WAITE INSTITUTE
2.5-93

LIBRARY

SELECTION AMONG SEGREGATING POPULATIONS OF WHEAT

Soemarjo Poespodarsono
Agricultural Engineer

Brawijaya University, Indonesia.

Thesis submitted for the degree of
Master of Agricultural Science in
the Faculty of Agricultural Science,

University of Adelaide.

Department of Agronomy,
Waite Agricultural Research Institute,

University of Adelaide.

1980



DECLARATTON
This thesis is my own work and has not

been published previously for the award

of a degree in any university.

Soemarjo‘P&espodarsono

November 1980



SUMMARY

INTRODUCTION

CHAPTER 1.

CHAPTER 2.

CHAPTER 3.

CONTENTS

LITERATURE REVIEW

]

—_
. -

2
.3
4

—
Ul

T ST
O 0~ O

Selection in self pollinated crops
Genetic considerations of F, populations
Heterosis and selection of Single plants

Page

—_

Ul

The environment in which selection is practiced.

Spaced plant or crop density

Plant establishment under competitive
conditions

Factors affecting seed emergence

Yield and other characters

Genotypic and environmental variability
Conclusion from literature review

EXPERIMENTAL OUTLINE

2.1
2.2

2.3

Introduction
F2 generation experiment (Experiment 1, 2
and 3)
a. Experiment 1
The material
Sowing
Layout and method of experiment
Characters observed
Data analysis
b. Experiment 2
The material
Planting preparation and seedling emergence
Layout
c. Experiment 3
The material
Planting preparation and seedling emergence
Layout
Experiment 4
Climate and soil
The material
Sowing
Field layout
Harvesting

RESULTS

3.1

Results of experiment 1

.1.1 Introduction

.1.2 Seed weight and seedling emergence time
3 Plant weight

4 Main shoot grain yield

5 Head number

.6 Final grain yield

7 Plant height

8 Summary of results from experiment 1

WWwwwwww

. s
. « e .

10
"
13

14
14

14
14
14
16
17
17
19
19
19
20
20
22
22
22
22
23
23
23
28
28
28

30
30
30
30
38
41
43
45
48
52



Contents con

td.

CHAPTER 4.

BIBLIOGRAPHY

APPENDICES

3.2 Results of rexperiment 2

3.3

3.2.

3.3.

1 Seedling emergence and serial
correlation

.2 Mean and variance values of the

characters
Frequency distributions
Summary of results from experiment 2

Introduction
Correlation between lines grown at
different sites and years

3
4
1ts of experiment 4
;
2

.3 The stability of each line
4

Selected lines and lines taken at
random

.5 Lines derived from the same parent or

parents

6 Summary of the results from experiment

A

DISCUSSION
Aspects of the results of single plants of

4.1

4,2

P1,
a.

a0

Q..OO'SD{D(D

P, and F

E%fect o% seed weight and seedling
emergence on plant growth

Effect of neighbours on a plant
Genotype and microenvironment variation
Mean and variance values of plant
characters

Frequency distribution of characters

spects of results for the F, lines

Stability 7

Value of selection in the F_ generation
- . . 5

Site and year interactions

The effect of the pedigree of the F

lines

7

53
54
54
55
61
62
62

63
63

68
68
71
72
72
72
73
75
76
80
81
81
82
82
83
84

88



SUMMARY

A study was made of factors affecting the efficiency of selection
for yield of single plants in an F2 segregating population of

wheat and of selecting between plots of genotype at the F7
generation.

Three experiments comparing F2 plants with their parents P1 and

P2 were conducted at the Waite Agricultural Research Institute in
1978 and 1979. Seeds were sown at 3.5 cm X 17.5 cm a spacing which
provides the commercial density in this environment. In Experiment
1 the seeds of P1, P2 and F2 were sown in separate plots, but in
Experiments 2 and 3 P1, F2 and P2 were in sequence in each row of
the plots.

Fach seed in Experiment 1 was weighed and seedling emergence recorded.
At harvest the plants were individually assessed for plant weight,
main shoot grain yield, head number, final grain yield and plant
height. Experiments 2 and 3 handled similarly except that the
individual seed weights at sowing were not recorded.

Tt was found that rapidity of emergence was not determined by seed
size but there was some tendency for the bigger seeds to give
higher yielding plants. In the three experiments the earlier
emerging plants had higher yields at maturity. This effect was
marked; plants emerging on the first day on average had yields

1.4 times those emerging on day 4.

The effects of competition between a plant and its neighbours were
studied using serial correlations. Some correlations were negative
and some were positive. Serial correlations did not reveal the
influence of a plant on its neighbours for all characters observed.
Environmental effects were large in relation to genotypic effects.
Significant genotype-replicate interactions were obtained. Plant

weight, head number and final grain yield were similarly affected
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by the environment. There was a strong correlation between final
grain yield and plant weight. It also was found that exXcept for
plant height there were no significant differences among genotypes.
The F2 mean values varied considerably between replicates in their
relation to the parental mean values. The range of the F2 values
covered the combined range of the parental values and transgressive
segregation was found in some instances in the F2.

