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SUMMARY .

1. To be effective single plant selection methods for yield
mist estimate ané allow for factors that influence the phenotypic
expression of the genotype.

2, These factors ares (a) heterozygosity,

{b) genotype - environment interactions,

{¢) interplant competition,

(d) differences in the micro-environment
of plants.

%, An experiment was designed that it was hoped circumvented (a)
and allowed some estimate of (b), {c) and (d).

The yields of individual plants in the FB generation of a
barley cross were measured in 4 contrasting environments (2 densities
and 2 nitrogen levels), 100 plants were then selected from the total
yield range in each environment, The seed from the selected plants
was increased in the F4 and progeny tested in replicated plots in the
?5, The lines selected ig any one of the four F5 environments were
tested in the same environment and in the alternate environment in the
F5 {e.g. lines selected in the F3 at low density were tested in the F5
at low density and at high density).

In the F3, single plant grain yields, were assessed in a
number of ways, some of which attempted to make allowance for the local

environmental variation: response surfaces and moving means were used.

The underlying assumption was that if the seeds were planted at random,
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then the average yield of a group of contiguous plants could be used
to estimate the yield potential within the group. Once the estimated
mean yield of the individuals in the group was calculated then the
performance of an individual was expressed as the difference between
its actual yield and its (mean)yield as estimated from the group.

As well as grain yield a range of other plant characters
were measured in both the F3 and the FS generations, These included
yield components, total dry matter yield above ground and certain
vegetative characters (leaf length, leaf height and plant height).

4, The results confirmed the prevalent view that single plant
selection, on the basig of yield, in early generations is not effective
in selecting for yield in later generations., The experimental design
permitted a partial analysis of this result. The genotype -
environment interaction was very marked beiween the two years 1967
(F?)) and 1969 (FS)' At low density micro=-environmental variation was
also an important confounding factor, At high density and in the
nitrogen experiment competition was important.

Of the other characters measured in the F3 generation the
vegetative morphological characters (eaf length, leaf height and plant
height) were consistently effective in predicting the yield potential
of lines tested at high nitrogen in the F5. This was probably due to
a causative relationship as the characters measured are known to
influence the lodging resistance, and the efficiency of light and

water use in pure stands., It was not possible to decide within this
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experiment which of these factors was the more important., The
vegetative characters were less influenced by genotype by enviromment
interactions or by competition than was yield. As the characters
were positively related to the yielding ability of phenotypesin pure
culture at high nitrogen, they were better indicators of yield
potential in future generations than was yield itself.

In this study indirect selection on a single plant basis
was more successful than direct selection.,

The impliamtions of these results for selection practice in

segregating populations are discussed,
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INTRODUCTION.

Effective single plant selection for yield in early
generations would be of obvious benefit tc the plant breeder as it
would enable him to screen large numbers of genotypes with the minimum
of time, effort, cost and space, However many authors consider that
it is not effective (Allard 1960, Bell 1963, Elliott 1958, Harland 1949
and Harrington 1932). Their belief is based on the published data, and
the intractability of the problems (see below for details) that confound
single plant selection. However McGimnis and Shebeski (1968) question
whether many of the experimental designs used adequately test the
effectiveness of single plaﬁt selection., Further examination of the
problem is therefore warranted,

Four possible causes for the low efficiency of single plant
selection (Shebeski 1967) are:

(1) The effects of heterczygosity and consequent hybrid
vigour on the performance of individuals in early segregating generations.
This may lead tc a false appraisal of the individual's worth.

(2) Lerge genotypewenvironment interactions. Selection must
ocour in a different generation to progeny testing and therefore in a
different growing season, thus some interactions between genotypes and
seasons are unavoidable. In addition selection often occurs at low
density while the progeny are tested at commercial spacing. This

introduces a possible genotype~density interaction,



(3) However if selection is carried out at any but very
low densities, the relationship of the individual to its neighbours
agsumes great significance. Unless the yield of a plant in pure
culture is positively correlated to its yield in mixed stands,
selection of high yielding plants in a mixed population may be based on
competitive ability rather than high yield.

(4) Each plant in a segregating population has ite individual
micro=environment. The micro~environment is not constant throughout a
selection plot. The variation between the micro-environments of
different plants may be sufficient to swamp the genetic differences
between individual plants.

In this thesis, the problems involved in single plant
selection for high yield are discussed in the light of the data
available in the literature, and a project is described that attempts

to assess and overcome these difficulties.



LITERATURE REVIEW,

(1) Introduction :

Allard (1960) notes that many of the plant breeders of the
last century selected for yield on a single plant basis in the belief
that the phenotype was inherited. However Vilmorin selected the best
plants from within four varieties for 50 years and found there was
no difference between the selected and unselected groups. 4An
explanation for this was put forward by Johamnsen (1903) who made the
distinction between genotype and phenotype. He showed that the
variation in a character, from one individual to another in a
population, was governed by genotypic and environmental effects,
Since then many workers have developed methods for measuring the
Zenotypic and environmental variances and have expressed them as
relative proportions of the total, or phenotypic variance, (Fisher
1918, Fisher et al. 1932, Wright 1920, Iush 1940, 1943, Robinson et al.
1949, Mather 1949, Warner 1952). Using one or more of these methods
of partioning the variance, it has been shown often that the
heritability of yield is low, that is that yield is strongly affected
by the environment. (Grafius et al. 1952, Frey 1954, Rassmusson and
Glass 1967 for barley; Liang and Walter 1968 for sorghum; Fonseca
and Patterson 1968 for wheat; Mahmud and Kramer 1951, Bartley and
Weber 1952, Weber and Moorthy 1952 and Johnson et al. 1955 for soybeans.)

In segregating populations genetic and environmental effects

may so alter the phenotype of an individual that it is impossible to
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assess its genotype. The reasons for this will now be coneidered,



(2) ZHeterozygosity s

In the pedigree method of plant breeding selection is
practiced in the F, and subsequent generations (Allard 1960). In
these carly segregeting generations many loci are heterozygous. If
dominance or overdominance results from this heterozygosity it may
have a large effect on the phenotype., As heterozygosity cannot be
maintained in a cereal variety, except by very special techniques,
the heterozygous effect can lead to poor discrimination and evaluation
of genotypes. In self pollinating crops there is no direct evidence
on the importance of heterozygosity on selection. However hybrid
vigour has often been reported in the literature for F1 plants of self-
pollinating species. (Immer 1941, Grafius 1959, Suneson and Riddle
1944, Suneson 1962, Severson and Rassmusson 1968 for barley; Briggle
et al, 1968 a & b for wheat; for a review see Briggle 1963.)

The increased vigour atiributable to heterczygosity falls
rapidly with each cycle of selfing as the percentage of heterozygous
loci falls. The problem for the plant breeder is to declde in which
generation the effect of this unfixable vigour will be reduced to
unimportant proportions,

In this project, selection was carried out in the F3. Because
of the lack of published information the choice was more or less
arbitrary. But it was felt that by this generation the effects of
heterozygosity would not adversely affect selection, There is some
slight evidence for this in the literature, Atkins (1953 barley)

N



studied the yields of 8 bulk populations for 4 generations (‘E‘2 - F5)
and compared them with those of selections made in the F2 and
reselected in each generation on the basis of plant vigour and large
heads free from disease., All the generations were compared in one
season {1949}. The experiment was repeated the following year, using
the same material but advanced by 1 generation. The yields are given
in table 1. It should be noted that there were no significant
differences between the bulk or selecied populations in 1950. Although
not significant, the trends are the same as in 1949. In that year

the yield of the bulks first fell and then at the F. rose again, until

5
it was equal to the yield of both the F2 bulk and the selections.

Table 1 s

Grein yield of bulk and selected lines of barley (Atkins 1953)

(kgs/ha)*

Bulk Population ; Selected Lines
Year F, 35"3 F 4 FS F6 F3 F A FS Fe
1942 2605 2240 2227 2455 - 2605 2521 2427 -
a(%) be c ab a a a
1950 - 2992 2842 2732 2934 = 2979 2999 2944
a a a a a a a

#  All data throughout this thesis are presented in metric units,

(including those quoted from the literature).

¥ In the same year ylelds having the same letter beneath them do

not differ significantly.



It would appear that in the bulk Ez heterozygosity caused
the higher yield, which fell as heterczygosity decreased with
inbreeding, During this period (F3/F4} there would be the maximum
number of low yielding senotypes in the population, but these would
be eliminated with successive cycles of natural selection zo thai the
yield level would rise., 4s the selected lines were chosen for their
vigour they wers possibly heterozysgous. Although the mors heterozygous
plants may have been chosen, in later generations the level of
heterozygosity would fall gradually, causing a decline in yield,
This cccurred although the fall in yield in the selected iines was
not significant. The selected F3 had & 15% yield adventage over the
bulk, which was significant at the 1% level; this had compledely
disappeared by the Fsa It appears that heterozygosity in this example
has played a significant part in reducing the efficiency of selection
in the F.. But by the ¥, this factor appears to be of little

2 3

importance as shown by the low F, bulk yield. 4 similar result has

3
been obtained by Wiess et @l. (1947) for soybeans, and Immer {1941)
who found a similar fall in the yield of barley populations in
successive generations until the F4. He did not test later generations.
Although these three reports suggest that heterozygosity is
not a problem in the F3’ there are two lines of research that suggest
that it cammot be entirely disregarded.
Firstly, it has been shown that the hybrid advantmge of an

F, decreases with density (Severson and Rasmusson 1968}). The P,
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plants were only slightly higher yielding than the parents at field
spacing, but much higher at low rates of planting. Hybrid vigour
may have a larger confounding effect if selection is carried out at
low densities, However, no evidence for this effect was found in
vheat by Briggle et al. (1967a and b).

Secondly, and more important, is the work of Allard and
co=workers (reported by Jain and Allard 1960 and by Allard and Hansche
1964). They showed for populations of lima beans, barley and wild
oats that the rate of change in the proportions of heterozygotes to
homozygotes at certain loci within a population was slower than
predicted, assuming equal selective advantage and a known percentage
of outwcrossing. The percentage of heterozygotes stabilised in later
generations at a substantial snd fairly constant level, The
heterozygotes had a selective advantage over the homozygotes at those
loci, and their persistence was probably related to their producing
more seed. This higher yield would be picked out in eny generation
if plants are selected for yield and therefore heterozygosity could
disrupt effective selection in any generation.

From the evidence available, no clear-cut conclusion can be
drawn as to the importance of heterozygosity on selection, However,
delaying selection until homozygosis is considered to have been
reached may not in fact produce the desired results if the heterozygotes
are at a selective advantage. The delay means that a large part of
the population brought forward will be of little use and natural

o



selection may eliminate many genotypes that are potentially high
yielding in pure culture,



(3) Genotype-Environment Interaction :

If lines or varieties are gzown at a series of sites for
several seasons it is possible to partition the variance into
components attributable to variety, sites and seasons, and their
interactions, The first order interactions are the variety-site, the
variety-seasons and the siteseseasons interactions, the second order
is the variety=-site~season interaction . Using an appropriate error
it is possible to test for the significance of cach of thess terms.
The methods for computing these variances and for testing them for
significance have been presented by Comstock and Moll (1963).

From the analysis it is possible to test whether varieties
respond to a changed environment in a similsr linear fashién. It
varieties do not a significant interaction occurs. When this happens
it is not possible to draw any overall conclusions about the main
effects as the varieties are no longer responding in a similar feshion,
3uch interactions have been reported in the literature for several
crops, for example barley {Rasmisson and Lambert 1961), wheat (Ghandi
et al., 1964), oats (Horner and Frey 1957), maize (Sprague and Federer
1951), soybeans (Johnson et al, 1955), and cotton (Miller et al. 1958
and-1962)-

The work: for this thesis was carried out at one site, thereby
eliminating the possibility of a genotype=location interaction.
Furthermore, although selection occurred in one year and progeny

testing in another, no estimate of the genotype~years interaction was
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possible because selection was carried ocut on individual plants,

In & eimilar way i3 is poseible %o cszleulate o Zenntypa
treatment {e.g. nutrient) interaction, If this is significant, the
varieties under iest are not responding linearly tc the different
ireatments. Significant interactions have been found to occux for
many cereals with a rangs of nutrient itreatments. For example these
have been found in barley (Reid et al. 1969), wheat {Jeusen and
Federer 1965, using the data of Isom 1954), and rice (Tenaka et al,
1964, Kwano ané Temazka 1965 and deDatta ot al. 1968).

Yhere is littls relationship between the renkings of yield
of cereal varieties grown at high and low densities, Significant
interactions have been reported in barley (Immer 1941}, wheat
(Whitenouse 1953), sorghum (Koller end Scholl 1968), and maize
{Griesbrechit 1969).

The important point whick emerges from this survey is that
plant density and soil muitrient status, factors of the environment
easily manipulated by ths plant breeder, have a profound but not
uniform effect with different gzenotypes. It cannot be axpected that
lines selected for high yield under one set of conditions are
necessarily high yielding under another. xenotype=environment
interaction will therefore often severely limit the efficiency of
selection should one attempt to select in one environment (including

density, fertility level or climate) for performance in another.
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(4) Competition 3 (A} In mixtures of varieties.

In segregating populaticns growing at normal field spacings,
ceapetition may have a large influence on the genolypeeenvizomment
interaction., This was not the case in the cxamples already discussed
wiaere the different genotypes were grown in separate plots.

With the development of the bulk hybrid methcd of plant
breeding considerable attention has been focussed on the importance
of natural selection in segrsgating populations, The first person
to show that genotypes may perform differently in pure culture {here
the only competition is with identical genotypes) and in mixtures
{here competition is with different genotypes) was Montgomery in 1912.
He found that one variety dominated the mixture very rapidly, but
thiz wes not necessarily the highest ylelding in pure culture. 4

similar vesult was obtained by Engledow {1925) and Klages {1936). In
the latter case the result was due to differential disease resistance

curing the severe rusit epidemic of 1935,

in what is probably the most complete experiment of this
ype Herlan and Martini {1938) grew a mixture of eleven varieties of
barley, initially present in equal proportions, at ten sites in the
UeS el for between four and eleven years, No conscious selection
occurred during the experiment. Hach year a census of the mixtures
from each site was carried out on a spaceeplanted subsample grown at
one site. It was found that one or two varieties invariably and
rapidly dominated the mixtures, Different varieties dominated at
different sites., &ix of the eleven varieties never became dominant.

e



The dominant varieties were often the local commercizl strain. If
prlots of the individual varieties haed been grown al each site, an
estimate of yield in pure culture would have been obtainad., This
couild then have been compared with the results from the mixture.

Since this study was published many similer ones have been
reported. 4 common feature is the limited number of varieties used
to make up the mixtures, and one variety rapidly became dominant.
Thiz was very often not the highest vielding variety in pure culture.
Fox example Christian and Grey (1 941) conclude that, in wheat mixtures,
the yield of competing plante bears little relationship to pure stand
performance. Laude and Swanson (1942) were able to explain the shift
in their mixtures zs being due to the differential winter survival of
the varieties used. They note that competition may lead to the
¢limination of desirable types from = population and zuggest that
high yielding dwarf types would be at 2 severe disadvantage in a
vopulation containing many taller plants,

The most studied mixture has been that containing the barley
varieties Vaughn, Atlas, Hero and Club Mariout, The early work on
this mixture was reported by Suneson and Wiebe (1942) and Suneson
{1949}- They found that Atlas dominated the mixture although it
was not as high yielding in pure culture as Vaughn nor as disease
resistant., Vaughn was for practical purposes eliminated from *he
population. $Since then = number of workers in California have tried
1o discover why this result occurred., In a study of competition
between Vaughn and Atlas 46, a disease resistant back cross derivative

i3



of Atlas, and not sirictly comparable with the original mixture,

Lee (1960) found that competitiorn became marked at jointing, This
was asgociated with the development of the secondary root system.

