was recorded by counting the number of days from sowing to the day that a 
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particular stage was obseIVed for each plant Plant height was measured as the 

distance from the soil surface to the tassel collar. The ear height was measured as the 

distance from the soil to the node on which the lowest cob existed. The days to 

harvest were scored as the number of days between sowing and the time the particular 

ear was harvested. The moisture content of the seeds at harvest was measured using 

an electronic moisture tester (Sinar Intec F6 Moisture Analyser). In order to ensure 

accurate measurement for seed moisture, each harvested cob was placed separately in 

a polythene bag and all samples were tested for moisture on the same day. Yield was 

obtained by counting the normal mature seeds on every ear using a Decca Master 

Count with a batch counter and the seeds were then weighed for each plant using an 

electronic balance (Mettler PC 22(0) 

The decimal code for the flowering stages (Zadoks et aI., 1974) was used as 

follows (Maryam, 1981): 

Boots Tassel inside the flag leaf. 

51 Tip of the tassel just emerged 

59 Emergence of the tassel fully completed. 

61 Beginning of anthesis (pollen shedding). 

65 Anthesis half way (pollen shedding half way). 

69 Anthesis complete (pollen shedding finished) 

Ear Initiation of the ear (ear shoot of com emerging 

from the leaf sheath). 

Silk Initiation of the silk (silk showing through the ear shoot). 

It has been reported by many researchers (see chapter three for more 

explanation) that the use of the daily heat-unit degrees is the most satisfactory method 

for classifying maize hybrids for their flowering and maturity stages, being superior to 

the calendar day method (Gilmore and Rogers, 1958; Cross and Zuber, 1972; 

Mederiski et at., 1973; Aspiazu and Shaw, 1972; Brown, 1969; Cowen, 1985). In the 

U.K. a similar suggestion was made by Bunting and Gunn (1973) Bunting, (1976); 

Carr, (197'); and Hough, (1975);. They reported that the accumulative daily heat unit 
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degrees can be used to specify maize varieties (for flowering and maturity) for given 

geographic regions, or as in Britain to delineate those areas likely to be most suitable 

for maize production. For that reason, two methods of calculation of the heat units 

were used in this study in addition to the calendar day method. Seven-day 

thermographs were placed in the glasshouse and in the experimental field to measure 

the temperature continuously. The heat-unit degrees required from sowing to the day 

that a particular stage was observed were calculated in two ways. A Fortran computer 

Programme was written for this purpose. 

Growing degrees are defined as the number of degrees celsius by which the 

mean daily temperature exceeds a base minimum; but does not exceed a base 

maximum; where the minimum and maximum temperature are adjusted to the base 

minimum or maximum temperatures, if they fall short of or exceed the critical 

temperatures for each respective measurement 

The first method used in this study was the one used by Gilmore and Rogers 

(1958) and Cross and Zuber (1972). The accumulated growing heat-unit degrees 

were calculated using the formula: 

Tmin+Tmax 
HUD on a day = --------- 10 

2 

Where Tmin is the daily minimum temperature, and Tmax is the daily 

maximum temperature. If Tmin < 1oo C, then Tmin = 1oo C, and if Tmax > 3oo C 

then Tmax = 3()o C. This method had been widely used in maize studies under 

suitable environments for growing the plant 

The second method was the"Ontario heat units method" which was suggested 

by Brown (1969;and 1975) in Ontario, Canada, as a more suitable method for 

classifying maize genotypes for their flowering and maturity in cold conditions. 

Bunting and Gunn (1973) suggested that this method is of greater potential interest for 

northern European conditions. They reported that the merit of this method for British 

conditions is currently under consideration. Carr and Hough (1978) reported that 
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although accumulated temperatures are widely used in many Northern-European 

countries to predict stages of maturity in maize or to identify suitable area of 

production, there appears to be no agreement as to which method is best. It is likely 

that differences in accuracy between methods are small, but some " :' standardisation 

would be desirable. Although this detail Was made 12 years ago, no results of the 

relevant experiments appear to have been published. In the Ontario method the 

response (Ymax) to maximum temperature, Tmax is assumed to be parabolic, with 

the maximum at (3()o C) or 860 F and minimum at, or below ( 1 ()O C) 5()o F. The 

formula as suggested by Brown (1975) and outlined by Coelho and Dale (1980) and 

Tollenaar et al.(1979) is: 

Ymax =3.33 (Tmax -10) - 0.084 (Tmax -10)2 

If Tmax > 3()O, then Tmax = 3()O 

and Ymax = 0 for Tmax ~ 1 ()o C and 

Ymin = 1.8 (Tmin -4.4) for Tmin > 4.40 C, and 

Ymin = 0 for Tmin ~ 4.4 C. 

Then the daily contribution in Ontario heat-unit degrees (DOHUD) is: 

Ymax+Ymin 

DOHUD =------------------------------------
2 

Because of the relatively high minimum and maximum temperatures in the 

glasshouse experiments the first method was used to study the flowering and maturity 

of the double crosses and their Sl. On the other hand all three methods (calendar 

days, Gilmore & Rogers, and the Ontario method) were used in the field studies. 
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The following abbreviations are used in the text and tables: 

ER 

GI 

SDW 

PH 

EH 

Mat. 

Silk-Mat 

HUDOnt. 

HUDRog. 

Days. 

Kerno. 

l00kerW 

% H2O 

NC2 

Emergence rate (emergence index). 

Germination index. 

Seedling dry weight (gm) 

Final plant height cm. 

Ear height cm. 

Maturity. 

Silking to maturity. 

Ontario heat-unit degrees. 

Gilmore-Rogers heat-unit degrees. 

Number of days required to the particular stage. 

Number of Kernels per plant. 

100 kernels weight (gm). 

Grain moisture content %. 

North Carolina mating design 2. 

More explanation will be given about these characters in each individual 

experiment. 

Data were analysed at the University of Hull, on the ICL 3980 mainframe 

Computer, using Genstat 4.04 (Alvey et al., 1983). Programmes were written 

specially for each experiment by the author with the help of the Computer Centre staff 

(see acknowledgements). 

The following statistical conventions have been used, unless otherwise stated 

(Steel & Tonie, 1980). 

NS Non-significant 

* Significant at level of probability 0.05 > p > 0.01 

** 
*** , 

Significant at level of probability 0.01 > p > 0.001 

Significant at level of probability p < 0.00 1. 
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PART ONE 

THE STUDIES ON THE THIRTY TWO MAIZE . 
DOUBLE CROSSES, THEIR S1 AND S2 FAMILIES. 



CHAPTER THREE 

EVALUATION OF 32 MAIZE (ZEA MAYS L.) DOUBLE CROSSES FOR 

GERMINATION AT LOW TEMPERATURE, FOR FLOWERING TIME AND 

FOR MATURITY UNDER CONTROLLED CONDITIONS. 

Introduction: 

Hybrids have been the ultimate commercial products of maize breeding 

programmes since Jones (1918) first suggested the use of double cross hybrids. Using 

mainly empirical methods. investigators have found that they could select lines and 

obtain new varieties for almost any combination of desired characters using com 

hybrids. and the genetic diversity in them. as the basic source material. During the 

past four decades. plant breeding has dealt extensively with the problem of improving 

tolerance to low spring temperatures with the aim of producing maize genotypes 

(inbred lines and hybrids) with better germination, more vigo' rous emergence and 
, 

faster early growth under adverse conditions of cold wet weather. 

As grain-maize planting has moved into regions climatically less suited for its 

production. notably in "third world" countries and Northern Europe. increased 

research has been necessary to identify the climatic and physiological factors limiting 

development of the plant, primarily to assist the breeding programmes in these less 

suitable areas (Duncan, 1975). 

Carr and Milbourn (1976) reported that breeding programmes in northern 

Europe have long been directed towards the development of hybrid varieties that 

combine the ability of European flint types able to grow at low temperatures with the 

high yield potential and resistance to lodging of early American dent material. This 

has led to the production of varieties with earlier flowering and maturity. Both types 

of maize have been used as the basis of the double cross hybrids that were obtained 

from the material used for an earlier study by Maryam (1981). 
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Carr and Milbourn (1976) also stated that, as a forage crop, maize has much to 

offer agriculture in northern Europe, but it is not yet known how far north the crop 

can be successfully and reliably grown. The unsuitably cold growing seasons 

throughout northern Europe emphasise the prime need to select for earliness of 

flowering, and varieties flowering six or seven days earlier than the existing earliest 

varieties (which would consequently mature perhaps up to two weeks sooner) should 

be available within the next decade. 

In Britain this aim seems not to have been achieved yet, although a breeding 

programme for that purpose was started in the early seventies at the Plant Breeding 

Institute in Cambridge and at the University of Oxford, there appear to be no further 

important results have been reported in the UK after 1980, except those carried out by 

Maryam and Jones (1983a, 1983b, and 1985) on the genetics of grain maize for cold 

tolerance. 

The results of the earlier work by Maryam (1981) on the original parental lines 

and single crosses showed the presence of directional dominance for all the traits 

studied, with significant additive and dominance effects. She suggested that it would 

be possible, through selection, to develop early germinating, early flowering and early 

maturing genotypes from the hybrid population of crosses made from these lines. 

Irrespective of the breeding procedure, the planning of the experiments and the choice 

of suitable parents, all the important characters in this breeding programme mainly 

show additive-dominance variation. Although experiments using double crosses 

appeared to be the best way to proceed it was still necessary to answer the following 

questions: 

1. Is there sufficient genetic variation within them to allow improvement in the 

Characters of importance? Before any breeding programme can start it is essential to 

determine. if variability exists and if it is enough for an adequate response to 

selection 

2. How extensively must the material be tested to identify superior families 

(populations), or identify superior parents within these populations? 
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3. Which hybrids among them are most promising as a source of improved breeding 

material? 

4. Which further breeding procedures will most rapidly produce an acceptable level 

of improvement in the important characters? 

In order to answer these questions, the cold tolerance and early maturity of 32 

double crosses were determined in three series of experiments: (A) under controlled 

condition in the growth chamber; (b) in the greenhouse, followed by (c) tests in the 

experimental field. Details are given on the sources of the materials used in these 

experiments in Chapter Two. 

EXPERIMENT A. 

Eyaluation of the 32 Double Crosses for Their Ability to Germinate at a 

Constant Temperature of 61.,C. 

Twenty kernels from each double cross (see table 1) were used for the cold 

germination test. The kernels were separated randomly into two sets of ten seeds 

each. They were subjected to 60 C constant temperature in the growth cabinet using 

the method described in Chapter 2. In 1985 Maryam had obtained several duplicates 

of her double crosses and these were included in the experiment as an additional 

control. As a result, germination experiments were established in 80 petridishes. On 

9th January 1987 they were placed in the growth cabinet in the dark for 21 days. 

Daily records were taken on the number of germinated seeds and the 

germination index was calculated as follows: 

L (Number of seeds germinated in a day) x (day after starting the experiment) 
GI=---------------------------------------------

total number of seeds germinated 21 days after starting 

, Then the analysis of variance was carried for the number of seeds germinated 

and germination index (rate of germination). 
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Result of Experiment A. 

Analysis of variance of the number of germinated seeds and of 01 (table A-2) 

showed that there was a highly significant difference between the double crosses for 

both traits. The number of germinated seeds and 01 are shown in table A-I. 

From table (A-2) it will be seen that, although 32 double crosses were used in 

the experiment, there are 39 degrees of freedom associated with the between double 

crosses \ ~': '. Eight of the original double crosses were done in duplicate (Eg 6A 1 

and 6B 1) and the germination test has been carried for all the samples of each double 

cross separately. 

From table (A-I) it can be seen that all the seeds of the double crosses '.lA,5,12A 

and 13 germinated. At the other extreme the number of germinated seeds were 5, 5, 

and 7 for double crosses 18, 20, and 16A respectively. This indicates that there is 

much variation for the ability to germinate at lew temperature among the double 

crosses. Similarly, there are highly significant differences between the 32 double 

crosses for the number of days required for germination (01), varying from 14.80 

days to 20.42 days. Thus there is also great variation between the double crosses for 

early germination at 60 C. This result leads to the conclusion that the variation would 

be sufficient for an adequate response to selection for germinability at low 

temperature. 

The ability of maize to germinate at low temperature has been investigated by 

many researchers (Neal, 1949; Haskell and Singleton, 1949; Helgason, 1953; Pesev, 

1970; Eagles and Hardacrq, 1979b; and Ief.mets, 1981) and it has been used as one of 

the indicators for the ability of any maize germ plasm to tolerate cold. There is also 

much evidence that th~ variation in cold tolerance has a genetic basis (Neal, 1949; 

Haskell, 1949; Andrew, 1954; V~ntura, 1961; Grogan, 1970; Pesev, 1970; Eagles and 

Hardacre, 1979a; Faranets, 1981; Maryarn and Jones, 1983 a; 1983b). 

~: 
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Table (A-I) Number of germinated seeds and germination index (GI) for the 32 

double crosses tested at 60 C constant temperature for 21 days. 

(a total number of 20 seeds was used from each double cross). 

double Number double 
No. cross of seeds No. cross 

code germinated GI code 

1 1 17 16.17 18 15 

2 2A 20 16.15 19 16A 

3 2B 11 16.85 20 16B 

4 3A 15 15.38 21 17Al 

5 4 18 16.91 17A2 

6 5 20 15.55 22 18 

7 6Al 18 16.05 23 19A1 

6A2 19 16.19 19A2 

8 .. 6Bl 19 15.15 24 20 

6B2 18 14.85 25 21A 

9 7 14 16.50 26 21B 

10 8 16 16.95 27 22 

11 9A 16 15.65 28 23 

12 10 10 20.00 29 24Al 

13 11A 15 15.73 24A2 

14 11B 17 15.31 30 25A 

15 12A1 20 16.35 31 25B 

12A2 20 15.25 32 26Al 

16 13 20 14.80 26A2 

17 14A 18 16.83 

14A2 8 19.92 

"'L.S.D. at 1 % level = 6.16 and 5.08 for number of seeds 
germinated and GI respectively 
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Number 
of seeds 

germinated GI 

14 17.19 

7 19.30 

12 16.07 

16 16.50 

17 16.69 

5 20.42 

7 16.90 

14 17.43 

5 18.83 

12 16.92 

7 19.95 

13 19.21 

14 16.50 

16 18.05 

18 17.67 

13 17.33 

11 16.77 

8 19.25 

17 18.12 



Table (A-2) Analysis of variance of the number of germinated seeds, and germination 

index (GI) for the 32 double crosses at 60 C constant temperature. 

Character Source of DF MS F P 

variance 

Number of Between double 39 10.04 4.43 ** 
germinated crosses 
seeds Within double 40 2.26 

crosses (error) 

Germination Between double 39 4.59 3.53 ** 
index crosses 

Within double 40 1.30 
crosses (error) 

* * significant difference at 1 % level 0.01 > P > 0.001. 

The work of Maryam and Jones (1983a, 1983b, 1985) showed that additive 

effects were important for the germination at low temperature (80 C and 60 C) of just 

those inbred lines and their Ft; s that have been used to make the 32 double crosses 

under investigation. Thus we can compare the number of germinated seeds and GI of 

the double crosses with those which had been found by Maryam and Jones for the 

inbred lines and their F1s at the 60 C constant using the same growth cabinet (see table 

A-3). It is clear that the double crosses performed better than the inbred lines and the 

single crosses which, were used to make them, and that a gain in the ability to 

germinate at low temperature has been established. From .. table I(Chapter 2) we can 

see that whereas at least one early germinating inbred line was included in the 

formation of each double cross most of them included two or three early or medium 

germinating lines. These would contribute to the good response of most of the double 

crosses to germinate early in this test (see table A-3), thus confirming that additive 

effects were important for this trait in this population (Maryam 1981). Similar results 

have been found by Pinnel 1949;~okolov and Ivaknenko, 1971; Galik and Dzhioeva, 

1975 and Bojarczuk, 1979. They found that the double crosses were superior in their 

germinability at low temperature to the single crosses and the inbred lines. 
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Table (A-3) Germination characteristics of the seeds at 60C constant temperature for the 
inbred biles and their F1s as found by Maryam (1981) and the germination 
characteristic for the double crosses derived from them as shown in Table (A-I) in 
this experiment. 

60 C constant temperature 60 C constant temperature 

Inbred' Germination No. of No. of 
lines character- seeds seeds 
and sties germinated germinated 
F1s per 10 Double per 20 

seeds GI cross seeds Gl 

lines 1 17 16.17 
GB078 E 10 29.50 2A 20 16.15 
GBCl15 E 10 35.00 2B 11 16.85 
GBC102 M 2 35.00 3A 15 15.38 
GBC108* E 10 35.00 4 18 16.91 
GBC114 M 2 31.25 5 20 15.55 
GBC233 M 3 37.50 6A 18 16.05 
GB()77 L 0 0 6Bl 19 15.15 
GBC80 L 0 0 7 14 16.50 
GBC100 L 0 0 8 16 16.95 
GBC110 L 0 0 9A 16 15.65 

q10 10 20.00 

F1,s llA 15 15.73 

78 x 115 EXE 10 13.10 lIB 17 15.31 
115 x 78 EXE 6 29.66 12A1 20 16.35 
78 x 114 EXM 10 32.60 13 20 14.80 
78 x 233 EXM - - 14A1 18 16.83 
115 x 77 EXL 8 35.00 15 14 17.19 
78 x 110 EXL 8 32.75 16A 7 19.30 
114 x 78 MXE 8 36.25 16B 12 16.07 
233 x 78 MXE - - 17A1 16 16.50 
102 x 80 MXL 0 - 18 5 20.42 
77 x 155 LXE 2 35.50 19A2 14 17.43 
101 xl10 LXL 0 - 20 5 18.83 
110 x 78 LXE 8 32.75 21A 12 16.92 
80 x 102 LXM 0 - 21B 7 19.95 
110 x 101 LXL 0 - 2 13 19.21 

23 14 16.50 
24Al 16 18.05 
25A 13 17.33 
25B 11 16.77 
26A2 17 J 18.25 

'" Data for this inbred line was at 80 C conistant temperature. 
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EXPERIMENT B. 

Evaluation for Flowering Stages and Other Agronomic Characters of the Plants 

Grown from the Earliest 5 Seeds to Germinate from Each Double Cross. 

During the course of Experiment A, the fIrst seeds to germinate 0 f . each 

double cross were selected, sown and grown into mature plants in the glasshouse. 

This was the fIrst stage of selection on the double cross material and for the purpose 

of the selection the seeds harvested from these plants, following selfmg, will form the 

S 1 generation. 

Experiment B had two purposes; fIrstly to study the variation between and 

within So families for flowering stages, maturity and other agronomic characters, and 

secondly, to obtain Sl seeds following selfmg of the So plants and to cany out the next 

stage in the selection. 

Experimental DetaUs. 

This experiment was carried out between January 1987 and July 1987. The 

fIrst 5 seeds to germinate from each double cross in Experiment A were sown in John 

Innes potting compost No.2 into 90mm plastic pots in the glasshouse. After 4 weeks 

all plants were transplanted into 250mm diameter plastic pots and the large pots were 

placed on the ground inside the glasshouse and arranged randomly in a randomized 

complete design, under controlled conditions as described in Chapter 2. All plants 

were selfed to obtain Sl seeds (see Chapter 2 for method). After noting the date of 

planting, daily records were taken for the following characters: emergence, date of 

the boots, 51, 59, 61, 65, 69 and silking stages of flowering as listed in Chapter 2. 

Final plant height in cm, ear height in cm, date of maturity, and seed moisture at 

harvest were also measured. Daily records of the temperature inside the glasshouse 
--,,-

were taken using a thermograph which had been previously placed there. The total of 

27 



the accumulated heat units wel'e counted for each individual plant using the Gilmore 

and Rogers formula (Chapter 2). Because the moisture tester was not available until 

the 30th June 1987, all the selfed plants were harvested on the same day and seed 

moisture percentage was measured respectively on the same day (30th June 1987). 

The date of maturity was recorded, however, when each individual pl~t reached the 

maturity stage. 

Results of Experiment B. 

Means for the heat-unit degrees, for all traits of flowering stages, maturity, and 

the period from silking to maturity and the other agronomic characters, are shown in 

Table B-1 for all the 32 double crosses. 

Analysis of variance was carried out for the heat-unit degrees required to the 

boots, 65, silking, maturity. and for the period from silking to maturity, and also for 

the number of seeds per plant, seed moisture content and plant height (cm.). The 

analyses are shown in Table B-2. 

There were significant differences between the So selected plants of the double 

crosses, for the heat-unit degrees required to the boots stage, silking, maturity, and 

from silking to maturity, but there were no significant differences between double 

crosses for the heat-unit degrees required for the 65 stage, the number of seeds per 

plant and seed moisture at harvest or plant height. 

Although 160 plants were grown in the experiment, it can be seen from Table 

B-2 that only 118 degrees of freedom are associated with the error (within double 

crosses) for boots stage. 104 for 65 stage, 81 for silking, maturity and number of 

seeds per plant, 73 for seed moisture and 119 for plant height. That was because 

some of the plants did not survive to the appropriate stage. Some were very small and 

did not reach the flowering stages, while others did not develop a tassel or did not 

shed, pollen grains. Thus the calculations were based on the total number of plants 

Which reached particular stages. There were only 73 degrees of freedom for within 
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double crosses for moisture content, even though there were 81 for the number of 

seeds per plant. This was because some of the mature plants gave too few seeds for 

moisture determination by the seed moisture tester. In addition to that, five plants 

were destroyed by mice when they were seedlings. They could not be replaced 

because all of the plants were grown from seeds which had been selected for their 

germinability at low temperature during Experiment A. 

From Table B-1 it can be seen that high variability exists among the double 

crosses for the flowering stages, maturity, and the period from silking to maturity. 

The heat units required for the boots stage ranged between 605.33 and 668.50 heat­

unit degrees. Among the earlier So plants to reach boots stage were those from double 

crosses 23, lIB, 8, 2B, 12A, 20, 5, 3A and IIA. For the silking stage the HUDs 

required ranged between 795.75 to 905.17, and among the faster So plants to silking 

were plants from double crosses 20, 4, lIB, 3A, 14A, 23, 8, 19A2 respectively. For 

maturity the So plants of the double crosses 19 A2, 18, 25A, 4, 20, 3A, 5 and 9 A2 were 

the fastest to mature and they required fewer HUDs compared with the other double 

crosses. The requirements ranged from 1335.30 HUDs for the fastest double crosses 

to 1543.94 for the slowest double cross to mature (21A). From the same table (B-1) 

the HUn required from silking to maturity ranged from 510.60 (19A2) to 700.55 

(2B). 

We started with plants that had been selected for early germination at 6°C 

temperature and it is clear from the means of the double crosses in table B-1 that the 

plants from each double cross behaved differently for the heat-unit requirements for 

every stage. For example, double cross No. 20 was among the fastest of the double 

crosses to reach boots, silking, and maturity, but it required relatively more time than 

the others for the stage from silking to maturity. On the other hand some of those that 

were earlier to silk were also earlier to mature, for example double crosses 20, 19A2, 

4, but others were not. 

From this experiment an understanding of the range of variability within the 

32 double crosses was obtained and thus the basis for the selection programme was 
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established, but it is still too early, however, to predict the direction and the genetics 

of this variability, since this experiment was carried out under glasshouse conditions. 

The heat-unit degrees requirements for the flowering and maturity stages, with 

their variances (S2) within each double cross plants are shown in Table (B-3). There 

is great variability within the families. The degree of this variability between plants 

differs from one double cross to another. This table of results suggests that variability 

exists within double cross plants in addition to those between them. This variability 

needs to be tested by another experiment to study the means of S 1 families within each 

double cross and, if the Sl families showed this variability in their means, it could be 

concluded that the use of HUD method described earlier is effective to classify the 

double crosses for their maturity and flowering. As this variability has a genetic basis 

of additive-dominance as found by (Maryam, 1981), selection for the flowering stages 

and maturity can be done among and within families of the 32 double crosses. 

The lack of variation among the plants for the 65 stage character may result 

from the high temperature at the top of the plants because of the design and 

installation of the heating in the glasshouse. The heating came from above, being 

driven down by a fan in a circulating water radiator fitted just under the roof. The 

tassels would be exposed to higher temperatures than other parts of the plant, which 

together with the heat from the sun would encourage faster pollen shedding among 

double crosses. Consequently the differences between the double crosses would be 

reduced. Support for this explanation can be seen in table (B-l); all the double 

crosses reached the half-way anthesis stage before silking took place. 

The non-significant differences between the 32 double crosses for the number 

of seeds per plant may follow from the non-significant differences between the single 

crosses which had been used to make them, as found by Maryam (1981). The 

absence of significant differences for plant height and ear height may be because the 

short and undesirable plants did not reach the stage for measuring. It is not valid here 

to consider the non-significant effects between double crosses for moisture content 
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because the moisture detennination was not carried out on the day of maturity, 

following the delay in the receiving of the moisture tester. 

The high variability, which is shown in this experiment among double crosses 

and within plants of each double cross, suggests that the selection for germination at 

low temperature would not affect the variability for the other characters under 

investigation here, since this variability has been found by (Maryam, 1981) in the 

basic single crosses that were used to form the double crosses. This follows Hexum, 

1984; Mock and Bakri, 1976; McConnell and Gardner, 1979b; Hoard and Crosbi~ 

1982 who showed that selection for cold tolerance did not affect the other agronomic 

characters they measured. This explanation will be clarified following the SI progeny 

test reported in the next experiment. 

Finally, as a result of selfing the plants in this experiment, seeds of 113 SI 

families were obtained. The number ranged from 2 to 5 SI families per double cross. 
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Table C8-l) Mean. of Heat-Unit Degree. CHUD), no. of kernel. pe~ plant, grain 

.. oloture content t. and plant height CIR for SO plants of the 32 double 

cros.e. 

Heat Units degreu required to Plant 

Heiqht 

No. Double cross Code 

No. of 

Seedsl H20 

Plant 

2 

(GB077xGBCl15)x(GB078xGBC233) 

(GB077xGBCl151x (GBCI00xGBCl15) 

1 

Boot. Halfway silking Maturity Silk to 

.... turity 

721.00 137.40 132.40 1510.15 681.45 154.00 18.78 161.00 

21. 764.95 "3.90 141.25 1454.00 640.00 157.50 17.55 207.00 

3 (GBCI00xGBC1l5)x(GB077xGBCllO) 2B 706.10 151.10 142.25 1542.'0 700.55 137.'0 11.55 190.00 

4 (GB077xGBC101)x(GB07lxGBC233) 31. 711.45 839.20 100.92 1412.67 611.75 142.33 16.77 195.00 

6 

7 

I 

, 
10 

(GB077xGBCI01)X(GB077xGBCI10) 

(GB077aGBCllO) a (GB07IaGBC114) 

(GB077aGBCI10)a (GB07IxGBCl15) 

(GB07lxGBC115) x (GB077xGBCllO) 

(GB077xGBCllO) x (GB07IxGBC2ll) 

(GB077xGBCllO)x(GBC100xGBCl15) 

4 

5 

724.00 141.31 797.25 1404.58 607.33 135.33 18.'3 161.00 

713.31 131.63 131.03 1416.13 577.50 110.50 11.05 162.50 

6A 747.05 15'.15 130.6' 1471.56 641.00 137.25 17." 17l.00 

6B 771.70 114.75 15'.00 14'3.25 634.25 150.00 1'.33 171.00 

7 '79.11 112.25 112.25 1510.75 621.50 175.66 20.97 161.75 

I 615.20 143.10 112.50 1505.51 6',.01 132.67 17.77 115.00 

11 (GB077xGBC110)x (GBCI05xGBC233) 'AZ 726.60 asl.30 145.'5 1419.60 573.65 250.10 11.51 177.00 

12 (GB040xGBC10Z)x (GB077xGBC110) 10 731.70 "'.3$ ",.ts 1500.'0 631.05 222.00 21.2$ 170.00 

13 (GBC233xGBC105)x(GB07IXGBC1l5) 111. 71'.15 177.75 832.64 1477.1$ 645.21 135.00 16.91 154.00 

14. IGB07IxGBC1l5)x (GBCI0SaGBC213) 118 '75.44 121.6l 7".6l 1433.69 634.66 201.25 11.'3 173.U 

15 (GB07lxGBC115)x (GB077xGBCI01) 121. 732.10 1'0.60 16l.30 1446.30 513.00 140.00 17.ll 206.00 

16 (GB07IxGBC114) x (GB077xGBCI10) 13 765.U 1".31 "3.37 1503.50 liS 5 .13 7'.00 17.40 155.00 

17 

11 

(GB07lxGBC114) x (GB077xGBCI01) 

(GBOIOxGBCI02)x(GB077xGBCI01) 

141. 72'.'5 155.50 IOl.13 1503.50 700.l6 13l.50 20.10 147.00 

15 757.60 '06.'0 1.,.1 1412.00 592.20 156.20 1'.42 177.00 

l' (GBC233xGBCI05)x (GB07IxGBC213) 16A 7".00 '07.75 "'.50 1411.17 512.61 226.69 1I." 119.00 

20 (GB07IxGBC233) x (GBC105xGBC233) 16B 7S1.10 "0.45 837.94 1515.00 617.06 79.00 19.35 177.00 

21 (GBC233xGB0105)x(GB07IxGBC1l4) 171. 722.'0 '12.01 145.50 141'.2$ 570.75 2S4 .00 11. I 161.00 

22 (GBCI05xGBC23l)x (GB07IxGBC1l4) 11 755.15 "7.00 136.l0 13".61 5U.31 143.H 16.75 17l.00 

2l IGBC105xGBC233)x(GBOl7xGBCllO) 1'1.2 715.50 141.05 124.70 1335.30 510.60 233.40 16.70 17l.00 

IGBCI05xGBC233)xIGB077xGBCI01) 20 70'.1' 142.25 7'5.75 140'.42 613.67 146.67 16.00 1".50 

25 IGBC105xGBC2331 x IGBClOOxGBCll 51 211. 773.'2 "1.75 144.31 1543.'4 6".56 170.25 17." 1'0.00 

26 (GBCI00xGBC115)x(GBC105xGBC23l) 21B 74'.55 175.45 127.6' 1536.00 701.00 '7.50 16.20 152.00 

21 

29 

30 

31 

(GBCI00xGBCI15)x(GB07IxCBC2331 22 

(GB07IxGBC2331 x IGB07IxGBC1l51 2l 

104.31 "'.'4 145.1' 1465.13 61'.25 202.00 1'.35 110.00 

6'1.50 120.1' 105.3l 1446.67 641.ll 113.00 11.l0 111.25 

IGBOIOaGBC1021 x IGB07IxGBC1l5) 241. 105.33 '34.13 '05.17 1501.00 601.13 177.00 20.13 111.67 

IGBOIOxGBCI02)xIGBCI05xGBC233) 25"' 707.65 134.44 144.17 1402.33 551.17 175.67 It.20 lt4.00 

IGBCI05xGBC233Ia(GBOIOxGBCI021 25B 163.33 195.35 151.63 lU'.OO 639.31 205.00 17.05 154.00 

32 (GBC233xGBC105Ix(GBOIOxGBCI021 261.2 155.20 15':60 12'.60 1453.75 624.15 1'0.00 11.22 173.00 

N.'. N.S. N.S. N.'. 
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Table (R .. 2) Analysis of variance for the double crosses (So) in the glasshou<se based 

on. the heat-unit degrees required (HUD) for different flowering stages, no. of 

kernels per plant, grain moisture content %. &nd plant height. 

Trait Source of variance D.F. M.S. F ratio 

HOD to Boots Between double crosses 31 9651.567 5.173 
stage of the, 
tassel Within double crosses, error 118 1865.638 

HOD to Between double crosses 31 3387.684 1.220 
halfway of 
anthesis Within double crosses, error 104 2776.146 

HOD to Between double crosses 31 7552.169 10.24 
silking 
stage Within double crosses, error 81 737.169 

HOD to Between double crosses 31 9787.670 1.72 
maturity 

Within double crosses, error 81 5697.987 

HOD from Between double crosses 31 9708.790 1.98 
silking to 
maturity Within double crosses, error 81 4883.958 

No. of seeds Between double crosses 31 6691.702 1.39 
per plant 

Within double <?rosses, error 81 4809.567 

Seed moisture Between double crosses 31 6.143 1. 56 
Content 

Within double crosses, error 73 3.932 

Plant height Between double crosses 31 858.956 0.728 
cm 

Within double crosses 119 1178.795 
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Prob-
ability 

** 

N.S. 

** 

* 

** 

N.S. 

N.S. 

N.S. 



Table B-3. HUD required. for Boots stage for the selected So plants of the 32 double crosses. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

Double Plant No. 

Cross --------------------------------------------- Mean 
No. 1 2 3 4 5 

1 

2A 

2B 

3A 

4 

5 

6A 

6B 

7 

8 

9A 

10 

11A 

11B 

12 

13 

14 

15 

16A 

16B 

17 

18 

19A 

20 

21A 

21B 

22 

23 

24 

, 25A 

25B 

26A2 

765.50 681.25 705.75 820.75 631.75 721.00 

681.25 811.25 735.75 805.75 790.75 764.95 

666.75 695.00 656.00 695.00 821.25 706.80 

735.75 774.50 631.25 675.75 775.00 718.45 

666.75 735.75 781.25 661.25 775.00 724.00 

795.50 705.75 705.75 646.25 713.31 

705.75 826.25 841.75 661.25 700.25 747.05 

735.75 915.50 751.00 681.25 775.00 771.70 

886.50 871.25 700.25 661.25 779.81 

666.75 705.75 647.15 760.00 646.00 685.15 

780.00 636.75 705.75 765.50 745.00 726.60 

769.25 695.25 816.75 770.50 641.75 738.70 

705.75 666.75 720.75 700.25 805.75 719.85 

738.50 631.25 646.75 685.25 675.44 

705.75 681.25 720.75 811.25 745.00 732.80 

735.75 765.50 705.75 855.75 765.69 

666.75 681.25 720.75 715.25 850.75 726.95 

826.25 705.75 710.00 695.25 850.75 757.60 

765.50 831.25 764.00 757.75 826.50 789.00 

725.00 769.50 769.50 755.00 775.00 758.80 

811.25 811.25 930.50 681 725.25 791.85 

816.75 736.00 757.75 668.25 797.00 755.150 

751.00 681.25 751.50 652.25 741.50 715.50 

660.75 700.25 766.50 709.17 

790.00 759.50 755.00 755.00 805.75 773.05 

815.75 710.75 742.25 698.00 781.00 749.55 

831.25 785.00 876.00 725.25 

675.75 661.25 641.75 695.25 

811.25 845.25 

804.38 

668.50 

759.50 805.33 

811.25 725.25 670.50 670.50 660.75 707.65 

700.25 745.50 865.75 789.90 715.25 763.33 

811.25 769.50 656.25 769.50 769.50 755.20 
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Variance 

52 

73.67 

55.53 

66.26 

63.38 

57.51 

61.55 

81.39 

87.45 

115.66 

48.31 

57.47 

69.50 

51.92 

47.78 

49.59 

64.81 

72 .83 

74.55 

36.56 

20.30 

95.78 

58.03 

45.84 

53.44 

23.40 

48.96 

64.52 

22.63 

43.18 

63.25 

66.72 

58.19 



Continued!fable B-3 
HUD required for Halfway anthesis of the tassel for the So plants of the 32 double crosses. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

Double 
Cross 
NO. 

1 

2A 

2B 

3A 

4 

5 

6A 

6B 

7 

8 

9A 

10 

11A 

11B 

12 

13 

14 

15 

16A 

16B 

17 

18 

19A2 

20 

21A 

21B 

22 

23 

24 

25A 

256 

26A2 

Plant No. 

--------------------------------------------- Mean 
1 2 3 4 5 

855.75 826.25 826.25 925.00 775.00 837.65 

841.75 886.50 841.75 910.00 939.50 883.90 

811.25 905.00 769.50 845.25 924.50 851.10 

871.25 910.00 730.25 760.00 924.50 839.20 

826.25 915.50 

886.50 

760.00 891.50 848.31 

790.75 838.63 

855.75 915.50 901.00 805.75 821.25 859.85 

871.25 886.50 841.75 939.50 884.75 

945.00 820.75 881 882.25 

826.25 826.25 805.75 939.50 821.25 843.80 

915.50 751.00 847.25 871.25 906.50 858.30 

934.50 876.00 920.00 920.00 846.25 899.35 

886.50 795.50 871.25 881.00 954.50 877.75 

871.25 790.00 790.00 

826.25 841.75 915.50 945.00 

930.50 

795.50 915.00 

826.25 

835.25 821.62 

924.50 890.60 

878.38 

855.25 

915.50 871.25 876.00 876.00 995.75 906.90 

855.75 964.50 855.25 920.00 943.25 907.75 

831.25 860.75 845.25 905.00 910.00 870.45 

1029.75 885.75 850.75 922.08 

857.00 907.25 818.00 885.75 867.00 

826.25 826.25 871.25 780.00 . 906.50 842.05 

805.75 835.25 885.75 842.25 

910.00 865.75 876.00 876.00 866.00 878.75 

905.00 905.00 818.00 849.00 900.25 875.45 

905.00 949.50 964.50 860.00 

820.75 805.75 820.75 836.25 

920.00 

919.75 

820.88 

939.50 934.83 945.00 

915.50 815.75 800.00 805.75 834.25 

836.25 881.00 939.50 939.50 880.50 895.35 

901.00 860.75 785.00 860.75 890.50 859.60 
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Variance 

52 

61.34 

42.82 

64.37 

88.68 

69.92 

67.70 

48.02 

40.95 

62.13 

54.15 

65.95 

36.92 

56.54 

39.36 

53.06 

73.72 

84.49 

52.79 

50.23 

35.44 

94.87 

38.61 

48.36 

40.46 

18.19 

39.88 

47.17 

12.45 

13.14 

54.56 

44.21 

45.38 



,,'Continued/Table B-3 
HOD required for silking initiation for the So plants of the 32 double crosses, 

Double Plant No. Variance 
Cross --------------------------------------------- Mean 
No. 1 2 3 4 5 52 

1 1 855.75 811.25 795.50 924.50 775.00 832.40 59.44 

2 2A 811.00 871.25 841.13 42.60 

3 2B 795.50 905.00 740.50 860.75 842.25 909.50 73.04 

4 3A 826.25 855.75 720.75 800.92 70.98 

5 4 826.25 730.25 835.25 797.25 58.20 

6 5 886.50 790.75 838.63 67.71 

7 6A 871.25 855.75 790.00 805.75 830.69 38.95 

8 6B 826.25 811.25 939.50 859.00 70.12 

9 7 945.00 820.75 881.00 882.25 62.13 

10 8 841.75 790.00 805.75 812.50 26.52 

11 9A 886.50 720.75 855.75 871.25 895.50 845.95 71. 61 

12 10 915.50 815.75 876.00 862.00 876.50 869.15 35.89 

13 11A 826.25 765.50 826.25 820.75 924.50 832.65 57.38 

14 11B 826.25 730.25 820.75 821.25 799.63 46.32 

15 12 780.00 826.25 930.00 855.75 924.50 863.30 64.35 

16 13 915.50 871.25 893.38 31.29 

17 14 780.00 826.25 803.13 32.70 
18 15 871.25 871.25 876.00 876.00 954.00 889.70 36.02 
19 16A 871.25 825.75 971.50 889.50 74.51 

20 16B 785.00 860.75 845.25 860.75 837.94 36.04 
21 17 855.75 835.25 845.50 14.49 
22 18 857.00 833.75 804.25 850.25 836.31 23.50 
23 19A2 811.25 795.50 855.75 765.50 895.50 824.70 51.21 
24 20 755.00 805.75 826.50 795.75 36.78 
25 21A 820.75 860.75 845.25 850.75 844.38 17.01 
26 21B 876.00 804.25 788.75 841.75 827.69 39.15 
27 22 876.00 815.75 845.88 42.60 
28 23 820.75 774.50 820.75 805.33 26.70 
29 24A 915.50 905.00 895.00 905.17 10.25 
30 25A 901. 00 815.75 815.75 844.17 49.22 
31 25B 836.25 881.00 858.63 31. 64 
32 26A2 855.75 831.25 755.00 845.25 860.75 829.60 43.21 
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Continued/Table B-3 
Heat units degrees required to maturity for So plant of the 32 double crosses. 

Double Plant No. 
Cross --------------------------------------------- Mean Variance 
No. 1 2 3 4 5 S2 

1 1 1591.25 1447.75 1447.75 1539.50 1524.50 1510.15 62.11 

2 2A 1405.00 1503.50 1454.25 69.65 

3 2B 1503.50 1494.00 1581.00 1534.50 1601.00 1542.8 47.01 

4 3A 1513.50 1405.25 1319.25 1412.67 97.34 

5 4 1503.50 1283.00 1427.00 1404.50 111. 96 

6 5 1447.50 1384.75 1416.13 44.37 

7 6A 1545.00 1503.50 1313.75 1524.50 1471.69 106.65 

8 6B 1503.50 1405.25 1571.00 1493.25 83.35 

9 7 1591.50 1498.50 1442.25 1510.75 75.38 

10 8 1503.50 1586.00 1427.25 1505.58 79.40 

11 9A 1503.50 1319.25 1332.25 1432.25 1510.50 1419.60 91.06 

12 10 1493.00 1493.00 1478.50 ·1520.00 1520.00 1500.90 18.41 

13 11A 1405.25 1319.25 1447.75 1616.00 1601.00 1477.85 128.05 

14 11B 1621.50 1326.75 1359.25 1427.25 1433.69 132.03 

15 12 1405.25 1447.75 1447.75 1503.50 1427.25 1446.30 36.48 

16 13 1503.50 1503.50 1503.50 0.00 
17 14 1503.50 1503.50 1503.50 0.00 
18 15 1447.75 1503.50 1581.00 1493.00 1384.75 1482.00 72.48 
19 16A 1405.25 1272.50 1576.75 1418.17 152.53 
20 16B 1493.00 1493.00 1581.00 1493.00 1515.00 44.00 
21 17 1405.25 1427.25 1416.25 15.56 
22 18 1418.25 1367.50 1410.00 1403.00 1399.69 22.25 
23 19A 1319.25 1319.25 1288.50 1364.50 1384.75 1335.30 38.79 
24 20 1384.75 1384.75 1458.75 1409.42 42.72 
25 21A 1586.00 1581.00 1581. 00 1427.25 1543.81 77.74 
26 21B 1553.75 1507.75 1546.75 1535.75 1536.00 20.24 
27 22 1493.00 1437.25 1465.13 39.42 
28 23 1399.75 1442.25 1498.00 1446.67 49.27 
29 24 1503.50 1534.50 1483.00 1507.00 25.93 
30 25A 1503.50 1308.75 1394.75 1402.33 97.60 
31 25B 1498.00 1498.00 1498.00 0.00 
32 26A2 1591.50 1493.00 1394.75 1394.75 1394.75 1453.75 87.98 
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Continuedffable B-3 
Heat units degrees required from silking to maturity for So plants of the 32 double crosses. 

Double Plant No. Variance 
No. Cross --------------------------------------------- Mean 

Code 1 2 3 4 5 52 

1 1 735.50 636.50 652.25 615.00 769.00 681.45 67.02 

2 2A 593.75 ·686.25 640.00 65.41 

3 2B 708.00 589.00 840.50 673.75 691.50 700.55 90.67 

4 3A 687.25 549.50 598.50 611.75 69.80 

5 4 677.25 552.75 592.00 607.33 63.65 

6 5 561.00 594.00 577 .50 23.33 

7 6A 673.75 647.75 523.75 718.75 641.00 83.49 

.8 6B 677.25 594.00 631.50 634.25 41. 69 

9 7 646.50 677.75 561.25 628.50 60.30 

10 8 661.75 796.00 621.50 693.08 91.37 

11 9A 617.00 598.50 476.50 561.25 615.00 573.65 58.73 
. 12 10 573.50 677.25 602.50 658.50 643.50 631.95 42.34 

13 11A 579.00 553.79 621.50 795.25 676.50 645.21 95.91 

14 llB 795.25 596.50 538.50 606.00 634.06 111.52 

15 12 625.25 621.50 517.75 647.75 502.75 583.00 67.37 

16 13 588.00 722.25 655.13 94.93 

17 14 723.50 677.22 700.36 32.73 

18 15 576.50 632.25 705.00 617.00 430.25 592.20 101.76 
19 16A 534.00 446.75 605.25 528.67 79.38 

20 16B 708.00 632.25 735.75 632.25 677.06 52.97 

21 17 549.50 592.00 570.75 30.05 
22 18 561.25 533.75 605.75 552.75 563.38 30.50 
3 19A2 508.00 523.75 432.75 599.25 489.25 510.60 60.32 
24 20 629.75 579.00 632.25 613.67 30.05 
25 21A 765.25 720.25 736.25 576.50 699.56 84.13 
26 21B 658.50 749.50 719.00 705.00 708.00 37.87 
27 22 617.00 621.50 619.25 3.18 
28 23 579.00 667.75 677 .25 641.33 54.19 
29 24A 588.00 629.50 588.00 601. 83 23.96 
30 25A 602.50 493.00 579.00 558.17 57.65 
31 25B 661.75 617.00 639.38 31. 64 
32 26A2 735.75 661.75 639.75 549.50 534.00 624.15 83.38 
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EXPERIMENT C. 

Tests of the Progenies (S!) of the Selfed So Plants for heat-unit Requirements and 

Some Other Agronomic Characters. 

Sl families of six double crosses were selected for this experiment. Because 

of a limit on the space available inside the glasshouse, it was not possible to include 

all the 113 Sl families of the 32 double crosses in an experiment to be carried out 

during the winter. 

The families of the six double crosses, which are shown in Table (C-l), were 

selected according to the degree of variance between families within double crosses 

that are shown in Table (B-3) from Experiment B. Because we are interested in the 

genetic basis of the variation, in parallel with the selection programme, some of the 

slow maturing families were included in this experiment such as family 1 from double 

cross 4, families 1, and 5 from I6A, families 4, and 5 from IIA, and families 3 and 1 

from double crosses 9A and 25A respectively. So families of double cross 4, IIA, 

I6A, showed large variances, families of double cross 9A, 25A showed smaller 

variances, while there was a very low variance between families of double cross I9A. 

The main purpose of this experiment was to test the Sl of the double crosses to 

determine (a) the genetic basis of the variation that appeared within Sl progenies and 

(b) whether the behaviour of the S 1 generation is similar to that of the So. 

Ten seeds from each of the selfed plants (family) included in this experiment 

were treated with Captan against fungal infections and were sown direcqy into John 

Innes potting compost No 2 in the glasshouse, on the 1()h of November 1987. using 

the method described in Experiment B. Twenty two families from six double crosses 

were used in this experiment giving a total of 220 plants (Table C-l). Families of 

each double cross were distributed randomly inside the glasshouse in a complete 
, 

randomized block design of 10 blocks. Although the randomization of plants is 

normal experimental practice, it was particularly important for this experiment 
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Table (C-l) The double crosses and their selfed families (Sl) 

used in experiment C. 

lDouble cross S plants HUD required 
fi-om which S to maturitt families wed~ . l;>y S~ plan 
derived ~n e p. B 

1 * 1503.50 

4 4 1283.00 

5 1427.00 

2 1319.25 

9A 3 1332.25 

5 1510.50 

1 1405.25 

2 1319.25 

11A 3 1447.75 

4 1616.00 

5 1601. 00 

1 1405.25 

16A 3 1272.50 

5 1576.75 

1 1319.25 

2 1319.25 

19A2 3 1288.50 

4 1364.75 

5 1384.75 

1 1503.50 

25A 3 1308.75 

4 1394.75 

* this is plant No. 1 from double cross number 4 in experiment 
B (see table B-3 maturity). 
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Variance within 

families 

111.96 

91.06 

128.05 

152.53 

.. 
38.79 

97.60 



because of possible variation in the light, while the experiment was carried out during 

the winter. Supplementation of light and the control of temperature were as 

described for experiment. B. 

The plants were screened daily and records were made in the way described 

in Chapter 2 and for Experiment B. Cobs were cut as soon as they matured and the 

moisture content was determined on the day of harvest. Two to five SI plants were 

selfed to obtain S2 seeds from the 22 S;. families. 

Heat-unit degrees requirements were calculated (see Chapter 2) according to 

the Gilmore and Rogers method for each character, and then the analysis of variance 

was carried out for families derived from each double cross separately. 

Results of Experiment C. 

The means of heat-unit degrees required for the boots stage, 65, silking, 

maturity and for the period from silking to maturity with the means of number of 

seeds per plant, seeds moisture content, PHcm, and EHcm, are presented in Table C-

2. The results of the analysis of variance for the SI families of the six double crosses 

are found in Table (C-3 and C-4). 

From Table (C-3), significant family differences are found between SI 

families of double cross 4,9A, 19A, for the HUDs required to boots stage, the same 

double crosses and also ItA showing significant differences between their families 

for the HUDs required to the 65 stage. 

All SI families within double crosses, except 16A, showed significant 

differences for the HUDs required to reach silking and to reach maturity. Only SI 

families of double cross IIA showed a significant difference for the HUDs required 

from silking to maturity. There is no significant difference between families for the 

six double crosses (except D.C. IIA) for the number of seeds per plant. For seed 

moisture content only families of D.C. 9A showed a significant difference. For plant 

height (cm) only double crosses ItA, 19A, and 25A showed significant differences 
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between their families. The only differenctSfor ear height (cm) were between families 

of double cross 9 A. 

From table (C-2) it can be seen that family 4 from double cross 4 was superior 

to families 1,5 from the same double cross, for all flowering and maturity stages. It 

required fewer HUDs to flowering and maturity stages. This behaviour is similar to 

the result in Experiment B for the original So plants for these families. It gave a 

higher number of seeds and less moisture content compared with its sister families. 

Comparing the results of SI means of D.C.4 families (fable C-2) with the 

result of the original plants (So) from which they were derived (fable B-3), it can be 

seen that variation exists between these families for flowering and maturity stages. 

The same conclusion can be drawn from the results with the SI families of double 

crosses 9A, IIA, I9A, 25A. The families that were faster to flowering and maturity 

among the So plants were also faster in the SI; even for double cross I6A there is a 

similarity between its So plants and their SI families means although the differences 

were not significant between S 1 families for this double cross. 

Taking the heat-unit degrees required to maturity as the most important 

character in assessing these results, it can be seen from Table C-2 that among the 

faster families to mature were family 4, from D.C. 4, families 2, 3, 4 from D.C. I9A, 

and families 3, 4 from double cross 25A. So plants of these families were faster in 

Experiment B (fable B-3). The non-significant difference between the families of 

double cross I6A in S2 might be as a result of the lack of segregation in Sit because in 

fact only three inbred lines were involved in its formation. They are GBC233, 

GBC105 and GB078, both of it's parental single crosses are sharing the inbred line 

GBC233. Similar results have been found by Pinnell (1949), where there was a lack 

of diversity in double crosses that were derived from closely related sources. 

The non-significant effect for the HUDs required from silking to maturity for 

SI between families of all the double crosses (except SIS families of double cross ttA 

which showed significant differences at 5% level) is due to the relatively low variance 

between So plants (Table B-3) for this character except for So plants of double cross 
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IIA which included both of the highest variances among the 6 double crosses. A 

similar interpretation could be made on the few significant differences which 

appeared in the other agronomic traits. 

From these experimental results it can be concluded that there is much genetic 

variation for the flowering stages and maturity within the Sl families of the six double 

crosses that were used in this experiment. This result would support and conftrm the 

early conclusion from experiment B, that the selection for early germination would 

not effect the variation in other agronomic characters. Since this experiment was 

carried on the 22 Sl families which were chosen to represent the 113 Sl families 

obtained from experiment B ,it is to be expected that the other 91 families are also a 

good source material for further and wide ranging selection for the important 

characters. 
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Table C-2 Means of the different traits of the different SI families for all double crosses. 

Mean of heat unit. deqree. required to re.ach Mean of Seed Pl.ant Ear 
no . ot moisture he i ght hei c; ht 

Code Double cross families seeds pe r content em 011 

Boots HaltwolY Silting Katurlty Silting to plant \ .t har vest 

st.lqe anthe . ia IILIturlty 

-- ----
( GB017xGBCI08) I 653 . 30 142.90 715 . 60 1152.00 316 . 00 113 . 00 24 . 78 171. 40 114 . 60 

----
4 • 4 588.40 674.30 70 4 . 90 1071. 00 378 . 00 127 . 00 2 6.56 161 . 50 99 . 9 0 

----
(GB 077.GBCII O I 5 662 . 80 74 7 . 50 756 . 40 1200.00 436.00 72 . 00 26.90 148 . 80 86 . 10 

-- ----
L . S . D. 1\ 51.17 36 . 58 54.22 110 . 41 N. s. 

H . S . N . S . H . 5 . N . S . 

5\ 37.33 26 . 68 39.55 10 . 55 17 .70 

-- ----
(GB077.GBC IOOI 2 643 . 20 723 . 00 765 . 70 11 78 . 00 417.00 19 . 0 0 26 . 19 145 . 40 88 . 30 

----
91. . 3 642 . 00 765 . 00 800 . 00 1234 . 00 310 . 00 115.1 0 21 . 74 143 . 30 12.90 

----
(GBCI05xGBC233) 5 775 . 30 173 . 00 113 . 90 1292.00 4 01 . 00 13.30 21.59 2 136 . 60 91.10 

- - ----
L.S.O. 1\ 62.40 79.91 64 .5 1 H . S . N. S. 

N . S. N.S N.S. N. S . 

5\ 45 . 52 51.29 47.06 13.41 1. 15 

-- ----
I 645.70 769 . 7 0 763 . 60 1106.00 341 . 6 0 124. 00 26 . 99 179 . 10 108 . 0 0 

----
(GBC233xGBCI05 1 2 635.10 747. 00 761. 10 1134.00 31£ . 50 93 . 10 2 7 . 31 151. 00 17 . 30 

111. x 3 668 . 00 715.70 790 . 00 1190 . 00 401.1 0 11.50 28.41 143 . 10 90 . 30 

----
CGB01 I xGBC1l 5 ) 4 691 . 40 7'1,20 791 . 30 12'0 . 00 4 U . 00 17 . 2 0 27 . 17 111 .30 '4 . 40 

----
5 691 . 10 753.60 772 . 5 0 1193 . 00 413 . 0 0 141.1 1 29 . 42 160 . 10 17 . 00 

-- ----
1\ 91.23 70 . 07 N.S . W. S . 

L . S . D. N. S. N. S. N. S . N . 5. N. S . 

5\ 68 . 0 9 52 . 29 43 . 37 19 . " 

-- ----
(GBC233xGBC1051 1 795 . 00 147.00 '75 . 00 1219 . 00 41 0 . 00 123 . 0 0 2' . 61 139 . 40 74 . 40 

----
161. x 3 753 . 00 142 . 00 162 . 00 1240 . 00 3.1. 00 154 . 0 0 21 . 31 14 0 . 90 71 . 10 

----
(GB071xCBC233 I 5 712 . 00 "1 . 00 923 . 00 1311. 00 311 . 00 169 . 00 29 . 20 135 . 40 64 . 50 

- - ----
1\ 

I L . S . D. )/ . 5 . N. S. N.S . N. S . H . S. N . S . N.S . H .S. N. S . 

5\ 

- - ----
I 692.70 759 . 00 120 . 00 1216.00 402 . '0 63 . 1 0 27 . 29 104 . 30 51 . 10 

- ---
(GBCI0 5xGBCI 021 2 613.90 673 . 00 702 . 40 1112 . 00 312 . 20 120 . 10 27 . 13 132 . 60 72 . 4 0 

----
191.2 • 3 605.5 0 761. 00 710 . 10 1121.00 41 0 . 60 131 . 20 2'.61 121 . 40 70 . 50 

----
(GB077xGBC I10 I 4 571.40 672 . 00 687 . 10 1051.00 364 . 10 123 . 70 21 . 01 14 2 . 50 10 . 00 

----
S 7J3 . 20 1 10 . 00 110 . 20 1277 . 00 406 . 1 0 132 . 1 0 21.31 127 . 00 13 . 7 0 

-- ----
1\ 78 . 11 '1.19 19 . 41 123 . '4 N . S . 

L . S.D . N. S. N.S . N. S. N . 5 . 

5\ SI . 1l " . SI 63 . 02 9 2 . SO 20 . 93 

-- ----
(GSCIOxGBCI02) 1 675 . 00 712 . 00 100 . 00 1206 . 00 405 . 40 150.00 29.99 143 . 10 11 . 00 

----
2SA x 3 604 . 00 "1 . 00 713.00 1071.00 164 . 10 1 71. 00 21 . 05 156 . 10 9 0 . 40 

----
(CBCl OS.GBC1 31 I 4 606.00 "0 . 00 711. 00 1100 . 00 319 . 50 123 . 00 11 . 56 122 . 50 62 . 4 0 

-- ----
1\ N. S . N.S . N. S. N. S . N . S . 

L . S .O. N .S. H . S . N. S . N.S . 

H 74 . 41 11 . 40 99 . • 4 2 1. 6. 1' . 2' 

- - --- -
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Table (C-3) Analysis of variance of heat units degrees required to flowering maturity stages, and some of 
the other agronomic characters of the SI families of six double crosses. 

D.C. Double Source of DF HUD to BootS HUD to 65 silking 
crosses variance stage stage St:l£C 

MS F MS F MS F 

GB077xGBCI08 Bel blocks 9 4074 2.58- 4207 5.22:: 4038 2.28. 
4 x Bet. Cams 2 16412 10.40" 16816 20.84 13360 7.s.: 

GB077xGBCIIO Error 18 1578 805 1772 

GB077xGBClOO Bel blocks 9 5329 227 5837 1.51 •• 4381 3.3-:. 
9A1 x Bet fams 2 58757 25.03·· 60238 15.65 36978 14 .74 

GBCI05xGBC233 Errorl8 18 2347 2348 2509 

GBC233xGBCI05 Bel bloc\(s 9 4207 1.09 6147 3.51- 7144 3.01 
llA x Bet Cams 4 6710 1.75 3321 1.90 2fJ37 1.11 

GB078xGBCI15 Error 36 3843 1751 2374 

GBC233xGBCI05 Bel bloc\(s 9 13712 1.28 10744 0.08 13257 1.22 
16A x Bet Cams 2 4594 0.13 5255 0.48 10129 0.93 

GB078xGBC233 Error 18 10736 12903 10898 

GBCI05xGBCI02 Bet bloc\(s 9 5618 1.34 4160 0.73 •• 6650 1.26 
19A x Bet Cams 4 42536 10.14·· 37535 6.58 66942 13.89 

... 
GB077xGBCII0 Error 36 4197 5706 4819 

GBC8OxGBCI02 Bet bloc\(s 9 13331 2.37 20916 333· 20719 2.76 
25A x Bet Cams 2 16586 2.93 2fJ120 4.16· 25901 3.45 

GBCI05xgBC233 Error 18 S657 6285 7506 

Continued Table (C-3). 

D.C Double Sourceoc OF HUD 10 matur· HUD from sill: Kernels 1"0. 
aosses variance ity stage to mal stage per plant 

MS F MS F MS F 

GB077xGBCI08 Bet bloc\(s 9 35355 8.05:: 14419 3.35· 5~ 1.88 
4 x Bet Cams 2 42457 9.66 9821 2.28 8180 2.58 

GB077xGBCllO) Error 18 4394 4303 3169 

GB077xGBClOO Bel bloc\(s 9 26122 3.31: 5767 1.60 3161 1.81 
9A1 x Bet. (ams 2 32537 4.12 3731 1.04 30 12 1.73 

GBCI05xGBC233 Error 18 7891 3598 1742 

GBC233xGBCI05 Bel bloc\(s 9 23616 4 .15:: 6874 2.07 •• 2837 I.2J 
IIA x Betfams 4 49760 8.85 29097 8.77 6069 :! .66 

GB078xGBCI15 Error 36 5625 3318 2282 

GBC233xGBCIOS Bel blocks 9 21240 1.42 7505 2.03 1982 0.36 
16A x Bet Cams 2 13415 0.90 2229 0.60 5383 0.97 

G B078xG BC233 Error 18 14931 3705 5551 

GBC10511GBCI02 Bel bloc\(s 9 11741 1.71 •• 10606 4.15·· 5581 1.51) 
19A 1. Bet. (ams 4 80836 7.79 3839 1.50 9122 ~ .61J 

GB077xGBCIIO Error 36 10382 2553 35().l 

GBC80xGBCI02 Bel blocks 9 34387 3.0< 2394 0.05 484~ 

I 
l .tkJ 

25A 1. Bet. rams 2 46594 4.12 4238 2.37 7426 I.S-: 
GBCI05xgBC233 Error 18 11314 1813 4X25 
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Continued table (C-3). 

D.C. Double SourceoC DC Grain moist- Plant height Ear height 
crosses variance urecontent (em) (em) 

MS F MS F MS F 

GB077xGBClOS Bel blocks 9 4.52 0.75 1960.1 2. IS 1845.9 5.16. 
4 x Bet Cams 2 12.96 2.16 1283.4 1.43 2031.3 5.68 

GB077xGBCllO) Error 18 6.00 899.2 357.9 

GB077xGBClOO Bel blocks 9 4.70 1.21 •• 835.8 1.43 1027.8 3.42 
9A2 x Bet Cams 2 20.64 1032 196.0 0.34 173.7 0.58 

GBCI05xGBC233 Error 18 3.89 584.5 300.3 

GBC233xGBCI05 Bet blocks 9 7.14 1.11 2020.8 2.05 •• 601.0 1.27 
llA x Bet Cams 4 10.85 1.69 5269.0 536 2404.8 5. 

GB078xGBCI15 Error 36 6.44 983.6 472.9 

GBC233xGBCI05 Bel blocks 9 6.61 0.88 651.7 1.53 497.9 3.93 
16A x Bet Cams 2 1.78 0.24 80.8 0.20 282.4 223 

GB078xGBC233 Error 18 7.48 403.1 126.6 

GBCI05xGBCI02 Bet blocks 9 5.13 1.46 2091.5 3.94·' 1403.1 4.33 
19A x Bet Cams 4 3.91 1.10 1972.1 3.71· 663.9 2.10 

GB077xGBCII0 Error 36 3.55 531.3 32A.0 

.... 

GBC80xGBCI02 Bel blocks 9 4.21 0.73 878.0 1.66. 296.4 0.52 
25A x Bet Cams 2 10.11 1.74 2891.2 5.45 1961.2 3.4 1 

GBCI05xGBC233 Error 18 5.80 530.3 575.3 

**, * Significant at 1 % and 5% level of probability respectively. 
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Table C-4 

Summary of the analysis of variance of the diffrent characters for S) families of the diffrent double crosS{S 

Double SOurce BUD to BUD to BUD to 
cross of Boou Halfway silking 
no. variance stage stage 

~ Bet.Block N.S. .. N.S. 

Bet.F&m1l1es .. •• *. 

9A Bet.Blocks N.S. N.S. • 
Bet.F&m1l1e. .. • • .. 

, 
11.\ Bet.Blocks N.S. • • 

Bet.F&m1l1e. N.S. N.S. N.S. 

16A Bet. Blocks N.S. N.S. 11.5. 

Bet.F&m1l168 N.S. N.S. N.S. 

UA Bet.Blocks N. S. N.S. N.S. 
I 

Bet.F&m1l1e. .. .. .. 

1
25

,\ 
Bet.Blocks N. S. · · 
Bet .F&m1l1u N.S. · N.S. 

l 

.* significant at 1 % level of probability 

• significant at 5% level of probability 

N.S. non·significant 
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BOD to BOD from No. of , 
82° Plant 

maturity 8ilking to seed5 per at height 

maturity plant harvest em 

*. • N. S. N. s . N.S. 

•• R.S. N. S. N. S . N. S. 

.. ,. , 
. ' . R.S. N. S • N.S . N. S . 
.... 

• 5.S. N. S. .. N.S . 

- N.S. N. S. N.S. N. S. 

*. •• . N. S . .. 
N.S. 5.5. N.S. N.S. N. S. 

N.S. N.S. N.S. N. S. N. S . 

N.S. .. N. S. N. S . .. 
• • N.S. N. S. N.S . . 

• N.S. N.S . N.S . N. S. 

· N.S. N.S . N. S. . 



Discussion and Conclusion. 

The results of Experiments A, Band C show that much variability exists both 

between and within the 32 double crosses. The characters showing the variability are 

the ability and the rate of germination at low temperature (Table A-I, A-2), and for 

various flowering stages, and maturity for So plants of double crosses (Table B-2, B-

3), and between families in SI (Table C-2, C-3). This variation would be sufficient 

for effective selection between and within the families, for cold tolerance and early 

flowering and maturity. Since all these screening experiments were carried out in the 

glasshouse, the next task is to test this variation under conditions of direct sowing in 

the experimental field, as well as testing selected families from the greenhouse 

experiments in the field. These results complement those of Maryam (1981). 

Maryam (1981) also found in her study on the inbred lines and their Fls (single 

crosses), (the same Fls that have been used to produce these 32 double crosses), that 

there was an agreement between the results obtained in the glasshouse and in the field 

for flowering characters. The early flowering lines in the glasshouse were early 

flowering lines in the field. She also found significant differences between the inbred 

lines for flowering time and these differences were mainly controlled by additive and 

dominance genetic factors, suggesting that appropriate hybrids or varieties could be 

developed by the combination of the desired characteristics of early flowering, 

maturity, and early germination. Consequently, another cycle of selection can be 

done among and within the new hybrids to develop new lines from various hybrids. 

Research efforts from the mid 1970's to the present have been primarily 

interested in establishing whether sufficient genetic variability existed within the 

maize population to permit successful selection for cold tolerance. Both exotic and 

adapted com-belt populations were evaluated in these studies. Mock and Skrdla 

(1978) evaluated 144 plant introductions for cold tolerance traits. Their results, based 
~ 

on growth chamber evaluation, indicated sufficient genetic variability existed for cold 

characters, and the selection for cold tolerance would be possible. Miedema (1979), 

48 



Hardaere and Eagles (1980), Eag1~$ and Brooking (1981), and Eagles, et al. (1983) 

have found that sufficient genetic variability existed within the germplasms which 

they used for various cold tolerance characters. 

In most of the studies on maize cold tolerance described above, and in many 

other studies, laboratory tests were ~sed alongside the field studies for the screening 

of the material and for the prediction of the variation within any maize population for 

cold traits. The main reason for that was to attempt to reduce the time which was 

needed for the breeding programme. 

Eagles and Hardacre (1979a) derived SI families by selfmg (families derived 

from maize population (pool 5) a population with a wide germplasm base and yellow 

dent kernels developed by 'CfMMYT" for highland areas, which was developed from 

many maize populations for the high land of Mexico). They found that more genetic 

variation was observed within SI families than within full- sib families for all traits. 

They explained these obseNations by the segregation of genes with dominant effects. 

Cowen (1985) studied SI and S2 selections for cold tolerance and concluded that 

selection which capitalizes on additive and maternal genetic variances should 

effectively increase cold tolerance in all environments. 

It is also clear from results of experiments A, B, and C that the use of the 

accumulated heat-unit degrees is a good method to classify maize hybrids for their 

flowering and maturity stages. The field study on th$!genotypes would indicate if the 

glasshouse study was effective to evaluate and study the variation between and 

within these double crosses, their SI and S2 generations 

The heat-unit degrees method has been used by many researchers for that 

purpose. Gilmore and Rogers (1958) compared the precision of the HUD index 

method for com with that of four other heat-unit methods. They identified the best 

method as that having the smallest coefficient of variation in heat-unit sums from 

planting to silking for 10 corn hybrids, 10 inbred, and 5 different planting dates. They 

concluded the best was an "effective degree" method in which any daily minimum 

temperature below 1 ()o C was assumed to be 1 ()o C. and any daily maximum 

49 



temperature above 300 C was corrected to 300 C. Cross and Zuber (1972), using six 

planting dates in 1968 and 1969, compared 32 thermal unit methods for predicting the 

number of days from planting to com pollen shedding, from which they identified the 

HUD method as the 'heat stress' method. They concluded from their data that the 

heat stress method was the best. Gilmore and Rogers (1958) and Cross and Zuber 

(1972) confmned that the heat-unit degrees method was superior to the calendar day 

method for predicting flowering and maturity of maize. 

Mederski et al. (1973) used the accumulated heat units for classifying com 

hybrid maturity and they concluded that this method of classifying com hybrids was 

superior to calendar days and should enable a better fit of variety to climatic region. 

Aspiazu and Shaw (1972) stated that the use of the accumulated heat-unit growing 

degrees can improve the accuracy of predicting maturity of com over calendar day 

techniques. Many other researchers reported that the use of temperature to classify 

development or maturity of com based on temperature appears to be useful (Andrew, 

1956; Arnold,1959; Brown, 1969; Cross and Zuber, 1972). 

Temperature is one of the main factors affecting the growth of plants. In 

many ways, from root growth and emergence to maturity, it has a major influence on 

plant development. For this reason many thermal indices have been used to predict 

dates of flowering and maturity. One of the most commonly used indices for 

measuring plant growth is the growing degree day (GOD) index which is defined as 

the difference between the daily mean temperature, usually estimated as the average 

of the daily maximum and minimum temperature, and growth threshold temperature, 

which for com (Zea mays L.) usually is taken as lOo C (500 F), the summing of the 

GOD from planting to the phase of plant under study (flowering, and maturity in most 

studies). 

The importance of using GOD to classify com maturity and flowering stages 

is that the classification may be applied in different areas and in different years 

(Gilmore and Rogers, 1958). They, and Gunn and Christiansen (1963), reported that 

the number of accumulated heat units required for silking remain relatively constant 
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for corn grown in different environments, while the number of calendar days varied 

widely. However, in one of these studies (Gunn and Christiansen, 1963), and in other 

work (Andrew, et al. 1956), and in the work of Maryam (1981) there are indications 

that the time interval from silking to physiological maturity is not constant, but 

appears to vary with climate and the population hybrid being examined. An 

evaluation of the accumulated heat units classification of hybrids should extend from 

planting to maturity rather than from planting to silking. 

The principle objective of the experiments reported in this chapter was to 

develop a good understanding of the variation within and between the 32 double 

crosses for the cold tolerance traits, flowering and maturity. Having established that 

there is genetic variation in these double crosses for the characters of importance in 

the breeding programme, the next stage is to carry out a field study on the double 

crosses, their Slo and the selected S2 families to meet the following objectives: 

1. To assess the genetic variability and breeding potential for improvement of 

cold tolerance, early flowering and early maturity within and between these double 

crosses. 

2. To study the association of cold tolerance traits with other plant traits. 

3. While points 1, 2 are studied, selection among and within the 32 double 

crosses can be done, since understanding about the genetics of the desired characters 

in the basic populations is already available from B. Maryam (1981) studies. 

4. Finally. to predict the most effective selection and breeding programme to 

improve the desired characters. 
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CHAPTER FOUR 

VARIATION FOR GERMINABILITY AT LOW TEMPERATURE (60 C 

CONSTANT) WITHIN SI AND S2 FAMILIES OF MAIZE (Zea mays L) 

DERIVED FROM DOUBLE CROSSES. 

Experiment D. 

One of the major environmental factors limiting the range of adaptation for 

maize is low temperature at planting time. Whereas certain differences between 

genotypes are not evident under favourable germination conditions, these variations 

appear clearly when seeds of different genotypes are exposed to unfavourable 

germinating conditions. Tests under unfavourable conditions can provide very 

valuable information supplementing tests carried out under favourable conditions. In 

studies on maize for cold tolerance, germination cold tests are used as an aid in 

evaluating genotypes for their cold tolerance. 

Early and recent studies have shown that there is a positive correlation 

between the germinability at low temperature and the rate of emergence in the field 

under cold conditions (Andrew, 1954; Pinnell, 1949; Pesev, 1970; Eagels and 

Brooking, 1981; and Martin, Smith & Neil, 1988). In our study the evaluation of the 

SI and S.1 families was to be carried out under field conditions and, because the S i 

and S~ families were at the early and, therefore, segregating stages of inbreeding, a 

survey of their germination capability at low temperature was required. This survey 

is also necessary as the basis of any selection programme because of the need to 

distinguish desired families. 

Experimental Material. 

The maize material used in this experiment consisted of two sets. The first set 

was 33 SI families which included all the families used in experiment C (chapter 3) 

and, in addition, those SI families derived from double crosses 2A, 21B and 26A. 
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The Sl families of these last three double crosses were included in the experiment 

because they were among the most promising double crosses with early maturity (as 

observed in the field experiment which will be described later in Chapter 5). 

The second set of experimental material was twenty two S2 families, most of 

which were selected, on the basis of early maturity, from seventy one S2 families 

obtained by selfing during the course of experiment C. The same families were used 

in the field experiment. It is necessary to mention here that the S 1 seeds, from which 

S2 families were developed, were not selected for their germination ability at low 

temperature (see experiment C). 

A summary of the materials used in this experiment, that is the S .. S2 families, 

and the heat-unit degrees required to maturity of the Sl plants from which S2 seeds 

were obtained are shown in table D-l. Both Sl and S2 seeds were obtained from the 

glasshouse experiments B, and C, by selfing So, and Sl plants respectively. 

In order to reduce to a minimum any effect on germination from other 

environmental factors related to the seed condition, care was taken to ensure good 

maturity before they were harvested. The seeds were hand shelled and dried in 

laboratory conditions at 180 to 25C?C, and then stored in a well ventilated area to allow 

moisture equilibration to occur. 

Seeds of the Sl families were harvested in June 1987. To allow comparisons ., 
for germination capability at 6' C between the double crosses and their Sl families the 

Sl seeds were stored in the same area in which seeds of the double crosses were 

stored. They were also left for a similar period of time before they were subjected to 

the germination test (seeds of the double crosses harvested in April and May 1985 

were tested for germination in January 1987). Then on the 9th of January 1989 SI and 

S2 seeds were tested in this experiment at 6 0 C constant temperature. 

Si seeds were harvested in April and May 1988 from experiment C (Chapter 

3). They were dried and stored in the same conditions described before for the SI 
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Table D-l. Symbols of double crosses,Sl~and S2 families used in experiment D. The table 
includes the heat units required to reach maturity by the SI plants. The S2 seeds 
were obtained by selfing SI plants under the glasshouse conditions. The number of 
SI plants that were selfed is given. 

No.of SI selected HUD 
Double SI plants S2 required to 
cross family selfed family maturity 

by SI plant 

1 - - -
2A 2 - - -

1 l' 4 2" 9 3· 1525.00 
4 4 5 2 1383.00 

5 2 9 1469.25 

2 3 1 1623.50 
9A2 3 5 2 1728.75 

5 2 4 1825.00 

1 4 5 1485.25 
2 4 4 1525.00 

11A 3 2 10 1491.25 
4 2 6 1908.00 
5 3 1 1623.50 

1 3 4 1770.75 
16A 3 2 7 2069.50 

5 2 6 1862.75 

1 2 2 1686.00 
2 4 4 1537.00 

19A2 3 5 10 1441.25 
4 5 7 1383.00 
5 2 1 1623.00 

1 - - -
21B 3 - - -

4 - - -
5 - - -
1 2 9 1623.50 

25A 3 5 5 1383.00 
4 3 3 1525.00 

1 - - -
2 - - -

26A2 3 - - -
4 - - -
5 - - -

1 * this is SI family no 1 from double cross 4. 
* ' 2 four plants selfed from 1 * to form S2 seeds. 

3* . * plant No· 9 of 1 • 
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seeds. The moisture content of the S 1 and S2 seeds was checked before they were 

tested for low temperature germination at 6° C constant temperature. 

The germination tests were carried out on the Sl and S2 families 

simultaneously using the same growth cabinet. The experimental technique used in 

this experiment was as described in Chapter 2 and in experiment A in Chapter 3. 

Twenty seeds from each Sl and S2 family were used. They were divided into two 

replications each of ten seeds. 

Analysis of variance was calculated on the number of seeds germinated by 21 

days and for the germination index (GI) , for Sl and S2 families. An analysis of 

variance was also carried out separately for Sl and S2 families derived from each 

double cross. 

The simple correlation coefficient between number of seeds germinated and 

number of days to germination (GI) for Sl and S2 families was also computed. 

Correlation analysis was used instead of analysis of variance of regression, because 

neither of the variables could be regarded as independent 

Result and Conclusions. 

The number of seeds germinated and the germination index for all Sl and S2 

families are presented in table 0-2. The results of the analysis of variance for Sl and 

S2 families for both germination characters are found in table 0-3 , and for SI and S2 

families derived from each double cross separately are shown in table 0-4 . 

. Result of SI Families. 

Highly significant differences (p < 0.(01) occurred among SI families for the 

number of germinated seeds and for the time required for germination (table D-3). 

The data in table 0-2 indicate that there is a good response from SI families for 

germi~ation at 6'0 C constant temperature. The number of seeds germinated from 

samples of 20 seeds used in this experiment ranged between 2 to 18 seeds and for the 
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Table D-2- Number of seeds genninated and GI for SIt and Sl families 

in experiment D. 