The variance values of the F2 were not significantly greater than
the variances of the parents P1 and P2 and only plant height showed
clear evidence of segregation, with F2 variances in some Crosses
larger than the parental variances. It appeared that the main
shoot grain yield was less influenced by microenvironmental
variability.

The frequency distributions of all characters were skewed to the
right except for plant height which was skewed to the left.

Three trials involving the F7 generation were conducted in 3 years
but at two sites. The F7 lines were derived from lines selected
or taken at random from an F5 population. There 30 selected lines
and 19 randomly chosen lines. The trials were laid out at as
randomized blocks with 2 replicates. The number of plots in each
trial was 825, including the check plots. The plot sizé was

0.60 m X 2.50 m and grain yield was the character measured.

Of the three correlations across years and sites only one was
significant. It was the correlation of trial results at Charlick
over 2 years. It was suggested that the correlation was due to
differences among lines in their resistance to nematodes. Only
few lines, however, were consistent over three years ang two sites.

a~
Selection within families at the F5 generation resultedkrelatively

tlose

better F_ lines than taken at random. It was showed that the parents

7 n

of a cross contributed the stability of lines in the F7 generation.
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INTRODUCTION

This thesis is concerned with selection of single plants in the
early generations following a cross of two parents of wheat., It is
also concerned with the testing of plots of F7's lines over different

sites and years.

In the breeding of self-pollinated crops the breeder faces the
difficulty of making an accurate phenotypic assessment of single plants
and the selection of desirable homozygous genotypes. Most o;f%haracters
of interest to him such as yield and quality are quantitative. These
characters are under the control of many genes each with small effect
on the phenotype. The expression in single plants of quantitative
characters is also influenced by the microenvironment which tends to
blur the genetic differences between the plants. Microenvironmental
variation always occurs even in the small area occupied by a selection
block and increases the variability amongst plants making it more

difficult to assess them individually.

The microenvironment affects the growth of a plant from the moment
germination occurs. Soetono (1975) found with a cultivar of barley that
the earlier emerging seedlings gave bigger plants than those with a later
emergence. In view of this finding, the present experiment was concerned
with comparing the effects of seedling emergence and growth in an F2
segregating population with the emergence and growth of its parents.

If early emergence was determined by the microenvironment and this resulted
in large differences in yield it would mean that it would be difficult to

select among F, plants on a basis of yield and achieve a genetic improvement.

2

In the pedigree method of breeding, selection may begin on single

plants in the F_, and be continued until the genotypes of the desirable

2

plants are homozygous. It would be advantageous if an accurate assessment



could be made in an early generation analysis of hybrids and some knowledge
gained of the relative importance of heredity and environment in
determining the expression of characters. Theoretically the phenotypic
variance of a segregating population of plants should be much larger than
among individuals of the homozygous parents. However, it often happens

o

in breeding programme with wheatﬁthe variances of the F2 and parents are
A

not statistically different (Knight, personal communication).

Selection on a single plant basis may be practised if the plants
are at a wide spacing or at a crop density. At wide spacing every plant
can grow and show maximal expression of its characters. The plants are
more easily handled and provide more seed for testing in the next
generation. A low density, however, implies that the selection block
will occupy a larger area and have greater soil heterogeneity and
microenvironmental variation. Furthermore the expression of a genotype
will be different from what it would be under the competitive conditions
of normal crop density. The factors limiting growth will be different.
At crop density, every plant is subject to strong interplant competition.
Only a smaller area is needed and it is possible to select under conditions
similar to those in which the crop will be grown. It was considered that
the results of the present study would be more meaningful to selection

if the plants were grown at a crop density.

Many breeders have stated that selection for yield in the F2 is
not effective. The matter is worthy/of study as Shebeski (1967) on ;&xf
theoretical ground§has indicated that the F2 generation has a higher
proportion of genotypes with a favourable combination of genes than in

any subsequent generation.

As selection based on yield has not been notably successful some

workers have suggested that plant characters related to yield should be



considered when undertaking selection. Other characters may be less
influenced by heterozygosity, genotype-environment interactions or
competition effects than is yield itself. Hence this study of the F2

and parents at a crop density has considered yield as well as related

characters.

In the final stages of the pedigree method, selection moves away
from individual plants to selection between plots of each genotype.
Furthermore tests are conducted over different sites to enable selection
of genotypes with wide adaptation or sometimes specific adaptation.
Usually stable high yielding lines are the main interest of such tests.
Some statistical analyses of the genotype-environment interactions present
in these tests have been suggested, but the validity of the analysis

for any test is still debated.

Some aspects of such tests, the prediction of desirable genotypes
and the effect of environmental variability, form the background to the

second part of this study on F_ lines of wheat.
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