He suggested that greater root proliferation enabled Atlas 46 to
compets more successfully for the available nutrients. The importance
of light intensity on the two varieties has also been studied. The
results showed that although reduced lightkmd a marked effect on
growth, it 4id not affect their relative competitive abilities
(Mwards and 4llard 1963), Hartman and Allard {1964) varied both

the nitrogen and water status for these varieties grown in pots.
Vaughr. ylelded more than Atlas both in pure culture and in the mixture.
In the mixture the yieéld of Vaughn was depressed and thet of Atlas
increased, although not enough to reverse the sctual yield rankings,
This contradictory result is probably due to the plants being grown
in pots and the difficulty of extrapolating from this situation to the
field . In a recent paper, Allard and Adams (1969a) state that the
average yiéld of Atlas has been higher than that of Vaeughn for the
past decade, This is in direct contrat to their relative performance
reported two decades earlier (Suneson 1949). The most probable
explanation is that yields quoted by Suneson were for the original
Atlas vhereas those of Allard and Adams were based on one or more of
the disease resistance back cross derivatives. Suneson (1949) noted
that the likely increase of Atlas 46 over Atlas in a bad vear for

disease was 15%, This would mske it higher yielding on average than

Vaughn,



Inter-gpecific mixtures of wheat have been studied by Pal
et al. (1960). Prom their data they suggest that competitive ability
is a desirable varietal character as it would help maintain variectal
purity. Contaminating varieties would be suppressed and weed control
would improve. This may be important in peasant agricultural
systems, but where weed control and seed certification are the norm,
high competitive sbility may not be @ desirable character. As
already shown high yield in pure culture and zbility to dominate
mixturss are not necessarily related and in segregating populations
this may lead to the elimination of desirable types.

Mutant forms of barley have been shown by Gustafsson and
Nybom (1950) tc have different competitive abilitics. These workers
found that some mutents although lower yielding, wers more competitive,
They alsc chowed thet the relative competitive zbility varied between
years, Wiebe et al. (1963) carried cut & similar experiment using
isogenic lines. They simulated various generations of a population
by mixing isogenic lines and their hybrid in the expected ratios,
They found competition caused a reversal in yield rankings of the
lines in the mixtures and pure culture. However, Wiebe et al. (1963}
stated: "This (result) is a paradox for the plant breeder. ©On the
other hand if the rule has & degree of universality, it may explain
why breeding for increased yield has proceeded sc slowly". The
vaper is difficult toc assess as the results are presented on o

relative scale, YWhen one line increases, the ather must show a
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corresponding decrease., If they are correct in their conclusion,
the finding has great significance for plaﬁt breeders,

Similar genotype=competition interactions have bsen reported
in rice by Sakai (1955) and Jenninge and de Jesus (1968). However
Akihame {1968) found no interaction hetween competitive ability and
environment, He suggests that competitive ability iz independent of
the envirenment,

In mazy of these studies a major weakness in design is the
emall number of lines used in the mixtures ( ingledow, 1 mixture of
two varieties; Klages, 3 mixtures of 2 varieties; Christian and
Grey, 1 mixture of 2 varieties; Laude and Swanson, 2 mixtures of 2
varisties; OSuneson, 2 mixtures of 4 and 5 varieties:; Wiebe et al.,
3 lines in various proportions; Gustafsson and Nybom, pairs of
varieties and mutant lines; Sakal, 2 varieties; Jemnings and de Jesus,
5 varieties in the mixture; ikihama, 2 varieiies). If the varieties
nsed differ marikedly in their pure culturs yield, then a very large
genotype =~ competition interaction would be required to change their
relative performance in mixtures., On the other hand, if the varieties
chosen have a very similar yield in pure culture, then an unasually
smwall interaction may have a very considerable impact on survival in
s mixture. The result only reflects a sampling choice in the initial
population. To have any zeneral validity the sample of varieties
would have tc be large enougzh and be chosen at random to snsure that

the result obtained was not due to the initial choice of varieties.
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It is obvious that many of the experiments reported here do not

meet this requirement. The results can be divided inte two categories,

=

"irstly, Harlan and Mertini (1938) found that the local commercial
variety tended to dominate the nmdxture. On the assumption that this
would have been the highest yielding in pure culture, thisz suggests
that yield in pure culture and competitive ability of individual

genotypes are positively sssociated. This result is in contrast to

that of many viher workers {see above discussion) who found that the
highest yielding lines in pure culture were eliminated in mixtures,
These vesulis show that no generalization can yet be made about the
relationship beiween yield in pure culibure and competitive ability,
it is thoughi that the variety that dominates a mixture does BoO
Gecemse it is highly competitive, From these results one can attempt
W meke some generalizations about what might occur in bulk hybrid
popuiations,

The usual form of these predictions, as pointed out by
Allard and Jain {1962} and 4llard et al. (1968}, is that, after
several generasions of inbreeding, the bulk would consist of a few
kighly competitive, nigh yielding, well adapted genotypes. But asg
alreaty shown yielding ability in pure culiure and competitive
ability are not necessarily related. The conclusion thet the bulks
wili be high yielding probably stems from Suneson’s work {Suneson and
Stevens 1953, Suneson 1956 on the yield of bulk populations, and not

irom & comsideration of the work on mixtures. This latter would lead
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one to conclude that bulke would consist of a few highly competitive
well adspted lines of wnkunown yielding ebility,

On the basis of the questions raised by work on mixtures,
Saneson (1949) discusses the validity of the bulk breeding method,
and suggests that the clessical concepts of what might be achieved
by this method need wvevision, He concludes: "It seems important to
learn mere about the nature and importance of survival in competitive
mixtures?,

The bulk population experiments, to be considered next, do
not in fact conlirm the expectation that bulks in later generations
will consis?t of a few highly competitive genotypes of varied yielding
ability and a possible explanation for this discrepsncy will have to

be considered.

Competition : (B) In bulk hybrid populations.

Although the bulkpopulation method of breeding was used as
sarly as 1908 by Nilsson-ihle, {Akermen and Mackey 1948) it was no%
wntil the 1940s that breeters published on the survival of genotypes
within these bulks,

The early work was concerned with the comparison between
bulk and pure line breeding methods, The aim was to grow the bulks
as cheaply and easily as posaible until most loci were homozygous.

This usually continued at least until the 13‘5 and more commonly until

the }5‘6, ﬁ‘,{. or FB. Selections were then made within the bulks and
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these compared with pure line selections from earlier generations.

The work of Harlan et al, (1940) end Atkine {1953} on barlsy show

that there was ne difference between the tws methods., MTigh yielding
lines had not been eliminated by competition. There was usually a
sufficient range of genetic variation present for selection to be
practised successfully for any character or combination of characters,
(Adair and Jonmes 1946, rice), But Middleton and Chapman (1941, barley)
noted that certain characters (smoct: and hooded swns) were reduced

tc a very low frequency in the population.

Zeveral workers have reported that different selection
environments have tended 4o shift populationz of the same initial
material in different directions. For example, length of growing
season varied with selection site (Adair and Jones 1946)}. The yield
performance of bulks was markedly dependent on the site at which
natural selection had occurred (Taylor and Atkins 1954). In contrast
tc this Reyes amd Frey (1967) found that bulks grown at different
densities did not show a genetic shift, and Oka and Lin (1958)
obtained the scame results with bulk populations grown at different
fertility levels,

These results show that natural selection will alter
populations, But the suggestion that only a few highly cémpetitive
genotypes {(pJ7) would survive, anticipated from work on mixtures is
not correct. The most complete study of bulk populations has been

on material developed by Suneson. These he called composite crosses
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becanse the populations were obtained from crosses betwveen many
parents. OJomposite cross populaticons therefors have a wide genetic
basze In 1953, he and Stevens showed that certain characters, for
evample two row hesds, hoods, smooth awns and black grains, decreased
very rapidly with time in six vpopulations. Zome characters survived
better at come sites than others. This result is similar to that
obtained by Ferlan and Martini {1938) for varieties,

Thz most controversial result, however, is their report on
the yield trends of the composite crosses with advancing generations
{Sunef:cn end Stevens 1953 and Suneson 1956). The data for composite
cross 1T 28 shown in Figure 1a is a copy of the results as presented
by Suneson {1956). TFigure 1b is from a table in the same peper.

Figure 1a shows 2 steady increase with time in the yield of
Composite Gross II when compared with Atlas, There is some indication
that the improvement only continuee to the 20th generation. It is
hers that the control, Atlas, was replaced by 4tlas 46, Figure 1b
chows that, whilst there was some improvement in the performance of
the composite cross with time, the yield of Atlas fell throughout the
experiment. This would tend %o exaggerate the gains of the composite
cross when presented on a relative basis, Furthermore, the yield of
both Atlas 46 and the composite cross fell very rapidly from about
the 20th generation onwards., Mo explanaision is offered ior these
decreases.

Although it is difficult to inwverpret whal is happeaning
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The relationship between the bulk yield of Composite Cross II and

Atlas over generations {after Suneson 1956).
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The relationship between Composite Cross Il and Atlas,

a.)from a figure, Suneson 1956.

b.) from a table,

Suneson 1956.

100; 605y
O\o
100 }‘/?53-8‘ T
Atlas. Atlas 46.
Yield 20 x Yield47H
°/o of x/ kg ha.
"
AtlaSSO_ (00 4)0.4,
701 3361 ~
x x CC.II
601 26°G
o o Atlas
F5 F15 F25 F5 - F15 F25

Generations



within the composite cross, some significant results were obtained,

Selections were made in the F,, (356 lines), the Poc (RO lines) and
&

e

the F,, (66 lines). There were no high yielding linmes in the F,,
Zih [ X

F.. and 10 from the P. . Three of
20 wly

these latter had a yisld advaentage of 569 over Atlasz 46, This

selections, thersz were 2 in th

]

suggests that natural sselection has increased the proportion of high
vielding genotypes.

The result iz of oonsidersble interest as it weould imply
that competition has worked in the opposite way from that commonly
found in siudies of mixtures., Two problems srise., Firstly, this
result needed confirmation, and if confirmed, an explanation of how
this difference in results occurred is required.

Using 63 random gelectionas from the Fﬁ’ ?6 and the F3§
senerations of Composite Cross V Jain and Allard {Jain and Allard
1960, Jain 1961 and Allard and Jain 1962} showed that with time both
the yield and the fitnest of the population increased, in an approximately
linear fashion. The yield was not, however, compared to that of the
parents or Atlaz., They further showed that the variance of two
characters, heading date and height, decreased with time when compared
with the between parent variance. It was however, much larger than
the within parent variance. Selection was found to be both directional
and stabilising for most characterz. Thic -uggests that there was a
shift for characters whose means were not at the optimum for the

environment; +this shift was towards the optimum, For all characters
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studied there was an elimination of extreme types. Because of
experimental difficulties, this work was conducted at 30.5 x 30.5 em,
spacing whereas Suneson worked with drill rowe. 4s the suthors point
out, their conclusion camnot be compared unequivocably with those of
Suneson because of a possible genotype = density interaction due to
the low dencity used., Fo attempt was made to estimate the importance

of

this interaction. This work however, supports the contention of

Suneson {1956) that the yield of the composite increased with time.
Adems and Allard (1969 a end b) measured the competitive

ability of four barley varieties (the four used by Suneson in 1949)

ané four vheat varieties and eight seleetions from the F 8 of

1
Composite Crosa V., The yield of varietiss in pure culture was
expressed as s percentage of one of the varieties, and the yield in
mixture as a percentage of the yield of the individual variety in

.

pure stand (percentagea of percentazges), This method of presentation
is awkwvard tc¢ interpret. It is notable that in the three sets of
comparisons, barley and wheat variebies and selections from the
Composite Cross, the lowest yielding lines in pure culture showed the
largest increase in yield undex competitive conditions. In the case
oL the zselections from the Composite Cross the highest yielding lines
in pure culture showed the least relative changs in yield, This was
not as cbvious in the case i the varietie., perhaps due %o the

inherent campling errors that can be =xpected when small samples are

used {:Cf. De 16).
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This result suggests that the high=yli 26 in pure
culture were the poorer competitors. There would appear 1o be an
agreement here with the reswlts from the majority of the mixture
experiments,

Farther evidence for this relationship between yielding
and competitive ability is provided by some work on rice. Jennings

+ A\ . e s - . ¢
A Herzera (1968),using bulk populations, found a negative essociation

B

between yield and competitiwve ability.
The evidence therefore appears to have both confirmed the
work of Sunegon, namely thai natural selection may concentrate nighe

vielding genotypes end also confirme that thexre is often a negabive

b«

elationship between yielding ability and competitive ability. The

onflicting results ouilined above will be considered more fully in

Q

the next section.

Competition : _(C) Theoretical considerations of natural selection

in bulk vopulations.

Az poinsed out by Schutz et al. {1968} and Allard and
Asdams (1969 a and b) competitive ability,* measured ty the relative
verformance oi 2 variety in a mixture relative to its performance in
& pure stand, is not z prime factor in ensuring survival in a bulk

population, The determinims factor is the ability to produce large

* This deifinition of competitive ability, the raiio of the yield of a
variety in & mixbture, relative Vo its yield in pure culture is used

throughout this thesis.



rnumbers of offspring in the next generation. A variety that can
produce more seeds than its neighbours in a mixture, will dominate
that mixture, This will cceur sven ify by the definition above, it
is a poor competitor, The reasons for thisz are illustrated in
fioure 2,

Pigure 2 represents a series of idealised relationships
for a nmumber of genotypes grown in two situations, firstly competing
against the zame genotypes {pure culture) and secondly competing
against different genotypes (mixturez).

Iine A has a slope of one., The different zenotypes that
lie on that line have the same yield in competition with other
genotypes as they do when competing agzainst themselves. That is to
say that yield and competitive ability are independent. It i
cbvions that the high yielding genotypes will dominste any mixture as
these genotypes will contribute more progeny to the mixture than will
poorer genotypes, The same occurs, but more rapidly if yield and
competitive ability are positively assceiated. The sleope of the line
would now be greater than one,

Line B has a zexrc slope. The yield of the different
genotypes in the mixture is now the same, irrespeciive of their
yield in pure culture, The high yielding genotypes in pure culture
are poor competitors as the ratio of yleld in the mixture to pure
culture is less than ones the reverse is true of the low ylelding

genotypes. The proportions of the various genotypes in the mixture

3
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Figure 2.

The theoretical relationships beiween a series of groups
of genotypes grown in a mixture and as pure lines, This
diagram was developed from the theoretical discussion of

Schubz et al, {1968) and Allard and Adams (1963 a and b).

ry
LEA)



Hypothetical relationships between a series of genotypes
grown as mixtures and as pure lines.(this figure is a
development from the work of Schultz et al. 1968 and
Allard and Adams 1969.)

line A
Yield per e
plant in tine C
mixtures.

line D

Yield per plant in
pure culture.



depicted by line B will not change and the population will be at
equilibrium,

Line C represents any lire with a slope greater than zero
but less than one, The high vielding genotypes in pure culture are
&gain poor competitors and the low yielding genotypes good ones, as
in case B; but becanse the high yielding genotypes still manage to
produce more seed in the mixture than the low yielding genotypes the
less competitive high yielding lines will doninate the mixture,

This is despite their lower competitive zbility, Their rate of
domination will depend on the slope of line €, the steeper the

slope, the faster the rate. Decause the high yielding genotypes will
dominate the mixturs, the vield of the mixture will rise with
successive genervations as the low vielding genotypes are eliminated,

Iine D has a negative slopsz. The yield of the low yislding
genotypes in pure cultuze zo improves relative to the high yielding
genctypes when these are grown in competition that the former will
dominate ihe mixture. The yield of the mixture would initially fall,
and then stabilise at & low level,

In this discussion of Figure 2, ths relationship between
vield and competitive ability har been assumed to be perfect, with
all the genotypes used falling exactly on the line, In practice,
this would net occur, A large sample of geuctypes would be xpected
to show some scabter, In addition, any one genotype would be

expected to vary from its true genetic position in relation %o the
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line, due to site, season, and individual neighbours, These
variations would probably decrease the rate of chenge within a
population, and would account for random fluctuations in all
porulations,

This simple model helps %o explain the anomalous resultis
already outlined, sinece it shows that it is possible for a population
to improve with time, yet with the higher yielding genotypes less
competitive than the low yielding ones, The populations used by
Suneson and Allard and co=-workers may be of type C, whereas that used
by Jemnings and Herrera may be of type D. The latter study would
reflect on inverse relationship between yielding ability and height
end a positive relationchip belween height and competitive ability,

In conclusion, it is clear that thers is a competition
between genotypes., Wwhether this will markedly hinder selection will
depend on the relationship between yislding and competitive ability

of the individuals in the population.,

)
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(5) Microwinvironmental Effects and Single Plant Selection

It is not yet feasible to use vegatative propagation in
cereals to provide replication of a single genotype in segregating
generations., Because of the difficulties of replication and genetic
variability, plant breeders have made little attempt to estimate
micro-environmental effects. In a recent review LeClerg (1966)
discusses the problems of experimental design in plant breeding in
great detail, but although he states that the largest source of
error is due to the lack of soil uniformity, he does not discuss its
effect on single plant selection,

In 1938 Fairfield Smith considered soil heterogeneity and
discussed the use of moving means to estimate its effects, Moving
means provide an estimate of the average yield of a small area, and
can be caleulated if data are obtained as a series of contiguous
samples. The most common measurement of this type is the population
mean yield; however if, for example, there is a fertility trend down
a row the mean yield of the row would not give any indication of this
trend. One way of showing the trend would be to divide the row into
a number of sections and obtain the mean yields of the sections. A
better solution would be to use moving means, i.e. the mean of the
first 3 samples in the row, then of samples 2-4 and so on until the
end of the row is reached. In this way a continuous series of local
means is obtained., These eonstitute the moving mean. The number of

observations in the moving mean and the size of the basic unit are

Y
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entirely arbitrary.