Double family No. of seeds Germination 
Germinated index 

cross Sl S2 Sl S2 Sl S2 

2A 1 
2 

1 
4 4 

5 

1 
2 

9A2 3 
4 
5 

1 
2 

11A 3 
4 
5 

1 
16A 3 

5 

1 
2 

19A2 3 
4 
5 

1 
21B 3 

4 
5 

1 
25A 3 

4 

1 
2 

26A2 3 
4 
5 

L.S.D. at 5% 
at" 1% 

-
-

9 
2 
9 

-
1 
2 
-
2 

5 
4 

10 
6 
1 

4 
7 
6 

2 
4 

10 
7 
1 

-
-
-
-
9 
5 
3 

-
-
-
-
-

6 -
13 -

11 10 
12 15 
10 3 

7 -
12 18 
12 5 
16 -
18 15 

- 17 
18 19 
16 16 
11 4 
12 17 

13 10 
0 0 
9 2 

14 2 
17 2 

7 17 
10 20 
18 20 

13 -
6 -
5 -
3 

2 0 
2 8 

12 14 

4 -
8 -
9 -
5 -
5 -

2.28 1.91 
3.06 2.60 

15.83 
16.50 

16.12 
15.51 
16.55 

17.16 
15.95 
16.41 
15.98 
15.22 

-
14.77 
14.06 
16.33 
17.20 

15.86 
-

17.85 

18.37 
17.92 
16.70 
17.04 
15.66 

14.42 
18.16 
18.00 
19.50 

19.00 
19.00 
16.49 

17.66 
17.66 
17.41 
17.33 
18.16 

1.28 
1.71 

- Seed of SI or Sz were not available or not sufficient. 

o No seed genninated by 21 days. 

56 

-
-

14.10 
14.44 
18.00 

-
13.62 
17.08 
-

14.85 

13.27 
13.88 
12.85 
14.16 
14.43 

16.13 
-

17.50 

16.00 
15.50 
14.77 
15.05 
14.40 

-
-
-
-

-
17.75 
15.49 

-
-
-
-
-

1.76 
2.41 



germination index the range was 14.06 to 19.50 days to genninate. Although all the 

SI families were developed from So plants, which were grown from seeds selected for 

early germination ability at low temperature, such variation was to be expected 

because these SI families were developed from different double crosses of different 

germinability at low temperature, demonstrated in the results of experiment A (table 

A-I, and A-2). 

Table 0-3. Analysis of variance of the number of seeds germinated and the 

germination index for SI and their S2 families used in experiment O. 

Source of 
Families Characters variance OF MS F P 

No. of seeds Between 32 11.26 9.06 *** 
families 
Within 33 1.24 

germinated families 

Germination Between 32 3.53 9.05 *** 
families 
Within 33 0.39 

Index families 

No. of seeds Between 21 26.65 31.69 *** 
families 
Within 22 0.84 

germinated families 

Germination Between 19 4.49 6.58 ~ ~~ 
families 
Within 20 0.68 

Index families 

This range of variability among SI families indicates that selection based on 

family means, when compared with the overall mean of all SI families, will detect 

those SI families superior to others in this experiment. Hallauer and Miranda (1988) 

stated that this method was effective for selection among SI families. 

The result in table 0-4 of the analysis of variance for SI families derived from 

each double cross separately, shows that the degree of variability within SI families 

from each double cross was sometimes lower than the variability between SI families 
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Table D-4. Analysis of variance of the number of seeds germinated and the 
germination index:ofS It and S 1 families from each double cross. 

Sl families S2 families 
D.C treat Source F F 

of var. Df M.S ratio P Df M.S. ratio p 

No.of Bet.fams. 1 12.25 49.00 * - - -
seeds Error 2 0.25 - - -

2A 
GI Bet.fams 1 0.45 0.28 N.S - - -

Error 2 1. 62 - - -
-

No.of Bet.fams 2 0.50 0.60 N.S 2 18.16 10.90 * 
seeds Error 3 0.83 3 1. 66 

4 
GI Bet fams 2 0.49 4.18 N.S 2 9.33 101.15 *** 

Error 3 0.12 3 0.09 
, 

No.of Bet.fams 4 9.00 10.00 * 2 23.16 9.93 * I 

seeds Error 5 0.90 3 2.33 
9A2 

GI Bet.fams 4 1.02 3.11 N.S 2 6.15 9.79 * 
Error 5 0.33 3 0.62 

No.of Bet.fams 3 5.46 43.66 *** 4 17.90 22.37 * 
seeds Error 4 0.13 5 0.80 

11A 
GI Bet.fams 3 4.10 25.18 *** 4 0.83 0.88 N.~ 

Error 4 0.16 5 0.25 

No.of Bet.fams 1 4.00 8.00 N.S 2 14.00 21.00 * 
seeds Error 2 0.50 3 0.66 

16A 
GI Bet.fams 1 3.96 27.86 * 1 1.89 4.84 N.~ 

Error 2 0.14 2 0.39 

No.of Bet.fams 4 10.85 4.94 N.S 4 49.00 496.00 **t 
seeds Error 5 2.20 5 0.10 

19A2 
GI Bet.fams 4 2.26 27.35 *** 4 0.77 0.67 N.S1 

Error 5 0.08 5 1.15 

No.of Bet.fams 3 9.49 6.87 N.S - - -
seeds Error 4 1.37 - -

21B 
GI Bet.fams 3 9.43 35.53 *** - - -

Error 4 0.26 - -
No.of Bet.fams 2 16.67 - *** 2 2.46 - *** 
seeds Error 3 0.00 3 0.00 

25A 
GI Bet.fams 2 4.18 55.91 *** 1 5.08 46.77 * 

Error 3 0.07 2 0.10 

\ No.of Bet.fams 4 2.35 0.76 N.S - - -
seeds Error 5 3.10 - -

26A 
GI Bet.fams 4 0.21 0.21 N.S - - - I Error 5 0.99 - -

I 

'I 
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derived from different double crosses. This conclusion is clear when the data in table 

0-2 and the analysis in table 0-4 are compared. They show no significant differences 

between the S 1 families of double crosses 4 and 26A for both germination characters. 

There are no significant differences also between S 1 families of double crosses 16A, 

19A2, and 21B for number of seeds germinated, and also between Sl families of 

double crosses 2A, and 19 A for number of days to germination. 

Significant differences at the I % level of probability were observed between 

Sl families of double crosses llA and 25A for both characters and for the 

germination index alone between families of double crosses 19A2 and 21B, and at the 

5% level among families of double cross 16A for the same characters. 

For the number of seeds germinated by 21 days si~ificant differences at the 

5% level of probability were found between Sl families from the double crosses 2A 

and 9A2. 

This reduced variability was to be expected because the Sl families were 

generated following selection of the earliest seeds to germinate which would 

inevitably reduce the variation among them. On the other hand, the significant 

variation between Sl families of some of the double crosses may result partly from the 

segregation expected to occur among the Sl generation individuals, and also from the 

variation between the So seeds which were used to developed Sl families within each 

double cross. Furthermore, the selection of plants for the S 1 generation was based on 

the first five seeds of each double cross to germinate in Experiment A. By the nature 

of the experiment, not all these seeds will be genninated on the same day. 

It was explained earlier that care was taken to subject seeds of the Sl families 

to the same environmental conditions as those experienced by the So seeds before they 

were tested in experiment A. Thus it is possible here to compare the results of the SI 

generation in table 0-2,0-3, and 0-4 with those for the So seeds in table A-I and A-

2. A summary to aid that comparison is given in table 0-5. We see that the earliest 

double crosses to germinate in experiment A (among those from which the Sl families 

used in experiment 0 were derived) were double crosses 9A2 and IIA. They 

59 



required 15.65 and 15.73 days to germinate respectively. The result of experiment D 

shows that the faster SI families to germinate were again among those families 

developed from double crosses 9A2 and liA. These families were 3-11A, 2-11A, 

and 5-9A. They required 14.06, 14.77, and 15.22 days respectively to germinate. 

Interestingly they were also faster than their parent double crosses. This result 

reflects the genetic basis which controls the inheritance of this character. This result 

also shows that progress to improve the ability to germinate at low temperature has 

been made in that the mean of number of days to germinate for some S 1 families was 

less than that required by the double crosses from which they derived, in spite of the 

inbreeding effect which may result in reducing the viability of the seeds. 

These results indicate that the selection for germinability at low temperature 

was effective both to distinguish and to create SI families with good response to this 

treatment. Furthermore these data conftrm the predictions of Maryam (1981). She 

found from her studies on the basic material (the original inbred lines from which the 

double crosses were derived, Flo F2, Bt. and Bl) that the ability for germination at 60 

C by this population was mainly controlled by additive genetic factors. Hallauer and 

Miranda (1988) stated that selection based on inbred progenies (Sh S2, etc.) is 

theoretically more effective for changing frequencies of genes having additive effects 

than the test cross method of selection. 

The simple correlation coefficient between the number of seeds germinated at 

6°C constant temperature and number of days required to germination among the SI 

families was-O.ll for 33 degrees of freedom (0.01 > P > 0.(01). Essentially. 

therefore, if a seed were going to germinate at 6 0 C then it was also an early 

germinator. This result is clear in table D-2, from which we can see that the fastest S) 

families to germinate gave the highest number of germinated seeds by 21 days. 

This result agrees with the results of earlier studies on the germination and 

emergence of maize obtained from both controlled and fteld environments, (Mock 

and Eberhart, 1972; Mock and Skrdla, 1978; Eagles and Hardacre, 1979a; Mock and 

McNeill, 1979; Eagles and Brooking. 1981. They found that there is a positive 
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association between rate of gennination or emergence and the percentage of 

gennination or emergence. It needs emphasizing, however, that these tests of 

tolerance of maize to cold conditions were for a range of temperatures none of which 

were as low as the 6'''C used in this experiment. 

, Result of S2 Families. 

There were twenty two S2 families used in this experiment and the results of 

the S2 families are included in tables D-2, D-3, and D-4. 

From the data on the number of seeds genninated by 21 days and for the 

gennination index, and from the result of analysis of variance of all S2 families for 

both characters, there were highly significant differences at 0.001 level of probability 

for both characters between the S2 families, similar to those observed in S 1 families. 

It is not possible here to compare directly the results from the S2 with the SI 

families because of the differences in the ages of the seeds. On the other hand, seeds 

of both generations were stored under the same conditions and there was no 

differences between them in the moisture content before they tested. But what is 

clear from the S2 result is that those families which were faster to germinate among 

the SI generation were also the faster among the S2 and most of S2 families showed a 

good response to this test, excluding two of them that did not germinate by 21 days 

(familyi-3-16A, and ~'lQ5A2). 

The separate analysis of variance for S2 families derived from each double 

crosses shows less variability in a way similar to that observed among SI families, but 

with some differences in the degree of variability. For instance SI families derived 

from double cross 4 showed no significant differences, but in the S2 generation 

significant differences appeared among them (table D-4). Similar changes toward 

more or fewer differences were obselVed among S2 families of the other double 

crosses. One reason behind this may be that the S2 seeds were obtained from selfing 

SI plants that had been selected for early maturity and not for the ability to germinate 
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at 6° C. More likely, however we are seeing the effects of segregation in the third 

generation of selting of the original double crosses. It is encouraging that the good 

performance of this population in the cold test for germination has occurred when no 

selection was carried out between the S 1 and S2 generations. From these results it can 

be concluded that the selection for early maturity would not effect the capability to 

germinate at low temperature in this population. 

The simple correlation coefficient between the number of seeds germinated at 

6
0 
C constant temperature and number of days to germination among the S2 families 

was-o.68 for 22 degrees of freedom (0.01 > P > 0.001). This association is similar to 

that in Sl families. Thus the result we obtained from the S2 families germination test 

would leadt.P..the same conclusion which we reached for the Sl families. 
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Table D-5. Comparison of the result of the gennination test for S" and S2 
families obtained in experiment D with those for their parental double 
crosses obtained from experiment A (table A-I). 

Double crosses Sl families S2 families 

No.of* No.of No.of 
Code S.G. GI code S.G GI code S.G GI 

2A 20 16.15 1 6 15.83 - - -
2 13 16.50 - - -

1 11 16.12 9 10 14.10 
4 18 16.91 4 12 15.51 2 15 14.44 

5 10 16.50 9 3 18.00 

1 7 17.16 - - -
2 12 15.95 1 18 13.62 

9A2 16 15.65 3 12 16.41 2 5 17.08 
4 16 15.98 - - -
5 18 15.22 4 15 14.85 

1 - - 5 17 13.27 
2 18 14.77 4 19 13.88 

11A 15 15.73 3 16 14.06 10 16 12.85 
4 11 16.33 6 4 14.16 
5 12 17.20 1 17 14.43 

1 13 15.86 4 10 16.13 
16A 7 19.30 3 0 - 7 0 -

5 9 17.50 6 2 17.50 

1 14 18.37 2 2 16.00 
2 17 17.92 4 2 15.50 

19A2 14 17.43 3 7 16.70 10 17 14.77 
4 10 17.04 7 20 15.05 
5 18 15.66 1 20 14.40 

1 13 14.42 - - -
3 6 18.16 - - -

21B 7 19.95 4 5 18.00 - - -
5 3 19.50 - - -

1 2 19.00 9 0 - ' 

25A 13 17.33 3 2 19.00 5 8 17.75 
4 12 16.49 3 14 15.49 

1 4 17.66 - - -
2 8 17.66 - - -

26A2 3 9 17.41 - - -
, 4 5 17.33 - - -

5 5 18.16 - - -

lie Number of seeds germinated. 
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CHAPTER FIVE 

FIELD EVALUATION OF MAIZE DOUBLE CROSSES AND THE SI AND S2 

FAMILIES DEVELOPED FROM THEM: FAMILY SELECTION AMONG 

AND WITHIN THE DOUBLE CROSSES FOR COLD TOLERANCE, EARLY 

FLOWERING AND MATURITY IN THE NORTH EAST OF ENGLAND. 

Experiment E. 

Introduction. 

The development of cultivars of maize with the ability to grow under 

relatively unfavourable conditions has been a major objective of maize breeders in 

temperate regions where there is a short growing season. 

McConnell and Gardner (1979b) stated that when the weather conditions are 

unfavourable the ability of maize seeds to germinate rapidly and produce a vigourous 

seedling may mean the difference between a successful crop and failure. The weather 

conditions in England and in the North of Iraq at sowing time are colder and wetter 

than those in which grain maize varieties have been grown traditionally. Thus the 

environment of North East England is a suitable one in which to evaluate the cold 

tolerance of grain maize from seed through to harvest. 

Cold tolerance of maize has been defined by many researchers (Pendleton, 

1965; McConnel and Gardner, 1979b; Mock, 1979; Cowen, 1985) as the ability to 

germinate, emerge, and grow under cold conditions. All of these factors are 

necessary for the early planting of maize which should allow pollination to occur 

earlier, and thus under the most favourable conditions (Pend I~ton, 1965). and then 

promote an earlier harvest. 



Cold tolerance of maize as defined by percentage emergence, emergence rate, 

and seedling dry weight is genetically controlled and heritable (Mock and Eberhart, 

1972; Mock and Skirdla, 1978; Mock and McNeill, 1979; Mock 1979). 

Cowen (1985) suggested that any breeding programme designed to increase 

cold tolerance requires the selection of lines or hybrids with rapid uniform 

emergence, plus vigo, rous growth and rapid dry matter accumulation; and successful 

selection clearly requires the existence of heritable variation. 

The improvement both in early seedling emergence and in the rate of seedling 

emergence of maize under cold conditions has been an objective of maize breeding 

programmes in cold regions for many years. Hoard and Crosbie (1986b) for example 

reported that cold tolerance is an aggregate trait important to the establishment of 

dependable stands in many environments. Selection for improved cold tolerance at 

germination and establishment must not interfere with improvement of other traits 

that are important later in the growing season. Burris (1975) reported that earlier 

tasselling and silking were associated with seedling vigour. Mock and Eberhart 

(1972) , however, found that the correlation between cold tolerance traits and 

tasselling date were low. Mock and McNiell (1979) found poor phenotypic 

correlation between percentage emergence (r= 0.22) or rate of emergence (r= 0.20) 

and yield, but seedling dry weight at 42 days after planting was significantly 

correlated with yield (r= 0.48). Suwataradon et al.(1975) found a significant 

correlation between yield and rate of emergence. Marshall (1982) suggested that field 

selection for cold tolerance, supported by laboratory studies, would be effective to 

improve this trait. So it is clear that any breeding programme to improve cold 

tolerance in maize, by obtaining hybrids or lines with improved cold tolerance and 

early flowering and \ or early maturity, requires information on many important 

characters, such as emergence, emergence rate, dry matter accumulation, growth 

vigour, flowering stages, and maturity. Yield and yield components clearly need to 

be addressed throughout the selection programme. 
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The objectives of the experiments described in this chapter were: 

a) to determine the advantage of laboratory and glasshouse selection for early 

germination and early maturity, 

b) with the results of this experiment, together with results obtained from the 

previous experiments (A, B, C, and D) to identify those double cross hybrids, S i, and 

S2 families which are most promising as a source for further breeding to meet the 

aims of this programme, 

c) to collect information about the important agronomic characters 

(emergence, emergence rate, seedling vigour,flowering stages, maturity, plant height, 

ear height, and yield and its components) of these materials when they grown in the 

experimental field. . These data would form the basis of further work. 

d) to determine if those hybrids, S I, and S2 families which would be classified 

as being cold tolerant and early maturing show an improvement in any of the other 

fitness characters listed in c above. 

Material. Methods and Experimental TechniqufS: 

Material and Methods. 

This field evaluation was the main experiment in a series testing the double 

crosses together with their S 1 and the S2 families obtained during the glasshouse 

experiments. 

The materials used in this experiment were 102 genotypes consisting of a) all 

the 32 double cross hybrids used in experiments A and B (chapter 3); b) 48 Sl 

families which included 22 Sl families used in experiment C (derived from double 

crosses 4, 9A2, IIA, I6A, I9A2, and 25A) and 26 Sl families selected from the other 

double crosses at the rate of one family from each, selected on the basis of early 

maturity (the fewer heat-unit degrees required to reach maturity according to the 

Gilmore-Rogers method); c) all 22 S2 families which were used in experiment D and 

were obtained from experiment C. 
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The remnant seeds for the 32 double crosses, the 48 S t, and the 22 S2 families 

from those used in experiment A, B, C, and D were used in this experiment. Seeds of 

all generations were stored in the same conditions as described in experiment D. 

For this experiment and to aid field randomization, the 102 genotypes were 

given the symbols from 1 to 102 as shown, together with the cross-referencing to 

previ~experiments in table E-l. Throughout the discussion of the results of this 

experiment the genotypes will be referred to by their real names. 

Experimental Technique. 

The plan of the experiment was a generalized complete randomized block 

design in three blocks (Steel and Torrie, 1981). Five plants of each entry of the 102 

genotypes were grown. A total number of 510 plants were grown in each block 

making a total of 1530 plants in the three blocks. In order to obtain a uniform stand 

and to enable the study of the emergence and seedling vigour, 15 kernels (treated with 

the fungicide Captan) from each double cross, S" and S2 family were sown in each 

block in the rate of 3 kernels in each hill. Kernels were hand sown at 5 cm depth 

directly into the soil. When the plants were thirty one days old, each hill was thinned 

to one plant. The inter plant distance was 33 cm and the rows were 40 cm apart. The 

whole experiment was surrounded by guard plants derived from spare seeds of the 

experimental material. Each experimental and guard plant was labelled. 

Block 1 and block 2 were sown on the 8th of May 1988, while block 3 was 

planted on the 15th of May 1988. The experiment was carried out in the Botanic 

Garden of the University of Hull in Cottingham (see chapter 2 for soil preparation). 

Missing hills at the early stages were replaced by transplanting from the guard plants 

of the same genotype (three kernels were also sown in each hill of the guard plants for 

that purpose). Data measurements were taken on an individual plant basis. 
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Table E-l. Summary of the experimental materials used in the field experiment (E). their 

symbols and nomenclature. 

D. c. SI Fams S2fams D.C SI Fams S2fams 

no. code no. code no. code no. code no code no code 

1 1 33 2 20 16B 62 4 
2 2A 34 1 21 17 63 4 
3 2B 35 1 22 18 64 3 
4 3A 36 3 23 19A2 65 1 95 2 
5 4" 37 I" 81 9" 66 2 96 4 

38 4 82 2 67 3 97 10 
39 5 83 9 68 4 98 7 

6 5 40 5 69 5 99 1 
7 6A 41 4 24 20 70 2 
8 6B 42 4 25 21A 71 5 
9 7 43 4 26 21B 72 4 
10 8 44 5 27 22 73 4 
11 9A2 45 2 84 1 28 23 74 1 

46 3 85 2 29 24A 75 5 
47 5 86 4 30 25A 76 1 100 9 

12 10 48 3 77 3 101 5 
13 11A 49 1 87 5 78 4 102 3 

50 2 88 4 31 25B 79 2 
51 89 10 32 26A 80 3 
52 4 90 6 
53 5 91 1 Note: in this table SI and S2 families 

14 11B 54 3 are listed against the double crosses 
15 12A 55 1 from which they were derived. 
16 13 56 2 4" = Double cross hybrid 4 
17 14 57 1 I" = SI family 1-4. 
18 15 58 5 9· = S2 family 9-1-4. 
19 16A 59 1 92 4 

60 3 93 7 
61 5 94 6 

68 



Traits Measured. 

It has been reported by many researchers (Mock and Eberhart, 1972; Cowen, 

1985; Hoard and Crosbie, 1985), that 'cold tolerance' should not be simply a measure 

based on test of germination and / or emergence percent; it should account for 

continued growth and dry matter production and so would be an aggregate trait. 

Therefore, all the characters which are related to maize cold tolerance and to early 

maturity were measured for these genotypes. These characters were: 

a) Number of seedings emerged by 21 days from sowing and the rate of 

emergence on a day. 

b) seedling dry weight per plant after 31 days from planting and seedling 

vigour after 42 days from planting. 

c) the flowering and the maturity stages (boots, 65 stage of male flowering, 

silking, time from silking to maturity, and maturity). These latter were scored both on 

calendar day and on heat-unit degrees based on the Ontario and on the Gilmore­

Rogers methods (see chapter 2 for methods of calculation). 

d) the other agronomic characters studied were, plant height (cm), ear height 

(em), grain moisture content (percentage), number of kernels per plant, grain weight 

per plant (gm) and weight of 100 kernels per plant (gm). A total of 15 characters 

were evaluated. 

The number of seedlings that emerged above ground for each entry was 

recorded each day from sowing for a period of 21 days. These counts were used to 

compute the rate of emergence on a day using a modification of Smith and Millett's 

(1964) method. 

Emergence rate (ER) on a day was calculated as follows: 

L (Number of seedlings emerged on a day) x (number of days after planting). 
ER=----------------------------------------------

, Total number of seedlings emerged by 21 days. 
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In order to measure seedling dry weight, all hills were thinned to one plant 

after 31 days by hand. Plants were cut off at ground level and the plants obtained 

from each hill were put in a marked paper bags. Seedlings were dried at (3T 40°C) 

(Cowen, 1985) for one week. After that they were placed in a glass desiccator. 

Seedlings were weighed to the nearest 0.01 gm using an electronic balance. Seedling 

dry weight was calculated per plant; when two seedlings were obtained from a hill the 

mean was taken. 

A visual assessment of seedling vigour was made at 42 days of age. This 

rating was based on the leafiness, greeness and height Values ranged from 1-5 with 

one being excellent and five being poor. The choice of 31 and 42 days followed the 

practice as in previous studies (Mock and Eberhart, 1972; Mock and Bakri, 1976; 

Cowen, 1985). 

The scoring of the flowering characters, maturity, plant height and ear height, 

and the study of all yield components were as described in Chapter 2 and experiments 

Band C. 

Grain harvested from all of the experimental plants were stored under the 

same conditions in the laboratory until they had reached the moisture content of 14-15 

percent They were then weighed using an electronic blance to obtain the grain yield 

in gm I plant The 100 kernel weights were obtained as follows using a Fortran 

computer programme. 

100 kernels weight gm = grain yield gm per plant I number of grain per plant x 100. 

Plants were examined every day from the time the earliest plants reached the 

boots stage until the day when the last plant reached the silking stage. Later the 

plants were also screened daily for maturity after the first plant to mature was 

obseIVed. Again Ontario heat-units, the Gilmore-Rogers heat-units and the calender 

day methods were used for the evaluation of the flowering and maturity stages (see 

Chapter 2 for the reasons and methods of calculation). 
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Methods of Statistical and Genetics Analyses: 

Statistical Analysis. 

The one hundred and two genotypes used in this experiment consisted of 32 

double crosses, 48 S 1, and 22 S2 families .. This material was not randomly drawn 

from the reference population, but was selected, from the lines and families which 

showed the most promise. The double crosses, as described earlier in chapter two, 

were obtained by crossing the selected single crosses obtained from Maryam's study 

(1981). Thus they are not a random sample from the original population. 

Furthermore, there is no doubt that all the Sl and the S2 families are selected 

materials. Then all the genotypes used in this study have a fixed effect. The three 

blocks and their environment were not chosen at random from all the environments of 

maize, but it was our choice to evaluate this material in this environment. The blocks 

also have a fixed effect. Thus the analysis of variance was based on Modell, ie the 

error (within families) was the correct mean square agaist which to test the 

genotypes, the interaction, and the block effects. 

Rawlings and Cockerham (1961) presented an analysis for double cross 

hybrids. This analysis provides a means of obtaining information, both genetic and 

non genetic, from a complete set of double crosses and it clarifies the interaction 

system involved in the double cross hybrid structure. An orthogonal analysis of 

variance was presented and then interpreted in term. of the variance of the effect. One 

of the main conditions for using this analysis of variance is that the data should be 

from a complete set of double crosses from P lines. Unfortunately it is not possible 

for us to follow that model compeledy because our double crosses were not a 

complete set from the inbred lines used to develop them. 

The linear model which they used is similar to the linear model of the analysis 

of variance of model 1. The main formula for the model is: 

Y (ij) (kl) m = U + rm + G (ij) (kl) + E (ij) (kl)m 
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Y (ij) (kl) m = the observation on double cross hybrids (ij) (kl) grown in 

replication m = 1, ... ,r i, j. k ,and 1 = 1, ... ,p where no two of i, j, k, and I can be the 

same. 

U = a contribution common to all entries, 

r = the effect of replication m, 

o (ij) (kl) = the genotypic effect of the double cross hybrid (ij) (kl) and E (ij) 

(kl) m = a random error associated with the genotypic effect due to double cross 

hybrids (0) as a linear function of correlation effects. 

Moreover, this suggested analysis of variance partitions the main genotypic 

(0) effects into the separate effects of each inbred line involved in the formation of 

the double cross hybrid. It was designed mainly for this purpose, but this is not the 

major interest in the experiments described in this chapter. Our main interest here is 

the genetic variation among the double cross hybrids in general. 

The use of model 1 (fixed model) analysis of variance, which is described by 

Steel and Torrie (1981) for a randomized complete block design, will be sufficient to 

study the genotypic variation among the double-cross hybrids. The general formula 

for this model is similar to that of Rawling and Cockerham (1961) described above. 

Model 1 will give an estimates for the genetic variance, and the blocks x 

genotypes interaction, which is the genotype x environment interaction variance in 

our experiment, in addition to the experimental error. Our data were collected on an 

individual plant basis and the plants were distributed randomly for all genotypes, so 

there is no plots effect. The model is given in table E-2. 
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Table E-2. The fixed model, with interaction, of the analysis of variance for the 
complete randomized block design used in this experiment, as was described 
by Steel and Torrie (1981). 

The general formula for the means is: 

Y ijk = U + G i + B j +(GB) ij + S ijk ,::-

Sourceo! Expectation o! means 

variance DF M.s square 

Between Blocks r-1 V1 0"2 + sg I:. Bfl I r-1 

Between genotypes g-l V2 0"2 + sr I:. Gi2 I g-l 

BxG (r-1)(g-1) V3 0"2 + s I:. (GByij I (r-l)(g-l) 

Error rg(s-l) V4 

Where G and B are the genotype and the blocks respectively, r = number of 

blocks, g = number of genotypes, and s = number of observations (number of plants 

from each genotype in each block). 

In this model all the components of variance (between blocks, between 

genotypes, and the interaction) were tested against the residual (error effect). 

Similar design with interaction was also described to evaluate the variation 

between the S 1 and S2 families by Hallauer and Miranda (1988, P 171). They 

described the structure of the analysis of variance for family evaluation for maize in a 

randomized complete block design in one environment, when estimates of all 
f;re 

parameters obtained on an individual plant bases. This model is equivalent to the one 

described above. 

The structure of this model is given in table E-3, and modified according to 

t~ fi_~ed model. 
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Table E-3 Structure of the analysis of variance for family evaluation in a randomized 
complete block design in one environment. 

Source 01 Expected mean 

variance DI M.S square 

Replications r-1 a2 + s/I.B2j / r-1 

Families 1-1 M1 ('j2 + sr I. F2; //-1 

FxB (r-1)(j-1) M2 ('j2 + s I.FB2ij/ (r-1)(j-1) 

Error rf(s-l) M3 a2 

Where F and B are the families and the replications (blocks) respectively, r, f, 

and s are the number of blocks, the number of Sl or S2 families, and the number of 

plants from each family in each block respectively. 

Because block one and block two in these experiments were planted at the 

same time, and block three was planted one week later, it is possible to investigate 

whether there is any genotype x environment interaction. For this purpose three 

different analyses of variance were carried out for each trait for the double crosses, 

the S, and the S:2 families separately. 

The fIrst analysis was from the three pooled blocks. The second analysis was 

for block 1 + block 2 together. The third analysis was for block three only. For 

flowering stages and for maturity all these analyses were conducted on the basis of 

the calender days, the heat-unit degrees of the Ontario method, and the heat-unit 

degrees of the Gilmore-Rogers method. 

A similar analysis was used for the Sl and S2 families derived from each of 

double crosses 4, 9A2, HA, 16A, 19A2, and 25A2 separately. 
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Method of Genetic Analysis. 

Estimation of the Genetic Components of Variance. Heritability. Selection 

Differentials. and the Expected 

Genetic Gain from Selection. 

The genetic components of variance (genotypic variance a"2 F , genotype x 
~ ~ 

environment variance a: F x B, and the error variance a') were estimated by using 

expected mean squares as described by Anderson and Bancroft (1952). Hallauer and 

Miranda (1988) stated that any selection methods that use progeny information for 

selecting the best individuals to recombine for population improvement will provide 

estimates of genetic variance ( under the assumption of no nonadditive effects), 

genetic-environmental interaction variance, and experimental error and direct 

estimates of these components can be determined from linear functions of the mean 

squares. Genetic composition of the estimate of the genetic effects depends on the 

type of progeny evaluation. They also stated that if SI or 82 progenies are evaluated, 

(J2 G (genetic effect) = (J2 A (additive effect) for 81 or = 3/2 (J2 A for S2 families 

under the above assumption. These estimations were based 011 the results obtained 

from the ANOV A of the S 1 and S2 families using blocks 1 and 2 for all traits studied. 

The estimation of the genetic components of variance for the flowering and 

maturity stages was based on the results using the Gilmore-Rogers heat-unit degrees 

method. This was mainly because of the similarity of the results obtained by using 

any of the three methods used to evaluate these characters. From table E-3 the 

estimated component of variance were calculated as follows: 

Estimated genetic variance between 81 or 82 families 

MI-M3 a2 F= _ 
m 

M2-M3 
a··~BxF=----

n 

Estimated error variance -a 2 = (J2 • 

In these formulae all parameters have the same meaning as in table E-3. 
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Heritability (narrow sense heritability) for SI and S2 families for the different 

traits were calculated by using the estimated genetic components a ~ ,~.. described by 

Hallauer and Miranda (1988, p 71) as follows: 

h2 = --.... -
8,-2 p 

Where a.2 A is the additive genetic variance which equals a.2 F for S 1 

families and 3/2 0- ,2 F for S2 families assuming that the dominance genetic effect was 

not important for most of the characters studied. The narrow sense heritability 

estimate was also based on the analysis of variance of block 1 and 2 , and on the basis 

of individual plant data. 

The formula used to calculate the phenotypic variance was: 

a· '.2 B x 1:" a,,~ 
cr\2 p =cr·,2F+ + ---

r nr 

Where a· .2 F = the genetic variance between families for one environment; 

cr ,2 B x F = estimated environmental variance (block x family interaction); U ,,2 = 

within families (estimated error variance); r = number of blocks and n = number of 

individual plants used in each block (number of plants per plot). 

The selection differential (0) was calculated for each trait for the SI and S2 

families as follows (Hallauer and Miranda, 1988; and Rogers et ai., 1977): 

D = mean of selected families - grand mean of all families. 

The expected genetic gain from selection of the earliest ten families among 

the 48 SI families (20.8 % selection intensity), and from the earliest five S2 families to 

mature among the 22 S2 families (22.7 % selection intensity) was calculated. 

Assuming that, the faster 20.8 % SI families or the faster 22.7 % S2 families were 

recombined. Low values for all flowering, maturity, ER, 1-5 vigour scale, plant 

height and ear height are desirable, thus negative responses to selection are expected. 

Positive gains are expected for the rest of the traits studied. 
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The fonnula used to calculate the expected genetic gain from a given selection 

intensity was also as described by Hallauer and Miranda (1988) as fallows: 

kcr· 2 F 
G gain =.... for SI families 

2a' p 

k3/2 a..2F 
and G gain = -.,. for S2 families 

2a' p 

Where G gain = the expected responce to selection; B.2 F = the genetic 

variance among families and it is equal to the additive variance among S 1 families and 

3/2 the additive variance among S2 families; a p = the square root of the phenotypic 

variance; 2 is the number of years per cycle of selection and k = the selection 

differential in standard deviation units. 

The k values for SI and S2 were calculated for the selection intensities of 20.8 

% and 22.7 % for SI and S2 respectively as mentioned above using the method 

described by Hallauer and Miranda (1988). 

The values of k then were obtained from table:XX of Fisher and Yates (1963). 

That was because the group of families from which we selected had a size of N < 50 

and we decided to select 10 families from SI families and 5 families from S2 familIes. 

Hallauer and Miranda (1988) reported that, if n families in the range from 1-25 is 

selected from a sample of N families (N < 50), then the expected value of k is the 

average of the ftrst n values in the column corresponding to N in table XX (Fisher and 

Yates, 1963). 

In our case we selected 10 SI families from a total of 48 families, and 5 from 

22 S2 families. Thus from table XX (Fisher and Yates, 1963) the k value for SI 

families is: 

k.l = 2.23 + 1.84 + 1.61 + 1.44 + 1.31 + 1.19 + 1.09 + 1.00+ 0.92 +0.84/10 =1.347 

and k for S2 is: 

k.2 = 1.91 + 1.46 + 1.19 + 0.98 + 0.82/5 = 1.272 
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Results and Conclusions: 

1. SeedIina: Emera:ence and SeedIina: Via:our for the Double Crosses ,the Sh and 

the S2 Families. 

a. Number of seedlina:s Emera:ed and Seedlina: Emergence Rate (ER)' 

The number of seedlings that emerged for each of the 102 genotypes and the 

means of the number of days required for emergence are given in table (E-4) for block 

1 + block 2, and for block 3 separately. 

The results of the analysis of variance for these two characters for the double 

crosses, the S 10 and the S2, for block 1, 2, and 3 together, block 1 and 2, and block 3 

are given in table E-5. The separated analysis of variance for the S 1 and S2 families 

derived from each of the double crosses 4, 9A2, l1A, 16A, 19A2, and 25A are given 

in tables E-6a and E-6b respectively. All these analyses were performed for the three 

blocks, and for the two blocks and for block 3 separately. A summary of the ANOV A 

results is presented in table E-9c. 

From table (E-4) it is clear that most of the double crosses, the S 1, and the S2 

families showed good early emergcYu~der the conditions of this experiment. This was 

mainly due to the relatively high suitable temperatures at the time of planting this 

experiment especially for the block 1 and block 2 planting date (8th May, 1987). 

The means of the number of seedling emerged from 15 kernels sown from 

each entry in each block ranged from 12.5-15, 11.5-15, 7.5-15 seedlings in blocks 1 

and 2, and 8-15, 10-15, and 8-15 in block three, for the double crosses, the SI, the S2 

families respectively. Among the double crosses, number 4 gave the lowest number 

of the emerged seedll.ngs for both dates of planting. Also most of the SI families and 

the S2 families showed good response with early emergence. Among the SI families, 

family number 3, which was derived from double cross 16A, gave the lowest number 
""~ lo..)~ 

of seedlings emerging in the block 1 + 2 result, but in block three'tit was SI family no 

5 from double cross 11 A. Among the S2 families, families 10-3-19 A2, 2-3-9 A2, 5-1-

IIA, and 9-1-25A gave the least number of emerged seedlings. 
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The means of the emergence rate (ER) ranged between 11.18 (24A) - 14.7 

(21A), 11.02 (5-5) - 14.07 (3-16A), and 11.21 (2-19A2) - 14.58 (3-16A) in block 1 + 

2 , for the double crosses, the SI, and the S2 families respectively. While in block 

three the ranges were 13.00 (7 and 25B) - 16.57 (16B), 13.66 (2-11A) - 17.36 (3-

16A), and 13.31 (4-4) -17.53 (2-9A2, respectively. 

These results indicated that most of the genotypes emerged faster in block 1 + 

2 than they did in block 3. The decrease in the minimum and maximum temperature 

that occurred in the fIrst week after the planting of block 3 may be the main reason for 

this. 

The analysis of variance for the number of the emerged seedlings, in table E-5, 

showed important differences between the double crosses and between the S2 families 

in both cases (for blocks 1,2, and three, and block 1 and 2 respectively). On the other 

hand there were no significant differences between SI families in either of the 

analyses of variance for this trait. 

In the ER there were significant differences between the double crosses, 

between SI families, and between S2 families in both analyses. 

Although the ANOV A results in table E-5 showed signifIcant differences for 

most effects in the analysis, table E-4 clearly shows that most of the entries emerged 

early, with a high number of emerged seedlings, and with only a very limited number 

of genotypes having delayed emergence. It is very clear that the variability among 

the double crosses, the Sl, and the S2 families was higher in block three. That was 

mainly due to the decrease in the minimum and the maximum daily temperature 

which happened at the time of planting the third block (see appendix 1) which shows 

the daily minimum and maximum temperature throughout the course of this 

experiment. 

The block x genotypes interaction cannot be tested for these traits because the 

analysis was done on the basis of plot means, but it is clear that all genotypes 

responded differently in the two planting dates and any further test carried out in the 

fIeld with this material should be under more severe conditions, to allow variability 
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between the genotypes to appear. Thus it can be concluded that the mild conditions 

prevailing at the time of this experiment was the cause of the low variability between 

the double crosses and between the SI families. 

The degree of variation was higher among the S2 families for both traits. A 

decrease in the number of seedlings emergening is noticeable when comparing the S2 

generation with the So and S 1 generation. This was to be expected as a result of 

inbreeding and the segregation which should take place in that generation. 

The results of the ANOV A in table E-6a and E-6b for the separate analysis of 

SI and S2 families derived from double crosses 4,9A2, llA, 16A, 19A2, and 25A 

revealed only a few significant differences between SI families derived from the 

same double crosses; between SI families of double cross 4 for the combined blocks 

ANOV A of ER and between families of double cross 9A2 for ER, for two blocks 

analysis. The same analysis for the S2 families showed a similar result to that 

obtained with the S 1 families. For the analysis of variance of two blocks a difference 

at the 5 % level of probability appeared only between S2 families of 19A2 for 

emergence rate. For the three blocks ANOV A, there are some significant differences 

at the 5 % level only for the emergence rate of the S2 families derived from the double 

crosses 4, 9A2, and llA, and at the 1 % level for 19A2. These can probably be 

attributed to the differences in the environment of block 3 from block 1 and 2, mainly 

due to the temperature differences. This result means that the S2 families showed 

some genotype x environment interaction just for the emergence rate. 

The means of the emergence rates of the SI and S2 families derived from the 

same double crosses in table E-4 indicated that most of the faster S2 families to 

emerge (2-4-4, 4-2-11A, 4-2-19A2, lO-3-19A2, and 1-5-19A2) were those families 

developed from the faster SI families (4-4, 2-11A, 2-19A2, 3-19A2, and 5-19A2). 

This result was similar to the one obtained from the germination test in 

experiment D with the same families. Furthermore families which were late to 

emerge (eg 7-3-16A, lO-3-11A, 2-3-9A2, 7-4-19A2) among the S2 generation were 

also the late among SI families. It is essential to mention here that the SI seeds of S2 
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family 7-3-l6A, which was the slowest family in this experiment, did not genninate 

in the germination test in experiment D. 

Overall, the field test confinned the results of the laboratory gennination test 

described in chapter 4 and thus we can conclude that the laboratory test is an 

acceptable predictor of field germination. 

Although the variation among the double crosses, the S 1, and the S2 for both 

traits was not great, there were some SI and S2 families which were faster than others 

and they have potential for any further breeding and selection for these two 

characters. Among the SI these families were 1-4,4-4,5-5, 2-11A, 4-l6B and all SI 

families derived from double cross 19A2. Among the S2 families the faster families 

were 2-4-4, 4-2-11A, 4-2-l9A2, lO-3-l9A2, and l-5-l9A2. 
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Table E-4. Means for number of seedlings emerged (no. of ES) and means of the emergence rate (ER) for blocks 

1 + 2 and block three for all the double crosses, S I, and S2 families. 

DC nO.ofES ER Sl nO.ofES ER S2 nO.ofES ER 

B1+B2 B3 Bl+B2 B3 Bl+B2 B3 Bl+B2 B3 B1+B2 B3 Bl+B2 B3 

1 14.5 15 11.3 15.7 2 15.0 14 12.7 15.9 - - - - -
2A 15.0 15 11.3 15.6 1 15.0 14 12.2 15.7 - - - -
2B 13.5 15 11.5 14.1 2 15.0 15 12.9 16.3 . - - - -
3A 14.5 15 11.5 14.2 3 15.0 15 12.6 16.9 - - - - -
4 12.5 8 11.4 15.1 1 14.0 15 11.5 14.6 9 13.0 14 12.4 15.3 

- - - - 4 15.0 15 11.4 15.0 2 14.0 14 11.5 13.3 
- - - - 5 13.0 15 12.8 15.6 9 15.0 14 13.6 16.3 

5 15.0 15 12.2 15.6 5 13.5 . 15 ILl 15.8 - - - - -
6A 15.0 15 11.3 14.1 4 14.0 15 12.3 13.9 - - - - -
6B 15.0 13 11.5 14.7 4 13.5 IS 12.7 15.3 - - - - -
7 14.5 15 12.0 13.0 4 14.0 15 12.0 16.6 - - - - -
8 14.5 15 11.3 13.9 5 14.5 15 13.5 15.8 - - - - -
9A2 14.0 13 12.7 13.4 2 14.0 11 12.5 15.3 1 13.0 15 14.5 17.5 

- - - - 3 12.5 11 13.0 16.7 2 8.5 13 13.9 16.7 
- - - - 5 14.5 15 12.2 14.5 4 12.0 13 13.2 15.7 

10 14.5 15 11.7 15.4 3 15.0 15 11.4 15.6 - - - - -
11A 13.5 15 12.4 14.4 1 14.0 14 12.3 15.1 5 9.0 13 11.3 14.5 

- - - - 2 14.0 15 11.7 13.6 4 12.5 15 11.5 14.2 
- - - - 3 14.0 15 12.3 16.3 10 11.0 14 12.1 15.3 
- - - - 4 13.0 14 12.4 16.0 6 14.5 11 12.3 14.6 
- - - - 5 15.5 10 11.8 15.7 1 13.0 15 13.2 16.3 

lIB 14.5 15 11.4 16.0 3 14.0 14 11.6 16.5 - - - - -
12A 14.5 15 11.8 14.8 1 15.0 14 11.4 14.5 - - - - -
13 15.0 15 11.3 14.4 2 13.5 15 11.4 16.2 - - - - -
14 13.5 14 ILl 14.2 1 14.0 15 12.3 15.4 - - - - -
15 13.0 15 11.8 14.9 5 14.4 15 11.6 16.5 - - - - -
16A 13.5 15 13.2 14.9 1 14.0 13 11.4 15.6 4 11.5 11 13.4 16.5 

- - - - 3 U.5 14 14.4 17.3 7 12.0 12 14.5 18.5 
- - - - 5 13.5 14 13.7 14.7 6 11.0 14 14.3 15.4 

16B 14.5 14 11.5 16.5 4 15.0 14 11.3 16.7 - - - - -
17A 15.0 . 14 12.1 14.0 4 14.5 14 12.0 15.0 - - - - -
18 13.0 14 12.7 15.7 3 14.5 14 11.3 14.7 - - - - -
19A2 15.0 15 12.2 15.1 1 13.5 15 11.3 16.4 2 7.5 14 13.5 17.5 

- - - - 2 14.5 13 11.4 16.8 4 U.5 14 11.2 16.1 
- - - - 3 14.5 14 11.7 15.9 10 14.5 14 12.0 13.8 
- - - - 4 14.0 14 11.4 17.7 7 12.5 15 12.2 15.4 
- - - - 5 14.5 14 11.3 14.9 1 14.5 14 11.6 14.4 

20 15.0 15 11.5 15 2 14.5 14 11.4 15.5 - - - - -
21A 14.0 15 14.0 15.0 5 13.0 13 11.8 15.1 - - - - -
21B 12.5 15 11.8 13.7 4 14.0 13 12.7 15.0 - - - - -
22 14.1 14 11.8 15.0 4 13.5 14 12.4 15.7 - - - - -
23 14.5 15 11.4 13.7 1 13.5 14 12.3 15.3 - - - - -
24A 14.5 15 11.8 14.6 5 14.5 15 11.5 15.4 - - - - -
25A 14.5 15 12.6 14.3 1 14.0 15 11.4 15.2 9 9.0 8 13.5 15.5 

- - - - 3 14.5 13 12.8 15.4 5 10.5 15 13.3 17.3 
- - - - 4 14.5 15 12.3 15.5 3 14.5 15 13.2 15.9 

25B 14.0 13 12.4 13.0 2 14.0 15 11.4 14.4 - - - - -
26A 15.0 13 11.3 16.3 3 14.5 15 12.5 15.8 - - - - -
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Table E-5. Results of the ANOV A of number of seedlings emerged and 

emergence rate for double crosses (D C), S .. and S2 families. 

Source of No.of seedling Emergence rate \ 

Gen variance DF M.S. F P M.S. F P 

D.C Bl+B2+B3 

Bet blocks 2 0.844 1.229 N.S 75.120 138.342 *** 
BelD.C. 31 1..852 2.479 *** 0.612 1.126 N.S 

Error 62 0.747 0.543 

Bl+B2 

Bet blocks 1 1.265 3.492 N.S 0.080 0.643 N.S 

BelD.C 31 1.118 3.114 *** 0.844 6.750 *** 
Error 31 0.362 0.125 

SI Bl+B2+B3 

Bel blocks 2 0.924 1.033 N.S 162.270 369.492 *** 
bel fams 47 1.244 1.390 N.S 0.750 1.710 * 
Error 94 0.895 0.439 
Bl+B2 

Bel blocks 1 2.041 2.740 N.S 0.322 3.114 N.S 
Bel fams 47 1.062 1.429 N.S 0.981 9.480 *** 
Error 47 0.743 0.103 

S2 Bl+B2+B3 

Bel blocks 2 16.010 4.650 * 50.208 145.109 *** 
Belfams 21 8.560 2.480 ** 3.266 9.440 *** 
Error 42 3.440 0.346 
Bl+B2 

Bel blocks 1 0.023 0.006 N.S 0.144 0.980 N.S 
Bel fams 21 9.213 2.780 * 2.247 15.340 *** 
Error 21 3.308 0.146 
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Table E-6a. Results of the ANOV A of number of seedlings emerged and 

emergence rate for Sit families derived from the same double cross. 

Source of No.of seedling Emergence rate 
D.C variance DF M.S. F P M.S. F P 

4 Bl+B2+B3 
Bet blocks 2 1.00 3.03 N.S 8.86 73.00 *** 
Bet fams 2 1.33 4.00 N.S 1.16 \ 9.34 * 
Error 4 0.33 0.12 
Bl+B2 
Bet blocks 1 0.00 0.00 N.S 0.00 0.00 N.S 
Bet fams 2 2.00 1.36 9.66 N.S 
Error 2 0.00 0.1405·· 

9A Bl+B2+B3 
Bet blocks 2 2.11 1.90 N.S 8.67 48.16 *** 
bet fams 2 5.44 4.90 N.S 1.18 6.48 N.S 
Error 4 1.11 0.18 
Bl+B2 
Bet blocks 1 0.666 3.99 N.S 0.375 7500.00 *** 
Bet fams 2 2.16 13.00 N.S 0.294 5814.61 *** 
Error 2 0.166 0.00005 

11A Bl+B2+B3 
Bet blocks 2 0.467 0.16 N.S 16.62 54.49 *** 
Betfams 4 0.767 0.26 N.S· 1.06 3.47 N.S 
Error 8 2.967 0.305 
Bl+B2 
Betblocks 1 0.400 0.28 N.S 0.216 4.68 N.S 
Bet fams 4 1.000 0.71 N.S 0.199 4.33 N.S 
Error 4 1.40 0.0461 

16A Bl+B2+B3 
Bet blocks 2 0.77 0.36 N.S 7.07 10.02 * 
Bet fams 2 1.77 0.84 N.S 2.98 4.22 N.S 
Error 4 2.11 0.70 
Bl+B2 
Bet blocks 1 0.667 0.30 N.S 0.0006 0.0002 N.S 
Bet fams 2 3.500 1.61 N.S 4.0176 16.83 N.S 
Error 2 2.167 0.2387 

19A2 Bl+B2+B3 
Bet blocks 2 0.66 0.10 N.S 28.66 102.35 *** 
Bet fams 4 0.10 0.15 N.s 0.35 1.26 N.S 
Error 8 0.65 0.28 
Bl+B2 
Bet blocks 1 0.00 0.00 N.S 0.0941 0.49 N.S 
Betfams 4 0.40 0.80 N.S 0.0417 0.21 N.S 
Error 4 0.50 0.1920 

25A Bl+B2+B3 
Bet blocks 2 1.33 2.01 N.S 7.86 78.45 *** 
Betfams 2 0.33 0.50 N.S 0.09 0.84 N.S 
Error 4 0.66 0.10 
Bl+B2 
Betblocks 1 2.666 15.99 N.S 0.062 0.80· N.S 
Bet fams 2 0.166 1.00 N.S 0.922 12.03 N.S 
Error 2 0.166 0.0766 
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Table E-6b. Results of the ANOV A of number of seedlings emerged and 

emergence rate for S2. families derived from the same double cross. 

Source of No.of seedling Emergence rate 
D.C variance DF - M.S. F P M.S. F P 

4 Bl+B2+B3 
Bet blocks 2 1.33 2.00 N.S 4049' 20040 •• 
Bet fams 2 1.33 2.00 N.S 3.04 13.83 • 
Error 4 0.66 0.22 
Bl+B2 
Bet blocks 1 2.666 3.999 N.S 0.0620 0.163 N.S 
Bet fams 2 2.000 3.000 N.S 2.0245 5.341 N.S 
Error 2 0.6667 0.3790 

9A Bl+B2+B3 
Bet blocks 2 7.00 1.10 N.S 7.29 21.44 •• 
bet fams 2 10.33 1.63 N.S 2.48 7.31 • 
Error 4 6.33 0.34 
Bl+B2 
Bet blocks- 1 1.50 0.14 N.S 0.2321 0.7516 N.s 
Bet fams 2 11.17 1.063 N.s 0.9179 "2.972 N.s 
Error 2 1050 0.3088 

llA Bl+B2+B3 
Bet blocks 2 4.46 1.12 N.S 11.90 49.33 ••• 
Betfams 4 5.76 lAS N.S 1.38 5.72 • 
Error 8 3.96 0.24 
Bl+B2 
Betblocks 1 0.400 0.18 N.S 0.18225 0.299 N.S 
Bet fams 4 8.750 4.07 N.S 1.1712 1.926 N.s 
Error 4 2.150 0.6080 

16A Bl+B2+B3 
Bet blocks 2 2.77 1.56 N.S 6.86 8.36 • 
Bet fams 2 0.44 0.25 N.S 2.69 3.28 N.S 
Error 4 1.77 0.82 
Bl+B2 
Bet blocks 1 4.167 3.570 N.S 0.2904 1.756 N.S 
Bet fams 2 0.500 00429 N.S 0.6767 4.093 N.S 
Error 2 1.167 0.1653 

19A2 Bl+B2+B3 
Bet blocks 2 8.60 2.010 N.S 14.11 42.00 ••• 
bet fams 4 11.26 2.640 N.S 2.60 7.80 •• 
Error 8 4.26 0.33 
Bl+B2 
Bet blocks 1 2.500 0.833 N.S 0.0672 0.667 N.S 
Bet fams 4 16.600 5.533 N.S 1.5181 15.092 • 
Error 4 3.000 0.1006 

25A Bl+B2+B3 
Bet. blocks 2 1.77 0.290 N.S 6.21 8.19 • 
Betfams 2 27.11 4.560 N.S 0.50 0.66 N.S 
Error 4 5.94 .0.75 
Bl+B2 
Betblocks 1 0.000 0.000 N.S 0.00167 0.0035 N.S 
Bet fams 2 16.167 20487 N.S 0.02555 0.5320 N.S 
Error 2 6.500 0.04802 
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b. Seedlin~ Dry Wei~ht and 1·5 Vi~our Scale. 

The mean of seedling dry weight, gm /seedling and the means for the vigour 

scale for blocks 1 and 2, and block 3 are given separately in table E-7. Tables E-8, E-

9a, and E-9b, respectively, give the results of the ANOV A for both traits for the 

double crosses, S 1, and S2 families overall, and also for the individual S 1 and S2 

families in the same format as described for the emergence and the emergence rate. 

The ANOV A of block three was included for these characters and also for the 

following characters which will discused later in this chapter. A summary of these 

result is given in table E-9c. It should be noted that the degrees of freedom which are 

associated with the error for seedling dry weight (SOW) were sometimes less than 

those associated with the 1-5 vigour scale. This situation arises when no seedlings 

were available from some hills at seedling harvest; these were treated as missing hills 

for the purpose of the ANOV A. 

Results for Seedling Dry Weights (SDWl. 

In table E-7 the means for seedling dry weight (SOW) for the double crosses 

in block 1 and block 2 ranged from 0.19 (18, 21B, and 25B) to 0.40 gm (10). For 

block 3 the range for the double crosses was 0.14 (18) to 0.36 gm (4,and 7). The 

ANOV A in table E-8 shows highly significant differences between the double crosses 

in the three analysis (pooled 3 blocks, blocks 1 + 2, and block 3). There were no 

significant block x genotype interactions in both analyses of the three blocks and the 

analysis of the two blocks (1 and 2). Thus there is no obvious genotype x 

environment interaction. 

Similar variation was found between SI families (see table E-7 and E-8) for 

the SI generation. Table E-7 shows a decrease in the SOW in the SI generation 

compared with the original double crosses in general. The means of the SOW for S 1 

families ranged between 0.15 (1-16A, and 4-17A) and 0.33 gm (1-11A) and 0.12 (4-

17 A)to 0.31 (5-24A) for blocks 1 and 2 and for block 3 respectively. This decrease in 
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the vigour of SI was not unexpected because of inbreeding. In spite of that, some of 

SI families performed better than the double cross from which they were derived (eg 

families I, 2,and 3 from IIA, 4-16B, 4-21B, 4-22, 1-23, and 5-24A). The means 

obtained in block three were lower than those in blocks I and 2; this can be 

interpreted as a consequance of the lower temperature at the time block 3 was planted. 

There was also no block x families interaction for the SI families (table E-8). 

For S2 families the results show that there was a sharp decrease in the means 

of SDW compared with the So and the SI generation means. S2 family means ranged 

between 0.10 (3-3-11A) and 0.22 gm (10-3-19A2) and from 0.11 (2-3-11A) to 0.22 

gm (10-3-19A2) for blocks I + 2 and for block 3 respectively. Table E-8 indicates 

that while there is significant variability among S2 families, there is also significant 

genotypes x blocks interaction. 

Overall these results suggest that selection for this character can be done in the 

S 1 generation whereas for the S2 generation an evaluation requires the experiment to 

be repeated in more than one environment 

Tables E-9a and E-9b indicate that variability among families derived from 

the same double cross was less than that among SI and S2 families derived from 

different double crosses (see table E-8). 

Significant differences appeared among families derived from double cross 4, 

IIA, and 19A2 in both SI and S2 generation, but higher differences were observed in 

the S2 generation for the same double crosses. The only significant family x blocks 

interaction was between families of double cross 19A2 in both generations. From 

table E-7 it is clear that some S2 families derived from S 1 families which were 

superior were also superior (eg S2 families 2-4-4, 4-2-11A, and 10-3-19A2). This 

also could mean that the selection for early maturity applied to this material between 

the SI and S2 generations (chapter 3 Exp. C) did not effect the SDW. 
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Seedlinl: Vil:0ur scale. 

The means and ANOV A results obtained for blocks 1+2 and block 3 for this 

vigour scale are shown in tables E-7, E-8, E-9a, and E-9b alongside the results of 

SDW. For block 1+2 the means ranged from 1.25 (24A) to 2.40 (25B), 1.9 (1-11A 

and 4-25A) to 3.30 (2-16A) and 2.22 (3-4-25A) to 3.62 (2-3-9A2) for the double 
. 

crosses, the S 1, and the S2 families respectively. The means of this character in block 

3 were 1.00 (7) to 3.60 (4),2 (5-24A, 4-4)to 4.90 (3-16A), and 2.43 (6-4-11A, 10-3-

19A2, 1-5-19A2, and 3-4-25A) to 3.75 (7-3-16A). 

Most of the results obtained for this character were similar to those for SDW. 

There were highly significant differences between the double crosses, between the SI 

families and between the S2 families for the vigour scale. There was no important B x 

G interaction in any of the analyses included. 

The results of the separated analyses of variance for the vigour scale (table E-

9a and E-9b) for those families derived from the same double cross, also were similar 

to those obtained from the SDW in most cases. There was, however, a significant 

difference for the 1-5 scale of vigour for between S2 families of double cross 25A, 

which was not significant for SDW. There were no significant differences among S2 

families derived from double cross 4 as were found for SDW. This exception can be 

attributed to the visual estimate of the vigour scale compared with the SDW which 

was not visually estimated. In addition both characters were evaluated at different 

ages (31 days and 42 days after sowing for SDW and 1-5 scale respectively). The 

association between the two characters was clear (table E-7), in that most of those 

double crosses , S t, S2 families which gave the highest SDW after 31 days were the 

best on the seedling vigour scale (lowest scale value). 
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Table E-7. Means for seedling dry weight (gIn) and means of the 1-5 seedling vigor 

scale for blocks 1+2 and block 3 for all the DC, Sit and S2 families. 

DC SDW V.scale SI SDW V.scale S2 SDW 

BJ+B2B3 Bl+Bz B3 BJ+B2 B3 BJ+B1B3 BJ+Bl B3 

1 0.31 0.29 1.9 2.0 2 0.27 0.24 2.4 2.5 1- -\ -
2A 0.32 0.24 1.5 2.3 1 0.26 0.25 2.3 2.7 I: - -
2B 0.27 0.26 1.9 2.1 2 0.26 0.24 2.4 2.5 - -
3A 0.28 0.32 1.9 2.3 3 0.25 0.22 2.2 2.6 

19 
- -

4 0.29 0.36 2.2 3.6 1 0.30 0.30 2.4 2.2 0.15 0.16 

- - - - 4 0.28 0.27 2.1 2.0 12 0.18 0.19 

- - - - 5 0.24 0.22 2.8 3.2 I: 0.11 0.11 
5 0.28 0.31 1.6 1.6 5 0.25 0.24 2.7 2.9 - -
6A 0.24 0.29 2.0 1.9 4 0.28 0.24 2.2 2.4 l - -
6B 0.28 0.26 1.93 1.8 4 0.25 0.28 2.3 2.4 1- - -
7 0.31 0.36- 1.4 1.0 4 0.23 0.17 2.3 3.8 I: - -
8 0.28 0.33 2.3 2.3 5 0.27 0.30 2.6 2.6 - -
9A2 0.30 0.27 2.0 1.9 2 0.19 0.19 2.5 2.8 11 0.12 0.12 

- - - - 3 0.19 0.23 2.7 2.9 2 0.10 0.11 

- - - - 5 0.22 0.20 3.0 2.5 4 0.12 0.11 
10 0.04 0.32 1.5 2.0 3 0.26 0.23 2.6 3.0 - - -
11A 0.25 0.21- 2.3 3.3 1 0.33 0.27 1.9 2.1 5 0.10 0.13 

- - - - 2 0.27 0.28 2.6 2.2 4 0.17 0.17 

- - - - 3 0.24 0.25 2.3 3.1 nO 0.12 0.14 
- - - - 4 0.20 0.25 2.4 2.3 16 0.17 0.14 

- - - - 5 0.29 0.29 2.3 2.6 I~ 0.15 0.14 
llB 0.35 0.33 1.6 1.9 3 0.25 0.16 2.1 '3.2 - -
12A 0.23 0.18 2.1 2.6 1 0.25 0.27 2.4 2.6 1- - -
13 0.32 0.33 1.8 1.7 2 0.26 0.22 2.2 2.3 1- . - -
14 0.23 0.17 2.4 2.5 1 0.23 0.19 2.7 3.5 1- - -
15 0.31 0.31 2.5 2.0 5 0.25 0.25 2.6 2.4 1- - -
16A 0.23 0.20 2.0 1.9 1 0.15 0.16 3.3 2.4 14 0.15 0.12 

- - - - 3 0.20 0.16 3.1 4.9 7 0.12 0.16 
- - - - 5 0.16 0.25 3.2 2.3 6 0.12 0.16 

16B 0.24 0.28 1.9 1.6 4 0.23 0.25 2.1 2.4 - -
17A 0.23 0.23 2.0 2.0 4 0.17 0.12 3.2 3.3 1- - -
18 0.19 0.14 2.4 3.2 3 0.23 0.16 2.5 2.8 

l~ 
- -

19A2 0.26 0.24 1.6 2.4 1 0.23 0.22 2.5 2.5 0.11 0.15 
- - - - 2 0.21 0.18 2.4 2.9 0.12 0.12 
- - - - 3 0.25 0.23 2.9 2.7 0.22 0.22 
- - - - 4 0.26 0.21 2.3 2.9 0.20 0.17 
- - - - 5 0.19 0.16 2.5 2.9 1 0.18 0.15 

20 0.23 0.19 1.1 2.6 2 0.20 0.24 2.8 3.0 - - -
21A 0.30 0.22 1.9 2.3 5 0.25 0.26 2.3 2.3 - -
2IB 0.19 0.32 2.2 3.1 4 0.25 0.23 2.7 2.2 1- - -
22 0.22 0.19 2.0 2.0 4 0.28 0.30 2.3 2.4 1- - -
23 0.26 0.24 1.6 2.0 1 0.28 0.28 2.5 2.9 1- - -
24A 0.37 0.35 1.2 1.5 5 0.28 0.31 2.2 2.0 1- - -
25A 0.30 0.27 1.6 2.1 1 0.28 0.25 2.7 3.0 I~· 0.11 0.16 

- - - - 3 0.23 0.21 2.6 2.6 0.12 0.15 
- - - - 4 0.24 0.25 1.9 2.2 3 0.15 0.16 

25B 0.19 0.21 2.4 2.5 2 0.23 0.24 2.2 3.1 - - -
26A 0.22 0.24 1.9 2.3 3 0.25 0.25 2.4 2.2 - - -
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V.scale 

BJ+B2B3 

- -
- -- -
- -
2.8 2.3 
2.4 3.0 
2.7 2.8 
- -
- -
- -
- -- -
3.2 3.0 
3.6 2.7 
2.8 3.0 
- -
3.0 3.0 
2.9 2.6 
3.3 3.2 
2.5 3.7 
2.8 2.5 
- -- -- -- -- -
3.4 3.5 
3.2 3.7 
3.0 2.7 
- -- -- -
3.4 2.8 
3.6 3.7 
2.5 2.8 
3.0 3.3 
2.5 2.6 
- -- -- -- -- -- -
3.6 2.9 
3.3 2.5 
2.2 2.8 
- -- -



Table E-8. Results of the ANOV A of seedling dry weight and 1-5 seedling vigor scale 

for the DC, the Shand the S2 families. 

Source of SDW 1-5 vigor scole 
Gen variance DF M.S. F P DF M.S. F P 

D.C. Bl+B2+B3 
Bet blocks 2 0.010121 1.949 N.S 2 5.1095 11.105 *** 
BetD.C. 31 0.036515 7.031 *** 31 1.6468 3.203 *** 
D.C. x blocks 62 0.005663 1.090 N.S 62 0.4621 0.899 N.S 

Error 376 0.005193 384 0.6024 

Bl+B2 
Bet blocks 1 0.016798 3.552 N.S 1 5.0000 .,10.447 ** 
Bet D.C. 31 0.026880 . 5.636 *** 31 0.9266 1.936 ** 
D.C. x blocks 31 0.003530 0.740 N.S 31 0.5020 1.049 N.S 

Error 251 0.004769 256 0.4787 

B3 
BetD.C. 31 0.017446 2.886 *** 31 1.1423 1.952 ** 
Error 125 0.006045 128 0.5852 

SI Bl+B2+B3 
Bet blocks 2 0.025406 6.151 *** 2 3.2691 6.421 *** 
Betfams 47 0.020683 5.007 *** 47 1.4725 2.892 *** 
Fams x blocks 94 0.004533 1.098 N.s 94 0.6941 1.363 • 
Error 549 0.004131 576 0.5092 
Bl+B2 
Bet blocks 1 0.027745 6.775 *. 1 1.6591 3.128 N.S 

Bet fams 47 0.015233 3.720 ••• 47 0.9757 1.840 •• 
Fams x blocks 47 0.005232 1.278 N.S 47 0.5413 1.021 N.S 

Error 363 0.004095 384 0.5304 

B3 
Betfams 47 0.009290 2.212 ••• 47 1.3436 2.879 *. 
Error 186 0.004200 192 0.4667 

S2 Bl+B2+B3 
Bet blocks 2 0.014301 8.923 * •• 2 1.3789 3.086 N.S 
Bet fams 21 0.012465 7.777 ••• 21 1.6439 3.679 •• 
Fams x blocks 42 0.002582 1.611 • 42 0.5610 1.255 N.s 

Error 212 0.001603 264 0.4469 
Bl+B2 
Bet blocks 1 0.023248 17.095 •• * 1 2.5639 5.561 • 
Bet fams 21 0.010880 8.000 **. 21 1.6682 3.618 •• 
Fams x blocks 21 0.003187 2.343 •• 21 0.4127 0.895 N.S 
Error 132 0.001360 176 0.4611 
B3 
BeL fams 21 0.003570 1.782 • 21 0.6850 1.637 N.S 
Error 80 0.002003 88 0.4184 
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Table E-9a. Results of the ANOV A of seedling dry weight and 1-5 seedling vigor 

scale for the S 1 families derived from the same double cross. 

Soun:eof SDW 1-5 vigor scole 
D.C. variance DF M.S. F P DF M~S. F P 

4 Bl+B2+B3 
Bet blocks 2 0.001179 0.381 N.s 2 0.0842 0.135 N.S 
Bet fams 2 0.020136 6.508 ••• 2 2.7642 4.419 • 
Fams x blocks 4 0.001799 0.581 N.s 4 0.2155 0.344 N.S 
Error 34 0.003094 36 0.6255 
Bl+B2 

, Bet blocks 1 0.000867 0.308 N.S 1 0.1613 0.249 N.S 
Bet fams 2 0.012421 4.411 • 2 1.2076 1.865 N.S 
Fams x blockS 2 0.003468 1.232 N.s 2 0.1001 0.155 N.S 
Error 22 0.002816 24 0.6476 
B3 
Bet fams 2 0.007845 2.177 N.S 2 1.8875 3.247 N.S 
Error 12 0.003604 12 0.5812 

9A2 Bl+B2+B3 
Bet blocks 2 0.000336 0.074 N.S 2 0.4222 0.583 N.S 
Betfams 2 0.002409 0.533 N.S 2 0.1847 0.255 N.S 
Fams x blocks 4 0.002222 0.492 N.S 4 0.5535 0.765 N.S 
Error 33 0.004519 36 0.7236 
Bl+B2 
Bet blocks 1 0.000083 0.017 N.S 1 0.8333 1.231 N.S 
Bet fams 2 0.004083 0.837 N.S 2 0.8396 1.240 N.S 
Fams x blocks 2 0.000443 0.091 N.S 2 0.1021 0.151 N.S 
Error23 23 0.004880 24 0.6771 
B3 
Bet fams 2 0.002327 0.631 N.S 2 0.3500 0.429 N.S 
Error 10 0.003687 12 0.8167 

llA Bl+B2+B3 
Bet blocks 2 0.000989 0.198 N.S 2 0.1433 0.292 N.S 
Bet fams 4 0.019104 3.815 •• 4 0.7304 1.488 • 
Fams x blocks 8 0.007078 1.414 N.S 8 0.05954 1.213 N.S 
Error 56 0.005007 60 0.4908 
Bl+B2 
Bet blocks 1 0.001969 0.448 N.S 1 0.0050 0.009 N.s 
Bet fams 4 0.023467 5.346 •• 4 0.5356 0.916 N.S 
Fams x blocks 4 0.008553 1.948 N.S 4 0.4394 0.751 N.S 
Error 36 0.004392 40 0.5850 
B3 
Bet fams 4 0.001231 0.201 N.S 4 0.9462 3.128 N.S 
Error 20 0.006115 20 0.3024 
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Continued Table E-9a 

Source of SDW 1-5 vigor scale 
D.C. variance DF M.S. F P DF M.S. F P 

16A Bl+B2+B3 
Bet. blocks 2 0.002973 0.770 N.S 2 0.1056 0.202 N.S 
Bet. fams 2 0.007240 1.876 N.s 2 2.7764 5.302 * 
Fams x blocks 4 0.011707 3.033 * 4 5.2305 9.989 *** 
Error 34 0.003860 36 0.5236 
Bl+B2 
Bet. blocks 1 0.003126 0.650 N.S 1 0.2083 0.284 N.S 
Bet. fams 2 0.008188 1.703 N.S 2 0.1000 0.136 N.S 
Fams x blocks 2 0.008815 1.834 N.S 2 2.5083 3.416 N.S 
Error 22 0.004807 24 0.7344 
B3 
Bet. fams 2 0.013652 6.429 * 2 10.6292 104.122 *** 
Error 12 0.00212 12 0.1021 

19A2 Bl+B2+B3 
Bet. blocks 2 0.020254 6.468 ** 2 0.2633 0.581 N.S 
Bet. fams 4 0.012136 3.821 ** 4 0.1487 0.328 N.S 
Fams x blocks 8 0.005578 1.756 N.s 8 0.7800 1.722 N.S 
Error 58 0.003176 60 0.4529 
Bl+B2 
Bet. blocks 1 0.030381 10.669 ...... 1 0.0450 0.111 N.S 
Bet. fams 4 0.008403 2.951 ... 4 0.5044 1.242 N.S 
Fams x blocks 4 0.010085 3.542 ... 4 0.9356 2.303 N.S 
Error 38 0.002848 40 0.4062 
B3 
Bet. fams 4 0.004804 1.264 N.S 4 0.2687 0.492 N.S 
Error 20 0.003801 20 0.5462 

25A Bl+B2+B3 
Bet. blocks 2 0.004425 1.181 N.S 2 0.1056 0.139 N.S 
Bet. fams 2 0.011202 2.991 N.S 2 3.2764 4.317 * 

." Fams x blocks 4 0.003615 0.964 N.S 4 0.2326 0.306 N.S 
Error 33 0.003748 36 0.7590 
Bl+B2 
Bet. blocks 1 0.006362 2.595 N.S 1 0.0333 0.043 N.S 
Bet. Cams 2 0.010215 4.166 ... 2 2.5646 3.291 N.S 
Fams x blocks 2 0.005352 2.183 N.S 2 0.3771 0.484 N.S 
Error 21 0.002452 24 0.7792 
B3 
Bet. fams 2 0.002872 0.477 N.S 2 0.8000 1.113 N.S 
Error 12 0.006016 12 0.7187 
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Table E-9b Results of the ANOY A of seedling dry weight and 1-5 seedling 

vigor scale for the S2 families.derived from the same double cross. 

Source of SDW 1-5 vigor scale 
D.C. variance DF M.S. F P DF M.S. F P 

4 Bl+B2+B3 
Bel blocks 2 0.000212 0.189 N.S 2 0.1931 0.607 N.S 
Bel fams 2 0.018329 16.285 ••• 2 0.0347 0.109 N.S 
Fams x blocks 4 0.000129 0.115 N.S 4 0.5743 1.806 N.S 
Error 32 0.001126 36 0.3181 
Bl+B2 
Bel blocks 1 0.000037 0.027 N.s 1 0.3521 1.341 N.S 
Bel fams 2 0.011513 8.393 ••• 2 0.3646 1.389 N.S 
Fams x blocks 2 0.000095 0.069 N.S 2 0.0896 0.341 N.S 
Error 20 0.001372 24 0.2625 
B3 
Bet fams 2 0.006980 9.762 ••• 2 0.7292 1.699 N.S 
Error 12 0.000715 12 0.4292 

9A2 Bl+B2+B3 
Bet blocks 2 0.004870 2.697 N.S 2 1.0792 1.977 N.S 
Bet fams 2 0.001339 0.741 N.S 2 0.6000 1.099 N.S 
Fams x blocks 4 0.005114 2.831 • 4 0.9542 1.748 N.S 
Error 26 0.001806 36 0.5458 
Bl+B2 
Bet blocks 1 0.009684 6.502 • 1 1.1021 1.593 N.S 
Bet Cams 2 0.001725 1.158 N.S 2 1.4255 2.060 N.S 
Fams x blocks 2 0.009799 6.579 •• 2 0.9333 1.349 N.S 
Error 15 0.001489 24 0.6917 
B3 
Bet Cams 2 0.000047 0.021 N.S 2 0.1500 0.590 N.S 
Error 11 0.002238 12 0.2542 

llA Bl+B2+B3 
Bel blocks 2 0.007854 5.099 • 2 0.0522 0.128 N.S 
Bet Cams 4 0.009611 6.239 ••• 4 1.1195 2.745 • 
Fams xblocks 8 0.002107 1.368 N.S 8 0.6260 1.535 N.S 
Error 48 0.001540 60 0.4078 
Bl+B2 
Bet blocks 1 0.014397 8.526 •• 1 0.0200 0.050 N.S 
Bet Cams 4 0.009624 5.700 •• 4 0.1731 2.915 • 
Fams x blocks 4 0.002560 1.516 N.S 4 0.7606 1.890 N.S 
Error 29 0.001689 40 0.4025 
B3 
Bet fams 4 0.001642 1.250 N.S 4 0.4377 1.046 N.S 
Error 19 0.001314 20 0.4185 
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Continued Table E-9b. 

Source of SDW 1-5 vigor scale 
D.C. variance DF M.S. F P DF M.S.' F P 

16A Bl+B2+B3 
Bet. blocks 2 0.008002 6.676 •• 2 0.9764 1.601 N.S 
Bet. rams 2 0.000130 0.108 N.S 2 0.9056 1.485 N.S 
Fams x blocks 4 0.003441 2.871 • 4 0.3806 0.620 N.S 
Error 28 0.001199 36 0.6097 
Bl+B2 
Bet. blocks 1 0.013646 12.166 •• 1 1.5187 2.398 N.S 
Bet. rams 2 0.002608 2.325 N.S 2 0.1187 0.188 N.S 
Pams x blocks 2 0.001633 1.456 N.S 2 0.1937 0.306 N.S 
Error 19 0.001122 24 0.6333 
B3 
Bet. fams 2 0.002772 2.037 N.S 2 1.3542 2.407 N.S 
Error 9 0.001361 12 0.5625 

19A2 Bl+B2+B3 
Bet. blocks 2 0.0000676 0.473 N.S 2 0.3158 0.757 N.S 
Bet. rams 4 0.026220 18.347 ••• 4 3.1554 7.565 ••• 
Pams x blocks 8 0.003477 2.433 • 8 0.2054 0.493 N.S 
Error 51 0.001429 60 0.4171 
Bl+B2 
Bet. blocks 1 0.000938 0.931 N.S 1 0.6050 1.471 N.S 
Bet. rams 4 0.022128 21.960 ••• 4 2.5825 6.280 ••• 
Pams x blocks 4 0.004217 4.185 •• 4 0.0175 0.048 N.S 
Error 32 0.001008 40 0.4112 
B3 
Bet. fams 4 0.006836 3.196 • 4 0.9662 2.258 N.S 
Error 19 0.002139 20 0.4287 

2SA Bl+B2+B3 
Bet. blocks 2 0.005206 1.839 N.S 2 0.5597 1.306 N.S 
Bet. rams 2 0.002713 0.958 N.S 2 3.5097 8.191 •• 
Fams x blocks 4 0.001003 0.354 N.S 4 1.4201 3.314 • 
Error 27 0.002831 36 0.4285 
Bl+B2 
Bet. blocks 1 0.000089 0.055 N.S 1 0.4083 0.933 N.S 
Bet. rams 2 0.003807 2.378 N.S 2 5.2937 12.100 •• 
Fams x blocks 2 0.000618 0.386 N.S 2 0.8396 1.919 N.S 
Error 17 0.001606 24 0.4375 
B3 
Bet. fams 2 0.000296 0.060 N.S 2 0.2167 0.528 N.S 
Error 10 0.004922 12 0.4104 
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Table E.9c. Summary of'the ANOV A result for the emergence and seedling vigor traits. 