Fairfield Smith (1938) using moving means and a single
variety presented a soil fertiliiy map, expressed in terms of yield,
which showed fluctuations of up to 100% in less than 5 feet.,
Reports of this range of variability are common in the literature
(for a comprehensive catalogue of this work see Cochran 1937).
Fairfield Smith used a plot containing six plants as his unit, but
he noted that there was no reason why this should not be reduced to
a single plant. Although he made this comment, the use of moving
means to estimate local environmental effects was not adopted by
plant breeders,

The efficiency of the moving mean as a measure of microe-
anvironmental effects in segregating populations depends on twe
related problemss the moving mean must be calculated from a
sufficient number of individuals to minimise any bias due to genetic
affects, especially that due to the chance jJjuxtaposition of several
high or low yielding genotypes that would distort the average yield
of any area. On the other hand the sample should be sufficiently
small to reflect accurately the local environment. If a moving mean
accurately reflects the micro~envirommental effects, then a more
precise relative assessment of individual genotypes will be possible.

A second appromch is to use a polynomial function to
calculate a surface of non-random variation. The function is

basically one of regression in one or more dimensions of predetermined
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complexity. This technique is used in many fields, for example
economics, chemical engineering, fertilizer rates, animal feeding
trials. The method is used to optimise the effects of combinations

of several factors on a particular process. In geology it is used to
predict the spatial arrangement of ore bodies from a limited number

of core samples (Field 1968). This approach is very similar to that
proposed here, where the surface is used to estimate micro=environmental
heterogeneity.

Field (1968) also discusses the use of moving means and
double fourier analyses to estimate ore body shape. Fourier analysis
has not been considered here as there is no reason to expect cyclic
variation, although this may occur in geological studies where folded
structures are encountered.

From this discussion it is apparent that improvements in
selection may be possible using one of these techniques to estimate
micro=-environmental variation within a selection plot. This was
attempted in this project and the results will be reported in a later

section.
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{(6) single Plant Selection Experiments for Yield i

{4) Introduction.

Possible reasons for the failure of single plant selection
have been reviewed and all the factors considered, heterozygosity,
genotype - environment interaction, competition and micro~-environmental
effects may each confound the relationship between individual
performance and crop performance., It is reasonable to assume, that
unless there is some conirol of these factors in a selection
experiment then one or more of them will lower the efficiency of
selection. They may so dominate an experiment as to r ender single

plant selection futile.

Nearliy all single plant selection experiments have been
conducted to determine whether the plant breeder can define conditions
in which selection foxr yield is effective. Commonly a range oi
nitrogen and density treatments have been used, as these are most
easily controlled by the breeder. For certain characters the
environmen’ is vital in ensuring differentiation between zenotypes
(for example, if selection is for resistance to disease or lodging).

-There are two approaches to the gquestion of whether an
optimal selection environment exists. One can use an environment
that permits the maximum expression oi the characters, as advocated

by Frey (1964). Alternatdvely Donald (1962) and Hinson and Hanson

(1962) consider such an environment bears little resemblance to

commercial conditions, and suggest that selection should be carried
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out in an environment that closely resembles field practice.
To obtain data on this point, several selection experiments

have been conducted to determine which procedure, if any, is valid,

(B) Selection at a range of densities.

Weber (1957) selected within 6 soybean crosses on the basis
of yield and maturity at a range of densities and found no difference
between the selections, This result is interesting as half the
crosses were selected in the }3‘3 and half in the Fé and both gave the
same result, suggesting that heterozygosity was not an important
problem, but that some other factor limited the efficiency of
selection. 4 similar result was obtained by Shebeski (1967) and
McGinnis and Shebeski (1968), They concluded that the selection for

yield in the F, was not effective, although it appeared that the

2
elimination of the very poor lines brought some overall improvement to
the yield of the population.

Two .oat populations were grown by Frey (1962) at low density
and selections were made visually for good, random and poor plants.
These selections were tested for two generations but there was no
congistent difference between the groups in one cross and no
significant differences between groups in the cther. The number of
lines used was small (10, 8 and 7 lines for the good, random and poor
selections respectively). Three densities were used by Gotoh and
Osansi (1959&) in an experiment on wheat, Twenty lines selected on

the basis of high yield from each density, were tested at the high
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density. More good lines were present amongst those selected from
the low density, than from the other two treatments,

Selection at wide spacing in a sugar heet cross (Ho sokawa.
et al, 1964) was effective for either root weight or sucrose percentage,
but as these workers did not cvercome the strong negative association
between these two characters, it is unlikely that selection for yield
of sugar per hectare was effective.

Selection for high yield was not effective in any of these
reports but all the experiments had design weaknesses, For example,
in no experiment was any attempt made to estimate the microe
environmental effects in the selection generation, where local
fluctuations mgy have had a large effect on single plant performance.
However McGinnis and Shebeski went to great lengths to estimate
localised effects in their test generation. This effort was
ineffective as similar fluctuations in the previous generation were
not estimated,

All these workers introduced a genotype - environment
interaction as their selections were not tested in similar environments
to those used during selection. Four authors used completely
gifferent enviromments for selection and yield testing {Hosokawa
et al, 1964, Shebeski 1967, McGinnis and Shebeski 1968 and Frey 1962).
The other two (Gotoh and Osanai 19592 and Weber 1957) tested their
selections from several densities at a density which was identical

to only one of their selection treatments, In some cases & control
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population was not grown so that one cammot tell whether selection
had been effective (Weber 1957, Gotoh and Osanai 1959a, and Hosokawa
et al. 1964).

The only unexpected result is that of Gotoh and Csanai
(1959a.). They claim that more good lines were found amongst
selections from the low density treatment when selections were
assessed at high density. The result must be viewed camtiously as
only 20 lines were selected per treatment, or there may be no real
improvement, From the date presented it is not possible to decide

this point,

(C) Selection at different nutrient levels,

Gotoh and Osanai (1959b) selected at three levels of applied
nitrogen and tested their selections at the same three levels. They
claim that lines selected at lowest level of nitrogen were more
vwidely adapted to fertilizer variations than were those selected at
highest nitrogen level, It is difficult to accept this conclusion
as the average yield of both groups of selections was similar at both
high nitrogen (18.8 and 19.0 grams per plant) and at the low nitrogen
(13,0 and 13.1 grams per plant). They also claim differences in
heritability, calculated by the regression method, between lines
selected in the various environments, These results were obtained
without scaling to standard units as proposed by Frey and Horner {1957)
and it is therefore impossible to make meaningful comparisons between
the treatments,

35



A similar experiment was carried out by Frey {1964),
who used stress and non=stress conditions. He found that selection,
in the non-stress situation, was more effective for adaptation to
a range of environments but that there was no difference in the
average yields of the selections from the different environments.

Frey (1964) quotes Gotoh and Osanai (1959b) as supporting
his own findings. "The data in this study (Frey 1964} support the
first theory, i.e. a non-stress environment differentiates the
adaptation reaction of oat strains better than a stress environment.
Gotoh and Osanal also showed that the correlation between yields of
varieties when tested under different fertility levels was higher
for strains selected under high fertility than those selected unier
low fertility." It is difficult to reconcile this statement with
the published one of Gotoh and Osanai {1959b). "Correlation
coefficients in the *a' derived line groups (selected at low N) were
the highest in each test condition .se. It is remarkable that n?
value is highest in the 'a’ condition, Consequently it seems likely
that selection under the latter (fertility) condition was more
effective than those under the *b* (normal N} or 'c! (twice normal N)
condition.”

In both these reports the selections were tested in the
same conditions as they were selected, thereby removing genotype -
environment interaction, but no attempt was made to estimate the

micro=environmental effects in the selection generation.



In the work reported here the control used was the
population mean. The yield of any section of the population could

then be compared with the population mean,

(D) Animal selection experiments.
Animal breeders have alsc been uncertain whether tc select

under optimal conditions or commercial conditions. Their experiments
#ive a much clearer indication of the optimal selection environment
and therefore merit consideration, Hammond (1947) takes the view
that optimal conditionz are preferable, on the basis that the rate
of genetic advance will be faster when small differences in nerformance
are apparent, thereby zllowing more rigourous selection.

This view was challenged by Falconer and Latyszewski (1952)
and Falconer (1952). These authors bred mice in two environments,
in one they had an unrestricted diet, the "ideal™ environment, in the
other, food was limited providing a subeoptimal environment. The
mice were selected on body weight at six weeks. After several
generations some mice from each environment were transferred to the
alternative enviromment. The results showed that when mice selected
under ideal conditions were reared in a sub=optimal oney their growth
was less than that of mice selected in those conditions, The reverse
did not hold true. On examining the body tissue of the mice it was
found that those selected and tested under optimal conditions had
more fat tissue than the mice selected under subeoptimal and tested
under optimal conditions. The authors suggest that, although the
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same objective selection criterion was used in both cases in fact
selection occurred for twoe different components of body weight, In
the optimal conditions selection was for food inteke, whereas in
the sub-optimal it was for conversion efficiency.

Similexr results have been obtained with Drosophila
{Robertson 1960) and for pigs (Fowler and Ensminger 1960, 1961 and
Hale and Coey 1963). These results show very clearly that animal
selection should be carried out in conditions as similar as possible
to those used commercially,

These results raise three questions, in what ways does
animal breeding differ from plant breeding, why are the animal breeding
results so clear cut and what applicability do these results have for
plant breeding?

Animal breeders, except those using Drosophila, work with
relatively small populations. Because of the value of animalc and
their slow rate of reproduction breeders are unable to test and
reject a large proportion or complete populations as is the practice
of & plant breeder., Two important factors however favour the animal
breeders, competition between animals for food can be eliminated and
other factors of the enviromment can be closely controlled., It is
probable that the removal of these two problems zsnables the animal
breeder to select effectively, because the genotype - aenvironment
interactions are greatly reduced., This is a different situation

from thét facing the plant breeder. Yhen growing plants at commercial
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spacing, he does not know whether a lirge plant is due to its
inherent efficiency, to its being a better competitor than its
neighbours and obtaining more than its share of growth limiting
factors, or to its being in a more favourable t han average micro-
envirzonment.

Although there are considerable uncertainties in
extrapolating from the research in animal breeding work to plant
breeding it would appear that if plant breeders hope to achieve
comparable progress in the efficiency of selection, greatsr conirol

of competition and the environment is needed.
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(7) The Ideotype (*) Approach to Single Plant Selection for Yield

In the study to be reported several characters were measured
in addition to yield to determine if such measurements could aid the
selection of high yielding genotypes. The characters could conceivably
be more simply and more precisely assessed than yield itself.

4s direct selection of single plants for yield has usually
failed, it has been suggested that selection might be more effective
if the breeder could identify high yielding genotypes indirectly
(Donald 1968 a and b). Instead of selecting for yield he could
select on some other plant character(s) that may be less influenced
by heterozygosity, genotype ~ enviromment interactions, competition
or micro~environmental effects. In this discussion model characters
are defined as those which a breeder considers associated with yield
potential and which are therefore worth including in his breeding
objectives, The most obvious characters of this type are lodging
and disease resistance.

Attempts to evaluate the relationship of plant characters

to yield can be traced to the work of fngledow and his colleagues,

(¥} "The term 'ideotype® literally 's form denoting en idea®, is here
proposed for bilological models, In its broadest sense, an ideotype
is & biological model which is expecied tv perform ¢r behave in a
predictablie manner within a defined enviromment, ¥Hore specifically,
a crop ideotype i= a plans model which is expecited 4o yisld a greater
quantity or quality oif grain, cil cr other useiul product when

developed as & cuitivar.” {Donald 1908a;)
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who divided yield into its components, plants per unit area, heads
per plant, seeds per head and weight per seed, (Engledow and Wadham
1923, 1924 and Engledow 1925). It was hoped from this analysis to
gain information on the effect of individual yield components on
seed yield and to provide selection criteria for plant breeders.
Frankel (1935) concluded that the results of this type of analysic
were only of practical significance in the eaviromment in which the
experiment was conducted.

Breeding for yield components has gained some favour with
plant breeders (Woodworth 1931, Grafius and Wiebe 1959), Donald
(1962) states that at a conference in Canberra, plant breeders from
various research stations nominated each of the different yield
components as being the most important in determining cereal yield,
In the same article; Donald pointe out thet in placing emphasis on
Yyield components plant breeders have been selecting for the final
expression of yield, He further suggerts (1562, 1968a) that if the
supply of photosynthates that goes into yield is constant, then an
increase in any one component must lead to a corresponding decrease
in one or more of the other components. A negative relationship
between yield components has often been reported (Frankel 1935,
Adams 1967, Rasmusson and Cammell 1970).

Yield increases mst therefore come from two possible
sourcesy either the distribution of photosynthates must be altered,

or their supply must be increased, or both.
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The importance of ths final distribution of photosynthates
between economic and total yield has been stressed by Beavan (1947),
Nicoporovic {1954) and Donald (1962), who called the relationship
the Harvest Index, UDonald (1962) noted that few breeders measure
this ratio, and although it is empirical, it does offer a new approach
to the problem of breeding for yield. The evidence of Beavan (ibid.),
who found that therewas a correlation between harvest index and
vield, and of Sims (1963}, who found that the difference between old
and present day oat cultivars was not that the total crop weight had
altered but rather that the harvest index had increascd, support
Donald's contention.

The second approach, namely to increase the supply of
photosynthates, has recently come %o the fore. This has depended on
three developments in plant and crop physiology that permit the effect
of canopy structure on photosynthesis to be analysed,

Individual leaves of temperate cereals have a photosynthetic
response curve that approaches an asymptote at sbout 2000 foot candles
{loomis 1948, Zabinowitech 1951).

It is also knmown that although individual leaves become
light saturated at relatively low light intensities, a crop responds
to mmch higher light intensities (Boysen-Jensen 1932, 1949, Heinicke
and Childers 1937, Thomas and Hill 1949, and Davidson and Philip 1956).
Futual shading within the canopy reduces the light intensity on the

lower leaves. 4s the extermal light intensity increases, so the
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available light within the canopy increases, with a concomitant rise
in the total photosynthesis on the crop. This occurs even though
the upper leaves are light saturated {(Donald 1963).

It was only with the discovery that the light intensity
within the canopy fell in a predictable fashion approximating to
Beer-Lambert®s law (Monsi and Saeki 1953, Kasangs and Monsi 1954,
Davidson end Philip 1956), that it was possible to analyse the effecis
of different canopy structures on the photosynthetic efficiency of a
crop.

In & simplified model, three aspects of the canopy structure
affect light penetration. These are the angle of the leaves to the
incident light, and the vertical and horizontal distribution of the
leaves, Wilson (1960) and Blackman (1961) chow that the deeper light
penetrates intc a canopy, the greater the photosynthetic capacity of
the crop. The depth of light penetration increases if the leaves
are ewenly dispersed both vertically and horizontally (Wilson 1960).
Blackman (1961} suggests that narrow dissected leaves would be
superior 4o round or cordate ones, but this is of little relevance to
cereals, As the leaf angle increases from horizontal to vertical,
so light from an overhead source penetrates further into a canopy
{Wilson 1960). -Light profiles within different canopy structures
showing this effect have been presented by Blackman {1 961} and.
Donald (1961).

The above discussion has been based purely on geometric
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considerations and as de Wit {1965) points out the model is very
over-simplified. The use of computers now permits simulation studies
involving & much laxger range of factors., On the basis of his recent
study he has shown that the earlier conclusions concerning the
relationship of leaf angle tov light interception need some modification
depending on the angle of inclination of the sun.

This example, which shows how conclusions may have to be
modified after further investigations, raises an important question
on the use of models in plant breeding. 2 breeder would have to
decide; often with limited data, on the usefulness ¢f & particular
character to his environment. IHe may then invest considerabls time
and effort in breeding for plant type. In a few years he may {ind
that the evidence for his choice of characters was insufficient. This
is the explanation for the reasonable but pragmatic attitude of many
breeders that it is more efficient to select for yield itself.

Yowever, apart from thesc theoretical studies on cxop
geometry, data are accumulating from field studies that suggect that
canopy geometry might usefully be altered. The effect of leaf angle
on light penetration has been shown 3o be important in elucidating
the different yield potentials of wild and cultivated sugar beet
{Watson and Witts 1959), of Japonica.anﬂ Indica types of rice
{enaica et al. 1966, Hayashi and Ito 1962}, of isogenic lines of
upright and normal-leaved maize {Pendleton et al. 1968) and of six

barley varieties {Gemdener 1966},
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These results were cbtalned using different genotypes so
that the yvield differences may be due to cther gerstic factors rather
than the characters studied. In twe papers, by using a single
senotype and physically altering the leaf angle, this problem has
been overcome, Working with rice Matsushima et al. {1964) used paper
clips to weigh down the leaves thereby decreasing their leaf angle.
They found that at high densities the carbon assimilation of the
plants with the paper clips on their leaves (1.¢. low leaf angle)
was only 65% of those without., At wide spacing no difference was
detected, Similarly Pendleton et al. (1968), with comm, tied the
leaves above the cob to the stem and compared thiz with the contrcl.
The plants with the tied up leaves yielded 14/ more,

Besides using leaf canopy morphology ae an explanation for
vield differences beitween varieties, a group at Guelph, Canada,
(Tenner et al. 1966}, on the basis of Gardemer®s {1966} work, used
it to predict yield. They rated 300 varieties of wheat, barley and
oats on the basis of leaf angle and leaf width. They were able
identify all but two of the top fifty high ylelding lines, and these
two were casily explained exceptions. These workers further noted
that compared with long leaved types, these high yielding lines were
poor competitors with weeds (Tarmer et al. 1966).

This work hac led many authors to strongly recommend the
incorporation of characters that affect canopy structure into
breeding programmes {Jennings 1964, Beachell and Jennings 1965,



Jemnings and Beachell 1965, Stoskopf et al. 1963, Pendleton et al,
1968, and Donald 1968 & and b,

CUther canopy characters that have been canvassed as
potentially useful are net assimilation rate and efficisncy of
translocation (Iupton 1966). However, until some simple method of
assessing these characters iz available it is not feasible to use
them as selection criteria., A more casily selecied cheracter is
fewer nodes, and consequently fewer leaves per stem {Stoskopf et al,
1963 and Donald 1968 a and b). This would ensure a more even vertical
dispersion of leaves, so allowing Jdeeper light penetration.

Some workers suggest that the ability to tillexr is very
important. Various reasons have been proposed including weed
suppression (Pal et al, 1960) and the rapid and complete interception
of the incoming radiation (iAsana 1965). These reasons are not always
valid, for instance when herbicides can be used o control weeds,
Mackey {1966) developed ideotypes based on yield components fox
Gifferent climetic regimes. In areas where there is a favourable
environment he suggests that the factors limiting yield will be
operative late in the crop'’s life cycle, for example during zeed set
and grain filling. In less favoursble areas the important limitations
to yield develop earlier and would affect tillering. He ccnsiders
that in the less favourable areas tillering is the most irportant
yield component. But this is not always true as rapid early tillering

to ensure complete light interception and sn adegquate tiller iumber



may be detrimental in dry environments. For example, prolific
tillering would cause greater use of water early in the growing season,
This may cause more severe water siress later and reduced yields,
Jeveral authors favour reduced or non-tillering plants,

Burd (1969) suggests that in arid environments surplus
tillers waste the available water, Stoskopf et al. (1963) suzgests
that if g non tillering type is growm it maybd @ possible 4o predetermine
the leafl arez index that will be present et pollination, with consequent
effects on leaf area duration after anthesis. {is most of the
assimilates in the ear are produced during this period {Thorne 1966)
the longer the leaf area duration the higher the yields.,) Donald
{1968 a and 1) suggests that in single tiller plants there will be
no competition between the developing ear and young tillers, allowing
the development of a larger car. Assimilabtes are not wasted in
producing noneproductive tillers which would also waste nutrients and
waters In & pol experiment, using a cubtting technigue to control
tillexr number he obtained a clear increase in yield per tillex fon
the uniculm plant over multi-tillered plants (Donald 1968b). Compared
with the experiments of Matsushima et al. (1964) and Pendleton et al.
(1968) who altered leaf angle mechanically, removal of tillers is a
vexry d(rastic approach to the problem. Unfortunately the only
alternative is the usz of iso=genic lines, and with these one cannot
be certain that the lines differ only for the genes influencing the

character involved.



It may never be fully pessible to decide which tillering
vattern is the more advantageous, although it would =ppear from
present data that profuse tillering is a disadvantage, cxcept in
areas where chemical weed control is not practised, The problem of
the number of ears limiting yleld, raised by MacKey, can easily be
overcome by increasing the seeding rate,

Various workers have advocated breeding for car characterw
istics that would improve the photosynthetic capacity of this organ,
for example glabrous glumes (Jennings and Beachell 1965), awned and
upright ecars {Donald 1968 & and b).

Although ideotype characters are at present in vogue and
will have an increasing impact on plant breeding methods, they should
be accepted with caution., Fivstly, as already discussed, the breedexr
must decide if the character in which he is interssted is applicable
to the crop’s enviromment, As Williame (1963) states, "The current
emphasis upon light has heen both timely and valusble, but there is
need to guard against excessive siress on this factor., The crop iz a
great deal more than an sbstract system of surfaces with an inereasing
tendency to self shading,".

A more serious criticism has however been raised by Finlay
(p68). The scceptance of his argument depends upon the point which
present yield hzs reached in relation to the absolute potential,
Finlay argues that by defining and selecting for 2 model type we
could be severely reducing the genetic variability available for
further selection.
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(8) Conclusions :

(1) single plant selection for yield appears to have
failed, This confirms the belief of mamy authors {Allard 1950,
Elliott 1958, Bell 1963, Harland 1949, Hezrington 1932).

{2} There are several factors which tend to reduce or
destroy the prediciive value of the yield of single plants in a
heterogeneous population for performance in pure culture,.

(3) Ho experiment on single plant selsction hae considered
the effects of all these factors as a groupy on selection, and
consequently no experiment has been designed to minimise them 211,

{4) It would be worthwhile %o reconsider the utility of
single plant selection if the concept of ideotypes is useful and the
characters proposed in a particular model prove %o be less affetted
by the confounding factors.

This thesis describes a project re~cxomining the feasibility

ol single plant selection,



METHODS AND MATERIALS.

(1) Outline of the Fxperiment s

The experiment was designed to see whether single plant
selection in the F3 generation was successful in identifying
genotypes that would be high yielding in pure stands in the F5
generation.

The F5 of a cross between two barley varieties (Proctor and
Co1.3576) was grown in four contrasting environments (Fig. 3). These
were two densities, at the same level of applied nitrogen (the
density experiment), and two nitrogen levels at the same density (the
nitrogen experiment), The enviromnments provided contrasting
competitive conditions. High yielding plents may be good competitors
only in e particular environment, rather than in all situations.

The total yield range of the F3 plants in each situation
was divided into decile groups and selections were made at random
within each group. Yield testing in a later generation would indicate
whether the yield of an F, individual was attributable to its

3
competitive ability in the mixture or whether it was a high yielding

genotype.
The seed from the selected plants was increased in the F 4
and yield testing occurred in the Fﬁ' Plants that had been selected

in one environment were yield tested both in that environment and
also in the alternate enviromment. For example plants selected at

low nitrogen in the ]?‘3 were yield tested at low and at high nitrogen
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in the F5. This is shown diagramatically for all selection
treatments in Figure 4.

(The seed from F; plants grown and selected in 1967 was
increased by outeof-season plantings during the summer of 1967-8
(January - May). This out of season multipication was not fully
successful, The F5 yield trial in 1968 was therefore uwnsatisfactory
because of inadeguate seed supplies and the methods, results and
discussion of that experiment are not included in the body of the
thesis, but are given in appendix 1.)

New melections were made from the original 1'5 populations
and these were increased in the F4 during the normal growing season
of 1968. The FS yield testing was carried out in the normal growing
season of 1963, The time sequence of all the geperations is shown in
Figure 5, with the main experiment shown on the left.

Several plant characters, other than yi»eld, were measured
on the F3 plants to determine whether any of these gave a better
indication, than did yield itmelf, of yield potential in future
generations. These characters were again measured in the F.

p

generation.
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Figure 3

The F3 selection environments
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The selection environments.

Nitrogen Experiment . Density Experiment .
Low Nitrogen Low Density
(O kg/haN.) ( 40x 40cm)
8 x 8 cm 65 kg/ha N.
and and
High  Nitrogen High Density
(1I30 kg/ha N.) (4 x 4 cm)

8 x 8 cm 65 kg/ha N.




Figure 4

Disgramatic outline of the experiment
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Figure 5

The sequence of the experiment
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The Sequence of

Experiment

1967

Season

Selections in F3 at

Low density
High density
Low nitrogen
High nitrogen

The Main Experiment

1968 Season

The 1968 Experiment

Multiplication in
normal season.
(Good F4 yields)

(see App A)

1968 (summer)
Multiplication
of season.

out

(Very poor F4 yields)

1968 Season

1969 Season

Testing of F5 selections,

Lodging and other
problems.
Limited data.

Testing of F5
selections under
‘'same' and ‘alternate’
conditions to 1967
selections.




(2) Experimental Details :
(a) site.

The experiments were carried out at the Waite Agricultural
Research Institute, Adelaide, South Australia (34° 50' South, and
138° 38! Hast).

The soil is a red brown earth of the Urbrrae series
(Litehfield 1951)s Millington (1959) states that poor establishment
of wheat on this soil is due to poor soil aeration following sowing.
This is related to the amount of rainfall immediately after sowing,
which affects the apparent soil density. The latter is also
affected by the previous cropping sequence, Iocal experience suggests
that establishment is enhanced if cultivation is kept to a minimum,
Satisfactory seed beds were obtained using as little cultivation as
possible,

The land use of the previous five years is given in

table 2.
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Table 2 3

Previous land treatment,

site 1967 Gite 1968 Site 1969
year crop fert, crop fert, ¢cTop fert.
1962 fallow 0 e - - -
1963 fallow 0 wheat super - -
1964 wheat super(a) fallow 0 lucerne super
1965 fallow 0 wheat super lucerne super
1966 wheat super peas () super lucerne super
1967  experimenial site oats/ (c) super fallow 0
wheat
1968 - — experimental site oats super
1969 o= - - -~ experimental site

(a) superphosphate applied at 108 kgs./ha,
(b) ploughed in in September,

{c} part of area was in oats, part in wheat, it was not a mixed crop.

The experiment always followed a cereal crop to ensure as
low & level of soil nitrate as possible, Table 2 shows that, apart
from phosphate, no inorganic fertilizer: had been used on these sites,
A basal dressing of 364 kg/ha superphosphate and 121 kg/ha potassium
chloride (equivalent to 3 and 1 cwt/ac respectively) was used each

year to ensure that these slements were readily available to the crop.
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fitrogen, as urea, was applied by hand to the plots at the appropriate

rate immediately after emergence.

(B) Climatic data.

The climate of the experimental site is of the Mediterranean
type, with cool wet winters and hot dry summers. The growing season
extends through the winter and spring, from April/May till November/
December, the actual length depending on the incidence and the total
effective rainfall. The average rainfall for the period 1925 = 1969
was 619 mn {24.35 in) of which 517 mm (20,36 in) fell during the
grovwing season, but the actual amount, in any one year: can be very
variable, The details of the rainfall and evaporation for the three
years, 1967 - 1969, are given in teble 3.

_‘Q_61 was the driest year ever recorded at the Waite Institute, with
only 326 mm (12.8 in) of rain, Rainfall exceeded the evaporation in
only one month, July. To ensure that a grain yield vwas obtained
under all treatments, both the nitrogen treatments and high density
treatment were irrigated (75 mm (3 in) of water were added, 25 mm

(1 in) at a time, at two week intervals during September and October).
This water did not increase_vegeta‘bive growth (figure 6), but ensured
survival, No water was applied to the low density treatment which
showed no apparent stress.

1968 was the wettest year recorded, with 821 mm of rain, The season

wag cold,
1969 had approximately average rainfall, 623 mm, although the growing

season was a little drier than usual, due to a very dry October,
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Table 3

Monthly rainfall and evaporation figures. (mm.)

1967 1968 1969 Average

Month  Rain Evap. Rain Evape Rain Evap. Rain Iivap.

Jan. 1645 201.0 4G4 23642 10.7 233.8 2241 2171
Feb. 3841 192.2 4645 235.9 1075 13144 28,2 17844
March TS 16244 4946 154.8 9.8 133.9 20.6 159.6
April 9.2 117.4 66.6 101.2 54 .4 91.0 5341 100.1
May 3841 88.7 14346 44.5 92.8 6543 8244 6245
June 12.7 47.8 64.3 4340 4247 379 758 437
July 85.1 46.8 78,5 3548 9940 391 8346 41.9
hug. 572 58.5  112.1 44.5 559 7647 72,2 5644

Sept. 3503 85.1 29‘7 84.9 64.6 6300 5902 81.6

Oct, 15.0 14704 88.5 1118 2;5 132’4 52.6 117.2
Nove 240 189.? 58.0 136-5 24.7 16@.4 3901 151.0
Dec, 14-7 209.1 é2.7 ?9402 47.8 ?68-@ 3002 18806

TOTAL  325.7 1545.5  820.5 1425.3  622.6 1336.9  661.3 1397.9

%OTAL_ 12.83 60.84 52428 56407 24449 5241 24435 54.99
‘iﬂBo}



The F3 low nitrogen plot in 1967

{Note the small leaf area and restricted growth.)






(C) The cross.

The barley cross Proctor x C,I.3576 was used in this study.
Proctor is a north European variety of high malting quality and is
late maturing in South Australia. Ixcept in the most favourable
seasons it is low yielding, sometimes failing to produce seed; using
the terminology of Finlay and Wilkinson (1963) it is specifically
adapted to high yilelding conditions. C.I.3576 is & line from Egypt.
Helative to the current commercial varieties it iz always high
Yielding in South Australia, but has poor malting quality. It is a
high yielding type having general adaptation (Pinlay and Wilkinson
1963). From this cross a large number of high yielding lines have
been isolated (Sperrow 1966). Its known potential made it eminently

suitable for a study of single plant selection for yield,

(D) Seed source.

The cross was made in 1959 as part of the VWaite Institute
barley breeding programme and the F1 was grown in pots in 1960, Fz
rows were grown in the field in 1962 and from this population, plants
were selectedat random, The ears from these plants were stored in
tins, In 1967, after testing for germination percentage, which was
99%, the ears were threshed, the seed well mixed and a random sample
taken for this study.