Gen Sour- No.ofS. ER SDW 1-5 vigor sc. 

ce 3* 2* 3 2 3 2 1* 3 2 1 

DC B N.S N.S ••• N.S N.S N.S - ••• •• -
G ••• ••• N.S ••• • •• ••• ••• • •• •• • • 
GxB - - - - N.S N.S - N.S N.S -

SI B N.S N.S ••• N.S ••• •• - ••• N.S -
F N.S N.S • ••• • •• ••• ••• ••• • • • • 
FxB - - - N.S N.S - • N.S -- , 

S2 B • N.S ••• N.S ••• ••• '- N.S • -
F •• • • •• ••• • •• • •• • •• •• N.S 

FxB - - - - • •• - N.S N.S -

DC4 B N.S ·N.S • N.S N.S N.S - N.S N.S -
SI F N.S •• • N.S • •• • N.S • N.S N.S 

FxB - - - - N.S N.S - N.S N.S -
S2 

B N.S .N.S •• N.S N.S N.S - N.S N.S -
F N.S N.S • N.S ••• ••• N.S N.S N.S N.S 

FxB - - - - N.S N.S - N.S N.S -

9A B N.S N.S • ••• N.S N.S - N.S N.S -
SI F N.S N.S N.S ••• N.S N.S N.S N.S N.S N.S 

FxB - - - - N.S N.S - N.S N.S -
S2 

B N.S N.S •• N.S N.S • - N.S N.S -
F N.S N.S • N.S N.S N.S N.S N.S N.S N.S 
FxB - - - - • •• - N.S N.S -

llA B N.S N.S •• N.S N.S N.S - N.S NS -
SI F N.S N.S N.S N.S •• •• N.S • N.S N.S 

FxB - - - - N.S N.S - N.S N.S -
S2 

B N.S N.S ••• N.S • •• - N.S N.S -
F N.S N.S • N.S ••• •• N.S • • N.S 
FxB - - - - N.S N.S - N.S N.S -

16A B N.S N.S • N.S N.S N.S - N.S N.S -
SI F N.S N.S N.S N.S N.S N.S • • N.S ••• 

FxB - - - - • N.S - ••• N.S -
S2 

B N.S N.S • N.S •• •• - N.S N.S -
F N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S 
FxB - - - - • N.S - N.S N.S -

19A B N.S N.S ••• N.S •• •• - N.S N.S -
SI F N.S N.S N.S N.S •• • N.S N.S N.S N.S 

FxB - - - - N.S • - N.S N.S -
S2 

B N.S N.S •• N.S N.S N.S - N.S N.S -
F N.S N.S •• • • •• • •• • • •• ••• N.S 
FxB - - - - • •• - N.S N.S -

25A B N.S N.S • N.S N.S N.S - N.S N.S -
SI F N.S N.S N.S N.S N.S • N.S • NS NS 

FxB - - - - N.S N.S. - N.S N.S -
S2 

B N.S N.S • N.S N.S N.S - N.S NS -
F N.S N.S N.S N.S N.S N.S N.S •• •• N.S 
FxB - - - - N.S N.S - • N.S -

3*,2*, and 1 * are pooled 3 blocks. block 1+2. and block 3 ANOVA results respectively. 
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The Correlation Between Seedlin~ Emercence and Seedlinc Vicour Traits. 

Based on the data as presented in table E-4 and E-7 the correlation coefficients 

given in table E-lO show negative correlations between the number of seedlings 

emerged and emergence time rate and between SDW and emergence time rate for all 

the situations assumed. This means that the high number of seedling emerged is 

associated with early emergence and high seedling dry weight is also associated with 

early emergence. Although this association was not high and it was significant in 

some occasions and not in the others, but the direction of the association is consistent 

in the three generations. It is also very clear that the correlation coefficient between 

SDW and emergence time was increased by selection through So to S2 generation. In 

general it is thought that the degree of the association was weakened by the lack of 

the variation especially for emergence traits as a result of the relatively high 

temperature at planting time (see appendix 1). 

Table E-I0 Simple correlation coefficients between the number of seedlings emerged 
and ER • and between SDW and ER for the double crosses. the S), and the S2 
families. 

Correlation Coefficient 

E,ER SDW, ER 
Gen Bl + B2 B3 Bl + B2 B3 

So -0.303* -0.052 -0.048 -0.092 
S) -0.393** -0.111 -0.151 -0.233 

S2 -0.221 -0.013 -0.484** -0.482** 

This result shows that the three characters could be used as the basis for 

selection to improve the cold tolerance of this population although that need to be 

tested under colder conditions. This result also confirms the conclusions drawn from 

the germination test experiment D. It is also very encouraging to find that the 

families which germinated earliest at 6 0 C constant temperature also have a good 
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response in the field test compared with the others. There is the posibility, therefore, 

that the germination character and seedling vigour may be controlled by the same 

genetic system. Maryam (1981} found that the genetic system controlling the 

germination of this population (the source population) mainly consisted of additive 

gene effects, and so additive effects could be also important for seedling vigour. 

Therefore selection on the S It and the S2 families should be effective in improving 

these cold tolerance characters. 

It is well known that, "in general" the greater the proportion of the heritable 

variation that is of the additive kind, the greater the effectiveness of selection" 

(Mather and Jinks, 1982). The response to selection, when the simple additive­

dominance model is adequate, has been shown to be R = h2 S, where R is the response 

to selection, h2 the narrow sense heritability and S the selection differential (Falconer, 

1989). In the context of the work described in this thesis, there is the additional 

comment by Hallauer and Miranda (1988) that characters which are controlled mainly 

by additive effects can be improved by SI and S2 family selection. 

Mock and Eberhart (1972) reported on the results of a recurrent selection 

programme for cold tolerance evaluating SI progeny. They based their selection on 

the percentage emergence, rate of emergence, and seedling dry weight in two 

environments, early field planting, and planting in a growth chamber. Their data 

indicated that the same genetic system controlled cold tolerance in the field and in the 

growth chamber. 

Mock and Bakri (1976) evaluated the progress during several cycles of 

recurrent selection for cold tolerance also based on early planting dates, percentage 

emergence and seedling dry weight. Comparison between the cycles selected in the 

growth chamber and those selected in the field showed that the best genotypes in the 

cycles of the selection were essentially the same. 

Several other researchers have reported similar associations between 

percentage emergence, emergence rate and SDW (Mock and McNeill, 1979; Mock 

and Skrdla, 1978; Eagles and Hardacre, 1979a; Eagles and Brooking, 1981; Chapman, 
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1984). The conclusion was drawn that this favourable association is widespread in 

maize. These studies and many other studies (Pinnell, 1949; Ventura, 1961, Grogan, 

1970; Pesev,1970; and McConneUand Gardner, 1979b) reported that emergence, ER, 

and SDW are quantitatively inherited traits and additive, dominance and epistatic 

effects play important roles for both laboratory germination and field emergence 

under low temperature condition. 

Mock and Eberhart (1972), in their study on SI recurrent selection for cold 

tolerance in maize, also reported that genes controlling these cold tolerance traits 

were independent of the genes controlling maturity under normal planting conditions. 

It was also determined that field selection for cold tolerance would be more effective. 

Most of these studies reported that early vigour is a moderately to highly heritable 

trait, and that visual selection for early vigour should be an effective means for 

improving cold tolerance quickly (one year per cycle) and with relatively little effort 

(Hexum, 1984). 

2. Flowering Stages and Maturity. 

Three flowering stages (boots, 65 stage of male flowering, and silking) were 

studied in this experiment, in addition to the time taken from silking to maturity and 

the overall time to maturity for all the double crosses, S 1, and S2 families. 

The time taken by each plant to reach each particular stage was expressed in 

three scales; firstly in terms of the number of days, secondly in terms of 'heat-unit 

degrees accumulation' using the Ontario method, thirdly in terms of 'heat-unit 

degrees accumulation' using the Gilmore-Rogers method (see Chapter 2 for methods 

of calculation and more details). 

The means of each set of 10 plants (blocks 1 and 2 combined) and of 5 plants 

(block 3), for the three methods and for the five stages, are given in tables E-ll, E-12, 

E-l3, E14, and E-15. The corresponding ANOVAs for the double crosses, the S .. 

and the S2 families are given in tables E-16, E-17, E-18, E-19, and E-20. 
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The results of the separate ANOVAs for the Sl or S2 families derived from 

double crosses 4, 9A2, IIA, 16A, 19A2, and 25A are given in tables E-21a and E-21b 

, E-22a and b, E-23a and b, E-24a and b, and E-25a and b for boots, 65, silking, 

silking to maturity, and maturity respectively (the a tables were for Sl and b tables for 

S2 families). A summary of all the results of the ANOV As is given in tables E-26a and 

E-26b· 

As was explained earlier the ANOV As are presented for the three blocks 

pooled, for block I and block 2 together, and for block 3 separately, in order to 

investigate any B x G interaction that may result from the different dates of planting. 

The numbers of degrees of freedom associated with the experimental error vary for 

the different stages. This is because some plants did not survive to the particular 

stage or did not fonn a tassel, a cob or kernels. 

Evaluation of the Calender Day and the Accumulated Heat-Unit De&rees 

Methods for the Study of Variation in the Flowerin& and Maturity Sta&es. 

It is not in the scope of this study to explain this topic in details, but because 

our experiments were carried out in one environment, it seems useful to use the 

accumulated heat-unit degrees methods in addition to the calender day method to 

evaluate the flowering stages both for the reasons explained earlier in chapter 2 and to 

obtain more reliable evaluation. 

With a few notable exceptions, the ANOV As calculated for the combined 

blocks, block I and block 2, and block 3 gave very similar results, irrespective of 

whether they were based on the number of days, or on the accumulated heat-unit 

degrees in the Ontario and the Gilmore-Rogers methods. The similarity between the 

two heat-unit degrees methods was also clearer when comparing the significance 

levels (see table E-26a, and E-26b). This is supported by the very similar coefficients 

of variation obtained (see table E-27 which gives a summary for the coefficients of 

variation obtained by the three methods for all events). For some traits, the calender 
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day gave a relatively smaller coefficient of variation than that obtained by the heat­

unit degrees methods, but the differences between the days and the heat-units degrees 

methods were not too high. Gilmore and Rogers (1958) considered the best method 

was the one with the smallest coefficients of variation for most of the traits studied. 

In their study there was a difference of 4 to 5 between the highest coefficient of 

variation and the least one, while in our study the greatest difference is 3.2. The 

results also indicated that there were greater differences between the coefficients of 

variation for the double crosses, SI, and S2 using the same method than between the 

three methods. 

On the other hand, for the maturity stage the heat-unit methods were 

approximately half as variable as the calendQr day method. This result is similar to 

that of Mederski et ale (1973), when they studied the variation in the maturity of many 

maize hybrids. They reported that all the heat-unit methods used, including the 

Ontario and the Gilmore Rogers methods gave a C.V. half that size of that one 

obtained using calender days. 

Mederski et ale (1973) also stated that the use of the heat-unit methods to 

classify maize genotypes for flowering stages and for maturity was more accurate 

than the calendar day method; essentially because they produced the more consistent 

results over years. It is noticeable, however, that the highest C.V. for any character 

was obtained using heat units. The report by Aspiaza and Shaw (1972) also does not 

indicate a significant difference in variance between the calendQr day methods and 

several of the commonly used growing degrees units methods for flowering stages, 

but when the period went to maturity, the variance values were larger than the values 

for the heat-unit methods. 

The results described in this chapter suggest that any of the three methods 

(calendqr day, Ontario, and Gilmore-Rogers heat-unit methods) can be used to study 
• 

the variation in So. S1. and S2 families and the use of anyone of them would not make 

a major difference to the evaluation of the results of our experiments. Thus any 

discussions or conclusions drawn from one analysis using one method will be 
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equivalent to the other two. Any exception will be mentioned in the appropriate 

place. 

Comparisons of the number of days required to maturity with the heat units 

required by any given genotype for the two planting dates (blocks 1 and 2, and block 

3) indicate that the means of the accumulated heat-unit degrees were relatively more 

consistent than the means of the calendar days in both dates; eg double crosses 3A, 4, 

and 5. Thus, if these experiments were repeated in many different environments or in 

different year or locations, then one should expect more consistency will be obtained 

by using the heat-unit methods. Therefore, in spite of the similar result obtained in 

this experiment by using any of the three methods discussed , we suggest that the 

heat-unit degrees methods is preferable for greater accuracy. For any study 

classifying this material for maturity or for flowering time, either of the heat-unit 

degrees methods can be used. 

Results of the Double Crosses for FlowerinK: staKes and Maturity, 

There were highly significant differences at the 1 % and 0.1 % levels of 

probability between the double crosses (tables E-16 to E-20) for most of the different 

flowering stages and for maturity. For the silking stage in the analysis of blocks 1 and 

2 and the analysis of block 3 the differences were significant at the 5 % level. There 

were no significant differences between the double crosses for the boots stage and for 

maturity in block three nor for time from silking to maturity in the heat-unit degrees 

required to this stage. 

There were no significant block x genotype interactions for any stage in any of 

the blocks no matter which method of analysis was used. 

There were significant differences among the blocks in the analysis of the 

three blocks together. That was a result of the differences in the time of the planting 

of block three compared with blocks 1 and 2. The only exception was for maturity, 

where there were no significant differences between the three blocks. On the other 
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hand, the result of the analysis of variance from block 1 and 2 showed no significant 

differences among them for most cases and no genotype x block interactions. This 

ANOV A result indicates that there is genetic variation for flowering and maturity 

stages among the double crosses, thus confIrming the results of the glasshouse 

experiment B, which was performed on the same double crosses. The absence of 

genotype x environment interaction suggested that non-additive gene effects are not 

important for these traits. In other words, it means that the additive genetic effect is 

important for the flowering and maturity traits, as was found in the parental material 

of these double crosses by Maryam (1981). 

The non-significant differences between the hybrids for the period from 

silking to maturity in the ANOV A of blocks 1 and 2, and the significant differences 

for this stage in the results of block three could indicate non consistency of this stage 

for some of the double crosses. Mederski et al. (1973) stated that the time interval 

from silking to maturity is not constant, but appears to vary with climate and hybrids. 

They suggested that evaluation based on the accumulated heat-unit degrees should be 

extended from planting to maturity rather than from planting to silking. 

Despite the variation in block three for this stage (silking to maturity), the 

result of blocks 1 and 2 was similar to that obtained from the glasshouse experiment 

B, when most of the double crosses showed no significant differences for this stage. 

This result leads to the conclusion that for these hybrids this stage seems to be almost 

constant for some hybrids and non constant for others. It appears that the silking 

stage can now be used, to some extent, for predicting the probable maturity of the 

hybrids, although this will depend both on the hybrid itself and on the requirements of 

the accumulated heat-unit degrees. Mederski et al. (1973) also stated that this 

objective can clearly be achieved if the time interval from silking to maturity was 

constant. 

, In tables E-13 (silking means) and E-15 (maturity) most of the double crosses 

that were faster to silking were also earlier to mature (eg 2A, 4, 7, llB, 21B, 22 ). 

Under the relatively cool conditions of an English summer, Bunting and Gunn (1973) 
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reported a high negative correlation between silking date and the percentage dry 

matter in the grain at the harvest time. Selection for early flowering in breeding 

material at the Plant Breeding Institute has been accompanied by a significant 

advance in maturity date. Troyer (1978) and Gunn (1974) confmn that this effect is 

clear with maize grown under unfavourable conditions; they reported that early 

silking would allow more time for kernels to form under the slightly more suitable 

temperature of an English summer before the onset of autumn low temperatures. 

There were differences in the degree of the variability between the 65 stage 

(half way anthesis ) and the silking. More variation was observed for the former 

which could be attributed to the fact that the male flowering is more susceptible to 

daily, sudden environmental changes. 

The means in tables E-ll, and E-13 for the boots and silking, respectively, 

also indicate that most of the double crosses that were earliest to reach the boots stage 

were not the earliest to silk. It appears that under the conditions of this experiment an 

early boots stage is not an indicator for early silking. 

Sl and S1 Families; Results for Flowerina: and Maturity Staa:es. 

The S 1 and S2 family means in tables E-ll to E-15 for the five characters, and 

the analysis of variance in tables E-16 to E-20 for the same families indicate highly 

significant differences at the 0.1 % level among the S 1 and among the S2 families, for 

all stages of flowering and maturity. A similar result was obtained for all three 

methods (days, Ontario, and Gilmore-Rogers). As was found for the double crosses, 

in most cases there were no block x family interactions except for the 65 stage for the 

pooled blocks analysis; this interaction was not significant in the analysis of block 1 

and 2 in the SI generation. The S2 generation also showed a significant interaction 

between families and blocks for the same stage at the 5 % level for the three blocks 

combined and for the two blocks analysis. This families x blocks interaction was 

expected because pollen shedding is a character more dependable on the weather 

conditions. The extent of this interaction was less for the S2 families because these S2 
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families were derived from only 6 double crosses while the SI families were derived 

from 32 double crosses. Consequently a wider range of variation would be expected 

between S 1 families. The S2 families showed some significant families x blocks 

interaction at the 5 % level for the maturity stage. This may be the result of some S2 

families not reaching maturity. 

The S 1 and S2 families results indicate significant families x blocks 

interaction for the period from silking to maturity in contrast to the results with the 

double crosses. Thus this period of development also showed less consistency for the 

SI and the S2 generations than for the hybrids. It is also clear from any comparison 

between SI family means and between S2 family means that this period depends on 

the SI and S2 family itself; most of the families that were earlier to silk were earlier to 

" mature. The greater variation for the time from silking to maturity in the SI and the 

S2 generations could be partly a result of the selection applied on these families in the 

glasshouse experiments for early maturity, and partly the result of segregation 

expected to take place in these generations. 

Although the superiority of the double crosses over most of the SI and the S2 

families was not unexpected, due to the inbreeding effect, there are many S 1 families 

that flowered or matured earlier or at the same time as the double crosses. The S 1 

families 3-26A, 4-4, 5-8, 2-9A2, 2-13, 3-18, 2-19A2, 3-19A2, and 4-19A2 reached 

silking at the same time as the double crosses from which they were derived or even 

earlier. These families and families 3-3A, 4-6B, l-IIA, 5-11A, 1-14, and 4-25A also 

were the fastest SI families to mature, and some of them matured even earlier than the 

double crosses. For example, SI families 3-26A and 4-4 matured earlier than any 

double cross or any other SI family used. SI family 3-26A required 149 and 148.2 

days to mature in block 1+2 and in block 3 respectively, and SI family 4-4 required 

151.7 and 147.6 days to mature. On the other hand, the earliest double crosses to 

mature were 21B and 4 and these required 151.1 and 151.9 days, respectively, in the 

earlier planting and 154.8 and 153.8 days in block three. 
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The S2 families in general also flowered or matured later than the SI families. 

It is possible that this is mainly the result of the differences in the vigour between the 

three generations. Usually the double crosses were more vigourous than the SI and 

the latter more vigc. rous than the S2 generation, presumably as a result of inbreeding 

and inbreeding depression. 

Among the faster SI families to mature were 4-4, 2-9A2, 3-19A2, 4-19A2, and 

4-25A. All of these families were derived from double crosses 4, 9A2, llA, 16A, 

19A2, and 25A which were selected during the course of the glasshouse experiments 

A, B, and C. Most of S2 families derived from these families were also the earliest to 

flower and to mature (eg. families 2-4-4, 9-4-4, 1-2-9A2, 10-3-19A2, and 3-4-25A). 

Furthermore, table E-28 shows the faster families to reach each particular stage of the 

flowering and the maturity stages including some other SI families derived from the 

rest double crosses. These results are in agreement with those obtained from the 

glasshouse experiment. 

The absence of family x block interactions and the similarity of the glasshouse 

and the field results suggests strongly that most of the variability observed was 

genetic and could be attributed to the additive genetic effects that were basically 

important for the control of these traits in the reference population of these 

generations (Maryam, 1981). 

This result also means that the programme used to evaluate this population 

was effective to distinguish those genotypes that were the most suitable for further 

breeding and hence to meet the aims of this programme. Furthermore these results 

will help distinguish those SI and S2 families that will be useful for further inbreeding 

to obtain new inbred lines. 

In contrast, the separate ANOVA for those SI and S2 families derived from the 

same double crosses (that are presented in tables E-21a and b to E-25a and b and 

summarized in table E-26b), indicated that there was very low variability among SI 

families derived from the same double crosses, especially in the SI generation, for all 

flowering and maturity stages. Only the SI families derived from double cross 9A2 
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showed important differences for all stages. There were also significant differences at 

the 5 % level of probability for maturity in the SI families of double cross 4, 19A2 

(Gilmore-Rogers method), and 25A. Most of these SI results were similar to those 

obtained from the glasshouse experiment C, see tables (E-26b, and C-4) for 

comparison, except for double cross 4, and 19A2 for boots and 65 and silking stages 

and double cross llA for the silking to maturity and 25A for silking. 

The tables of means (E-ll to E-15) and the analysis of variance tables (21 b, 

22b, 23b, 24b, and 25b) indicate that there is some variability between S2 families 

derived from the same double crosses. This variability was, to some extent, greater 

than it was between S 1 families, especially for the S2 families of double crosses 4, 

llA, 16A and 19A. This may be a result of the selection which was practiced on the 

S 1 to obtain the S2 generation families. This selection could change the nature of the 

variation in the S2 from that in the S 1 generation, in addition to the segregation effect 

in the S2 generation. The results also indicated that within the families derived from 

the same double cross the faster S2 families to silk and to mature were those 

developed from the faster S 1 families to mature. For instance among families derived 

from double cross 4 SI family 4-4 and S2 family 2-4-4 was superior to the other 

families at both generations respectively. The same thing could be said for 1-2-9A2, 

5-1-11 A, 6-4-11A, 10-3-19 A2, 7-4-19 A2, and 3-4-25A families. All of these families 

and the S 1 families from which they were derived are the most promising families for 

any further inbreeding or any recombinations between SI or S2 families. 
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Table E-11 Boots stage for the double crosses. and the 51 and 5: families at tvo planting dates. 
Zeans of Dumber of days and leans of the heat-unit degrees in Ontario and in GIlmore-Rogers units. 

Double crosses 51 famIlies 52 falilies 

DC Days Ontario Gillore Da78 Ontario GilloTe Dars Ontario Gil.ore 
Bl+82 S3 B1+B2 B3 B1+B2 B3 r B1+B2 B3 Bl+B2 B3 B1+B2 83 F B1+82J3 81+B2 B3 81+B2 B3 

1 73.1 74.0 1069.4 1151.4 301.1 339.9 2 18.1 79.2 1166.6 1242.0 334.5 367.2 - - - - - -
2A 70.1 73.6 984.5 1141.5 280.3 339.3 1 77.3 78.2 1148.4 1226.9 331.8 362.9 - - - - - -
2B 61.5 71.8 960.2 1114.5 272.2 329.2 2 14.3 72.4 1093.2 1124.6 314.7322.1 - - - - - -
3A 73.3 74.8 1071.5 1163.4 301.4 343.3 3 74.5 74.8 1094.0 1168.6 314.5 345.6 - - - - - - -
4 73.9 73.4 1086.8 1141.8 312.9 331.3 1 18.377.6 1168.81218.1 336.6360.8 979.2 81.4 1187.6 1278.0 344.7 311.7 
_ _ _ _ _ _ _ 4 14.4 74.8 1092.1 116(.3313.83(3.7 2 16.7 70.6 1139.9 1081.2 329.6 319.7 
_ _ _ _ _ _ _ 5 75.4 79.0 1113.3 1237.9 320.9 365.9 9 85.5 85.8 1304.1 1373.4 380.6 409.1 
5 68.4 71.6 977.2 1106.0 277.9 325.7 5 13.8 15.4 1081.3 1111.0 310.5 341.1 - - - - - - -
6A 11.7 69.6 1041.1 1088.1 297.9 321.2 4 81.0 78.4 1219.9 1228.2 354.5 363.3 - - - - - - -
6B 72.4 72.2 1051.1 1122.7 300.0 331.8 4 80.0 79.0 1205.4 1246.2 350.8 369.7 - - - - - - -
7 70.4 70.2 1018.2 1083.3 291.0 319.2 4 18.6 81.2 1175.4 1282.6 340.7 380.4 - - - - - - -
8 74.0 75.8 1084.3 1186.9 311.4 351.2 5 66.5 71.6 943.6 1095.9 267.8 320.9 - - - - - - -
9A2 74.7 70.2 1101.9 1082.4 317.6318.8271.572.0 1038.8 1108.5 291.4 325.6 I 79.7 83.0 1200.0 1313.1 348.8 389.4 
_ _ _ _ _ _ _ 3 77.0 80.5 1141.6 1269.5 329.5 376.3 2 88.0 82.0 1361.3 1294.8 398.2 383.6 
_ _ _ _ _ _ _ 5 88.4 75.6 1359.3 1179.3 398.1 3C8.4 4 82.9 86.2 1250.4 1377.2 363.2 409.5 
10 68.0 70.0 911.3 1076.8 216.1 316.7 3 73.9 78.0 1085.7 1217.7 318.4 359.2 - -. - - - - -
l1A 73.4 77.8 1076.5 1218.0 309.5 360.0 I 77.6 73.6 1165.4 1147.1 338.7 339.1 5 85.3 84.2 1300.4 1338.1 379.4 397.3 
_ _ _ _ _ _ _ 2 79.874.8 1200.2 1167.5 348.8 345.2 4 80.9 84.8 1217.1 1350.3 357.4 401.3 
_ _ _ _ _ _ _ 3 76.0 79.4 1124.2 1249.8 323.7 370.3 10 83.1 80.2 1251.2 1261.4 370.3 373.0 
_ _ _ _ _ _ _ 4 77.1 73.4 1140.6 1143.0 329.3 337.7 6 77.5 74.8 1152.7 1163.5313.3 342.8 
_ _ _ _ _ _ _ 5 79.5 77.6 1191.8 1220.4 348.6 361.7 1 81.8 82.6 1239.7 1300.0 361 .• 384.6 
lIB 71.1 75.4 1043.4 1183.9 299.0 351.1 3 75.1 78.4 1108.2 1224.7 319.4 361.6 - - - - - - -
12A 74.2 72.8 1055.1 1128.4 302.1 332.1 I 76.9 76.8 1143.6 1197.2 330.7 355.3 - - - - - - -
13 72.069.6 1050.2 1070.8 301.4 315.1 2 70.0 75.2 1009.4 1112.1 287.3346.2 - - - - - - -
14 71.3 70.6 1036.0 1090.5 299.4 321.4 I 77.4 76.6 1149.3 1196.0 331.8 353.2 - - - - - - -
IS 70.075.4 1007.4 1185.8291.1 351.85 76.8 80.5 1141.1 1263.3330.1 373.5 - - - - - - -
16A 73.0 18.0 1062.6 1227.0 304.4 363.5 1 87.3 80.2 1340.4 1262.3392.2 373.9 4 91.4 84.0 1418.0 1342.6 416.5 399.7 
_ _ _ _ _ _ _ 3 80.0 82.4 1199.31310.0348.2389.3 7 84.6 86.9 1284.9 1397.0374.2 416.9 
_ _ _ _ _ _ - 5 82.7 13.6 1255.4 1142.0 366.1 336.7 6 81.1 75.2 1223.0 1114.2 355.7 346.8 
16B 69.2 72.4 996.4 1124.6 293.5 332.1 4 15.8 81.8 1118.9 1287.7 322.3 381.2 - - • - - - -
17 72.2 71.2 1051.0 1095.5 301.0 321.9 4 19.5 78.4 1190.9 1224.5 345.7 351.5 - - - - - - -
18 72.8 77.0 1065.5 1207.6 316.2 351.4 3 73.0 75.2 1065.5 1173.5 305.5346.8 - - - - - - -
19A 72.3 78.0 1055.8 1225.5 303.0 362.9 I 76.9 75.2 1140.9 1172.5 329.5 346.4 2 84.8 81.6 1293.6 1289.1 377.S 382.0 
_ _ _ _ _ _ - 2 73.3 74.2 1014.6 1157.4 309.0342.1 4 79.7 78.0 1192.2 1222.0 345.5 361.5 
_ _ _ _ _ • - 3 14.6 72.0 1098.9 1116.1 319.5329.3 1067.770.6 963.8 1088.3 273.8 320.0 
_ _ _ _ _ _ - 4 13.7 77.8 1079.5 1217.0 ~10.0 359.6 7 74.9 79.8 1105.4 1255.0 318.8 374.2 
_ _ _ _ _ - - 573.1 80.6 1010.4 1259.9 307.0 ~11.5 1 78.! 78.0 1179.7 1220.5 342.1 360.6 
20 76.0 74.4 1126.4 1160.6 325.3343.1 2 78.3 80.0 1167.9 1263.7 338.2 374.9 - - - - - - -
21A 70.4 71.0 1015.3 1099.0 289.9 324.2 5 17.7 78.6 1156.8 1229.9334.5363.2 - - - • - - -
21B 73.0 72.( 1069.6 1115.7 307.5 327.9 4 75.7 69.4 1118.3 10£4.3 322.23:2.6 - - - - - - -
22 11.070.61021.1 1090.5293.6321.4 4 75.5 7t.0 1119.1 118(.3 323.2349.5 - - - - - - -
23 70.7 70.e 1023.7 1095.8 292.8 323.3 1 75.7 76.2 1139.7 1189.7 329.9 351.3 - - - - - - -
2(A 69.4 72.0 995.1 1117.4 223.1 329.9 5 76.1 74.8 1127.3 1169.6 325.2 3(6.6 - - - - - - -
25A 69.0 76.' 988.2 1203.0281.0356.9 1 77.2 73.8 1153.8 1142.0 334.7 336.0 983.671.4 1272.2 1213.1 371.2 3~2.8 
- _ - - - - - 3 76.8 71.4 1140.0 ID~7.( 329.4322.1 5 82.8 81.2 1256.9 1275.3 386.5 376.7 
- _ _ _ _ - - 4 74.974.8 1103.1 115£.7 317.6 3CO.0 318.978.6 1182.7 1249.4 363.0 371.1 
25B 77.0 71.£ 1146.3 1104.4 329.9 324.9 2 14.7 76.6 1098.9 1195.0 315.3 352.6 - - - - - - -
26A 72.2 71.0 1031.1 1096.1 295.0 323.0 3 70.2 69.0 1011.0 1056.21288.3 309.9 - - - - - - -
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Table [-12 The 65 stage of &ale flovering for the double crosses, and the SI and S2 families at tvo planticg dates. 
Beans of number of days and leans of the heat-unIt degrees in OntarIo and in GIllore-Rogera utIts. 

Double crosses SI f8lilles S2 fullles 

DC Days Ontario Gilliore Days Ontario Gillore Days Ontario G1lam 
Bl+B2 B3 Bl+B2 B3 BltB2 B3 F B1+B2 B3 BltB2 B3 B1+B2 B3 F Bl+B2 B3 B1tB2 B3 B1+B2 B3 

1 93.1 91.4 lW.8 1490.0 426.6 447.2 2 98.0 96.6 1555.9 
2A 9J.T 93.0 1420.3 1524.3 4J7.1 m.3 1 97.0 95.6 1540.2 
2B 92.991.6 1448.0 1495.8 425.7 450.6 2 96.7 94.4 1527.1 
3A 94,5 93.0 1481.1 1525.6 437.2 461.9 3 96.3 96.6 1518.5 
4 9(.7 92.2 1484,4 1514.7 438.2 458.1 1 98.2 97.0 1560.1 
_ _ • • • • - 4 94.8 94.0 1487.6 
_ _ _ _ • • - 5 96.0 96.5 1513.3 
5 92.891.6 1443.8 149U 424,8 448.5 5 95.7 95.2 1506.5 
SA 94,9 91.8 1489.51498.4 HO.O 449.9 4 99.7 95.6 1591.4 
68 93.9 93.4 1468.3 1533.2 433.0 461.3 4 96.4 97.0 1521.0 
1 92.9 88.8 1446.! 1436.0 426.0 429.6 4 99.2 99.6 1578.3 
8 94.0 94.2 1468.9 1548.2 432.9 466.0 5 93.1 92.6 1450.2 
9A2 91.2 92.0 1536.81502.1 m.1 450.9 2 96.1 96.6 1521.1 
. . • _ • . • 3 100.2 98.7 1599.2 
_ _ . _ _ . • 5 105.4 96.0 1707.8 
10 92.291.6 1427.9 1495.9 419.6 449.4 3 96.6 97.6 1525.6 
IlA 96.5 97.0 1524.1 1598.9 451.3 482.4 1 10D.8 96.4 1613.9 
- • _ _ • . - 2 101.7 95.4 1632.6 
- _ _ _ • • - 3 97.7 98.0 1569.1 
- • _ _ _ . . 4 98.0 96.0 1551.7 
- _ _ • . • - 5 98.8 96.4 1512.2 
llB 94.3 95.8 1475.1 1576.3 m.3 481.3 3 97,1 98.4 1548.5 
12A 95.4 93.0 1500.9 1524.6 443.8 458.6 1 98.2 95.6 1558.8 
13 94.3 92.2 147505 1506.1 434.6 452.5 2 94.8 95.8 1481.6 
14 95.4 93.4 1500.( 1535.1 443.5 465.0 1 91.7 98.2 1541.8 
15 94.391.4 1475.8 1491.2 435.2 441.7 5 91.8 91.5 1551.0 
It! 94.7 96.0 1484.6 1585.0 438.1 417.8 1 102.8 100.6 162U 
- _ _ . - - • 3103.4 87.4 1667.8 
- _ _ . • • • 5 103.8 97.4 1676.0 
I&B 91.9 92.8 1423.1 1519.8 417.8456.8 4 98.( 101.0 1564.4 
17 94.1 92.8 1485.1 1520.8 438.4 457.4 4 102.5 101.6 1646.8 
18 95.1 98.2 1499.1 1629.4 443.1 492.2 3 93.7 97.4 1463.8 
19A 96.0 98.0 152U 1625.9 448.6 491.1 1 98.1 95.0 1557.6 
- - _ • • - . 2 95.8 94.6 1508.9 
- • • • - • - 3 96.0 94.2 1512.2 
- _ • • - . - 4 95.6 92.6 1504.6 
- _ _ . - . - 5 101.0 100.8 1616.5 
20 96.895.6 1528.3 1610.7 m.( 476.9 2 IOU 101.0 1648.6 
2U 93.0 92.6 1449.1 1576.1 426.6 455.5 5 97.8 96.4 1550.4 
21B 9U 91.2 1460.4 1483.5430.7 445.34 95.9 92.6 1511.2 
22 92.8 91.0 1444.2 1479.9 425.0 443.6 4 94.9 98.8 1491.5 
23 9U 96.6 1479.1 1516.3 436.2 455.9 1 96.8 98.8 1528.9 
2eA 92.7 90.4 1443.81469.3 425.1 440.55 10D.1 97.4 1596.7 
25A 92.0 91.8 1427.4 1499.1 449.6 450.1 1 99.7 101.6 1590.6 
- . - . - - • 3 97.( 96.2 1541.6 
- .. - • . . 4 94.8 90.7 1488.6 
m 96.6 92.4 153U 1513.1 453.7 454.9 2 96.8 97.2 1529.5 
26A 92.1 92.2 1443.7 1~06.8 425.0 452.6 3 91.0 91.0 1407.1 
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1600.3 461.7 483.1 -' - - - • • 
1575.4 456.5474,5 - - - - . • • 
1555.1 452.2 468.6 .,. • - - • -
1599.8 447.2 483.2 -' . - - - -
1599.4 m.J 482.4 9102.3 94,8 1641.8 m8.8 489.2 467.7 
15(4.8 439.3 465.0 2 96.0 94.0 1513.0 1546.1 ((7.7 465.5 
1598.0 447.7 482.6 9 102.7 101.6 1642.1 1695.6 498.0513.1 
1511.6 445.5 473.7 ., - . - • -
1577.7 473.2415.7 - - • . . - -
1609.0 448.5 486.2 - - - - .' - -
1653.( 467.5 499.1 -' . . . • -
1515.5 427.0 455.6 - - - - . . -
1603.0 450.5 484.4 1 102.2 98.2 1651.1 1636.2 493.0 495.3 
1637.8 475.3 494.5 2 103.2101.2 1662.9 1690.0 494.0511.8 
1587.9 509.1 479.2 4 107.2 98.0 1740.5 1618.2 520.8 487.6 
1619.8 452.2 498.4 - - - . - - -
1598.5 (80.5 483.0 5 107.7 105.8 1742.6 1771.3 521.8534.9 
1572.3 486.5 472.8 4 104.1 102.2 1684.9 17D6.1 503.8 516.2 
1616.5465.9486.6 10 102.4 102.3 1747.7 1109.1 491.5517.1 
1587.4 459.8 478.9 6 100.9 106.6 1615.6 1777.5 482.2536.0 
1592.7 466.8 480.3 1 102.5 98.4 1649.9 1639.3 492.2 496.2 
1635.0 458.3 494.3 - - - - - . -
1582.9 462.3 477.5 _. • • • • -
1582.9 439.3 477.3 - - . . . - -
1632.8 458.8 493.7 -' . - - - -
1617.8 460.0 488.8 -' . • - . -
1671.2 492.4 507.4 4 111.8 107.0 1825.5 1794.6 546.8 543.1 
1409.0497.3421.4 7 103.3 103.8 1666.41733.0 491.7 523.9 
1613.1 500.5 486.8 6 104.6 99.0 1691.9 1647.8 505.5 498.3 
1686.7 464.0 511.6 _. • . . - . 
1694,2 48U 512.4 . - - . • - • 
1614.7431.4 487.6 _. . . . • -
1567.7 461.4 472.7 2 109.2 105.8 1780.3 1769.7 533.1 535.1 
1559.0 446.0 469.7 4 103.5 99.0 1661.4 1646.6 494.£ 497.9 
1551.8 447.2 476.4 10 95.1 94.4 1494.3 1555.3 441.4 468.7 
1514.2444.9 455.3 7 97.2 95.5 1536.4 1577.3 455.0 477.3 
1684.3 481.1 510.1 1 101.5 100.4 1626.9 1675.2 484.4 507.2 
1682.8 491.8 508.7 _. . • - . -
1598.8 459.8 483.1 -' - - . • . 
1515.3 447.1 455.4 -' . • • - -
1636.1 442.8 493.2 - - . - - - -
1647.9452.6499.1 - - - - - I 
1619.1 414.6489.6 -' - - - : : 
1691.4 472.2 510.7 9 100.1 100.2 1599.6 1666.5 475.0 505.1, 
1595.8 456.9 482.2 5 104.2 100.8 1680.0 1683.5 501.3 509.9 
1477.9 433.1 443.4 3 98.6 97.2 1567.4 1&11.1 463.3 486.7' 
1608.7 453.0 485.( _. • • - . -
1481.7 413.0 444.4 .• - • - • -



Ta b Ie E-13. The amin, stage for the double crosses, and the Sl and S: fui1ies at tvo planting dHes. 
- - ileana of nuber of days and leans of the heat-unit degrees in Ontario and ill Gnaore-Rogers units. 

Double crosses Sl faaHies s: fuilies 

DC Days Ontario Gibore Daya Ontario Gillore Dara ' Ontario Gillore 
8lt82 83 81tB2 B3 BltB2 B3 r Blt82 83 Blt82 B3 BltB2 B3 f I!1tl!2 B3 Blt82 B3 BltE2 83 

1 92.088.0 Im.8 lUS.1 418.8424.1 2 91.6 95.0 1555.9 1561.1 
2A 88.489.4 1314.7 1441.6 402.4 433.3 1 91.8 96.4 1548.9 mu 
28 92.081.0 1426.5 1393.4 419.1 415.02 98.3 94.0 1558.2 1547.( 
3A 92.1 91.9 1445.3 1492.1 419.8441.13 94.0 95.81469,5 1580.6 
4 92.391.4 1435.11482.1 422.3 445.0 1 98.7 97.4 1510.11607.1 
_ _ _ _ _ - - 4 93.9 9O:S 1465.1 1(74.8 

_ _ _ _ _ - - 5 95.3 96.4 149B.2 1588.9 
5 92.1 90.6 1428.3141305 419.7 441.8 5 94.8 94.0 1484,5 1541.2 
6A 93.181.6 1462.8" 1411.5 431.1 421.8 4 98.0 94.8 155U 1562.3 
6B 93.5 90.4 1458.0 1470.3 429.0 '38.0. 94.8 95.4 1488.2 1572.3 
1 90.9 81.0 1402.9 1396.8 411.3 416.1 4 99.0 103.4 1578.8 1723.2 
8 92.391.8 1433.01496.7 m.3 449.1 5 92.1 91.4 1429.9 1492.0 
9A2 95.8 91.8 1506.4 1499.2 445.4 450.1 2 92.8 90.6 1444.0 1(74,5 
_ _ _ _ _ - - 3 100.0 106.0 1592.4· 1771.8 
_ _ _ _ _ - - 5 105.0 94,2 1693.1 1547.3 
10 92.591.4 1437.91490.6 m.8 441.3 3 95.7 95.8 150U 1585.6 
1lA 93.7 93.0 1461.9 1523.1 430.6 457.1 1 98.6 96.4 1563.5 1593.6 
_ _ _ _ - - - 2 99.0 91.6 1511.5 1495.1 
_ _ _ _ - - - 3 96.0 91.2 1526.9 1486.1 
- _ _ _ - - -. 97.7 95.4 1551.5 1574.7 
_ _ _ _ - - - 5 96.0 93.2 1512.91527.5 
11890.693.2 1398.51522.1 410.1 456.9 3 96.1 97.2 1514.2 1612.1 
12A 92.6 91.0 143U 1483.5 422.8 442.8 1 94.9 90.2 1483.8 1465.4 
13 93.790.0 1(63,( 1460.7 429.9437.62 94.5 95.2 1480.5 1569.8 
14 95.992.0 1509.4 1503.7 441.5 451.7 1 97.9 97.2 1549.2 1608.7 
15 9U 92.0 1493.9 1505.0 441.0 452.3 5 97.6 93.0 1546.4 1524,5 
16& 92.1 95.2 1441.2 1565.8 423.9 471.3 1 106.6 99.6 1722.2 1655.0 
_ _ _ _ - - - 3 105.4 112.2 1708.7 1878.1 
_ _ _ _ - • • 5 108.2 94,4 1W.9 1551.2 
16B 90.3 91.8 1394.1 1499.7 408.8450.5 4 97.1 99.0 1535.6 Im.9 
17 92.7 89.4 1442.4 1446.9 42U m.9 4 IOU 101.4 1681.1 1687.7 
18 93.895.8 1465.7 1519.5 432.0 476.0 3 94.0 96.6 1469.6 1598.3 
19A 94.8 96.6 1485.5 1595.2 438.3 481.8 1 98.0 92.8 155u 1521.4 
- _ • - • - • 2 95.9 92.0 1508.6 1504.3 
• _ • - • - • 3 96.5 92.8 1517.& 1550.5 
_ _ • • - - • 4 96.1 94.0 1527.8 1541.4 
- _ - • - • - 5 101.9 102.0 1636.5 1726.6 
20 95.9 92.6 1503.6 1515.4 443.4 m.4 2 102.2 99.6 1641.0 1657.7 
2U 9U 88.2 1415.8 H22.9 415.6 425.3 5 95,5 93.2 1501.3 1528.6 
21B 90.9 87.6 1405.7 H08.9 412.6 420.4 4 93.0 85.8 1441.11372.6 

,22 90.486.4 11401.6 Im.1 410.7 413.1 4 94.7 90.4 1485.2 1470.0 
23 90.581.4 140U 1406.0 m.l 419.8 1 91.1 91.6 1554.1 l622.6 
2U 9t.T 8&.8 1423.0 1414.2 418.3 419.1 5 102.( 96.0 1635.4 1587.5 
25A 90.1 88.8 1384,8 1435.7 40U 429.5 1 100.5 100.8 1605.9 1673.9 
- _ - - - • - 3 91.2 93.0 m4.1 1524.1 
- _ _ - • - • 4 93.8 94,6 1462.3 1545.6 
25B 95.9 89.2 1508.114CU 445.5 43U 2 96.9 98.2 1529.7 l62&.2 
2£A 92.0 88.8 1429.1 143S.1 420.1 429.4 3 88.5 81.6 mu WO.2 
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4&1.5 412.6 • \ - • - • - -
459.0 476.2 • - • • - • -
462.0 466.2 -' • • • • • 
433.3 416.5 -' • • - • -
466.248U 9 100.3 93.0 160U 1523.1 m.5 m.l 
431.8 442.4 2 96.0 95.01510.91526.0 441.0457.1 
m.9 478.8 9 101.3 99.4 1625.2 1658.2 484,3 502.0 
438.0 466.0" - • - - -
461.1 4TO.8 -' • - • - • 
439.7 m. 7 • - - • • - -
468.9 520.5 -' - • - • -
420.3 449.2" • - - • -
424.8 m.3 1 99.9 96.4 1610.11599.1 470.1 481.3 
472.9534,6 2 110.1 101.8 1793.1 1701.9 537.5 515.5 
505.0 465.5 4 109.6 107.0 1782.4 1792.4 533.6 541.1 
44U 478.7 •• • • • • • 
463.4 480.6 5 107.4 104.8 1744.2 1165.5 521.5 531.4 
468.8 ((8.9 4 104.4 102.0 1686.8 1705.1 503.9 516.2 
446.2 446.0 10 102.2 98.7 1620.5 1634.7 482.4 492.5 
460.2414.9 6 99.8 IOU 1589.7 1142.1 412.& 526.0 
447.5 m .• 1 99.6 96.4 1589:4 1597.2 472.2482.3 
448.0 481.1 -' - - - • -
431.2439.5· - - • • • -
443.0 411.1 _. • - - - • 
458.9 485.& ., - - - • -
458.5 458 5 ., - - - - • 
521.2 499.9 4 110.1 109.3 1793.9 1837.3 536.4 556,5 
510.8566.5 7 105.1 99.2 1698.0 1651.9 507.0 499.2 
519.6 466.9 6 109.1 95.1 1773.9 1584,6 526.3 m.9 
454,9 500.2 • - • • - • • 
501.8 509.8 •• • • - • -
433.3 482.3 - - - • - • -
461.1 457.7 2 101.0 IOU 1135.6 1712.1 521.1 516.0 
445.9452.7 4 99.5 100.0 1586.3 1664.9 471.4507.1 
448.8 456.9 10 93.8 93.4 1465.4 mu 431.9 461.6 
452.4 463.6 7 97.% 97.0 1539.6 1601.0 456.4 482.1 
481.8 522.8 1 101.4 99.4 1625.0 165&.4 483.9 501.1 
489.0 50l.( •• • - - - -
443.7 459.1 _. • - • - -
425.1408.8 ., • - - • • 
438.6 ((0.9 • - • • • - -
460.2 490.7 - - - • _- I _- -
486.7419.1 •• _. -
477.6 SOU 9 IOU 99.6 1645.2 1655.7 490.0500.0 
454.5 m.2 5 105.7 98.& 1109.9 1637.5 m.8 C9U 
432.4 463.6 3 98.0 98.2 1512.2 1628,3 4£1.5 491.6 
452.8 (90.6 -' • - - - -
398.2 m.4 - - - - - - -



Table 1-14 The period frol silking to Isturitr for the double crom8, and the 51 ud 5z tu1l1ea at tvo planting 
dates. BeaDS of nUlber of days and leans of the heat-unit degrees in Ontario and in Gillore-Rogers units. 

Double crosses 51 families 5z fui11es 

DC Days Ontario GII.ore Days Ontario Gillore Days Ontario Gillore 
Bl+B2 B3 Bl+B2 B3 Bl+B2 B3 F Bl+B2 B3 Bl+B2 B3 Bl+B2 B3 , Bl+B2 B3 Bl+B2 B3 Bl+B2 B3 

1 62.565.0 982.1 959.4 289.( 276.8 2 61.8 65.2 894.4 875.8 256.2243.1 - - - - • • • 
2A 62.666.2 1011.3 954.3300.0272.9 1 57.8 60.0 870.6831.6 251.2233.8 .. - . - - -
28 64.7 71.0 998.5 1023.1 293.3294.6 2 60.7 £6.2 885.7 899.6 253.4250.5 - - - . . - • 
3A 63.465.6 968.9 921.1 289.5 261.2 3 61.8 61.6 946.9 839.5 276.7 234.0 _. - • - -
, 59.6 62.4 950.8 907.9 280.8 259.1 1 62.9 60.8 901.7 808.5 256.4 225.0 9 59.0 59.6 843.6 854.1 239.3242.9 
_ _ . _ _ _ _ 4 57.857.0 934.6 858.7 270.6248.8 259.558.4 901.8857.5 261.4 244.4 
_ _ _ _ _ _ _ 5 61.9 65.6 930.3 863.5 270.1 239.6 9 61.8 66.0 850.9 835.7 239.4 225.5 
5 61.6 65.4 9~0.2 930.7 286.2 265.3 5 60.4 61.4 928.0854.5 271.0 240.2 . - - - . - . 
6A 62.267.6 955.8 988.9279.1.284.2 4 61.1 64.0 890.4867.5 255.1 241.2 . - - - - - -
6B 66.6 66.4 993.5 939.9 289.6 270.6 4 61.1 63.6 933.7 864.( 270.1 240.6 _. - . • - -
1 62.563.4 993.9 957.1 294.4 278.9 ( 61.1 62.4 876.0 759.9 249.9204.8 _. . - - - . 
8 62.769.6 979.7 923.1 281.9 263.6 5 65.2 65.8 1000.0929.5 292.1 261.4 •. . • • . . 
9A2 63.2 67.2 940.4 931.9271.0262.9260.768.2 956.4 959.7 281.4271.4 1 59.7 63.0 825.3 839.0 244.7233.3 
· _ _ . _ • _ 3 62.4 61.6 887.1 710.4 251.S 190.4 2 63.7 69.0 769.8 808.6 205.9 216.1 
· . _ • _ . - 564.7 63.& 840.5879.6 231.4246.S 4 64.1 61.2 772.4 718.4 207.9 189.9 
10 67.9 71.2 1020.6 949.2 296.7 273.3 3 67.3 69.6 914.1 909.4 279.5249.2 _. - - • • . 
llA 66.6 62.8 991.8 875.7 286.6 248.3 1 62.368.4 898.2 896.0 256.4 246.3 5 58.2 63.0 745.1 735.1 210.6197.5 
_ • _ . . . . 2 64.2 62.8 906.7 895.7 256.2 254.8 4 68.567.2 880.2 805.5 240.4 215.4 
· • _ • _ _ _ 3 66.1 71.2 9~3.8 978.1 275.4 274.7 10 69.9 67.7 934.2 856.9 259.1 234.5 
_ _ _ . _ _ . 4 66.8 64.8 937.2859.4 266.0239.0 665.4 63.8 917.3759.2 257.8203.5 
_ _ _ _ _ . . 5 61.5 62.0 920.1 870.3 266.0 246.2 1 64.8 63.2 895.3 840.0 253.1 232.1 
lIB 62.6 63.8 996.6 897.2295.4253.4 3 61.5 68.0 917.4866.4 265.1 237.1 . - - - • • . 
12A 61.5 66.0 964.9 935.1 283.7 267.5 1 58.960.0 916.8893.8 263.1 257.1 .. . • - . -
13 63.961.4 967.2 959.8283.7 212.9 2 58.4 63.6 911.4851.2 260.9234.1 - - . . • . . 
14 65.864.0 956.3 904.2219.3 256.0 1 58.8 63.6 875.5 838.7 252.7 231.3 _. - . . • • 
15 66.6 72.0 978.1 97S.1 279.9 268.4 5 62.2 67.6 904.2926.7 258.9259.2 . - . . . - -
16A 64.9 66.4 992.8 890.4290.0247.6 1 62.269.0 803.0840.0 213.7227.9 465562.5 791.4634.3 212.8163.6 
· _ _ • • _ . 3 64.6 58.3 795.1 628.9 215.2 164.3 7 62.0 67.3 837.9 825.9 232.4222.2 
· • • _ • . . 5 65.2 63.8 861.1 864.4 237.8 242.6 6 63.0 69.5 783.0 907.2 216.0248.3 
16B 62.0 64.0 993.9 905.6 292.9 256.6 4 63.9 70.8 928.7 857.3 266.4 231.4 .• . • • - -
17 65.4 66.4 992.2 963.5 28U m 8 4 66.1 65.8 859.8 79U 236.5 215.2 _. . - - - -
18 62.065.8 962.8 863.8 281.( 240.0 3 58.6 61.4 921.3 825.8 271.0228.6 . - - • . - . 
19& 62.4 67.6 941.9 818.9 275.7 2(1.2 1 58.8 68.6 871.2 896.0 250.7 258.1 2 66.1 63.2 838.7 769.0 224.9 208.8 
_ _ _ • . - . 2 64.7 65.2 951.9 915.5 270.8 258.2 4 67.7 64.6 919.9 788.1 257.4 217.3 
· • • • . • • 3 5&.7 65.0 895.3 87S.7 2tO.8 255.0 10 59.3 65.8 938.2 904.6 274.0 253.4 
· • • • - . - 4 61.2 66.2 906.5 894.0 261.5 250.5 7 58.860.2 880.7 816.3 25(.2227.5 
· . _ • • • . 5 61.1 67.8 841.6156.7 237.5 208.8 1 68.3 71.8 916.0 845.4 2~(.6 228.4 
20 61.369.2 921.0 942.3 271.6 263.8 2 66.5 69.0 881.7 824.5 245.0223.6 _. . • • • -
2lA 62.9 68.0 99U 983.6 292.2 282.1 SI£2.1 66.6 930.8 917.1 26U m.6 .. - - • - -
21B 60.2 67.2 971.5 981.42892283.8 ( 61.6 62.2 962.8 964.~ 283.0283.6 . - - - • • . 
22 62.665.8 992.3 982.5 294.5 285.3 4 61.1 64.4 933.5 927.2 272.0 264.4 •. - • - . -
23 66.261.2 1024.1 986.5 300.4 28(.3 1 63.369.2 905.4879.7 359.4 238.9 •• - • • . • 
2(& 65.9 73.0 1011.2 1031.1 295.2 300.5 5 63.4 67.0 864.0 815.3 241.9241.1 .• • • . • . 
25A 66.672.2 1038.8 1023.5 306.3 289.9 1 66.6 65.0 908.3810.0 254.5220.3 965.269.2 868.7839.9 242.7227.9 
· _. . . • • 3 £7.7 £6.6 963.3917.9 273.8 256.6 563:265.0 819.3837.4 224,6 22U 
· • _ • • . . 4 £3.0 63.8 963.6 882.5 279.8 248.9 3 57.2 59.4 840.0 192.4 249.3 219.1 
25868.070.8 980.0 998.7279.0282.92 £4.4 61.1 936.4853.9 268.8233.9 .. • . • • . 

126A 66.8 71.0 1041.8 1009.£ 295.9 286.9 3 60.5 60.6 1004.3 928.2 300.5 269.6 •. . - • . • 
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Table 1-15 The aatority stage for the double crosses, and the 51 and 5: fuilies at tRO planting dates. 
!eans of number of days and leans of the beat-unit degrees in Ontario and in Gillore-Rogers units. 

Double crosses 51 fui11es 5: fuHles 

DaTs Ontario Gillm Days Ontulo Gillore Days Ontario Gillore 
DC !HB2 B3 Bl+B2 B3 Bl+B2 B3 F Bl+B2 B3 Bl+B2 B3 BI+B2 B3 , B1+B2 B3 Bl+E2 B3 Bl+B2 B3 

1 15405 153.0 W7.9 2378.5 708.2 700.9 2 159.4 160.2 2450.3 2442.9 717.1 715.0 - - - - - - -
2A 152.0 155.6 2386.0 2401.9 702.3 706.2 1 155.6 156.0 241U 2416.1 710.2 710.0 - - - - - - -
2B 156.7 158.0 2425.0 2416.5 711.4 709.9 2 159.0 160.2 2m.9 2446.9 715.9 716.6 - '- - - - - -
3A 155.5157.02414.22413.2709.3709.03 155.8 157.4 2416.4 2420.1 710.0 710.4 - - - - - - -
4 151.9 153.8 2385.92390.6 705.0 704.1 1 161.6 158.2 2471.8 2416.2 722.6 709.3 9 159.3 152.6 2448.1 2377.4 716.8 701.0 
_ _ _ _ _ _ _ 4 151.7 147.6 2386.02333.5702.3691.2 2 155.5 153.4 2412.8 2383.8 108.3 702.1 
_ _ _ _ _ _ _ 5 157.2 162.D 2428.5 2452.4 713.0 718.1 9163.1165.42476.1 2493.5 723.7 121.5 
5 153.7 156.02398.5 240U 705.9707.] 5 155.2 155.4 2412.5 2401.7 709.8706.2 - - - - - - -
6A 155.9 155.2 2418.6 2400.8 710.1 706.0 4 159.1 158.8 2445.1 2429.8 716.2 712.6 - - - - - - -
6B 160.1 156.8 245U .2410.2718.6708.6 4 156.5 159.0 2421.9 2436.7709.7714,2 - - - - - - -
7 153.4 150.4 2396.82353.9705.7695.64 160.3165.82454,8 2483.2 718.8 725.2 - - - - - - -
8 155.0 161.4 2412.7 2419.8 709.1 712.7 5 157.3 157.2 2429.8 2421.5 712.4710.5 - - - - - - -
9!2 159.0 159.02446.82431.2 716.4 703.92 153,5 158.8 2400.32434.2706.1 713.6 1 159.0159.42436.1 2437.6 7lU 714.7 
_ _ _ _ _ _ _ 3 162.4 167.6 2479.5 2482.5 724.3 72U 2 173.9 170.8 2562.9 2510.2 743.3 731.6 
_ _ _ _ _ _ _ 5 169.7 158.02533.62426.9736.4712.0 4 173.7 168.22554,9 2510.2 741.5 731.6 
10 160.4 162.62458.52439.8 719.4720.73 163.0 165.4 2479.02495.0724.1 727.8 - - - - - - -
11A 160.3 155.82453.72398.8711.1 706.0 1 160.9 164.8 2461.72489.6719.7726.8 5165.6167.82489.32499.7732.0728.9 
_ _ _ _ _ _ _ 2 163.2 154,4 2484.2 2390.8 724.1 703.7 4 172.9169.22567.02510.2744,2 731.6 
_ _ _ _ _ _ _ 3 162.1 162.42470.72464,2 721.5 720.6 10 171.1166.5 2554.7 2491.0 74l.4 727.0 
_ _ _ _ _ _ _ 4 164,5 160.2 2488.7 2434.1 726.2 713.8 6 165.2168.42507.1 2501.4730.3729.5 
_ _ _ _ _ _ _ 5 157.5155.22433.02397.8 713.5 705.5 1164.4 157.6 2484,7 2436.9 725.3 714,4 
118153.2 157.0 2395.1 2m.3 705.4 710.3 3 15t.6 165.2 2431.6 2478.5 713.1 724,2 - - - - - - -
12A 154.1 157.0 2403.3 2418.7 706.5 710.3 1 153.8 150.8 2400.7 2359.3 70&.8 696.5 - - - - - - -
13 157.6157.4 2430.62420.5713.6710.52 152.9 158.8 2391.9 2421.0 70U 707.1 - - - - - - -
14 161.7 156.02465.72407.9720.8707.7 1 156.7160.82424.7 244U 711.5 716.8 - - - - - - -
15 161.7 164.0 2472.0 2480.1 722.6720.75 159.8 160.62450.62451.2 717.4 117.6 - - - - - - -
16A 157.6 161.6 2433.92456.1 713.9718.91 168.8168.62525.22495.0 73U 727.8 4 174.7 173.92577.32509.8746.7731.5 
_ _ _ _ _ _ _ 3 172.3 170.525(6.42507.07390$ 730.8 7 165.1168.02500.3 m5.8 728.5 73U 
_ _ _ _ _ _ _ 5 169.6 158.2 2535.9 2415.5 735,5 709.5 6 172.2 165.2 2556.8 2490.9 742.2 726.3 
16B 152.3 155.8 2388.1 2405.3 701.7 701.0 4 161.0 170.0 246U 2510.2 721.3 731.5 - - - - - - -
17 158.1155.82434,6 2UO.4 713.9 708.7 4 170.3167.22540.92484,2 738.1 72U - - - - - - -
18 155.8 161.6 2428.5 2443.3 713.2 716.0 3 152.6 158.0 2390.9 2424.1 70U 710.9 - - - - - - -
19! 157.2 164,2 2433.4 2414.1 713.9723.0 1 156.8161.4 2425.72417.4711.7715.8 2 173.1165.82574,4 2480.8745.9724,8 
_ _ _ _ _ _ _ 2 160.6 157.2 2460.5 2419.7 716.6 710.2 4 168.7 164,6 252U 2452.7 734,9 724,4 
_ _ _ _ _ _ _ 3 155.2157.82412.9 2426.2 709.2 711.8 10 153.1 159.22403.62438.2705.4 715.0 
• _ _ _ _ _ _ 4 157.9160.22418.72435.5713,9 714.1 7 156.0157.22420.32416.8710.5709.6 
• _ _ _ _ _ _ 5 163.6 169.8 2484.1 2483.4 125.2 731.5 1 169.7 171.2 2541.0 2501.4 738.4 729.5 
20 157.2 161.8 mO.E 2457.8 715.0 719.2 2 168.7 168.6 2522.72482.2 734.0 724,9 - - - - - - -
21A 154,4 156.22406.42(06.5 701.8 707.3 5 157.6 159.8 2432.1 2445.7 713.2 71U - - - - - - -
21B 1~1.1 154,8 2377.2 mO.3 701.7 70U 4 154.6 148.02409.92337.1 708.7 692.4 - - - - - - -
22 153.0 152.22393.92367.6705.2 698.4 4 155.8 154.8 2418.7 2397.2 710.5 705.2 - - - - - - -
2~ m.7 154.6 2426.4 239U 712.5 704.1 1 160.4 166.8 2459.4 2502.3 719.5 729.5 - - - - - I - -
24! 157.6 159.8 2434,2 2m.8 713.5 716.5 5 165.4 163.02(99.42462.8 72U 72D.1 - - - - - - -
251 1St.? 1&1.0 2423,6 2459.2 711.5 719.4 I 167.1 165 8 2514.2 2483.9 732.1 725.2 9 167.7 1£8.8 2513.9 24~U 132.£ 727.9 
_ _ _ _ _ _ _ 3 164.9159.62497.4 2m.l 728.2 7IU 5168.9163.62529.52474.8 735.4 723.0 
_ _ • _ _ _ _ 4 156.8 158.4 2425.92428.1 712.2 712.4 3 155 2 157 6 2412 1 2(20 3 TIn 7 710 0 
25B 163.9 160.0 2488.1 2445.2 724,4 716.3 2 161.3 165.8 2466.1 2480.1 721.1 72U -- -: -: --' -: 1_-' -_. 
26& m.8 m.B 2443.8 WU 116.0 716.3 3 149.0 148.2 2364.l 2338.5 698.6 692.0 
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Table E-16 The ANOVA of the boots stage for the DC. the SI' and the S2 
families based on calendar days and heat-unit degrees. 

Source of Days Ontario Gilmore-Rogers 
Ge variance Of M.S F P M.S F P M.S F P 

DC Bl+B2+B3 
Bet B. 2 78.97 2.814 N.S 462855 46.198 ••• 69151.8 69.323 ••• 
Bet D.C. 31 53.95 1.923 •• 19509 1.947 •• 1951.8 9.290 ••• 
D.C. x B. 62 28.89 1.030 N.S 10999 1.098 N.S 1121.2 1.124 N.S 
Error 384 28.06 10019 , 997.5 
Bl+B2 
BetB. 9.11 0.330 N.S 9933 1.029 N.S 1053.9 1.091 N.S 
Bet D.C. 31 50.09 1.837 •• 19369 2.006 ••• 1921.7 J.990 ••• 
D.C. xB. 31 " 27.80 1.019 N.S 10658 1.104 N.S 1163.8 1.205 N.S 
Error 256 27.27 9656 9654.6 
B3 
Bet fams 31 33.84 1.142 N.S 11479 1.068 N.S 1110.0 1.046 N.S 
Error 128 29.65 10745 1061.0 

. SI Bl+B2+B3 
Bet B. 2 6.95 0.183 N.S 266955 19.940 • •• 47301 35.663 ••• 
Bet fams 47 144.99 3.825 ••• 52695 3.936 ••• 5272 3.975 ••• 
FamsxB. 94 46.02 1.214 N.S 16289 1.217 N.S 1604 1.209 N.S 
Error 560 37.90 13388 1326 
Bl+B2 
Bet B. 11.27 0.269 N.S 4251 0.275 N.S 381 0.247 N.S 
Bet fams 47 145.25 3.370 ••• 53401 3.452 ••• 5354 3.460 ••• 
FamsxB. 47 39.97 0.927 N.S 14531 0.939 N.S 1464 0.946 N.S 
Error 374 43.10 15469 1547 
B3 
Bet fams 47 51.83 1.889 •• 17333 1.884 •• 1660.6 1.883 ••• 
Error 186 27.44 9202 882.0 

S2 Bl+B2+B3 
Bet B. 2 73.59 1.834 N.S 70303 4.826 •• 11682 7.800 ••• 
Bet fams 21 299.54 7.465 ••• 106991 7.344 ••• 10379 6.929 ••• 
FamsxB. 42 55.39 1.380 N.S 19577 1.344 N.S 2146 1.433 N.S 
Error 242 40.13 14568 1498 
Bl+B2 
BetB. 71.15 1.616 N.S 25242 1.602 N.S 1024 0.632 N.S 
Bet fams 21 240.39 5.460 ••• 87211 5.536 ••• 8497 5.247 ••• 
Famsx B. 21 63.97 1.45 N.S 22309 1.416 NoS 2626 1.62 N.S 
Error 159 44.03 15754 1620 
B3 
Bet fams 21 105.95 3.246 •• 36650 2.980 ••• 3550 2.808 ••• 
Error 83 32.64 12297 1264 
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Table E-17. The ANaYA of the 65 stage of half-way anthesis for the DC. the SI' and the S2 families. 

Source of Days Ontario Gilmore-Rogers 
Gen variance Df M.S F P M.S F P M.S F P 

DC Bl+B2+B3 
Bet. B. 2 71.37 5.294 •• 148748 24.996 ••• 308'63.7 50.023 ••• 
Bet. D.C. 31 34.60 2.567 •• 16079 2.702 ••• 1672.7 2.711 • •• 
D.C.xB. 62 11.66 0.865 N.S 5374 0.903 N.S 546.0 0.885 N.S 
Error 383 13.48 5951 , 617.0 
Bl+B2 
Bet. B. 0.90 0.067 N.S 439 0.073 N.S 29.4 0.046 N.S 
Bet. D.C. 31 23.49 1.748 • 10919 1.818 •• 1161.7 1.330 •• 
D.C. x B. 31 11.52 0.857 N.S 5241 0.873 N.S 559.9 0.882 N.S 
Error 255 13.44 6006 634.9 
B3 
Bet fams 31 22.92 1.690 • 10668 1.827 • 1043.1 1.794 • 
Error 128 13.57 5840 581.0 

~I Bl+B2+B3 
BetB. 2 176.41 9.330 ••• 138869 17.394 ••• 35384 42.696 ••• 
Bet. fams 47 91.56 4.842 ••• 38988 4.884 ••• 4098.4 4.945 ••• 
FamsxB. 94 27.33 1.445 •• 11587 1.451 •• 1221.7 1.467 •• 
Error 544 18.91 7984 828.8 
B1+B2 
BetB. 2.71 0.149 .N.S 1468 0.182 N.S 139.0 0.163 N.S 
Bet. fams 47 86.09 4.727 ••• 37454 4.638 •• 3973.8 4.669 ••• 
Famsx B. 47 18.89 1.037 N.S 7972 0.987 N.S 850.3 0.999 N.S 
Error 365 18.21 8076 851.2 
B3 
Bet. fams 47 41.28 2.039 •• 16669 1.138 •• 1695.9 21.166 •• 
Error 179 20.33 7796 783.1 

S2 BI+B2+B3 
Bet. B. 2 226.88 9.224 ••• 13444 1.431 N.S 5577.1 5.786 ••• 
Bet fams 21 206.08 8.379 ••• 80382 8.559 ••• 8133.5 8.439 ••• 
Famsx B. 42 37.95 1.543 ••• 14714 1.567 N.S 1491.7 1.548 • 
Error 221 24.60 9392 963.8 
BI+B2 
BetB. 11.80 0.463 N.S 4306 0.455 N.S 720.3 0.716 N.S 
Bet fams 21 160.67 6.662 ••• 64819 6.851 •• 6689.9 6.650 •• 
Famsx B. 21 44.43 1.842 • 17817 1.883 • 1830.9 1.820 • 
Error 146 24.12 9462 1006.0 
B3 
Bet fams 21 76.88 3.021 •• 27156 2.934 •• 2597.7 2.945 •• 
Error 75 25.52 9256 882.1 
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Table E-18. The ANOVA of the silking stage for the double crosses, the S\, and the S2 families. 

Source of Days Ontario Gilmore-Rogers 
Gen variance Df M.S F P M.S F P M.S F P 

DC Bl+B2+B3 
Bet. B. 2 252.89 12.186 ••• 44454 4.905 •• 14871·f 15.918 • •• 
Bet.D.C. 31 49.40 2.381 •• 20772 2.292 •• 2150.8 2.301 ."'''' 
D.C. x B. 62 18.78 0.905 N.S 7820 0.863 N.S 840.3 0.899 N.S 
Error 383 20.75 9062 934.6 

\ 

Bl+B2 
Bet. B. 1 0.09 0.004 N.S 71 0.009 N.S 12.2 0.013 N.S 
Bet. D.C. 31 33.83 1.639 • 14063 1.557 • 141.6 . 1.528 • 
D.C. xB. 31 17.49 0.847 N.S 7483 0.828 N.S 803.4 0.869 N.S 
Error 255 20.64 9034 934.6 
B3 
Bet. D.C. 31 35.64 1.699 • 14866 1.630 • 1616.3 1.692 • 
Error 128 20.97 9119 955.5 

S\ Bl+B2+B3 
Bet.B. 2 330.51 10.582 ••• 75841 5.909 •• 21654 16.482 ..'" 
Bet. fams 47 210.51 6.740 ••• 85322 6.647 ."'. 8856 6.741 ."'. 
Famsx B. 94 40.58 1.299 • 15464 1.205 N.S 1602 1.220 N.S 
Error 559 31.23 12835 1314 
Bl+B2 
Bet. B. 9.24 0.297' N.S 3003 0.230 N.S 63 0.046 N.S 
Bet. fams 47 152.47 4.905 •• 62787 4.819 ••• 6616 4.914 ••• 
Famsx B. 47 32.50 1.046 N.S 12733 0.971 N.S 1410 1.047 N.S 
Error 371 31.08 13029 1347 
B3 
Bet. fams 47 106.33 3.372 ••• 40733 3.271 ••• 4037 3.233 ••• 
Error 188 31.53 12453 1249 

S2 Bl+B2+B3 
Bet. B. 2 436.56 13.99 ••• 35560 2.974 • 7004 5.729 •• 
Bet. fams 21 271.12 8.693 ••• 106383 8.898 ••• 10894 8.911 ••• 
FamsxB. 42 42.07 1.349 N.S 15166 1.268 N.S 1554 1.271 ••• 
Error 248 31.19· 11956 1223 
Bl+B2 
Bet. B. 1 195.85 6.639 '" 69646 6.002 • 8346 6.847 "'''' 
Bet. fams 21 229.28 7.773 .. '" 88692 7.643 ••• 9186 7.536 •• 
FamsxB. 21 37.86 1.284 N.S 13670 1.178 N.S 1473 1.208 N.S 
Error 248 31.19 11604 '1219 
B3 
Bet. fams 21 88.11 2.546 "'. 34352 2.712 .'" 3344 2.718 N.S 
Error 82 43.52 12668 1230 
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Table E-19. The ANOYA of the silking to maturity stage for the double crosses. 
the S 1. and the S2 families. 

Source of Days Ontario Gilmore-Rogers 
Gen variance Df M.S F P M.S F P M.S F P 

DC Bl+B2+B3 
BetB. 2 612.19 20.253 ••• 61884 11.597 ••• 16959.0 30.538 ••• 

\ 

Bet D.C. 31 70.96 2.347 •• 11268 2.112 •• 1247.1 2.246 •• 
D.C.xB. 62 26.74 0.885 N.S 4727 0.886 N.S 558.9 1.006 N.S 
Error 383 30.23 5336 555.3 
Bl+B2 

\ 

Bet B. 1 11.63 0.420 N.S 1148 0.242 N.S 0.0 0.000 N.S 
Bet D.C. 31 52.15 1.885 •• 6509 1.375 N.S 696.8 1.334 N.S 
D.C.xB. 31 30.67 1.109 N.S 4017 0.848 N.S 498.2 0.954 N.S 
Error 255 27.66 4734 522.2 
B3 
Bet D.C. 31 41.62 1.177 N.S 10197 1.560 • 1169.9 1.883 •• 
Error 128 35.35 6535 621.4 

SI Bl+B2+B3 
BetB. 2 477.57 14.525 ••• 163285 22.210 ••• 29904.4 36.111 ••• 
Bet fams 47 87.61 2.665 •• 30683 4.174 ••• 4290.2 5.181 ••• 
FamsxB. 94 38.14 1.160 N.S 9811 1.334 N.S 1094.3 1.321 ••• 
Error 557 22.88 7352 828.1 
Bl+B2 
BetB. 1 3.57 0.108' N.S 4006 0.582 N.S 102.3 0.125 ••• 
Bet Cams 47 69.35 2.093 •• 19125 2.779 •• 2951.1 3.605 •• 
FamsxB. 47 41.23 1.244 N.S 11578 1.682 •• 1261.2 1.541 • 
Error 369 33.14 6882 818.5 
B3 
Bet Cams 47 53.18 1.643 •• 40733 2.372 •• 2272.1 2.683 •• 
Error 188 32.37 12453 487.0 

S2 Bl+B2+B3 
Bet B. 2 163.33 4.614 • 95802 11.147 ••• 15876.3 17.794 ••• 
Bet Cams 21 167.91 4.743 ••• 38165 4.441 • •• 4792.2 5.371 ••• 
FamsxB. 42 37.8Jt 1.069 N.S 10519 1.224 N.S 1045.8 1.172 N.S 
Error 241 35.40 ' 8595 892.2 
Bl+B2 
BetB. 1 187.56 5.253 • 69169 8.605 •• 9657.8 11.128 ••• 
Bet Cams 21 139.45 3.905 •• 32722 4.071 •• 3896.4 4.490 •• 
FamsxB. 21 37.69 1.055 N.S 7379 0.918 N.S 886.5 1.021 N.S 
Error 161 35.71 8038 . 867.9 
B3 
Bet Cams 21 66.44 1.910 • 19100 1.966 • 2104.3 2.236 •• 
Error 80 34.79 9714 941.2 
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Table E-20. The ANOYA of the maturity stage for the double crosses, the SI' and the S2 families. 

Source of Days Ontario Gilmore-Rogers 
Gen variance Of M.S F P M.S F P M.S F P 

DC Bl+B2+B3 
Bet B. 2 82.96 1.507 N.S 1674 0.406 N.S 83,5 0.404 N.S 
BetD.C. 31 126.01 2.288 •• 9558 2.318 •• 480.3 2.321 •• 
D.C.x B. 62 45.83 0.832 N.S 3165 0.768 N.S 146.8 0.709 N.S 
Error 383 55.06 4123 \ 

207.0 
Bl+B2 
BetB. 1 13.72 0.262 N.S 630 0.160 N.S 16.0 0.083 N.S 
BetD.C. 31 102.62 1.959 •• .7474 1.902 •• 364.8 1.897 •• 
D.CxB. 31 56.32 1.075 N.S 4014 1.021 N.S 178.7 0.929 •• 
Error 255 52.38 3930 192.3 
B3 
BetD.C 31 58.73 0.972 N.S 4401 0.976 N.S 230.5 0.976 N. 
Error 128 60.41 4507 236.1 

SI Bl+B2+B3 
BetB. 2 18.96 0.334 N.S 15408 3.708 • 592.6 2.786 N.S 
Bet fams 47 377.73 6.653 ••• 23851 5.740 ••• 1317.7 6.195 • •• 
FamsxB. 94 59.53 1.049 N.S 4404 1.060 N.S 225.5 1.060 N.S 
Error 557 56.78 4155 212.7 
Bl+B2 
BetB. 1 4.96 0.082' N.S 0 0.000 N.S 1.9 0.008 N.S 
Bet fams 47 289.97 4.805 ••• 19615 4.373 ••• 1065.3 4.650 ••• 
FamsxB. 47 47.74 0.791 N.S 3605 0.804 N.S 187.3 0.817 N.S 
Error 369 60.35 4485 229.1 
B3 
Bet fams 47 158.72 3.189 ••• 9420 2.686 ••• 515.4 2.855 ••• 
Error 188 49.77 3508 180.5 

S2 Bl+B2+B3 
BetB. 2 78.72 1.821 N.S 38856 12.393 ••• 1973.6 12.542 ••• 
Bet fams 21 591.76 13.691 ••• 38574 12.303 • •• 2054.3 13.054 ••• 
FamsxB. 42 66.32 1.534 • 4882 1.557 • 243.6 1.548 • 
Error 243 43.22 3135 157.4 
Bl+B2 
BetB. 1 4.30 0.092 N.S 1192 0.339 N.S 12.9 0.074 N.S 
Bet fams 21 472.35 10.083 ••• 33915 9.642 • •• 1777.9 10.165 ••• 
FamsxB. 21 81.07 1.731 • 5480 1.558 N.S 288.4 1.649 • 
Error 163 46.84 3318 . 174.9 
B3 
Bet. fams 21 171.04 4.771 ••• 8935 3.792 ••• 475.1 3.906 ••• 
Error 803585 2357 121.6 
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Table E-21a. The ANOYA of boots stage for the S, families derived from the same double cross. 

Source of Days Ontario Gilmore-Rogers 
DC variance Df M.S F P M.S F P M.S F P 

4 Bl+B2+B3 
Bet B. 2 46.07 1.515 N.S 49550 4.680 * 7304 6.822 ** 

\ 

Bet D.C. 2 47.27 1.554 N.S 17976 1.698 N.S 1649 1.536 N.S 
D.C.xB. 4 8.83 0.290 N.S 2791 0.264 N.S 237 0.220 N.s 
Error 36 30.41 10586 1074 
Bl+B2 

, 
Bet B. 1 80.03 2.643 N.S 31734 2.837 N.S 3699 3.12 N.S 
Bet D.C. 2 41.03 1.355 N.S 15677 1.401 N.S 1363 1.153 N.S 
D.C. x B. 2 1.03 0.034 N.S 615 0.055' N.S 83 0.071 N.S 
Error 24 30.28 11187 1182 
B3 
Bet fams 2 22.87 0.746 N.S 7264 0.774 N.S 676.2 0.789 N.S 
Error 12 30.67 9386 856.6 

9A2 Bl+B2+B3 
Bet B. 2 73.84 1.507 N.S 11779 0.673 N.s 1525 0.883 N.S 
Bet fams 2 583.17 11.904 *** 211136 12.062 *** 20957 12.135 *** 
Famsx B. 4 138.16 2.820 • 49291 2.816 * 4828 2.796 * 
Error 35 48.99 17504 1727 
Bl+B2 
Bet B. 1 61.63 .1.222 N.S 23209 1.265 N.S 2339 ' 1.281 N.S 
Bet fams 2 743.03 14.733 *** 267791 14.591 *** 26467 14.491 *** 
Fams x B. 2 25.43 0.504 N.S 9368 0.510 N.S 923 0.505 N.S 
Error 24 50.43 18353 1826 
B3 
Bet fams 2 91.02 1.986 N.S 32559 2.080 N.S 3223 2.135 N.S 
Error 11 45.84 15652 1510 

llA Bl+B2+B3 
Bet B. 2 54.77 1.462 N.S 7146 0.550 N.S 1811 1.409 N.S 
Bet D.C. 4 23.58 0.629 N.S 9531 0.733 N.S 1001 0.778 N.S 
D.C. x B. 8 24.45 0.629 N.S 8809 0.678 N.S 905 0.703 N.S 
Error 60 37.47 12995 1286 
BI+B2 
Bet B. 25.92 0.607 N.S 7666 0.515 N.S 802 0.539 N.S 
Bet D.C. 4 26.15 0.612 N.S 11419 0.767 N.S 1270 0.853 N.S 
D.C. x B. 4 11.77 0.276 N.S 4526 0.304 N.S 492 0.331 N.S 
Error 40 42.71 14896 1488 
B3 
Bet fams 4 34.74 1.288 N.S. 11204 1.219 N.S 1048.4 1.188 N.S 
Error 20 26.98 9192 882.5 
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Continued Table E-21a 

Source of Days Ontario Gilmore-Rogers 
DC variance Df M.S F P M.S F P M.S F P 

16A Bl+B2+B3 , 
Bet B. 2 212.36 2.784 N.S 38607 1.442 N.S 3252 1.261 N.S 
Bet fams 2 116.38 1.526 N.S 39599 1.479 N.S 3761 1.458 N.S 
D.C. x fams 4 97.08 1.273 N.S 35353 1.321 N.S 3446 1.336 N.S 
Error 28 76.28 26766 

, 
2579 

Bl+B2 
Bet B. 212.63 2.145 N.S 69928 1.999 N.S 6452 1.912 N.S 
Bet fams 2 138.54 1.398 N.S 50554 1.445 N.S 4898 1.451 N.S 
FamsxB. 2 65.56 0.661 N.S 22018 0.629 N.S 2079 0.614 N.S 
Error 19 99.13 34980 3375 
B3 
Bet fams 2 106.51 3.796 N.S 37819 4.021 N.S 3694 4.101 N.S 
Error 9 28.06 9427 900 

19A Bl+B2+B3 
Bet B. 2 23.85 0.658 N.S 70994 5.407 ** 10511 7.995 ** 
Bet D.C. 4 21.07 0.581 N.s 6356 0.484 N.S 574 0.436 N.S 
D.C.xB. 8 67.29 1.855 N.S 22867 1.742 N.S 2209 1.680 N.S 
Error 60 36.27 13129 1315 

Bt+B2 
Bet B. 2.88 0.059 1819 0.102 N.S 209 0.116 N.S 
Bet D.C. 4 24.12 0.498 N.S 8406 0.471 N.S 826 0.458 N.S 
D.C.xB. 4 76.18 1.572 N.S 28321 i.585 N.S 2848 1.576 N.S 
Error 40 48.47 17866 1803 
B3 
Bet fams 4 55.34 4.65 ** 15363 4.202 * 1322 3.921 * 
Error 20 11.88 3656 337 

25A Bl+Bl+B3 
Bet B. 2 44.42 1.154 N.S 115 0.008 N.S 162 0.116 N.S 
Bet fams 2 6.49 0.169 N.S 3585 0.257 N.S 427 0.308 N.S 
Fams x B. 4 24.66 0.641 N.S 8841 0.634 N.S 882 0.635 N.S 
Error 35 38.49 13954 1388 
Bl+B2 
BetB. 0.83 0.023 N.S 230 0.017 N.S 20 O.ot5 N.S 
Bet fams 2 15.10 0.415 N.S 6849 0.508 N.S 766 0.565 N.S 
Fams xB. 2 25.43 0.699 N.S 9645 0.715 N.S 982 0.724 N.S 
Error 23 36.37 13481 1356 
B3 
Bet fams 2 15.27 0.395 N.S 4772 0.321 N.S 443 0.306 N.S 
Error 12 42.57 14861 1449 
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Table E-21b. The ANOVA of boots stage for the S2 families derived from the 
same double cross.based on the calendar day and the heat-units degrees. 

Source of Days Ontario Gilmore-Rogers 
DC variance Df M.S F P M.S F P M.S F P 

4 Bl+B2+B3 
Bet B. 2 10.44 0.585 N.S 7440 1.145 N.S 15998 2.460 N.S 

Bet fams 2 451.24 25.286 •• 157447 24.239 ••• 15'309.7 23.545 ••• 
Famsx B. 4 53.01 2.970 • 17837 2.74 • 1713.6 2.635 N.S 
Error 35 17.85 6496 650.3 
Bl+B2 \ 

Bet B. 1 6.08 0.314 N.S 2271 0.341 N.S 231.4 0.356 N.S 
Betfams 2 208.16 10.749 ••• 71337 10.709 ••• 6883.3 10.591 ••• 
FamsxB. 2 43.22 2.232 N.S 15795 2.371 N.S 1578.1 2.428 N.S 
Error 23 19.37 6662 649.9 

B3 
Bet fams 2 305.87 20.48 ••• 105988 17.157 ••• 10275.6 15.784 ••• 
Error 12 14.93 6177 651.0 

9A2 Bl+B2+B3 
BetB. 2 237.56 4.872 • 98156 5.436 •• 11180 6.314 •• 
Bet fams 2 104.33 2.139 N.S 38597 2.138 N.S 3604 2.035 N.S 
FamsxB. 4 75.65 1.551 N.S 28405 1.573 N.S 2860 1.615 N.S 
Error 30 48.77 18056 1771 
Bl+B2 
BetB. 1 475.24 7.400 • 163457 7.137 • 16561 7.547 • 
Bet fams 2 176.62 2.750 N.s 68132 2.975 N.S 6456 2.942 N.S 
Famsx B. 2 54.23 0.844 N.S 17958 0.784 N.S 1948 0.888 N.S 
Error 19 64.22 22903 2194 
B3 
Bet fams 2 24.69 1.119 N.S 9332 0.963 N.S 922 0.887 N.S 
Error 11 22.07 9686 1039 

llA Bl+B2+B3 
BetB. 2 2.68 0.067 N.S 20360 1.43 N.S 3390 2.462 N.S 
Bet fams 4 138.79 3.457 • 49037 3.443 • 4948 3.594 • 
Famsx B. 8 68.12 1.697 N.S 24623 1.729 N.S 2638 1.916 N.S 
Error 57 40.15 14243 1377 
Bl+B2 
Bet B. 2.76 0.055 N.S 1022 0.058 N.S 475 0.283 N.S 
Bet fams 4 82.92 1.658 N.S 29616 1.690 N.S 3014 1.794 N.S 
Fams x B. 4 110.00 2.200 N.S 40303 2.299 N.S 4449 2.649 N.S 
Error 38 50.01 17529 1679 
B3 
Bet fams 4 82.12 4.018 • 28364 3.698 • 2761.4 3.579 • 
Error 19 20.44 7671 771.5 
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Continued Table E-2l b. 

Source of Days Ontario Gilmore-Rogers 
DC variance Df M.S F P M.S F P M.S F P 

16A Bl+B2+B3 
Bet.B. 2 69.64 2.190 N.S 699 0.060 N.S 220 0.188 N.S 
Bet. fams 2 374.11 11.762 *** 132756 11.358 * •• 12927 11.094 * •• 
Fams x. B. 4 49.46 1.555 N.S 17949 1.536 N.S 1797 1.542 N.S 
Error 28 31.80 11689 , 1165 
Bl+B2 
Bet.B. 1 3.86 0.173 N.S 1203 0.151 N.S 115.4 0.147 N.S 
Bet. fams 2 279.67 12.540 *** 99470 12.512 * •• 9742.6 12.421 **. 
Fams x. B. 2 5.59 0.251 N.S 1263 0.159 N.S 97.8 0.125 N.S 
Error 16 22.30 7950 784.3 
B3 

Bet. fams 2 187.71 3.619 N.S 67994 3.472 N.S 6679 3.391 N.s 
Error 9 51.87 19582 1969 

19A Bl+B2+B3 
Bet. B. 2 1.60 0.040 N.s 38397 2.698 N.S 6571 4.559 • 
Bet. fams 4 456.80 11.457 *** 164428 11.555 ••• 16123 11.168 *. 
Fams x. B. 8 45.28 1.136 N.S 15808 1.111 N.S 1602 1.112 N.S 
Error 57 39.87 14230 5042 
Bl+B2 
Bet.B. 0.40 .0.009 N.S 62 0.004 N.S 6 0.004 N.S 
Bet. fams 4 407.14 9.479 *** 149698 9.774 *.* 14836 9.866 * •• 
Fams x. B. 4 52.51 1.222 N.S 17177 1.122 N.S 1635 1.087 N.S 
Error 37 42.96 15316 1504 
B3 
Bet. fams4 87.70 2.567 N.S 29160 2.386 N.S 2856 2.15 N.S 
Error 20 34.16 12222 1326 

25A Bl+B2+B3 
Bet. B. 2 38.88 0.627 N.S 1317 0.057 N.S 249 0.093 N.S 
Bet. fams 2 50.58 0.815 N.S 14290 0.620 N.S 67 0.025 N.S 
Fams x. B. 4 33.10 0.534 N.S 12625 0.548 N.S 1943 0.729 N.S 
Error 35 62.03 23036 2666 
Bl+B2 
Bet. B. 1 3.50 0.657 N.S 1936 0.084 N.S 462 0.159 N.S 
Bet. fams 2 64.63 1.045 N.S 22899 0.989 N.S 169 0.059 N.S 
Fams x. B. 2 33.28 0.538 N.s 11859 0.512 N.S 2364 1.163 N.S 
Error 23 61.82 23161 2898 
B3 
Bet. Cams 2 18.87 0.302 N.S 4782 0.210 N.S 418 0.187 N.S 
Error 12 62.43 22798 2234 
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Table E-22a. The ANOYA of the 65 flowering stage for the S, families derived from the 
same double cross. 

Source of Days Ontario Gilmore-Rogers 
DC variance Of M.S F P M.S F P M.S F P 

4 Bl+B2+B3 
BelB. 2 2.92 0.139 N.S 19025 2.073 N.S 3631.9, 3.746 • 
Bel fams 2 40.02 1.870 N.S 16609 1.810 N.S 1759.3 1.815 N.S 
FamsxB. 4 2.18 0.100 N.S 1221 0.133 N.S 137.9 0.142 N.S 
Error 34 21.39 9179 969.6 
Bl+B2 

, 
Bet. B. I 3.33 0.184 N.S 1612 0.195 N.S 182.0 0.204 N.S 
Bet. fams 2 29.73 1.642 N.S 15314 0.631 N.S 1454.4 1.634 N.S 
FamsxB. 2 1.75 0.096 N.S 689 0.083 N.S 67.7 0.076 N.S 
Error 23 18.10 8248 890.1 
B3 
Bel fams 2 12.92 0.457 N.S 4848 0.439 N.S 513 0.452 N.S 
Error 11 28.27 . 11049 1136 

9A2 Bl+B2+B3 
Bel B. 2 67.23 3.336 • 37 0.004 N.S 284.4 0.329 N.S 
Bet. fams 2 118.00 5.855 •• 49959 6.067 •• 5343.3 6.186 •• 
FamsxB. 4 66.93 3.321 • 27272 3.213 • 2846.9 3.296 • 
Error 32 20.15 8235 863.8 
Bl+B2 
Bet. B. 0.00 0.000 N.S 40 0.004 N.s 3.6 0.004 N.S 
Bel fams 2 191.36 8.355 N.S 82697 8.769 •• 8848.8 8.888 •• 
FamsxB. 2 51.44 2.246 N.S 18533 1.965 N.S 1886.4 1.895 N.S 
Error 2 22.90 9430 995.6 
B3 
Bel fams 2 10.43 0.701 N.s 3272 0.550 N.S 301.9 0.493 N.s 
Error 11 14.90 5953 612.2 

llA Bl+B2+B3 
BelB. 2 78.77 3.155 • 4899 0.447 N.S 1071 0.952 N.S 
Bet. fams 4 14.88 0.596 N.S 6370 0.581 N.S 692 0.615 N.S 
FamsxB. 8 13.39 0.536 N.S 4402 0.401 N.S 464 0.412 N.S 
Error 60 24.79 10970 1125 
Bl+B2 
Bet. B. 11.52 0.543 N.S 9276 0.896 N.S 957 0.883 N.S 
Bel fams 4 31.15 1.469 N.S 11450 1.106 N.S 1240 1.145 N.S 
FamsxB. 4 5.78 0.277 N.S 2419 0.234 N.S 249 0.230 N.S 
Error 40 21.12 10352 1083 
B3 
Bet. fams 4 4.64 0.143 N.S 1306 0.107 N.S 131 0.108 N.S 
Error 20 32.48 12207 1211 
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Continued Table E-22a. 

Source of Days Ontario Gilmore-Rogers 
DC variance Of M.S F P M.S F P M.S F P 

16A Bl+B2+B3 
Bet.B. 2 353.17 12.595 "''''''' 55490 4.919 • 3835 3.264 N.S 

Bet. fams 2 270.19 2.503 N.S 28584 2.534 N.S 2999 2.552 N.S 
Fams x B. 4 92.57 3.301 '" 39413 3.494 • 4035 3.434 '" 
Error 26 28.04 11280 1175 
Bl+B2 '" 
Bet. B. 1 42.34 1.385 N.S 14430 1.149 N.S 1560 1.179 N.S 
Bet. fams 2 2.61 0.086 N.S 1459 0.166 N.S 167 0.126 N.S 

BetB. 2 25.39 0.831 N.S 9662 0.769 N.S 961 0.726 N.S 

Error 18 30.56 12557 1324 
B3 
Bet fams 2 233.54 10.455 "'* 97239 11.572 .'" 9985.2 11.883 **'" 
Error 8 22.34 . 8403 840.3 

19A Bl+B2+B3 
Bet B. 2 35.81 2.333 N.S 13179 1.968 N.S 3836.6 5.43 '" 
Bet. fams 4 96.97 6.318 "'* 41327 6.171 ** 4159.2 5.88 '" 
Fams x B. 8 5.90 0.384 N.S 2654 0.396 N.S 333.2 0.472 N.S 
Error 58 15.35 6696 706.4 
Bl+B2 
Bet.B. 11.76 0.674 N.s 5414 0.696 N.S 537.8 0.654 . N.S 

Bet. fams 4 52.35 3.001 "'''' 22883 2.943 • 2397.8 2.915 • 
Famsx B. 4 6.65 0.381 N.S 3151 0.405 N.S 377.8 0.459 N.S 
Error 39 17.44 7176 822.6 
B3 
Bet. fams 4 49.76 4.506 "'''' 20601 4.598 •• 2050.0 4.380 • 
Error 19 11.04 4480 468.1 

25A BI+B2+B3 
Bet.B. 2 8.10 0.318 N.S 12247 1.186 N.S 3048 2.967 N.S 
Bet fams 2 175.14 6.871 ••• 72735 7.043 ••• 8932 8.696 ."'* 
Famsx B. 4 18.70 0.734 N.S 6742 0.653 N.S 623 0.606 N.S 
Error 34 25.49 10327 1027 
Bl+B2 
BetB. 1 3.17 0.161 N.S 1379 0.154 N.S 1.5 0.002 N.S 
Bet fams 2 58.24 2.951 '" 26009 2.910 N.S 3887.8 4.248 '" 
Famsx B. 2 7.14 0.362 N.S 3027 0.339 N.S 583.4 0.637 N.S 
Error 23 19.74 8937 '915.2 
B3 
Bet fams 2 147.15 3.922 N.S 57184 4.321 '" 5707 4.525 • 
Error 11 37.52 13234 1261 
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Table E-22b. The ANOV A of the 65 flowering stage for the S2 families derived from the 
same double cross. 

Source of Days Ontario Gilmore-Rogers 
DC variance Df M.S F P M.S F P M.S F P 

4 I+B2+B3 
BetB. 2 79.62 4.363 • 9033 1.273 N.S 1738.9, 1.851 N.s 
Bet fams 2 170.16 9.333 ••• 71731 10.110 .** 9205.6 9.799 .** 
FamsxB. 4 24.16 1.323 N.S 9449 1.332 N.S 877.1 0.934 N.S 
Error 35 18.25 7095 939.4 N.S 
Bl+B2 

, 
BetB. 1 48.13 2.636 N.S 18051 2.619 N.s 3335 3.272 N.S 
Bet fams 2 128.23 7.009 •• 55465 8.047 ** 7210 7.076 •• 
FamsxB. 2 3.03 0.166 N.S 824 0.120 N.S 148 0.146 N.S 
Error 23 18.30 6893 1019 
B3 
Bet fams 2 87.20 4.800 • 34340 4.590 • 3601.4 4.575 • 
Error 12 18.17 . 7481 787.0 

9A Bl+B2+B3 
BetB. 2 166.00 4.799 • 17160 1.187 N.S ll02 0.740 N.S 
Bet Cams 2 35.09 1.014 N.S 10811 0.748 N.S 979 0.658 N.S 
FamsxB. 4 66.88 1.933 N.S 30623 2.119 N.S 3189 2.141 N.S 
Error 29 34.59 14452 1489 
Bl+B2 
BetB. I 49.73 1.347 N.S 20854 1.353 N.S 2013 1.267 N.S 
Bet Cams 2 59.73 1.347 N.S 23643 1.534 N.S 2496 1.572 N.S 
FamsxB. 2 92.99 2.538 N.S 41441 2.689 N.S 4101 2.582 N.S 
Error 18 36.64 15414 1588 
B3 
Bet Cams 2 16.07 0.514 N.S 6981 0.542 N.S 761 0.573 N.S 
Error 11 31.24 12879 1327 

llA Bl+B2+B3 
BetB. 2 6.43 0.272 N.S 25386 2.941 N.S 4182.5 4.960 • 
Bet Cams 4 65.00 2.752 • 24633 2.853 • 2381.5 2.824 • 
FamsxB. 8 34.01 1.439 N.s 12235 1.417 N.S 1121.9 1.330 N.S 
Error 49 23.62 8633 843.3 
B1+B2 
BetB. I 10.72 0.573 N.S 4897 0.643 N.S 979.7 1.234 N.S 
Bet. fams 4 56.49 3.019 • 23313 3.059 • 2307.8 2.908 • 
Famsx B. 4 22.21 1.187 N.S 9855 1.290 N.S 979.7 1.234 N.S 
Error 33 18.71 7620 . 973.7 
B3 
Bet fams 4 54.32 1.609 N.S 15944 1.487 N.S 1336.8 1.414 N.S 
Error 16 33.76 10720 945.5 
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Continued table E-22b. 

Source of Days Ontario Gilmore-Rogers 
DC variance Of M.S F P M.S F P M.S F P 

16A Bl+B2+B3 
Bet B. 2 55.35 4.459 N.S 401 0.051 N.S 177,2 0.237 N.S 
Bet fams 2 250.94 11.149 ••• 87725 11.176 ••• 8413.7 11.244 ."'. 
Fams x B. 4 49.11 2.182 N.S 16878 2.150 N.S 1600.4 2.139 N.S 
Error 24 22.51 7849 748.3 

Bl+B2 
, 

BetB. 1 4.56 0.174 N.S 758 0.083 N.S 50.1 0.058 N.S 
Bet fams 2 208.31 7.941 ."'. 73099 8.038 .. '" 7086.2 8.218 "'* 
FamsxB. 2 208.31 7.941 ."'. 21100 8.038 **. 7086.2 8.218 •• 
Error 18 26.23 9094 862.3 
B3 
Bet fams 2 81.41 7.182 • 27251 6.621 • 2235.6 6.242 N.S 
Error 6 11.33 . 4116 406.2 

19A BI+B1+B3" "" 
BetB. 2 47.80 1.853 N.S 7329 0.766 N.S 2258.8 2.427 N.S 
Bet fams 4 401.07 15.547 • *. 157875 16.493 ••• 15839.7 17.020 * •• 
FamsxB. 8 39.35 1.525 N.S 15634 1.633 N.S 1597.2 1.716 N.S 
Error 51 25.80 9572 930.6 
Bl+B2 
BetB. I 6.90 0.268 N.S 4270 0.436 N.S 505.9 0.519 N.S 
Bet fams 4 307.77 11.928 •• 125615 12.824 ••• 12887.5 13.235 ••• 
FamsxB. 4 70.08 2.716 • 27153 2.772 • 2720.6 2.794 • 
Error 33 25.80 9795 973.8 
B3 
Bet fams 4 102.01 3.95 • 36373 3.969 8 3428.2 4.026 8 
Error 18 25.79 9163 851.5 

25A Bl+B2+B3 
BetB. 2 32.27 1.365 N.S 14788 1.584 N.S 2888.6 3.157 N.S 
Bet fams 2 92.16 3.898 • 37494 4.010 •• 4144.1 4.529 • 
FamsxB. 4 31.40 1.328 N.s 11651 1.245 N.S 1208.6 1.321 N.S 
Error 33 23.64 9352 915.0 
Bl+B2 
BetB. 1 39.26 1.649 N.S 15058 1.527 N.S 1505.6 1.507 N.S 
Bet fams 2 83.46 3.506 • 33688 3.417 • 3797.7 3.801 • 
Famsx B. 2 52.91 2.223 N.S 19896 2.018 N.s 2012.6 2.014 N.S 
Error 21 23.80 9858 • 999.1 
B3 
Bet fams 2 18.60 0.796 N.S 7208 0.852 N.S 751.0 0.978 N.S 
Error 12 23.37 8465 7680 
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Table E-23a. The ANOV A of the silking stage for the SI families derived from 
the same double cross. 

Source of Days Ontario Gilmore-Rogers 
DC variance Of M.S F P M.S F P M.S F P 

4 Bl+B2+B3 
Bet. B. 2 53.62 1.695 N.S 31835 2.354 N.S 4606 3.249 N.S 

Bet. fams 2 112.16 3.544 • 48656 3.597 •• 5133 3.621 • 
Fams x B. 4 10.56 0.334 N.S 3871 0.286 N.S 280 0.268 N.S 

Error 36 31.64 13526 1418 

Bl+B2 '\ 

Bet. B. 93.63 4.030 N.S 42696 3.995 N.S 4594 3.984 N.S 
Bet. fams 2 60.93 2.623 N.S 28527 2.669 N.S 3079 2.686 N.S 

Fams x B. 2 4.93 0.212 N.S 2015 0.189 N.S 209 0.182 N.S 
Error 24 23.23 10688 1153 
B3 
Bet. fams 2 67.40 1.391 N.S 25856 1.346 N.S 2587 1.329 N.S 
Error 12 48.47 19204 1947 

9A2 Bl+B2+B3 
Bet. B. 2 28.42 0.671 N.S 2434 0.148 N.S 881 0.533 N.S 
Bet. fams 2 463.75 10.956 ••• 188862 11.465 •• 19276 11.858 ••• 
Famsx B. 4 150.29 3.551 • 57450 3.488 • 5667 3.428 • 
Error 35 42.33 16473 1653 
Bl+B2 
Bet. B. 1 2.00 0.058 N.S 359 0.026 N.S 13 0.010 N.S 
Bet. fams 2 374.52 10.930 ••• 157092 11.442 • •• 16315 11.668 ••• 
Famsx B. 2 65.35 1.909 N.S 26590 1.937 N.S 2757 1.972 N.S 
Error 23 34.24 13729 1398 
B3 
Bet. fams 2 324.47 5.610 • 120081 5.526 • 11538 5.385 • 
Error 12 57.83 21731 2142 

llA Bl+B2+B3 
Bet. B. 2 145.24 5.138 •• 7385 0.588 N.S 1202 0.907 N.S 
Bet. fams 4 29.79 1.054 N.S 10351 0.825 N.S 1393 1.074 N.S 
Fams x B. 8 27.56 0.975 N.S 10042 0.800 N.S 1283 0.990 N.S 
Error 60 28.27 12553 1296 
Bl+B2 
Bet. B. 36.98 1.236 N.S 12734 0.944 N.S 2031 1.469 N.S 
Bet. fams 4 19.98 0.668 N.S 6962 0.516 N.S 992 0.717 N.S 
Famsx B. 4 38.68 1.293 N.S 12173 0.902 N.S 1788 1.293 N.S 
Error 40 29.92 13496 ·1383 
B3 
Bet. fams 4 26.24 1.051 N.S 11301 1.059 N.s 1181 1.051 N.S 
Error 20 24.96 10667 1123 
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Continued table E-23a. 

Source of Days Ontario Gilmore-Rogers 
DC variance Df M.S F P M.S F P M.S F P 

16A B1+B2+B3 
Bet. B. 2 107.76 1.360 N>S 4387 0.153 N.S 345, 0.121 N.S 
Bet. fams 2 78.62 0.992 N.S 30800 1.077 N.S 2910 1.022 N.S 
Famsx B. 4 231.50 2.695 N.S 66804 2.233 N.S 6578 2.309 N.S 
Error 23 79.23 28608 2848 

\ 

Bl+B2 
Bet. B. 2.3 0.022 N.S 4'55 0.012 N.s 316 0.086 N.S 
Bet. fams 2 18.3 0.175 N.S 3391 0.092 N.S 316 0.086 N.S 
Famsx B. 2 48.2 0.462 N.S 16342 0.442 N.S 2419 0.660 N.S 
Error 15 104.2 36977 3662 
B3 
Bet. fams 2 426.23 13.169 ••• 141981 10.984 ••• 13111 9.900 •• 
Error 8 32.37 12926 1324 

19A, B1+8: '+B3" 
Bet. B. 2 130.89 5.291 •• 24214 2.270 N.S 3236 2.980 N.S 
Bet. fams 4 130.59 5.278 •• 60254 5.648 •• 6567 6.048 ••• 
Famsx B. 8 24.83 1.004 N.S 11499 1.078 N.S 1178 1.085 N.s 
Error 60 24.74 10668 1086 
B1+B2 
Bet. B. 1 103.68 3.610' N.S 41850 3.478 N.S 4273 3.412 N.S 
Bet. fams 4 58.40 2.033 N.S 26860 2.232 N.S 2903 2.319 N.s 
FamsxB. 4 36.48 1.270 N.S 15888 1.321 N.S 1683 1.344 N.S 
Error 40 28.72 12031 1252 
B3 
Bet. fams 4 85.36 5.087 • 40504 5.101 • 4337.4 5.760 •• 
Error 20 16.78 7941 753.0 

25A Bl+B2+B3 
Bet. B. 2 14.16 0.297 N.S 15019 0.797 N.S 2613 1.398 N.S 
Bet. fams 2 171.82 3.604 N.S 75970 4.030 • 7647 4.092 • 
Famsx B. 4 23.96 0.502 N.S 9187 0.487 N.S 817 0.437 N.S 
Error 35 47.68 18852 1869 
Bl+B2 
Bet. B. 1 17.63 0.533 N.S 7842 0.534 N.S 915 0.608 N.S 
Bet. fams 2 112.23 3.393 • 51530 3.511 • 5102 3.387 • 
Famsx B. 2 22.63 0.684 N.S 10015 0.682 N.S 899 0.597 N.S 
Error 23 33.08 14677 '1506 
B3 
Bet. fams 2 84.87 1.122 N.S 32798 1.221 N.S 3279 1.279 N.S 
Error 12 75.67 26854 2564 
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Table E-23b. The ANOVA of the silking stage for the S2 families derived from 
the same double crosses. 

Source of Days Ontario Gilmore-Rogers 
DC variance Df M.S F P M.S F P M.S F P 

4 Bl+B2+B3 
BetB. 2 61.07 5.897 •• 2270 0.477 N.S 223.:2- 0.449 N.S 

Bet fams 2 94.20 9.097 ••• 53992 11.341 ••• 5891.9 11.853 • •• 
Famsx B. 4 20.37 1.967 N.S 6586 1.383 N.S 679.9 1.368 N.S 
Error 36 10.36 4761 \ 

497.1 

Bl+B2 
BetB. 1 6.533 0.883 N.S 3315 0.933 N.S 354.9 0.930 N.S 

Bet fams 2 79.300 10.716 ••• 37064 10.428 •• 3950.2 10.349 •• 
Famsx B. 2 2.033 0.275 N.S 600 0.169 N.S 56.4 0.148 N.S 

Error 24 7.400 3554 381.7 

B3 
Bet fams 2 53.60 3.295 • 29501 4.ll2 • 3245.1 4.459 • 
Error 12 16.27 7174 727.8 

9A2 Bl+B2+B3 
BetB. 2 180.81 6.828 •• 24959 2.547 N.S 2079.3 2.341 N.S 

Bet fams 2 438.26 16.551 ••• 142164 14.507 ••• 17766.2 20.001 ••• 
Fams x B. 4 93.24 3.521 • 30045 3.066 • 3339.9 3.760 • 
Error 31 26.48 9800 888.3 
Bl+B2 
BetB. 1 127.48 5.090 • 40039 3.995 N.S 4150.6 4.547 • 
Bet fams 2 329.68 13.164 •• 104783 10.456 •• 14302.3 15.670 •• 
FamsxB. 2 154.63 6.175 • 50693 5.058 • 5558.1 6.089 • 
Error 20 25.04 10022 912.7 
B3 
Bet fams 2 140.47 4.829 • 46765 4.977 • 4585.6 5.435 • 
Error II 29.09 9396 843.8 

llA Bl+B2+B3 
BetB. 2 60.41 1.646 N.S 35275 2.461 N.S 5193 3.594 • 
Bet fams 4 142.73 3.889 •• 58483 4.080 • 5709 3.951 •• 
FamsxB. 8 25.83 0.704 N.S 8903 0.621 N.S 872 0.603 N.S 
Error 59 36.70 14333 1445 
Bl+B2 
BetB. 98.00 3.063 N.S 40637 3.054 N.S 523 0.375 N.S 
Bet fams 4 ll2.52 3.517 • 45814 3.443 • 4651 3.333 • 
Famsx B. 4 14.20 0.444 N.S 5106 0.384 N.S 523 0.375 N.S 
Error 40 31.99 13308 '1396 
B3 
Bet fams 4 67.68 1.451 N.S 25367 1.538 N.S 2278 1.471 N.S 
Error 19 46.62 16492 1548 
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Continued table E-23b. 

Source of Days Ontario Gilmore-Rogers 
DC variance Df M.S F P M.S F P M.S F P 

16A Bl+B2+B3 
Bel B. 2 222.46 4.968 * 20833 1.391 N.S 726 0.439 N.S , 
Bel fams 2 185.88 4.151 * 65663 4.383 * 6540 3.954 * 
Famsx B. 4 76.63 1.711 N.S 26213 1.750 N.S 2085 1.260 N.S 
Error 28 44.78 14979 1654 
Bl+B2 

, 
Bel B. 0.75 0.014 N.S 276 0.015 N.S 15 0.007 N.S 
Bet fams 2 70.47 0.306 N.S 25630 1.426 N.S 2233 1.096 N.S 
Famsx B. 2 20.21 0.374 N.S 6055 0.337 N.S 208 0.102 N.S 
Error 20 53.98 17968 696.3 
B3 
Bel fams 2 248.56 11.417 ** 86381 11.504 ** 8266.5 11.873 ** 
Error 8 21.77 . 7509 696.3 

19A' 61tBl+Bl . . ' 
Bel B. 2 32.57 0.79 N.s 23745 1.789 N.S 5012 3.649 * 
Bel fams 4 290.48 8.688 ** 118898 8.956 ** 12529 9.121 *** 
Fams xB. 8 17.59 0.526 N.S 7751 0.584 N.S 1097 0.799 N.S 
Error 58 33.43 13276 1374 
Bl+B2 
Bel B. 1 36.98 1.316 N.S 16821 1.428 N.S 2913 2.334 N.S 
Bel fams 4 234.12 8.654 *** 101253 8.596 *** 11001 8.816 *** 
Famsx B. 4 22.38 0.797 N.S 9825 0.834 N.S 1355 1.086 N.S 
Error 38 28.09 11779 1248 
B3 
Bel fams 4 60.16 1.380 N.S 23322 1.447 N.S 2368 1.468 N.S 
Error 20 43.58 16121 1613 

25A Bl+B2+B3 
Bel B. 2 82.76 2.519 N.S 8215 0.650 N.S 1652 1.278 N.S 
Bel fams 2 107.49 3.272 • 34345 2.719 N.S 4407 3.410 • 
FamsxB. 4 62.92 1.915 N.S 23224 1.839 N.S 2334 1.806 N.S 
Error 36 32.86 12632 1289 
Bl+B2 
Bel B. 1 58.80 1.783 N.S 16375 1.305 N.S 2673 2.074 N.s 
Bel fams 2 149.63 4.537 • 47445 3.780 • 6114 4.744 ** 
Fams x B. 2 81.10 2.459 N.S 32406 2.582 N.S 2870 2.227 N.S 
Error 24 32.98 12552 '1289 
B3 
Bel rams 2 2.60 0.080 N.S 942 0:074 N.S 92 0.071 N.S 
Error 12 ~2.6O 12790 1300 
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Table E-24a. The ANOV A of s~lking to maturity stage for the SI families derived from 
the same double cross. 

Source of Days Ontario Gilmore-Rogers 
DC variance Of MS F P M.S F P M.S F P 

4 Bl+B2+B3 
Bet. B. 2 0.96 0.042 N.S 41405 7.416 •• 5014.'1 6.977 •• 
Bet. fams 2 135.02 5.925 •• 7230 1.295 N.s 1275.8 1.775 N.S 

FamsxB. 4 26.39 1.158 N.S 1925 0.345 N.S 73.9 0.103 N.S 

Error 36 22.79 5584 , 718.7 

Bl+B2 
Bet. B. 1.20 0.047 N.S 20983 4.406 • 650.5 1.115 N.S 

Bet. fams 2 73.03 2.834 N.S '3194 0.671 N.S 650.5 1.115 N.S 

Famsx B. 2 21.90 0.850 N.S 3253 0.683 N.S 52.4 0.090 N.S 

Error 24 35.77 4762 583.5 

B3 
Bet. fams 2 92.87 5.517 • 4634 0.641 N.S 720.7 0.729 N.S 

Error 12 16.83 . 7226 989.2 

9A2 Bl+B2+B3 
Bet. B. 2 31.91 0.839 N.S 12250 1.197 N.S 1864 1.700 N.S 
Bet. fams 2 19.27 0.507 N.S 70452 6.884 •• 9918 9.045 •• 
Famsx B. 4 40.69 1.071 N.S 26142 2.554 N.S 3112 2.839 • 
Error 35 38.01 10234 1096 
Bl+B2 
BetB. 1 27.07 1.049 N.S 4500 0.746 N.S 247.4 0.343 N.S 
Bet fams 2 39.36 1.526 N.S 34016 5.638 • 6320.1 8.760 •• 
Famsx B. 2 4.83 0.187 N.S 7698 1.276 N.S 1203.1 1.668 N.S 
Error 23 25.80 6033 721.5 
B3 
Bet. fams 2 56.47 0.920 N.S 81022 4.431 • 8619 4.749 • 
Error 12 61.40 18286 1815 

llA Bl+B2+B3 
Bet. B. 2 48.97 1.320 N.S 12375 1.506 N.S 2359.2 2.711 N.S 
Bet fams 4 82.23 2.217 N.S 8275 1.007 N.S 1145.5 1.316 N.S 
FamsxB. 8 26.27 0.708 N.S 5846 0.711 N.S 784.0 0.901 N.S 
Error 60 37.09 8217 870.3 
Bl+B2 
Bet.B. 52.02 1.478 N.S 17195 2.011 N.S 2393.1 2.641 N.S 
Bet. fams 4 53.17 1.511 N.S 3762 0.440 N.S 641.7 0.708 N.S 
Famsx B. 4 6.17 0.175 N.S 5387 0.630 N.S 1126.2 1.243 N.S 
Error 40 35.20 8550 906.1 
B3 
Bet. fams 4 75.44 1.845 N.S 10881 1.432 N.S 945.5 1.184 N.S 
Error 20 40.88 7552 798.6 
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Continued table E-24a. 

Source oC Days Ontario Gilmore-Rogers 
DC variance DC M.S F P M.S F P M.S F P 

16A Bl+B2+B3 
Bet B. 2 22.26 0.297 N.S 12051 0.829 N.S 603 0.397 N.S 

Bet Cams 2 22.01 0.293 N.S 57858 3.978 • 6432 ' 4.234 • 
Fams x B. 4 260.25 3.469 • 76534 5.263 •• 7543 4.965 • 
Error 21 75.03 14543 1519 

Bl+B2 \ 

BetB. 1 42.94 0.640 N.S 5907 0.912 N.S 1805 1.146 N.S 

Bet Cams 2 25.71 0.383 N.S 12876 0.912 N.S 1805 1.146 N.S 

FamsxB. 2 372.31 5.546 • 112513 7.971 •• 10842 6.879 • 
Error 13 67.13 14116 1576 
B3 
Bet Cams 2 141.96 1.616 N.S 85085 5.583 • 8816 6.177 * 
Error 8 87.87 15239 1427 

19A Bl+B2+B3 
Bet B. 2 261.05 5.748 ** 19698 2.244 N.S 2145.4 2.613 n.s 

Bet Cams 4 36.23 0.798 N.S 21720 3.385 • 3271.5 3.985 * 
FamsxB. 8 38.35 0.845 N.S 9319 1.061 N.S 899.0 1.095 N.S 

Error 60 45.41 8779 820.9 
Bl+B2 
BetB. 10.58 0.176 N.S 27303 2.785 N.S 2583 2.530 N.S 
Bet Cams 4 60.87 1.015 N.S 15456 1.576 N.S 1608 1.575 N.S 
FamsxB. 4 39.43 0.657 N.S 12711 1.296 N.S 1234 1.209 N.S 
Error 40 59.98 9804 1021 
B3 
Bet Cams 4 12.64 0.776 N.S 20191 3.000 * 2226.7 5.293 ** 
Error 20 16.28 6730 420.6 

25A Bl+B2+B3 
Bet B. 2 22.77 0.961 N.S 28065 2.836 N.S 3799 3.364 * 
Bet Cams 2 64.38 2.716 N.s 22858 2.310 N.S 3308 2.929 N.S 
Famsx B. 4 36.26 1.530 N.S 1392 0.141 N.S 172 0.153 N.S 
Error 35 23.70 9896 1129 
Bl+B2 
BetB. 1 41.42 1.915 N.S 7 0.001 N.S 72.6 0.093 N.S 
Bet Cams 2 59.74 2.762 N.S 10142 1.651 N.S 1747.9 2.231 N.S 
Famsx B. 2 - 67.29 3.111 N.S 350 0.057 N.S 71.8 0.092 N.S 
Error 23 21.63 6141 .783.6 
B3 
Bet Cams 2 9.87 0.357 N.S 15149 0.886 N.S 1833 1.023 N.S 
Error 12 27.67 17091 1792 
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Table E-24b. The ANOV A of silking to maturity stage for the S2 families derived from 
the same double cross. 

Source of Days Ontario Gilmore-Rogers 
DC variance Of M.S F P M.S F P M.S F P 

4 BI+B2+B3 
Bet B. 2 50.96 1.719 N.S 2276 0.558 N.S 426.0 1.091 N.S , 
Bet fams 4 281.36 2.744 N.S 8238 2.020 N.S 236.1 0.605 N.S 

Famsx B. 4 15.86 0.535 N.S 1792 0.439 N.S 236.1 0.605 N.S 

Error 36 29.64 4078 390.5 

Bl+B2 
, 

BetB. 86.70 2.265 N.S 1883 0.376 N.S 25.7 0.063 N.S 

Bet fams 2 22.30 0.582 N.S 10068 2.009 N.S 1615.3 3.927 • 
Famsx B. 2 7.30 0.191 N.S 1064 0.212 N.S 59.1 0.144 N.S 

Error 24 38.28 5012 411.3 
B3 
Bet fams 2 83.47 6.749 • 690 0.312 N.S 553.2 1.585 N.S 
Error 12 12.37 2210 3490 

9A2 Bl+B2+B3 
Bet B. 2 49.08 1.617 N.S 1886 0.279 N.S 734.7 1.147 N.S 
Bet fams 2 99.39 3.274 N.S 21809 3.226 N.S 6435.3 10.050 • 
Fams x B. 4 66.40 2.188 N.S 13203 1.953 N.S 1673.2 4.666 • 
Error 31 30.35 6761 640.3 
BI+B2 
BetB. 54.29 2.797. N.S 3770 0.680 N.S 1064.1 1.894 N.S 
Bet fams 2 79.28 4.085 • 9831 1.774 N.S 4759.4 8.471 •• 
Famsx B. 2 70.28 3.621 • 18721 3.378 N.S 2621.7 4.666 • 
Error 24 19.41 5541 561.9 
B3 
Bet fams 2 82.60 1.644 N.S 19662 2.190 N.S 2399.2 3.064 N.S 
Error 11 50.25 8978 782.9 

llA Bl+B2+B3 
Bet B. 2 97.18 3.558 • 65849 6.827 •• 8961 8.279 •• 
Bet fams 4 203.33 7.444 •• 60365 6.259 •• 4632 4.280 •• 
FamsxB. 8 38.14 1.396 N.S 7511 0.779 N.S 654 0.605 N.S 
Error 59 27.31 9645 1082 
Bl+B2 
Bet B. 1 192.08 7.758 • 37765 4.833 • 5250.4 5.380 • 
Bet fams 4 205.13 8.285 •• 56549 7.237 •• 4079.7 4.181 •• 
FamsxB. 4 48.13 1.944 N.S 5418 0.693 N.S 490.5 0.503 N.S 
Error 40 24.76 7814 ·975.9 
B3 
Bet fams 4 26.35 0.806 N.S 13421 0.994 N.S 1371 1.049 N.S 
Error 19 32.69 13500 1307 
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Continued table E-24b. 

SourceoC Days Ontario Gilmore-Rogers 
DC variance Of M.S F P M.S F P M.S F P 

16A Bl+B2+B3 
BetB. 2 84.22 2.318 N.S 14134 1.439 N.S 1164 0.999 N.S , 
Bet Cams 2 7.94 0.219 N.S 41106 4.186 ... 4995 4.284 ... 
Fams x B. 4 62.43 1.718 N.S 36691 3.732 ... 3112 2.669 N.S 
Error 22 36.33 9820 1166 
Bl+B2 
BetB. 1 83.29 1.945 N.S 25990 2.337 N.S 1519 1.094 N.S 
Bet Cams 2 32.01 0.748 N.S 8741 0.786 N.S 1111 0.801 N.S 
FamsxB. 2 36.91 0.862 N.S 7173 0.645 N.S 678 0.488 N.S 
Error 16 42.82 11123 1388 
B3 
Bet fams 2 64.10 3.369 N.S 98794 15.568 ...... 9451.4 16.462 ...... 
Error 6 19.03 6346 574.1 

19A2 Bl+B2+B3 
BetB. 2 12.44 0.280 N.S 48233 4.643 ... 6458 6.351 ...... 

Bet fams 4 248.69 5.597 ...... 25474 2.451 N.S 4268 4.197 ... 
FamsxB. 8 35.31 0.795 N.S 5686 0.547 N.S 745 0.732 N.S 
Error 57 44.43 10396 1017 
Bl+B2 
BetB. 5.47 0.124 N.S 5213 0.578 N.S 1726.0 1.853 N.S 
Bet Cams 4 214.36 0.871 N.S 15565 1.727 N.S 3136.5 3.367 ... 
FamsxB. 4 13.38 0.304 N.S 7122 0.790 N.S 1216.7 1.306 N.S 
Error 37 44.01 9014 931.6 
B3 
Bet fams 4 91.56 2.025 N.S 14159 1.093 N.S 1403 1.195 N.S 
Error 20 45.22 12951 1175 

25A Bl+B2+B3 
BetB. 2 48.62 1.108 N.S 7105 0.758 N.S 1836.0 1.966 N.S 
Bet fams 2 289.62 6.597 ...... 5911 0.631 N.S 800.2 0.856 N.S 
Fams x B. 4 16.36 0.373 N.S 10657 1.138 N.S 1323.3 1.416 N.S 
Error 36 43.90 9368 934.4 
Bl+B2 
BetB. 1 26.13 0.551 N.S 10434 1.048 N.S 1792.9 1.878 N.S 
Bet fams 2 173.33 3.654 ... 6145 0.617 N.S 1629.9 1.707 N.S 
FamsxB. 2 28.13 0.593 N.S 17509 1.758 N.S 1677.4 1.757 N.S 
Error 24 47.43 9959 ·954.8 
B3 
Bet Cams 2 120.87 3.281 N.S 3571 0.436 N.S 139.5 0.156 N.S 
Error 12 36.83 8186 893.7 
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Table E-25a. The ANOVA of maturity stage for the SI families derived from 
the same double cross. 

Source of Days Ontario Gilmore-Rogers 
DC variance Of M.S F P M.S F P M.S F P 

4 Bl+B2+B3 
BetB. 2 62.07 0.939 N.S 7298 1.527 N.S 414.9 \ 1.778 N.S 

Bet fams 2 442.87 6.697 •• 23375 4.889 •• 1637.4 7.015 •• 
Fams x B. 4 63.13 0.955 N.S 7232 1.513 N.S 253.0 1.084 N.S 

Error 36 66.13 4781 233.4 

Bl+B2 
BetB. 116.03 1.927 N.S 3816 0.764 N.S 418.0 1.754 N.S 

Bet fams 2 246.03 4.087 • 12969 2.596 N.S 1031.4 4.329 • 
Fams x B. 2 44.63 0.741 N.S 6316 1.264 N.S 170.6 0.716 N.S 

Error 24 60.20 4996 238.3 

B3 
Bet fams 2 278.47 5.570 • 18555 4.263 • 941.4 4.208 '" 
Error 12 78.00 4352 223.7 

9A B1+B2+B3 
BetB. 2 8.08 0.132 N.S 3955 0.831 N.S 220.6 0.884 N.S 
Bet fams 2 476.03 7.764 "'** 31264 6.566 .'" 1633.0 6.542 "'''' 
Famsx B. 4 205.15 3.346 ... 11965 2.513 N.S 632.6 2.534 N.S 

Error 35 61.31 4761 249.6 
B1+B2 
BetB. 14.35 0.227 N.S 2448 0.482 N.S 145.7 0.566 N.S 
Bet fams 2 651.98 10.314 ••• 44908 8.842 ••• 2326.4 8.873 ••• 
Famsx B. 2 92.48 1.463 N.S 5779 1.138 N.S 323.2 1.233 N.S 
Error 23 63.22 5079 262.2 
B3 
Bet fams 2 141.87 2.460 N.S 4506 1.085 N.S 248.6 1.102 N.S 
Error 12 57.67 4153 225.6 

llA Bl+B2+B3 
BetB. 2 42.45 0.727 N.S 8885 2.111 N.S 425.8 1.950 N.S 
Bet fams 4 96.89 1.660 N.S 6751 1.604 N.S 344.6 1.578 N.S 
Famsx B. 8 45.74 0.783 N.S 4274 1.015 N.S 235.3 1.078 N.S 
Error 60 58.38 4210 218.3 
Bl+B2 
BetB. 1.28 0.222 N.S 334 0.080 N.S 14.9 0.069 N.S 
Bet fams 4 71.28 1.227 N.S 4902 1.669 N.S 251.6 1.169 N.S 
Fams x B. 4 15.28 0.263 N.S 1445 0.345 N.S 80.6 0.374 N.S 
Error 40 58.10 4193 215.3 
B3 
Bet fams 4 101.80 1.727 N.S 8953 2.110 N.S 483.0 2.152 N.S 
Error 20 58.94 4243 244.5 
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Continued table E-25a. 

SourceoC Days Ontario Gilmore-Rogers 
DC variance DC M.S F P M.S F P M.S F P 

16A Bl+B2+B3 
Bet. B. 2 111.18 1.242 N.S 20767 4.150 • 1012.0 3.809 • , 
Bet. Cams 2 132.51 1.480 N.S 5411 1.081 N.S 349.5 1.315 N.S 
Famsx B. 4 71.22 0.796 N.S 5177 1.035 N.S 228.5 0.860 N.S 
Error 21 89.52 5007 265.7 

Bl+B2 \ 

Bet. B. 1 25.6 0.251 N.S 2350 0.373 N.S 96.8 0.290 N.S 
Bet. Cams 2 32.3 0.317 N.S 1124 0.178 N.S 57.4 0.172 N.S 

Famsx B. 2 14.3 0.141 N.S. 1767 0.281 N.S 56.5 0.169 N.S 

Error 13 102.0 6298 334.0 

B3 
Bet. Cams 2 223.74 3.230 N.S 12530 4.315 N.S 675.1 4.365 • 
Error 8 69.26. 2904 154.7 

19A Bl+B2+B3 
Bet. B. 2 74.44 1.158 N.S 1190 0.227 N.S 121.3 0.408 N.S 
Bet. Cams 4 194.15 3.020 • 10482 1.998 N.S 668.8 2.249 N.S 
FamsxB. 8 44.52 0.693 N.S 2414 0.460 N.S 106.8 0.359 N.S 

Error 60 64.29 5245 297.4 
Bl+B2 
Bet. B. 48.02 0.6O~ N.S 1547 0.261 N.S 211.6 0.596 N.S 
Bet. Cams 4 110.12 1.395 N.S 8174 0.381 N.S 381.1 1.074 N.S 
FamsxB. 4 44.92 0.569 N.S 3449 0.583 N.S 134.7 0.380 N.S 
Error 40 78.93 5918 354.8 
B3 
Bet. Cams 4 128.16 3.660 • 3686 0.946 N.S 366.5 2.007 N.S 
Error 20 35.02 3898 182.6 

25A Bl+B2+B3 
Bet. B. 2 70.58 1.273 N.S 8020 2.025 N.S 458.4 2.224 N.S 
BeL Cams 2 331.83 5.987 •• 23412 5.911 •• 1184.5 5.746 •• 
FamsxB. 4 102.42 1.848 N.S 7170 1.810 N.S 366.5 1.778 N.S 
Error 35 55.43 3961 206.1 
Bl+B2 
Bet. B. 1 113.10 1.860 N.S 8309 1.879 N.S 472.2 2.046 N.S 
Bet. Cams 2 292.70 4.813 • 21986 4.970 • 1106.9 4.795 • 
FamsxB. 2 165.10 2.715 N.S 11557 2.613 N.S 578.3 2.505 N.S 
Error 23 60.82 4423 . 230.8 
B3 
BeL Cams 2 78.87 1.749 N.S 4209 1.369 N.S 232.2 1.462 N.S 
Error 12 45.1 3074 158.8 
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Table E-25b. The ANOV A of maturity stage for the S2 families derived from 
the same double cross. 

Source of Days Ontario Gilmore-Rogers 
DC variance Df M.S F P M.S F P M.S F P 

4 Bl+B2+B3 
Bet. B. 2 93.89 2.575 N.S 8853 3.069 N.S 469.8 3.290 N.S 
Bet. fams 2 333.96 9.158 •• 24876 8.624 •• 1394.4 9.764 •• 
Famsx B. 4 34.62 0.949 N.S 3323 1.152 N.S 161.7 1.133 N.S 
Error 36 36.47 2885 142.8 
Bl+B2 
Bet. B. 1 140.83 3.561 N.S 10195 3.244 N.S 571.9 3.680 N.S 
Bet. fams 2 144.40 3.651 N.S 10067 3.204 N.S 591.5 3.806 N.S 
FamsxB. 2 1.73 0.044 N.S 169 0.054 N.S 2.5 0.016 N.S 
Error 24 39.55 3142 155.4 
B3 
Bet. fams 2 257.07 8.484 •• 21287 8.985 •• 1123.8 9.554 •• 
Error 12 30.30 2369 117.6 

9A Bl+B2+B3 
Bet. B. 2 211.73 6.117 •• 14705 6.746 •• 772.0 6.518 •• 
Bet. fams 2 880.80 25.449 ••• 56406 25.877 ••• 2904.6 24.523 • •• 
Famsx B. 4 144.47 4.174 ·8 9377 4.302 •• 478.1 4.036 •• 
Error 31 34.61 2180 118.4 
Bl+B2 
Bet. B. 348.16 4.357' •• 19205 8.544 •• 1012.3 8.189 •• 
Bet. fams 2 730.54 19.634 ••• 50453 22.444 • •• 2560.3 20.711 • •• 
FamsxB. 2 260.26 6.995 •• 15905 7.076 •• 824.5 6.669 •• 
Error 20 37.21 2248 123.6 
B3 
Bet. fams 2 178.99 5.989 • 8803 4.282 • 476.0 4.366 • 
Error 11 29.89 2056 109.0 

11A Bl+B2+B3 
Bet. B. 2 27.60 0.696 N.S 8941 3.205 N.S 614.7 4.468 • 
Bet. fams 4 174.20 4.394 • 15074 5.403 • 736.1 5.351 • 
FamsxB. 8 55.78 1.407 N.S 4614 1.654 N.S 215.3 1.565 N.S 
Error 59 39.64 2790 137.6 
Bl+B2 
Bet. B. 1 15.68 0.325 N.S 53 0.Ql5 N.S 51.6 0.293 N.S 
Bet. fams 4 150.13 3.115 • 14416 3.976 • 623.9 3.548 • 
Famsx B. .4 60.63 1.258 N.S 5592 1.542 N.S 309.8 1.762 N.S 
Error 40 48.20 3632 . 175.8 
B3 
Bet. Cams 4 75.00 3.467 • 2494 4.169 • 232.90 4.082 • 
Error 19 21.63 1030 57.06 
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Continued table E-25b. 

Source of Days Ontario Gilmore-Rogers 
DC variance Of M.S F P M.S F P M.S F P 

16A Bl+B2+B3 
Bet. B. 2 13.22 0.440 N.S 9147 4.645 • 479.6 4.671 • 
Bet. fams 2 262.60 8.745 ••• 10687 5.427 •• 599.1 5.835 •• 
FamsxB. 4 48.79 1.625 N.S 3349 1.701 N.S 198.7 1.935 N.S 
Error 23 30.03 1969 102.7 
Bl+B2 

\ 

Bet. B. 1 0.39 0.010 N.S 269 0.103 N.S 10.8 0.080 N.S 
Bet. fams 2 244.51 6.455 •• 15927 6.093 •• 901.5 6.684 •• 
FamsxB. 2 15.83 0.418 N.S 929 0.355 N.S 54.7 0.405 N.S 
Error 17 37.88 2614 134.9 
B3 
Bet. fams 2 100.019 12.837 •• 513.5 3.609 N.S 39.33 3.435 N.S 
Error 6 7.792 . 142.3 11.45 

19A Bl+B2+B3 
Bet. B. 2 3.55 0.065 N.S 10728 2.499 N.S· 357.2 1.657 N.S 
Bet. fams 4 864.7 15.726 ••• 54963 12.801 ••• 3076.0 14.271 ••• 
Fams x B. 8 73.62 1.339 N.S 6525 1.520 N.S 293.8 1.363 N.S 
Error 58 54.98 4294 215.5 
Bl+B2 
Bet. B. 1 2.42 0.045 N.S 827 0.186 N.S 15.0 0.067 N.S 
Bet. fams 4 801.47 14.751 ••• 58318 13.131 ••• 3174.8 14.223 ••• 
FamsxB. 4 55.57 1.023 N.S 4046 0.911 N.S 160.3 0.718 N.S 
Error 38 54.33 4441 223.2 
B3 
Bet. fams 4 154.90 2.755 N.S 5649 1.408 N.S 328.6 1.635 N.S 
Error 20 56.22 4013 200.9 

25A Bl+B2+B3 
Bet. B. 2 5.07 0.096 N.S 2702 0.739 N.S 210.6 1.176 N.S 
Bet. fams 2 676.07 12.818 ••• 44642 12.216 ••• 2091.4 11.679 ••• 
FamsxB. 4 71.43 1.354 N.S 4764 1.304 N.S 233.0 1.301 N.S 
Error 36 52.74 3654 179.1 
Bl+B2 
Bet. B. 1 6.53 0.120 N.S 667 0.169 N.S 87.6 0.467 N.S 
Bet. fams 2 575.63 10.581 ••• 40470 10.250 ••• 1821.9 9.720 • •• 
FamsxB. 2 86.23 1.585 N.S 6254 1.584 N.S 338.1 1.804 N.S 
Error 24 54.40 3948 . 187.4 

B3 
Bet. fams 2 157.07 3.177 N.S 7446 2.428 N.S 397.4 2.448 N.S 
Error 12 49.43 3076 162.4 
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Table 26a. Summury of the ANOVA of flowering and 'maturity stages for 
the double crosses, the S I and S2 families. 

----- ---
Trait Method Hybrids SI fams S2 fams 
f--
ANOVA B G GxB B F FxB B F FxB 

Boots Days N.S •• N.S N.S •••• N.S N.S ••• N.S 

3 blk Ontario ••• •• N.S • •• • •• N.s •• ••• N.S 

Gilmore ••• • •• N.S • •• • •• N.S ••• • •• N.S 

2blk 
Days N.S •• N.S N.S ••• N.S N.S • •• N.S 

Ontario N.S ••• N.S N.S ••• N.S N.S •• 't N.S 

Gilmore N.S ••• N.S N.S ••• N.S N.S • •• N.S 

1 blk. , 
Days - N.S - - •• - - •• -
Ontario - N.S - - •• - - ••• -
Gilmore N.S - - ••• - - ••• 

65 Days •• •• n.s ••• • •• •• • •• • •• • •• 
3 blk Ontario ••• • •• N.S • •• ••• • • N.s • •• N.S 

: Gilmore ••• • ••• N.S • •• ••• •• • •• • •• N.S 

2blk 
Days N.s • N.S N.S ••• N.S N.S ••• • 
Ontario N.S •• N.S N.S •• N.S N.S •• • 
Gilmore N.S •• N.S N.S ••• N.S N.S •• • 

1 blk. 
Days - • - - •• - - •• -
Ontario - • - - •• - - •• -
Gilmore - • - - •• - - • •• -

Silk. Days ••• ••• N.s ••• • •• • ••• • •• N.S 
3blk Ontario •• •• N.S •• • •• N.S • ••• N.S 

Gilmore ••• • •• N.s •• • •• N.S •• • •• N.s 
2blk 

Days N.s • N.S N.s •• N.S • ••• N.S 
Ontario N.S • N.S N.S ••• N.S • ••• N.S 
Gilmore N.S • N.S N.S •• N.S •• • • N.S . 

1 blk 
Days - • - - ••• - - •• -
Ontario - • - - ••• - - •• -
Gilmore · • - · ••• · - •• -

S-M Days ••• •• N.S ••• •• N.S • ••• N.S 
3blk Ontario ••• •• N.s • •• •• N.S • •• • •• N.S 

Gilmore ••• •• N.S ••• • •• N.S • •• • •• N.S 
2blk 

Days N.S •• N.S N.S •• N.S • •• N.S 
Ontario N.s N.S N.S N.S •• • •• •• N.S 
Gilmore N.S N.S N.S N.S ••• • • •• •• N.S 

t blk. 
Days · N.S - · •• · · • · 
Ontario · • · · •• · · • · 
Gilmore - •• · · •• · · • · 

MaL Days N.s •• N.s N.S ••• N.S N.S • •• • 
3blk Ontario N.s •• N.s • ••• N.s • •• • •• • 

Gilmore N.s •• N.s N.s ••• N.S • •• • •• • 
2blk 

Days N.s •• N.S N.S ••• N.S N.s ••• • 
Ontario N.s •• N.S N.S ••• N.S N.S ••• N.S 
Gilmore N.S •• N.s N.S. ••• N.S N.S ••• • 

1 blk. . 
Days - N.s · · ••• · · • •• · 
Ontario · N.S. · · • •• · · • •• · 
Gilmore · N.s · · ••• · · . • •• · 
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Table E-26b. SUllary of the AMOVA results of Sl and S2 falilies which derived frol each 
of the double crosses ~, ~A2, 11A, 16A,' 19A2, and 2SA for floMering and 
laturity stages. 

t-----------------------------------------------------____________________________ · ______ t 
:Trait:Sour-: S1 (uUli:s : S2 (a.ai&s : 

: : :--------------------------------------t-------------·-----------------------: 
: and Ice of: Days :Ontario HUO lGillore HUD : Days lOntario HUO :Gillore HUO : 
: : :-----------t------------t-------------t-----------t------------t------------l 
:O.C. :Var. : l' 2' II: l 2 1: l 2 I : l, 2 J: l 2 I: 3 2 I: 
:-----t-----t-----------t------------t-------------t-----------t------------t------------: 
:~ :S :N.S N.S - : I N.S - :.. N.S - :N.S N.S - : N.S N.S - : N.S N.S - : 
:SootslF IH.S N.S N.S: N.S N.S-N.S: N.S N.S N.S It. ttl •• t: ••••••••• : .t • •••• t'l 
: :f x S:N.S N.S - : N.S N.S-- : N.S N.S - :. N.S - :. N.S - : N.S N.S - : 
:-----t-----t-----------t------------t-------------t-----------t------~-----f------------: 
: /S :M.S N.S - : N.S N.S - : t N.S - :. II.S - : M.S"iI.S - : N.S N.S - : 
:65 :f :N.S N.S N.S: N.S N.S N.S: N.S N.S N.S :.t. I •• I : .t. t. . : It I I. I : 
: :f x S:N.S N.S - : N.S N.S - : N.S N.S - :N.S N.S - : N.S N.S - : N.S N.S' : 
:-----t-----f-----------t------------t-------------t-----------t------------t------------: 
: :8 :N.S N.S - : N.S N.S - : N.S N.S - :.. N.S - I N.S N.S - : N.S N.S - : 
:Silks:f :1 I.S N.S: I. N.S I.S:' I.S I.S :... •••• : "',1' • : af. a. • : 
: :f x a:N.S N.S - : N.S N.S - : N.S N.S - :N.S H.S - : H.S H.S - : N.S N.S - : 
:-----f-----.-----------.------------t_------------t-----------t------------f------------: 
: :S :N.S N.S - 0: ss s - :., N.S - :N.S H.S - : H.S H.S - : N.S N.S - : 
:Silk-:f :f. N.S" : N.S N.S N.S: N.S N.S N.S :N.S N.S' 1 H.S H.S N.S:': * N.S: 
:"at. :F x S:N.S N.S - : N.S N.S - : N.S H.S - :N.S N.S - : N.S N.S - : N.S N.S - : 
:-----t-----t-----------t------------t-------------t-----------t------------t------------l 
: :S :N.S N.S - : N.S N.S - : N.S N.S - :N.S~N.S - : N.S N.S - : N.S N.S - : 
/~tu-:f ':u. • : f N.S' : U • , In N.S as : U N.S": U N.S U : 

lrity If x BlN.S N.S - : N.S N.S - : N.S N.S - :N.S N.S - : N.S N.S - : N.S N.S - : 
:-----t-----t-----------t------------t-------------t-----------t------------t------------: 
:9A2:a :M.S N.S - : N.S N.S - : N.S N.S - :' • - : a. • - : a. • - : 
:soots:r lIt' "~I N.S: "I 'I' N.S: 'I' , •• N.S IN.s I.S N.S: I.S I.S N.S: I.S N.S N.S: 
: If x sl' N.S - :. N.S - :. N.S - :N.S N.S - I N.S N.S - : N.S N.S - I 
l-----t-----.-----------t-----~------t-------------f-----------t------------t------------: 
: :S !' N.S - : N.S N.S - I N.S N.S - :' N.S - : N.S N.S - : N.S N.S - : 
:65 :r :"" N.S:" " 1.5:" f' N.S :N.S I.S N.S: I.S N.S H.S: N.S N.S 1.5: 
: :f x a:' N.S - :' 1.5 - :. N.S - IN.s I.S - I 1.5 N.S - : 1.5 N.S - 1 
:-----t-----t-----------t------------t-------------t----------·t~-----------t------------: 
: :8 IN.S N.S - : N.S N.S - : I.S N.S - :,. t - : 1.5 N.S - : N.S 8 1 
lSilks:F l'" .". :" ",. : ". ,.,. III. I. , : .... a • : ••••• • : 
: :F x S:' N.S - :' N.S - :' N.S - :. , - :' * - :' , - : 
:-----t-----t-----------t------------t-------------t-----------t------------t------------: 
: :8 :N.S N.S - : N.S N.S - : N.S N.S - IN.S N.S - : N.S N.S - : N.S N.S - 1 
lSilk-:r IN.S N.S N.S:'" • :" I. * IN.S' N.S: N.S N.S 1.5:' ., N.S: 
lKat. IF x alK.S N.S - 1 N.S N.S - :' N.S - :N.S' - : N.S N.S - : I.S' - : 
:---~-t-----t-----------t_-----------t-------------.-----------t------------t---~--------: 
: :8 IN.S N.S - I •• 5 N.S - : I.S I.S - : ••• s, - I" •• - I" ., - I 
:Katu-:r :', •• ,' 1.5:" ., 1.5:" '" I.S :.,. "., : ••••• ,. : , ••• ," : 
:riLy If x B:' N.S - I N.S N.S - : I.S I.S - I" a. - : I' '1 • : I. •• - : 
I-----t-----t-----------f------------t-------------t-----------t------------t------------: 
IliA 18 :N.S N.S - : I.S I.S - : I.S I.S· :N.S I.S - : 1.5 N.S - : N.S H.S - : 
:soots:r :N.S N.S N.S: N.S N.S N.S: H.S 1.5 N.S:' N.S' :. H.S' :. 1.5' : 
: :f x B:N.S H.S - : N.S N.S - : H.S N.S - :N.S 1.5 - : N.S N.S - : N.S N.S - : 
:-----t-----t-----------t------------.-------------t-----------t------------t------------l 
:' :8 :' N.S - I N.S N.S· : N.S N.S - :N.S I.S - : 1.5 N.S - I' N.S - I 
165 :f :N.S I.S N.S: N.S N.S N.S: N.S N.S N.S I' • I.S:' • I.Sl' • I.sl 
: If x B:N.S N.S - I N.S I.S· I I.S I.S - 1M.S I.S - : 1.5 N.S - : N.S N.S - I 
:-----f-----t-----------t------------t------.. -----t-----···-·-.·_·------·_·f--·_·-------: 
: l8 I" I.S - : 1.5 I.S· : I.S N.S - IN.S 1.5 - I 1.5 N.S - I' 1,5 - I 
:Silks:r :1.5 1.5 N.S: I.S 1.5 I.S: 1.5 1.5 I.S I"~ • I.S: * • N.S: II • N.S: 
: Ir x BlN.S I.S - I •. S N.S - : 1.5 I.S - lM.S N.S - I 1.5 I.S - : N.S N.S· : 
1-----t-----t-----------t--_ .. -------t-------------t-----------t------------t------------: 
I :8 IM.S N.S - I N.S N.S - : N.S 1.5 - I' • - :.. • - : '" - : 
ISilk-lr IK.S N.S I.S: I.S H.S 1.51 H.S N.S I.S :,. II , : II " , : I. .* •• : 
:Kat. :f x a:N.S N.S - : I.S N.S - : N.S 1.5 - :N.S '.S - : 1.5 N.S - : N.S N.S - : 
I-----t-----t-----------.------------t-------------.----------~.-~----------t------------: 
: 18 :H.S '.S - : '.5 N.S - : I.S I.S - IN.S 1.5 -' : I.S N.S - !. N.S - : 
:ftatu-1F IN.S N.S N.S: '.S N.S I.S: N.S I.S N.S:' , * :. • • :. , * : 
:rity :f x 8:I.S •• 5 - : I.S N.S - : I.S I.S - :N.S N.S - : •• 5 I.S - : I.S N.S· : 
t·_···--·_····-·_·_·---·············_········-·_··_·----...• -----.•...... ----........... -. 
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Continued table 26b. 
I····················································~ .........•.•.•.•........•..•...••.. , 
:r r ait I Sou r' I Sl families I S 2 families : : : : ........................•.•......•....•..........•.....•.....•.............. : 
I and lee of: Days IOntario HUD IGillore HUD : Days IOnt.rio HUD lGillore HUO 1 : : : ........... , ..••..•..••. , ............. , ........... , .••..•...•.. , ............ : 
IO.C. :Var. : J' 2' 1': 3 2 1 I 3 2 1 : J 2 1: 3 2 1 I 3 2 1 I : ..... , ..... , ....•...... , ...........• , .......•..••. , .•......... , ........•... , .•...••.••.. : 
116A:8 :M.S N.S· I N.S N.S· I N.S N.S· :H.S N.S· I N.S N.S· I N.S N.S· I 
:8oots:f :N.S N.S N.S: N.S N.S N.S: N.S N.S N.S : •••.••• N.S: •• , , •• N.S: •••••• N.S: 
: If x 8:N.S N.S· : N.S N.S· : N.S N.S· :N.S N.S· : N.S N.S· I N.S N.S· I 
: ..... , ..... , ........... , ............ , ......•...... , .• ·········t············t············: 
: :8 I"*N.S·:' N.S·":N.SN.S· :N.SN.S· IN.SN.S· IN.SN.S· I 
165 :f :N.S N.S .a : N.S N.S ., 1 N.S N.S ••• :,., ,... : " •• ". : '" •••• : 
: If x 8:' N.S· :. N.S· :' N.S· :H.S N.S· 1 N.S N\S' : N.S N.S· : : ..... , ..... , .••....••.. , ............ , .........•... , ........... , .•....•..... , ...••....... : 
I 18 IN.S N.S· I N.S N.S· I N.S N.S· :' N.S· : N.S N.S· 1 N.S N.S· : 
:Silks:F lH.S N.S .,': N.S N.S ••• : N.S N.S , •• :. N.S" I' N.S":' N.S": 
: :f x 8:N.S N.S· I N.S N.S· : N.S N.S· :N.S N.S· : N.S N.S· I N.S N.S· : 
l·····t·····,···········,············,·············,·· ...•.•... , ..••...•.... , ..•......••. : 
: IS IN.S N.S· : N.S N.S· : N.S N.S· IN.S N.S· I N.S N.S· : N.S N.S· I 
ISilk':f :N.S N.S N.S:' N.S' :. N.S' IN.S N.S N.S:' N.S":' N.S": 
: Ha t. : f x 8: I • • : u u • :. : N. S N. S· :. N. S' : N. S N. S' : 
l·····'·····,·········~·,············,·············,···········,············,············1 
: IS IN.S N.S· I' N.S· I' N.S· :N.S N.S· :. N.S· I' 'Ii.S· I 
:Hatu'lf :N.S N.S N.S: N.S N.S N.Sl N.S N.S' I""'" I' •• N.Sl" ,. N.Sl 
:rity :f x 81N.S N.S· : N.S N.S· I N.S N.S· :N.S N.S· I N.S N.S· I N.S N.S· I : ..... , ..... , ........... , ............ , .......•.•..• , ..... ; ..... , ..•••.....•• , ....•....... : 
: 19A 18 : N . S N. S' : uN. S· I UN. S' : H.S N. S' : N. S N. S' I' N. S' I 
ISoots:f IN.S N.S •• : N.S N.S' I N.S N.S' :N.S N.S' : ••• • a. N.S: ., •••• N.S: 
: If x SIN.S N.S· I N.S N.S· : N.S N.S· :N.S N.S· : N.S N.S· : N.S N.S· : : ..... , ..... , .••....••.. , ........ ; ... , .....•..•.•.. , .•••...•.•. , ..••••....•• , ..........•. : 
I :S IN.S N.S· : N.S N.S· :. N.S· IN.S N.S· : N.S N.S· : N.S N.S· I 
:65 If I" ,. •• I I. I .1 I I I • I'" I. • I '" •••• I ,., *" a : 
: :f x a:K.S H.S - : H.S H.S· : H.S H.S· :H.5' . : H.S' • : H.S' • : 
I·····'·····.···········,············.·············,···········.············.············1 
: 18 :u N.S· I N.S N.S· : N.S N.S· IN.S N.S· : N.S N.S· l' N.S· I 
:Silkslf I" N.S * I" N.S' 1 '" N.S' I.... N.S: a. ,. N.Sl , ••••• N.Sl 
I If x B1N.S N.S· : N.S N.S· : N.S N.S· :N.S N.S· I K:S N.S· : N.S N.S· : 
:·····t·····.···········.············,·············.·· ••..••... , ••••.••••...•.••..•••••.. : 
1 lB In N.S· : N.S N.S· 1 N.S N.S· IN.S N.S· : * N.S· I U N.S· 1 
lSilk':f IN.S N.S N.S:' N.S' I' N.S" :,. N.S N.Sl N.S N.S N.Sl' , N.S: 
lHat. IF x elN.S N.S· I N.S N.S· I N.S N.S· IN.S N.S· I N.S N.S· I N.S N.S· : 
:·····t·····.···········,············,·············,·· ......... , .........•.. , .......•.... : 
: .. le IN.S N.S· 1 N.S N.S· I N.S N.S· lK.S N.S· : N.S N.S· I Ii.S N.S· I 
lHatu'lf :. N.S' : N.S N.S N.S: N.S N.S N.S I'" '" N.S: .a . ... N.S: , •••••• N.S: 
lrity If x elN.S N.S· : N.S N.S· : N.S N.S· :N.S N.S· I N.S N.S· : N.S N.S· : 
I·····'·················,····························· ...•..... , ......•..... , .........•.. : 
12SA:8 IN.S N.S· : N.S N.S· I N.S N.S· lK.S N.S· : N.S N.S· : N.S N.S· 1 
18oots:F :N.S N.S N.Sl N.S N.S N.S: N.S N.S N.S :N.S N.S N.S: N.S N.S N.S: N.S N.S N.Sl 
: IF x 6:N.S N.S· 1 N.S N.S· I N.S N.S· IN.S N.S· : N.S N.S· I N.S N.S· : 
: .....•..... , ...........•............•.............•.. ···································1 
: 18 IN.S N.S· 1 Ii.S N.S· 1 N.S N.S· IN.S N.S· : N.S N.S· : N.S N.S· : 
:65 :f :.". • : UI N.S' : an. • :. • • I U * • :' , , : 
I lF x alN.s N.S· 1 N.S N.S· : N.S N.S· IN.S N.S· I N.S N.S· I N.S N.S· I 
I·····'·····.···········,············.·············.·· ......... , ............ , ............ : 
1 :8 IN.S N.S· : N.S N.S· I N.S Ii.S· :H.S N.S· : N.S II.S· : N.S N.S· : 
ISilkslr :N.S' N.Sl' • N.Sl' , N.S l' • N.Sl N.S' N.S: * •• N.Sl 
: :F x 81N.S N.S· : N.S N.S· : N.S N.S· IN.S N.S· 1 N.S N.S· : II.S N.S· I 
1·····.·····.···········.············.·············.···········.············.············1 
: 18 IN.S N.S· : N.S N.S· :' N.S· IN.S N.S· : N.S N.S· : II.S NoS' I 
ISilk·:r IN.S N.S N.Sl N.S N.S N.S: N.S N.S N.S :,. , N.S: •• S N.S N.S: N.S N.S N.Sl 
lHat. :F x alN.S N.S· : N.S N.S· : N.S N.S· IN.S N.S· : N.S N.S· : N.S N.S· : 

. 1 ••••••••••• + •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1 ... -r- 18 IN.S N.S· : N.S H.S· : N.S N.S· lH.S N.S· : N.S N.S 4 : N.S N.S· : 
:Katu.:r .. '. In • ..S: u • ..S: u a N.s:m ... N.S: au an N.S: au m N.S: 
:rHy IF x 8:H.S N.S· I K.S N.S· : N.S N.S· :U U •• : N.S N.S· : N.S NoS' : 

. t····················································· ...••.••...•••.••••••••••••....•.•. + 
3' I r I ~ I' are the AJI)V! ruub rar 11Ii!IB3. BliB!. &rid B3 rapectiTtlf 0 
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Table 27. Coefficient of variation from the ANOVA for flowering and maturity stages 
for the calendar days and heat unit-degrees methods. 