The F3 was used in preference to the F2 becanse the lower

level of heterozygosity would lessen the possible confounding effects

of hybrid vigour on selection,.



{E) The F. generation (1967).
-
(a) Treatments.

Four contrasting selection enviromments were used. 4s
indicated in figure 3 the }3‘3 was grown at two levels of gpplied
nitrogen {0 snd 130 kg N/ha) at a spacing of 8 x 8 cm, equivalent in
areg/plant to the commercial rate used in South Australia. The other
two environments were two densities (40 x 40 and 4 x 4 M)m In this
experiment the level of zpplied nitrogen was €5 kg N/ha. The areas
of the F3

and high density treatments respectively and 2.2 m square for each

selection plots were 14.0 m and 1.4 m square for the low

of the nitrogen treatments.

{b) Sowinz method.
In an experiment where competition is being considered it

is important that the plants be spaced as accurately as possible,

The planting method must be quick and simple., 4 multiple dibber (c.f.
Biffen and Engledow 1926) was used at the two higher densities (4 x 4
and 8 x 8 cm). The number of pegs per board depended on the number
of plants per plot used in the F5 generation (36 for the 8 x 8 cm and
64 for the 4 x 4 cm treatments). The boards were made accurately to
butt against each other. This ensured quick and accurate alignment
in the field. FEach dibber board had a corresponding "female" board,
with holes exactly matching the pegs, This prevented il rising in
lumps if the pegs did not come out cleanly. & seed was placed in

each hole so made., This method gave constant interplant spacing and
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planting depth. To ensure even establishment the dibber holes,
after planting, were filled with sand rather than soil.

At low density (40 x 40 cm) the ground was marked out and
a few seeds were sown by hand at each point, At emergence the
seedlings were systematically thinned to a single plant; the most
northerly was always left, This ensured that no wncomscious selection
for either large or small seedlings occurwed.

In each treatment the F3 selection area consisted of 1225
plants {35 rows and 35 colums), The area was surrounded by 1 guard
row in the low density plot {40 x 40 cm), by 6 guard rows in the
nitrogen experiment {8 x 8 cm), and by 8 guard rows in the high density

plot {4 x 4 em). The seeds were mown on the 28th Junc.

{c) Plant growth in the FB.

(1) Foergence and survival.
Light rain fell immediately after sowing and emergence

was good. The percentage of plants that survived to harvest is showm

in table 4.
Table 4 ¢
Percentage of F3 plants surviving to harvest.,
Uensity ixperiment Nitrogen Zxperiment
low D.(*) Hieh 3, Iow N. High N.
955 877 95% 927

(*) The abbreviations D and N for density and nitrogen will bs used
throughout the thesis for all sub-headings in %ables.
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If a plant was missing, the neighbouring plants were at
an advantage when compared with plants that had a complete set of
neighbours. To avoid this effect, the plants surrounding "missing
plants® were not accepted as bheing available for selection. In
table 5 (p.76 ) it is seen that the number of plants in the low
nitrogen ,.‘is"3 selection environment was less than in ths other
environments. This was not because of a large number of missing
plants in this treatment, but becausec there was a well defined pateh
of high fertility within the plot. fThe affected part was excluded
Irom the experiment, and this resulted in a reduced number of plants

being available foxr selection.

(i1} Disease.
Iisease was practically noneexistent in 1967 and

could not have affected selection.

(i1i) Lodging.
To ensure that the loding of plants did not affect

plant performance in the high density and niirogen treatments a string
network was threaded between the plants, This precaution proved
unnecessary because of the very dry season and consequent restriction

of growth,

(d) Barvest.
The plants were pulled individually and tmken to a laboratory

for measurement and threshing. 4s the seed was reguired for the next



generation only air dried seed yield and not oven dry weight was
obtained. This measurement was made after the seed had been stored

for a month in cpen packets,

(e) Characters measured.

The characters measured in the FB can be divided into three
groups, vield (consisting of seed yield, biological yield |total dry
matter yield above ground) and harvest index), yield compoments (ears
per plant, seeds per ear and seed weight) and vegetative characters

(leaf length, leaf height, and plant height).

(1) Yield.
Both the seed yield and the biological yield were
measured, From these two characters it was possible to caloulate the
harvest index. Harvest index measures the proportion of the total dxy

matter that comprises the economic yield,

{i1) Yield components.

The number of fertile ears/plant and the 1000 grain
weight were measured for each plant. From these and the seed yield

it was possible to calculate the number of seeds/ear,

(1ii) Vegetative characters.

Leaf length gives a crude measure of leaf ares.
Leai area and disposition determine the light relations within the
canopy, and consequently influence the photosynthesis of individual

plants. Plants with long leaves will tend to shade their neighbours

-
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and tc decrease the light available tc them. The length of the

penultimate leaf on the main stem was measured. A4ll such leaves

would be produced at & similar stage ir the plants! life cycle =nd

thus make it possible tq compare different genotypes. This measurement
wag made in the field,

YIeaf height® was defined as the distance from the ground
to the auricles of the penultimate leaf, and 'piant height® from the
ground to the node at the base of the ear. Dotk these parameters are
probably related to competitive ability and also affect the light
distribution within the canopy. The measurements were maie on mature
plants. This only indicatss final height and not necessarily the
height when .competition was most intense, But on averege, one would
expect the taller lines in z mixture to be at an advantage throughout

the season.

{f) Micro=environmental variation in the 53 {1967).

The phenotype of an individual plant will reflect both the
genotype and the local environment, If the environmment varies within
the selection plot thern it is not possible to say whsther phenotypic
Gifferences are due to genotypic differences, or to variation in
the local environment. Usually this problem is overcome by using
repiication. In single plant selection, whers every genotype is
different, this iz no% possible. However if the genotypes are planted
at random, the average yield of & group of plants can be used to

estimate local micro~envirommental effects. By comparing the yield

(ex
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of the individual with this average it should be possible to account
for some of the environmental variation, This has been attempted in
two ways.

Firstly, 2 regression technique has been used %o fit a three
dimensional polynomial function (o response surface} to the yield
values. The x and y axes are the coordinates of the individuals
within the selection plot, and the z axis represents the calculated
yield of the individual., The equation used iz of the type

% = & + bX + ¥ + dxg + eyz + £XY 4 =
where bz and cy are the linear itrends in the directions x and y, where
dx2 and eya ¢ the guadratic curvature terms; and where fxy Indicates
the direction of the squared terms in relation to the x and y axes,
etc. This caloulated yield reflects the average environmental effects
at any point. The yield of an individual is compared with the
calcoulated value for yield at that point., Positive differences
signify high yielding genotypes,negative differences poor yielding
genotypes., The differences may be measured either a2s actual ox
relative differences. The later is conveniently expressed by
subtracting the calculated yield from the recorded yield and dividing
the result by the calculated yield.

The second approach has been to use a moving mean, (for
description see p. 29) which also reflects local variation due to
micro-environmental effects. The yield of individuals is compared

with the moving mean at that point.
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Parther details of thess techniques emerge in the YResults!
and the various problems associated with them will be reviewed in

the Discussion.

(g) selection method,

If the lines were raniced on the basis of uncorrected yield,
it is likely that the high yielding lines would be those in the mors
favourable areas of the szelection plot., To overcome this the lines
were ranked on the basis of their rslative deviation from the response
surface. The ranked plants were stratified intc groups, each containing
107 of the total number of genotypes. From within each of these groups
ten lines were taken at random. This gave a total of 100 selections

from each of the E‘,; environments,

(F) The F4 Generation {1968).

Bach selected line was grown in a 1,5 m multiplication row,.
The number of seeds per row depended on the amount of seed availablie,
No measurements were made on this material and no problems were
sncountered. The lines were harvested using a small plot harvester
end there was sufficient seed from this generation to allow yield

testing as crop communities in the FS'

.' .

(a) DIreaiments.
The tresitments were the same as those wsed in the FBg but
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lines selected in one environment, wers tested in that environment

end in the alternate enviromment (see Figure 4).

(b) Sowing method and plot size.

The multiple dibbers used in the .}3‘5 were again used, This
method was accurate and relatively quick. There were 400 1lines, 100
from each of 4 environments, grown in both the same and the alternate
environment to the 1?‘3 selection environment, With 3 replicates of
each this made 2400 plots. In addition 624 parental plots were grown
of which 576 were C.I.3576. This variety was used az a systematic
control through the experimental design.

¥ith so large = number of hand=planted plots it was not
poseible to have many plants within each test plot. Each plot contained
16 plants. A% low demsity {40 x 40 cm) there were no border plants
between plots. In the nitrogen experiment (8 x & om) there was one
border row of the same genotype for each plot, making two between the
plots. This increased the numbers of plants of the s ame genotype
that wers sown from 16 to 36, of which 20 were border plants. At high
density (4 x 4 cm) two border rows per plot were used, making a total
ef G4 plants, of which 48 were border plants.

¥ith this arrangement a total of 162,724 plants were
accurately jplanted. This included peripheral border rows sround the
outside of the blocks. The implications of the use of small plots
in the F5 yield trial is considered in the discussion.

The F5 experiment was sown on 17th to 20th June,
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{c) Piant growth in the F

{i) Humergence and survival.

Emergence was good and stand survival was 92,57
over all treatments except low density, where miltiple planting and
thinning gave o stand of over 99%. Because of the high survival vate,
and. because yield was measured on a plot end not a plant basis, no

correction was made for missing plants,

{ii) Disease.
Mildew was present in the crop, but was controlled
with 'Benlate®, a systemic fungicide. This was applied twice, in

early August and in early September.

(111} Iodging,
Following the experience of the previous year (ses

appendix 1}, & wire network was used to prevent lodging, The size of
the supporting wire grid was the same size as & plot. Two wire grids

were used per block, one above the other at 45 and 70 ¢m from the ground,
The uppermost had an additional string grid stretching from alternate
corners, The supporting grids were placed above the cron, which grew

up through the supports. As each plot had its own support and was

well profected from its neighbouring plots (see figurs 7), it was
possible for en individual plot to lodge without falling on neighbouring

plots and lodging them also {see figure 8).
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Harvest.
The wiole crop, except the low density itreatment, was pulled
by hand and taken back to the lsboratory for measurement. The low

density treziment was threshed in the field.

(e) Charsoters measured.

The same characters were measured as had been measured iu
the F3 (sec pp. 64=£5), with the addition of the date of anthesis,
This was scored as the date on which 50% of the tillers in a plot hed
emerged awns. This method is used in South Australis as it is possible
in a dry =zeason for a plant to set seed without the ear emerging from

the boot.

100 from the came F3 environment and 100 from the alternate F3
selection enviremment. There were alse 52 parental plots, 48 of
C.1.3576 and 4 of Proctor., Jecause of the practical problems involved
in measuring leaf length in a growing crop, a block could not be more
than 6 test plots wide. OUm each side of the block there was a border
plot. This meant that & block would be 42 plots long. This long
narrow shzpe would increase the chances of soil variation increasing
the error term. It was therefore decided to cut the blocks into
halves and place them side by side, with a2 small path (60 om wide)

between them.



Figure 7

The wire supports in an F:.’ nign nitrogen plote

Unly the cross wires are clearly visible,

Figure 8

Single plot lodging within the wire supports.
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The arrangemsnt of the field trial is shown diagramatically
in figure 9. The desimm was 2 split reandomised block with three
replications. &ach split block contained %50 lines from each of the
two selection enviromments (the same and the alternate environments
of figure 9, the details are however, only shown for the same
environment}. The 50 lines wers composed of % lines from each yield
decile. These 5 lines were assigned to a lit block at random, The

slots of the conirol variety were arranged systematically, so that
there was at least 1 control plot in svery row and 4 in avery column,
The lines to be tested were assigned %o the remaining plots at random,.
There were no significant differences between half blocks and the

experiment was treated as a randomised bhlock,

(¢) Basic data.

The complete data obtained from the selected F3 plants, and
the corresponding data (mean of three replicates) from the F5 progeny
grown in both the same and alternatsz envirorments have heen lodzed
in the library of thes Waite Agricultural Research Institute., A small

gample of the data, together with an explanstion are given in

appendix 2,
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Figure 5

Diegramatic {ield plan of the F. yield trial.
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Diagramatic field plan of the Fg yield trial

F3 plants total F3 yield range (nos.) F3 plants

[T T T

(same 10%410%
environment)

10% (alternate

environment)

F4 lines
(seed increase)

Wat \/

random
15 block A//// \\1/2 block B
| I ]
Fg yield plot detail  border _
test \ 1 e e oeeees Pplants ~
(same D X% x e pgwosf border
environment) || N c e X XXX oo
SELEESIRER
21pl0ts e o o o o o o 2“4
\§ Plots_:
long wide ~ | d block border test plants- x
1row at low density
6 “ “ medium density
8 “ ” high density




RESULTS .

(1) Introduction :
It is emphasized that the F?) data refer to single plants,
whereas the FS data refer to mean values of three plots, i.e. to crop

community values.

(2) Results :

(A) The mean values of the characters measured in the F. and in the
4
FS for all environments.

The resulis for the ¥, are given in table 5 and for the F

3 p

in table 6.,

There were no significant differences between the yields of
lines selected in different enviromments but tested in the same
environment. For example the average yield of lines selected (F3) at
low density and tested (FS) at low density did not differ significantly
from lines selected (F5) at high density, but tested (F5) at low
density. This resulit was not surprising, however certain points do
stand out clearly from these results (tables5 and 6).

(1) The average yield per plant at low demsity was much
greater than the average yield per plant of the other treatment. This
was mainly due to an increase in the ea:és/plant, and to a lesser
extent to increased seeds/ear and 1000 grain weight.

(2)  In the nitrogen experiment yield was greater atHgh

nitrogen than at low nitrogen in the FB’ but was depressed at high

74



nitrogen in the F5. In the F3 the yield increase at high nitrogen

was associated with increased ears/plant. In the F5 plots the high
nitrogen treatment had more ears per plot, but fewex seeds/ear and a
considerably lower 1000 grain weight., These lattexr two were sufficient
to lower the average yield of the high nitrogen test plots to less
than that of the low nitrogen plots.

(3) leaf length was decreased in both the high density and
low nitrogen treatments relative to the alternative treatments.

(4) leaf and plant height were, on average, less at low
density and low nitrogen levels,

(5) Biological yield showed a similar response %o that of
grain yield, but at high nitrogen in the F5 the biological yield was
slightly greater than that of the low nitrogen treatments, whereas
grain yield was considerably less.

(6) Harvest index was reduced at both the high density and

high nitrogen levels.

The above précis of the effects of treatments shows that
there were large differences between treatments in both the F3

selection and the F. test environments,

P
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Table 5 3

The mean values of characters measured in the F..

3
DENSITY EXPERIMENT :
Iow Density (*g High Density
(1161 observations)' / (1060 observations)
Yield (gm/plant) 32442 0.79
Bars/plant 31.87 1.41
Seeds/ear 24,04 14.59
1000 grain weight (gm) 42.53 38.74
ieaf length (cm) 21,22 16418
Leaf height (cm) 39.28 £5.13
Plant height (cm) 74.16 83.97
Biological yield (gm) 81.01 2,08
Harvest index (%) 39493 37.83
NITROGEN EXPERTMENT :
lov Nitrogen High Nisrogen
(741 observations) (1134 observations)

Yield (gm/plant) 1.65 2.93
Hars/plant 1.99 3460
Seeds/ear 17.40 16.64
1000 grain weight {gnm) 46,83 44.82
Leaf length {cm) 11441 16,75
leaf height {cm) 4% .00 67490
Plant height (cm) 66.12 89,51
Bioclogical yield (am) 3.76 T.T6
Harvest index (%) 44,23 38453

(*) The plant numbers available for selection varied with each treatment

(cefe Deb3),
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Table 6 @

oy

The mean values of characters measured in the ¥..