Coefficient of variation 

Stage and Three blocks Two blocks One block 

Generation day Onto Gil. day Ont Gil. day Ont 

boots D.C 7.8 9.7 10.6 7.3 9.4 10.4.:· 7.5 9.1 
SI 8.1 10.0 10.8 8.6 11.0 12.0 6.9 8.0 
S2 7.3 9.3 10.2 8.2 10.2 11.2 7.1 8.8 

65 D.C 3.9 5.2 5.6 3.9 5.3 5.8 4.0 5.0 
stage SI 4.5 5.7 6.2 4.4 5.8 6.3 4.7 5.5 

S2 4.9 5.8 6.3 4.8 5.9 6.4 5.0 5.8 

silking D.C 5.0 6.6 7.1 4.9 6.6 7.2 5.1 6.5 
stage SI 5.8 7.3 7.8 5.7 7.4 8.0 5.9 7.1 

S2 5:5 6.6 7.1 5.3 6.5 7.1 5.9 6.8 

silking D.C 8.5 7.5 8.4 8.2 7.0 7.9 8.8 8.5 
to SI 9.1 9.6 11.3 9.2 9.1 11.0 8.8· 10.5 

maturity S2 9.3 11.0 12.8 9.5 10.5 12.3 9.1 12.1 

maturity D.C 4.7 2.7 2.0 4.6 2.6 1.9 4.9 2.8 
stage SI 4.7 2.6 2.0 4.9 2.7 2.1 4.4 2.4 

S 4.0 2~2 1.7 4.1 2.4 1.8 3.6 2.0 2 

Table E-28. The faster SI and S2 families reached the different flowering 
and maturity stages.(see tables E-ll to E-15 for the means) * . 

Boots 65 stage 51lking 5i1king Maturity Maturity 

51 52 51 52 51 52 51 52 51 52 

Gil 

9.7 
8.4 
9.5 

5.3 
5.8 
5.9 

7.0 
7.5 
7.0 

9.2 
12.1 
13.8 

2.2 
1.9 
1.5 

5-8 10-3-19A2 3-26A 10-3-19A2 3-26A 10-3-19A2 1-16A 2-3-9A2 3-26A 10-3-19A2 
2-13 6-4 1lA 5-8 2-4-4 5-8 2-4-4 3-16A 4-5-9A2 4-4 
3-26A 7-4-19A2 3-18 7-4-19A2 2-9A2 3-4-25A 5-9A2 5-1-11A 3-18 
3-18 2-4-4 4-25A 3-4-25A 4-21B 1-2-9A2 4-17 4-1-16A 2-13 
5-19A2 9-1-4 4-4 4-4 4-2-19A2 5-19A2 6-5-16A 2-9A2 
2-19A2 2-13 4-25A 1-5-11A 5-16A 1-12A 
4-19A2 4-22 3-3A 6-4-11A 5-24A 4-21B 
3-10 4-19A2 3-18 9-1-4 2-20 5-5 
4-4 2-19A2 1-12A 4-7 3-19A2 
2-2B 3-19A2 5-5 1-19A 4-6B 
3-3A 3-3A 4-22 3-3A 
3-19A2 1-2A 

1-4A 

* Families are listed in order. The first one is the earliest and the last 
is the latest for any given stage. 
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3. Results for the Other Al:ronomic Characters. 

Plant Heil:ht and Ear Heil:ht. 

Means of plant height (cm) and ear height (cm) are presented in table E-29 for 

all double cross hybrids, Sh and S2 families. The results of the ANOV A are shown in 

tables E-30, E-31a, and E-31h for the double crosses, SI, and S2 overall, and for the 

individual SI and for the S2 families derived from the same double cross respectively. 

Summaries of these results also are presented in tables E-35a, and E-35b. 

There were no significant differences between the 32 double crosses for plant 

height, but there were significant differences among them at 1 % level for ear height 

overall in blocks 1 and 2, but not in the analysis of block 3. No significant genotype x 

blocks interaction was observed for either trait in all generations. The non­

significant differences for plant height among the double crosses could be because 

they have been developed from closely related single crosses, derived from the same 

set of inbred lines. 

The analysis of variance indicated significant differences at the 1 % level 

among both the SI families and S2 families for both traits in the two dates of planting. 

Comparisons between the means of these traits in blocks 1 and block 2 with those 

obtained from block 3 (date 2) show that plant height and ear height are greater for 

most of the genotypes in block three. There was, however no significant families x 

blocks interaction in any of these ANOV A. This result means that the limits for every 

genotype is determined by the environmental conditions. The variation among SI and 

the S2 families for plant height probably results from the selection and segregation 

although it may attributed to dominant gene effects, as were found to be important for 

plant height in the basic material used to developed this population (Maryam, 1984). 

Gamble (1961) also found that dominant genes were an important contributor to the 

inheritance of plant height. 

Plant height ranged between 137 - 162 ,105 - 163, and 95 - 140 cm for the 

double crosses, the Sh and the S2 families respectively. The ear height for the three 
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generations respectively ranged between 45 - 75, 38 - 87, and 32 - 84 cm in the mean 

of block I and 2. 

Less variability was found among Sl and S2 families derived from the same 

double cross (tables E-3Ia, E-3Ib). In most cases the differences were not significant 

or significant only at the 5% level. The only significant differences at the I % level of 

probability were between Sl families of double cross IIA, and 19A2 for plant height, 

and 4, and 19A2 for ear height. In the S2 generation, significant differences were 

found at the I % level among families derived from double cross IIA, and 25A for 

the plant height em, and among IIA and 16A families for ear height cm. 

A majority of the most promising families among the Sl and the S2 for cold 

tolerance and the flowering stages, were those that were intermediate in plant height 

and intermediate in the ear height. It is clear from this result that these traits showed 

some inconsistency over the three generations, and thus they need to be monitored 

carefully throughout any selection programme with this population. In most cases, it 

seems that selection for early maturity would have no important effects on plant 

height and ear height among the Sl and S2 generations. This conclusion is obvious 

from table E-29 where we can see that S2 families with smallar means for plant height 

and ear height were among those derived from Sl families also with smaller mean 

plant height and ear height (Eg. families 5-9A2, 4-IIA, and 3-19A2). 

Grain Moisture Content at Maturity 

Means for grain moisture content at maturity are shown in table E-29. A 

description of the criterion for judging maturity was given in chapter two and in 

experiment B in chapter three. Cobs were harvested and immediately placed in 

plastic bags to be transferred to the laboratory and the moisture measurements were 

carried out on the same day. The ANOVA for the three generations Sa, Sit and S2 are 

shown in table E-30. The summary of the results is presented in table E-35a. 
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There were significant differences at the 5 % level of probability between the 

double crosses for grain moisture content at harvest, but no significant genotype x 

blocks interaction was found for the double crosses. Highly significant differences 

were found between the Sl and between the S2 families at the 1 % level for grain 

moisture content. There was also no significant families x blocks interaction for the 

S 1 families, but for S2 families there was significant families x blocks interaction at 

the 5 % level only in the analysis of variance of blocks 1 and 2. 

The means of grain moisture content ranged from 30.4 - 34.3,29.9 - 34.5, and 

32.00 - 35.7 for the double crosses ,the Sh and the S2 families respectively. These 

ranges indicate that while there are some changes in the degree of variability observed 

for this character between the three generation there were no important changes in the 

limits of the grain moisture at harvest as a result from the selection either for 

germination at low temperature or for early maturity. In other words it seems that 

selection for cold tolerance and for early maturity have no important negative effects 

on grain moisture content at harvest in this population. 

The results in tables E-31a, E-31b, and E-35b for the ANOVA of the Sl and S2 

families derived from the same double cross, showed for all but 4 families no 

significant differences in the moisture content of the grains among these groups of 

families. The exceptions were between the Sl families derived from double crosses 

16A and 25A, where there were significant differences at the 5 % and 1 % levels 

respectively and between S2 families derived from double crosses 4 and 19A2. These 

results again confirm that the high variability observed among Sl and among S2 

families was mainly due to the variability between families from the different double 

crosses and not due to the differences between families derived from the same double 

cross. As was found for most of the previous traits there was no significant blocks x 

families interaction for this trait. 

The limits of grain moisture at harvest ranged from 30 - 33 %, except for a 

few genotypes where the means were from 33 % up to 35.7 % (for block 1 and 2 

results) and to 38 % (for block 3). These limits indicated that the method we used 
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(firm attachment of the grain to the cob) to detect maturity in this population was 

effective. When plants stay green at harvest time in mild and cold conditions, 

experience shows that grain does not dry to below 30 % moisture in most years. 

Bunting and Gunn (1973), Cavalieri (1985), and Baron et al.(1987) stated that 

relative maturity ratings are based upon moisture percentage at harvest, thus 

percentage moisture at harvest is a trait selected for by breeders. They also stated that 

most of maize genotypes reach physiological maturity at 35 % moisture and, 

moreover that plant traits controlling the rate of grain drying are not well defmed as 

yet. 

In table E-29 we can see that most of the double crosses, Sit and S2 families 

reached physiological maturity under the conditions of this experiment This 

confrrms the suitability of much of the material for the generally unfavourable 

condition~ for grain-maize growing in Northern England. Furthennore, this 

population represents a good source for further selection towards earliness in this· 

environment. 

Results of the Yield Components: Kernel Number. Grain Weia:ht. and 100 kernel 

Weia:ht Per Plant. 

The number of kernels per plant, the grain weight per plant, and the weight of 

100 kernels, for the double crosses, the S 1, and the S2 families are given in table E-32. 

For all these characters and in all three generations the differences between families 

were highly significant (tables E-33 and E-35a). The genotypes and family x blocks 

interactions were mostly not significant. The exceptions were for the number of 

kernels in some of the SI and S2 families, where there were significant family x 

environment interactions at the 5 % and 1 % levels for SI and the S2 families 

respectively. This difference in the interaction for the number of kernels between the 

generations (from non-significant interaction for the double crosses to significant at 5 

% level for SI and at 1 % level for S2 generations) was not unexpected because yield 
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in maize is not a stable character and it will vary with the environment. It has been 

found in many studies (Gamble, 1961; Maryam, 1981; McConnell and Gardner; 

1979b) that the dominance and the over-dominance effects were the most important 

contributors to the inheritance of the yield components. Cross (1977) reported, 

however, that maize hybrids could produce high yields almost regardless of the 

environmental conditions! In reality, hybrids do not perform equally well in all 

environments, but some tend to be closer to the ideal than others and the more stable 

hybrids would have a small genotype x environment interaction. Poneleit and Egli 

(1979) stated that yield increase, due to more kernels per unit area has been shown 

directly and indirectly in numerous studies of the components of yield. In maize, 

Funk and Anderson (1964), Rowe and Andrew (1964), and Eberhart and Russell 

(1969) demonstrated that heterogeneous populations tended to have a better yield 

stability than homogeneous popula~ons; this would explain the significant interaction 

which was shown for the number of kernels per plant in the Sl and S2 generations 

where selfmg will lead to more homozygosity among families. 

The number of kernels ranged between 194 (25B) - 687 (19A2), 116 (4-17)-

455 (3-11B), and 127 (4-2-19A2) - 390 (1-2-9A) for the double crosses, SI, and S2 

families respectively. 

From the table of family means (E-32) it is also clear that there was a 

reduction in the number of kernels per plant in the S I generation compared with the 

yield of the double crosses, on occasions this reduction reaching 50 % for S I families. 

Further reduction happened between the S I and S2 generation, but the fall was not as 

great as that which happened between So and S 1. A small reduction in l00-kernel 

weight was observed through the So. St, and S2 generations. This result leads to the 

conclusion that the decrease in the yield following selfing was mainly the result of a 

reduction in the number of kernels on the smaller cobs obtained with the Sl and S2 

plants compared with the double cross hybrid plants (see Plate 4). The reduction in 

the yield per plant seen in Sl and S2 generation is a common feature in maize as it is a 

cross pollinated crop. Hallauer and Miranda (1988) stated that from the earliest studies 
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maize the effects of the inbreeding were obvious: with increasing homozygosity, 

vigour and productiveness were reduced and traits became flXed and differences 

among lines increased whereas variability within lines decreased. Effects of 

inbreeding were interpreted on the basis of Mendelian genetics because of flXation of 

alleles with increased homozygosity. They reviewed most of the studies on this 

feature and they conclude that, in general, inbreeding led to a reduction in all of the 

yield components and most of the other vegetative and agronomic characters, and 

increased the number of days to flowering. We also found that the Sl and S2 families 

flowered later than the double crosses. Hallauer and Miranda (1988) further argued 

that the degree of reduction is dependent on the percentage homozygosity reached in 

each generation and the number of genetic factors controlling the characters. They 

found that the overall reduction in the yield in terms of gmlplant ranged between -

28.79 gm to -86.38 gm for 25 % to 75 % level of homozygosity. They found that 

selfing in Iowa Stiff Synthetic (BSSS) results in 34 % and 48 % reduction in the yield 

for Sl and S2 generations respectively. 

The results of the separate ANOV A for S It and S2 families derived from the 

same double cross (tables E-34a and E-35b) indicated that less variation was found 

among S 1 and S2 families within the same double cross compared with those derived 

from different double crosses for the number of kernels per plant and the grain weight 

per plant No significant differences were observed between these groups of families 

in the lOO-kernel weight Also there is no significant family x blocks interaction 

except for the number of kernels of the Sl families derived from double cross 16A and 

S2 families derived from 9A and 25A, and those among Sl families of 16A and S2 

families of9A2 for grain weight per plant 

There is no doubt that the reduction in the yield components throughout the 

three generation was the result of the inbreeding and the segregation. One purpose 

in including this trait in the evaluation of the generations under study was to 

investigate whether there were any effect from the selection for early gennination and 

early maturity on the yield of these materials. 
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It is clear from the comparisons of the yield components with the flowering 

stages, maturity and cold tolerance results, that there is no negative effect on the 

yield. In some cases there is evidence of a positive effect of selection on the yield 

components. From table E-32 we can see that the best SI and S2 families in the 

number of kernels and grain weight per plant were those families which were the 

fastest to mature (eg. SI families 4-4, 2-9A, and 3-19A2 and S2 families 2-4-4, 1-2-

9A, 10-3-19A2, 3-4-19A2, and 3-4-25A). 

Several studies have reported on the relation between selection for cold 

tolerance and grain yield. No negative relation was reported between them. All of 

these studies declared that the selection for cold tolerance either increased the yield or 

maintained it. Mock and Bakri (1976), when they studied the effect of the recurrent 

selection for cold tolerance, found no change in grain yield across selection cycles 

and a high yield level was maintained in the population (BSSS2 (SCI) when 

subjected to cold tolerance selection. 

McConell and Gardener (1979a) also reported that selection for germination at 

cold temperatures did not have any detrimental effect on the other agronomic 

characters, including grain yield. Similar results were reported by Eagles and et al. 

(1983) who found no correlation between cold tolerance traits and grain yield. 

Mock and McNeil (1979) showed that good seedling vigour was associated 

with favourable grain yield of early planted maize. Chapman (1984) found that 

selection of early planting genotypes was advantageous for grain yield. McConnel 

and Gardner (1979a) stated that the early cycles of selection for cold tolerance 

showed an increase in the grain yield. but reduced increases occurred in later cycles 

of selection. He suggested that yield can be maintained during selection for cold 

tolerance, if at harvest time, consideration is given to plants with good ear 

development. Yield can even be improved under these conditions. 

In an evaluation of visual SI recurrent selection for early vigour in maize 

Hexum (1984) found that grain yield was significantly increased by selection for early 

vigour. 
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Many other studies have dealt with the selection for earliness in flowering and 

in maturity and reported that many agronomic traits were improved during selection 

for early flowering and early maturity (froyer, 1986; Troyer and Larkins, 1985; 

Troyer and Brown, 1976; Troyer, 1978). 

Also it can be concluded from the results of yield components that there is 

important variability among the double crosses, Sh and the S2 families for the number 

of the kernels and grain weight and it does appear to be sufficient for further selection 

in this population for yield improvement 
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Table [-29 Zeans of plant height ca, ear height c" and percentage of grain lolsture content at harvest 
for the double crosses, and the 51 and 5: faeilies inltle tiO planting dates. 

Double crosses SI falil ies 5: fuilies 

DC PH CI iH CI S H20 F PH cm KH CI S H20 PH Ct KH CI % H20 
Bl+B2 B3 81+82 83 B1+B2 B3 f 91+B2 SJ EltB2 B3 EltB2 E3 F EI+82, B3 B1+B2 B3 BltB2 B3 

1 151.8 170.0 64.1 83.2 32.1 35.1 2 145.1 146.6 65.1 69.2 
2& 156.1 169.0 60.9 80.4 31.8 33.9 1 98.9 114.4 38.8 58.8 
2B 152.9 158.6 58.5 70.2 32.7 33.2 2 106.8 119.8 40.1 42.2 
3& 142.0 149.0 69.1 76.0 32.1 34.4 3 163.5 167.8 87.7 93.2 
4 146.3 152.8 65.7 73.0 32.8 33.9 1 145.6 116.C,1 60.5 57.2 
_ _ _ - - - - 4 123.9 127.8 60.9 60.4 
_ _ _ - - - - 5 llU 128.4 39.7 55.8 
5 154.8 151.6 68.1 66.6 32.6 32.8 5 140.3 152.6 62.6 82.6 
6& 142.5 169.6 61.2 19.2 33.2 33.2 4 118.3 124.8 49.2 66.8 
68 155.7 167.8 &4.3 72.6 32.3'32.6 4 120.7 137.4 63.7 71.8 
7 137.0 152.2 64.1 &9.& 30.9 33.2 4 105.8 114.0 44.5 50.4 
8 132.5 156.8 58.4 72.4 31.0 36.1 5 163.5 161.8 82.1 74.0 
9&2 158.6 166.4 &9.2 83.4 33.2 36.0 2 161.2 170.8 78.2 83.0 
- - - - - - - 3 140.0 152.8 63.& 70.0 
- - - - - • - 5 147.5 1<6.0 60.5 58.4 
10 148.5 154.& &1.3 61.4 32.532.8 3 137.3 147:8 62.1 72.8 
11& 157.4 146.2 69.3 69.0 32.1 34.7 1 128.3 164.8 48.4 68.8 
- - - - - - - 2 141.4 158. C 52.0 58,4 
- - - - - - - 3 125.4136.8 67.863.0 
- - - - - • - 4 117.5 125.8 49.356.4 
- - - - - - - 5 149.4 153.6 53.6 68.2 
lIB 159.2 160.0 68.3 79.2 31.4 31.1 3 139.3 135.0 59.6 66.0 
12! 162.8 141.0 66.1 61.2 34.1 35.1 1 149.1 139.2 74.3 64.6 
13 139.5 154.2 57.363.8 32.4 34.2 2 132.4 14e.£ 6(.9 17.4 
14 132.7 152.6 45.1 64.2 32.4 33.7 1 131.2 125.8 55.1 59.0 
15 140.8 164.8 53.9 72.4 31.7 33.8 5 130.( 143.6 51.9 64.4 
16& 151.6 146.8 72.8 75.8 32.3 33.3 1 128.3 159.8, 62.5 89.8 
- • - - - - - 3 117 . 4 25.4

1 
54,2 4U 

- - - - - - - 5 129.3 148.8 41.869.0 
16B 1(4.1 150.2 61.7 71.8 31.0 33.3 4 136.0 154.41 59.8 72.2 
17 143.3 159.6 68.3 69.6 31.733.1 4 130.6 157.8 70.014.4 
18 128.9 161.0 50.2 80.2 30.9 34.61 3 126.1 111.0 43.7 42.4 
19! 152.1 IS0.2 60.1 72.4 32.8 35.7 1\ 133.2 140.21 66.8 10.6 
- - • - - - - 2 135.2 136.4 53.3 73.2 
- - - - . - - 3·107.8124.8'47.75U 
- - - • - - - 4 115.2 117.4 41.2 56.2 
- - - • - - - 5 146.8 IOU 68.2 50.& 
20 1(3.4 158.0 69.0 6&.0 33.4 34.1 2 l1e.& 135'£1 54.1 66.6 
21A 149.7 151.2 63.3 70.0 33.3 33.5 5 123.7 149.8j 49.2 56.& 
21B 1(6.2 136.4 58.0 59.2 30.9 32.1 4 1(0.3 153.41 70.1 78.2 
22 1(9.4 154.4 60.1 73.8 31.332.7 4 118.4 125.6j 52.1 59.6 
23 154.' 162.2 61.0 12.8 30.4 33.9 1 131.& 14~'01 56.2 72.4 
24! 15&.9 ISS.2 10.6 64.6 32.4 31.9 5 155.6 150.' 54.5 66.8 
2SA 145.8 149.0 61.3 64.0 32.6 32.6 1 131.2 121.21 48.2 49.8 
- - - - • - - 3 126.3 135.0, 51.7 &4,6 
- • - - • - - 4 126.1 10U,57.O 4U 
2SB 142.3 162.8 66.2 84.8 31.3 34.0 2 110.4 120.6 48.4 63.8 
266 148.7 !S6.8 75.9 77.0 34.3 36.0 3 116.2 125.0j SC.l 47.4 
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31.8 31.5 -, - - - - - -
30.6 34.8 - . - - - . -
33.0 34.2 - - - - - - -
33.8 34.8 - - - - - - -
34.0 34.3 9 119.8 136.2 57.7 58.2 33.3 32.0 
33.1 34.0 2 124.1 127.6 65.4 67.6 32.0 35.4 
31.8 32.3 9 140.4 140.0 10.1 76.0 34.5 33.5 
32.1 33.5 - - - - - - -
33.7 36.4 - - - - • • -
3(.2 34.1 - - - - - - -
32.7 32.1 - . - - - - -
32.8 33.4 - - - - • - -
34.234.8 1 134.2 142.4 67.877.( 32.833.8 
32.535.6 2 137.5 138.4 64.7 62.2 33.0 34.6 
33.933.1 4 109.1 93.0 49.8 37.0 32.6 34.2 
33.9 35.3 - - - - - - -
32.9 32.6 5 150.1 169.8 84.1 99.5 33.1 34.5 
3(.1 32.7 4 133.3 146.8 66.4 76.4 34.1 32.6 
33.7 33.9 10 114.8 135.& 58.9 76.8 33.3 30.7 
33.7 33.1 6 100.( 102.0 48.0 49.0 32.1 33.6 
33.434.1 1 111.8 130.0 46.3 56.8 33.634.1 
32.9 34.2 - - - - - - -
30.3 33.5 - - • - - - -
31.9 37.6 - - - - - • -
33.3 34.4 - - - . . - -
34.4 34.6 - - - . - - -
34.4 38.0 4 123.2 131.4 62.2 73.0 35.1 32.6 
34.5 30.8 7 99.0 109.5 45.4 56.8 33.3 34.0 
31.5 36.5 6 102.3 110.4 36.3 49.2 33.6 34.5 
31.0 34.5 - - - - - - -
31.7 34.8 - - - - • . -
31.4 33.5 - - - - - - -
33.1 34.7 2 110.9 115.0 53.8 63.0 32.9 35.1 
32.7 34.7 4 107.4 109.6 49.5 48.0 35.036.1 
32.333.9 10 107.4 101.6 43.9 48.0 32.3 33.2 
32.9 33.5 7 95.2 114.4 42.5 56.2 32.1 34.4 
34.3 34.2 1 121.5 138.4 56.2 13.0 34.835.5 
34.2 36.0 - - - - • - -
32.534.7 - - • - - - -
30.7 34.2 - - - - - - -
31.6 32.9 - - • • - - -
31.431.0 - - • - • • -
32.9 33.3 - - - - • • -
34.535.S 9 106.6 127.6 41.6 55.0 32.7 34.8 
33.4 34.1 5 124.1 160.2 45.2 71.2 32.5 34.9 
31.032.0 3 117.7 112.0 52.4 52.2 32.3 34.7 
32.6 34,5 - - • - - - • 
29.9 33.6 - - - - • - -



Table E-30. The ANOV A for plant height, ear height, and grain moisture containt at 
harvest for the double crosses, the SJ, and the S2 families 

Sour.of Plant height Ear height Grain moisture 
Gen variance Df M.S F P M.S F P Df M.S F P 

DC Bl+B2+B3 
Bet. B. 2 673.84 14.091 ••• 4343.9 19.974 •• 2 168.893 26.119 ••• 
Bet. D.C. 31 594.7 1.244 N.S 220.0 1.931 •• 31 10.068 1.557 • 
D.C.xB. 62 482.3 1.009 N.S 232.9 1.071 N.S 62 6.816 1.054 N.S 
Error 384 478.2 217.5 383 6.466 
Bl+B2 
Bet. B. 1 5216.4 10.194 ••• 1328.4 6.076 •• '\ 1 5.585 0.856 N.S 
Bet. D.C. 31 700.0 1.368 N.S 430.2 1.968 •• 31 9.070 1.391 • 
D.C.xB. 31 552.6 1.080 N.S 221.1 1.011 N.S 31 6.764 1.037 N.S 
Error 256 511.7 218.6 255 6.521 
B3 
Bet. D.C. 31 306.7 0.746 N.S 234.5 1.090 N.S 31 7.865 1.237 N.S 
Error 128 411.2 215.2 128 6.358 

SI Bl+B2+B3 
Bet. B. 25618.2 10.103 * •• 6072.4 25.677 *.* 2 155.887 31.999 ••• 
Bet. fams 473233.4 5.815 ••• 1551.9 6.656 * • 4 15.917 3.267 • 
FamsxB. 94 720.7 1.296 N.S 294.9 1.247 N.S 94 6.302 1.390 N.S 
Error 5691562· 556.1 236.5 556 4.872 
Bl+B2 
Bet. B. 1 5200.8 9.097 * •• 4005.3 16.065 ••• 1 3.240 0.737 N.S 
Bet. fams 472306.1 4.034 * •• 1184.4 4.751 ••• 47 15.232 3.463 •• 
FamsxB. 47 677.8 1.185 N.S 274.7 1.102 N.S 47 3.764 0.856 N.S 
Error 379/372· 571.7 249.3 368 4.398 
B3 
Bet. fams 47 1690.9 3.222 * •• 682.5 3.229 ••• 47 10.423 1.798 •• 
Error 190 524.9 211.4 188 5.798 

S2 Bl+B2+B3 
Bet. B. 28089.0 8.381 .*. 2765.7 11.500 ••• 2 58.051 9.962 ••• 
Bet. fams 21 3685.4 6.025 ••• 2227.9 9.260 •• 21 21.499 3.689 •• 
FamsxB. 42 552.4 0.910 N.S 251.7 1.04 N.S 42 11.406 1.957 •• 
Error 255/254· 607.2 240.4 243 5.827 
Bl+B2 
Bet. B. 1 4445.9 6.709 • 630.2 2.673 N.S 0.260 0.045 N.S 
Bet. fams 21 2162.5 3.263 •• 1408.4 5.974 •• 21 10.349 1.777 • 
FamsxB. 21 670.5 1.012 N.S 239.9 1.018 N.S 21 10.173 1.747 • 
Error 169/168· 662.7 235.7 162 5.823 
B3 
Bet. fams 21 1930.1 3.87 *. 1083.1 4.340 21 21' 23.789 4.076 ••• 
Error 86 498.2 249.6 81 5.836 

• The first number gives the degrees of freedom for plant height, 
the second for ear height 
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Table E-31a. The ANOV A for plant height, ear height, and grain moisture containt at 
harvest for the SI families derived from the same double cross. 

Source of Plant height Ear height Grain moisture 
DC variance Of M.S F P M.S F P Of M.S F P 

4 Bl+B2+B3 
BetB. 2 212.5 0.219 N.S 654.5 2.628 '" 2 2.718 0.442 N.S 

Bet fams 2 916.1 0.946 N.S 1131.7 4.544 '" 2 18.751 3.256 N.S 
\ 

Fams x B. 4 847.4 0.875 N.S 197.3 0.792 N.S 4 0.716 0.124 N.S 
Error 36 968.0 249.0 36 5.758 
Bl+B2 
BetB. 1 213.3 0.375 N.S 1140.8 5.629 '" , 1 1.875 0.365 N.S 
Bet fams 22287.8 4.019 '" 1470.4 7.255 "'''' 2 13.081 2.548 N.S 
Fams xB. 2 79.0 0.139 N.S 28.1 0.139 N.S 2 1.036 0.202 N.S 
Error 24 569.2 202.7 24 5.133 
B3 
Bet fams 2 244 0.138 N.S 27.8 0.081 N.S 2 6.066 0.866 N.S 
Error 12 1766 341.7 12 7.007 

9A2 Bl+B2+B3 
BetB. 2 393.1 1.056 N.S 100.2 '0.656 N.S 2 6.215 0.797 N.S 
Bet fams 2 1789.0 4.807 '" 1582.7 10.372 "'''' 2 3.496 0.448 N.S 
FamsxB. 4 342.9 0.921 N.S 85.1 0.557 N.S 4 10.208 1.309 N.S 
Error 36 372.2 152.6 36 7.976 
Bl+B2 
BetB. 1 300.8 0.741 N.S 108.3 0.621 N.S 1 2.760 0.718 N.S 
Bet fams 2 1155.6 2.847 N.S 893.4 5.120 '" 2 8.161 2.123 N.S 
Famsx B. 2 498.0 1.227 N.S 102.1 0.585 N.S 2 7.429 1.933 N.S 
Error 24 405.9 174.5 24 3.844 
B3 
Bet fams 2 821.1 2.694 N.S 757.3 6.962 "'''' 2 8.32 0.530 N.S 

Error 12 304.8 108.8 12 15.70 

llA Bl+B2+B3 
BetB. 23481.89 8.299 "'''' 867.8 3.343 '" 2 2.521 0.687 N.S 
Bet fams 42402.1 5.725 "'''' 474.8 1.809 N.S 4 2.145 0.584 N.S 
Fams xB. 8 495.3 1.180 N.S 212.9 0.811 N.S 8 3.253 0.886 N.S 
Error 60 914.5 262.5 60 3.670 
Bl+B2 
BetB. 1 3010.9 7.616 "'''' 480.5 1.804 N.S 3.809 1.068 N.S 
Bet fams 4 1644.5 4.160 *'" 619.5 2.326 N.S 4 1.72] 0.484 N.S 
FamsxB. 4 458.4 1.660 N.S 124.4 0.467 N.S 4 4.491 1.259 N.S 
Error 40 395.3 266.3 40 3.567 
B3 
Bet fams 4 1289.6 2.750 N.S 156.7 0.615 N.S 4 2.433 0.628 N.S 
Error 20 468.0 254.9 20 3.817 
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Continued table E-31a. 

Source of Plant height Ear height Grain moisture 
DC variance Df M.S F P M.S F P Df M.S F P 

16A Bl+B2+B3 
BetB. 2 200.6 0.222 N.S 1109.0 4.422 * 2 17.066 2.269 N.S 
Bet fams 24713.3 5.206 * 1782.1 7.106 ** 2 28.4.,38 4.282 * 
FamsxB. 42388.4 2.638 N.S 1133.4 4.519 ** 4 44.488 6.698 ** 
Error 32/26* 905.3 250.8 20 6.642 
Bl+B2 

\ 

BetB. I 3 0.003 N.S 502 1.570 N.S 1 7.927 1.472 N.S 
Bet fams 2 437 0.355 N.S 545.4 1.706 N.S 2 28.676 5.323 * 
Fams xB. 2 979 0.797 N.S 990.9 3.099 N.S 2 17.670 3.280 N.S 
Error 22116* 1229 319.7- 12 5.387 
B3 
Bet fams 28077.4 41.716 *** 2511.9 17.881 *** 2 69.413 8.137 * 
Error 10 193.6 140.5 8 8.530 

19A Bl+B2+B3 
BetB. 2 503.7 1.053 N.S 263.7 1.680 N.S 2 11.722 4.032 N.S 
Bet fams 4 1820.6 3.806 ** 940.5 4.209 ** 4 4.616 1.588 N.S 
FamsxB. 8 1146.0 2.396 * 391.5 1.752 N.S 8 1.933 0.665 N.S 
Error 60 478.3 223.5 60 2.907 
Bl+B2 
BetB. 1 865.3 1.588 N.S 216.3 0.926 N.S 1.248 0.419 N.S 
Bet fams 42508.9 4.604 ** 1042.6 4.464 ** 4 5.642 1.892 N.S 
FamsxB. 4 570.7 1.064 N.S 157.9 0.676 N.S 4 1.381 0.463 N.S 
Error 40 544.9 233.6 40 2.982 
B3 
Bet fams 4 1033.1 2.993 * 523.0 2.574 N.S 4 1.459 0.529 N.S 
Error 20 345.1 203.2 20 2.757 

25A Bl+B2+B3 
BetB. 2 238.4 0.513 N.S 215.1 1.057 N.S 2 6.379 1.561 N.S 
Bet fams 25558.2 1.200 N.S 198.1 0.974 N.S 2 47.486 11.621 *** 
FamsxB. 4 578.3 1.243 N.S 424.1 2.084 N.S 4 2.086 0.553 N.S 
Error 35 465.2 203.5 35 4.086 
Bl+B2 
BetB. 171.6 0.485 N.S 429.4 2.398 N.S 5.146 1.023 N.S 
Betfams 2 83.9 0.237 N.S 198.7 1.109 N.S 2 31.899 6.342 ** 
FamsxB. 2 402.1 1.137 N.S 256.5 1.432 N.S 2 4.423 0.879 N.S 
Error 23 353.6 179.1 23 5.030 
B3 
Bet fams 2 1228.9 1.81 N.S 591.2 2.362 N.S 2 15.681 6.886 * 
Error 12 679.0 250.3 12 2.277 

• The first number gives the degrees of freedom for plant height, 
the second for ear height. 
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Table E-31 b. The ANOV A for plant height, ear height, and grain moisture containt at 
harvest for the S2 families derived from the same double cross. 

Source of Plant height Ear height Grain moisture 
DC variance Of M.S F P M.S F P Of M.S F P 

4 B1+B2+B3 
BetB. 2 1072.5 1.941 N.S 153.2 0.785 N.S 2 0.963 0.239 N.S 
Bet fams 2 1095.8 1.283 N.S 763.0 3.911 •• 2 6.7~ 1.686 N.S 
Fams xB. 4 258.1 0.467 N.S 86.9 0.446 N.S 4 15.216 3.779 • 
Error 36 552.5 195.1 36 4.026 
B1+B2 , 
BetB. 1 174.80 2.762 N.S 224.1 0.885 N.S 1 0.507 0.140 N.S 
Bet fams 2 1158.1 1.830 N.S 391.9 1.548 N.S 2 15.641 4.304 • 
Fams x B. 2 252.0 0.398 N.S 148.4 0.586 N.S 2 7.372 2.029 N.S 
Error 24 632.8 253.2 24 3.634 
B3 
Bet fams 2 201.8 0.515 N.S 396.47 5.029 • 2 14.208 2.953 . N.S 
Error 12 391.8 78.83 12 4.811 

9A Bl+B2+B3 
BetB. 22234.8 3.989 • 549.5 2.740 N.S 2 11.056 1.864 N.S 
Bet fams 25658.2 10.091 •• 2814.6 14.033 •• 2 0.909 0.153 N.S 
Fams x B. 4 582.1 1.038 N.S 494.7 2.466 N.S 4 22.244 3.749 • 
Error 32 560.7 200.6 31 5.933 
Bl+B2 
BetB. 1 4415.3 7.477 • 1014.1 4.948 • 1 2.933 0.367 N.S 
Bet fams 22411.9 4.085 ~ 927.7 4.562 • 2 0.569 0.071 N.S 
FamsxB. 2 646.0 1.094 N.S 451.4 2.202 N.S 2 44.095 5.516 • 
Error 21 590.5 205.0 20 7.914 
B3 
Bet fams 23764.6 7.472 •• 2424.9 12.618 •• 2 0.761 0.348 N.S 
Error 11 503.9 192.2 11 2.185 

11A Bl+B2+B3 
BetB. 2 1686.0 2.32 N.S 1414.8 4.636 • 2 0.349 0.052 N.S 
Bet fams 46476.7 8.917 ••• 4885.9 16.019 ••• 4 5.942 0.886 N.S 
FamsxB. 8 231.5 0.319 N.S 93.4 0.306 N.S 8 7.155 1.067 N.S 
Error 60 726.4 305.0 60 6.703 
Bl+B2 
BetB. 307.5 0.357 N.S 158.4 0.514 N.S 1 0.650 0.096 N.S 
Betfams 43612.9 4.198 •• 2851.6 9.246 ••• 4 5.314 0.785 N.S 
Fams xB. 4 267.1 0.310 N.S 108.1 0.350 N.S 4 1.398 0.206 N.S 
Error 40 860.7 308.4 40 6.771 
B3 
Bet fams 43059.6 6.684 •• 2112.9 7.086 • •• 4 13.540 2.062 N.S 
Error 20 457.7 298.2 20 6.567 

153 



Continued table E-31b. 

Source of Plant height Ear height Grain moisture 
DC variance Df MS F P M.S F P Df M.S F P 

16A Bl+B2+B3 
BetB. 2 1200.0 1.667 N.S 709.9 2.854 N.S 2 41.490 7.730 ** 
Bet fams 22958.0 4.110 * 2468.9 9.927 ** 2 93-:777 17.471 *** 
FamsxB. 4 290.6 0.404 N.S 68.5 0.275 N.S 4 21.527 4.011 • 
Error 32/31* 719.7 248.7 23 5.368 
Bl+B2 
BetB. 1 1206.5 1.452 N.S 58.7 0.257 N.S 

\ 
1 1.139 0.180 N.S 

Bet fams 2 1732.1 2.085 N.S 1733.6 7.603 ** 2 17.217 2.721 N.S 
FamsxB. 2 550.2 0.662 N.S 132.6 0.581 . N.S 2 0.553 0.087 N.S 
Error 21/20* 830.8 228.8 17 6.327 
B3 
Betf~s 2 1256.8 2.475 N.S 739.6 2.583 N.S 2 119.208 44.985 *** 
Error 11 507.8 286.3 6 2.650 

19A Bl+B2+B3 
Bet B. 2 326.6 0.552 N.S 734.3 . 3.156 N.S 2 18.268 2.553 N.S 
Bet fams 4 1993.3 3.370 * 748.9 3.218 * 4 23.950 3.347 * 
FamsxB. 8 309.0 0.522 N.S 197.6 0.849 N.S 8 11.034 1.542 N.S 
Error 59 591.5 232.7 58 7.155 
Bl+B2 
BetB. 28.9 0.045 N.S 264.5 1.131 N.S 3.472 0.597 N.S 
Bet fams 4 1347.8 2.103 N.S 358.1 1.539 N.S 4 19.538 3.360 * 
Fams xB. 4 321.7 0.502 N.S 212.7 0.914 N.S 4 20.177 3.469 * 
Error 39 641.0 232.7 38 5.816 
B3 
Bet fams 4 941.8 1.902 N.S 573.5 2.465 N.S 4 6.303 0.650 N.S 
Error 20 495.0 232.7 20 9.700 

25A Bl+B2+B3 
BetB. 23724.8 8.657 ** 1144.1 5.221 * 2 29.679 7.090 ** 
Bet fams 22315.5 5.381 ** 256.2 1.669 N.S 2 0.430 0.103 N.S 
Famsx B. 4 1011.8 2.352 N.S 441.2 2.013 N.S 4 2.653 0.634 N.S 
Error 36 430.2 219.1 35 4.186 
Bl+B2 
Bel B. 1 4514.1 14.382 ** 580.8 4.287 * 4.524 1.075 N.S 
Bet fams 2 784.0 2.494 ** 302.4 2.232 N.S 2 0.478 0.114 N.S 
Famsx B. 2 530.2 1.689 N.S 310.0 2.28 N.S 2 5.186 1.232 N.S 
Error 24 313.9 153.5 23 4.209 
B3 
Bet fams 23024.5 4.562 * 526.1 1.361 N.S 2 0.073 O.ot8 N.S 
Error 12 663.0 386.5 12 4.142 

• The first number gives the degrees of freedom for plant height, the second for ear height 

154 



iable 1-32 Means of grain field gl per plant. 100 kernel weight gl, and nUlber of kernels per plant 
for the double crosses. and the 51 and S: falflies in the tvo planting dates. 

,.--_________ --r _______ : . .::----.--j ----------.,,1 
Double crosses SI faeilies Sl faatHes 

DC Grain yield gl/100 l. K No./P. Grain yield ga/l00 t. [.No./P. Grain yield gl/lOO 1. I.No./P. 
BlfB2 B3 BlfB2 B3 B1+B2 83 F El+B2 B3 81+B2 B3 BltB2 B3 F eltBl 83' BltBl 83 BlfB2 S3 

1 11.41 10.Se 11.81 11.33 396 <o~1 2 26.51 39.08 

\
2A 85.79 81.40! 20.80 18.42 (13 4441 1 33.06 33.30 
28 65.99 11.83 19.e4 11.59! 342 410, 2 42.20 48.18 

'3! \10.(0 58.~~i le.91 14.18 391 410! 31 31.8534.51 
4 51.23 1S.7DI 11.75 16.13 m 414,' II' 40.88 (5.99 · - . I - - . - 4 €U3 5Ue 
- - - - - . - 51 30.88 25.05 
5 72.51 65.3&1 18.65 It.S( 400 (52 5 34.29 25.65 
SA S4.86 88.621 11.02 15.53 381 56( ( 43.9652.63 
6B 64.38 53.20 19.85 18.01 330279 4 '5.~1 (5.25 

. 1 68.3( 102.38 11.87 16.08 399636
1 

4 36.2135.37 
8 53.12 58.86 le.16 14.80 299 (08 5 35.653S.S( 
9!2 75.92 83.16 15.98 12.99 (74 638 2 53.(0 56.23 
• • - • - • - 3 3UO 31.66 
· - • . . .. 5 32.08 60.09 
10 85.62 87.~3 19.06 11.04 (19 529 3 33.66 32.27 
I1A 57.52 38.35 18.33 13.62 355 298 1 36.81 3(.88 
- • -, - - I - - 2 35.01 51.85 - - - I - . _. '3 (0.5225.13 - . - - - _. I ( 2U2 33.28 · . . I - - _. 5 49.55 (2.93 
liB 19.09 72.63 11.37 12.92 (56 611 3 57.5542.72 
12A 72.31 51.(6 11.89 14.33 <03 310 1 (S.O( 44.27 
13 61.15 71.25 1'.~5 15.12 421 ~75 2 39.(1 35.28 
14 (6.15 51.77 16.53 15.50 293324 1 3(.9521.24 
15 72.61 124.99 20.15 25.00 352 495 5 37.S4 40.09 
16! 75.90 44.(5 15.90 1(.50 523 S33 1 25.18 40.9t 
- . - - - . - I 3 32.63 11.48 - - . - - .. I ' 19. (S 39.18 
16B 8(.65 57.78 17.04 16.35 503 357 ~ (8.7528.31 
11 13.81 tS.4S 14.62 15.86 500 422'1' ( 15.35 24.05 
18 54.22 €~.ne 18.32 16.59 331 359 3 36.17 25.82 
19& 79.31 5C.95 12.16 10.81 68.7 5:31 21 40.81 51.0S 
- • • •• - (0.35 53.98 
- • • - - •• 3 39.92 39.22 

\
._ - . - . ., 4 39.34 36.25 

• . • • . - 5 CO.53 19.10 
20 72.02 ~~.11 15.18 13.18 511 (02 2 25.3320.37 
21A ".86 69.45 17.(6 14.48 432 442 5 48.27 43.03 
21B 69.13 62.88 19.35 11.19 360369 4 49.7053.84 
22 83.19 64.01 16.53 19.09 504 340 4 38.17 32.32 
23 61.08 48.48 20.58 14.90 306 341 1 29.85 25.03 
24A 95.41 72.40 19.61 23.54 501 291 5 56.69 43.39 
25191.94 60.18 18.91 17.42 52( 357 1 28.8530.25 
• • - - - - - 3 68.(6 44.75 
• • - • . _. 4 43.60 21.42 
258 68.16 ~C.79 29.63 26.99 IS( 196 2 30.14 19.14 
26& 61.15 S~.92 22.83 20.61 251 305 3 (1.03 46.48 
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10.02 10.61 
24.22 24,27 
18.80 19.12 
12.6111.71 
15.14 16.26 
24.28 20.89 
13.40 14.12 
16.11 12.69 
15.95 21. 09 
15.12 14.83 
16.89 H.70 
20.93 21.10 
20.14 11.82 
13.06 12.46 
13.11 19.00 
1U3 11.99 
18.82 11.31 
12.86 15.30 
15.18 15.81 
14.37 12.62 
14095 13.11 
13.1113.10 
15.41 14.37 
16.16 13.47 
16.88 11.88 
12.60 13.82 
13.91 12.31 
10.52 15.85 
13.62 11.93 
17.78 13.35 
14.18 13.98 
lU4 13.04 
13.56 13,57 
IUS 14.16 
14.32 12.71 
l40631U2 
10.85 10.61 
12.06 12.09 
lU913.89 
14,961U3 
15.09 13.96 
17.93 15.07 
16.62 15.00 
13.0S lU9 
lU715.85 
16.59 13.65 
16.62 12.65 
15.01 lU2 

409 408 ., . - . - -! 
112 H8 - - - • - I - -! 
226 2Et -' - - - - - 1 

282 300-' - . . I - -1 
303 302 9 29.51 40.11 14.08 14.91, 209 2e~11 
264 257 2 31.63 33.96 14.00 12.36 220 276 
269 190 9 28.19 18.69 14.(0 12.18 205 17ei 
214 220 . - • . - - -! 
298.257 - - - . . -_ -_ I 
211 302·' . - . 
233 244 - - . - . . - I 
210 175 • - • • • - -j 
241 322 1 35.12 34.20 9.84 11.40 360 3001 
303 302 2 18.6221.10 12.07 8.73 158 2~1 
259212 4 11.8421.18 12.10 12.84 151 1911 
238 298 . - . • . • - I 
271220 5 25.5120.53 15.73 15.47 172 1651 
316 348 4 19.18 16.19 13.95 13.39 1(2 1241 
272 158 10 19.63 11.58 14.84 1(.21 141 1261 
196 281 6 28.41 25.51 15.37 13.90 188 1401 
345 339 1 24.53 24.81 15.19 15.36 193 2001 mm- - . - . --I 
343.326 ., - • . _. , 

I 
321 294·' - - . -' I 
195 223 . - . . - . - I 

355 309 _. • - • • - I 
190 345 4 15.58 15.53 10.70 8.63 144 1841 
384 18 7 26.43 11.50 13.57 9.62 190 152 1 
161 334 6 20.93 32.81 11.50 10.95 187 30:j 
260 207 ., - - • -' 1 
116 187·· - - • - - I 
251 190 - - - • • . -: 
302 406 2 25.11 32.65 13.45 13.92 205 2201 
292 377 4 14.22 19.54 12.12 10.97 127 1971 
289 400 10 31.95 25.46 12.01 11.44 210 217 
281 254 1 27.75 3(.11 12.5l 11.95 223 2S~, 
383 214 1 26.15 32.11 10.16 12.66 250 2611 
216 205 • - - . - .• 1 
312 328 . - • • . • - I 
334 m - - - . . :.' I 
261 240· - - . • -
181 178· - - - - . 
354 305 • - ..• • --
235201 9 19.50 11.52 13.18 13.(3 164 131 
417 284 5 20.83 21.91 14.45 13.90 146 159 
26( 196 3 36.25 22.49 13.40 12.30 341 281 
193 142 .. - - - • .« 
218 331' - _. - . . . 



Table E-33. The ANOV A for number of kernels per plant.grain yield per plant. and 100 
kernel weight for the double crosses, the Sit and the S2 families. 

Source of Grain yield 100 kernels No of kernels 
gm per plant weight/gm per plant 

Gen variance Df M.S F P M.S F P M.S F P 

DC Bl+B2+B3 
BetB. 26862.3 9.169 • •• 150.66 14.581 ••• 64581 2.010 N.S , 
Bet D.C. 31 1672.2 2.234 ••• 132.53 12.827 ••• 107951 3.360 •• 
D.C. x B. 62 990.7 1.324 N.S 12.25 1.186 N.S 21285 1.285 N.S 
Error 383 865.3 10.33 32131 

Bl+B2 
\ 

BetB. 111342.7 14.266 ••• 20.499 2.093 N.S 126166 3.909 • 
Bet D.C. 31 1357.2 1.707 •• 89.960 9.183 ••• 97012 3.005 •• 
D.C.xB. 31 750.4 0.994 N.S 7.060 0.721 N.S 33874 1.049 N.S 

Error 255 795.1 9.796 32279 
B3 
BetD.C. 31 1546.0 2.358 •• 60.01 5.264 ••• 59635 1.873 •• 
Error 128 655.5 11.40 31838 

SI Bl+B2+B3 
BetB. 22626.6 8.316 ••• 30.16 1.846 N.S 172789 9.789 ••• 
Bet fams 47 1199.4 3.798 ••• 111.16 6.806 ••• 68019 3.854 •• 
FamsxB. 94 472.6 1.496 •• 12.07 0.739 N.S 32108 1.819 •• 
Error 556 315.8 16.33 17651 
Bl+B2 
BetB. 1 3300.7 9.430 ••• 1.61 0.099 N.S 323695 16.627 ••• 
Bet fams 47 1036.1 2.690 ••• 86.89 5.352 ••• 62497 3.210 ••• 
Famsx B. 47 419.7 1.199 N.S 6.89 0.424 N.S 33074 1.699 • 
Error 368 350.0 16.24 19468 
B3 
Bet fams 47 687.1 2.760 ••• 41.51 2.512 ••• 36555 2.593 •• 
Error 188 248.9 16.52 14096 

S2 Bl+B2+B3 
BetB. 2 1.80 0.017 N.S 25.86 2.385 N.S 13967 2.142 ••• 
Bet fams 21 476.50 4.472 ••• 37.69 3.475 ••• 42893 6.579 •• 
FamsxB. 42 144.60 1.357 N.S 8.51 0.784 N.S 15650 2.400 •• 
Error 243 106.5 10.85 6520 
Bl+B2 
BetB. 3.40 0.035 N.S 15.369 1.586 N.S 22268 3.632 N.S 
Bet fams 21 342.94 3.535 ••• 25.589 2.640 ••• 35941 5.862 •• 
FamsxB. 21 124.77 1.286 N.S 10.445 1.078 N.S 20265 3.305 •• 
Error 162 97.01 9.692 6131 
B3 
Bet fams 21 297.9 2.371 ••• 18.69 1.417 N.S 17991 2.464 •• 
Error 81 125.6 13.18 1301 
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Table E-34a. The ANOV A for number of kernels per plant, grain yield per plant, and 100 
kernel weight for the SI families derived from the same double cross. 

Source of Grain yield 100 kernels No of kernels 
gm per plant weight/gm per plant 

DC variane Of M.S F P M.S F P M.S F P 

4 Bl+B2+B3 
Bet. B. 2 1147.7 3.333 * 2.06 0.085 N.S 16204 1.767 N.S 

Bet. fams 23988.2 11.583 *.* 380.69 15.677 *.* 1813 1.997 N.S 

FamsxB. 4 242.2 0.706 N.S 10.45 0.430 N.S 6319 0.689 N.S 
Error 36 344.3 24.28 \ 9171 
Bl+B2 
Bet. B. 1 2154.3 7.107 ** 1.41 0.068 N.S 8300 1.079 N.S 
Bet. fams 23062.1 10.102 *. 341.79 16.423 *.* 4564 0.593 N.S 

FamsxB. 2 271.5 0.896 N.S 0.05 0.002 N.S 6823 0.887 N.S 
Error 24 303.1 20.81 7693 
B3 
Bet. fams 2 1141.0 2.674 N.S 59.75 1.913 N.S 19565 1613 N.S 
Error 12 426.8 31.23 12128 

9A2 Bl+B2+B3 
Bet. B. 2 425.5 1.073 N.S 6.09 0.272 N.S 96660 5.076 * 
Bet. fams 2 276.6 0.698 N.S 164.43 7.337 **. 104763 5.501 ** 
FamsxB. 4 1320.4 3.330 * 34.27 1.529 N.S 61247 3.219 * 
Error 35 396.5 22.41 19043 
Bl+B2 
Bet. B. 1 796.7 1.743 N.S 2.30 0.107 N.S 146580 5.680 * 
Bet. fams 2 1196.0 2.616 N.S 166.23 7.745 *** 172599 6.688 *. 
FamsxB. 2 27.7 0.061 N.S 5.95 0.277 N.S 48128 1.865 N.S 
Error 23 457.2 21.49 25806 
B3 
Bet. fams 2 1693.7 6.044 * 60.78 2.509 N.S 6530 1.184 N.S 
Error 12 280.2 24.23 5516 

llA Bl+B2+B3 
Bet. B. 2 28.0 0.097 N.S 6.33 0.407 N.S 4201 0.238 N.S 
Bet. fams 4 856.1 2.955 * 57.17 3.679 • 62901 3.558 • 
FamsxB. 8 505.1 1.744 N.S 8.85 0.570 N.S 31002 1.754 N.S 
Error 60 289.7 18.31 17697 
Bl+B2 
Bet. B. 6.6 0.Ql8 N.S 8.46 0.462 N.S 5897 0.264 N.S 
Bet. fams 4 810.2 2.202 N.S 48.92 2.67 • 31685 1.419 N.S 
FamsxB. 4 371.4 1.009 N.S 6.84 0.373 N.S 35834 1.605 N.S 
Error 40 368.0 18.31 22332 
B3 
Bet. fams 4 684.7 5.146 ** 19.114 1.912 N.S 57386 6.853 •• * 
Error 20 133.1 9.999 8374 
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Continued table E-34a. 

Source of Grain yield 100 kernels No of kernels 
gm per plant weight/gm per plant 

DC variane Df M.S F P M.S F P M.S F P 

16A Bl+B2+B3 
Bet. B. 2 679.0 2.145 N.S 6.11 0.526 N.S 60436 3.525 • 
Bet. fams 2 103.3 0.326 N.S 5.03 0.433 N.S 58!Xl 0.343 N.S 
FamsxB. 42053.6 6.488 ••• 29.34 2.523 N.S 249849 14.569 ••• 
Error 20 316.5 11.63 17149 
Bl+B2 \ 

Bet. B. 1 1088.9 4.804 7.61 0.447 N.S 117303 10.483 •• 
Bet. fams 2 453.7 2.001 N.S 36.28 2.130 N.S 102204 9.134 •• 
FamsxB. 22398.6 10.578 •• 4.02 0.236 N.S 288321 25.767 ••• 
Error 12 226.8 17.03 11190 
B3 .' 

Bet. fams 2 1320.4 2.926 N.S 23.119 6.583 • 112572 4.314 N.S 
Error 8 451.3 3.512 26096 

19A Bl+B2+B3 
Bet. B. 2 387.7 1.072 N.S 2.977 0.549 N.S 47976 2.225 N.S 
Bet. fams 4 395.2 1.093 N.S 36.510 6.732 ••• 8453 0.392 N.S 
FamsxB. 8 492.7 1.362 N.S 3.485 0.643 N.S 38780 1.799 N.S 
Error 60 361.7 5.424 21562 
Bl+B2 
Bet. B. 1 756.8 2.081 N.S 5.910 0.943 N.S 89549 3.582 N.S 
Bet. fams 4 3.3 0.009 N.S 22.295 3.558 • 16801 0.672 N.S 
FamsxB. 4 244.6 0.673 N.S 2.899 0.463 N.S 289500 1.156 N.S 
Error 40 363.7 6.265 24999 
B3 
Bet. fams 4 1132.7 3.166 • 18.285 4.889 •• 40262 2.742 N.S 
Error 20 357.7 3.740 14686 

25A B1+B2+B3 
Bet. B. 2 547.1 1.786 N.S 0.32 0.030 N.S 34584 2.154 N.S 
Bet. fams 22599.5 8.485 ••• 18.65 1.778 N.S 98171 6.114 •• 
FamsxB. 4 266.8 0.871 N.S 10.14 0.968 N.S 5822 0.363 N.S 
Error 35 306.4 10.47 16056 
Bl+B2 
BetB. 1 61.0 0.164 N.S 0.34 0.030 N.S 11078 0.498 N.S 
Bet. fams 2 2502.0 6.733 •• 31.29 2.715 N.S 96174 4.323 • 
FamsxB. 2 198.9 0.535 N.S 1.23 0.107 N.S 2168 0.097 N.S 
Error 23 371.6 11.52 . 22248 
B3 
Bet. fams 2 432.0 2.383 N.S 6.387 0.755 N.S 11473 2.738 N.S 
Error 12 181.3 8.463 4191 
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Table E-34b. The ANOVA for number of kernels per plant. grain yield per plant. and 100 
kernel weight for the S2 families derived from the same double cross. 

Source of Grain yield 100 kernels Noofkemels 
gm perplant weight/gm per plant 

DC variane Df M.S F P M.S F P M.S F p 

4 Bl+B2+B3 
BetB. 2 13.2 0.076 N.S 5.445 1.053 5028 0.522 N.S 

Bet fams 2 311.5 1.788 N.S 3.319 0.641 N.S 9070 0.942 N.S 

FamsxB. 4 289.1 1.659 N.S 5.465 1.056 N.S 7331 0.761 N.S 
Error 36 174.2 5.174 9627 

Bl+B2 
BetB. 1 10.2 0.059 N.S 0.696 0.140 N.S 8 0.001 N.S 

Bet fams 2 34.0 0.195 N.S 0.447 0.090 N.S 532 0.074 N.S 

FamsxB. 2 219.0 1.256 N.S 2.172 0.437 N.S 2576 0.357 N.S 

Error 24 174.3 4.967 7208 
B3 
Betfams 2 636.6 3.658 N.S 11.6312082 N.S 20623 1.426 N.S 
Error 12 1740 5.582 14466 

9A2 Bl+B2+B3 
BetB. 2 166.32 2.088 N.S 6.590 0.703 N.S 35783 3.573 • 
Bet fams 2 741.88 9.315 ••• 26.010 2.773 N.S 169237 16.899 ••• 
FamsxB. 4 230.67 2.896 • 20.765 2.214 N.S 66551 6.645 •• 
Error 31 79.64 9.379 10015 
Bl+B2 
BetB. 1 210.50 2.700 N.S 9.412 1.101 N.S 70806 6.036 ••• 
Bet fams 2 472.48 6.060 •• 24.955 2.920 N.S 180890 15.419 ••• 
FamsxB. 2 458.71 5.885 • 20.805 2.435 N.S 106919 9.080 •• 
Error 20 77.97 8.545 11731 
B3 
Bet fams 2 271.94 3.289 N.S 21.78 1.999 N.S 14931 2.166 N.S 
Error 11 82.69 10.89 6893 

llA Bl+B2+B3 
BetB. 2 222.80 2.365 N.S 7.62 0.327 N.S 1690 0.340 N.S 
Bet fams 4 219.69 2.332 N.S 7.55 0.324 N.S 15130 3.044 • 
FamsxB. 8 55.13 0.585 N.S 4.38 0.188 N.S 6646 1.337 N.S 
Error 60 94.20 23.32 4970 
Bl+B2 
Bet. B. 1 102.1 1.004 N.S 4.58 0.223 N.S 899 0.223 N.S 
Betfams 4 159.2 1.566 N.S 4.58 0.223 N.S 6054 1.501 N.S 
FamsxB. 4 ' 63.8 0.628 N.S 7.56 0.368 N.S 8672 2.150 N.S 
Error 40 101.7 20.52 4034 
B3 
Betfams 4 106.8 1.349 N.S 4.18 0.145 N.S 13698 2.002 N.S 
Error 20 79.20 28.93 6842 
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Continued table E-34b. 

Source of Grain yield 100 kernels No of kernels 
gm perplant weight! gm per plant 

DC variane Of M.S F P M.S F P M.S F P 

16A Bl+B2+B3 
BetB. 2 9.51 0.162 N.S 25.642 6.138 •• 15353 3.432 • 
Bet fams 2 378.00 6.442 ••• 19.401 4.644 • 1793'3 4.009 • 
FamsxB. 4 197.57 3.367 • 12.578 3.011 • 7299 1.632 N.S 
Error 23 58.68 4.177 4473 
Bl+B2 
BetB. 1 9.56 0.146 N.S 2.711 0.680 N.S 6193 1.357 N.S 
Bet fams 2 294.14 4.482 • 21.931 5.513 • 6441 1.411 N.S 
FamsxB. 2 31.73 0.483 N.S 15.478 3.891 • 1275 0.297 N.S 

Error 17 65.63 3.978 4564 
B3 
Bet fams 2 447.72 11.482 •• 7.453 1.536 N.S 24817 5.884 • 
Error 6 38.99 4.855 4218 

19A Bl+B2+B3 
BetB. 2 119.2 0.892 N.S 2.935 0.417 N.S 4094 .0.738 N.S 
Bet fams 4 521.4 3.899 •• 11.201 1.592 N.S 28771 5.188 .* 
FamsxB. 8 96.8 0.724 N.S 4.889 0.695 N.S 7783 1.403 N.S 
Error 58 133.7 7.034 5546 
Bl+B2 
BetB. 1 4.09 0.050 N.S 5.867 1.089 N.S 751 0.162 N.S 
Bet fams 4 434.48 5.320 ••• 9.397 1.744 N.S 30435 6.585 •• 
FamsxB. 4. 82.66 1.021 N.S 4.942 0.917 N.S 7561 1.636 N.S 
Error 38 81.67 5.389 4622 
B3 
Bet fams 4 197.8 0.850 N.S 6.64 0.653 N.S 6341 0.869 N.S 
ElTOr 20 232.7 10.16 7300 

25A Bl+B2+B3 
BetB. 2 137.83 2.016 N.S 3.449 0.486 N.S 10357 1.770 N.S 
Bet fams 2 698.07 10.212 .*. 6.433 0.906 N.S 4663 7.887 ** 
FamsxB. 4 163.67 2.394 N.S 19.329 2.723 N.S 25081 4.285 •• 
Error 35 68.35 7.098 5853 
Bl+B2 
BetB. 1 38.91 0.531 N.S 4.742 0.584 N.S 4278 0.575 N.S 
Bet fams 2 866.39 11.817 ••• 4.597 0.566 N.S 53470 7.190 *. 
FamsxB. 2 121.61 1.659 N.S 37.119 4.574 * 39617 5.327 * 
ElTOr 23 73.32 8.116 7440 
B3 
Betfams 2 37.42 0.636 N.S 3.375 0.656 N.S 3237 1.149 N.S 
ElTOr 12 58.84 5.147 2818 
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Table E-35a. Summary of the ANOVA results of the double crosses, 51, and Szlamilies 

for PH CI, EH eM, grain loisture, grain yield, nUMber of kernels and 100 kernels weight gm . 

•........ ---.-... -... -...... -.-.. --.. -.. -........ -~-.-·········--·······-·-··············f 
lGen lSour· I PH CI : £H CI I \ H20 I K. No., p :Grain gil , pI gil I 100 K.: 
~ and :ce of:···········.············.·············.····-······ •••••••••••••••••••••••••• : 
:O.C.:Var.:3' 2' I': 321: 321:32 11321: 321: 
'·····+·····.···········t············.·············t···········f············f············, , , 
',0 C '8 '*** U*· 'u U • 'U* N S· 'N S * • '*U U*· 'U* N S· , • • " , ,., • , 'I' I 

:F . :N.S N.S N.S:·u U N.~: * * N.S:U U ** I *** *** u : u* *u *u: 
, :F x 81N.S N.S· : N.S N.S •. : N.S N.S· :N.S N.S· : N.S N.S· : N.S N.S· : 
:·····.·····f···········.············f·············.···········f··········-·.············: 
I,SI '8 '*U *u· I Ut u*· 'U* N S· 'U* U • 'U* *u· 'N S N S· , " , ,., , , .. , 

IF :*** *** ***: *t *t* *tt: * ** *t :*t *** ***: *** *** ***: *** *** *t*: 
, :F x Bl*t* N.S· : N.S N.S· : N.S N.S· :t* * • l ** N.S· : N.S N.S· l 
:·····.·····.···········f·······-····.·············.···········f············f············: 
:S2 lB 1** t : u* N.S· I u* N.S· :u* N.S· I N.S N.S· : N.S N.S· I 
: IF :** ** **: *t ** **: ** ** *** 1** ** ***: *** *** ***: *** *** N.S: 
: :F x B:N.S N.S· : N.S N.S· : U * :u* U _ : N.S N.S· : N.S N.S· : 
+-------.--~.------------------------------------------------------~---------.-----------+ 
3' t 2' t and 11 are the ANOVA results ror 81+B2+83, Blf82. and B3 respectively. 
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Table E-3Sb. SUllary of the ANOVA results of SI and S2 families which derived frol each 
of the double crosses 4, 9A2, llA, 16A, 19A2, and 2SA for PH CI, EH CI, grain loisture, 
grain yield, number of kernels and 100 kernels weight ga. t-.---.. ------------------------------.---------------___________________________________ t 

:Gen :Sour-: PH CI : EH CI :' H20 : K. No.1 p :Grain gm I p: gm I 100 K.: 
: and :ce of:-----------+------------+-------------+-----------+------------f------------: 
:O.C. :Var. : 3' 2' }': 3 2 I: 3 2 I : 3 2 I: 3 2 1: 3 , 1: 
: _____ t _____ t ___________ + ____________ t _____________ t __ ---------t------------+------------: 
:4 SI:S :N.S N.S - :' , - : N.S Ii.S - :N.S N.S - :' u - : N.S N.S - : 

:r :N.S * N.S:' U N.S: N.S N.S N.S :N.S N.S N.S: su U N.S: tU tU N.S: 
I :r x e:N.S N.S - : N.S N.S - : N.S N.S - :N.~N.S - :~N.S N.S ~ : N.S N.S - : 
: _____ t _____ t ____ •• _____ t ____________ t _____________ t __ ---------f------------t-------·----: 

S2:S :N.S N.S - : N.S N.S - : N.S N.S - :N.S N.S - : N.S N.S - : N.S N.S - : 
:r :N.S N.S N.S: t . N.S t : N.S * N.S :N.S N.S N.S: N.S N.S N.S: N.S N.S N.S: 

: :r x e:N.S N.S - : N.S N.S - : t N.S - :N.S N.S - : N.S N.S - : N.S N.S - : 
:--.--t---.. t-----------t--.. --.----.t-----.. ------t-------··--t·---·----·--t-----·------: 
:9A SI:S :N.S N.S - : N.S N.S - : N.S N.S - :t , - : N.S N.S - : N.S N.S - : 

:r :* N.S N,S: at * tf: N.S N.S N.S :at ** N.S: N.S N.S t : it' itt N.S: 
I .:r x S:N.S N.S -' : N.S N.S - : N.S N.S - :H.S N.S - : * N.S - :' N.S - : 
:-.---t-----t-----------t------------t-------------t-----------t------------t------------: 

S2:e :* * N.S' - : N.S N.S - :i au - : N.S N.S - : N.S N.S - : 
:r :i* * it: 'f * ii: N.S N.S N.S :*ii itS N.S: ti' tt N.S: N.S N.S N.S: 

I :rxe:N.SN.S- :N.SN.S-:* t :U U -':* * :N.SN.S-: 
I-.--.t. ____ t_. ____ . ____ t __ . _______ ._t _____________ t __ ---------t------------t-----·-·----: 
llA:S :* u - : * N.S - : N.S N.S - :N.S N.S - : N.S N.S· : N.S N.S - : 

sl:r :u it N.S: N.S N.S N.S: N.S N.S N.S:' N.S us: * N.S U : * * N.S: 
:r x e:N.S N.S -. : N.S II.S - : N.S N.S - :N.S N.S - : N.S N.S· : N.S N.S· : 

-.---t-----t---.. ------t----.--.-.--t-------------t-----------t------------t-·--·-···---: 
S2:e :N.S N.S - : N.S N.S - : N.S N.S· :H.S N.S - : N.S N.S - : N.S N.S· : 

:r :Stt ,i i': itt it' St': N.S N.S N.S:* N.S N.S: N.S N.S N.S: N.S N.S N.S: 
:r x e:N.S N.S - : N.S N.S - : N.S N.S - :N.S N.S - : N.S N.S - : N.S N.S· : 

:-.-.. t-.. --t-.... ---... t--.. --.-.---t.-.-·-------·t--.-·-.. -·-t-··-----··--t-·---·-----·: 
:16A:e :N.S N.S - : t N.S - : N.S N.S - :* u . : N.S 8 : N.S N.S - : 
: sl:r :* N.S iU: it N.S u : i * * :N.S U N.S: N.S N.S N.S: N.S N.S i : 

: :r x e:N.S N.S - : U N.S - : U N.S - :U* in - : u u • : N.S N.S - : 
:-.-.. t--.--t--.-.------t--... -.. --.. t--.---··--·--t·-----·-···t·····-------t·---·-·-·--·: 
: S2:e !N.S N.S - : N.S N.S - : U N.S - :t N.S - N.S N.S - : U N.S - : 

:r :* N.S N.S: u at N.S: in N.S Ut:i N.S 8 : U i it:' * N.S: 
I :r x e:N.S N.S - : N.S N.S· : * N.S - :N.S N.S - : * N.S - : * * - : 
:-.... t--.. -t---.. ------t----.-------t-.---------·-t·-----.----t·-----------t--·-····--··: 
:19A:e :i* N.S - : N.S N.S - : N.S N.S - :N.S N.S - : N.S N.S - : N.S N.S -
: SI: r :u u * : U U N.S: N.S N.S N.S :N.S N.S N.S: N.S N.S * : Ui S u: 
: :r x 8:* N.S· : N.S N.S· : N.S N.S· :N.S N.S· : N.S N.S· : N.S N.S· : 
:-----t--.--t----.---.. -t--.---------t-·-----------t-----------t----------·-t-··-----·-·-: 
: sz:e :N.S N.S· : N.S N.S· : N.S N.S - :N.S N.S· : N.S N.S· : N.S N.S· : 
: :f :* N.S N.S: * N.S N.S: * a N.S :*a a. N.si a* i** N.S: N.S N.S N.S: 
: :f x 8:N.S N.S· : N.S N.S· : N.S * :N.S N.S· : N.S N.S· : N.S N.S· : 
:.-... t.---.t .. _.-.--.- .• -.---..... -.t-.-----------t-·---~.--.-+--·----···--t·····---·-·-: 
:25A:8 :N.S N.S - : N.S N.S· : N.S N.S - :N.S N.S· : N.S N.S - : N.S N.S· : 
: s.:r :N.S N.S N.S: N.S N.S N.S: ua as * :u a N.S: *n U N.S: N.S N.S N.S: 
: :r x 8:N.S N.S· : N.S N.S - : N.S N.S - :N.S N.S· : N.S N.S· : N.S N.S· : 
: ••••• f ••••• f •••••••••• -t----.. ··--··.····---·----·.·· .... ····-f············.············: 
: S2:8 :u u • : * N.S· : U N.S - :N.S N.S· : N.S N.S· : N.S N.S· : 

:r :** a* * : N.S N.S N.S: N.S N.S N.S :.t a, N.S: fa, siS N.S: N.S N.S N.S: 
:r x 8:N.S N.S - : N.S N.S· : N.S N.S· :as * • : N.S N.S· : N.S N.S· : 

t··-··-··················--·--------·---·----········· •.....••..•....... __ .•..... --•.....• 
3', 21 , and I' are the ANOVA results for 81t82+83, 81+82, and 83 respectively. 
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Estimates of the Genetic Components of Variance. Heritability. Selection 

Differentials. and Expected Gain From Selection: 

Genetic Components of Variance. 

Table (E-37) gives the variance component estimates for genotypic variance 

cr 2 F, genotypes x environment interaction variance cr .2 F x B, and error variance 
A . 
cr 2. All of these vanance components were calculated from the mean squares 

, obtained from the analysis of variance of block 1 and block 2 based on the results of 

Gilmore-Rogers heat-unit degrees required for flowering and maturity stages, as was 

described earlier in this chapter (method of genetic analysis). The estimated mean 

squares indicate that there is high genotypic variability among the S 1 and S2 families 

for most traits studied in this experiment (see results of the ANOVA for all traitsfor 

the SI and the S2 families), except for the number of seedlings emerging for SI 

families. Also there was no significant genotype x environment interaction for SI 

families , except for the time from silking to maturity and number of kernels. While 

for S2 families there were five cases of significant family x blocks interaction; those 

cases were for SDW at 1 %, for 65 stage, for maturity, for grain moisture content, 

and for number of kernels, the last four cases being significant at the 5 % level. These 

significant interactions seem have no magnitude relative to the high genotypic 

variance for most of traits studied (table E-37). This result confirms that the 

differences between families were the primary source of the variability observed in 

this experiment, and there was also high genotypic variation among the SI and S2 

families. According to Hallauer and Miranda (1988 P 32) the genotypic variance 

among SI families will be equal to all the additive genetic effects plus 1/4 of the 

dominance effects (0-. .2 f = cr"2 A + 1/4 a .2 D), and will equal all the additive generic 

effects in the absence of dominance. They also demonstrated that the genetic 

variance among the S2 families (after two generations of selfing)is 312 the additive 

genetic effects (0 12 F = 312 Oi.2 A in the absence of the dominance or a 2 F = (312) 

0·,2 A + (3/16) a··2 D (where A and D are the additive and dominance effects). As 
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our results showed no genotype x environment interaction, thus most of genetic 

variation observed would be mainly due to the additive effects for most of the traits 

studied. In both generations for the flowering and maturity stages and emergence rate 

and seedling dry weight the heritability, which will be described later, was high. 

While for the yield components and the moisture percentage it is expected that the 

additive and the dominance effects both are important, there were some important 

interactions (for number of kernels and seed moisture percentage; see table (E-36» 

and less genotypic variance observed compared with the other characters. Gam.~le 

(1961) and Robinson and Comstock (1955) also reported dominance gene effects 

were important on maize yield. Maryam's study (1981) on the reference popUlation 

of this material also indicated the importance of the dominance effects for the yield 

components. Overall it appears that the additive genetic effects still dominate the 

genetic variation for the important characters. Thus the Sl and S2 recurrent selection 

is an effective breeding procedure for any improvement in this popUlation. 

The low interaction component of variance also means that the evaluation 

under this environment was effective in distinguishing those families with the desired 

means for the important characters and there were no genotype x block interactions. 

The error variances were relatively large when compared with the genotypic variance. 

This point needs to be taken into consideration because it will have a slowing effect 

on the gain from selection although it can be reduced by evaluating the next cycle of 

selection in more than one location and with more replications. 

There were a few negative estimates for the interaction, but all were not much 

smaller than zero. When compared with the other components of variance this 

effectively means that there was zero interaction. Although variance components are, 

by definition, positive, the negative values may be a result of the competition among 

the double crosses, the Sit and the S2 plants due to the differences in the vigour. 

Despite that. Hallauerand Miranda (1988, p 46) reported that estimates obtained by the 

analysis of variance can be negative. They also referred to Searle (1971) who gives 

SOme suggestions on how to overcome this anomaly. In maize. it seems, negative 
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estimates may be due to an inadequate model (genetic designs to estimate epistatic 

variance), inadequate sampling (small numbers), and inadequate experimental 

techniques (competition among progenies). 

Heritability Estimates. 

Estimates for the heritability (h2) (narrow sense heritability) for all traits 

studied were calculated (table E-37) based on the genetic variance component 

estimates using the formulae described in this chapter (method of genetic analysis). 

The heritability estimates in table E-37 indicated very high values for the Sl 

families compared with the S2 families, except for the number of seedlings emerged 

and the vigour scale. Here there were higher heritabilities in S2 generation. For grain 

moisture there was a very low heritability estimate in the S2 generation. 

All flowering, maturity and yield components indicate a relatively consistent 

heritability in the two generations. 

Among the cold tolerance traits, emergence rate has the highest heritability in 

both generations followed by the seedling dry weight. This indicated that the visual 

selection for both traits will be more effective for any improvement for early 

emergence under cold conditions. Many researchers have reported that there were 

high heritabilites for the emergence rate and the SOW and they stated that the visual 

selection of both traits was effective to improve the cold tolerance in many maize 

populations (RusseUand Tiech, 1967; RusseUand Machada, 1978; Hexum, 1984). 

All flowering stages and time to maturity showed higher heritabilities 

compared with the other characters, with superiority of the silking and maturity stage 

in both generations. That also would make the selection for early silking or early 

maturity effective. 

A smaller range of heritabilies was found for the yield components than for 

the flowering and maturity stages. The number of kernels per plant and the grain 

yield were more heritable than the other yield components characters and they were 

more consistent throughout the two generations. 
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Heritability is usually defined as the proportion of the total variance that is 

attributed to the average effect of genes. So the high heritability for most of the traits 

studied would reflect the fact that most of the variation obselVed among SI and S2 

families can be attributed to genetic variation, This also means that this population 

has a high breeding value for any further selection, and the best breeding value was 

obtained in S 1 generation. 

Selection Differentials and Expected Gain from Selection. 

As the bases of selection for early maturity, we chose the first ten SI families 

to mature among the 48 SI families used in this experiment of field evaluation (20.8 

% selection intensity). The first five S2 families to mature were selected from the 22 

S2 families used in this study (22.7 % selection intensity). All of these SI and S2 

families, with their means for the heat-unit degrees in Gilmore-Rogers and Ontario 

methods and in the calender days required to maturity are listed in table E-36. 

The selection differentials for all traits studied, and for all the selected families 

were calculated. They are shown together with the grand means of all S 1 and S2 

families and means of the selected families in table E-39. 

Selection for early maturity would mean fewer heat-unit degrees were 

required to achieve maturity. Thus negative selection differentials were expected for 

maturity and flowering stages. 

From table E-39 it was found that the selection differentials for maturity was 

·11.62 heat-unit degrees for SI families and -19.79 heat-unit degrees for S2 families. 

Based on these estimates the selection differentials for the other characters were 

estimated for the same selected families. It was found that there were slight positive 

effects for this selection on the cold tolerance traits (slight increase in the number of 

seedlings emerged and slight decrease in ER and the vigour scale), with no change in 

t~e SDW for SI and some increase in S2. It was also found that selection would lead 

to negative selection differentials in the heat-unit degrees required to the flowering 
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stages (boots, 65 stage of the male flowering, and silking), but on the other hand this 

selection was accompanied by lengthening of the time from silking to maturity in 

both the S 1 and S2 generation. 

Negative differentials were also obtained for the grain moisture content and 

plant height, and positive differentials were found for the number of kernels and grain 

yield per plant (see table E-39 for the values of these differentials). 

The only inconsistency between the two generations was for ear height (em) 

and loo-kernel weight (gm), when both gave a negative differential in SI generation 

and positive in S2. This result indicated that the early maturity was accompanied by 

improvement in all of the important characters, except for the period from silking to 

maturity where there was a delay in this period. This is not desirable in short season 

areas, but is acceptable in long season areas, and also it could give negative effect on 

the gain expected for maturity. 

The expected gain from one cycle at this selection intensity was calculated for 

each character using the formula described earlier in this chapter (method of genetic 

analysis). The results obtained are listed in table E-37. PoSietive gain will mean less 

heat unit degrees to reach each stage. This expected gain was counted, assuming that 

the selected SI or S2 families will be recombined (crossed) to initiate a cycle of a 

recurrent selection in two years. Recurrent selection has been recommended by many 

researchers for more benefit from SI and S2 selection which capitalize the additive 

genetic effect for the improvement characters than ContinuClCil~inbreeding (Grogan, 

1970; Mock and Eberhart, 1972; Mock and Bakri, 1976; McConnell and gardner, 

1979a; Eberhart, 1970; HtQtd and Crosbie, 1985, Hallauer and Miranda, 1988). 

From the results of the estimated gains following selection (table E-37), it was 

found that there should be a reduction of 5.45, and 5.03 in the heat units degrees from 

sowing to maturity in SI and S2 generations respectively. This gain was reduced by 

the elongation of the stage from silking to maturity. This means that after one cycle 

of selection maturity should be reached 1 to 2 days earlier than in the double crosses. 
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The estimates was based on the grand means of the heat-unit degrees accumulated per 

day for the season in which this experiment was carried out. 

Based on this selection for early maturity the expected gain in the other 

characters were calculated for the same families. There will be an expected increase 

in the time from silking to maturity in both generations. The combination will lead to 

more heterogenisity (crosses), so this change in this period was expected. In the 

results of this experiment that were discused earlier in the results of the yield 

components we noted that the time taken from silking to maturity by the double 

crosses was longer than that taken by the SI and S2 respectively, and it was also found 

that, in general, the SI families required more time from silking to maturity than that 

required by the S2 families (table E-39). Similar results were found by Hallauer and 

Russell(1962) when they studied the inheritance of maturity in maize. They found 

that SI and S2 families required fewer days from silking to maturity than required by 

the crosses from which they were derived. This suggests that selection is unlikely to be 

effective for the development of lines with a shortened interval between silking to 

maturity from the material used in this particular programme. 

The results also indicate that the time to silking, tasselling and boots will be 

improved by 13.73, 10.85 and 11.08 heat-unit degrees in SI families and by 10.99, 

8.79 and 9.40 in the S2 families respectively. 

There will be also some gain in the cold tolerance traits from this selection in 

both generations, and in the number of kernels and grain yield per plant. There will 

be little change in the moisture content and the 100-kernel weight. 

Some decrease in plant height is expected in both generation while ear height 

is expected to increase following the selection of S 1, but decrease again following 

selection of the S2. 
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Table E-36 The means of the number of days and the HUD (Gilmore-Rogers ~nd ~ng.rjO) 
required to reach maturity for the selected S, and S2 families. 

" 

No Families days HUDRog HUDOnt 

SI* 
1 3-26A 149.0 698.6 2364.1 
2 4-4 151.7 702.3 2386.0 
3 3-18 152.6 704.2 2391.9 
4 2-13 152.9 704.3 2391.9 
5 2-9A2 153.5 706.1 2400.3 
6 1-12A 153.8 706.9 2400.7 
7 4-21B 154.6 708.7 2409.9 \ 
8 3-19A2 155.2 709.2 2412.9 
9 4-19A2 155.8 710.5 2418.7 

10 4-25A 156.8 712.2 2425.9 

S2* 
1 10-3-19A2 153.1 705.4 2403.6 
2 i-4-4 155.5 708.3 2412.8 
3 3-4-25A 155.2 710.7 2412.1 
4 7-4-19A2 156.0 710.5 2420.3 
5 1-2-9A2 159.0 714.8 2436.1 

* Listed in rank order with the earliest family first. 

Table E-37. Estimates of the genetic components of variance for genotype or families 
«J"2 F),families x blocks «J"2 F x B), and error «J"2) for SI and S2 families for all traits studied. 

S, families S2 families 

Traits a"'2F a"'lIFxB a"'2 a"'l F a"'lIFxE a"'2 

Cold toleranc 
Emergence 0.159 - 0.743 2.952 - 3.308 
Emergence rate 0.439 . 0.103 1.050 - 0.146 
Seedting dry W. 0.001 0.0002 0.004 0.001 0.0004 0.001 
1-5 vigour scale 0.044 0.0020 0.5304 0.120 -0.0096 0.461 

Flowering & maturitl 
BootS 380.700 -16.600 1547.000 687.700 201.200 1620.000 
65 stage 312.260 -0.180 851.200 568.300 164.800 1006.000 
Silking stage 526.900 12.600 1347.000 796.700 50.800 1219.000 
Silking 10 Mauurity 213.260 88.540 818.500 302.850 3.720 867.900 
Maturity 83.620 -8.360 229.100 160.300 22.700 174.900 

Agronomic traits 
Plant height em 173.440 21.220 571.700 149.980 9.560 662.700 
Ear height cm 93.510 5.080 249.300 117.270 0.840 235.700 
Grain moisture ~ 1.083 -0.129 4.393 0.453 0.870 5.823 
Kernels number I p 4302.900 2721.200 19468.000 2981:000 2826.800 6131.000 
Grain weight gm! p 68.610 13.940 350.002. 24.593 5.552 97.010 
gm (or 100 kernels 7.065 1.870 16.240 1.589 0.151 9.692 

* Estimates were based on the results obtained from Gilmore and Rogers HUD. 
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Table E-38. Heritability estimates for all the traits studied 
and the expected genetic gain from the selection of the earliest 
10 SI families to mature and from the earliest 5 S2 families 
to mature. 

SI families S2 families 

Trait exp.Gain h2 exp.gain 

Cold tolerance 
Emergence +0.147 29.97 +0.583 
Emergence rate -0.422 89.50 -0.420 
Seedling dry W. +<l.017 66.66 +<l.012 
1-5 vigour scale -0.094 44.87 -0.124 

Flowering & maturity 
Boots -11.08 71.11 -9.46 
65 stage -10.85 78.57 -8.79 
Silking stage -13.73 78.88 -10.99 
Silking to maturity +7.79 62.83 +6.49 
Maturity -5.45 78.49 -4.94 

Agronomic trait 
Plant height cm -7.52 71.90 -4.31 
Ear height cm +5.75 77.29 -4.18 
Grain moisture % -0.59 71.11 -0.16 
Kernels number /p +33.22 56.54 .+17.86 
Grain weight gm p +4.39 62.20 +1.71 
gm for 100 kernels +1.61 81.30 0.42 

Table E-39. Grand means of the S. and the S2 families for the diffl-ent 
characters and the grand means for the earliest 10 S. families and the 
earliest 5 S2 families to mature, with the selection differentials(D). 

S. fams means 

h2 

42.77 
62.23 
51.28 
48.16 , 

48.24 
50.45 
56.26 
51.57 
56.50 

46.07 
55.34 
20.54 
39.68 
44.22 
40.22 

S2 fams means 

Traits 48 fams 10fams D 22 fams 5 fams 

Cold tolerance 
Emergence 14.100 14.340 +0.240 12.020 
Emergence rale 12.090 11.890 -0.200 13.200 
Seedling dry W. 0.243 0.243 -0.000 0.139 
1-5 vigour scale 2.536 2.370 -0.166 3.010 

Flowering & mat. • 
BOOts 328.000 309.230 -18.770 357.800 
65 stage 460.600 443.810 -16.790 492.300 
Sillcing stage 457.500 436.760 -20.740 490.900 
Sillcing to Mat. 260.600 273.260 +12.660 239.200 
Maturity·· 717.920 706.300 -11.620 729.740 
Maturity days 159.940 153.590 -6.350 165.830 

Agronomic trailS 
Plant height em 130.900 129.890 -1.010 118.300 
Ear height em 57.210 59.410 +2.200 54.600 
Grain moisture % 32830 31.770 -1.060 33.300 
Kernels number I p 264.410 278.800 +14.390 198.900 
Grain weight gm! p 38.770 45.560 +6.790 24.490 
gm for 100 kernels 15.120 16.630 +1.510 13.180 

• Estimates were based on the results obtained from Gilmore and Rogers HUD. 
"'''' <lmno mean~ of maturity for th~ oouhlf" rro'lC:f"S Wf"rf" I S64 d:l)'~ ;lmj 711." 

110 

13.700 
12730 
0.174 
2.690 

326.800 
460.080 
453.380 
256.720 
709.950 
155.760 

115.840 
54.400 
32.300 

270.600 
32.580 
12.350 

D 

+1.680 
-0.470 
+0.035 
.0.320 

-31.000 
-32.220 
-37.520 
+17.520 
-19.790 
10.070 

-2.460 
-0.200 
-1.000 

+71.700 
+8.090 
.0.830 
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THE USE OF THE NORTH CAROLINA MATING 

DESIGN FOR THE DEVELOPMENT OF COLD 

TOLERANCE AND EARLY MATURING MAIZE 
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LINES. 



CHAPTER SIX 

THE NORTH CAROLINA DESIGN: PROCEDURE FOR THE 

DEVELOPMENT OF THE SINGLE CROSSES AND THE STUDY OF THE 
., 

GERMINATION, EMERGENCE AND SEEDLING GROWTH OF THE 

PARENTS AND THEIR RECIPROCAL F1S AT LOW TEMPERATURE 

UNDER CONTROLLED CONDITIONS. 

Experiment F. 

Introduction. 

In a previous study by Maryam (1981), ten inbred lines of grain maize were 

chosen from a collection of cold tolerant material. These were the most suitable lines 

for further work towards the improvement of the cold tolerance and early maturity in 

maize. The lines selected were GB078, GBC100, GBC102, GBC108, and GBC233 

from the Cambridge material, and HY2, Pa32, Fr43, Fr619, and A556 from the USA 

lines (see Chapter 2 for source of the materials). 

Among the Cambridge lines, GB078 and GBCI08 were selected because both 

were early genninating lines although they differ in their flowering time, being early 

and late flowering lines respectively. The inbred lines GBC100, CBCI02 and 

GBC233, in spite of being late germinating lines, are early flowering and have good 

general combining ability (GCA) for flowering time and yield. The line GBC100 and 

GBC233 also have good GCA for the germination trait. 

Among the USA lines, Fr43, Fr619 and HY2 are all early germinating lines 

and although Fr43 and Fr619 are early flowering, HY2 is a late flowering. Moreover, 

Maryam (1981) found that the USA lines have many good agronomic qualities such 

as thick flexible stems, and better root systems, i.e. stronger and longer roots were 

observed in the USA material than in the Cambridge material. The roots of the USA 

material gave good anchorage to the plants. Furthennore, at the time of harvesting, 

the leaves were still green and so could be used for fodder. That would mean the 

USA material could be used both as a grain and fodder crop at one and the same time. 
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For these reason, the combination of these 10 lines could produce new hybrids which 

would combine these good vegetative characters from the USA material with the 

good cold tolerance and earliness of the Cambridge material on one hand and 

identifying promising hybrid combinations on the other hand. Maryam (1981) found 

that the genetic system controlling most of the important characters in the USA lines 

was rather complex and in most cases the additive-dominance model was not 

adequate. Non-allelic interaction appeared to be common and clearly there could be 

complications with the genetic control of the important characters following 

combination of the two sets of lines. 

It was suggested by Maryam (1981) that diallel crosses should be made 

between these ten inbred lines, but this would be repeating in part, some of Maryam's 

work, because she had already made the diallel crosses between the Cambridge and 

between the USA lines. Thus to limit any repetition and to reduce the size of the 

. experiment and the number of the single crosses which would be obtained, the North 

Carolina IT mating design was considered. Because our main interest was a 

combinations between the Cambridge and the USA material this was clearly the best 

way to proceed. 

Many other studies have suggested this method of combination. Carr and 

Milbourn (1976), for example, proposed the development of varieties to incorporate 

the ability of European flint types to grow at low temperature with the high yield 

potential and resistance to lodging of early American dent material. 

Bunting and Gunn' (1973) have mentioned that material from the Northern 

parts of the American Corn Belt has been found to be suitable for the production of 

flint x dent hybrids that will produce ripe grain in England. 

This chapter is restricted to describing some of the problems experienced with 

the crossing programme, the crosses obtained and the result of the laboratory tests and 

screening of the parents, Fls and reciprocals The tests included the cold germination 

test, the emergence test, and the seedling growth test in terms of seedling dry weight. 
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The study of the genetic variation in this population using the NC2 mating 

design will be introduced in the next chapter (chapter 7) when the result of the field 

experiments for this material will be discussed. 

Materials and Methods. 

Twenty five plants were grown from randomly chosen kernels from each of 

the ten inbred lines CB078, GBClOO, GBCI02, GBCI08, GBC233, HY2, Pa32, 

Fr43, Fr619, and A556. These plants were grown in the glasshouse in the Botanic 

Garden of the University of Hull in the same way as described earlier in Chapter 2. 

The sources of the inbred lines were the same as those obtained and used by Maryam 

(1981). In order to obtain flowering compatibility some of the inbred lines were sown 

earlier than the others. HY2 and GBC 108 were planted first followed by the other 

USA lines and finally by the rest of the Cambridge lines. There was a two week 

interval between the first and last sowings. At the time of flowering all the possible 

reciprocal crosses between the 5 Cambridge inbred lines and the 5 USA inbred lines 

were made randomly using the same technique as described in Chapter 2. Crosses 

were replicated where possible. At the same time two or three plants from each 

inbred line were selfed to make sure that all the materials obtained were of the same 

age. 

The seeds of the parents, Fit and the reciprocals were harvested in August 

1987, except for those crosses which included inbred line HY2. These were not ready 

for harvest until the 9th and 22th of September. Although care was taken to reduce 

flowering mismatch, it was not possible to obtain seeds from all the possible crosses. 

On the first of October 1987, two plants from each reciprocal FI were grown 

inside the glasshouse to obtain F2 seeds. Unfortunately this anempt failed to give 

well-developed F2 seeds because of unfavourable lighting conditions at the time of 

flowering of this experiment. which happened between December 1987 and January 

1988. Another anempt was made sowing FI seeds on 14th and 21th of December 1987 

respectively. The F2 seeds were harvested in April and early May 1988. 

A germination test was carried out in the growth cabinet for all the Fls, the 

reciprocals and the parents simultaneously in two replications. Ten kernels were used 
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in each replication. The method was as described in Chapter two and was at 6 °C in 

the dark for 21 days. This test was started on the 12 of August 1988. A third 

replication of 10 kernels of each genotype was carried out under the same conditions, 

but at a different time (started on the 17th of October 1988) and also for 21 days. 

In order to study the emergence and seedling dry weight under low 

temperature conditions the material used for the germination test was retained and 

tested as follow: Seven germinated or non-germinated kernels from each genotype 

. were sown in 3.5" ( 9 cm) pots using the same compost that was used for the 

glasshouse experiments. The pots were placed in the growth cabinet for 35 days 

under conditions of 9° C night temperature and 13° +/- f day temperature for 8 

hours/night and 16 hours/day. Two replications were carried out at different times 

under the same conditions because of the limited space available in the growth 

cabinet ( replication one was from materials used for replications 1 and 2 for the 

germination test. and replication two was from material of replication three of the 

germination test). Emergence was scored at 21 days from sowing and SOW (gm) was 

taken at 35 days from sowing. 

Following both germination tests and after the kernels for the emergence tests 

had been removed. the remaining kernels were left in the petri-dishes on the 

laboratory bench at a minimum temperature of 18 ° C in order to determine their 

ability to germinate after they had been subjected to the low temperature of 6 ° C for 

21 days. 

The number of kernels germinated. the germination index. the number of 

seedling emerged. the emergence rate (ER). and the seedling dry weight (SOW. gm) 

after 35 days were calculated as described earlier in Chapters two and five. The 

ANOV A was carried out to study the variation between the genotypes. For the SOW 

the mean of five seedlings for each genotype was used as the base for the ANOV A. 

ANOVA was carried separately for the parents and for the single crosses (PI s and 

reciprocals). 

To investigate any reciprocal effect. an ANOV A was carried out for each of 

the reciprocals separately for all traits studied. 
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Result and Conclusions. 

1. Genetic Materials Obtained. 

The NC2 mating programme produced 39 single crosses. These consisted of 

22 FIs and 17 reciprocals. Because maternal effects in these lines had been reported 

by Maryam (1981) it was necessary to make reciprocal crosses. Although care was 

taken to ensure matching of flowering time in the glasshouse and the crosses were 

made in more than one replication, it was not possible to obtain all of the possible 

crosses. That was mainly because the USA inbred line HY2 was very late flowering 

and to some extent inbred lines GBC108 and GBCI02 from the Cambridge material 

were also late flowering. It was not possible to repeat this crossing programme, 

fIrstly because of the limited time for this study and secondly because we expect these 

crosses will also be late flowering crosses and so of little use in the selection 

programme. It is also clear that there are other lines that are as good or better than 

HY2 in the one positive attribute of the line, ie of good germination at 60 C, and so its 

exclusion is unlikely to be important Accordingly a 4 x 4 NC2 will be used to 

analyse the genetic variation in the single crosses. Those crosses that included the 

inbred lines HY2 and GBC108 will be excluded from the full NC2 analysis in the 

next Chapter, but they are included in the preliminary ANOYA described below. All 

the inbred lines used and the single crosses obtained are listed in the table of means 

(F-1). F2 seeds were also obtained from this experiment from all the FIS. 

2. Results of the Germination. the Emer2ence and the 

Seedlin2 Dry Wei2ht Tests. 

a. The Inbred lines Result. 

It is obvious from the means (table F-l) for these characters and from the 

ANOY A results (table F-2) that there was signifIcant variation between the parents 

used in this experiment in the ability to genninate at 6 0 C constant temperature. A 

large number of kernels germinated from some inbred lines (Fr43, HY2, GB078 and 

GBC108), while no kernels genninated from some others (GBC233 and GBC102). 
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Less variation was observed among the inbred lines for the germination rate 

(GI). This result agreed, in general, with that found by Maryam (1981). She also 

found that inbred lines (GBC102, GBC233, Pa32 and A556) were late germinaters. 

Below is a comparison of the GI obtained in our results at 60 C constant 

temperature for the inbred lines with those obtained by Maryam (1981) for the same 

inbred lines at 80 C constant temperature. We can see that despite the differences in 

the temperatures used and in the number of kernels, the consistency of behaviour of 

the inbred lines in both experiments is very clear. 

Inbred lines 

Cambridge line 

GB078 
GBC100 
GBCI02 
GBC108 
GBC233 

USA lines 

HY2 
Pa32 
Fr43 
Fr619 
A556 

GJ at 80 C from 
Maryam (1981) 

12.70 
* 

17.00 
11.10 
14.33 

10.00 
12.30 
10.00 
11.70 
14.60 

* no kernel germinated. 

GJ at 60 C from 
this experiment 

19.45 
18.98 
* 
17.85 
* 

17.72 
17.72 
18.25 
17.21 
18.44 

The means and ANOV A of the emergence test of these lines in the laboratory 

at 9-130 C (table F-l) also indicated that variability exists between the lines for the 

ability to emerge and for the rate of emergence (ER). Comparing the germination 

results with the emergence results we can conclude that some inbred lines (Fr43 , 

Fr619, A556, GBC78 and GBCloo) showed a similar behaviour for both traits, but no 

similarity was observed for the others. For example, HY2 was able to germinate at 6 

o C, but it showed very low ability to emerge at 9-13 0 C. In contrast was the 

behaviour of inbred lines Pa32, GBC102 and GBC233. They were the slowest lines 

to germinate and the latter two lines did not germinate by 21 days at 60 C, but they 

showed good response to emerge at the higher temperatures. Indeed, Pa32 and 

GBC233 were the fastest lines to emerge. This conclusion would indicated that while 
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some of the lines were not able to genninate at 60 C, they were able to emerge at the 

relatively cool temperature (9
0 

C - 13(0 C) and this ability was not affected by their 

previous subjection to the low temperature of 60 C for 21 days. In other words these 

lines are cold resistant and partially cold tolerant lines. Support for this conclusion 

was obtained from the observations on the rest of the kernels which were left in the 

laboratory following the 21 days of the cold test. They genninated very satisfactorily. 

Highly variability was also found between the inbred lines in seedling dry 

weight (tables, F-l and F-2). These tests indicated that for most of these characters 

useful variability eXEtd among the inbred lines, which is necessary to tcrea.te the 

heterozygosity between the single crosses. 

b. Result of the Fi., s and Reciprocals. 

Highly significant differences were found between the 39 double crosses (see 

tables F-l and F-2) for all the characters studied, except for the number of seedling 

emerged. Hence there were no significant differences between the 39 single crosses, 

which reflects the high response of all these crosses to emerge under these 

temperature conditions. 

Comparisons between the parents the Fls and reciprocals for each individual 

cross reveal that most of the single crosses have a mean value 'better' than the mid­

parental value (positive heterosis) and some showed overdominance, the mean being 

better than that of the better parent. Some other crosses show negative heterosis 

especially for the number of kernels genninated. for example, Fr43 x GB078. Fr43 x 

GBC102, A556 x GBC233 and GBC100 x HY2. The least vigour was obtained for 

GI when most of the single-cross means did not reach the mid-parental means. Most 

of the single crosses showed stronger heterosis in the emergence rate and seedling dry 

weight than they showed in gennination ability and the gennination index. The low 

vigour of the hybrids in the rate of gennination compared with their parents could 

mean that the temperature of 60 C is a critical threshold, that is, in general, there is 

insufficient genetical variation within these inbred lines to enable kernels to 

genninate below 60 C, even under the most favourable gene combinations. It is also 
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noticeable that some crosses from lines with low numbers of germinating kernels at 60 

C (Le. GBC233 x Pa32) showed good ability to germinate at 6 0 C. On the other hand 

a few crosses from the faster germinating lines have considerably faster germination, 

for example GBCI08 x Fr619 and GBC108 x HY2. This indicates that the 

performance of the Fls sometimes depends on the particular parental lines used, with 

the actual performance of the inbred lines not being a good predictor of the F 1 s. 

Reciprocal Crosses. 

An ANOV A of the reciprocal crosses derived from the same parents was 

carried out and a summary is given in table F-3 for the five characters. Overall, 19 of 

the 85 variance ratio tests are significant, somewhat more than is expected by chance. 

There does not appear to be any clear pattern here although GB078 is involved in 

nine significant reciprocal crosses. For the number of kernels germinated, six 

reciprocal crosses showed significant differences; six reciprocals crosses showed 

reciprocal differences in the germination rate. Only two pairs of reciprocal crosses 

were significantly different for both traits. 

No important reciprocal differences were found for the number of seedlings 

emerged. Three cases of reciprocal differences were found for each of ER and SDW 

traits, one of each was for the same reciprocal. These means that fewer reciprocal 

differences were found for the emergence and SDW traits than found for germination. 

These reciprocal effects can only be attributed to maternal effects. Similar important 

maternal effects in maize germination were found by Maryam (1981) when she tested 

a different set of crosses obtained from different combinations (diallel crosses) 

between two set of inbred lines, some of which are included in the experiment 

described above. 

Maternal effects for germination and emergence in maize have been reported 

by many researchers (Pinnell, 1949; Tatum, 1954; Pesev, 1970; Eagles and Hardacer, 

1979a; Faranets, 1981). In contract, no maternal effect was found by McConnell and 

Gardner (1979b) when they investigated possible maternal differences for the 
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percentage of emergence and this agrees with our results for the number of seedlings 

emerged, where no significant reciprocal effect was found. 

From table F-l it can be seen that in most of the reciprocal crosses showing 

important differences, the better cross was the one in which the Cambridge line was 

as the used as female parent. Even where there were no significant reciprocal 

differences the better means were obtained when the Cambridge lines were used as 

. females. This result suggests that the British lines have a positive effect on the 

characters studied and back-crossing to the Cambridge lines could be effective in 

further improvement of these characters for cold tolerance. 

From the results of this experiment we can conclude that there is good genetic 

variation among the single crosses which were developed by the NC2 mating design. 

Most of the genotypes showed a good response to germinate and to emerge under low 

temperature conditions. There were also strong indications that some maternal effects 

exist among the reciprocals for the different characters studied. The study of the 

maternal effects indicated that the Cambridge lines are good parents for any back 

crossing for cold tolerance improvement. It is appears also from these results that 

more investigations need to be carried on this material in the field to get a better 

understanding of the behaviour of the major characters of interest (flowering and 

maturity stages) as well as the other agronomic characters. The nature of the genetic 

variation and the genetic effects of importance need also to be determined. ' These 

objectives are the subject of the next chapter in which some field experiments over 

two seasons will be described. 
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Table F-l. Inbred lines and F 1 s and reciprocals (F 1 "s)used number of kernelsgenninated 
(KG) from 30 kernels used, means of GI, number of seedling emerged of kernels 
sown, means of ER and means of SDW. 

Parents & F I S Germin tion Emergence 
SDW 

No Genotype KG GI SE ER 

Inbred lines 
1. USA lines 

1 HY2 17 17.72 4 17.08 0.017 

2 Pa32 7 18.72 14 1~.07 0.056 

3 Fr43 23 18.25 14 11.28 0.037 , 
4 AS56 11 18.44 14 15.57 0.046 

5 Fr619 13 17.21 12 17.35 0.037 

2. UK lines 
1 GB078 16 19.45 13 15.20 0.030 

2 GBCl00 13 18.98 10 17.16 0.040 

3 GBCI02 0 - 13 17.10 0.039 

4 GBCI08 18 17.85 9 17.83 0.032 

5 GBC233 
:. 0 12 14.91 0.032 -

Els & Fl"s 
1 Fr43xGB078 11 19.58 14 10.71 0.077 

2 GB078X Fr43 23 15.98 14 11.07 0.050 

3 Fr43 X GBCI02 9 19.27 14 11.49 0.060 

4 Fr43 X GBC233 7 19.12 14 13.14 0.054 

5 GBC233 X Fr43 22 18.49 12 13.32 0.055 

6 Fr43 x GBC100 12 19.78 14 13.71 0.066 

7 GBC100 x Fr43 9 18.46 12 13.28 0.080 

8 Fr619 x GBCI08 28' ~ 17.08 13 13.37 0.090 

9 GBCI08 X Fr619 30 14.08 14 11.13 0.070 

10 Fr619 x GBCl00 28 18.30 14 14.06 0.058 

11 GBCl00 X Fr619 29 17.20 14 14.92 0.059 

12 Fr619 X GBCI02 25 18.01 13 13.72 0.080 
13 Fr619xGBC233 15 18.96 14 13.78 0.071 
14 GBC233 x Fr619 13 18.06 14 11.92 0.050 
IS Fr619 x GB078 10 19.38 14 17.35 0.030 
16 GB078 X Fr619 15 16.94 11 12.42 0.069 
17 AS56 X GBC233 2 21.00 14 12.35 0.050 
18 GBC233 x AS56 8 19.16 14 14.99 0.066 
19 AS56 X GBC100 17 18.15 11 16.53 0.048 
20 GBCl00 X AS56 18 17.25 14 12.85 0.045 
21 AS56 x GBCI08 14 19.02 14 13.99 0.073 
22 GBCI08 x AS56 12 19.58 13 13.50 0.075 
23 AS56xGB078 16 18.88 12 12.08 0.065 
24 GB078xAS56 17 16.65 14 12.78 0.063 
25 AS56 X GBCI02 0 - 13 15.10 0.057 
26 GBCI02 x ASS6 22 19.12 14 11.78 0.054 
27 Pal2 x GBCI08 24 18.77 11 13.95 0.054 
28 GBCI08 x Pal2 25 18.42 10 13.00 0.054 
29 Pal2 X GBCl00 23 18.58 13 15.17 0.039 
30 GBC100 x Pal2 27 17.89 14 11.49 0.054 
31 Pal2x GB078 25 17.73 14 12.06 0.086 
32 GB078x Pal2 20 16.56 13 11.05 0.063 
33 Pal2xGBC233 17 18.91 14 12.71 0.081 
34 GBC233xPal2 24 18.32 14 12.85 0.049 
35 Pal2 x GBCI02 23 19.75 13 11.66 0.069 
36 GBCI02 X Pal2 10 19.02 12 11.28 0.066 
37 GBC233xHY2 11 20.00 14 12.60 0.075 
38 GBCl00xHY2 7 20.30 11 13.96 0.049 
39 GBCI08xHY2 27 17.15 13 • 14.72 0.049 
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Table F-2. The ANOV A for gennination. emergence and seedling dry weight for the parents 
and their Fl s and reciprocals (FI"S) obtained by NC2 crossing. 

I Character IG. I Source of I DF I M.S. IVR Ip 

I I I variance I I I I 
I I I I I I I 

I Kernels I Parents I Bet. parents I 7 I 7.881 I 6.101 I *** I 

I genninated I I Error I 16 I 1.292 I I I 
I I I I I' I I I 

I IFl &Fl" I Bet. crosses I 37 ' 119.797 115.782 1***1 
I I I Error 1 76 'I 1.254 I I I 
I I I I I I I I 

I Gennination I Parents I Bet. parents I 7 I 1.5906 I 2.271 IN.S I 

I index I I Error I 16 I 0.7004 I I I 
I I I I I I I I 

I IFl & Fl" I Bet. crosses I 37 I 5.3871 I 5.981 I *** I 
. '·1 I I Error I 76 I 0.9007 I I I 

I I I I I I I I 

I Seedlings I Parents I Bet. parents I 9 I 4.133 I 4.133 1* I 
I emerged I .tError I 10 I 1.000 I I I 
I I I I I I I I 
I IFl &FI" I Bet. crosses I 38 I 0.6545 I 1.418 IN.S I 
I I I Error I 39 I 0.4615 I I I 
I I I I I I I I 
I Emergence I Parents I Bet. parents I 9 I 9.0145 I 9.281 1*** I 
Irate I I Error I 10 I 0.9713 I I I 
I I I I I I I I 
I 1Ft & Fl" I Bet. crosses I 38 I 4.4796 I 6.003 I *** I 
I I I Error I 39 I 0.7462 I I I 
I I I I I I I I 
I Seedling dry I Parents I Bet. Blocks I 1 I 128xl0'7 1 0.419 IN.S I 
I weight I I Bet. parents I 9 I 215xlO-6 I 6.922 I *** I 
I I I Error I 9 1306xl0·7 I I I 
I I I I I I I I 
1 I Fl & Ft" I Bet. blocks I 1 I 738x10-6 115.71 1** I 

I I I Bet. FI S I 38 \ 371 x 10-6 \ 7.877 '*** I Error 38 47x10-6 
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Table F-3. Summary of the separated ANOV A for the 17 reciprocals for the 

gennination , emergence and SDW. 

No. Reciprocals K.G GI S.E. ER 

1 Fr43 xGB078 
GB078 x Fr43 ••• • •• N.S N.S 

2 Fr43 x GBC233 
GBC233 x Fr43 ••• N.S N.S N.S 

\\ 

3 Fr43 x GBC100 
GBC100 x Fr43 N.S N.S N.S N.S 

4 Fr619 x GBC108 
GBC108 x Fr619 N.S • : N.S N.S 

5 Fr619 x GBC100 
GBClOO x Fr619 N.S N.S N.S N.S 

6 Fr619 x GBC233 
GBC233 x Fr619 N.S N.S N.S N.S 

7 Fr619 x GB078 
GB078 x Fr619 N.S • N.S • 

8 A556 x GBC233 . 
GBC233 x A556 N.S • N.S N.S 

9 A556 x GBC100 
GBC100 x A556 N.S N.S N.S ••• 

10 A556 x GBCI08 
GBCI08 x A556 N.S N.S N.S N.S 

11 A556xGB078 
GB078xA556 N.S • N.S N.S 

12 A556 x GBCI02 
GBCI02 x AS56 ••• • •• N.S • 

13 Pa32 x GBCI08 
GBCI08 x Pa32 N.S N.S N.S N.S 

14 Pa32 x GBClOO 
GBC100 x Pa32 N.S N.S N.S • 

15 Pa32x GB078 
GB078xPa32 •• N.S N.S N.S 

16 Pa32xGBC233 
GBC233xPa32 • N.S N.S N.S 

17 Pa32 x GBCI02 
GBCI02 x Pa32 ••• N.S N.S N.S 
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CHAPfERSEVEN 

THE NORTH CAROLINA MATING DESIGN 2 (NC2) AS A METHOD FOR 

TESTING THE COMBINING ABILITY OF TWO DIFFERENT SETS OF 

SELECTED INBRED LINES OF GRAIN MAIZE FOR COLD TOLERANCE 

AND EARLINESS IN A FIELD TRIAL OVER TWO SEASONS. 

Experiment G. 

Introduction. 

In this chapter all the crosses and their reciprocals obtained from the NC2 

mating explained earlier in Chapter 6 were utilised. These crosses and their F2s were 

evaluated in two experiments in the field over two seasons in 1988 and 1989. The 

main objectives of this experiments were: 1) to obtain information on the nature of the 

genotypic and the phenotypic variation in these hybrids by using the analysis of the, 

North Carolina design 2 as described by Comstock and Robinson (1948). and 2) to 

obtain a clear understanding of the performance of these hybrids originally obtained 

by mating two different cold-tolerant sets of inbred lines obtained from USA material 

and from British material (see Chapter 2 and Chapter 6 for the source of material). 

Both Mather and Jinks (1982) and Cockerham (1963) stated that the best 

understanding will be obtained when true inbred lines are included in the mating. 

Without them, the maximum coefficient in the covariance of non-inbred relatives, is 

1/2 for additive and 1/4 for dominance variation. whereas with them. these 

coefficients can be increased to one. Furthermore. the coefficients of all components 

of genetic variance will be unity, so permitting the estimation of the total genetic 

variance, an obviously desirable feature. 

Experience has shown that unrelated inbred Jines (derived from different open 

pollinated varieties) will generally combine to produce higher-yielding single crosses 

than inbred lines derived from related parental materials, which might have more of 

the same genes in common for any quantitative character (Poehlman, 1959). 
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Material, Methods and Experimental Techniques. 

Two experiments were carried out in the field at the Botanic Garden of the 

University of Hull in 1988 and in 1989 respectively. The materials used in 1988 

consisted of all the inbred lines, the 39 single crosses listed in table F-l(Chapter 6) 

and their Fls. These genotypes were tested in 1988 in the field in a randomized 

complete block design of two blocks. Five plants were grown from each entry in each 

block. Block one was sown on the 18th of May 1988, while block two was sown on 

the 24th of May 1988. 

In 1989 the experiment consisted of two sowing times, each of two blocks, 

and was carried out in the same location. The first sowing was on the 27th of April 

1989, and the second was on the 4th of May 1989. The material used in this 

experiment was only the FIs obtained from the mating of 4 x 4 inbred lines. Four 

USA lines were used as females; Pa32, Fr43, A556, and Fr619. Four of the 

Cambridge inbred lines were used as males; GB078, GBC100, GBC102, and 

GBC233. Thus 16 single crosses were tested. 

The remaining kernels from the 10 inbred lines and from the 39 single crosses 

used in experiment F (chapter 6) were used in these experiments. All kernels were of 

the same age and had been stored under the same conditions. The 39 Fls of the 39 FIS 

were also of the same age and had been stored under the same conditions together 

with the FIs. Storage conditions were as described in Chapter 4 (experiment D). 

Throughout the discussion of the results of these experiments the genotypes will be 

referred to by their real names. 

The experimental design, techniques used, traits measured and the methods of 

measurement were exactly as described for experiment E (Chapter 5). Because of the 

similarity of the results obtained by using calender day and the heat-unit degrees 

methods in Chapter five, the evaluation and study of the flowering and the maturity 

stages was carried out using only the Gilmore-Rogers heat-unit degrees method (see 

Chapter 5 for details). The number of days required for maturity are given merely for 

comparison. 
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Methods of the Statistical and Genetic Analysis. 

Theory of the NC2 Design Analysis. 

The diallel mating design and the North Carolina mating design 2, have been 

used in maize breeding programmes. The former, in which the crosses are made in 

pairs for n number of parents, has been used and abused more extensively than the 

NC2 in maize and other plant species. Design 2, in which crosses are made between 

two different sets of parents, has not been used nearly as extensively in maize as the 

diallel, but it seems to merit further consideration (Hallauer and Miranda 1988). The 

mechanics of making crosses when the parents are inbred lines are no different from 

those for diallel design. 

The designs, however, are very different. In the diallel, the same set of 

parents is used both as males and as females, while in the NC2 one set of parents is 

used as males and the other set as females. As the number of parents used increases, 

the number of crosses in both designs increases, but there are considerably fewer 

crosses made in producing a NC2. 

As the number of parents increases from 1 to n, the ratio of crosses (NC2 I 

diallel) decreases from 0.67 to 0.50 (Hallauer and Miranda, 1988). For the same 

number of crosses, twice as many parents can be evaluated in the NC2. This is a 

major advantage of the NC2 design, especially when estimates of the genetic 

parameters of a population are desired. For both designs a greater number of parents 

can be evaluated by subdividing the parents into sets, but the NC2 still has the 

advantage of being able to evaluate twice as many parents per set. The intial 

assumptions presented for both designs are similar. As stated later several 

assumptions presented for the NC2 are not necessary and. when removed. the two sets 

of assumptions are identical. 

Comstock and Robinson's (1948. 1952) design II (NC2 mating design) was 

outlined as a factorial mating design (Cockerham 1963). where different sets of 
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parents were used as males and females and crosses made between the two sets. The 

sources of variance commonly used in the literature for NC2 design are the males, 

females and males x females (Comstock and Robinson, 1948, 1952; Cockerham, 

1963; Gardner, 1963; Mather and Jinks, 1982; Hallauer and Miranda, 1988). The 

expectations of the means squares corresponding to the source of variation presented 

by Comstock and Robinson (1948, 1952), which were expressed as linear functions of . 

the components of genetic variance (Cockerham, 1954; Comstock, 1955; 

Kempthorne, 1973) are as follows: 

COY paternal HS (COVHSm) = (1+f/4) cr2 A + (1+f/4)2 cr2 AA + .. ; 

COY maternal HS (COVHSc) = (1+f/4) cr2 A + (1+f/4)2 cr2 AA +.; and 

COVFS = (1 +f/2) cr2 A +(1 +f/l)2 cr2 D + (1 +f/2)2 cr2 AA + (1 +f/2)3 cr2 AD + (1 +f/2)4 
O2DD. 

Therefore, as demonstrated by Comstock and Robinson (1948, 1952): 

cr2 M = (1+f/4) cr2 A +(I+f/4)2 cr2 AA + .. ; 

cr2 F = (1 +f/4) cr2 A +(1 +f/4)2 cr2 AA + .. ; 

cr2 FM = (1 +f/2) cr2 A + (1 +f/2)2 cr2 D + (1 +f/2)2 cr2 AA + (1 +f/2)3 cr2 AD + (1 +f/2)4 
O2DD. 

where M, F, FM, A, D , and f are males, females, males x females, additive genetic 

effects, dominance genetic effects, and inbreeding coefficient respectively. The value 

of f is 1 for inbred lines and 1/2 for the other sources (Cockerham, 1954; Hallauer and 

Miranda, 1988). 

It can be seen that the NC2 design provides the researcher with two unique 

estimates of the cr2 A and an estimate of the 0'2 D. 

Comstock and Robinson (1948, 1952) listed and discussed many assumptions 

which are necessary to permit unbiased estimation of the variance components from 

their ma.ti~g design. These assumptions were: a) random choice of the individuals 

mated; b) random distribution of the genotype relative to variation in the 

environment; c) no non-genetic maternal effects; d) regular diploid behaviour at 

meiosis; e) gene frequencies of 0.5; 0 no multiple allelism; g) no linkage. 
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This was the original list of assumptions suggested by them. However, e, f 

have been found to be unnecessary (Kempthorne, 1973; Jacquard, 1974; and 

Cockerham, 1983). Regardless of the number and frequency of alleles per locus, the 

following is true: 

COVHS = (1+f/4) Q'2 A +(1+f/4)2 Q'2 AA + .. ; 

COVFS = (1 +f12) Q'2 A +(1 +f/2)2 Q'2 D + (1 +f/2)2 Q'2 AA + (1 +f/2)3 Q'2 AD + (1 +f/2)4 

cr2DD. 

Hallauer and Miranda (1988) discused the other assumptions and they 

reported that the proper use of the experimental design and randomization will ensure 

no correlation of environmental effects with relatives, and maternal effects in maize 

are normally not important. They also stated that maize normally exhibits regular 

diploid inheritance. Thus assumptions b, c, and d are also unnecessary. 

The other assumptions are similar to those required to obtain unbiased 

estimates from the diallel and, as with the diallel, the failure to meet these 

assumptions would result in biased estimates. Despite that, the non-genetic maternal 

effects can be examined experimentally with the inclusion of reciprocal crosses and 

by the male and female sources in the NC2 design. 

However, if one is interested in the estimating of the components of variance, 

Cowen, (1985) and Hallauer and Miranda (1988) stated the NC2 design seems to have 

many advantages over the diallel design. For example. more parents can be included, 

two independent estimates of Q'2 A are available. and an estimate of Q'2 D can be 

determined directly from the mean squares. If only a few selected parents are 

included, design two has no advantages over the diallel for estimating genetic effects 

of parents (general combining ability(GCA» and their crosses (specific combining 

ability (SCA»; the same information can be obtained from both designs. 

It appears, therefore, that the genetic information obtained from the diallel and 

the NC2 are very similar (Cockerham, 1956; 1963; 1980; and Hallauer and Miranda, 

1988). The variance for the GCA obtained from the dial lei analysis is equivalent to 
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the male or female variance in the NC2 analysis, and the variance for the SCA is 

equivalent to the male x female interaction variance. 

0'2 GCA = 0'2 M = 0'2 F = COVHS and 

0'2 SCA = 0'2 F x M = COVFS - 2(COVHS) - COVFS - COVHSm - COVHSf. 

Poehlman (1959) stated that the ability of an inbred line to transmit desirable 

performance to its hybrid progenies is referred to as its combining ability. The. 

average performance of particular inbred line in a series of hybrids combination is 

known as its general combining ability (GCA). Specific combining ability refers to 

the performance of a combination of two specific inbred lines in a particular cross. 

Specific combining ability is judged by relation of the performance of inbred lines in 

a particular cross to the average performance of the inbred lines in a series of crosses. 

The North Carolina Desiam 2 and the Fixed Model. 

The mechanics of making crosses between two sets of inbred lines are usually 

not too difficult with maize, when the proper allowance is made for the differential 

flowering of the male and female inflorescences. The kernels from a NC2 mating 

design are grown in replicated tests, with appropriate randomization, to determine the 

relative merits of the parents of the crosses. If fewer than 12 parents are included in 

the mating a randomized complete block design should be considered (10 inbred 

lines were used in the mating in this experiment) (Hayman, 1960). 

There is, however, an imponant question to be answered at this stage: are the 

parents the reference genotypes or are the parents random genotypes from some 

reference population? The answer to this question has great imponance for the 

interpretations made from the analyses of the NC2 mating design. Frequently, the 

assumptions made about the parents, and not how the experiment was conducted and 

analysed. causes the the greatest difficulties in' the interpretation of the estimated 

parameters. 
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Grifing (1956b) and Cockerham (1963) have discussed the diallel analysis in 

detail as well as the analysis of variance for both models and they stated that when the 

parents are the reference genotypes the fixed model (model 1) is appropriate, and 

estimates apply only to the genotypes included and cannot be extended to some 

hypothetical reference population. When '. ~ the parents are random genotypes from 

some reference population the random model (model IT) is appropriate, and the . 

estimates are interpreted relative to some reference population from which the 

genotypes included are an unselected sample. Both models can be applied to the NC2 

design and the genetic information obtained is also similar (Cockerham, 1980; and 

Hallauer and Miranda, 1988). Consequently, in both models we will have sources of 

variation for males, females, and the interaction of males x females. The expectations 

of mean squares of males and females for design 2 are equivalent to the GCA 

variance, and the males x females variance is equivalent to SCA, as in the diallel 

analysis. Because we have two sets of parents in the NC2 design, we have two 

independent estimates of the GCA. Appropriate F tests can be made to test for the 

differeces among males and among females and for males x females interaction. 

Because the parents are the population for model I, the estimation of components of 

variance is not appropriate (Cockerham 1963; 1980), but estimation of the effects of 

the inbred lines in specific crosses (SCA) and in a series of crosses (GCA) is 

appropriate and valid. Sprague and Tatum (1942) were the first who used the 

expression of GCA and SCA. They found that GCA was relatively more imponant 

than SCA for unselected inbred lines, whereas SCA was more imponant than GCA 

for previously selected lines. They also interpreted GCA as an indication of genes 

having largely additive genetic effects, while SCA us indication of genes having 

dominance and epistatic effects. 

Cockerham (1963; 1980) and Hallauer and Miranda (1988) confirmed that the 

GCA and SCA effects are more informative than components of variance for the 

model 1 analysis. Also, estimated effects are applicable only for the parents included 

and would be different if the parents were tested with a different group of parents. 
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They also stated that the model 1 analysis, therefore, yields considerable information 

about the fixed set of parents and this type of information is quite useful to maize 

breeders, particularly if the selected sets of parents represent an elite group of inbred 

lines that are possible candidates as parent seed stock for the production of single 

hybrids, while, for the random model analysis, estimation of the components of 

variance is of prime interest. 

If F tests for the preliminary ANOV A in model 1 show that differences may 

exist between crosses, partition of the main effect (between crosses) to the male 

(GCAm), female (GCAf) and male x female interaction (SCA) effects will show the 

relative magnitude and sign of the effect for each parent and each cross. The general 

model for the ANOV A is: 

Xijk = U + Ik + &. + gj + Sij + Pijk 

Where U is the mean, rle is the replication effects, &. and gj are the GCA 

effects for the males and for the females parents, Sij is the SCA effect, and Pijk is the 

experimental error for the XUk observation (1e=1,2, ... ,r; i = j = 1,2, ,n). 

Further extensive discussions are given by Cockerham (1956; 1963; 1981) for 

the interpretation of results obtained from mating of a fixed set of inbred lines. He 

stated that when these sets of inbred lines, their crosses, and possibly selfs or their 

back crosses are used, many estimates and tests of hypotheses concerning effects of 

lines, heterosis, and so on are available. All of these are phrased in terms of effects or 

comparisons of means, as is appropriate for the interpretation of a fixed group of 

treatments or genotypes. He mentioned that the additive and dominance genetic 

components of variance can be limited only to additive (for GCA) and dominance (for 

SCA) effects of genes with model 1. He stated that in this case it does not seems 

wise, then, to attempt to estimate components of genetic variance from a specific set 

of inbred lines, their crosses and with or without selfs of the crosses, and back 

crosses. He, and also Hayman (1960), stressed that considerably more accuracy is 

obtained when estimates of variances are used, but these variances apply strictly to 

the set of genetic material in the sample. Hayman (1960) noted that even with 

random model as many as ten parents are required to supply useful estimate of genetic 
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variances when the parents are considered to be random sample. Despite that 

Cockerham (1981) stated that when the breeder has selected sets of materials such as 

screened inbred lines or varieties and, consequently, he tends to view his collection as 

a fixed set, various designs of fixed entries can be explored for the estimation of 

genetic effects such as generations means, parents crosses, hybrid combinations from 
l 

factorial mating design. He also stated that if one still want to estimate genetic . 

variances in advanced generations from a fixed sets of parents, then the features 

involved will be the same as for the experiment for random sets. 

The form of the analysis of variance when M males are crossed with F females 

and evaluated in replications is shown in table (0-1) below. 

Table 0-1 model of the ANOY A for the NC2 design with a fixed effect (Modell). 

Source DF Expected value of mean square 

Bet Blocks r-l a2 + nm!'LB2f(r-l) 

Bet males m-1 a2 + nrfr. M2 f(m-I) 

Bet females /-1 a2 + nrm r. FlI(/-l) 

Blocks x M (r-1Xm-I) a2 + njr. (BM)2 f(r-I)(m-1) 

Blocks x F (r-I)(/-l) a2 + nm r. (BF)2I(r-1)(/-l) 

M xF (m-l)(/-l) a2 + nr r. (MF)2f(m-1 )(/-1) 

BxMxF (r-I )(m-1 )(/-1) a2 + n r. (BMF)2/(r-1 )(m-l )(/-1) 

Error rmf(n-I) a2 

Where B, M and F are blocks, males and females respectively and r, m, j, n in 

italics are the number of blocks, number of males, number of females and number of 

observations (plants) per block respectively. 
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Methods of Analysis. 

Model one was considered to be appropriate for the ANOV A of this 

experiment, because both sets of inbred lines used to generate the F.s and the F2s were 

selected inbred lines. The blocks and sowings were also considered to be fixed. 

On the basis of the fixed model for the North Carolina design, a preliminary 

ANOV A was conducted in a way similar to that described in chapter 5 (experiment E 

table E-3), where all of the main effects were tested against the experimental error. 

When the preliminary ANOV A shows significant differences between the 

single crosses, the North Carolina design 2 ANOV A was calculated. For the 1989 

season, the block and sowing date effects were included (the model for the NC2 

ANOV A is shown in table G-I for an experiment with many replications). In this 

case, when the F test shows that significant differences exist for the male or female or 

their interaction effects , the genetic effects, the GCA (for the males and for the 

females parents) and the SCA (M x F effects) will be discussed later in this Chapter. 

The NC2 ANOV A was calculated for the F.s obtained from the matings of 4 

of the USA inbred lines as females (Pa32, Fr43, A556, and Fr619) with 4 of the 

Cambridge inbred lines (GB078, GBClOO, GBC102, and GBC233) as males. The 

NC2 ANOV A was also carried out for the reciprocal set of crosses obtained from the 

same inbred lines separately. Two reciprocal crosses were not available (GBC102 x 

Fr43 and GBC102 x Fr6I9) and these were replaced by their F.s (Fr43 x GBC102 and 

Fr6I9 x GBC102) because no reciprocal differences were found in any of their 

combinations with the other inbred lines. 

The terms 'bet. males', 'bet. females' and 'M x F' were used in the NC2 

ANOV A tables of results, and they are equivalent to the GCA for males, GCA for 

females and SCA for M x F interaction respecti~ely. Means for the GCA and the 

SCA for males and females are listed in the tables for all traits studied (Tables G-8 

and G-I0). The GCA and the SCA effects were estimated using the formula explained 

earlier in page 190 and only for F 1 in both season and results are shown in tables G-8a 

and G-IOa. 
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Results and Conclusions 

Results for the 1988-Season Experiment. 

The Preliminary ANOV A Results. 

A preliminary ANOVA was carried out for the inbred lines, the FIs and their 

reciprocal crosses and for the F2s separately. The data in the two blocks were pooled 

when there was no significant difference between them, otherwise a separate ANOV A . 

was carried out for each block. Analysis of the number of seedlings emerging and the 

emergence rate was based on one set of observations for each genotype per block. 

Results for the Inbred Lines. 

The means of the different characters for the inbred lines and the ANOV A 

results (tables G-2 and G-3) indicated no significant differences between the two 

blocks, except for seedling dry weight, the heat-unit degrees required form silking to 

maturity, and for the maturity stage. As a result a separate ANOVA was conducted 

for each block for these traits. 

Highly significant differences were found for all traits between the inbred 

lines. There were no significant block x inbred lines interactions for most of the traits 

studied. Exceptions were the boots and 65 stages of flowering. These results indicate 

that these inbred lines contains sufficient variability to obtain crosses with a good 

range of variation for the characters of interest. During the analysis it appeared that 

the USA line HY2 emerged late and gave the lowest seedling dry weight. This line 

was late flowering and did not reach the silking stage. This result parallels the one 

obtained in experiment F under controlled conditions. Inbred line Fr619 (USA) also 

did not reach the maturity stage. Among the Cambridge lines GBC108 was found to 

be late emerging, but it did reach the flowering and maturity stages. 
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ANOV A Results for the Single Crosses (F }s and Reciprocals). 

The preliminary ANOV A showed that there were significant differences 

between blocks for all the traits studied except for plant height and ear height. Thus 

separate ANOV As for each block were calculated for the other traits. 

The ANOVA results for F}s are shown in table G-3 and the means are 

presented in tables G-8 for all traits studied. The means for the single crosses, which. 

were not included in the 4 x 4 NC2 ANOV A (discussed later), were excluded, 

although they are included in the preliminary ANOV A. 

The results indicated that there were highly significant differences between the 

39 single crosses included in the ANOV A for all the traits studied in the two blocks. 

An ANOV A was also carried out (results are not shown here) for each pair of the 17 

reciprocal crosses tested, (similar to that for experiment F (Chapter 6» to investigate 

any reciprocal differences. These tests clearly indicated there are no important 

reciprocal differences. Of 336 ANOV As calculated only 20 statistically significant 

reciprocal differences were found. Most of them were significant at the 5% level of 

probability. In no case did reciprocal differences occur in both blocks at the same 

time. Thus the small number of reciprocal differences can be attributed to chance 

effects. 

Because there were significant differences between the single crosses in this 

preliminary ANOV A for the traits studied, a further subdivision of the mean source of 

variation in males and females and their interaction was carried out by the NC2 

ANOV A and will be discussed later. 

ANO VA Results for the F 25 of the 39 Single Crosses. 

The preliminary ANOV A of the F2s showed no significant differences 

between the blocks for six of the traits studied (boots, 65 stage, silking, maturity, PH, 

and EH), but significant differences between blocks were found for the rest of the 

characters. 



Highly significant differences were found between progenies of the F2s 

generation for all the traits studied (see tables G-5 and G-6 for the means and 

ANOV A results respectively) 

This experiment was conducted mainly to study the variation between the Fis 

and the combining ability of the inbred lines. The F2 progenies were included in the 

frrst year (1988 season) experiment to monitor and obtain more understanding about ° 

these selected materials. 

The F2 results indicated that most of them were able to grow and to reach 

maturity stage under these conditions and their means were mostly superior to the 

inbred lines used to made the Fis from which they were derived. On comparing the 

F2 means with the FI means, some delay in the emergence, decrease in the SDW, 

delay in the flowering and maturity time, decrease in the PH and EH, and decrease in 

the number of kernels is obse1ved These probably result from inbreeding. From the 

F2 results, it is also seen that most of the F2S derived from the early maturing FIS also 

mature earliear than the other F2s, for example, the F2S derived from Pa32 x GB078 

and A556 x GB078 and their reciprocals (see tables G-5 and G-8 for the heat-unit 

degrees required to maturity). 

Results of the NC2 Analysis for the F1s and their Reciprocals in the 1988 Season. 

All the traits will be discussed here except for those traits that did not show 

significant differences between the slngO'ecrosses in the preliminary ANOV A. These 

characters covered all the growth, flowering and the maturity stages as explained in 

Chapter 5. Because the fixed model is appropriate for these materials no estimation 

will be made of the genetic components of variance. Evaluation of these traits will be 

discussed here in tenns of the gene effects, GCA" and SCA means as described earlier 

in this Chapter. 
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Results for Emer~ence Rate (ER) and Seedline Dry Weieht (SOW). 

The NC2 ANOV A (table 0-7) the means for F 1 (table 0-8) and the OCA 

effect of each inbred line from the two sets and SCA (in each panicular cross) (table 

0-8a) for both traits indicated that, for the ER, there are significant differences 

between the UK Lines for GCA at the 5% level of probability both in the analyses of 

the FI (as males) set and also in the NC2 ANOV A of the reciprocals (where they were, 

the females). For the USA inbred lines, significant differences among them were 

obtained for GCA at the 5% level only for the FISC where they used as females). No 

imponant differences appeared in the SCA (male x female interaction) for any of the 

cases examined. This result means that the additive gene effects are more imponant 

for this trait and are mainly contributed by the Cambridge lines. The means of the 

OCA revealed higher differences for OCA among the Cambridge lines than among 

the USA lines. The means for ER (table G-8) also showed that among the Cambridge 

lines the inbred line OB078 has the best GCA with the USA lines and it has also the 

best SCA with inbred line Pa32. The separate NC2 ANOV A for the Fls and for their 

reciprocals confirmed the absence of reciprocal or maternal effects. For the USA 

lines it is not clear that anyone of them has better GCA for ER and SDW with the 

Cambridge lines than any other, even though both Pa32 and Fr34 lines do better than 

the others, and there is no doubt that both lines have the best SGA with the 

Cambridge line OB078. In other words, hybrids Pa32 x OB078 and Fr43 X OB078 

and their reciprocals were the earliest crosses to emerge in both blocks. 

The NC2 ANOV A results and means for the SDW in tables 0-7 and 0-8 

respectively, indicated that there are no imponant differences either in the OCA for 

the Cambridge lines or for the USA lines. There was, however, a significant 

difference at the 5 % level of probability for the results of the Fls in block I, but this 

was absent in block 2 and in the NC2 ANOV A of the reciprocal set. It is also appears 

that there is no strong evidence for an important M x F interaction. This interaction 

was not significant for the Fls nor for their reciprocals in block one, although it was 

significant in block two. From these results it is not possible to conclude which 
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effects are more important for seedling dry weight in these specific combinations. 

Apparently GB078 showed good GCA for this trait compared with the other 

Cambridge lines and among the USA lines Pa32, and Fr43 appear to be better than the 

other USA lines. Repeating this experiment in 1989, with more replications and 

observations, should make it clearer whether additive or dominance gene effects, or . 

both, are important for this trait in these single crosses. 

Results of the NC2 ANOV A for the Flowerin~ and Maturity Sta~es in the 1988 
Season. 

The NC2 ANOVA results for these traits are shown in table G-7 and the 

means of the heat-unit degrees required from sowing to reach each particular stage 

(boots', 65 stage, silking, silking to maturity, and for maturity stage) are shown in 

tables G-8. Estimated effects for GCA and SCA are shown in table G-8a. From the 

results of the Fls (USA lines as females) it has been found that the main effects male, 

female and the interaction males x females all show significant differences, except for 

the boots stage where the significant differences appeared only between the males 

(UK lines) and, for the interaction, only in block 2. The results of the ANDV A for the 

reciprocals, when the Cambridge lines were used as females and the USA lines used 

as males, indicated that for all characters both items of male and males x females 

were not significant except for the maturity stage where all the variances were 

significant. It appears that some maternal effects are present for the flowering and the 

maturity stages in the USA inbred lines. Support for this conclusion can be obtained 

from the comparison of the mean squares for the male and female sources in both sets 

of Fls and their reciprocals. This comparison also indicates that, in both cases, the 

effect of the variation in the GCA for the UK line-s is greater (see table G-7 for the Fls 

and for their reciprocals for flowering and maturity stages mean squares), suggesting no 

differences between the paternal and the maternal effects for 1he UK lines. It also indicates that most of 

the additive gene effects were contributed by the Cambridge lines. The higher variances generally 
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observed for the GCA compared with the SCA in the Fls also means that the additive 

gene effects are more important for these characters, but non-additive effects also 

exist With the reciprocal crosses, it seems that for most characters (except for 

maturity) the interaction of males x females (SCA) was not important, and this 

suggests the absence of non-additive gene effects for the flowering and maturity traits 

in these reciprocals. The best SCA in the Fls for flowering and maturity stages was 

observed when the USA inbred lines were used as females (see table G-7 and G-8 for 

flowering and maturity stages). From these results there is evidence of the 

importance of additive gene effects for both sets of Fls and their reciprocals in both 

dates of sowing, but it still in doubt whether the non-additive genetic effects are of 

importance or not, except for the maturity stage where both effects were significant 

for the Fls and for their reciprocals. Another conclusion to be drawn from this result is 

that the best specific combinations for these traits appeared in the FI set when the 

USA lines were females and the UK lines were males (eg crosses Pa32 x GB078 and 

A556 x GB078). Reciprocals of these crosses were also the earliest to mature. Thus 

those good specific combinations (crosses) need to be tested in adequate replications 

and in different environments. This was one of the reasons behind the repeating of 

the FI experiment in 1989. 

The results indicated that the inbred line GB078 has the best GCA among the 

other inbred lines for the different traits. It is also has the best SCA with Pa32 

followed by Fr43 and A556. Except for the time from silking to maturity, where 

GBC102 gave the best GCA among the Cambridge lines with the USA lines. 

GBC102 also has the best SCA with Fr43 and A556 where the lowest heat-unit 

degrees were obtained for this period. 

Taking into consideration our interest in early flowering and early maturity, 

the good SCA for GB078 with Pa32, and then with A556 for maturity in the two 

sowings (blocks) and in both the Fls and their reciprocals would confirm that crosses 

Pa32 x GB078, A556 x GB078 are superior to the other crosses in the ability to 

mature earlier. The progenies of cross Pa32 x GB078 matured even earlier (they 
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required 148 days; equivalent to 690.8 heat-unit degrees in Gilmore-Rogers method, 

see table G-8) than the fastest double cross to mature (21B, required 151 day 

equivalent to 701.7 heat-unit degrees in Gilmore-Rogers method, see table E-15). 

There were also equal to the fastest SI family to mature even though these latter had 

been selected (3-26A, required 149 days; equivalent to 698.6 Gilmore-Rogers heat­

unit degrees to mature, see tables E-15 or E-36) in experiment E (Chapter 5). Both 

experiments were carried out in the same season in the same location and therefore 

these direct comparisons are legitimate. The double crosses and the SI families 

derived from them were sown earlier (on the 81b of May 1988) than the single crosses 

of this experiment (18m May). 

Results of the NC2 ANOV A for the Other Aeronomic Characters in the 1988 

Season. 

The characters included were plant height (cm), ear height (cm) , grain 

moisture content (%), and the number of matured kernels per plant. 

The NC2 design ANOVA results (in tables G-7) for these traits and the means 
!~~ '-8Q . 

(in tables G-8, showed that there are a few cases where the differences between the . 

inbred lines in the GCA (M and F items) or in the SCA (M x F interaction) were 

important. An exception is the GCA of the UK lines for the number of kernels per 
, , 

plant. The Cambridge inbred lines GBC233. GBCl00, and GB078, gave the best 

GCA with the USA for the number of kernels per plant. However, the differences 

between these best crosses were not large. From the results of the 1988 season for 

these traits. it appears that selection for early maturity can be effective and would not 

cause important changes in the other agronomic characters, although the test for these 

agronomic chatacters in this season was not sufficient to give a clear idea of their 

behavior. Thus more tests for these characters will be introduced in 1989 results. 
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rable G-2. The means for all traits for the original USA and the Cambridge inbred lines. 
The results are for the 1988 season. 

I ER SDW HUDs in Gilm< re-Rogers methoc to 
day gm/plant Boots 65 stage Silking 

Inbred Bl- B2- Bl B2 Bl B2 Bl \B2 Bl B2 
lines 

USA , 
lines 
--
HY2 16.1 11.9 0.037 0.123 562.0 562.3 - - - -
Pa32 12.3 9.3 0.346 0.716 355.4 379.3 468.5 492.0 444.3 464.9 
Fr43 13.6 10.3 0.298 0.476 401.4 416.3 561.7 571.0 555.5 553.0 
A556 12.9 9.7 0.216 0.442 397.4 412.2 515.3 543.8 500.1 521.8 
Fr619 13.8 10.7 0.230 0.486 496.2 445.5 598.5 584.4 594.9 585.2 

UK 
lines 
--
GB078 13.2 10.7 0.198 0.340 388.8 399.3 493.2 S05.6 472.9 486.3 
GBCl00 13.3 10.9 0.270 0.572 359.7 387.8 482.1 505.3 472.3 503.9 
GBC102 16.0 11.6 0.120 0.430 382.2 395.2 512.6 506.9 502.7 491.0 
GBCI08 18.5 12.2 0.064 0.170 478.2 449.1 596.5 551.2 577.7 555.1 
GBC233 17.4 11.4 0.076 0.326 453.1 423.2 533.5 538.2 567.1 492.6 

HUDs in Gilmore-Rog. to 

Silk-Mat Maturity % H2O K/plant PH (em) EH(em) 

Inbred Bl B2 Bl B2 BI 
, lines 

B2 Bl B2 Bl B2 Bl B2 

USA 
Lines 
--
HY2 - - - - - - - - 34.2 59.0 -- -
Pa32 276.5 249.9 720.8 714.8 35.5 34.8 192 205 139.7 155.8 63.0 68.~ 
Fr43 205.1 178.1 730.0 718.5 37.1 36.5 154 59 151.8 161.0 62.4 72.( 
A556 214.3 , 191.0 724.8 717.2 34.5 37.5 231 267 lSO.8 141.0 70.4 68.~ 
Fr619 . - - - - . - . 104.0 106.0 41.2 37.a 

UK 
lines 
--
GB078 252.0 228.6 724.8 714.8 34.4 35.2 174 72 98.4 105.0 46.0 53.(] 
GBC100 345.7 212.4 723.4 716.2 32.8 32.6 140 113 117.0 102.0 66.2 46.8 
GBCI02 228.5 223.0 725.2 714.8 34.47 34.9 232 196 155.2 158.2 66.0 64.2 
GBCI08 176.3 183.5 730.0 720.4 42.5 43.6 51 44 109.0 112.2 58.3 51.7 
GBC233 153.1 222.6 729.0 715.1 35.4 34.5 93 114 92.4 126.0 46.0 58.4 

• Means for block 1 and block 2 respectively. 
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Table G-3. The ANOYA for the inbred lines for all characters scored 
during the 1988 season. 

Source of E nergenee Rat Boot Stage 
variation Df MS F P DF MS 

Bet Blocks 1 73.0001 73.939 *** 1 0 
Bet Inbreds 9 4.4996 4.558 * 9 349Q6 
B x Inbreds - - - - 8 1998 
Error 9 0.9873 - - 64 '1097 

Traits 65 Stage of anthesis Silking Stage 

Bet Blocks 1 357.5 0.659 N.S 1 313.9 
Bet Inbreds 8 15207.6 28.024 *** 8 19839.8 
B x Inbreds 8 1341.1. 2.471 * 8 2578.1 
Error 57 542.7 - - 60 867.2 

F 

0.000 
31.821 

1.822 
-

0.362 
22.878 

2.973 
-

Traits Grain Moisture Content Number of Kernels I plant 

Bet Blocks 1 2.564 0.403 N.S 1 12183 1.008 
Bet Inbreds 7 94.60 14.861 *** 7 45826 3.798 
B x Inbreds 7 4.313 0.678 N.S 7 6644 0.550 
Error 42 6.366 - - 42 12088 -

Traits Plant Height (em) Ear Height (cm) 

Bet Blocks 1 1358.9 . 3.280 N.S 1 1.0 0.007 
Bet Inbreds 9 11518.9 27.800 *** 8 987.7 6.442 
B x Inbreds 9 536.7 1.295 N.S 8 242.3 1.581 
Error 72 414.4 - - 66 153.3 -
Traits Seedling dry Weight- Silking to Maturity Stage-

Bl 
Bet Inbreds 9 0.056428 21.982 *** 7 4665.8 
Error 39 0.002567 - - 20 609.3 
B2 
Bet Inbreds 9 0.15756 12.471 *** 7 3130.3 
Error 39 0.01263 - - 22 622.3 

Traits Maturity Stage-

Bl 
~et Inbreds 7 58.063 9.212 *** 
Error 20 6.303 - -
B2 
Bet Inbreds 7 21.405 9.319 *** 
Error 22 2.297 - -

... The blocks were analysed separately because significant differences 
between blocks were found for these traits. 
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7.658 
-
5.031 
-

P 

N.S 
*** 
N.S 
-

N.S 
*** 
** 
-

N.S 
** 
N.S 
-

N.S 
** 
N.S 
-

*** 
-
*** 
-



Table G-4. The ANOYA results for the F1s for all characters scored during 
the 1988 season. 

Source of Seedli g dry weight Boot stage 

variation Df MS F P DF MS F 

B1 
Bet F1s 38 0.014592 2.574 *** 38 3616.0 2.155 
Error 153 0.005670 - - 156 1678.0 -
B2 \ 

Bet F1s 38 0.07604 1.999 *** 38 2288.8 3.050 
Error 149 0.03805 - - 153 750.5 -

Traits 65 Stage of anthesis Silking Stage 

Bl : 

Bet F1s 38 2359.3 6.223 *** 38 2738.6 4.699 
Error 155 .379.1 - - 141 582.8 -
B2 
Bet F1s 38 3504.7 7.869 *** 38 3713.6 7.746 
Error 150 445.4 - - 153 479.4 -
Traits Silking to Maturity Maturity Stage 

Bl 
Bet F1s 38 1834.1 4.681 ** 38 386.88 14.683 
Error 151 397.2 . - - 151 26.35 -
B2 
Bet Fls 38 3203.8 7.743 *** 38 99.34 5.179 
Error 151 413.8 - - 151 . 19.18 -
Traits Plant Height (cm) Number of Kernels I plant 

B1 
Bet Fls 38 533.4 1.628 ** 38 51675 1.868 
Error 156 327.6 - - 151 27664 -
B2 
Bet Fls 38 556.0 2.016 *** 38 36207 2.673 
Error 156 275.7 - - 151 13544 -
Traits Emergence Rate Grain Moisture Content % 

Bet Blocks 1 222.6068 ·1022.06 *** 1 0.39 0.024 
Bet fls 38 0.5202 2.38 ** 38 30.48 1.912 
B xFls - - - - 38 28.06 1.761 
Error 38 0.2178 - - 302 15.94 -
Traits Ear Height (em) 

Bet Blocks 1 19.0 0.121 *** 
Bet F1s 38 702.7 4.469 *** 
B xFls 38 208.2 1.324 N.S 
Error 311 157.2 - -
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P 

*** 
-
*** 
-

*** 
-
*** 
-

*** 
-
*** 
-

*** 
-
*** 
-

N.S 
*** 
** 
-



No 

I 1 
I 2 
I 3 
I 4 
I 5 
I 6 
I 7 
I 8 
I 9 
110 
111 
112 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

Continued table G-5. 
The means for the F2s progenies for all characters scored during 

the season 1988. 

HUDs in Gilmorp,-Rogers required to 
Genotypes of Silking silk-Mat Maturity 

the F2s Bl B2 Bl B2 Bl 

1523.5 187.9 I 727.3 
, 

Fr43 xGB078 546.2 212.9 
GB078 x Fr43 I 506.3 503.0 219.9 214.3 I 7~6.2 
Fr43 x GBC102 I 544.1 517.2 199.4 219.8 I 729.1 
Fr43 x GBC233 I 481.0 480.6 40.7 229.4 I 721.6 

GBC233 x Fr43 1454.5 474.2 270.6 236.9 I 720.2 
Fr43 x GBCl00 I 47.6 502.5 252.1 201.7 I 724.6 
GBCl00 x Fr43 1492.1 492.3 234.2 224.5 I 726.2 
Fr619 x GBCI08 1532.6 504.1 189.6 209.1 I 727.7 
GBCI08 x Fr619 . I 484.4 510.2 239.8 208.7 I 724.2 
Fr619 x GBC100 1483.7 494.6 246.4 223.1 I 725.2 

GBCl00 x Fr619 1549.5 531.1 197.7 228.8 I 726.7 

Fr619 x GBCI02 1485.5 503.0 234.1 216.4 I 719.7 

Fr619 x GBC233 I 519.6 513.6 222.9 211.3 I 724.8 

GBC233 x Fr619 I 531.8 491.1 235.5 231.7 I 726.2 

Fr619 x GB078 512.1 496.3 1244.3 220.7 I 727.5 

GB078 x Fr619 509.7 499.3 218.5 217.8 I 728.2 

A556 x GBC233 531.1- 538.7 218.9 195.5 I 724.8 

GBC233 x A556 501.7 442.9 217.1 266.1 I 718.8 

A556 x GBC100 521.8 549.1 205.1 188.2 I 736.3 

GBC100 x A556 505.7 501.0 211.2 216.6 I 724.8 

A556 x GBC108 498.2 516.7 230.5 218.9 I 724.8 

GBCI08 x A556 514.6 478.8 212.7 234.3 I 727.4 

A556xGB078 469.8 485.5 252.1 230.5 721.9 

GB078x A556 473.3 445.5 244.5 263.6 717.8 

I A556 x GBCI02 549.0 541.0 191.6 190.8 728.6 

I GBCI02 x A556 509.7 506.3 213.4 196.1 723.1 

I Pa32 x GBCI08 496.7 510.2 226.6 205.8 726.7 

IGBCI08 x Pa32 498.4 511.1 230.7 207.9 729.1 

I Pa32 x GBC100 483.3 492.0 240.4 229.5 723.7 

I GBC100 x Pa32 520.8 527.7 213.0 190.5 724.8 

I Pa32 x GB078 467.5 467.6 248.5 243.6 716.0 

I GB078 x Pa32 489.3 469.7 237.4 248.5 723.2 
I Pa32 x GBC233 463.0 474.6 259.7 246.8 722.7 
I GBC233 x Pa32 499.6 477.1 245.1 238.0 724.2 
I Pa32 x GBCI02 506.7 499.9 221.3 234.1 726.2 
I GBC102 x Pa32 459.0 489.3 270.7 227.4 724.8 
I GBC233 x HY2 598.7 557.1 172.5 162.0 724.1 

I GBC100 x HY2 571.2 539.8 175.6 184.5 730.5 
I GBCI08 x HY2 585.0 584.0 163.9 145.5 730.4 

204 

% H2O 

B2 Bl B2 

717.7 I 35.4 36.6 I 
713.9 137.8 35.7 I 
718.6 I 35.0 33.1 I 
710.0 134.4 36.8 I 
711.1 I 35.3 36.5 I 
704.2 135.5 33.2 I 
715.9 37.2 37.8 I 
716.7 35.9 39.6 I 
718.9 35.6 38.1 I 
717.7 34.5 37.0 I 
717.9 35.7 37.7 I 
719.3 35.3 39.9 I 
717.5 31.5 37.7 
712.8 39.1 36.1 
717.1 34.7 36.4 
717.1 35.53 36.1 
711.1 31.0 32.5 
714.8 35.5 34.3 
718.6 35.5 39.8 
716.5 33.9 35.0 
714.9 135.1 35.5 
713.0 35.5 36.2 
716.0 32.3 34.1 
709.1 37.4 36.8 
716.7 36.5 35.4 
718.6 35.9 35.8 
717.5 39.0 36.3 
718.9 37.4 37.5 
715.6 33.7 34.7 
718.2 38.3 38.1 
711.2 36.3 35.0 I 
712.2 34.6 36.0 I 
714.8 33.6 35.0 I 
715.1 38.5 34.8 I 
716.2 35.4 34.4 I 
716.7 31.2 33.0 I 
719.1 37.5 38.2 I 
717.9 43.1 . 40.2 I 
720.5 37.0 43.8 I 



No 

I 1 
I 2 
I 3 
I 4 
I 5 
I 6 
I 7 
I 8 
I 9 
110 
111 
112 
113 
114 
115 
116 
117 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

Continued table G-5. 
The means for the F2S progenies for all characters scored during 

the season 1988. 