DENSITY EXPERIMENT :

Selection environment (Fj) iow Density
Test environment (Fs) Iow D, High D.
Yield (gm/plot) 48%,00(*) 11,91
Lars/plot 490.42 20,61
Seeds/ear 22,73 15,02
1000 grain weight (gm) 45429 38.34
Leaf length {cm) 21.44 20,32
Leaf height {cm) 45446 79493
Plant height {cm) 79.01 104463
Biological yield (gm) 1223,07 34416
Harvest index (%) 39.40 24440
vaturity ) 5,32 4,38

NITROGEN EXPERTMENT

Selection enmvironment (Fé) Iow Hitrogen
Test environment (F5) Iow X. High XN,
Yield (gm/plot) 43444 35407
Bars/plot 51443 54427
Seeds/ear 18.89 17.29
1000 grain weight (gm) 44,65 37.10
Leaf length (cm) 19,21 23491
Leaf height (cm) 62.54 86,10
Plant height (cm) 98.23 114449
Biological yield (gm) 118,70 121447
Harvest index (% 36,60 28.20
Maturity 5448 5431

High Density

iow D,

460.49
47321
22.85
44,78
22,07
45465
79453
1201.95
38410
5483

High 5.

11,37
17.95
15.7€
38438
20.68
T7.34

105.23
52485
33.80

hotd

High Hitrogen

Iow K,

44410
52,13
19.13
44465
19440
62,29
98.58
119.10
37.00
5461

56,03
56400
17.17
36.87
25.49
86,20
115.98
123.20
28,5C
549

(*) There were no significant differences between lines selected in
different environments, but tested in the same environment.

(%) Units wvere 1/2 weeks after an arbitrary date.
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(B} vVariability in the F. and in the F
o

: 5°
{a) YVariability in the Fs (19¢7).
Befoxre proceeding to a presentation of the results of

selection some consideration of the variability within the experiment

is appropriate.

(i) Response surfeces.

As already discussed (p.29), any environmental

variation within an F3 selection plot mey lead to a false appraisal
of an individual's genetic worth. Two approaches to estimate and
eliminate systematiz environmental trends were used. ¥First z response
surface was generated, The yields were then measured from the response
surface. These values may be expressed as either sbsolute, or as
relative deviations from the response surface., Although the surface
varies continuously over the plot, it is most easily visualised as a
map with contours that depict the topography of the surface. Examples
of these maps are shown in figures 10, 11, 12, 13 and 14,

In order to compare these surfaces it was necessary to
standardise the contour intervals zo that, although the mean yields
of the four treatments were very different, the contours would indicate,
on each selection plot,the degree of non-random or systematic variation
in comparsble terms. This non-random variability was almost certainly
associated with fertility trends within the selection plots. Two

contour intervals were tried. First contours 1/5 of a standard

deviation apart were used {figures 10, 11, 12 and 13}, This interval

78



has certain problems associated with it (see discussion) and therefore
intervals of 10% of the mean yield were zlso used. Because the
coefficient of variation for yield was approximately 50% for all
treatments except the low density treatment, these two contour
intervals were very similar {see table 7)., In the low density
treatment a contour interval of 1/5 of a standard deviation represented
g much smaller yield difference than did a contour interval of 107 of
the mean yield. Only in the latter treatment were the contour maps
sufficiently different for both to be included {compare figure 1C

with figure 14).

In the actual and relative deviations of yield from the
calculated response surfaces some of the systematic environmmental
variation has been removed., The deviations wers ranked and the
genetic potential was considered to be related to the size of the
deviation., A third ranking was also generated by obtaining the mean

of the actual and relative rankings.
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Pigure 10

Yield response surface, low density F3 selection

environment, contours 1/5 St. Dev, apart (2.08 gmj.
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Yield response surface 40 x 40 cms.  65kg./ha. N.
1
/
19- S0—"
/
2 /24-1
101/28'4 /
15 3244
36:6
Rows.

204

257

3/2-4
30./28'2

324

282

: 241
/24-1—-\
1 5 20 25 30 3
Columns.
Mean yield = 324 grams.
Contour interval = /g standard deviation ( 2-08 gm.)
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Figure 11

Yield response surface. High density I!‘3 selection
environment, contours 1/5 of a standard deviation

apart {0.08 gm).
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Yield response surface. 4X4cms. 65kg./ ha. N.

1 \1 03
5 0-79 \
10071

154

Rows.
204
079
25 \/
30N 071
063

35 0'55\.\ i : : : :

1 5 10 15 20 25 30 35

Columns.

Mean yield = 0-79grams.

Contour interval = /g standard deviation. ( 0-08 gm.)



Figure 12

Yield response curface. Iow nitrogen I*‘3 gelection
environment, contours 1/5 of a standard deviation

apart (0.18 gnm).
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Yield response surface. 8%8 cms. O0kg./ ha, N.

147
201
5.
/\1-65 1-83
10
165
Rows.
20
251
301 1447
/ / 201
35 : . i :
1 5 10 15 20 25 30 35

Columns.

Mean vyield = 1-65grams.

Contour interval = 1/5 standard deviation. ( 0-18gm.)
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Figure

Yield response surface. High nitrogen F5 selection
envirorment, contours 1/5 of a standard deviation

apar't (0.27 @n)-
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Yield response surface. 8x8 cms. 130kg./ha. N.
1
54 /
347
3-20
10;
151
93
Rows. ?
20- 2:93
25
2-66
304
/2-39
35 . ' \ = ' .
1 5 10 15 20 25 30 35
Columns.
Mean vyield = 2:93grams.
Contour interval = 1/5 standard deviation. (0:27gm.)



Figure 14

Yield response surface. ILow density F§ selection
environment, contours 10% of the mean yield apart

{3.24 gm).

84



Yield response surface. 40 x40 cms. 65kg./ha. N.
97/ -
e
227

151

Rows.

2

\\42-3
394

10-/'

29-2
356 )
324
\jm

30 292
g 259

356

/22'7

32:4

259

35+

Mean

5

10 15 20

Columns.

yield = 32:4 grams.

Contour |

nterval = 10% of mean

25

30 35

yield (3-24gm.)



Table :
Hean yield, standard deviation, coefficient of variation, and

contour intervals of the Fy selection plots (see figures 10, 11, 12,

134 14}

DENSITY ZXPERIVENT o

Iow Density High Density

Yean yield A2 ot 079
*

Qav-( ) 3201 50.63
1/5 8.0, 2471 0.08
10% 5% the mean yield 3:2 (08
NITROGEN EXPERIMENT sz

Low Nitrogen Hign Nitrogen
Mean yield 1465 2.93
S.D. 0090 1‘35
CL.V. 54454 46,08
1/5 8.0, 0.18 C.27
10% of the mean yield .17 0.29

{*} The C.V. here included some genetic variance as well as random

error, and this will be considered further in the discussion.




(ii) Moving means.

There are certain major limitations to response
surfaces {see discussion) and in an attempt to overcome these moving
means were also used to estimate trend:. Moving means of 9, 25 and
49 plants were used {i.e. the test plant and 1, 2 or 3 surrounding
rows of neighbours; these have been called moving means of side 3
(3x3=9), 8ide 5 (5 x5 =25), and side 7 (7T x 7 = 49)., The ideal
size of the moving mean is one whieh covers the minirmum area, but
contains =z sufficient number of individuals to ensure that the sample
genetic mean approagches the population genetic mean., The three sizes
of woving mean were used in an aibiempt Ho find an empivrical soluition

to this problem. The deviations from the moving mean can again he

measured in actual or relative units, and this gave 6 more estimates

of F§ genetic potential.
Using these various methods 10 estimstés of yield were

obtained for each F3 selection environment. These weres

(1) Yield itself.
(2} Response surfaces (a) actual deviation
(b) relative deviation
(c) mean of actual and relative deviation.
{3} Moving means ({a) actual deviations (i) side 3
(ii) side 5

{iii} side 7
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{b) relative deviations (i) side 3
(ii) side 5
{iii) side 7.

As can be seen from figures 10, 11, 12, 13 and 14 the
response surfaces showed considerable variation in the calculated
yield over the plots. It is not useful to attempt similar figures
for the moving means because local variation was such that extremely
close and involved contours would be needed. However,the range in
yields of the moving means increased as the number of plants
contributing to the mean was decreased. The range of yields was
usually greater then that obtained for response surfaces. Thigs is
illustrated in figure 18. Consideration of this figure, and of the
differences and relative merits of response surfaces and moving means
will be considered in the discussion.

The residts from the response surfaces, moving means and
coefficients of variation show that there was a large amount of
variation in the F% and that a proportion of this was due to none
random variation. It may be expected that the partial estimation and
removael of this non-random micro-environmental variation would improve

the chances of single plant selection for yield being successful,

{b) Yaxiability in the Fe (1969].

The possibility of successful selection is increased if
thers are large consistent differences between ths selected iines.

e analyszs of variance of the F5 yields are given intabies 8 and 9.
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It is seen that in the density experiment the lines differed

significantly in all cmses and in three out of four cases in the
nitrogen erperiment. There was a significant replicate eifect fox
lines selected <F3) and tested "!5" at low density. UThis was due o
the low values cbtained in replicate 3 {see table 10).

Three points in the analysis of wariance show thai the
chances of successfui single plent selection for yield were restricied
in particular sections of this study. The first was that thers was
o sigmificant replicate effect throughout the nitrogen experiment
although the differences betweer replicates were small (table 11).
This was because there was a precise estimate of the replicate meang
{100 observutions/replicate)} and the very precise estimate of the
error term (195 degrees of freedom). This allowed the deteciion of
highly significant differences between replicates, even though the
differences were not large. There was also a marked replicate by
lines interaetion, as indicated by the high coefficient of wariation
{tables 8 and 9). The low nitrogen treatment in the F5 tended to
suppress genetic differences in yield potential between lines. This
suppression was total in the case of lines selected (F';';' and tested
{F5) at low nitrogen, and was considerable for lines selected (Fs)
at high nitrogen and tested (FE) 2t low nitrogen (lines only just
significant at 5%, see table 9}, For completeness the low nitrogen
test (FS) results have been included in the further analysis of the

data, but this aspect mist be borne in mind in the interpretation of

the results.
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Table 8 s
The analysis of variance of the 13‘a yield data and the coefficients

of variation in the density experiment.

Selection environment (F3} iow Lensity
Test environment g.&ss) low D, High D.

Lelfe MeSe f ratio Mot £ ratic
Reps. 2 58412.0 5.19 #% (a} 1.7 2469 o8,
Lines 99 16369 «0 1 046 *it 1905 1 .65 RE
Frror 198 11248.0 11.5
CaVe 22.0% 28.8%
Selection environment (F,) High Density
Pest environment (FS} iow D, High D.

L7, MeBe I ratio Me3s I ratio
R&{JB. 2 23977-2 2057 N.So 25.7 (31088 .‘.“3’.5.
Lines 99 23661.4 ZoH3 Wuw 174 1.27 *
Ervoxr 198 9335.8 13.7
.V, 21.0% 3245%

(a) H.5. not significant

* significant at 57
EreTy " ] 1%
i " " 0.

This notation for statistical significance has been used throughout

thig thesis,



Table 9 &

The analysis of variance ¢f the EB yield data and the coefficients

of variation in the nitrogen experiment.

Selection environment {Fs} Iow Nitrogen
Test environment {(F.) low Ko High N.

D.F. Moo i ratio Yiela & ratio
Reps. 2 1037,8 1026 ¥¥ 394 .6 FeT9 #*
Lines 99 113.9 1.08 N.S, 358.2 3 odd WHE
Error 198 104.7 104.1
C.V. 23.65% 29.1%
Selection envivonment (FB) High Nitrogen
Pest environment (F5} Low N. High N.

D.F, Mois £ ratio MeSe £ ratio
Ress. 2 93948 8453 **w T17.9 6435 **
Lines 99 137.0 124 #{b} 49142 4.07
Ixror 198 110.1 122.5
C.V. 23.T% 30, 1%

(b} Thie significance value interpclated from the tables of Fisher

and Yates {1966).



Table 10 i

The yield of the three replicates selected (FB'} at low density and

tested (Fs) at low density (gm/plot).

Selection environment <F3) low Density

Test environment (FS} Low Do
Rep.i Ren.? Rep s
49943 49348 455.3

TnSeDe &% 5% = 29.7 gm.

The mean yield of lines selected {FB) at the high density and tested
{F5) at low density which were not significantly different (see table 8)

are given as a comparison.

Selection environment (F,) High Density
o
Test environment (FS) Iow D.
Rep . 1 Rep ' 2 Rep ° 3

LeS.Ds at 5% = 27.1 am. {*)

{*} N.B. 1In situations where the analysis of variance shows no

significant differences, the use of L.3.Ds is not valid.



Table 11 1

The yield of the ¥y replicates tested at low nitrogen {gm/plot).

sSelection environment (F3) low Nitrogen
Test environment {F5) low N.

Repei Repe? Repe3e

4546 46.6 40.1

LQSQEQ ab 5‘)/:) = 2.86 e

Selection enviromment (F,) High fitrogen
PTest envirorment (F5) Tow K.
Rep.1 Rep.2 Repede
43.2 47.5 41.6

.“'.:.S.L‘. :.7»:: ii‘} =5 ﬁ. 1@ é;n.
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(C) e gorrelation of yield and the other characters meesured in

+the F3 with vield in the 3‘?5,

(a) The correlation of ! ¥, yield with F. yield.

For each F:'i selection envircnment ii was possible to

correlate Fj zingle plant yieldl with the corresponding F5 plot yield
in either the same or the alternate environment. None of the‘;;«ze eight
possible correlations was significent (table 12)., However besides
yield itself, other estimates of yield, nine in all, based on the
resgponse surfaces and the moving meens were availeble for each F5
selection environment. These estimeltes of F‘.;3 gingle plant yield wexe
zlso correiated with F5 plot yleld. None was significent (table 12).
The lack of any correlabion amongst the 80 corrvelations sresented in
teble 1% is striking, bui not complebtely unexpected zs it must be
remembered that the correiations shown in any one column are not .
independent and are related to the eppropriate actual yield coxxelation,

To check whether the results obiained in the nitrogen
experiment were due to a replicatc = lines interaction, the F:;_ yield
rénkin.gs were correlated with each replicate separately. Agein none
of these compaa;isons was significant.

It was not possible within this experiment to determine
direetly whether there was a significant genotypc -« :years interaction,
but some indication of a genotype = treatment interaction was present
in 1969, This was examined by correlating the yield of the different
genotypes when grown in the same and the slternate envirommentsz in
the F. {see table 13).

5 * 7
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Table 12 :

Jr

{a) The correlations between the ¢3 yielid assessments and Fﬁ pios
yieids fox the density experimeni. {The aciual values of the

correliations are given in appendix 3.

DENSITY EXPERIMENT.

Selection environment (FB) Iow Density High Density
Test environment (F5} Iow D. High D, low D. High D.
1 idetual ‘zield HeSe HeBe Nele NeSe
Iieid deviations from the respense surfaces.
2 Aetual deviations N.Ss N.5, e NeSe
3‘ Re:l.ativ@ dev.iations Noao N.S. I‘J.S . N.S.
4 Mean of actual and
relative deviations Hele Hade NeBe NaSe
Yieid deviations from the moving means,
5. sctual deviations, side 3 LN N.5, NoGo NeBe
[ " " 5 5 N.S. N.S. HaSe Tae
7 L ” L 7 N.S' N‘SO N'S. Noei.
& Relative deviations, side 3 N.3, NeSe Helie N.Se
o " " noo5 TeSe Neis ¥.5. NeSe
10 w Lo * 9 .2, HeSe Nede N.5.



% i,

{v) e correlations between the F3 yield assessments and the FS
plot yields for the niirogen experiment, {The actual values of

the correlations are given in appendix 3.)

NITROGEN EXPERIMENT,

Selection environment iFB) low H¥itrogen High Hitrogen
Test environment (Fs} Iow K. High N. Iow N. High N.
1 Aetual yield M.Ee N.S. ¥.S8. N.S5.

Yield deviations from the response suriaces.

2 ;—cmal ﬂev’iations Kobs K.5. Nou. N.‘;‘l
5 Relative deViationS ﬁ;s- H.S. N'S. }-S.
Vean of setual and
relative deviations Neba H.S. N.%, H.5,.

Yield deviations from the movirng means.

5 Aetusl deviations, side 3 Mebe Neiie B.Sa FiS:
é 9 L = 5 NeGe H.5, Hels Ve,
1 " . - HeSe TelSe NeSe NeSe
£ Relative deviations, side 3 Ko K.Se N.E. N.3,
9 - . " B N.S. N.S. N.S. Ne.Se
10 " . "7 N.Se N.S. Neie N.S.



Table 13 :

The correlation between the F‘f»

performance in the same and alternate

environments of lines derived from a single environment in the .‘5‘5.

DENSITY EXPERIMENT ¢

Selection environment (F3)

The two ¥. environments

"3

Gorrelation coefficients of
yields in the F5 environments.,

NITROGEN EXPERIMENT :

Selection environment (F_j,)

The two 33‘5 enviromments

Correlation coefficients of
yields in the F5 environments,

6

Iow Density

low D./High D.

Ue3T4 Wk

Iow Nitrogen
iow N./High N,

N.5.

High Density

Iow D./High D,

T
oute

High Nitrogen

low N./High N,

0,343 %%



Two points emerge:

(1) There was a marked genotype by treatment interaction,
which in the case of lines selected (F3) at high density or low
nitrogen destroyed any relatignship between the relative performance
of individual genotypes in the two 2:"5 environments.

(2) ©he fact that there were highly significant correlations
between the two F5 test conditions for genotypes selected (1?3} at low
density and high nitrogen, but that no similar correlation was obtained
for genotypes selected (F3) at high density or low nitrogen, was not

expected. Thereis no simple explanation for this result.

(b} The correlation o_i.‘m__.?'3 characters othexr than yield with

E; yield.

In thg: F5, characters other than yield were also izeasured.
These were the yield components and cexrtain vegetative characiers
which it was hoped would reflect the phoitosynthetic, physiological orx
competitive efficiency of a genotype.

The characters measured on single plants in the 3?3 were
correlated with F5 yield. The results are shown in table 14. The
following points should be noted for the density experiment.

(1} There were few significant correlations, and these
accounted for only a very limitéé. propoxrtion of the total variation.

(2) Some of these results were not consistent; for example

genotypes selected (F3) at high density and tested (F5) at low density

had a negative correlation between leaf length and yield, whereas
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those both selected {Fs} and tested (FS) at low density had &
positive correlation.

| (3) Within this number of correlations {32}, between one or
two correlations would be expected to de significant at 5% by chance.

The results in the nitrogen experiment showed the following
features:

{1) There were several highly significant correlations
and the pattern tended to be consistent.

{2) There was a negative correlation between the height
characters (E?}) end yield '(FS) at high nitrogen. This was independent
of whether the lines were selected at high or low levels ol nitrogen.
This meant that short plants in the Eé were higher yielding in the F§
than the population as a whole, when grovm at high levels ¢f nitrogen.
This is iliustrated in figures 15 and 16, Both these figures show
that if selection was for the shorter half of the Eé population, the
proportion of high yielding lines in the FB would have been increased

relative to random selection.

(3) Seeds per eax in the F3 showed a consistent negative
correlation wifh yield in the FS.

{4) F3 leaf length was negatively correlated with F5 yield
at high nitrogen for lines selected (F3) at low nitrogen.

(5) There were no significant correlations between FB
characters and FB yield for lines selected (FB) and tested (Fé} at low
nitrogen. This result is no doubt associated with the lack of significant

differences among the Iy yields (see table 9).
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Table 14 :

Correlation between P3 single plant characters and F

DENSITY EXPERIMENT :

Selection environment (F5)

Test environment (F5)

Leai iength

ieaf height

Piant height
Biological yield
Harvest index
Fars/plant
Seeds/ear

1000 grain weight

NITROGEN EXPERIMENT ;
Selection environment (Fs)

Pest environment (F_)

Leaf length

Leaf height

Plant height
Biological yield
Harvest index
Ears/plant
Seeds/eax

1000 grain weight

Iow Density
low I High D.
Ue244 * 0,230 *
K.S, MaDe
NeSe NeS.
N.S. N.&,
KeSe N.S,
N.s. -0.233 i
N.S. N.:,
N.S,. 0.290 #**

Iow Nitrogen
Iow N, High X,
NeSe  =0.296
N.{.;. “0.439 *
Nu)o "'0-567 HHex
N.So Nece
Kele 04441 ®x
Nele Habe
.‘;‘X.S' -0;268 wHk
Naie N.5.

plot grein yieid,

High Density

low D.

-(1,244 %
N.S.
N.S.
NoSe
u.s.
N.3,
N.S,

NeSe

H'igh De

HeSe
Kol
NoS,
Kele
Nee

He8
HNeie

Nesie

IE.S.

High Witrogen

Iow N,

NeBe
=0.232 ¥
=0,270 **

Nebe

E.S5.

NeSe
«0.,203 *

NeSe

High Ne

NeSe
0444 ¥
0,531 e
N.5.

NS

NeSs
0,296 #*
0,236 *



Flgure 15

The relationship between I"3 plant height at low

nitrogen and plot yield at high nitrogen.

T
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The relationship between F3 plant height at low N. and plot yield at high N.

601 .

501

401
Fs plot

yield. (gm.)
301

201

r= —0.567 *** (Q)

Y= 826 -0-72x

45 ' 55 ' 65
F3 plant bheight. (cm.)

(@) correlation coefficient significat at O<1%,

75 ' 85



Figure 16

The relationshiy between F3

F5 plot yield, both at high nitrogen.

plant height and
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The relationship between F3 plant height and Fg plot yield, both at high N.

. . r= -0-53 % % % (q)
Y= I3 - O-85x

601

Fs plot
yield (gm.)
40.
30
201
IO

65 ) 75 ) 85 ) 95 ) 105
F3 plant height. (cm.)

(@) correlation coefficient significant at O«1%.



{D} The correlation between characters measured on Fs plants and

the same characters measured on ¥_ plots.

p]
Because of the significant relationships between certain F,

characters and FB yield it is appropriate to see if the characters
themselveg were related between generations. The results of these
correlations are given in table 15. The following points are of
interest:

(1) There are few statistically significant correlations
between the morphological characters {leaf length, leaf height, and
plant height) over generations in the dend ty experiment. This
contrasts markedly with the situation in the nitrogen experiment where
all the moxphological characters were significantly, and some very
significantly, correlated between generations. These correlations
occurred independently of whether the FE lines were grown in the same,
or in the alternate environment.

(2) scome characters (leaf length, ears/plant and 1000 grain
weight in the density experimeni, and ears/plant in the nitrogen
experiment) were correlated in one environment, but not in the othexr,

{3) 1000 grain weight was correlated over generations in
all environments except when selected (F3) and tested (Fé} at low
dengity. This character has often been shown tc be relatively
insensitive to changes in the enviromment (Puckridge 1962, Donald 19€3,
and Rawson 1970). It would appear that this would apply between

seasons as well as between taeatmentse.
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Table 15 @

The correlation between characters measured on ¥

characters measured on F5

DENSITY EXPERIMENT
Selection envirorment (F.)

Test environment (F.)

ieaf length

Leaf height

Plant height
Biological yield
darvest index
Ears/plani
Seeds/ear

1000 grain weight

HUITROGEN EXPERIMENT s
Selection environment (Fé}

Test enviromment (F.)

leaf length
Ieaf height

flant height
Biological yield
Liarvest index
Sars/plant
Seeds/ear

1000 grain weight

plOtSo

3

Tow Density
Tow D, High Ii,
0,299 *# Helu
N.S. N.S.
Hebe H.5.
HeSa Nade
0a548 #%% (3,217 *
:ﬂ.s. E.:‘O
0.22% # 0,233 *
NeSe 0,256 **

Iow Nitrogen
Low N. High :&{o
Ge2571 * 0,408 %
0,434 *¥% (K72 ¥k
0.581 *#% (0,644 #***
HeSe Kaso
D375 #%% (3,406 ##x
K.5. N.S5.
0.275 #*¥% N.S.
D266 *# 0,271 ##*
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plants and the same

High Density

Iow D,

N.{;:'
Nalte
U470 %
NeSe
Folle
Nede
HeSo

0.234 *

High B,

0,288

r o~

WS

EAR XN 3
0.236 *

By £y

Lede

Halle
0245 *

Nae

[14333 %

High Nitrogen

Low N,

Ue331 %%k

04587 whw
0.715 #
NeSe
N5,
N.S.

04325 e

High H.

o201 #¥
0,607 *wx
04595 *ww
Hele
NeSe
De240t ¥
NaSe

Ge238 *



{4} Harvest index was correlated over generations in both
the low nitrogen and the low density ;;election (7,) treatments,
independent of the test (F5) environment, There was no correlation
for lines selected (F5) at the hizh density or nitrogen levels. The
main diffexrence between these two groups of treatments was that the
low density and nitrogen levels had low leaf area indices compared
with those grown at hizh density or nitrogen levels, (This is shown
in fisure 6 for the low nitrogen F3 selection plot, at low density the

distance between plants gave the same effect,)

(E) The correlation between yield and other characters in the same

generetion.
(a) In_the Fs 67) <

It has been shown (tables 14 and 15) that certain characters

are correlated with both yield and with themselves in later generations.
It is therefore pertinent to consider the relationship between these
chardcters and yield in the same generation. The results for the 5‘3
generation are given in table 16. The following points stand out:

(1} Nearly all the characters measured were positively
assoclated with yield; +the only exception was harvest index in the
low nitrogen environment.

(2) Of the yield components ears per plant was more
important in determining yield than were seeds/ear or 1000 grain

'a-!eight .
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Table 16 :

Ihe correlation between FB characters and F3 yield.

DENSITY EXPERTMENT @

Iow density High density

105

Leaf length 0,225 ¥ 04445 *#%
Leaf height 0,221 #e% 0,404 *¥%%
Plant height 0563 ¥k CaH40 #wi
Biologieal yield C.323 #¥% 0947 #we
Harvest index 04425 ¥%¥% 0,283
Ears/plant 0.827 *¥ex Ga694 w¥k
Seeds/eax 0,383 i 04532 %
000 grain weight D.246 Wk Ue295 #RE
NITROGEN EXPERIMENT :
Iow nitrogen High nitrogen

Leaf length 0.391 ®*x 0,320 #*¥k#
Ieaf height 04,375 #*% 34069 *
Flant height 0.418 *ex 0,166 %
Biological yield (1,982 Wi 0942 Wi
Harvest index H.S. 0153 *w
Ears /plant 0.825 #¥x 0,845 wxx
feeds/ear 0.482 *¥* 0,407 #*¥x
1000 grain weight 04305 s 0.120 #¥x



Teble 17

The correlation between F5 characters and §% yield.

DENSITY EXCERIMENT ¢

Selection environment (Fy)

Test eanviromment (F.)

Ieaf length

Leaf height
Plant height
Biological yield
Harvest index
Rars/plot
Seeds/ear

1000 grain weight
inthesis

HATTROGEN H{PERDMETE @
Selection environment (F3>

Test enviromnment {Fj
P

ieaf length

Leaf height

Flant height
Biologieal yield
Harvest index
Hars/plot
Seeds/eax

1000 zrain weight

inthesis

iow Density

low d.  High D
N.S5. N.5.

{4,256 W N.5.

) 4294 W% N.5.
04834 *#¥% (0,935 #e¥
Q73T ¥k 0,684 e
0,760 %% 0,432 #

Wl (14313 **
04366 & 0,571 *¢
“0,273 #% =0,588 ¥

low Nitrogen

Iow N. High N.
N.S. =0,521 **
NuSe =(,63T ¥
NeSe (3, T30 *e%

0,773 #0815 #**
0432 *i% (0,861 **¥*
0.604 %% (5,888 #HF
0,295 % W.S.
0,258 #% 0,560 #itk
HeSe 0,562 **¥
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tHigh Density

Iow L.

(34205 *
HeBe
.S
},898 #¥¥*
0,770
0.TAL #e%
N.3.
Je21h *
Nele

High 1

HeSe
Hela
HeSe
0,939 ¥
0514 *ix
04404 #%*
De242 ¥
0HAT *¥¥

~(e ST H¥E

High Nitrogen

ow N.

N.S.
~0.296 ™
-0.243 ¥
0,799
0,582 ¥
G.T27 *ew
(04285 #*
0,290 #*
-(3,299 *#

Hizh N.

~(.430 #¥
0494 w0
(o412 *EE
0.975 *w¥
0,841 #*%%
0,581 *#&%
0,526 sk
(1,008 #ks

~0.565 *w



(b} In the ¥ generation {1969).

The correlations between the characters measured in the F5

and yield in the E% a¥s given in table 17. The followlng poiniz are
of interest:

{1} The vegetative characters {leaf length, leaf height
and plant height) showed no consistent patitern in the density sxveriment,
although the three significant correlations obtained were all negative,
whereas in the nitrogen experiment there was z marked negative
correlation between these characters and yield in the high nitrogen
test environment (e.f. table 14).

(2) 0f the yleld components 1000 grain weight was more
important than seeds/ear and in some cases, though not usually, more
important than ears/plot (e.g. for lines tested at high density) in
determining yield. Seeds/ear was not significantly correlated with
yield in thres comparisons; two of these were in the.low density
treatment.

(3) There was a high positive correlation between Larvest
index and yield, thus confirming the woric of Beavan (1947) end Sims
{19635,

(4) In most comparisons there was a marked negative
¢ orrelation beiween date of anthesis and yield.,

(5) Biological yield was always highly correlated with

yield .
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in the nitrogen experiment.

The point which ctands out clearly from the above results
(tables 14, 15, 16 end 17) is the relationship between the vegetative
charaeters and yield in the nitrogen experiment., Further examination
of the data on these characters is therefore warreanted. In table 18
the coefficients of variation of the begetaxive characters are
presented for all the Fé seleetion plots. The analyses of variance
of these characters for the nitrogen experiment are presented in
table 19.

Thers are several poinis of interest in these two tables,
especially when the results are compared with those presented in
tables 7, & and 9.

{1) The coefficients of variation of the vegetative
characters were very similar within each generation, and were much
jess than the corresponding coefficients of variation for yield.

(2) Most of the anamlyses of variance have = marked replicate
effect. This was not surprising as the characters chiosen were very
responsive to the environment {(c.f. the differences between treatments
for these characters, tables 5 and &, and the average values oi the
individual replicates table 20).

{(3) The differences between genotypes within an F5 treatment

were all highly significant (c.f. table 9}.

108



Table 18 :

The coefficients of variation of the vegetative characters {leaf

length, leaf height, and plant height) in the ¥,.

3

DENSITY EXPERIMENT :

Iow Density High Density
Leaf length 16.2% 166
Leal height 15.47 10,6
Plant height 11.4% 11.0%
NITROGEN EXPERIMENT :

Iow Nitrogen Tigh Nitrogen
leaf length 16.5% 15424
ieaf height 15 o450 11.0%
Plant height 14.6% De3%
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Table 19 ¢

The analysis of varianee of the T, vegetative data (leaf length,
o

leaf height, and plent height) and the coefficients of variation in

the nitrogen experiment.