HUDs in Gilmor -Rogers required to 
Genotypes of Silking silk-Mat Maturity 

the F2s Bl B2 Bl B2 Bl 

I Fr43 x GB078 1523.5 546.2 I 212.9 187.9 I 727.3 
\ 

I GB078 x Fr43 I 506.3 503.0 I 219.9 214.3 I 7~6.2 
I Fr43 x GBCI02 I 544.1 517.2 I 199.4 219.8 I 729.1 
Fr43 x GBC233 I 481.0 480.6 I 40.7 229.4 I 721.6 
GBC233 x Fr43 1454.5 474.2 I 270.6 236.9 I 720.2 
Fr43 x GBCl00 I 47.6 502.5 I 252.1 201.7 I 724.6 
GBCl00 x Fr43 I 492.l 492.3 I 234.2 224.5 I 726.2 
Fr619 x GBC108 1532.6 504.1 I 189.6 209.1 I 727.7 
GBCI08 x Fr619 . I 484.4 510.2 I 239.8 208.7 I 724.2 
Fr619 x GBCl00 1483.7 494.6 I 246.4 223.1 I 725.2 
GBCl00 x Fr619 1549.5 531.1 I 197.7 228.8 I 726.7 
Fr619 x GBC102 I 485.5 503.0 I 234.1 216.4 I 719.7 
Fr619 x GBC233 519.6 513.6 I 222.9 211.3 I 724.8 
GBC233 x Fr619 531.8 491.1 I 235.5 231.7 I 726.2 
Fr619 x GB078 512.1 496.3 I 244.3 220.7 I 727.5 
GB078 x Fr619 509.7 499.3 I 218.5 217.8 I 728.2 

I A556 x GBC233 531.1- 538.7 I 218.9 195.5 I 724.8 
GBC233 x A556 501.7 442.9 I 217.1 266.1 I 718.8 
A556 x GBCl00 521.8 549.1 I 205.1 188.2 I 736.3 
GBC100 x A556 505.7 501.0 I 211.2 216.6 I 724.8 
A556 x GBCIOS 498.2 516.7 I 230.5 218.9 I 724.8 
GBCI0S x A556 514.6 478.8 I 212.7 234.3 I 727.4 
A556xGB078 469.8 485.5 I 252.1 230.5 I 721.9 
GB078xA556 473.3 445.5 I 244.5 263.6 I 717.8 
A556 x GBCI02 549.0 541.0 I 191.6 190.8 728.6 
GBCI02 x A556 509.7 506.3 I 213.4 196.1 723.1 
Pa32 x GBCI0S 496.7 510.2 I 226.6 205.8 726.7 
GBCI08 x Pa32 498.4 511.1 I 230.7 207.9 729.1 
Pa32 x GBCl00 483.3 492.0 I 240.4 229.5 723.7 

I GBCl00 x Pa32 520.8 527.7 I 213.0 190.5 724.8 
I Pa32 x GB078 467.5 467.6 I 248.5 243.6 716.0 
I GB078 x Pa32 489.3 469.7 I 237.4 248.5 723.2 
I Pa32 x GBC233 463.0 474.6 I 259.7 246.8 722.7 
I GBC233 x Pa32 499.6 477.1 I 245.1 23S.0 724.2 
I Pa32 x GBC102 506.7 499.9 I 221.3 234.1 726.2 
I GBCI02 x Pa32 459.0 489.3 I 270.7 227.4 724.8 
I GBC233 x HY2 1598.7 557.1 I 172.5 162.0 724.1 
I GBCl00 x HY2 I 571.2 539.8 I 175.6 184.5 730.5 
I GBC108 x HY2 1585.0 584.0 I 163.9 145.5 730.4 

204 

% H20 

B2 Bl B2 

717.7 I 35.4 36.6 I 
713.9 I 37.8 35.7 I 
718.6 135.0 33.1 I 
710.0 I 34.4 36.8 I 
711.1 35.3 36.5 I 
704.2 35.5 33.2 I 
715.9 37.2 37.8 I 
716.7 35.9 39.6 I 
718.9 35.6 38.1 I 
717.7 34.5, 37.0 I 
717.9 35.7 37.7 I 
719.3 35.3 39.9 I 
717.5 31.5 37.7 I 
712.8 39.1 36.1 I 
717.1 34.7 36.4 I 
717.1 35.53 36.1 I 
711.1 31.0 32.5 I 
714.8 35.5 34.3 I 
718.6 35.5 39.8 I 
716.5 33.9 35.0 I 
714.9 35.1 35.5 I 
713.0 35.5 36.2 I 
716.0 32.3 34.1 I 
709.1 37.4 36.8 I 
716.7 36.5 35.4 I 
718.6 35.9 35.8 I 
717.5 39.0 36.3 I 
718.9 37.4 37.5 I 
715.6 33.7 34.7 I 
718.2 38.3 38.1 I 
711.2 36.3 35.0 I 
712.2 34.6 36.0 I 
714.8 33.6 35.0 I 
715.1 38.5 34.8 I 
716.2 35.4 34.4 I 
716.7 31.2 33.0 I 
719.1 37.5 38.2 I 
717.9 43.1 40.2 I 
720.5 37.0 43.8 I 



Table G-6. The ANOV A results for the F2s for all characters scored during 
the 1988 season. 

Source of Emergence Rate Bo< ts Stag 

variation Df MS F P DF MS 

Bet Blocks 1 371.1230 544.168 *** 1 1015 
Bet f2s 38 1.8371 2.694 *** 38 7832 
BxF2s - - - - 38 1431 
Error 38 0.6820 - - 295 1141 

Traits 65 Stage of flowering silking Stage 

Bet Blocks 1 392.9 0.416 N.S 1 1077 
Bet f2s 38 5359.4 5.678 *** 38 8669 
BxF2s 38 1406.4 1.490 * 38 1220 
Error 271 944.0. - - 285 1102 

Traits Maturity Stage Plant Height 

Bet BlOCks 1 2505 1.685 N.S 1 667.6 
Bet f2s 38 1691 1.138 N.S 38 2059.0 
BxF2s 37 1814 1.221 N.S 38 730.3 
Error 220 1486 - - 310 629.9 

Traits Ear height (em) 

Bet Blocks 1 17.8 0.079 N.S 
Bet f2s 38 805.9- 3.586 *** 
BxF2s 38 306.7 1.365 N.s 
Error 300 224.7 - -

F 

0.885 
6.828 
1.247 
-

0.977 
7.864 
1.106 
-

1.060 
3.269 
1.159 
-

Traits· Seedling Dry weight Silking to Maturity stage 

Bl 
Bet F2s 38 0.011854 2.493 *** 37 3982.5 5.044 
Error 152 0.004756 - - 107 789.6 -
B2 
Bet F2s 38 0.08724 3.344 *** 38 3760.7 6.326 
Error 156 0.02609 - - 113 594.5 -
Traits· Grain Moisture Content % Number of Kernel I plant 

Bl 
Bet F2s 37 26.57 2.387 **'" 37 21052 
Error 107 11.13 - - 107 9168 
B2 
Bet F2s 38 25.85 1.962 *** 38 22225 
Error 116 13.17 - - 116 11017 

• Initial ANOV A indicated significant differences among blocks for 
these traits (Bl and B2 were sown in different dates). 

206 

2.296 
-
2.017 
-

P 

N.S 
*** 
N.S 
-

N.S 
*** 
N.S 
-

N.S 
*** 
N.S 
-

**'" 
-
*** 
-

*** 
-
*** 
-



Table G-7. The North Carolina 2 (NC2) ANOYA for the Fds crosses and for their reciprocals; 
results of the 1988 season for the different traits stu ied. 

Source of Fls (U:;A lin~st'F' Reciprocals (UK lines(F) 
Yaria 
and Traits Of MS F P OF MS 

Emergence R 
Blocks 1 99.7225 290.900 "''''''' 1 93.2978 
Bet Males 3 0.8779 5.772 "'''' 3 0.1925 
Bet Females 3 0.6901 4.534 '" 3 \ 1.2419 

MxF 9 0.3665 2.409 N.S 9 0.4238 
Error 15 0.1521 - - 15 0.2472 

Seedling DW. 
Bl-
Bet Males 3 0.017188 2.891 '" 3 0.017641 
Bet Females 3 0.017790 2.993 '" 3 0.007364 
MxF 9 .0.006053 1.018 N.S 9 0.008151 
Error· 62 0.005944 - - 62 0.006837 
B2-
Bet Males 3 0.01222 0.402 N.S 3 0.08285 
Bet Females 3 0.03017 0.990 N.S 3 0.01306 
MxF 9 0.10749 3.534 "'''' 9 0.08043 
Error 62 0.03041 . - - 60 0.03196 

Boots 
Bl 
Bet Males 3 6715 2.011 N.S 3 439.9 
Bet Females 3 522 0.156 N.S 3 2585.1 
MxF 9 4705 1.409 N.S 9 1781.0 
Error 64 3338 - - 62 529.6 
B2 
Bet Males 3 4989.0 10.511 "''''''' 3 432 
Bet Females 3 1062.5 2.239 N.S 3 3703 
MxF 9 1747.6 3.678 "''''''' 9 1392 
Error 64 474.6 - - 62 1230 

{is SliU:e 
Bl 
Bet Males 3 2936.1 9.849 ."'''' 3 928.9 
Bet Females 3 1375.0 4.613 lIe. 3 3288.9 
MxF 9 1022.9 3.431 lIe. 9 843.6 
Error 63 298.1 - - 61 483.0 
B2 
Bet Males 3 9121.4 24.600 "''''''' 3 678.2 
Bet Females 3 2545.8 6.866 ••• 3 4183.6 
MxF 9 2258.3 6.090 "'.'" 9 1061.0 
Error 63 370.8 - - 61 586.3 

'" Preliminary ANOV A indicated significant differences among blocks for 
these traits ( Bland B2 were sown in different dates). 
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F 

-
0.779 
5.025 
1.715 
-

2.580 
1.077 
1.192 
-
2.592 
0.409 
2.516 
-

0.831 
4.881 
3.363 
-
0.351 
3.012 
1.132 
-

1.923 
6.809 
1.747 
-
1.157 
7.136 
1.810 
-

P 

"''''''' N.S 
'" 
N.S 
-

'" N.S 
N.S 
-
N.S 
N.S 

'" -

N.S 
"''''''' 
"''''''' -
N.S 
• 
N.S 
-

N.S 
• •• 
N.S -
N.S 
"''''''' 
N.S -



Continued Table 0-7. The North Carolina 2 (NC2) ANOVA for the Fls crosses and for their 
reciprocals; result of the 1988 season for the different traits studied. 

Source of Fls (U~A lines' F' Reciprocals (UK lines C F) 
Varia 
and Traits Of MS F P OF MS F P 

Silking 
Bl 
Bet Males 3 4512.9 7.008 *** 3 813.9 1.405 N.S 
Bet Females 3 2661.1 4.132 * .3 \ 5808.5 9.335 *** 
MxF 9 1477.6 2.294 * 9 886.2 1.424 N.S 
Error 62 644.0 - - 63 622.2 - -
B2 . 
Bet Males 3 11572.5 33.651 *** 3 334.1 0.481 N.S 
Bet Females 3 2315.0 6.732 *** 3 7980.2 11.497 *** 
MxF 9 1867.8 5.431 *** 9 391.6 0.564 N.S 
Error 62 343.9 - - 63 694.1 - -
Silk.- Mat. 
Bl 
Bet Males 3 3614.3 13.535 *** 3 325.7 0.614 N.S 
Bet Females 3 1241.9 4.651 * 3 3072.4 5.794 ** 
MxF 9 836.8 3.134 *** 9 686.1 1.294 N.S 
Error 58 267.0 - - 61 530.3 - -
B2 
Bet Males 3 9722.8 31.538 *** 3 183.0 0.330 N.S 
Bet Females 3 2278.4 7.391 *** 3 7113.4 12.822 *** 
MxF 9 1990.9 6.458 *** 9 391.0 0.705 N.S 
Error 58 308.3 - - 61 554.8 - -
MaturitI 
Bl 
Bet Males 3 762.54 17.530 *** 3 310.97 17.187 *** 
Bet Females 3 431.68 9.924 *** 3 1259.26 69.597 *** 
MxF 9 294.15 6.762 *** 9 312.38 17.264 *** 
Error 58 43.50 - - 61 18.09 - -
B2 
Bet Males 3 405.65 22.177 *** 3 70.61 2.766 * 
Bel Females 3 99.21 5.424 ** 3 414.98 8.421 *** 
MxF 9 50.61 2.767 * 9 67.50 2.644 * 
Error 58 18.29 - - 61 25.53 - -
PH (cm) 
Bl 
Bet Males 3 201.7 0.710 N.S 3 200.5 0.879 N.S 
Bet Females 3 271.2 0.955 N.S 3 313.7 1.375 N.S 
MxF 9 234.0 0.824 N.S 9 411.8 1.806 N.S 
Error 59 284.0 - - 61 228.1 - -
B2 
Bet Males 3 512.5 2.765 * 3 155.3 0.652 N.S 
Bel Females 3 174.8 0.943 N.S 3 439.1 1.769 N.S 
MxF 9 565.9 3.053 ** 9 471.0 1.896 N.S 
Error 59 185.3 - - 61 248.3 - -
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Continued Table 0-7. The Nonh Carolina 2 (NC2) ANOVA for the FJ.s crosses and for their 
reciprocals; result of the 1988 season for the different traits stu<l1ed. 

Source of Fis (USA lines ( ~ ) Reciprocals (UK lines'~ f) 
Varia 
and Traits Of MS F P OF MS F P 

EH (em} , 
B1 
Bet. Males 3 749.4 4.532 ** 3 d96.0 1.237 N.S 
Bet. Females 3 224.4 1.357 N.S 3 1022.8 6.458 *** 
MxF 9 388.4 2.349 * 9 202.4 1.278 N.S 
Error 59 165.4 - - 61 158.4 - · 
B2 
Bet. Males 3 105.7 0.631 N.S 3 455 2.337 N.S 
Bel Females 3 238.7 1.424 N.S 3 362.3 1.858 N.S 
MxF 9 212.9 1.270 N.S 9 181.5 0.931 N.S 
Error 59 167.6 - . 61 194.9 - -
% H20 

B1 
Bet. Males 3 55.86 1.011 N.S 3 4.775 0.990 N.S 
Bet. Females 3 46.72 0.846 N.S 3 0.767 0.159 N.S 
MxF 9 74.31 1.345 N.S 9 5.865 1.216 N.S 
Error 59 55.24 - - 61 4.822 - -
B2 
Bel Males 3 22.245 4.008 * 3 36.046 4.012 * 
Bet. Females 3 2.363 . 0.426 N.S 3 24.147 2.688 N.S 
MxF 9 11.981 2.159 N.S 9 22.697 2.256 * 
Error 59 5.550 - - 61 8.984 - -

Kemel~no. 
B1 
Bet. Males 3 147009 4.588 *** 3 12279 0.525 N.S 
Bet. Females 3 5325 0.166 N.S 3 195043 8.345 *** 
MxF 9 58449 1.824 N.S 9 50272 2.151 N.S 
Error 59 32039 . . 61 23371 - · 
B2 
Bet. Males 3 140915 11.574 *** 3 66108 5.612 ** 
Bet. Females 3 8558 0.703 N.S 3 102790 8.726 *** 
MxF 9 17151 1.403 N.S 9 45480 3.861 *** 
Error 59 12175 . - 61 11779 . · 
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l'a_b1e ,~ Means obtained from the NC2 mating of the USA and the British grain maize inbred lines for the 
. Fls and their reciprocals (FIR) for all traits studied in the experiment of 1988. 

Emergence rate. (45 kernels sown in each block) 

------------------------------------------------------.----------------
Inbred Single crosses means 

-----------------------------------------------
lines USA PA32 Fr43 A556 Fr619 Mean 

----------- ----------- ----------- ----------- --------- ... -
UK -------
GB078 Bl 12.13 12.60 12.06 13.00 12.60 13.40 14.10 12.30 12.72 12.82 

B2 9.35 8.53 9.53 9.50 9.40 9.66 10.40 9.85 9.67 9.38 -------
GBCl00 Bl 13.86 14.33 13.60 13.66 13.85 13.73 14.86 13.80 14.04 13.88 

B2 9.86 10.80 9.70 10.29 9.46 9.53 10.53 10.13 9.89 10.18 
-------
GBCI02 Bl 13.46 13.54 13.15 13.15 14.00 13.10 13.28 13.28 13.47 13.26 

B2 9.85 9.75 9.93 9.93 10.46 9.71 10.06 9.93 10.07 9.86 ------- ----------- ----------- ----------- ----------- -----------
GBC233 BI 14.20 13.20 13.06 14.20 13.33 13.20 13.46 13.06 13.52 12.91 

B2 9.93 9.73 10.13 9.73 9.92 9.71 10.00 10.00 9.99 9.75 
-------
. Bl 13.41 12.92 12.97 13.50 13.44 13.36 13.92 13.11 13.43 13.21 I 
Means B2 9.75 9.70 9.82 9.86 9.81 9.66 10.24, 10.01 9.90 9.64 -----------------------------------------------------------------------
In F\s the USA lines were used as females and the Cambridge lines as 

rna es. FIR is the reciprocal crosses of FI. 

Inbred Single crosses means 
------------------------------------~----------

lines USA PA32 Fr43 A556 \ Fr619 Mean ------- .... ----------I 

UK I F, FIR ------- .. ----------
GB078 B 1 0.40 0.35 0.42 0.39 0.30 0.36 0.41 0.38 0.38 0.37 

B2 0.95 0.88 0.88 0.69 0.79 0.65 0.66 0.82 0.82 0.76 -------
GBClOO B I 0.28 0.39 0.33 0.43 0.30 0.33 0.38 0.32 0.32 0.36 

B2 0.77 0.59 0.70 0.91 0.92 0.94 0.69 0.80 0.77 0.81 -------
GBC102 Bl 0.35 0.38 0.31 0.31 0.25 0.26 0.36 0.36 0.32 0.33 

B2 0.82 0.57 0.87 0.87 0.48 0.78 0.90 0.90 0.77 0.78 -------
GBC233. B I 0.35 0.39 0.33 0.41 0.33 0.34 0.33 0.31 0.33 0.36 
.•.... B2 0.81 0.71 0.69 0.85 0.77 0.74 0.89 0.72 0.79 0.75 

------- --- ----------- ----------- ----------- ----.------ -----------
Mean B 1 0.34 0.38 0.35 0.38 0.29 0.32 0.37 0.34 0.34 0.36 

B2 0.84 0.69 0.79 0.83 0.74 0.78 0.78 0.81 0.79 0.78 -----------------------------------------------------------------------
In F\s the USA lines were used as females and the Cambridge lines as 
rna es. FIR is the reciprocal crosses of FI. 
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Inbred 

lines 

UK 

GB078 

USA 

Bl 
B2 

-------------------------------~---------------------- -----
Single crosses means -----------------------------------------------

PA32 

304.3 329.7 
331.9 334.7 

Fr43 

339.7 341.2 
345.2 348.7 

A556 

340.1 324.5 
327.7 348.7 

Fr619 

356.8 350.7 
351.5 374.7 

Mean 

335.2 336.5 
341.6 351.7 

GBC100 Bl 340.3 364.3 344.0 343.2 340.0 378.0 359.7 369.7 346.0 363.8 
• B2 379.1 377.0 357.2 352.8 370.7 357.1 381.4 385.8 370.6 368.2 ------- ----------- ----------- ----------- ----------- -----------
GBC102 Bl 439.4 339.3 388.3 388.3 355.9 339.9 328.8 327.9 377.9 348.9 

B2 347.9 399.8 385.8 385.8 416.7 381.0 357.1 357.1 376.9 380.9 
------- ----------- ----------- ----------- ----------- -----------
GBC233. Bl 336.7 338.8 355.3 340.5 350.3 343.9 347.5 358.0 347.5 345.3 
· B2 350.3 344.7 363.7 348.1 355.4 361.2 353.5 361.9 355.7 354.0 ------- ----------- ----------- ----------- ----------- -----------
. Mean 

· -----------------------------------------------------------------------
343.0 
364.1 

356.8 
361.5 

353.3 
358.8 

346.6 
370.1 

346.6 
362.0 

Bl 355.2 
B2· 352.3 

351.6 
361.2 

348.6 
363.7 

348.0 
360.9 

351.6 
369.9 

In F1s the USA lines were used as females and the Cambridge lines as 
males. FIR is the reciprocal crosses of Fl. 

Inbred Single crosses means 
--- -----------------------------------------------

lines 

UK 

GB078 

USA 

Bl 
B2 

PA32 Fr43 

453.3 457.2 467.3 474.2 
461.6 462.0 481.3 474.7 

A556 

477.4 455.8 
468.3 477.9 

Fr619 

489.9 469.4 
464.7 486.8 

Mean 

471.9 464.2 
469.0 475.9 

GBC100 Bl 470.3 482.1 465.6 473.3 476.3 493.6 478.7 482.4 472.8 482.9 
B2 489.1 501.7 467.7 458.4 494.6 482.6 507.3 498.6 489.7 485.3 ------- _________________________________ ____ J ______ __________ _ 

GBCI02 Bl 479.8 480.2 524.4 524.4 503.6 490.6 475.4 475.4 495.8 492.7 
B2 484.0 492.3 517.2 517.2 569.9 514.2 494.6 434.6 516.4 504.6 

------- ----------- ----------- ----------- ----------- -----------
GBC233 Bl 457.8 460.3 470.1 473.8 471.0 469.0 482.2 476.9 470.4 472.0 

B2 465.8 460.3 482.9 470.8 476.4 474.5 470.9 483.4 474.0 472.3 
------- ----------- ----------- -------.--- ----------- -----------
. Mean Bl 465.3 431.8 481.8 486.5 482.2 477.3 481.5 476.0 477.7 477.4 

B2 475.1 477.1 487.3 480.3 502.3 487.3 484.4 491.4 487.3 484.9 ----------------------------------------------------------------------. 
In F1s the USA lines were used as females and the Cambridge lines as 
rna es. FIR is the reciprocal crosses of F\. 
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Inbred 

lines 

UK 

GB078 

USA 

Bl 
B2 

-----------------------------------------------------------
Single crosses means -----------------------------------------------

PA32 

411.9 432.0 
436.1 433.2 

Fr43 

446.4 449.2 
461.5 451.3 

A556 

448.7 432.9 
442.2 439.8 

Fr619 

465.7 453.1 
440.6 462.3 

Mean 

443.2 439.6 
445.1 447.7 

GBC100 Bl 447.8 458.1 445.7 454.5 447.9 467.5 463.5 472.1 451.2 463.0 
. B2 456.5 468.1 451.7 449.5 468.2 452.3 477.7 467.6 463.5 459.4 
------- ----------- ----------- ----------- ----------- -----------
GBC102 Bl 458.9 465.2 505.4 505.4 485.5 488.0 463.2 463.2 479.4 480.4 

B2 462.5 482.1 499.2 499.2 547.2 490.5 486.9 486.9 499.0 489.7 ------- --- .. ------- ----------- ----------- ----------- -----------
GBC233 Bl 445.8 449.0 443.4 455.2 485.7 450.5 460.8 463.9 458.9 456.6 

B2 446.1 443.5 461.4 443.5 446.0 451.2 452.1 449.9 451.4 447.0 
------- ----------- ----------- ----------- ----------- -----------
Mean Bl 441.1 451.1 460.2 466.1 467.0 457.5 463.3 463.1 457.9 459.4 

B2 450.3 452.7 468.5 460.9 475.9 458.5 464.3 466.7 464.7 460.9 -----------------------------------------------------------------------
In F1s the USA lines were used as females and the Cambridge lines as 
males. FIR is the reciprocal crosses of F 1. 

Inbred . 
lines 

UK 

GB078 

USA 

Bl 
B2 

GBC100 Bl 
B2 --_ .... _--

GBC102 Bl 
B2 -------

GBC233 Bl 

Mean 

B2 

Bl 
B2 

Single crosses means 

PA32 

278.9 264.4 
263.8 269.6 

Fr43 

276.2 273.3 
250.1 260.3 

A556 

258.4 268.8 
261.3 263.9 

Fr619 

268.6 267.1 
275.9 252.3 

Mean 

270.5 268.4 
262.8 261.5 

272.4 265.1 283.3 261.1 271.7 257.4 261.3 250.3 272.2 258.5 
255.0 246.8 262.3 269.2 246.6 262.3 238.9 249.5 250.7 257.0 

265.9 256.5 220.9 220.9 229.2 230.9 261.6 261.6 244.4 242.5 
252.3 233.9 218.6 218.6 165.3 216.6 230.5 230.5 216.7 224.9 

277.5 
268.8 

273.7 
260.0 

274.3 
271.3 

265.1 
255.4 

275.5 
251.8 

264.0 
245.7 

268.1 
271.3 

255.9 
254.9 

258.8 
267.2 

254.5 
235.1 

272.7 
259.6 

257.5 
250.7 

272.2 
267.8 

265.9 
253.3 

261.0 
264.9 

260.0 
249.3 

271.0 269.0 
263.9 266.8 

;~.~ --;~~·~-I 
248.5 252.6 -----------------------------------------------------------------------

In F1s the USA lines were used as females and the Cambridge lines as 
rna es. FIR is the reci procal crosses of F 1. 
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Inbred 

lines 

UK 

GB078 

USA 

Bl 
B2 

-----------------------------------------------------------
Single crosses means -----------------------------------------------

PA32 

690.8 696.4 
699.9 706.7 

Fr43 

722.6 722.6 
711.64 711.6 

A556 

707.2 692.7 
703.4 703.6 

Fr619 Mean 

722.2 720.2 710.7 708.1 
712.8 714.84 706.9 709.4 

GBC100 Bl 720.2 723.2 722.0 721.9 719.5 724.8 724.8 722.4 721.7 723.1 
B2 711.5 714.8 714.8 705.8 714.8 714.8 716.6 717.1 714.4 713.1 ------- ----------- ----------- ----------- ----------- -----------

GBC102 Bl 724.8 721.6 726.3 726.3 724.8 726.2 724.8 724.8 725.2 7245.7 
B2 714.8 715.9 717.8 717.8 720.4 717.6 717.4 717.4 717.6 717.4 

------- ----------- ----------- ----------- ----------- -----------
GBC233 Bl 723.2 723.2 718.9 723.2 712.6 723.2 724.8 724.8 719.9 723.6 

B2 714.8 714.8 713.2 714.8 713.2 710.8 714.8 714.8 714.0 713.8 
------- ----------- ----------- ----------- ----------- -----------
Mean Bl 714.8 716.1 722.4 723.5 716.0 716.7 724.2 723.1 719.4 

B2 710.3 713.1 714.4 712.5 712.9 711.7 715.4 716.0 713.3 713.3 -----------------------------------------------------------------------
In Fls the USA lines were used as females and the Cambridge lines as 
males. FIR is the reciprocal crosses of FI. 

Mean ofnu 

Inbred 

lines 

UK 

GB078 

USA 

Bl 
B2 

Single crosses means -----------------------------------------------
PA32 

148.4 150.4 
150.0 153.4 

Fr43 

162.2 162.2 
157.4 157.2 

A556 

156.0 149.6 
151.4 151.8 

Fr619 

162.7 161.2 
155.7 161.0 

Mean 

157.3 155.8 
153.6 155.8 

GBC100 Bl 163.4 164.6 163.5 165.7 162.5 165.4 162.4 164.4 164.4 165.0 
B2 156.8 159.8 158.7 153.2 159.8 159.2 169.2 167.2 161.1 159.8 ------- ----------- ----------- ----------- ----------- -----------

GBC102 Bl 168.2 163.4 174.8 174.8 173.9 168.2 169.0 169.0 171.4 168.8 
B2 163.0 165.2 170.8 170.8 173.9 168.5 169.0 169.0 169.2 168.3 

------- ----------- ----------- ----------- ----------- -----------
GBC233 Bl . 163.4 163.0 163.4 162.8 159.4 162.4 164.2 170.8 162.6 164.7 

B2 158.0 157.2 161.0 158.4 156.2 156.0 161.5 160.8 159.1 158.1 
------- ----------- ----------- ----------- ----------- -----------
Mean Bl 160.8 160.3 165.4 166.3 162.9 161.4 164.5 166.3 163.9 163.6 

B2 156.9 158.9 161.9 159.9 160.3 158.8 163.3 164.5 160.7 160.5 -----------------------------------------------------------------------
In F\S the USA lines were used as females and the Cambridge lines as 
rna es. FIR is the reciprocal crosses of FI. 
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Inbred 

lines 

UK 

GB078 

USA 

Bl 
B2 

GBCl00 Bl 
B2 

-------
GBC102 Bl 

B2 
-------
GBC233 Bl 

B2 
-------

Single crosses means 

PA32 Fr43 

378 311 391 517 
358 383 367 405 

386 392 458 297 
384 387 300 497 

394 218 138 138 
300 314 200 200 

·425 455 655 376 
393 292 384 585 

A556 Fr619 ~ean 

308 498 408 419 373 437 
342 454 399 363 366 401 

347 247 512 279 426 304 
274 295 385 206 336 346 

308 250 304 304 286 228 
146 250 191 191 209 239 

523 306 352 336 489 418 
448 343 418 389 411 402 

~ean Bl 398 344 411 382 372 325 394 335 394 347 
B2 334 319 313 422 302 336 349 287 330 347 -----------------------------------------------------------------------

In F1s the USA lines were used as females and the Cambridge lines as 
males. FIR is the reciprocal crosses of FI. 

Inbred Single crosses means --- -----------------------------------------------
lines USA PA32 Fr43 A556 Fr619 ~ean 

UK 

.GB078 Bl 155.6 153.0 172.4 177.0 162.6 168.8 177.0 161.2 166.9 165.0 
B2 154.4 161.6 168.0 147.2 153.4 159.2 155.7 160.8 157.9 157.2 

------- ----------- ----------- ----------- ----------- -----------
GBCl00 Bl 161.0 177.0 157.2 156.5 155.6 167.2 165.0 169.0 159.7 167.0 

B2 164.4 178.6 137.7 153.7 163.4 158.2 147.6 169.0 153.3 164.9 
------- ----------- ----------- ----------- ----------- -----------
GBCI02 Bl 162.4 152.4 174.8 174.8 161.7 155.0 156.2 156.2 163.8 159.6 

B2 155.8 156.4 173.2 173.2 157.7 146.2 153.4 153.4 160.0 157.3 ------- ----------- ----------- ----------- ----------- -----------
GBC233 Bl 154.8 158.0 163.0 160.4 166.0 162.4 160.5 157.4 161.1 159.5 

B2 156.6 148.4 136.0 154.6 153.2 156.2 148.7 156.0 148.6 153.8 

.~ean 

. -----------------------------------------------------------------------
166.9 
153.7 

167.2 
157.2 

161.5 
156.9 

163.3 
155.0 

Bl 
B2 

158.4 
157.8 

160.1 
161.2 

164.7 
151.4 

161.0 
159.8 

162.9 
155.0 

162.9 
158.3 

In F1s the USA lines were used as females and the Cambridge lines as 
males. FIR is the reciprocal crosses of FI. 
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Continued Table G-8. 
Mean of ear hei t em . 

Inbred Single crosses means 
--- -----------------------------------------------

lines 

UK 

GB078 

USA 

Bl 
B2 

PA32 

74.8 69.0 
69.8 86.2 

Fr43 A556 Fr619 

79.9 83.4 59.0 78.0 79.5 72.5 
74.6 74.6 63.6 79.2 63.3 65.7 

Mean 

73.3 75.5 
67.8 76.4 

GBCl00 Bl 67.0 81.8 75.7 67.7 64.4 76.0 67.4 68.8 68.6 73.8 
· B2 82.8 86.6 66.2 68.0 71.8 71.2 61.0 66.4 70.5 73.0 ------- ----------- ----------- ----------- ----------- -----------
GBCI02 Bl 59.8 63.0 64.4 64.4 56.7 55.0 56.4 56.4 59.3 59.7 
· B2 66.6 66.6 72.0 72.0 73.0 65.0 62.4 62.4 68.5 66.5 
------- ----------- ----------- ----------- ----------- -----------
GBC233 Bl 62.4 62.6 72.0 72.6 87.4 79.4 61.7 64.8 70.9 69.8 

B2 64.8 66.2 57.2 75.2 71.4 73.0 66.2 65.2 64.9 69.9 
------- ----------- ----------- ----------- ----------- -----------
Mean B 1 66.0 69.1 68.0 72.3 66.9 72.1 66.3 65.6 68.0 69.8 

B2 71.0 76.4 67.5 72.4 69.9 72.1 63.2 64.9 67.9 71.5 -----------------------------------------------------------------------
In F1s the USA lines were used as females and the Cambridge lines as 

males. FIR is the reciprocal crosses of F\. 

Inbred 

lines 

UK 

GB078 

USA 

Bl 
B2 

Single crosses means 

PA32 

35.48 33.46 
32.98 33.50 

Fr43 A556 

33.72 33.40 45.90 36.16 
35.04 33.64 32.32 35.24 

Fr619 

35.77 33.47 
33.87 36.57 

Mean 

37.72 34.12 
33.55 35.24 

GBCl00 Bl 34.02 33.08 34.75 35.70 34.30 33.00 33.60 34.92 34.17 34.17 
B2 35.64 34.48 34.87 32.60 34.76 31.90 36.10 36.58 35.34 33.89 ------- ----------- ----------- ----------- ----------- -----------

GBC102 Bl 33.56 33.14 34.90 34.90 34.61 33.32 33.60 33.96 34.26 33.83 
B2 33.86 34.56 36.35 36.32 38.86 36.17 34.84 34.84 35.97 35.47 

------- ----------- ----------- ----------- ----------- -----------
GBC233 Bl 33.66 33.84 34.02 34.24 33.34 33.88 33.45 33.22 35.87 33.79 
· B2 35.52 33.14 35.02 36.38 33.10 27.94 34.17 35.22 34.45 33.17 
------- ----------- ----------- ----------- ----------- -----------
Mean Bl 34.18 33.83 36.60 34.56 37.04 34.09 34.20 33.89 35.50 33.98 

B2 34.50 33.92 35.31 35.23 34.76 32.81 34.76 35.80 34.83 34.44 -----------------------------------------------------------------------
In F1s the USA lines were used as females and the Cambridge lines as 

males. FIR is the reciprocal crosses of F\. 
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Table G-8a. Estimate of male (gj) and female (gj) parents GCA and their SCA (Sjj) 
effects for the FI generation obtained from the NC2 mating between the USA 
and the British inbred lines of grain maize for all the traits studied in the 
experiment of 1988. (results were obtained from the means in table G-8 by 
using the formula in page 190). All symbols have the same meaning as in table 
G-8. 

Estimate of the GCA and SCA effects for emergence time rate (days) (ER)' 

Inbred SCA (Sjj) GCA 
lines 
UK USA PA32 Fr43 . A556 Fr619 (gj) 

GB078 Bl -0.57 -0.20 -0.13 0.89 -0.71 
B2 -0.17 -0.06 -0.18 0.39 -0.23 

GBClOO Bl -0.16 0.02 -0.20 0.33 0.61 
B2 0.12 -0.11 -.34 0.30 -0.01 

GBC102 B1 0.01 0.14 0.52 -0.68 0.04 
B2 -0.07 -0.06 0.48 -0.38 0.17 

GBC233 B1 0.71 0.00 -0.20 -0.55 0.09 
B2 0.09 0.22 0.02 -0.33 0.09 

GCA B1 -0.02 -0.46 0.01 0.49 -
.) B2 -0.15 -0.08 -0.09 0.34 -

Estimate of the GCA and SCA effects for seedling dr.l' weight {gm per seedllo.g}. 

Inbred SCA (Sij) GCA 
lines 
UK USA PA32 Fr43 A556 Fr619 (gj) 

GB078 B1 0.02 0.03 -0.03 0.00 0.04 
B2 0.08 0.06 -0.08 -0.15 0.03 

GBClOO B1 -0.04 0.00 0.03 0.03 -0.02 
B2 -0.05 -0.07 0.20 -0.07 -0.02 

GBC102 B1 .0.03 -0.02 -0.02 0.01 -0.02 
B2 0.00 0.10 -0.24 0.14 -0.02 

GBC233 Bl 0.02 -0.01 -0.01 -0.03 -0.01 
B2 -0.03 -0.10 0.03 0.11 0.00 

GCA Bl 0.00 0.01 -0.05 0.03 -
.) B2 0.05 0.00 -0.05 -0.01 -
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Estimate of the GCA and SCA effects for boots stage of tasselling (HUD Rog.) 
for the Fl. 

Inbred SCA (Sij) GCA 
lines 
UK USA PA32 Fr43 A556 Fr619 (gi) 

GB078 Bl -34.5 -0.7 9.9 25.2 -16.4 
B2 -0.8 3.3 -12.8 10.2 -19.6 

GBCl00 Bl -9.3 -7.2 -1.0 17.3 -5.6 
B2 17.4 -13.7 -8.8 11.1 9.4 

GBCI02 Bl 57.9 5.2 -17.0 -46.3 26.3 
B2 -20.1 8.6 20.3 -19.5 15.7 

GBC233 Bl -14.4 4.1 7.8 3.6 -4.1 
B2 3.5 7.7 -9.2 -1.9 -5.5 

GCA Bl 3.6 5.2 -5.0 -3.6 0.2 
( .) B2 -8.9 0.3 8.9 -0.3 0.0 

Estimate of the GCA and SCA effects for 65 stage of male flowering (HUD Rog.) 
for the Ft. 

Inbred SCA (Sij) GCA 
lines 
UK USA PA32 Fr43 A556 Fr619 (gi) 

GB078 Bl . -6.2 -8.7 1 14.2 -5.8 
B2 4.8 12.3 -15.7 -1.4 -18.3 

GBCl00 Bl 9.9 -11.3 -1.0 2.1 -4.9 
B2 11.6 -22.0 -10.1 20.5 2.4 

GBC102 Bl -3.6 24.5 3.3 -24.2 18.1 
B2 -20.2 0.8 38.5 -18.9 29.1 

GBC233 Bl -0.2 -4.4 -3.9 8.0 -7.3 
B2 4.0 8.9 -12.6 0.2 -13.3 

GCA Bl -12.4 4.1 4.5 3.8 -
( .) B2 -12.2 0.0 15.0 -2.9 -
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Estimate of the GCA and SeA effects for silkin~ sta2e (HUD R02.) for the Fl' 

Inbred SCA (Sij) GCA 
lines 
UK USA PA32 Fr43 A556 Fr619 (gi) 

GB078 Bl -14.8 0.9 -3.6 17.1 -14.7 
B2 5.4 12.6 -14.1 -4.1 -19.6 

GBCl00 Bl 13.1 -7.8 -12.4 9.0 -6.7 
B2 7.4 -15.6 -6.5 -22.5 -1.2 

GBCI02 Bl -2.9 24.8 -1.9 -20.5 20.4 
B2 -22.1 -3.6 37.0 -11.7 34.3 

GBC233 Bl 3.4 -17.8 17.7 -3.5 1.0 
B2 9.4 6.2 -16.6 1.1 -13.3 

OCA Bl -16.5 2.3 9.1 5.4 -
( . B2 -14.4 3.8 11.2 -0.4 -

Estimate of the GCA and SeA effects for the period from silkin2 to maturity 
(HUD Ro~.) for the Fl. 

Inbred SCA (Sij) GCA 
lines 
UK USA PA32 Fr43 A556 Fr619 (gi) 

GB078 Bl -0.8 6.2 -2.1 -3.3 6.0 
B2 -2.2 -9.9 11.9 8.3 14.3 

GBC100 Bl -9.2 11.6 9.5 -12.3 7.7 
B2 -7.2 14.4 9.3 -16.6 2.2 

GBC102 Bl 12.3 -23.0 -5.2 15.8 -20.1 
B2 24.1 4.7 -38.0 9.0 -31.8 

GBC233 Bl -2.7 5.0 -2.2 -0.2 6.5 
B2 -6.6 -9.3 16.7 -0.9 15.4 

OCA Bl 9.2 -0.5 -10.0 1.4 -
(g.) B2 11.5 -2.8 -13.4 4.8 -
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Estimate of the GCA and SCA effects for maturity stage (HUD Rog.) for the Fl· 

Inbred SCA (Sij) GCA 
lines 
UK USA PA32 Fr43 A556 Fr619 (gi) 

GB078 B1 -15.3 8.9 -0.1 6.6 -8.7 
B2 -4.0 3.6 -3.1 3.8 -6.4 

GBC100 BI 3.1 -2.7 1.2 -1.7 2.3 
B2 -2.9 -0.7 0.8 0.1 1.1 

GBC102 B1 4.2 -1.9 3.0 -5.2 5.8 
B2 -2.8 -0.9 3.2 -2.3 4.3 

GBC233 B1 7.9 2.0 -3.9 0.1 0.5 
B2 0.8 -1.9 -0.4 -1.3 0.7 

GCA B1 -4.6 3.0 -3.4 4.8 -
( -) B2 -3.0 1.1 -0.4 2.1 -

Estimate of the GCA and SCA effects for the number of days from sowing to 
maturity (HUD Rog.) for the Fl. 

Inbred SCA (Sij) GCA 
lines 
UK USA PA32 Fr43 A556 Fr619 (gi) 

GB078 Bl -5.8 2.9 -0.3 4.8 -6.6 
B2 -7.4 2.1 -1.8 -1.0 -7.1 

GBC100 Bl 2.1 -2.9 -0.9 -2.6 0.5 
B2 -0.5 -3.6 -0.9 5.0 0.4 

GBC102 B1 -0.1 1.4 3.5 -3.0 7.5 
B2 -2.4 0.4 5.1 -3.3 8.5 

GBC233 B1 3.9 -1.2 -2.2 1.0 -1.3 
B2 2.7 0.7 -2.5 -0.7 -1.6 

GCA B1 -3.1 2.0 -1 0.6 -
( .) B2 -3.8 1.2 -0.4 3.1 -
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Estimate of the GCA and SCA effects for the number of kernels per plant for the 
Fl· 

Inbred SCA (Sij) GCA 
lines 
UK USA PA32 Fr43 A556 Fr619 (gi) 

GB078 BI 3 I -43 35 -21 
B2 -37 27 4 14 36 

GBClOO BI -42 15 -57 86 32 
B2 19 -19 -34 30 6 

GBCI02 BI 106 -165 44 18 -108 
B2 62 8 -35 -37 -121 

GBC233 Bl -66 149 56 -137 95 
B2 -47 -10 65 -12 81 

GCA Bl 2 17 -22 0 -
( .) B2 29 -17 -28 19 . 

Estimate of the GCA and SCA effects for plant hei~ht (cm) for the Fl' 

Inbred SCA (Sij) GCA 
lines 
UK USA PA32 Fr43 A556 Fr619 (gi) 

GB078 Bl -6.8 1.5 -2.9 8.3 4.0 
B2 -6.3 11.4 -3.1 1.6 2.9 

GBCl00 Bl 5.8 -6.5 -2.7 3.5 -3.2 
B2 9.8 -14.3 8.2 -1.9 -1.7 

GBCI02 Bl 3.1 7.0 -0.7 -9.4 0.9 
B2 -7.0 14.5 -4.2 -2.8 5.0 

GBC233 Bl ·1.8 -2.1 6.3 -2.4 -1.8 
B2 5.2 -11.3 2.7 3.9 -6.4 

GCA Bl ·4.5 4.0 -1.4 1.8 -
( .) B2 2.8 -1.3 1.9 -3.8 -
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Estimate of the GCA and SCA effects for ear heil:ht (cm) for the Fl' 

Inbred SCA (Sij) GCA 
lines 
UK USA PA32 Fr43 A556 Fr619 (gi) 

GB078 Bl 3.5 1.6 -13.2 7.9 5.3 
B2 -1.1 7.2 -6.2 0.2 -0.1 

GBC100 Bl 0.4 2.1 -3.1 0.5 0.6 
B2 9.2 -3.9 -0.7 -4.8 2.6 

GBC102 Bl 2.5 0.1 -1.5 -1.2 -8.7 
B2 -5.0 3.1 2.5 -1.4 0.6 

GBC233 B1 -6.5 -3.9 17.6 -7.5 2.9 
B2 -3.2 -7.3 4.5 6.0 -3.0 

GCA Bl -2.0 5.0 -1.1 -1.7 -
(g.) B2 3.1 -0.4 2.0 -4.7 -

Estimate of the GCA and SCA effects for I:rain moisture content (% H20) for 
the Fl. 

Inbred SCA (Sij) GCA 
lines 
UK USA PA32 Fr43 A556 Fr619 (gi) 

GB078 Bl -0.92 -5.10 6.64 -0.65 2.22 
B2 -0.24 1.01 -1.16 0.39 -1.28 

GBCl00 Bl 1.17 -0.52 -1.41 0.73 -1.33 
B2 0.63 -0.95 -0.65 0.83 0.51 

GBC102 Bl 0.62 -0.46 -1.19 0.64 -1.24 
B2 0.60 -0.10 2.96 1.06 1.14 

GBC233 Bl -0.89 -2.95 -4.07 -1.12 0.37 
B2 1.40 0.09 -1.33 -0.21 -0.38 

GCA B1 -1.32 1.10 1.54 -1.3 -
( .) B2 -0.33 0.48 -0.07 -0.07 -
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Rsults of the 1989 for the NC2 Experiment. 

The Preliminary ANOV A Results. 

It was explained earlier that the 1989 experiment was carried out at two 

sowing times. The experimental material used consisted only of the Fl crosses of the 

4 x 4 NC2 mating (four USA lines used as females and 4 from the Cambridge lines as 

males). 

The results of the preliminary ANOVAs for all the characters previously 

studied in the 1988 season will be found in table G-9. Two additional yield 

components were also measured in this season; grain yield per plant (gm) and 100-

kernel weight (gm). 

The ANOV A results show that of the fourteen traits studied significant 

differences between the sowing dates were found for 5 of them. Those are for the 

seedling dry weight, HUD required from silking to maturity, HUD required to 

maturity, plant height and ear heighL There were highly significant differences 

between the 16 crosses for all characters, except for the emergence rate where the 

differences between the single crosses were not significant. The relatively high 

temperatures at both times of sowing in 1989 could account for the lack of differences 

in the emergence obtained in this season. (see appendix 1 for the temperature 

records). The summer of 1989 in the UK was exceptional by all previous records. 

No significant blocks x crosses nor dates x crosses interactions were found for any of 

the characters. Because of the highly significant differences between the crosses it is 

necessary to partition the main genotypic effects between the males, females, males x 

females and the dates and blocks interaction by using the NC2 analysis. 

Results of the NC2 ANOV A for the 1989 Season. 

The preliminary ANOV A results indicated that there were no significant 

differences between the crosses for emergence rates because of the high temperature 

at the time of sowing. Therefore this character was excluded from the NC2 analysis, 
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because apparently no detectable differences were contributed by the parents to their 

offspring (Hallauer and Miranda, 1988). 

The NC2 ANDV A was carried out for the other characters. According to the 

results obtained from the preliminary ANDV A, both dates of sowing were combined 

in the NC2 ANDV A if the differences between dates were not significant and 

separated where they differed significantly. The NC2 ANDV As are presented for 

each character in table 0-11. It includes the items dates, blocks, males, females, and 

all the interactions between these items: (D x M, D x F, D x M x F, B x M, B x F, B x 
"" 

MxF). 

For all characters significant effects were found for the items: males, females, 

and males x females. No significant differences were found for any of the 

interactions between these items nor for dates or blocks, which indicates the absence 

of the genotype x environment interaction. Thus our discussion will concentrate on 

the OCA for males and females and the SCA (M x F) for all traits. 

Results for the Number of Seedlin2s Emer2ed and SDW in 1989 Season 

The significant differences observed in the NC2 ANDV A for the number of 

seedlings emerged (table 0-9, and 0-11) were mainly the result of the low number of 

seedlings that emerged from the single cross Fr619 x OBD78 and the single cross 

A556 x GBCl00 (see table 0-10). If we exclude th,?se two crosses no important 

differences between the other hybrids are observed. In addition, this trait was 

evaluated on the basis of the total number of seedlings that emerged from each entry 

in each block. Thus no clear differences in the OCA or the SCA can be detected for 

this trait.(t~b'eG-8a). 

The means and the NC2 ANDV A result for seedling dry weight in tables 0-10 

and 0-11 respectively for sowing 1 and sowing 2, indicate that there are significant 

differences between the females (USA lines) in their OCA. The inbred lines Pa32 and 

Fr43 showed the best OCA with the UK lines. Dn the other hand, there are no 

significant differences between the Cambridge lines, they having similar means for 
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the GCA. Highly significant differences were found for the M x F interaction (SCA). 

A good SCA was found for the mating of the inbred line Pa32 with GB078 in both 

sowings (see tables G-lO and G-lOa). This result is similar to the one obtained during 

1988 season. It was also found that there were significant differences among the USA 

lines for this trait in sowing 1 (block 1, 1988; see table G-7 and G-11 for comparison). 

It also seems that, as in the 1988 season, both the additive and the non additive 

genetic effects were important for this trait in these genotypes. 

Results for Flowerin&: and Maturity Sta~es 0989 season). 

Both sets of inbred lines showed significant differences in the GCA in both 

seasons (see tables G-lO, and G-lOa for the means and the GCA and SCA effect, and 

tables G-ll for the NC2 ANOVA results). Highly significant differences were also 

found in the M x F (SCA). No important male or female interactions with sowing 

date or with blocks were detected. The results obtained here in 1989 for the F IS were 

similar to those obtained for these characters in 1988 (see tables G-7, and G-11 for 

comparison). This could indicate that most of the variation found was due to genetic 

differences arising both from additive and non additive gene effects, because only 

effects due to GCA and SCA were important. As was found in 1988, of the UK lines 

GB078 has the best GCA with the USA lines. Inbred line GBC233 also showed good 

GCA. Among the USA lines Pa32 has the best GCA (fewer heat-unit degrees 

required to the particular stage) with the UK lines. Comparison of the SCA for each 

pair of inbred lines showed that the crosses Pa32 x GB078 and Pa32 x 233 have the 

best SCA followed by crosses A556 x Pa32, A556 x Pa233. These crosses were also 

the earliest to flower and to mature in 1988 (see tables G-lO and G-lOa). 

The ANOVA and the means for maturity for 1989 are presented in terms of 

calender days in addition to the heat-unit degrees according the Gilmore-Rogers 

method, so that comparisons with the 1988 results are possible. Similar results in the 

NC2 ANOV A were obtained by using the calender days or the heat-unit degrees as a 

base for the ANOV A as was found in experiment E in Chapter 5. The variation in the 
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means of number of calendar days required to maturity between the ~w.o sowings was 

higher than the variation in the heat-units degrees, confrrming what we observed in 

Chapter 5; ie that the heat-unit method is more accurate for classifying maize hybrids 

for 'time' to maturity. 

Because the SCA is not the same in the two sowings and the GCA is highly 

variable, the means of the heat units required from silking to maturity (table G-lO) 

indicate that the length of this period depends on the hybrid itself. Both male and 

females showed significant differences in their GCA in sowing 1. But no significant 

differences between the males (UK lines) and less variability between the females 

were observed in sowing 2. The important differences in the SCA that appeared in 

sowing 2 were absent in sowing 1. The inconsistency of the time from silking to 

maturity observed in these crosses is similar to that found for the double crosses, S 1, 

and Sz in Chapter 5. 

Results for the Other A2ronomic Characters. 

The characters scored were yield per plant (gm), number of kernels per plant, 

loo-kernel weight, grain moisture content (%), plant height (cm), and the ear height 

(cm). Important differences were observed between inbred lines in their GCA and the 

SCA for these traits (see table G-I0~dG-ll). These differences were absent in the 

1988 season except for the number of kernels. For all of these agronomic characters 

the M x F item was significant which means that there are some combinations 

between the inbred lines which perfonn significantly better than other combinations. 

It is also seems that both additive and non-additive gene effects are important for 

these traits in this material. 

In the 1988 season, yield was measured only on the basis of the number of the 

matured kernels obtained per plant. The results for this component were found to be 

similar in the 1989 season. In both years it can 'be seen that inbred lines GBC233 and 

GBCloo were similar in that they have the best GCA for the number of kernels per 



plant.. It was also found that crosses that were superior in the number of kernels in 

1988 were also superior in the 1989 season. 

The study of the other yield components (grain weight/plant and loo-kernel 

weight) also indicated that there are significant differences in the GCA and the SeA 

of the two sets of inbred lines. GBCI02 has the best GCA for both traits compared 

with the other UK lines, followed by GBC233. Among the USA lines, both Pa32 and 

Fr619 have good GCA with the UK lines for both traits. Combinations of the UK line 

GBC102 with the USA lines Pa32 and Fr43 was found to give the best SCA for the 

grain yield per plant (gm) and loo-kernel weight. As was found for the other traits. 

no important male or female times environment interaction was found for these traits. 

It is well known that both the number of kernels per plant and the lOO-kernel weight 

are the main contributors to the grain yield (gm) per plant. Evidence was found from 

the results of the yield components for these crosses that high l00-kernel weight 

appears to be more associated with high grain yield per plant than the number of 

kernels per plant. Support for this conclusion is found in table G-I0 (the yield 

components means). For example, combinations of inbred line GBCI02 with the 

USA lines gave the highest grain yield per plant, although they did not have the 

highest number of kernels, but it is obvious that they have the highest loo-kernel 

weight. Thus in any selection aimed to maintain high yielding ability some 

consideration must be given to these yield components. 

The means of the GCA and the SCA for plant height and ear height were less 

variable in 1989 although neither the males nor the females were consistent in their 

behaviour in the two seasons. From the results of both the 1988 and 1989 seasons it 

seems that PH and EH are greatly influenced by the environment. However, the 

variation in the two characters was not so high that it would be ineffective to include 

these characters in any selection programme for early flowering or early maturity.· 

Some differences in the GCA and the SCA of the inbred lines were obseIVed 

in the 1989 season for grain moisture content, but again the results in table G·lOi:'tshow 

that this variation was not sufficient for this character to be included in a breeding 



programme. If we compare the 1988 means for grain-moisture content with the 1989 

means, there is some reduction in the grain moisture content in 1989. This reduction 

is not too high to be considered, specially for the early matured hybrids (pa32 x 

GB078 and A556 x GB078 and their reciprocals) in both years. There is no 

important decrease in the grain moisture content in 1989, despite a good weather 

conditions and earlier maturity (during September) compared with late maturity 

(during late October) in 1988 season under cold and wait weather conditions. This 

result indicates that the post-maturity drying of the grain is slow and variation for this 

character is very low in these crosses. This agrees with Bunting and Guun (1973) in 

their survey of maize research in Britain since 1950; they stated that there is no 

evidence yet to suggest that varietal differences in rate of post-maturity drying are 

significant in Britain. 

Final Conclusions from Both Years' Results of the NC2 Matin.:. 

The experiments in this chapter used selected sets of inbred lines with fixed 

main effects in the ANOV A. Thus it is not possible to estimate the genetic 

components of variance or any further parameters such as heritability (Cockerham, 

1963; 1980; and Hallauer and Miranda, 1988). It has been easy, however, to 

distinguish the superior combinations (hybrids) and those lines with good GCA or 

SCA for the following reasons: 1) the information obtained from the NC2 ANOVA 

(for model 1) in both seasons, 2) the study of the GCA and the SCA for the two sets 

of inbred lines, 3) the repetition of the experiment, with more replications, in the 1989 

season. 

Overall, the USA line Pa32 and the Cambridge line GB078 have the best 

CGA and also they gave the best SCA. For example, the reciprocal crosses Pa32 x 

GB078 gave early maturing progeny in both years. It was also found that there were 

some other early maturing crosses such as A556 x GB078 and A556 x GBC233 and 

their reciprocals. These three pairs of reciprocals were the fastest in both years. The 

single cross Pa32 x GB078 required fewer heat-unit degrees and number of days to 
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maturity than the best double crosses or Sl found in experiment E (Chapter 5) (see 

table E-15 and G-lO for comparison). The superiority of these hybrids in both years, 

despite the great differences in weather conditions between the years (1989 was an 

exceptional season with high temperature records in Britain), could mean that an even 

greater response could be expected in more favourable environmental conditions. 

These hybrids required 148-159 days in 1988 to reach maturity, but they required 

only 126-132 days to mature in 1989. Comparisons between the performance of these 

hybrids with hybrids that have been grown both in the USA and England are 

instructive. ASE 101, an early ripening American hybrid which requires 80 days 

from sowing to maturity in northern Minnesota, needs 180 days to ripen grain in 

England (Bunting and Gunn, 1973). Andrewet al. (1956) reported that the very early 

American hybrids W240 and W255 matured in 80-85 days, according to the 

Wisconsin maturity rating, but required an average of 155 and 160 days respectively 

to mature in some experiments carried out over a period of 5 years in the Netherlands. 

Bunting and Gunn (1973) emphasise the importance of the uniformity of grain 

ripening within the crop. Gunn (1974) found that plant to plant variation ranged from 

13-18 and 34-47 days for the spread of silking and maturity among hybrids. We 

checked this feature for each individual plant for the crosses that matured early. We 

found that there is a good uniformity in date of maturity of these crosses. The most 

uniform was cross Pa32 x GB078 where there was a spread of 11 days between the 

fIrst and last of the ten plants grown in 1988 to reach maturity. While only six days 

spanned the maturing of 20 plants of this cross in 1989. The maturing of cross A556 

x GB078 spread over 14 days and 11 days for the 10 plants in 1988 and the 20 plants 

in 1989 respectively. F2 progenies derived from these crosses were also among the 

earliest F2s to mature (see table G-5). 

Overall the results gave a strong indication that most of the hybrids showed 

high positive heterosis for the desired characters. The unseasonably high 

temperatures at the time of the sowing both in 1988 and in 1989 (despite sowing in 

late April in 1989) did not permit the expression of variability for cold tolerance to 
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any extent greater than that found in the laboratory experiments (Chapter 6). Even 

though we did not expected high variation for cold tolerance, a good response of most 

of the genotypes to cold weather is expected because of the previous screening of the 

inbred lines for cold tolerance. We expected that good progress towards shonening 

the life cycle would be achieved by selection for early flowering and for early 

maturity, the purpose being that the plants would mature before the low autumn 

temperatures in Britain and before the high summer temperatures in Iraq. Bunting 

and Gunn (1973) stated that a major concern in the early attempts to improve cold 

tolerance in maize was centred on the development of varieties able to respond 

favourably to early sowing. In their survey in 1973 they concluded that, although a 

wide range of material was tested, no significant differences in the rate of field 

emergence were detected. They recommended that the major thrust should be the 

selection for early flowering and early maturity. The early hybrids to mature among 

these single crosses obtained in our experiments seem to be of importance for many 

reasons: a) these crosses have been developed by mating USA and British cold 

tolerant lines (the latter lines had been developed in the Plant Breeding Institute in 

Cambridge). This type of mating was suggested by Bunting (1978) and Carr and 

Milbourn (1976) as being the most likly to improve the grain maize genotypes in 

Britain, b) they were tested further north in England than most of the earlier studies, 

in a region where the temperatures are usually lower and the weather conditions less 

favourable than in the south of England, and c) despite the relatively unfavourable 

conditions in 1988 they reached 32-35% grain moisture content, which was 

considered by Bunting and Gunn (1973) as the best that could be achieved to obtain 

well matured grain. They also expressed the opinion that the earliest grain maize 

hybrids could reach this limit only when conditions during ripening are favourable. 
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Table G-9. The preliminary ANOV A for all the characters studied 
on the FI progeny of a 4 x 4 NC2 mating (1989 season). 

Source of Seedling Emerged Emergence rate 

variation Of MS F P DF MS 

Bet Dates 1 1.000 0.672 N.S 1 ' 0.8281 
Bet Blocks 3 1.333 0.896 N.S 3 0.2302 
Bet fls 15 19.550 13.133 *** 15 0.~178 
Error 44 1.489 - - 44 0.570 

Traits Seedling dry weight 
Date 1 Date 2 

Bet Blocks 1 0:004082 0.544 N.S 1 0.075711 
Bet {IS 14 0.017901 2.386 ** 14 0.030214 
B xFls 14 0.008156 1.087 N.S 14 0.007236 
Error 166 0.007503 - - 112 0.006974 

Traits Boots stage 65 stage 

Bet Dates 1 2035 1.594 N.S 1 194.1 
Bet Blocks 3 1001 0.784 N.S 3 1058.4 
Bet fls 15 9502 . . 7.445 *** 15 9758.4 
DxFls 15 1852 1.451 N.S 15 1249.3 
B x Fls 45 620 '0.486 N.S 45 356.4 
Error 239 1276 - . 239 815.5 

Traits Silking stage 

Bet Dates 1 671.4 0.946 N.S 
Bet Blocks ,3 1824.2 2.571 N.S 
Bet fls 15 11555.8 16.289 *** 
DxFls 15 1062.4 1.498 N.S 
BxFls 45 707.0 0.997 N.S 
Error 240 1246.1 - -
Traits Silking to Maturity stage 

Date 1 Date 2 

Bet Blocks 1 1.2 0.002 N.S 1 106.4 
Bet fls 15 1249.3 2.002 * 15 987.7 
BxFls 15 364.4 0.584 N.S 15 560.1 
Error 123 624.1 - - 127 389.2 
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F P 

2.760 N.S 
0.767 N.S 
1.726 N.S 
- -

10.857 *** 
4.333 *** 
1.038 N.S 
- -

0.238 N.S 
1.298 N.S 

11.966 *** 
1.532 N.S 
0.437 N.S 
- -

0.237 N.S 
2.538 ** 
1.439 N.S 
- -



Continued table G-9 
The preliminary ANOV A for all the characters studied on the Fl 

progeny of a 4 x 4 NC2 mating (1989 season). 

Traits Maturity stage 

U. 
Date 1 Date 2 

variation Df MS F P DF 

Days 
Bet Blocks 1 148.22 10.701 ** 1 
Bet fis 15 231.04 16.679 *** 15 
B xFIs 15 21.11 1.524 N.S 15 
Error 123 13.85 - - 127 

Rogers HUD 
Bet Blocks 1 3572.2 9.970 ** 1 
Bet fis 15 5755.0 16.062 *** 15 
B xFIs 15 518.0 1.446 N.S 15 
Error 123 358.3 - - 127 

Traits Plant heigh t 
Date 1 Date 2 

Bet Blocks 1 562.5 '1.794 N.S 1 
Bet fis 15 690.3 2.201 ** 15 
B xFIs 15 376.5 . 1.201 N.S 15 
Error 128 313.6 - - 128 

Traits Ear height 
Date 1 Date 2 

Bet Blocks 1 127.8 0.708 N.S 1 
Bet fis 15 409.0 2.266 ** 15 
B xFIs 15 133.9 0.742 N.S 15 
Error 128 180.5 - - 128 

,MS F P 
, 

12.38 1.080 N.S 
168.28 14.684 *** 

14.62 1.276 N.S 
11.46 - -

115.8 0.383 N.S 
3927.0 12.996 *** 
405.0 1.340 N.S 
302.2 1.340 N.S 

752.6 3.179 N.S 
720.1 3.042 *** 
146.8 0.620 N.S 
236.7 - -

955.5 6.694 ~. 
506.3 3.547 ** 
160.4 ~.124. ~ 
142.7 

Traits Grain moisture content % Number of kernels I plant 

Bet Dates 1 1.832 0.516 N.S 1 17847 1.618 N.S 
Bet Blocks 3 15.566 4.414 ** 3 6781 0.615 N.S 
Bet fis 15 30.565 8.618 *** 15 36781 3.334 *** 
DxF1s 15 3.187 0.899 N.S 15 15495 1.405 N.S 
B xFIs 45 3.120 0.880 N.S 45 6659 0.604 N.S 
Error 235 3.547 - - 235 11031 - -
Traits Grain yield per plant 100 kernels weight 

Bet Dates 1 299.7 0.719 N.S 1 ,12.20 0.963 N.S 
Bet Blocks 3 143.4 0.344 N.S 3 18.00 1.421 N.S 
Bet fis 15 3634.6 8.721 *** 15 226.71 17.901 *** 
DxFIs 15 1010.9 2.425 ** 15 17.00 1.350 N.S 
B xFIs 45 373.4 0.896 N.S 45 9.83 0.776 N.S 
Error 235 416.8 - - 235 12.66 - --



Table G-l O. Means for the F 1 s obtained from the NC2 mating between the USA and the 
British inbred lines of grain maize for all the traits studied in the experiment of 
1989. 

Means of number of seedling emerged (SE) and emergence time rate (ER). 

-----------------------------------------------
Inbred Single Crosses means 
lines ------------------------------- -------
UK USA PA32 Fr43 A556 Fr619 Mean ------ ------ ------ ------ ------ -------
GB078 SE 14.25 13.75 14.75 7.00 12.44 

ER 13.24 13.59 13.22 13.28 13.34 
------ ------ ------ ------ ------ -------
GBCl00 SE 13.50 14.25 9.00 15.00 12.94 

ER 13.62 13.41 13.89 14.35 13.81 ------ ------ ------ ------ ------ -------
GBC102 SE 14.50 14.75 14.75 13.75 14.44 

ER 12.96 13.08 13.49 13.77 13.33 
------ ------ ------ ------ ------ -------
GBC233 SE 13.75 13.25 14.50 14.25 13.94 

ER 13.94 13.71 13.23 13.67 13.63 ------ ------ ------ ------ ------ -------
Mean SE 14.00 14.00 13.25 12.50 13.44 

ER 13.44 13.44 13.45 13.76 13.52 -----------------------------------------------

Means of seedling dry weight {gm I n1ant}. 
----------------------------------------------
Inbred Single Crosses means 
lines ------------------------------- -------
UK USA PA32 Fr43 A556 Fr619 Mean ------ ------ ------ ------ ------ -------
GB078 DI'" 0.388 0.265 0.263 0.132 0.262 

D2* 0.469 0.406 0.353 0.175 0.351 ------ ------ ------ ------ ------ -------
GBC100 Dl 0.256 0.285 0.281 0.282 0.276 

D2 0.324 0.346 0.362 0.403 0.359 ------ ------ ------ ------ ------ -------
GBC102 Dl 0.304 0.284 0.192 0.261 0.260 

D2 0.403 0.401 0.225 0.413 0.360 
------ ------ ------ ------ ------ -------
GBC233 Dl 0.297 0.232 0.287 0.316 0.278 

D2 0.336 0.394 0.373 0.395 0.374 
------ ------ ------ ------ ------ -------
Mean Dl 0.307 0.266 0.256 0.248 0.269 

D2 0.383 0.387 0.328 0.346 0.361 -----------------------------------------------
Dl - Sowing 1 April 27th 1989. 
D2 - Sowing 2 May 4th 1989. 
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Continued Table G-I0. 

Means of heat-units degrees reguired for the boots stage .. 
----------------------------------------------
Inbred Single Crosses means 
lines ------------------------------- -------
UK USA PA32 Fr43 A556 Fr619 Mean ------ ------ ------ ------ ------ -------
GB078 Dl* 299.1 326.7 307.5 349.3 320.6 

D2* 290.2 336.5 319.1 375.9 330.4 ------ ------ ------ ------ ------ -------
GBC100 Dl 354.0 320.2 353.2 327.3 338.7 

D2 319.4 322.0 321.2 353.3 329.0 ------ --- ------ ------ ------ ------ -------
GBC102 Dl 298.9 355.4 378.1 336.4 342.2 

D2 326.6 352.5 375.7 331.3 346.5 ------ --- ------ ------ ------ ------ -------
GBC233 Dl 292.6 324.2 319.3 314.7 312.7 

D2 298.8 334.9 339.4 340.6 328.4 ------ ------ ------ ------ ------ -------
Mean Dl 311.2 331.6 339.5 331.9 328.5 

D2 308.8 336.5 338.9 350.3 333.6 
-----------------------------------------------

Means of heat-units degrees reguired for the 65 stage ----------------------------------------------
Inbred Single Crosses means 
lines ------------------------------- -------
UK USA PA32 Fr43 A556 Fr619 Mean ------ ------ ------ ------ ------ -------
GB078 Dl* 441.9 478.2 453.2 514.0 471.8 

D2* 444.1 479.9 475.5 515.7 478.8 ------ ------ ------ ------ ------ -------
GBC100 Dl 478.5 461.7 497.5 466.3 476.0 

D2 469.3 471.9 474.3 477.4 473.2 ------ --- ------ ------ ------ ------ -------
GBCI02 Dl 466.8 515.7 527.6 490.3 500.1 

D2 482.5 484.7 521.4 479.0 491.9 ------ --- ------ ------ ------ ------ -------
GBC233 Dl 443.4 469.8 453.0 449.9 454.1 

D2 449.1 461.4 474.2 472.5 464.3 ------ ------ ------ ------ ------ -------
Mean D1 457.6 481.4 482.9 480.1 475.5 

D2 461.2 474.5 486.4 486.1 477.1 
-------------------------------~--------------

Dl - Sowing 1 Apri127th 1989. 
D2 - Sowing 2 May 4th 1989. 
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Continued table G-1O. 

Means of heat-units degrees reguired for silking ----------------------------------------------
Inbred Single Crosses means 
lines ------------------------------- -------
UK USA PA32 Fr43 A556 Fr619 Mean ------ ------ ------ ------ ------ -------
GB078 Dl* 429.9 465.2 444.5 506.7 461.6 

D2'" 434.5 466.4 450.5 506.5 464.5 
------ ------ ------ ------ ------ -------
GBC100 Dl 473.3 460.3 504.6 458.8 474.2 

D2 473.7 467.6 473.7 477.5 473.1 ------ --- ------ ------ ------ ------ -------
GBC102 Dl 463.3 512.8 519.3 485.9 495.4 

D2 468.1 492.6 525.5 469.5 488.9 
------ --- ------ ------ ------ ------ _ ... _----
GBC233 Dl 442.3 465.7 441.7 443.4 448.3 

D2 451.6 478.0 462.5 465.8 464.5 
------ ------ ------ ----_ ..... ------ -------
Mean Dl 452.2 476.0 477.5 473.7 469.9 

D2 457.1 476.1 478.0 479.9 472.8 -----------------------------------------------

Means of heat-units degrees reguired for the ueriod 
from silking to maturitI ----------------------------------------------

Inbred Single Crosses means 
lines ------------------------------- -------
UK USA PA32 Fr43 A556 Fr619 Mean ------ ------ ------ ------ ------ -------
GB078 Dl* 317.8 313.0 307.1 304.6 310.6 

D2'" 312.7 298.2 310.9 298.1 305.0 ------ ------ ------ ------ ------ -------
GBCloo Dl 317.4 329.3 304.2 328.7 319.9 

D2 295.2 310.8 305.5 . 309.6 305.3 
... _---- --- ------ ------ ------ ------ -------
GBC102 Dl 331.2 317.3 303.3 330.8 320.7 

D2 315.7 308.7 295.3 325.1 311.2 
------ ~- - ------ ------ ------ ------ -------
GBC233 Dl 327.4 321.8 317.9 340.3 326.9 

D2 313.2 304.4 288.9 321.3 307.0 .. _---- --~ ------ ------ ------ ------ -------
Mean Dl 323.5 320.4 308.1 326.1 319.5 

D2 309.2 305.6 300.1 313.5 307.1 -----------------------------------------------
Dl - Sowing 1 April 27th 1989. 
D2 - Sowing 2 May 4th 1989. 
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Continued table G-I0. 

Means of number of daIs reguired from sowing to maturitv. ----------------------------------------------
Inbred Single Crosses means 
lines ------------------------------- -------
UK USA PA32 Fr43 A556 Fr619 Mean ------ ------ ------ ------ ------ -------
GB078 Dl· 130.0 136.0 131.0 141.0 134.6 

D2* 126.6 130.0 129.4 138.2 131.0 ------ ------ ------ ------ ------ -------
GBC100 Dl 138.6 136.9 141.8 137.9 138.8 

D2 130.7 133.3 133.5 135.3 133.2 ------ --- ------ ------ ------ ------ -------
GBC102 Dl 139.5 146.5 144.7 143.7 143.6 

D2 134.6 137.7 141.3 136.9 137.6 
------ ------ ------ ------ ------ -------
GBC233 Dl 134.2 137.2 132.2 137.1 135.1 

D2 130.1 134.1 127.3 134.6 131.5 ------ ------ ------ ------ ------ -------
Mean Dl 135.5 139.1 137.4 140.0 138.0 

D2 130.5 133.7 132.8 136.2 133.3 
-----------------------------------------------

Means of heat-units degrees reguired from sowing to maturitI. ----------------------------------------------
Inbred Single Crosses means 
lines ------------------------------- -------
UK USA PA32 Fr43 A556 Fr619 Mean ------ ------ ------ ------ ------ -------
GB078 Dl· 747.8 778.2 751.5 804.8 770.6 

D2* 747.2 764.7 761.4 804.6 769.5 ------ ------ ------ ------ ------ -------
GBC100 Dl 790.7 783.9 808.8 787.5 792.7 

D2 768.9 778.3 779.2 787.2 778.4 ------ --- ------ ------ ------ ------ -------
GBC102 Dl 794.5 830.1 822.7 813.8 815.3 

D2 783.8 801.3 820.8 794.6 800.1 ------ --- ------ ------ ------ ------ -------
GBC233 Dl 769.8 784.1 759.6 783.6 774.3 

D2 764.8 782.5 751.4 787.1 771.5 ------ ------ ------ ------ ------ -------
Mean Dl 775.7 794.1 785.7 797.4 788.2 

D2 766.2 781.7 778.2 793.4 779.7 -----------------------------------------------
Dl - Sowing 1 April 27th 1989. 
D2 - Sowing 2 May 4th 1989. 
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Continued table 0-10. 

Means of the grain moisture content %. 
----------------------------------------------
Inbred Single Crosses means 
lines ------------------------------- -------
UK USA PA32 Fr43 A556 Fr619 Mean ------ ------ ------ ------ ------ -------
OB078 Dl· 33.07 34.86 34.85 35.83 34.65 

D2* 34.71 35.25 34.05 34.52 34.63 ------ ------ ------ ------ ------ -------
OBC100 Dl 33.69 35.49 34.34 32.91 34.11 

D2 33.70 34.73 33.91 33.26 33.90 
------ ~ ~~ ------ ------ ------ ------ -------
OBC102 Dl 31.24 33.56 33.72 31.90 32.60 

D2 30.74 33.35 . 34.34 31.63 32.51 ------ ~~~ ------ ------ ------ ------ -------
OBC233 Dl 33.90 34.69 34.04 32.17 33.70 

D2 32.49 35.53 33.40 32.22 33.41 ------ ------ ------ ------ ------ -------
Mean Dl 32.97 34.65 34.24 33.20 33.77 

D2 32.91 34.72 33.92 32.91 33.62 
-----------------------------------------------

Means of number of kernels ner nlant. 
---------------------------------------------- ' 

Inbred Single Crosses means 
lines ------------------------------- -------
UK USA PA32 Fr43 A556 Fr619 Mean ------ ------ ------ ------ ------ -------
OB078 Dl· 372.0 383.3 409.6 350.3 378.8 

D2* 357.0 467.7 392.5 364.4 395.4 
------ ------ ------ ------ ------ -------
OBC100 Dl 317.8 401.1 313.5 450.1 : 370.6 

D2 401.6 423.7 440.5 469.8 433.9 ---- .. - ~ -~ ------ ------ ------ -_ .. - .... - -------
OBC102 Dl 373.2 415.7 319.8 368.0 ' 369.2 

D2 394.5 407.4 324.3 459.9 396.5 
------ -~ ~ ------ ------ ------ ------ -------
OBC233 Dl 391.3 496.4 454.4 490.5 458.1 

D2 345.0 448.5 415.7 433.5 410.7 ------ ------ ------ ------ ------ -------
Mean Dl 363.6 424.1 374.3 414.7 394.2 

D2 374.5 436.3 393.2 431.9 409.1 -----------------------------------------------
Dl - Sowing 1 April 27th 1989. 
D2 - Sowing 2 May 4th 1989. 

236 



Continued table G-I0. 

Means of 2rain yield uer ulant (2m). 
----------------------------------------------
Inbred Single Crosses means 
lines ------------------------------- -------
UK USA PA32 Fr43 A556 Fr619 Mean ------ ------ ------ ------ ------ -------
GB078 Dl* 94.0 71.6 77.3 ·67.3 77.6 

D2* 82.1 81.9 73.8 68.8 76.6 ------ ------ ------ ------ ------ -------
GBCl00 DI 72.5 70.1- 62.4 ··99.1 76.0 

D2 81.7 68.4 92.7 99.2 85.5 ------ --- ------ ------ ------ ------ -------
GBC102 Dl 107.5 90.2 73.1 90.8 90.4 

D2 114.8 105.5 63.5 118.7 100.6 ------ --- ------ ------ ------ ------ -------
GBC233 Dl 76.4 85.2 79.8 93.2 83.6 

D2 74.7 75.3 65.9 74.1 72.5 ------ ------ ------ ------ ------ -------
Mean Dl 87.6 79.2 73.1 87.6 81.9 

D2 88.3 82.8 74.0 90.2 83.8 -----------------------------------------------
Means of 100 kernel weight (gm). 

----------------------------------------------
Inbred Single Crosses means 
lines ------------------------------- -------
UK USA PA32 Fr43 A556 Fr619 Mean ------ ------ ------ -----"'" ------ -------
GB078 Dl* 25.29 18.98 19.57 19.44 20.82 

D2* 23.59 17.86 19.62 18.97 20.00 ------ ------ ------ ------ ------ -------
GBCl00 Dl 23.33 16.82 19.83 22.32 20.58 

D2 20.37 16.31 20.98 21.19 19.71 ------ -- - ------ ------ ------ ------ -------
GBC102 Dl 28.97 22.00 23.59 24.65 24.80 

D2 29.13 25.83 20.13 25.77 25.22 ------ -- - ------ ------ ------ ------ -------
GBC233 Dl 19.66 17.40 17.99 19.85 18.73 

D2 21.79 17.05 15.96 18.93 18.43 ------ ------ ------ ------ -- .... --- -------
Mean Dl 24.31 18.80 20.25 21.56 21.23 

D2 23.73 19.25 19.17 21.22 20.84 -----------------------------------------------
Dl - Sowing 1 April 27th 1989. 
D2 - Sowing 2 May 4th 1989. 
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Continued table G-I0. 

Means of uiant hei2ht {em}. 
----------------------------------------------
Inbred Single Crosses means 
lines ------------------------------- -------
UK USA PA32 Fr43 A556 Fr619 Mean 
------ ------ ------ ------ ------ -------
GB078 Dl* 157.7 175.2 145.9 163.6 160.6 

D2* 162.8 179.9 158.4 166.7 166.9 ------ ------ ------ ------ ------ -------
GBC100 Dl 154.3 143.4 163.9 160.9 155.6 

D2 164.5 157.3 165.0 173.5 165.0 ------ --- ------ ------ ------ ------ -------
GBC102 Dl 147.2 154.4 159.3 148.9 152.4 

D2 166.3 170.1 147.3 162.4 161.5 
------ -- - ------ ------ ------ ------ -------
GBC233 Dl 148.9 155.2 148.6 150.6 150.8 

D2 153.20 159.4 154.7 151.2 154.6 ------ --- ------ ------ ------ ------ -------
Mean Dl 152.0 157.0 154.4 156.0 154.8 

D2 161.7 166.6 156.3 163.4 162.0 -----------------------------------------------
Means of ear hieght {em}. 

----------------------------------------------
Inbred Single Crosses means 
lines ------------------------------- -------
UK USA PA32 Fr43 A556 Fr619 Mean 
------ ------ ------ ------ ------ -------
GB078 Dl* 59.9 67.0 55.8 59.2 60.4 

D2* 63.1 69.8 54.6 65.6 63.2 ------ ------ ------ ------ ------ -------
GBCl00 Dl 60.2 43.8 56.8 47.7 52.1 

D2 63.5 57.5 62.0 54.8 59.5 ------ --- ------ ------ ------ ------ -------
GBC102 Dl 48.0 55.6 54.3 46.3 51.0 

D2 63.7 71.2 47.2 51.7 58.4 
------ -- - ------ ------ ------ ------ -------
GBC233 Dl 49.1 60.2 49.4 51.2 52.47 

D2 58.2 62.0 59.2 47.0 56.6 ------ ------ ------ ------ ------ -------
Mean Dl 54.3 56.6 54.0 51.1 54.0 

D2 62.1 65.1 55.7 54.7 59.4 -----------------------------------------------
Dl - Sowing 1 April 27 th 1989. 
D2 - Sowing 2 May 4th 1989. 
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Table G- lOa. Estimate of male (gi) and female (gj) parents GCA and their SCA (Sij) 
effects for the F} generation obtained from the NC2 mating between the USA 
and the British inbred lines of grain maize for all the traits studied in the 
experiment of 1989. (results obtained from the means in table G-lO by using 
the formula in page 190). All symbols have the same meaning as in table G-
10. 

Estimate of the GCA and SCA effects for the number of seedling emerged (SE) 
and rate of time to emergence (days) (ER) for the Fl. 

Inbred SCA (Sij) GCA 
lines 
UK USA PA32 Fr43 A556 Fr619 (gi) 

GB078 SE 1.25 0.75 2.50 -4.50 -0.10 
ER -0.09 0.26 -0.12 -0.37 -0.11 

GBC100 ES 0.00 0.75 -3.75 3.0 -0.50 
ER -0.11 -0.32 0.15 0.3 0.29 

GBC102 SE -0.50 -0.25 0.50 0.25 1.00 
ER -0.29 -0.17 0.23 0.20 -0.19 

GBC233 SE -0.75 -1.25 0.75 1.25 0.50 
ER 0.61 0.65 -0.11 0.02 -0.11 

GCA SE 0.56 0.56 -0.19 -0.94 -
( .) ER -0.08 -0.08 -0.07 0.24 -

Estimate of the GCA and SCA effects for seedling dry weight (gm per seedling) 
for the Fl (1989 season). 

Inbred SCA (Sjj) GCA 
lines 
UK USA PA32 Fr43 A556 Fr619 (gi) 

GB078 D1* -0.081 -0.001 0.007 -0.116 0.00 
D2* 0.140 0.029 0.035 -0.161 -0.01 

GBC100 D1 -0.058 0.012 0.018 0.027 0.007 
D2 -0.057 -0.039 0.038 0.059 -0.002 

GBC102 D1 0.006 0.027 -0.005 0.022 -0.009 
D2 0.021 0.015 -0.102 0.068 -0.001 

GBC233 Dl -0.019 -0.043 -0.001 -0.009 0.009 
D2 0.060 -0.006 -0.013 -0.013 0.013 

GCA D1 0.038 -0.003 -0.013 -0.021 -
.) D2 0.022 0.026 -0.033 -0.015 -
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Estimate of the GCA and SCA effects for boots staee of tasselline (RUD Roe.) 
for the Fl (1989 season). 

Inbred SCA (S .. ) GCA 
lines 

IJ 

UK USA PA32 Fr43 A556 Fr619 (gi) 

GB078 Dl -4.2 3.0 -24.1 25.3 -7.9 
D2 -15.5 3.2 -16.7 28.8 -3.2 

GBC100 Dl 32.6 -21.6 3.5 14.8 10.2 
D2 20.3 -9.9 -13.1 7.6 -4.6 

GBC102 Dl -26.0 10.1 24.9 -9.2 13.7 
D2 4.9 3.1 23.9 -31.9 12.9 

GBC233 Dl -2.8 8.4 -4.4 -1.4 -15.8 
D2 -4.8 3.6 5.7 -4.5 -5.2 

GCA Dl -17.3 3.1 11.0 3.4 -
( .) D2 -24.8 2.9 5.3 11.7 -

Estimate of the GCA and SCA effects for the 65 staee (RUD Roe.) for the F 1 
H989 season). 

Inbred SCA (Sij) GCA 
lines 
UK USA PA32 Fr43 A556 Fr619 (gi) 

GB078 Dl -12.0 0.5 -26.0 37.6 -3.7 
D2 -18.8 3.7 -12.5 27.9 1.7 

GBC100 Dl 20.4 -20.2 14.1 -14.3 0.5 
D2 12.0 1.3 -8.1 -4.8 -3.9 

GBC102 Dl -15.4 9.7 20.1 -14.4 24.6 
D2 6.5 -4.6 20.3 -21.9 14.8 

GBC233 Dl 7.2 9.8 -8.5 -8.8 -21.4 
D2 0.7 -0.3 0.7 -0.8 -12.8 

GCA Dl -17.9 5.9 7.4 4.6 -
( .) D2 -15.9 -2.6 9.2 9.0 -
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Estimate of the GCA and SCA effects for silking stage (HUD Rog.) for the F 1 
0989 season) .. 

Inbred SCA (Sij) GCA 
lines 
UK USA PA32 Fr43 A556 Fr619 (gi) 

GB078 Dl -14.0 -2.5 -24.7 41.3 -8.3 
D2 -14.3 -1.2 -19.2 34.9 -8.3 

GBC100 Dl 16.8 -20.0 22.8 -19.2 4.3 
D2 16.3 -8.6 -4.6 -2.7 0.3 

GBCI02 Dl -14.4 11.3 16.3 -13.3 25.5 
D2 -5.1 0.6 31.4 -26.5 16.1 

GBC233 Dl 11.7 11.3 -14.2 -8.7 -12.6 
D2 2.8 10.4 -7.2 -5.8 -8.3 

GCA Dl -17.7 6.1 7.6 3.8 -
( 0) D2 -15.7 3.1 5.2 7.1 -

Estimate of the GCA and SCA effects for the period from silkin!: to maturity 
{DUD Rog.) for the Fl (1989 season). 

Inbred SCA (Sij) GCA 
lines 
UK USA PA32 Fr43 A556 Fr619 (gi) 

GB078 Dl 3.2 1.5 7.9 -12.6 -8.9 
D2 5.6 -5.3 12.9 -13.3 -2.1 

GBCl00 Dl -6.5 8.5 -4.3 2.2 0.4 
D2 -14.4 7.0 7.2 -2.1 -1.8 

GBC102 Dl 6.5 -4.3 -6.0 3.5 1.2 
D2 2.4 1.0 -8.9 7.5 4.1 

GBC233 Dl -3.5 -6.0 2.4 6.8 7.4 
D2 4.1 -1.1 -11.1 7.9 -0.1 

GCA Dl 4.0 0.9 -11.4 6.6 -
(go) 

J D2 2.1 -1.5 -7.0 6.4 -
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Estimate of the GCA and SeA effects for number of days from sowinl: to 
maturity for F! (1989 season). 

0 

Inbred SCA (Sij) GCA 
lines 
UK USA PA32 Fr43 A556 Fr619 (gi) 

GB078 Dl -2.1 0.3 -3.0 4.4 -3.4 
D2 -1.6 -1.4 -1.1 4.3 -2.3 

GBC100 Dl 2.3 -3.0 3.6 -2.9 0.8 
D2 0.3 -0.3 0.8 -0.8 -0.1 

GBC102 Dl -1.6 1.8 1.7 -1.9 5.6 
D2 -0.2 -0.3 4.2 -3.6 4.3 

GBC233 Dl 1.6 1.0 -2.3 0.0 -2.9 
D2 1.4 2.2 -3.7 0.2 -1.8 

GCA Dl -2.5 1.1 -0.6 2.0 -
( .) D2 -2.8 0.4 -0.5 2.9 -

Estimate of the GCA and SeA effects for time from sowing to maturity (HUD 
Rog.) for Fl (1989 season). 

Inbred SCA (Sij) GCA 
lines 
UK USA PA32 Fr43 A556 Fr619 (gi) 

GB078 Dl -10.3 1.7 -16.6 25.0 -17.6 
D2 -8.8 -6.8 -6.6 21.4 -10.2 

GBC100 Dl 10.5 -14.7 18.6 -14.4 4.5 
D2 4.0 -2.1 2.3 -4.9 -1.3 

GBC102 Dl -8.3 8.9 9.9 -10.7 27.1 
D2 -2.8 -0.8 22.2 -19.2 20.4 

GBC233 Dl 8.0 3.9 -12.2 0.1 -13.9 
D2 6.8 9.0 -18.6 1.9 -8.2 

GCA Dl -12.5 5.9 -2.5 9.2 -
(go) D2 -13.5 2.0 -1.5 13.7 -
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Estimate of the GCA and SCA effects for I:rain moisture content (% H20) for 
the Fl (1989 season). 

Inbred SCA (Sij) GCA 
lines 
UK USA PA32 Fr43 A556 Fr619 (gi) 

GB078 01 -0.78 -0.67 -0.27 1.75 0.88 
02 0.78 -0.48 -0.88 0.6 1.01 

GBC100 01 0.38 0.50 -0.24 -0.63 0.34 
02 0.50 -0.27 -0.29 0.07 0.28 

GBCI02 01 -0.56 0.08 0.65 -0.13 -1.17 
02 -1.07 -0.26 0.09 -0.17 -1.11 

GBC233 01 0.86 -0.03 -0.13 -0.96 -0.07 
02 -0.22 1.02 -0.31 -0.48 -0.2i 

GCA 01 -0.80 0.88 0.47 -0.57 -
02 -0.70 1.10 0.30 -0.71 -

Estimate of the GCA and SCA effects for number of kernels per plant for the F 1 
H989 season). -

Inbred SCA (Sij) GCA 
lines 
UK USA PA32 Fr43 A556 Fr619 (gi) 

GB078 01 23.8 -25.4 50.7 -49.0 -15.4 
02 -3.8 45.1 13.0 -53.8 -13.7 

GBC100 01 -22.2 0.6 -37.2 59.0 -23.6 
02 2.3 -37.4 22.5 13.1 24.8 

GBC102 01 34.6 16.6 -29.5 -21.7 -25.0 
02 47.5 -16.3 -56.3 40.6 -12.6 

GBC233 01 -36.2 8.4 16.2 11.9 63.9 
02 -27.9 10.6 20.9 0.0 1.6 

GCA 01 -30.6 29.9 -19.9 20.5 -
( .) 02 -34.6 27.2 -15.9 22.8 -

243 



Estimate of the GCA and SCA effects for grain yield per plant for the F 1 0989 
season>. 

Inbred SCA (Sij) GCA 
lines 
UK USA PA32 Fr43 A556 Fr619 (gi) 

GB078 Dl 10.7 -3.3 8.5 -16.0 -4.3 
D2 0.9 6.2 7.0 -14.2 -7.2 

GBCl00 01 -9.2 -3.2 -4.8 17.4 -15.9 
02 -8.3 -16.1 17.0 7.3 1.3 

GBCI02 01 11.4 2.5 -8.5 -5.3 8.5 
02 9.7 5.9 -27.3 11.7 16.8 

GBC233 01 -12.9 4.3 5.0 3.9 1.7 
02 -2.3 3.8 3.2 -4.8 -11.3 

GCA 01 5.7 -2.7 -8.8 5.7 -
( . 02 4.5 -1.0 -9.8 6.4 -

Estimate of the GCA and SCA effects for 100 kernels weight (gm) for the F 1 
(1989 season). 

Inbred SCA (Sij) GCA 
lines 
UK USA PA32 Fr43 A556 Fr619 (gi) 

GB078 01 1.39 0.59 -0.27 -1.71 -0.41 
02 0.31 -0.55 1.29 -1.41 -0.84 

GBCl00 Dl -0.33 -1.33 0.23 1.41 -0.65 
D2 -2.23 -1.81 2.94 1.10 -1.13 

GBC102 Dl 1.09 -0.37 -0.23 0.52 3.57 
D2 1.02 2.20 -3.42 0.17 4.38 

GBC233 Dl -2.15 2.10 0.24 0.79 -2.50 
D2 0.43 0.18 -0.80 0.12 -2.41 

GCA Dl 3.08 -2.43 -0.98 0.33 -
( .) 02 2.89 -1.59 -1.67 0.38 -
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Estimate of the GCA and SCA effects for plant heia:ht (em) for the F 1 (1989 
season). 

Inbred SCA (Sij) GCA 
lines 
UK USA PA32 Fr43 A556 Fr619 (gi) 

GB078 01 -0.1 12.4 -14.3 1.8 5.8 
02 -3.8 8.4 -2.8 -1.4 4.9 

GBC100 01 1.5 -14.4 8.7 4.1 0.8 
02 -0.2 -5.7 5.7 7.1 3.0 

GBCI02 01 -2.4 0.2 6.5 -4.7 -2.4 
02 5.1 4.0 -8.5 -0.5 -0.5 

GBC233 01 0.9 2.2 -1.8 -1.4 -4.0 
02 -1.1 0.2 5.8 -4.8 7.4 

GCA 01 -2.8 2.2 -0.4 1.2 -
( .) 02 -0.3 4.6 -5.7 1.4 -

Estimate of the GCA and SCA effects for ear height (em) for Fl (1989 season). 

Inbred SCA (Sij) GCA 
lines 
UK USA PA32 Fr43 A556 Fr619 (gi) 

GB078 01 -0.8 4.0 -4.6 1.7 6.4 
02 -2.8 0.9 -4.9 7.1 3.8 

GBC100 01 7.8 -10.9 4.7 -1.5 -1.9 
02 1.3 -7.7 6.2 0.0 0.1 

GBC102 01 -3.3 2.0 3.3 -1.8 -3.0 
02 2.6 7.1 -7.5 -2.0 -1.0 

GBC233 01 -3.3 5.2 -3.0 1.7 -1.6 
02 -1.1 -0.3 6.3 -4.9 -2.8 

GCA 01 0.3 2.6 0.0 -2.9 -
(g.) 02 2.7 5.7 -3.7 -4.7 -
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Table G-ll The ANOVA of the NC2 crosses for all the characters studied for F)s (1989 season). 

Source of Seedli g Emerged Erne gence rate 

variation Of MS F P OF MS F P 

Bet Dates 1 1.000 0.672 N.S 1 0.8281 2.760 N.S 
Bet Blocks ,3 1.667 1.145 N.S 3 0.5062 1.725 N.S 
Bet males 3 13.333 9.160 *** 3 0.9014 3.072 * 
Bet females 3 8.250 5.668 *** ,3 0.4"081 1.391 N.S 
MxF 9 25.389 17.445 *** 9 0.4265 1.454 N.S 
Error 44 1.456 - - 44 0.2934 - -
Traits Seedling ~ weight 

Date 1 Date 2 

Bet Blocks 1 0.003393 0.452 N.S 1 0.088061 12.624 *** 
Bet Males 3 0.003622 0.483 N.S 3 0.003986 0.571 N.S 
Bet Females 3 0.027338 3.300 * 3 0.032489 4.697 ** 
Bx.M 3 0.002253 0.300 N.S 3 0.018063 2.589 N.S 
BxF' 3 0.004224 0.563 N.S 3 0.002772 0.397 N.S 
MxF 9 0.039832 5.308 *** 9 0.075988 10.893 *** 
BxMxF 8 0.011956 1.595 N.S 9 0.004576 0.656 N.S 
Error 116 0.007503 - - 116 0.006976 - -
Traits Boots stage 65 stage 

Bet Dates 1 2035 1.594 "'** 1 194.1 ' 0.238 N.S 
Bet Blocks 3 1001 0.784 N.S 3 1058.4 1.298 N.S 
Bet Males 3 8678 6.799 "''''''' 3 18244.6 22.373 "''''''' 
Bet Females 3 16576 12.987 "''''* 3 10729.0 13.156 *** 
DxM 3 2367 1.855 N.S 3 1457.3 1.787 N.S 
BxM 9 226 0.177 N.S 9 84.0 0.103 N.S 
DxF 3 1768 1.385 N.S 3 658.6 0.808 N.S 
BxF 9 431 0.338 N.S 9 346.5 0.425 N.S 
MxF '9 7419 5.812 *** 9 6606.0 8.101 "'** 
DxMxF 9 1708 1.338 N.S 9 1376.9 1.688 N.S 
BxMxF 27 814 0.638 N.S 27 450.5 0.552 N.S 
Error 239 1276 , - - 239 815.5 - -
Traits Silking stage 

Bet Dates 1 671.4 0.946 N.S 
Bet Blocks 3 1824.2 2.571 N.S 
Bet Males 3 19495.4 27.481 "''''''' Bet Females 3 9967.7 14.051 *** 
DxM 3 1861.1 2.623 N.S 
BxM 9 656.7 0.926 N.S 
DxF 3 184.6 0.260 N.S , 

BxF 9 573.3 0.808 N.S 
MxF 9 9438.6 13.305 *"'* 
DxMxF 9 1088.8 1.535 N.S 
BxMxF 27 768.4 1.083 N.S 
Error 240 709.4 -- -

D, B, M, F are the dates, blocks, males. and females effects respectively. 
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Continued table G-ll 
The ANaYA of the NC2 crosses for all the characters studied for F1s (1989 season). 

Source of Silking to Maturity stage 
Date 1 Date 2 

variation Df MS F P DF MS F P 

Bet Blocks 1 1.2 0.002 N.S 1 106.4 0.273 N.S 
Bel Males 3 1795.5 2.877 * 3 326.9 0.842 N.S 
Bet Females 3 2517.6 4.034 ** 3 12g1.3 3.292 * 
BxM 3 747.7 1.198 N.S 3 585.9 1.505 N.S 
BxF 3 90.8 0.146 N.S 3 41.8 0.107 N.S 
MxF 9 644.5 1.033 N.S 9 1110.1 2.852 ** 
BxMxF 9 327.8 0.525 N.S 9 724.3 . 1.861 N.S 
Error 127 624.1 - - 127 389.2 - -
Traits Maturity stage 

Date 1 Date 2 

Days 
Bet Blocks 1 148.22 10.701 ** 1 12.38 1.080 N.S 
Bel Males 3 689.31 49.762 *** 3 358.31 31.267 *** 
Bet Females 3 156.94 11.330 *** 3 225.99 19.720 *** 
BxM 3 8.01 0.578 N.S 3 13.08 1.142 N.S 
BxF 3 22.40 1.617 N.S 3 37.40 3.264 * 
MxF 9 102.99 7.435 *** 9 85.70 7.478 *** 
BxMxF 9 25.04 1.808 N.S 9 7.54 0.658 N.S 
Error 127 13.85 - - 127 11.46 - -
Rogers 
Bet Blocks 1 3572.2 9.970 ** 1 115.8 0.383 N.S 
Bel Males 3 16754.1 46.760 *** 3 7877.1 26.069 *** 
Bet Females 3 3771.3 10.525 *** 3 5010.3 16.581 *** 
BxM 3 242.3 0.676 N.S 3 457.4 1.514 N.S 
BxF 3 572.5 1.598 N.S 3 961.8 3.183 * 
MxF 9 2749.9 7.675 *** 9 2249.2 7.444 *** 
BxMxF 9 591.7 1.651 N.S 9 201.8 0.668 N.S 
Error 127 358.3 - - 127 302.2 . -
Traits Number of kernels /plant Grain yield / plant 

Bet Dates 1 17847 1.618 N.S 1 299.7 0.719 N.S 
Bet Blocks 3 6781 0.615 N.S 3 143.4 0.344 N.S 
Bet Males 3 43688 3.960 ** 3 5873.1 14.092 *** 
Bet Females 3 71513 . 6.498 *** 3 4068.1 9.761 *** 
DxM 3 42594 3.861 ** 3 2037.1 4.888 ** 
BxM 9 10960 0.994 N.S 9 485.3 1.164 N.S 
DxF 3 278 0.025 N.S 3 39.1 0.094 N.S 
BxF 9 5061 0.459 N.S 9 327.4 0.785 N.S 
MxF 9 22901 2.076 * 9 2744.0 6.584 * •• 
DxMxF 9 11535 1.046 N.S 9 992.7 2.382 * 
BxMxF 27 5758 0.522 N.S 27 351.5 0.843 N.S 
Error 235 11031 - -, 235 416.7 - -

D. B. M. F are the dates, blocks, males, and females effects respectively. 



Continued table G-ll 
The ANOYA of the NC2 crosses for all the characters studied for Fis (1989 season). 

Source of 100 kernels weight I Grain moisture content % 

variation Df MS F P DF MS F P 

Bet Dates 1 12.20 0.963 N.S 1 1.830 0.516 N.S 
Bet Blocks 3 18.00 1.421 N.S 3 15.655 4.414 ** 
Bet Males 3 613.91 48.471 *** 3 61.357 17.301 *** 
Bet Females 3 395.20 31.206 *** 3 55.987 15.787 *** 
DxM 3 7.15 0.564 N.S 3 0.282 0.080 N.S 
BxM 9 12.26 0.968 N.S 9 1.622 0.457 N.S 
DxF 3 8.11 0.640 N.S 3 0.675 0.190 N.S 
BxF 9 16.20 1.279 N.S 9 1.868 0.527 N.S 
MxF 9 41.48 3.275 *** 9 11.827 3.335 *** 
DxMxF 9 23.40 1.848 N.S 9 4.993 1.408 N.S 
BxMxF 27 6.90' 0.544 N.S 27 0.037 1.138 N.S 
Error 235 12.66 - - 235 3.547 - -
Traits . Plant height 

Date 1 Date 2 

Bet Blocks 1 562.5 1.794 N.S 1 752.6 3.180 N.S 
Bet. Males 3 741.6 2.365 N.S 3 1180.9 4.989 *** 
Bet. Females 3 190.9 0:609 N.S 3 746.2 3.153 * 
BxM 3 56.1 0.179 N.S 3 32.8, 0.139 N.S 
BxF 3 896.7 2.859 * 3 103.3 0.436 N.S 
MxF 9 839.6 2.677 ** 9 557.8 2.357 * 
BxMxF 9 309.9 0.988 N.S 9 199.4 0.842 N.S 
Error 128 313.6 - - 128 236.7 - -
Traits Ear height 

Date 1 Date 2 

Bet. Blocks 1 127.8 0.708 N.S 1 955.5 6.694 * 
Bet. Males 3 752.9 4.171 ** 3 316.7 2.219 N.S 
Bet. Females 3 207.0 1.147 N.S 3 998.8 6.997 *** 
BxM 3 77.9 0.431 N.S 3 47.8 0.335 N.S 
BxF 3 241.0 1.335 N.S 3 234.8 1.645 N.S 
MxF 9 361.7 2.004 • 9 405.4 2.840 ** 
BxMxF 9 116.9 0.648 N.S 9 173.1 1.213 N.S 
Error 128 180.5 - - 128 142.7 - -

LO, B, M, F are the dates, blocks, males, and females effects respectively. 
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CHAPTER EIGHT 

GENERAL DISCUSSION AND 

CONCLUSIONS 

Progress in plant breeding depends upon the existence of genetic variation, the 

recombination of the variation and the selection of the improved genotypes.' 

Procedures and details vary according to whether the species is self or cross pollinated 

and the method of propagation. However, irrespective of the breeding system of the 

plant, the principles of breeding are to some extent similar. When a species is capable 

both of easy self-fertilization and of easy crossing (eg maize) and true breeding 

parental lines are available, and also where self-mating, crossing and back crossing 

can be practiced, a great multiplicity of statistics are available for estimating the 

. genetic and environment components and variances (Mather and Jinks, 1982). Any 

breeding programme should include three stages: assembly or creation of a pool of 

variable germplasim; selection of superior individuals to create a superior variety; 

estimates of genetic variance and the other genetic parameters such as heritability, so 

that predictions for further improvement can be made. Early detection of the type of 

genetic control of the characters of interest is of particular importance before deciding 

on the best method of selection to be followed to achieve the objectives of the 

breeding programme, although estimation of genetic parameters can be of value in all 

three stages (Dudley and Moll, 1969). When the genetic information is available, the 

breeder has to consider whether any response to selection is likely and how the 

desirable characteristics can be added to the genetic properties of the population. 

Falconer (1989) suggested two actions; the first being the choice of individuals to be 

used as parents, i.e. selection, and the second being the choice of control of the way in 

which the parents are mated, i.e. the experimental design. 

In other words, selection as defined by Falconer (1989) means breeding from 

the 'best' individuals, whatever 'best' may be in the ways by which the theory of 

2.4.9 



quantitative genetics can help; firstly by showing how to choose individuals with the 

best breeding value (the additive genetic effects), and secondly by predicting the 

outcome so that different breeding schemes can be used. 

My study dealt with cold tolerance of grain-maize genotypes that had been 

developed and screened by Maryam (1981). The first part of my study was an 

evaluation of the 32 double crosses followed by a few generations of selection within. 

and among them for early germination and early maturity (see Chapter 2 for details). 

In part two, the best of the USA and of the Cambridge lines, as determined by 

Maryam, were combined using the NC2 mating design. 

Thus I carried out series of experiments from October 1986 to October 1989 

under the controlled conditions of the growth chamber, partly controlled conditions in 

the glasshouse and in the experimental field. The results obtained were described and 

discussed separately for each experiment in the earlier chapters and conclusions were 

drawn. This Chapter consists of a general discussion of the results and conclusions of 

the work reported in this study. As mentioned above the work was divided into two 

parts: 

Part One: The Studies on the 32 Double Crosses, their S1 and S~ Families. 

{Chapters 3, 4, and 5l. 

In experiments A, B, C and D (Chapters 3 and 4), we evaluated some 

characteristics of the 32 double crosses and of the selected and unselected S I and S2 

families. Experiment A confirmed that useful variation for both germinability and the 

rate of germination exists among and within the double crosses and, in general, a 

good response during the germination test has been shown by the double crosses. 

This result was discussed in detail and comparisons made in Chapter 3 (experiment . 
A). At this early stage of evaluation, selection was for the fastest seeds to germinate 

(five seeds from each double cross). This enabled us a) to limit the size of the 

experiment in the next evaluation, b) to represent the whole population in the next 

test, c) to increase the range of the genetic diversity within the selected population 
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and d) to insure that we included the best individuals from each double cross and so 

reducing the possibility of losing the good genotypes to the minimum. Thus, in 

experiment A, 25 % of the seeds used from the 32 double crosses (20 kernels per 

double cross) were selected. This type of selection was found to be effective for 

improving the low temperature genninability for the whole population, because 

additive genetic effects were of importance for this trait. McConnel and Gardner. 

(1979) used laboratory and field selection for cold tolerance based on the selection of 

the first seeds to genninate at 7.20 C, in the laboratory. After four cycles of selection 

they found that cold germination under laboratory conditions (7.20 C) improved by 

8.8 and 9.9 % per cycle in Pioneer Cold Tolerance Synthetic (CTCG) and Iowa Stiff 

Stalk Synthetic (SSCG), respectively. They also found that this kind of selection did 

not have any detrimental effects on other agronomic traits measured in the population. 

Cold test of germination have been used frequently in maize breeding for cold 

tolerance (for example; Isely, 1950; Andrew, 1954; Eagles and Hardacre 1979; 

Maryam and Jones, 1983a; Galeev and Kiyashko, 1985; Martin et al. 1988). The 

latter have found that the cold test was highly correlated with field emergence (r = 

0.74). Galeevand Kiyashko (1985), in the Netherlands, have constructed an index of 

cold resistance based upon the analysis of the capacity of seeds of maize lines to 

germinate at low temperature. They found that the field evaluation of seedlings at the 

5-6 leaf stage (sown in three ecological zones) largely coincided with the grouping of 

lines according to their laboratory data. 

The effectiveness of the selection for early gennination at 60 C in experiment 

A was clear in the results of the gennination test carried out on Sl and S2 families in 

Chapter 4 (experiment D). Most of Sl and S2 families maintain the good germination 

at low temperatures shown by the double crosses in experiments A. Most of the Sl or 

S2 families required a similar number of days or fewer than those required by the 

double crosses from which they were derived (details are given in chapter 4 and table 

D-5). 
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Table D-5 also indicates that most of the S1 and the S2 families selected from 

double crosses 4, 9A2, l1A, 16A, 19A2, 25A (except few families) were as good as 

the double crosses or better (required fewer days to germinate at 60 C). This was very 

clear for families of 9A2 and l1A. Thus either the heterosis for early germination is 

now fixed in some lines or selection and inbreeding has been effective in improving 

this character in other lines, although no selection for germinability was carried out. 

between the S1 and S2 generations. Selection at that stage was only for early maturity. 

(The only selection for germinability was from So seeds.) The consistency of the 

germination ability in the S1 and S2 generations leads to the conclusion that the 

independent selection for early flowering or early maturity did not alter the ability to 

germinate at low temperatures in this population. This agrees with Zemetra (1983) 

who found that response to early germination and emergence was not affected by 

selection for the silking or maturity duration. Similarly, Mock and Skrdla (1978) 

found no association between cold tolerance response and maturity in the collection 
.' 

they tested. 

In experiments B, and C (Chapter 3), the So plants grown from the early 

germinated seeds were evaluated. The accumulated heat unit degrees (Gilmore and 

Rogers method, 1958) was used to assess the flowering and maturity stages. 

Selection among the double crosses for early maturity was based on the mean of the 

heat-unit degrees required to reach maturity, both for five plants and for each plant. 

Experiment B indicated that a population with a wide range of variability for 

flowering and maturity was obtained by this method. The range was 114 HUDs 

between the double crosses and 250 HUDs among the So plants for silking. The range 

for maturity was 207 and 338 HUDs between the double crosses and among the So 

plants, respectively. This variation enabled us to select among and within the double 

crosses. A 'good range of variability was included in the selected families to allow us 

to evaluate the effectiveness of this method for distinguishing the desired genotypes ( 

see table B-3, Chapter 3 for silking and maturity stages). Because the seeds grown 

were not all sown on the same day (see methods of experiment A and B), the daily 
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accumulated heat-unit degrees method was the most suitable method for studying the 

variation among the So plants. 

The results of experiment C (tables C-2 and C-3) confmned that the BUDS 

method was more effective for classifying So plants of the double crosses for their 

flowering time and maturity time. Support for this conclusion can be obtained from 

the comparison of the HUDS required for silking and maturity stages by So plants and 

SI families (table B-3 and table C-2), for those double crosses tested in experiment C. 

A summary is given in table 8-1 below, and reader is referred to the comparisons and 

conclusions shown in Chapter 3 (experiment C). 

Table 8-1. Accumulated heat-unit degrees (by the Gilmore-Rogers method) 
required for silking and maturity by So plants (experiment B) and 
their SI progenies (experiment C). 

Double fam HUDs to silking HUDs to maturity 

cross Soexp. B SI exp C Soexp B SI exp C 

4 1 826.25 775.60 1503.50 1152.00 
4 730.25 704.90 1283.00 1071.00 
5 835.25 756.40 1427.00 1200.00 

9A2 2 720.75 765.70 1319.25 1178.00 
3 855.75 800.00 1332.25 1234.00 
5 895.50 883.90 1510.50 1292.00 

11A 1 826.25 763.60 1405.25 1106.00 
2 765.50 761.80 1319.25 1134.00 
3 826.25 790.00 1447.75 1190.00 
4 820.75 789.30 1616.00 1290.00 
5 924.0 772.50 1601.00 1193.00 

16A 1 871.25 875.00 1405.25 1289.00 
3 825.75 862.00 1272.50 1240.00 
5 971.50 923.00 1576.75 1311.00 

19A2 1 811.25 820.00 1319.25 1216.00 
2 795.50 702.40 1319.25 1112.00 
3 855.75 710.80 1288.50 1121.00 
4 765.50 787.10 1364.75 1051.00 
5 895.50 870.20 1384.75 1277.00 

25A 1 901.00 800.00 1503.50 1206.00 
3 815.75 713.00 1308.75 1078.00 
4 815.75 711.00 1394.75 . 1100.00 
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These comparisons confirmed that differences between the means of most of 

SI progenies paralleled those of the So plants from which they were derived. Most of 

the earlier So plants gave earlier SI progenies for silking or for maturation. Despite 

that, the inconsistency of the time from silking to maturity, which we noted in 

Chapter 3, alters the rank order of some families within each double cross in the SI 

progenies test (experiment C). Thus changes in this interval should be taken into 

account in any selection for early maturity. 

The importance of the heat-unit degrees method in the classifying of maize 

genotypes for flowering or maturity time was discussed at the end of Chapter 3. 

Thus the procedures used in experiments, A, B, and C gave clear evidence 

about the degree of the genetic variability for germination at low temperature and for 

flowering characters and the maturity. This variability appeared to be high. Also by 

this procedure a good genetic diversity was maintained for traits of importance in this 

material. Generally, in most plant breeding programmes, improvement is 

accompanied by a decrease in the genetic diversity. particularly in the materials that 

reach commercial production. This then reduces the potential variability available to 

the breeder for selection (Stuber, 1985). At the other extreme we have been able to 

distinguish the most promising double crosses or S 1 families. In addition to that, two 

generation of inbreeding was obtained (SI and S2) from the double crosses. These 

experiments required not more than one year to be carried out under controlled 

conditions in the glasshouse in the North of England, provided that there is enough 

space in the glasshouse. It was not possible to start experiment C in July 1987 

because of there was another experiment of the North Carolina Mating Design 

performed in the same glasshouse in the Summer of the 1987. 

The use of glasshouse conditions to produce well matured S 1 and S2 seeds was 

considered advisable at this stage because the field conditions may not be consistent 

enough over years for the development of seeds with low moisture content to occur 

every year. This has been' referee! by Bunting and Gunn (1973), as one of the 

important practical considerations. They stated that 'in Britain few maize genotypes 
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produce good quality seeds from field sowing. Thus it is necessary to grow breeding 

material under glass to obtain seed of consistency good quality, and the high capital 

cost of glasshouses suitable for seed production is a major factor limiting the scale of 

maize breeding programme in Britain'. One bonus of the work in the field at Hull 

was to show that Bunting and Gunn were being unduly pessimistic. 

Both germination and seedling vigour at low temperatures were used as. 

criteria for cold tolerance and their potential for early planting. Subsequently 

selection for earliness was based on early flowering and early maturity. Time has 

been saved in two ways; firstly by using controlled environments, and secondly by 

carrying out the evaluation and the selection at the same time. The evaluation was 

essential for obtaining the necessary information and understanding of the nature both 

in degree and kind, of the existing genetic variability for the important traits. The 

selection was applied to plants grown in controlled environments in the growth 

chamber and the glasshouse, using a procedure combining selection for early 

germination and early maturity. Priority was given to those individuals or families 

that combined early germination with early flowering and early maturity. Selfing 

with testing of SI and S2 families in replicated experiments were used to evaluate and 

maintain selected and desired individuals and families. 

The Field Evaluation of the Double Crosses. the Selected and Unselected S1 and 

S1 Families. 

This test included all the 32 double crosses, 48 SI families and 22 S2 families 

(Experiment E, Chapter 5). The results, confirmed that the genetic variability for all 

the traits studied is similar to that observed in the glasshouse. The generalized 

randomized block design, with equal block size, as described by Addalman (1969) 

and referred to by Steel and Torrie (1980, p 215), was used for these experiment. The 

authors stated that it is the most suitable design to follow when all factors are fixed 

effects and the block x genotypes interaction is important. 

The traits studied in Chapter 5 were divided into three groups. 
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1. Seedlinl: Emerl:ence and Seedlinl: Vil:0ur Traits. 

The results for the number of seedling emerged, emergence rate, seedling dry 

weight, and for seedling vigour scale have been discussed in detail in Chapter 5. 

Comparisons of the results with other studies was also made. The environmental 

conditions of relatively high temperatures especially at the time of the planting of 

block 1 and block 2 on the 8th of May in 1988 did not allow the genotypic differences. 

to be expressed (table E-4), particularly for the number of seedlings emerged and for 

the emergence rate. Despite that, superior genotypes among the S 1 and S2 families 

were determined. McConnell and Gard-"ner (1979b) and Cowen (1985) reported the 

importance of adequate cold stress conditions during evaluation to allow 

differentiation among the genotypes to be revealed. In a study for selection for cold 

tolerance, Hoard and Crosbie (1986) found that direct gain from selection for 

percentage emergence was greater in cooler environments than in warmer 

environments. In their survey of maize breeding in Britain, Bunting and Gunn (1973) 

stated that further significant differences in the rate of early emergence of grain maize 

were not expected and greater success has followed selection for early maturity, thus 

aimed at shortening the life cycle at the end rather than at the beginning. 

The results also show the correspondence between the germination test in the 

laboratory (experiment A and 0) and the emergence in the field for these genotypes. 

The early germinating families were found to emerge earlier in both situations (see 

.- Chapter 4 table 0-5 and table E-4 Chapter 5 for comparison). Families which were 

consistent in the laboratory and in the field tests were listed in Chapter 5. 

The results for seedling dry weight and the 1-5 vigour scale were also found to 

be similar. Variation for both traits was high compared with that for emergence (see 

table E-4, E-5, E-6a, E-6b, E-7, E-8, E-9a and E-9b). The positive correlation 

between the emergence traits and SOW was highly significant (see table E-I0). This 

association was found to be consistent over the three generations (So, SI and S2). This 

result suggests that seedling emergence rate or SOW could be used to select for 

improved cold tolerance in these genotypes. The absence of G x E interaction for the 
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SDW, in general, could mean that selection for this trait can be done in one 

environment. It is also an indication of the importance of the additive gene effects for 

seedling growth. In the source material used to obtain the double crosses, Maryam 

(1981) found that gennination at low temperature was mainly controlled by additive 

genetic factors. Thus we can argue that the same type of genetic system could control 

both the emergence and seedling growth in these genotypes. 

The results for all the seedling-emergence and seedling-growth traits included 

in this study indicated that the variation between families selected from different 

double crosses is greater than that within each double cross (see tables E-5, E-8). 

Despite that variation among families derived from the same double cross. was 

significant for some double crosses (eg 4, 19A2) especially for the SDW. This 

suggests that selection for cold tolerance based on SDW is more effective than on ER 

if the environmental conditions are similar to the conditions experienced in this 

experiment, i.e. when the temperature at sowing time was relatively high (Appendix 

1). This result agrees with the finding of Hoard and Crosbie (1986). They 

emphasized that direct gain from selection for cold tolerance was greatest in warmer 

environments for seedling dry weight. It is clear that the results for these traits 

(Chapter 5) enabled us to distinguish those genotypes with the most desirable 

characteristics. Since 1965, when Pend~ton declared that cold tolerance in maize is 
, 

not only the ability to germinate, but also to grow and develop good seedlings under 

cool condition. most studies have reported the use of tests for germination. 

emergence. and SDW and vigour scale in the breeding for cold tolerance in maize. 

Co~(1985) reviewed most of studies of this kind and concluded that cold tolerance 

is a quantitative trait, and sufficient genetic variability exists within adapted and 

exotic material to enable cold tolerance to be increased within the examined material. 

Mock and Bakri (1976) reported some progress' for cold tolerance by SI selection. 

The percentag~ emergence and seedling dry weight increased by 8.4 % and 0.6 % kg 

per cycle, respectively. in the American maize population BSSS 13CSCT. But no 

important progress was obtained in the population BSSS2(SCT). 
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Correlation among cold tolerance components wasnJ~ highly significant 

Genotype x environment interaction effects were not clear for the emergence traits 

(because they cannot be examined, see chapter 5, for reasons). The G x E interaction 

seems to be absent for seedling dry weight and the seedling vigour scale. Some G x E 

interaction appeared when families derived from each double cross were analysed 

separately, e.g. for families of double cross 19A2 (see tables, E-9a and E-9b) for the 

SOW. As a result, it seems that inheritance of cold tolerance is not complex in these 

genotypes. Selection of the desired families for cold tolerance is possible. The most 

encouraging SI and S2 families were listed in Chapter five. 

Marshall (1982) has described many studies on cold tolerance in many other 

crops; wheat, barley, oats, cotton and alfalfa. He confirmed that both controlled and 

uncontrolled environments were used. The progeny test was also used in the selection 

for cold tolerance and winter hardiness in these crops. He stated that winter hardiness 

generally appears to be under polygenic control, with the major component of 

variance attributable to additive effects, with some effects of the environmental 

conditions. In barley, winter hardiness may be either dominant or recessive, 

depending on the test, location and conditions. He also reported that in these crops 

the GCA and SCA for cold tolerance were also studied. Differences between lines, 

maternal and reciprocal effects were also investigated. Unremarkably, he stated that 

the prospects of improving of the cold tolerance of the major crop plants are 

dependent on the availability of exploitable genetic diversity. 

2. Flowerinl: and Maturity Sta.:es. 

The assessing of the flowering and maturity stages (boots, 65 , silking. silking 

to maturity and maturity stages) was based on the heat unit degrees (Gilmore and 

Rogers (1958), and the Ontario (Brown. 1975) methods) and the calender day. 

Comparison of the heat-unit methods (Chapter 5) indicated the validity of both 

methods for ths:: evalua~on of all stages. Furthermore. either of the heat-unit degrees 

methods can be used without any important differences. Both methods were more 
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accurate than the calender day to evaluate the maturity stage (see table E-27 for the 

coefficient of variation for the three methods). This conclusion agrees with the 

findings of Mederiski et al. (1973) and Aspiaza and Shaw (1972) and many other 

researchers. There is no evidence that the Ontario method is more accurate than the 

Gilmore-Rogers method in this experiment for classifying the maize genotypes for 

flowering and maturity under the experimental conditions the plants experienced. 

This result is in contrast to those reported by Mederiski et al. (1973) and by Bunting 

(1976). 

The results for the flowering and maturity stages (discussed in Chapter 5) also 

indicated that there is high genetic variation for these traits (boots, 65, silking, silking 

to maturity and maturity stages) between the double crosses, the Sl and the S2 

families over the two dates of planting. Variation among the Sl families was higher 

than that between the hybrids because the Sl progenies included selected and non 

selected families. Less variability was observed among families derived from the 

same double cross both in the S 1 and the S2 families results. 

The results for these traits (tables E-ll through table E-26b) clearly confirmed 

that the procedure we used to select for flowering and maturity under controlled 

conditions, i.e. based on fewer heat-unit degrees to reach each stage, was effective to 

distinguish the families earlier to flower or to mature. Most of families known to be 

faster from the glasshouse experiments B and C were found to be faster in the field. 

Thus this method of selection seems to be effective with these genotypes. This 

agreement between the results obtained in the field test and in the glasshouse was also 

observed by Maryam (1981) when she tested the source material of the genotypes 

used in this study. This results, supported by the absence of G x E interactions (table 

E-16 to E-26a), stresses the importance of the additive genetic effect in the controlling 

of these traits, a situation that was also observed by Maryam (1981). 

Measurement of the period from silking to maturity gave mcosistient results 

and so, reduced the response to selection for early maturity. Support for this is found 

in table E-28 (chapter 5) where the families are listed in order, from the earliest to the 
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latest for each stage. Although most of the earliest families to reach maturity were 

among the earliest families to reach the 65 and silking stages, they were not 

necessarily among those families that required the shortest time from silking to 

maturity (see tables E-14 and E-15), although the orders were altered only slightly. 

As we have mentioned before, the time from silking to maturity is not constant and it 

depends on the genotypes (hybrids or families) themselves. This has been 

demonstrate several times previously (for example Mederski et aI, 1973; Aspiazu and 

Shaw, 1972; Troyer, 1978). Thus the earliest families to flower and to mature may 

have a relatively long period from silking to maturity compared with other families. 

This feature (long 'filling' period) is desirable in maize (Troyer and Karkins, 1985; 

Troyer and Brown, 1978; Troyer, 1976; 1972; Mutisya. 1986) because it allows 

enough time for the grain to develop under the most suitable conditions. This 

lengthening of the period between flowering and maturity should not cause any 

decrease in the yield nor any increase in the moisture content at maturity; on the 

contrary in table E-28 there is some evidence in favour of using selection for early 

silking as a predictor for early maturity. It seems that the initiation of silking is the 

trait best associated with maturity, when the material is tested under unfavourable 

conditions. This conclusion is supported by evidence in Bunting and Gunn (1973), 

Gunn (1974), Troyer (1978), Troyer and Karkins (1985). 

Bunting (l972a) in a study on early and late flowering plants found that one 

day's advance in time of flowering would advance harvest by approximately two 

days. He explained the differences in ripening period in tenns of declining. 

temperatures during the Autumn. Early flowering plants ripen under higher average 

temperatures than the later flowering ones. Thus early flowering hybrids should ripen 

earlier than late flowering hybrids and should exhibit less plant to plant variation in 

the date of maturity. 

From the Maize Unit at Wye College, University of London, Hill (1971) 

stated that in the immediate future the continuance of grain maize production in 

Britain will depend upon a succession of favourable seasons enabling the full 
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potential of the crop to be realized. In the longer term the production of earlier 

maturing hybrids, which would reduce the vulnerability of the crop to adverse 

weather, will considerably enhance the prospects for sowing an increased area of 

grain maize in England. 

Overall these studies of flowering and maturity showed that selection for S 1 

and S2 progeny was effective to distinguish the best families for earliness in this 

material. 

3. Other A2ronomic Characters. 

The traits studied were plant height (em), ear height (em), grain moisture 

content, number of kernels per plant, grain yield per plant and tOO-kernels weight. 

The results for these traits have been discussed in Chapter 5. Although some 

variation was observable, among the SI and S2 families, compared with no important 

variation within the double crosses, this variation did not effect the plant height and 

ear height in the families of importance. Despite that,~ither trait should be ignored 

during any selection programme. 

It was also found that variability for grain moisture content at harvest was not 

too high although some variation was observed between the double crosses, the SI 

and the S2 families. Most families gave kernels with less than 35 % moisture content 

at maturity, but these did not dry to the 30 % moisture content, which is reported to be 

the target for breeding programmes in Northern Europe (Baron et ai., 1987). The 

early maturing families had a lower moisture content than the others. This trait 

cannot be ignored in any breeding programme on the developing grain maize 

genotypes for the colder regions of the world, but it seems less important for those 

regions when temperatures at maturity times are high, such as in the Spring season in 

Iraq. 

Yield is the most important trait determining the ultimate success or otherwise 

of any breeding programme, irrespective of the main objectives of a short-term 

programme. Clearly the breeder must maintain an acceptable yielding ability in his 



material. Thus the yield components (grain yield (gm/plant), 100 kernels weight and 

number of kernels per plant) were studied and discussed extensively in Chapter 5. 

Reduction in the yield was observed in the S 1 generation compared with So plants and 

further reduction also found in the S2 generation. An interpretation was given for this 

reduction, which would not be unexpected as a result of the inbreeding. However, it 

was found that the early maturing families were among the high yielding families. In 

some cases they out yielded the others. This would confirm that the selection applied 

did not have a negative effect on the yielding ability. A review of the literature 

indicates that most studies agree with this finding ~akri and Mock 1976; McConell 

and Gard ner, 1979; Eagles :. et al.,1983; Hexum, 1984). The relevant details from 

these works were given in Chapter 5. 

The Study of the Variance Components, Heritability, Selection Deferential and 

the Expected Gain from Selection. 

The important genetic parameters were presented and discussed in Chapter 5. 

I estimated the variance components for the SI and S2 families, including the variance 

due the genotypes, the G x E variance and the error variance (see table E-37). The 

genotypic variance between families was found to be high (for SI or S2 families) 

compared with the G x E variance. It was concluded that the additive genetic effects 

were more important than non-additive effects for all flowering and maturity stages 

and most of the other characters. 

Estimates of the 'narrow sense' heritability for the SI and S2 families indicated 

that it was relatively high for most of the importance characters such as ER, SOW, 

silking and maturity for both SI and S2 generations. Both additive and dominance 

effects seem to be of importance for the yield component. The 'narrow-sense' 

heritability measures the proportion of the variation due to the additive genetic 
.. 

effects. The higher the h2, the higher the breeding value (Falconer, 1989), and good 

gain from selection is expected. 
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Based on selecting the best 10 S 1 families and the best 5 S2 families for early 

maturity, calculations of the selection differentials and expected gain from selection 

(tables E-38 and E-39) indicated that there are selection differentials of -11.6 and -

19.7 heat-unit degrees for maturity in the selected SI and S2 families respectively. 

These differentials were also accompanied by positive (to the desired direction) 

improvement in most of the other traits studied. It was also found that this selection 

will lead to an expected gain in the time to maturity and early flowering and positive 

gain in many other agronomic traits (see the discussion in Chapter 5). The 

inconsistency of the time from silking to maturity was found to have a slowing effect 

on the expected gain from selection to early maturity. 

These results confirmed the effectiveness of the SI and S2 progeny selection. 

S 1 progeny testing has been one of the most promising methods to increase the 

frequency of alleles with favourable additive effects (Sprague and Eberhart, 1977; 

Hallauer and Miranda, 1988). Selection based on early maturity was accompanied by 

improvement for most of the 15 characters included. These results were discussed in 

detail in the estimation of h2 in Chapter 5 and examples were given. 

Hallauer and Miranda (1988) reviewed numerous works in which S 1 or S2 

progeny selection programmes were used. They concluded that many traits such as 

yield, resistance to maize diseases and resistance to lodging were improved. In 

contrast they also reported some cases when selection based on inbred family means 

(SI or S2lines) was less effective than expected. They argued that, theoretically, this 

method is more effective for changing frequencies of genes having additive effects 

than is the test cross method. 

Williams et al. (1968) found that selection for high yield, based on the 

performance of SI testcross progenies, was superior to full-sib selection for 

characters with low heritability. The expected gain was found to be greater for 

selection based on SI testcrosses. Horner et al. (1969) also reported that S2 progenies 

produced the highest yielding selfed population in selection for higher grain yield in 

maize compared with the topcross method. 
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We can conclude from the results of experiment E that; a) there is good 

breeding potential for early maturity and cold tolerance in this population, b) some 

understanding of the degree of variability for each character was established and the 

kind of gene action most likely to be important for each trait was also detected, c) 

selection for early maturity did not affect the cold tolerance trait and most of the other 

agronomic characters, and in some cases actually improved some of the other traits, 

d) following selection among and within the double crosses some superior S 1 and S2 

families were detected (table E-37), and e) as a result of selting the very early 

flowering (silking) plants in the field, 25 Sit 13 S2 and 2 S3 early maturing families 

were obtained. These families were selected from a total of 1530 plants grown in 

Experiment E. These families represent a good source for further breeding to 

compare selection under field conditions with that under controlled conditions. 

For further work it is obvious, due to the importance of the additive genetic 

effects for most characters, that the next step in this breeding is intercrossing the best 

SI families (those families listed in table E-36) to create a new population for another 

cycle of SI recurrent selection. Continued selfing is also possible as another method 

to develop new inbred lines. I believe that recurrent selection' by mean' of S 1 

families will be the more effective, In this way concentrating the favourable alleles 

can be improved. Selection of the best plants can be based mainly on early maturity 

using early flowering (silking) as an initial predictor. Priority should be given to early 

emergence or high SDW and genotypes of good yielding ability. S2 recurrent 

selection also can be applied. This method seems more powerful than continuing 

selecting and selfing (S], S2, S3 ... etc) to develop inbred lines, although the latter is still 

a valid method to proceed this breeding programme. 

Allard (1960) explained that random fixation could be limited by recurrent 

selection particularly when the number of the, selected lines is small. If most of the 

genetic vari~bility of a population were due to additive gene action, improvement 

theoretically should continue until all desirable alleles have been fixed in the 

population. The rate at which selection leads to fixation, and hence to exhaustion of 
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the genetic variability depends both on gene frequencies and numbers. When we deal 

with a polygenic characters, it is unacceptable to obtain all the favourable alleles 

within the base population in one selected plant. Under this circumstance alleles are 

disparate among number of plants. The probability of including all the plants with 

desirable genes will dO' pened on the selection intensity. As the relationship is 

negative one, a very large number of experimental plants would be needed to achieve 

maximum improvement in the desired character when the selection intensity is strong. 

This is clearly impracticable and thus the complete exploitation of the source material 

is possible only by the use of recurrent selection methods. In these methods, the 

selection of the best plants or lines in the early generations (Sl or S2). followed by 
. . 

intercrossing them, will reduce the rate of losing the variability , because of random 

fixation, to a minimum and the frequency of the desirable genes will be increased. 

The higher the frequency of desirable gene combinations, the greater the expectation 

of fmding plants with high performance. Allard (1960) also reported that the 

evidence available suggested that selection in a selfing series 'is not likely to be 

profitable compared with other procedures for plant improvement. • 

Sl and S2 recurrent selection has been successfully applied to maize (Mutisya, 

1986; Gardner, 1978; Sprague and Eberhart, 1977). It used to improve cold tolerance 

in maize by Mock and Eberhart, (1972) and flowering time by Troyer (1978; 1985). 

Mutisya (1986) argued that Sl recurrent selection for multitraits prior to flowering 
~ . 

may offer a rapid and relatively inexpensive approach to improving early maturing 

populations and thereby promote their commercial breeding and maintain an expected 

level of productivity. 
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Part Two: The Evaluation of Single Crosses Between two Selected Sets of Inbred 

Lines Obtained from Sources in the UK and the USA: The North Carolina 

Matin2 Desim (NC2) (Chapters. 6 and 7). 

The results of the laboratory and two seasons of field experiments were 

presented in Chapters 6 and 7. The inbred lines and the hybrids were tested for cold 

tolerance in the laboratory. All genotypes, including the F2s, were evaluated in the. 

field in the 1988 season. The evaluation of the Fls was repeated during the 1989 

season. In both seasons the NC2 ANDV A was used to study the variation (using the 

GCA and SCA) in the Fls and the reciprocals. 

Griffing (1956) discussed methods for the analysis of GCA and SCA with 

random and fixed models, and stated that, in most combining-ability analyses in 

which a chosen set of lines is used, the interest centres on the performance of the F1s. 

Therefore, the parental lines need not be included. 

In Chapter 6 and Chapter 7 it was explained that there is a highly variability 

for the GCA and SCA of the inbred lines for most of the traits studied. In the cold 

test of this material both germination and seedling dry weight were investigated under 

controlled conditions (experiment F, Chapter 6) and the cold test was extended to 

include the rate of emergence. Kernels tested for germination were subsequently 

tested for their rate of emergence and ability to develop vigorous seedlings at 10-130 

C. The results of this test (tables F-l, F-2, F-3), clearly indicated the importance of 

the study of the number of seeds germinated , germination index, the number of 

seedlings emerged, emergence rate, and seedling dry weight to establish a basic 

understanding about the cold tolerance and cold resistance. It was found that some 

good germinating lines were not able to emerge and develop vigorous seedlings (eg 

inbred line HY2). In contrast, other lines such as Pa32, GBCI02 and GBC233, 

although they were the slowest lines to germinate, emerged well and grew well at 10-

130 C after they been subjected for 21 days in the cold test. The results of experiment 

F (table F-l) also indicated that, in general, all the USA lines, except for (HY2), were 
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more vigorous in their seedling growth and produced higher weights per seedling than 

the Cambridge lines. Hybrid vigour also existed for the emergence and SDW and was 

more marked than for the number of seeds germinating and the gennination index. 

Some maternal effects were also detected for these traits, except for the SDW. It is 

important to note that most of the genotypes subjected to the cold test developed 

nonnal seedlings when they transferred to optimum temperatures. 

In experiment G (Chapter 7), two seasons of field testing were carried out. 

The results in tables (G-2 and G-3) for the 1988 season indicated high variability 

between the inbred lines similar to that obtained under controlled conditions 

(experiment F). 

The preliminary ANOVA of the F1s and the F2S and their means for the 

different traits (1988 season tables, G-3, G-5. G-6, and G-8) indicated good variability 

among the single crosses and positive heterosis (hybrid vigour) was found for most of 

the traits. These results also indicated that the faster hybrids to mature were the same 

in both the Fl and F2 generations. 

The results for the GCA and SCA of the inbred lines for emergence and 

seedling vigour in both seasons (1988. 1989) were inconsistent (see table G-7. G-8, 

G-ICl; G-loa). In 1988 when temperatures were less favourable. variation was found 

for the emergence rates. No important variation found for these traits in 1989. In 

1989 higher variation was found in GCA for SDW. The NC2 ANOVA (tables G-7, 

G-ll) showed that, in both seasons, variability for the GCA of the Cambridge lines 

for ER was evident and some important M x F interaction (SCA) was also found for 

this trait. For SDW differences, the GCA of the USA lines was stronger in both 

seasons with high M x F interaction, especially in 1989. These results were similar to 

those found under controlled conditions (experiment F. Chapter 6). Thus we can 

conclude that both additive and non-additive genetic effects are important for this 

trait. It is clear that most of the additive effects for ER were contributed by the 

Cambridge lines, whereas variability for SDW was higher among the USA lines. It 

was concluded that any selection for these traits. in these crosses, needs to be based 
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on selection for the best emergence and the best SDW together. This selection must . 

be based on both GCA and SCA. 

The results from the study of the CGA and the SCA for the flowering and 

maturity stages for the F1s crosses in both 1988 and, 1989 were very similar (table G-

7,8~~pO ... 1~Ci-ll). There was variation in the GCA in both of the Cambridge and 

the USA lines and there was also variation in the SCA. The similarity of the results 

over the two years confirmed that both additive and non-additive genetic effects were· 

of importance for these traits. From the set of reciprocal crosses it was found from 

the 1988 results that in the UK lines only the GCA was important, and this was true 

for all the traits, except for the maturity stage. No important M x F interaction was 

observed for any trait, again except for maturity. That suggested the existence of 

maternal effects for the USA lines for these traits. It is also means that the UK lines 

were more consistent in the F1s and in their reciprocals. Maryam (1981) also 

mentioned similar behaviour in the genetic variation for the USA lines for these traits. 

Result of both seasons clearly indicated that the best SCA (promising single crosses 

for earliness) were obtained from the F1s when the USA lines were used as females 

and the UK lines as males. The fastest hybrids to mature were the same in both 

seasons (see the results in Chapter 7. and tables G-8 and G-1O for more discussion 

and the names of the superior hybrids). The high temperatures in 1989 resulted in a 

reduction of 22-28 days in the time required to reach maturity by the same hybrids in 

the same area of land. This suggests that an even greater response should be expected 

in a more suitable environment. It was also found that these early maturing hybrids 

show good uniformity for the date of maturity (i.e. little spread of maturity,). The 

range of spread of maturity has previosly been found to be high in grain maize in 

England (Bunting and Gunn, 1973). Gunn (1973) concluded that the average ratio of 

spread of silking to spread of maturity was 1:2.~ (13-18; 34-47 days). 

Hallauer (1975) pointed out that, in general, a suitable test should be simple to 

use and provide information that correctly classifies the relative merit of lines and 

also maximizes genetic gain. Hallauer and Mircsnda (1988) reviewed most of the 
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works centred on the use of the GCA and the SCA. Based on either a narrow base 

(inbred line tester), or broad base tester (non inbred line tester). They concluded that 

both selection for general or specific combining ability will lead to an improvement 

of the additive gene action in the crosses. They also concluded that although present 

evidence seems to show that the GCA (or additive gene effects) is more important, 

tests to identify that unique combination of inbred lines for high productivity, i.e. 

SCA, should be used although the GCA was probably more important in identifying 

the lines for the unique combinations. Non-additive gene effects seem to be small, on 

the average, but they may be important for that one unique combination. It seems that 

using the UK lines as males will provide the best discrimination among the USA 

lines. 

Homer et al. (1976) used selection based on the SCA to improve grain yield, 

lodging resistance and low ear height. Seven cycles of selection resulted in 18% more 

grain yield, 9% lower ear height, and 35% less lodging. They suggested that gain for 

all traits resulted from increasing the frequency of genes with additive effects. They 

also concluded from these results, and others previously reported for inbred testers, 

that narrow base testers are effective for improving general as well specific 

combining ability. 

No important variation was found for most of the other agronomic characters (pH 

(em), EH (em), grain moisture content, and yield components) especially in the 1988 

season. Relatively important variation was evident in the 1989 season for yield and 

yield components (number of kernels per plant, 100 kernels weight (gm), and grain 

weight (gm) per plant). Both the GCA and the SCA effects were important, showing 

that both additive and dominance genetic effects had an influence on yield. 

Overall, the results in this part of the thesis (Chapters 6 and 7) lead to the 

following conclusions: 

1. The production of new genotypes combining together the characteristic of the 

Cambridge and the USA inbred lines is worthwhile and very promising. for the 
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establishment of grain maize as a new and satisfactory crop in the UK and for the 

spring season in Iraq. The material used in this study also has excellent potential for 

the early spring season in Iraq conditions. In general the weather conditions in the 

Spring season in Iraq are more favourable than those in Britain (more details on the 

weather conditions in Iraq are given in Chapter 1). 

2. Both the laboratory and the field tests indicated that there were some promising 

hybrids between these lines both for earliness and unifonn maturity (see Chapter 7 for 

the genotypes of these hybrids). 

3. Any evaluation of these genotypes for cold tolerance should include the 

germination rate emergence rate, and seedling dry weight. 

4. Using the NC2 mating design and its analysis led to a good understanding of the 

nature of the genetic variation in these hybrids, and certainly for those characters of 

importance. The highest variation obtained was for flowering and the maturity stages. 

The results have met the most important objective, to establish hybrids which 

combine the early maturing characteristics of the Cambridge lines with the good 

agronomic traits of the USA lines. Visual observation of these hybrids indicated that 

they were more vigorous for vegetative growth. They were also characterised by an 

ability to remain green after maturity, which makes them also suitable for green 

forage production, whereas the double cross materiallcdced this character. Because 

both sets of experiments were planted side by side in the same location and season in 

1988 a direct comparison can be made between the double crosses and the single 

crosses, (See pIa t e 3). 

5. This study also enables us to distinguish those superior lines among each set of the 

UK and the USA inbred lines. It was found that the best combinations (crosses) 

obtained were from those lines with good GCA such as GB078 and Pa32. 

6. Finally, it has been shown that when combining two different sets of inbred lines 

with different patterns of gene action for the characters to be selected, NC2 mating is 

a very satisfactory mating system to be followed to study the genetic variation in the 

resulting hybrids. 
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It can be concluded that, for further work, the single hybrid crosses Pa32 x 

GB078, A556 x GB078, and A556 x GBC233 and their reciprocals are of great 

importance for any further breeding. Comparison tests of these combinations with the 

recommended hybrids or varieties is now required to see how far the response of 

these crosses is from the desired response. That would allow us to decide on the best 

way of proceeding with selection or breeding, i.e. back crossing to the parents or to 

the better parent, selecting among the F2s, or creating new inbred lines. 



Plate 1. General view of the field experiments in the 1988 season. 

The photograph shows the greater part of the field experiments in the 1988 season. 

Numbers 1 to 6 are as follows: 

1,2, and 3 indicate block 1, block 2 (sown on 8th of May) and block 3 (sown on 15th 

of May), for the double crosses, S) and S2 families in experiment E. 

4 and 5 indicate block 1 (sown on 18th of May) and block 2 (sown on 24th of May) of 

Experiment G, for the NC2 mating experiment. 

6 indicates the Ste' vlenson Screen containing the thermograph and the thermometer 

for the temperature records. 
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Plate 2. Thirty day old seedlings of So' S} and S2 families . 

The photograph was taken the day before the hills were thinned to one plant ~r hill. 

Three kernels were sown in each hill. The plants labelled 27 are the double cross 

plants (So plants). Numbers 45, 76 and 79 are plants of Sl families, and 97 are S2 

family plants. 



Plate 3. Comparison of the vegetative growth of the double crosses and their SI and 

S2 families plants with the NC2 single crosses at flowering time. 

The photograph shows that the single crosses obtained from the mating of the USA 

inbred lines with the Cambridge inbred lines on the left seem more vigorous in their 

vegetative growth (more greenish and more leaf area) than the double crosses and 

their S 1 and S2 families on the right 
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Plate 4. Collections of maize cobs at maturity, from So' S} and S2 plants. 

The photograph shows the reduction in the cob size as a result of the inbreeding 

(selfing). 



Appendix (1) The daily minimum and maximum air temperatures in degrees Celsius 
from the date of sowing to harvest for the 1988 and 1989 seasons. 
Temperature records from 20th of April till the end of May for 1986 and 1987 
seasons are included. The daily mean of the soil temperature are also shown 
for the relevant 45 days at and post sowing. All records were taken in the 
experimental field in the Botanic Garden of the University of Hull. 

Month Day 1986 1987 1988 1989 

min max min max min max min max 

April 
20 5.0 10.5 10.0 12.0 10.0 18.0 2.0 10.0 
21 3.5 9.0 8.5 15.0 6.0 17.0 6.0 11.5 
22 4.0 10.5 9.0 15.0 1.5 8.0 3.0 10.0 
23 5.5 11.5 4.0 18.0 1.5 10.0 0.0 5.0 
24 5.5 11.5 4.0 18.0 1.5 10.0 0.0 5.0 
25 1.5 13.0 5.0 14.0 7.0 13.0 -2.0 8.5 
26 2.5 14.0 4.0 15.5 5.0 9.0 0.0 12.0 
27 3.0 10.0 4.0 18.0 5.0 8.8 1.5 11.0 
28 4.0 7.5 4.0 19.0 3.0 10.0 3.5 9.0 
29 5.5 12.5 6.0 21.0 2.5 11.0 9.0 15.0 
30 7.0 18.5 9.0 18.0 6.0 11.0 9.0 15.5 

May 
1 4.0 15.0 5.0 11.0 6.0 14.0 6.0 21.0 
2 7.0 17.0 5.0 9.0 7.0 15.0 5.0 20.0 
3 6.0 13.5 3.0 10.0 8.0 14.5 6.0 21.0 
4 9.0 11.0 3.0 11.0 10.5 14.2 10.0 22.0 
5 8.0 11.0 9.0 15.0 8.5 14.0 1.0 17.0 
6 6.0 14.5 4.0 14.0 6.2 15.2 2.0 14.0 
7 7.0 13.5 4.0 17.0 6.0 15.0 8.0 22.0 
8 7.0 13.0 8.5 22.0 10.0 13.0 10.0 22.0 
9 5.5 13.0 8.5 18.0 11.0 13.0 4.0 17.5 
10 11.5 17.0 6.0 12.0 7.0 14.0 7.5 13.0 
11 10.5 14.0 7.5 15.5 8.5 12.2 3.5 12.0 
12 9.0 17.0 8.0 U.S 9.0 16.0 4.0 12.0 
13 10.5 15.0 4.0 13.0 8.0 18.0 3.0 15.5 
14 5.5 14.0 6.5 8.5 9.0 15.5 8.5 18.0 
15 5.0 12.0 4.0 10.0 9.0 15.5 8.5 18.0 
16 5.0 15.0 3.0 12.0 9.0 17.5 3.0 18.5 
17 6.5 13.0 3.5 11.0 6.0 10.5 10.0 21.5 
18 11.0 16.5 7.0 10.0 5.0 9.0 10.0 20.0 
19 8.0 19.0 3.0 13.0 5.0 10.0 9.2 20.0 
20 9.0 15.0 4.5 11.5 4.5 12.0 6.5 18.0 
21 9.0 13.0 8.0 10.5 3.7 13.0 6.5 20.0 
22 7.0 15.0 6.5 11.5 7.0 14.0 6.5 20.0 
23 10.0 16.0 8.0 12.0 7.0 15.0 9.0 23.0 
24 8.0 15.0 7.0 11.5 11.5 14.5 11.0 22.0 
25 11.0 16.5 7.0 14.0 11.2 13.0 8.0 15.0 
26 13.0 16.0 7.0 14.0 11.0 14.0 4.0 15.0 
27 12.0 16.0 4.5 14.0 7.0 17.5· 8.0 17.0 
28 11.0 15.0 9.0 10.0 6.5 17.0 9.5 16.0 
29 6.0 13.0 7.5 15.0 11.5 15.0 7.0 23.0 
30 9.0 13.0 11.0 17.5 12.0 15.0 4.0 13.0 
31 9.0 13.0 7.5 20.5 11.5 15.5 5.0 14.0 
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Continued Appendix (1) (records here are only for the 1988 and 1989 seasons. 

Month I 1988 I 1989 I month I 1988 I 1989 

June I min max lmin max I July I min max Imin max 

1 1 11.5 16.0 1 2.0 14.0 1 1 116.5 21.0 I 9.0 20.0 

2 112.0 16.0 I 6.5 15.0 1 2 1 11.5 \ 19.0 I 8.0 20.0 

3 111.0 15.0 I 3.5 14.0 I 3 I 11.0 18.0 I 9.5 21.0 

4 1 11.5 14.5 1 2.0 15.0 I 4 114.0 18.0 I 9.0 22.0 

5 112.0 13.0 I 6.0 17.0 I 5 112.0 18.3 I 10.0 23.0 

6 1 7.0 16.0 1 7.0 14.5 1 6 I 11.2 19.0 1 13.0 22.0 

7 I 6.0 13.0 I 5.0 15.5 I 7 113.0 17.5 115.0 20.0 

8 113.0 16.2 5.6 15.0 I 8 112.0 17.5 114.0 16.5 

9 112.0 13.0 10.0 16.0 1 9 112.5 18.5 I 11.0 16.0 

10 112.0 16.0 7.0 21.0 I 10 115.0 19.0 112.0 21.0 

11 /10.5 15.0 13.0 24.0 / 11 112.0 18.5 /14.0 25.0 

12 I 9.5 17.0 13.0 23.0 1 12 113.0 18.0 I 13.0 24.0 

13 I 9.0 19.0 13.0 24.0 I 13 113.0 18.5 111.0 20.0 

14 I 7.0 17.0 11.0 . 23.5 1 14 113.0 17.0 112.0 21.5 

15 112.0 17.0 9.0 21.5 I 15 115.0 18.5 I 11.0 24.0 

16 I 11.5 14.0 10.5 24.0 I 16 112.0 18.0 114.0 21.0 
17 112.5 16.0 9.0 26.0 I 17 115.0 16.0 113.0 27.0 
18 I 9.5 19.5 11.5 24.0 I 18 113.0 18.2 I 8.5 19.5 

19 I 9.5 21.0 11.0 24.0 1 19 114.0 18.5 I 12.0 27.0 
20 113.0 21.0 10.5 30.0 I 20 116.0 19.0 112.0 29.0 
21 117.5 20.0 12.0 20.0 I 21 115.0 19.5 116.0 25.5 
22 113.5 18.5 8.0 20.0 I 22 117.0 21.0 115.0 28.5 
23 112.5 18.5 12.0 20.0 I 23 116.5 21.5 I 12.5 27.0 
24 /10.0 21.0 9.0 20. / 24 113.0 17.0 114.5 26.0 
25 113.5 23.0 12.0 27.0 I 25 114.0 19.0 116.0 27.0 
26 116.0 18.0 14.0 21.0 1 26 114.7 18.5 111.0 23.0 
27 115.0 16.0 7.0 17.5 I 27 112.0 16.5 I 14.0 23.0 
28 114.0 15.0 8.0 16.0 1 28 112.0 16.5 115.0 22.0 
29 1 9.0 21.0 5.0 19.0 I 29 112.0 15.5 I 13.0 23.0 
30 114.5 22.7 11.5 11.5 1 30 112.0 16.0 I 11.0 18.0 

I I I 31 113.5 16.5 I 9.0 18.0 
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Continued Appendix 1 . 

* August September October 

. 
198'8 1989 198'8 1989 1988 

Day min max min max min max min max . min max 

21.0 I 14.0 16.5 I 
, 

14.0 1 12.0 17.0 7.0 7.5 20.0 2.5 
2 7.5 17.0 14.0 22.0 I 12.7 15.0 I 6.0 15.0 i 7.5 16.5 
3 9.3 17.3 9.0 25.0 110.0 17.0 I 6.5 18.0 4.5 16.0 

4 14.5 19.0 8.5 22.0 111.0 17.0 110.5 19.5 '6.0 14.0 

5 17.0 22.5 9.5 25.0 1 12.0 17.5 1 11.0 22.0 12.0 15.5 

6 11.5 24.5 14.0 25.0 112.0 17.5 1 10.0 26.0 10.5 12.5 

7 11.0 24.5 12.0 25.0 112.0 22.5 112.0 21.0 ,8.7 10.0 
8 15.0 17.0 15.0 25.0 113.5 22.0 112.0 16.0 .9.5 12.5 
9· 17.0 21.5 14.0 23.0 114.0 21.0 112.0 16.0 ,0.0 12.5 

10 11.0 21.7 12.0 18.0 1 10.0 15.0 I 13.0 16.0 . 9.0 13.0 
11 13.0 18.7 13.0 21.0 112.0 17.5 114.0 12.5 2.0 13.0 

12 14.1 17.5 13.0 22.0 111.5 16.0 113.0 16.0 12.0 13.5 

13 13.5 19.5 12.0 . 22.0 I 10.5 14.5 I 9.5 19.5 .9.0 12.0 
14 16.0 21.5 14.0 23.0 111.0 13.7 I 7.5 16.5 5.0 13.0 
15 14.5 20.0 13.0 23.0 111.0 16.5 I 11.5 19.5 7.0 12.0 
16 12.5 20.0 11.0 22.0 7.7 18.0 110.5 18.0 12.0 12.0 
17 9.5 23.2 10.0 20.0 14.7 18.0 110.5 19.0 11.5 12.0 
18 16.0 21.0 6.5 22.0 9.0 18.5 10.0 20.0 12.0 14.0 
19 16.0 21.0 12.5 24.5 7.5 18.0 10.5 22.5 ~3.0 14.0 
20 14.5 18.0 12.0 27.0 7.5 12.5 11.5 19.5 ,;,2.0 12.0 
21 14.0 16.0 10.0 24.0 10.0 13.5 12.0 22.0 .2.0 14.4 
22 11.5 17.5 9.5 22.0 13.0 15.5 12.0 25.0 . 7.0 15.5 
23 

. 
17.7 115.0 13.5 22.0 9.0 12.0 11.0 20.0 110.0 13.5 

24 16.0 18.5 113.0 18.5 10.0 14.5 9.0 21.0 10.0 15.0 
25 11.0 15.0 112.0 15.0 5.0 16.5 9.5 22.0 7.0 12.5 
26 10.5 18.0 I 11.0 17.0 15.0 16.0 9.5 21.0 B.O 14.0 
27 16.0 21.0 I 9.0 17.0 12.7 17.5 9.0 19.0 11.5 15.0 
28 13.0 17.5 I 7.0 19.0 13.5 14.5 8.0 20.0 4.0 . 9.5 
29 11.0 17.5 I 12.0 20.0 8.0 14.5 10.0 21.0 2.0 7.5 
30 12.5 17.5 I 9.5 25.0 3.0 14.0 12.0 17.0 2.0 8.0 
31 1 15.0 18.0 / 9.0 19.0 / ' /: " .t- 0.0 10.0 .' ,'. 

* All plants were harvested before October in the 1989 season. 
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Continued Appendix (1). The daily mean of the soil 
temperatures at the surface about 3 (cm) depth for four 
seasons (1986, 1987, 1988 and 1989) which covered 
the period from 2{)th of April to the end of May. 

Month Day 1986 1987 1988 1989 

April 20 6.6 11.1 10.0 6.3 
21 7.7 11.3 11.1 9.9 
22 8.1 11.9 9.1 9.2 
23 8.6 12.3 9.0 8.9 
24 9.3 12.3 10.9 6.9 
25 10.7 12.5 10.7 6.1 
26 9.2 12.3 9.0 7.7 
27 10.4 12.7 10.3 7.7 
28 9.9 13.1 9.8 8.3 
29 9.5 13.3 9.1 8.3 
30 12.4 14.4 10.6 8.9 

May 1 13.3 13.2 10.5 10.8 
2 13.9 10.7 11.8 14.4 
3 12.2 9.9 13.0 15.9 
4 11.3 10.2 13.5 15.3 
5 11.0 12.0 14.2 12.6 
6 11.1 13.2 14.0 14.0 
7 11.1 14.8 12.8 15.4 
8 10.3 15.5 12.3 16.3 
9 13.7 13.8 13.3 13.7. 
10 13.1 12.5 13.0 11.7 
11 12.5 12.0 14.9 10.3 
12 12.9 10.7 14.7 11.9 
13 11.7 10.4 15.7 12.7 
14 1.6 10.2 16.3 13.0 
15 12.7 10.2 11.0 14.6 
16 11.3 10.2 11.0 15.0 
17 13.6 10.5 12.9 17.7 
18 15.3 10.8 13.6 18.4 
19 13.6 10.1 16.1 18.4 
20 12.2 11.2 15.6 18.5 
22 12.0 11.6 15.7 18.0 
23 14.3 13.5 14.2 18.8 
24 14.9 14.9 15.8 16.2 
25 16.9 15.1 17.0 16.1 
26 11.9 14.4 15.1 16.4 
27 14.8 12.6 15.4 17.9 
29 14.6 14.8 16.3 15.5 
30 13.4 16.1 17.0 ·14.2 
31 14.9 16.4 15.9 14.2 
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