Selection environment (F3)

Pest environment (Fs}

D.F.
leaf length
Reps. 2
lines 99
Lrroxr 188
Jeaf height 3
Reps. 2
Lines 99
Error 198
CoVe
Piant height :
Reps. 2
Lines aa
Lrror 198

C.Vo

Iow d,

Mot

38543
145
Tel

135%

595641
4245
45 .4

1048%

437240
272.0
77.0

9407

110

Iow Nitrogen
High N.
£ ratio eile £. ratio
54,17 *#¥ 126.0 36 W44 W
2,05 e 1443 hotd ¥R
Ded
7 8%

131,20 *¥# 1545 0463 NeSe
Sel4 W¥E 133.9 Sed4 W
24 46

5 L a;é'

50,74 *¥# 2853,2 G560 Hk
5455 ¥W% 210.6 705 #w%
29.9

3T



Table 19 : (cont,)

Selection environment gg5} High Niirogen
Test environment {Esé, Iow N, High ¥,

DeFe Hele £ raiio HeS. £ raiio
Leaf length
Heps. 2 638.2 140,14 www 180.0 17996 wwe
Iines 99 945 2.08 #% ol 2,50 we
Eeror 198 4.6 55
CuV, 11.0% 10.0%
ieal height :
Reps. 2 66435 .2 269,875 *k% 654 1426 H,8,
Lines 99 102, 7 417 n 119.9 26371 kX%
Error 198 24.6 51.9
[ 8.0% 8.45:
Plant height 3
teps, 2 6154,.9 205,00 & 7941 JC 38 W
Iines ga 213.0 To09 st 230.6 W00 #HE
Rrror 198 30,0 7643
GeVs 5 6% TeT%
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Table 20 :

hverage length (cm) of the vegetative characters per replicate (leaf

lengfh, leaf height and plant height) in the Fé nitrogen experiment,

Selection environment {33}

Test environment (F_)

Leaf Length

Leaf height

Flant height

Jelection environment 533}

Test environment (st

leaf length
leaf height
Flant height

Selection enviromment (Fz}

Tegt environment {FEE
Leaf length
Ieaf height

Piant height

Selection environment (F3}
Test environment (Fﬁ}

leaf length
Ieaf height
Flant height

Rﬂp.T

21.3
Tiat
104.5

25.2
86.5
116.4

241
Tied

106,1

25.0
371
1172

=%
-
no

Rep. 2

1849
5003

5848

234
86.1
113.8

High Nitrogen

1849
640

99.1

High Nitrogen

- 3N

£ L £ I 5
¢ o
6 ~3

Faed
-
]

Iow ¥s

T

56

91

MHgh W

23
85,
113,

Iow H,

17.
55

0.

Tgh ¥

Iow Nitrogen

i
&

£
2

3

Low Nitrogen

1
7
3

1
&
5

L ]

0.T1
1489
2,38

B .52
wie i

132

M

1260
139

1633



(G) Competitive relationships within the I _nitrogen experiment.

In the review of literature the relationship between the
Yield of plants in mixtures and their yield irn pure culture was
discussed. Idealised tyves of relationships were given in figuvre 2.
In the 17‘5 nitrogen experiment each test plot was surrounded by a
eingle Dorder row ol the same genotype. The test plot with its
border row adjoined other bordered plots. The border rows wexe
therefore competing partly with a different genotype (neighbouring
boxder rows) and partly with a similar genotype {the test awea), I
was therefore theoretically possible to obtain an estimate of the yield
per plant of the different genotypes when competing in mixtures (in
the border) and in pure culture (in the test piot}, Certain points
migt be emphasised, Firstly, the competition in mixtures was measured
in a slightly unusual way. The borders of each plot had four adjacent
competing genotypes. Lo there wers three replicates of each genotype
this meant that in the nixiture every genotype wasz competing {on one
side) with twelve cifferent neighbours, which it was hoped would be
approximate to the azverage competitive ability of this particular cross.
Secondly, because the border rows were used; the estimaite of yleld in
mixfures was not very precise zs the borders were competing with the same
(on the test plot side) as well as with different genotypes. It was
thought however, that this wounlid not affect the direction of any
competitive ability/yield relationship, only its magnitude.

By harvesting the border rows as well as the F5 test plots
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it was possible to obtain a crude estimate of the yvield per plant in
mixtures as well as yield per plant in rure culture. Using this
approach the regressions of the relationship between yield in pure
culture and yield in mixiure were obtained for the nitrogen c¢iperiment
(table 21). These are shown graphically in figuve 17 for the high
nitrogen FB tect environment., From table 21 it is seen that all the
regressions are significantly less than one, suggesting that the
higher yielding genotypes in pure culture are less competitive than
the lower yielding genotypes.

However, in each replicate, there were alsc 48 control plots
(C.I.3576). These were put into 48 groups of threc, made up to one
plot, chosen at random, from each replicate, The 48 groups so obtained
had yields in pure culture and in mixture that were directly comparable
to those of the selected genotypes. The only diffevence was that the
48 values were all of the same genotype. The regression of the control
plots was therefore calculated as a check on the method., The regression
of the yield of the control variety in pure culture and the yield in
mixture vexe also significantly less than one. Furthermore in one
case, Zenotypes selected (F5) and tested (Fé} at high nitrogen, the
regreésion of the control veriety was significantly les: than that of
the selections. These results will be considered again in the

discussion,



Table 21 :

Regression analysis of yield in pore culture and yieid in mixture of

the genotyper seleched (33) in the nitrogen experiment and the coniroli

piobs (Cele3576) when grown in the test generation {F5}.

Genotypes selected (F3} at low nitrogen.

Test environments.

(F;)

Ioﬂ‘ri Nn

Hgh H.
S'E—Q

Hegression equation of t for comparison with
yield in pure culture line of slope = 1.

and yield in mixture,
ES
- 0,058

Y = 0.66X + 0,98 8. 12%%%

(B

0.054

Genotypes selscted §F5z at high nitrogen.

Iow N,

Y= 051X + 1.4 5 o5 THE*
I 0.047

Y = Q.?1:’u + 0.5? 6=2QH‘*
.;..

- 0,088

Control plots (C.T1.3576).

b ar
SOV e
LA

5‘E'
High N,

o™
Dealie

Y = 0.46% + 1.99 2.TTH**
2 04193

Y = 0,33 + 2.57 4, 29
= 0.156



Table 21 (cont.) @

+ values. (For comparing the slopes of the regressions of the

selections with that of the corresponding contxrol. )

Selection environment {F,) low Nitrogen

Pest environment (Fb.} low N, High N.
+ value 0,07 HelZe 190 NeSe
Selection environment (F5) High Nitrogen

Test environment (rl\ low N. High H.
b value 0424 N.S, 2,27 *
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Floure 17

The relationship between yield in pure culture

end yield in mixtures a% high nitrogen.,

17



The relationship between yield in pure culture and in
mixtures at high N.

5.0 - A
B
4.0 - ¢ 0
Yield in
mixture
per plant
(gm.) 30 -
20 -
1.0
0.5 | 1 | 1 L
05 1.0 2.0 3.0 4.0 5.0
Yield in pure culture per plant (gm.)
A is line of slope =1
B is the regression of the high N selections, y=0.71X + 0.874
c - " " Y low T "’ " 0.66X+ 0.977
b " " " “ " control plots "7 0.33X+ 2.571



DISCUSSION,

{1) Methodology :
Certain points of methodology call for consideration., They

{a) the use of response surfaces or moving means in
estimating micro-environmental effects in mixed communites,

(b) the effect of plot size in the experiment described in
this thesis,

(e} +the procedure for analysis of Eé yield.

(A} Response surfaces and moving means,
In cereals vegetative propagation is not yet a practical

proposition and therefore single plants in segregating generations
cannot be replicated. If different genotypés are grawn in a variable
environment it is not possible to estimate the micro-envi ronmental
variance. If, for example, there is a fertility trend within a plot,
this may lead to false sppraisal of an individual's worth. It is
therefore important to consider possible means of estimating and
removing as much of the environmental variability as possibls. Thiz
vwas the purpose of fitting response surfaces and moving means.

The response surfaces fitted were polynomial functions that
related the position of the individual plants within the F3 selection
plot to their yield. The position coordinates, x and y, were the
independent variables, and the yield of the individuals (z) was the
dependent variable. The technique involved the simultaneous fitting
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of a multiple regression to the x and y axes of the plot, produeing
a response surface in three dimensions x,y and the estimated yield,
This equation cen be represented as a conteur map, which shows the
calculated mean yield over the selection plot (see figures 10, 11,
12, 13 and 14).

Theoretically the ideal surface would be one that estimates
all the envirommental variation, without removing the genetic
variation, However, in single plant selection it is impossible to
estimate the genetic and environmental proportions of the variance.
It is therefore impossible to decide objectively what number of terms
should be included in the regression equation. Two empirical approaches
to this problem are possible:

(1) is to ealculate progressively higher order terms of
the polynomial until there is no statistieal improvement in the fit
of the surface., This was done, and except at low density, the cubiec
expressions did not differ significantly from the quadratic., However,
the former were used because it was presumed that they gave a slightly
more gccurate deseription of the aetual situation. In the low density
treatment there was an improvement using the cubic expression, but
because the computer (0.3.0.6400:3 had inadequate memory for storage
and calculation, it was not possible to go to fourth order expressions
to determine whether these differed significantly from the cubic
expression. Two points need emphasis; as variation can be very

localised (see later discussion) a very large number of terms may be
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needed to account for the microeenvironmential variation. Also, if
the actual pattern of variation is complex, then there is no reason
to expect that by increasing the number of terms from the guadratic
to the cubic, the fit of the equation will be usefully improved.

(2) Another approach, not used in this experiment because
the magnitude of the micro-environmental variation was not anticipated,
would be to plant a standard variety as a recurrent control. The
surface would then be fitted to this variety. The major problem is
that, unless the control had adequate borders, competition would be
very important in determining its yield. On the other hand if it is
bordered, then the distance between the control plants and the test
plants will be increased. 4is large changes in the micro-environment
¢an occur over chort distances, this will reduce the precision of the
fitted surfags in relation to the total environment.

Onee the equation to be used has been decided there are
still two limitations to the use of response surfaces. The surfacs
is less well defined near the borders of the experimental plot as no
information is available beyond the perimeter., Furthermore even if
the equation gives zn adequate description of the mnvironment in one
situation it is not necessarily adequate in snother., The terms of
the equation have no biological significance.

These problems are illustrated in figure 18. This shows a
crose section of the low density F, selection plot, with the yields

3
of individual plants in 2 column of the plot and the corresponding
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section of the response surface depicted. In the overlays the
corresponding moving means {to be referred to later) are shown. fhe
moving means show that the average yield of plants in the first few
vows {rows | = 5) is rising. The surface on the other hand shows
yield as falling rapidly. This occurs because the cubic surface is
not only affected by the yields of plants in the individual column,
but by every other plant in the Fé selection plot. If an equation
containing more terms had been used the surface might have shown the
same trend as the moving means,

The above discussion concerns the theoretical problems
associated with response surfaces. /Another more practical problem is
how to depict different surfaces so that they may be compared. For
example, what contour interval should be used so that the nonerandom
variation within a plot can de conpared with that of another plot,
even though the plots have been planted at different densities and have
very different mean yields. On a relative basis the szecale used must
be comparsble,

A possible contour interval would be some fraction of the
standard deviation. This is & scale based on varisbility. It was
uged in figures 10, 11, 12 and 13 showing the surfaces for the EB
selection plots where the contours are at intervals of 1/5 of a
standard deviation. Using this scale the F3 response surfaces are
rot completely comparable because the coefficients of variation were

not the same {see table 7). This would tend to decrease the contour

121



Pigure 18

A cross section of the low density yield response
surface., The figure also shows the actual yields,

and in the overlays the three moving means,
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interval, relative tov the mean yield, in treatments having a low
coefficient of variation, in this experiment the low density 35‘3
selection plot. This treatment had more contours than the others
{compare figure 10 with figures i1y 12 and 13), not because it was
inherently more varisble, but because of scaling effects. To overcome
this problem the contours were re-drawn at intervals of 10% oi the
mean yield. (It should be noted that in treatments having &
coefficient of variation of approximately 50%, contour intervals of
10% of the mean closely approximate %o 1/5 of a standard deviation,

see table 7.} In the low density 1-53 selection environmenit a contouxr
intexval of 10f ¢f the mean inereased the distance betwesn contours

by 567 relative to the contour interval of 1/5 st. dev. inly in this
case {low density F3 selection plot) were the contour intervals {1/5 of
ste deve V. 10% mean yield) sufficiently different to be worth showing
as a separate figure., Figure 14 shows the response surface of this
plot with conbour intervals of 1Cj of the mean yield, This figure
should be compared with figure 10,

Lven using this contour interval {compare figures 11, 12, 13
with 14 the low density F3 selection plot had more contours and &
more complex surface than the other environments. This result was not
sarprising, as on a gtatistical basis, one would expecet & greater range
of variation over a larger avea. But, the low density F3 selection
piot alsc had a low coefficient of variation (ses table 7} compared with

%the cthex F5 treatments, It is impoxtant to consider what this means,



The coefficients of variation of the F3 plots will include
variation due to genetic differences between individuals, to systematic
environmental variation and to random variation. It is reasonable to
assume that the proportion of the genetic variation is constant in
each treatment, and that the genotype = enviromment interaction will
either be constant in 2ll ireatments, or increase at low density,
whers the genoiypes will be better able to express their full potential
(Frey 1964).

Among the F3 selection plots, a greater proportion of %he
total variance was due to systematic environmenial effects in the low
density plot than in the éthers, {c.f. discussion of surfaces above).
Therefore it would appear that more of the variance at low density
is due to genotype - envirenment interaction and to systematic
variation than can be explained by these factors in the other ng
selection envirommenis. But these other environments, low and high
nitrogen and high density, have larger coefficients of variation, and
therefore on & relative basis more variability.

This increased variability mmst be due to zreater random
variation. The factor vhich fits this situation is competition
between plants. This factor was more than sufficient to compensate
for the decrease in micro-envircrmental eéffects that would occur with
Ithe reduction in area used. An increase in the coefficient of variation
with increasing density and competition has also been found by Stern

{1965) using subterranean clover.



Perhaps surprisingly table 12 (and tables A1 and A3
appendices 1 and 3) show that the use of response surfaces to obtain
egtimates of F3 yield potential did not provide z better estimate for
predicting futurs performance than did yield itself. Cne reason for
this was that the cubic surface was severely limited in its
responsiveness to localised variation., If there were small areas of
poor ground surrounded by larger good areas, the surface would make
little allowance for the poorer patches, This results from the
limitations imposed by the order of the polynomial used in fitting
the eguation.

A solution to this problem would be to estimate variation
within smaller areas than the whole plot, It was therefore decided
to use moving means. One needs a small semple to estimate effects
over a minimum area, but a large enough smmple to ensure that the
sample genetic mean approaches the population genetic mean., In an
attempt to find an empirical solution to this problem three sizes of
unweighted moving means were used. These consisted of 9, 25 and 49
plants (sides 3, 5 and 7}, where the test plant was the centre of the
sample unit.,

Two problems associated with the use of moving means were
how to aliow foxr the effects of missing plants and also how to estimate
the calculated values at the edges of the selection plot vhere the
yields of plants making up the guard rows were not measured.

As no test plant used was immediately adjacent to a missing
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plant (c.f. p.63) the problem of missing plants did not arise when
moving means of side 3 were used. ithen moving means of side 5 o0 7
(25 or 49 plants) were used, there may have been some missing plants
in the outer surrounding rows. The effect of these were ignored and
the calculated yield obtained from the actusl number of surviving
plants. Because of the large numbers of plants in the average (25
or 49) and because the neighbouring plants would compensate for
missing plants, the errors of this method would be minimal.

At the edge of a selectionplot, although there were border
rows these were not harvested, no information was available as to the
yield of some of the plants adjacent to & test plant normally
ineluded in the moving mean, Two methods of estimating the caleculated
yield of test plants at the edge of a plot were possible, either one
could use the closest complete estimate, which would not be strictly
applicable to the test plant being considered, or one could calculate
the moving mean using the neighbours on three sides only., This
estimate of the moving mean would be less reliable than those cbhtained
for test plants further from the neriphery of the F3 selection plot,
Both these methods of estimating the calcdated yield have disadvantages
but for computational reasons the former was used in this study.

It is pertinent to consider how the methods of ranking 36‘3
yield (yield itself and response surfaces and moving mean estimates)
differed from each other.

Firstly, actual yield is a measurement of the phenotype,
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where no account is taken of micro-environmental effects; all the
0 ther methods of ranking F?) yield took some account of these effects,

Secondly, it was possible to measure the deviations from
the response surfaces and from the moving means either as an actual
or as & relative deviation., The relative deviations would take into
account the average yield of an area and would allow more accurate
comparison between areas, For example, if two individuals from within
the same selection plot had the same actual deviation from the response
surface, but in one case the value of the salculated yield was half
that of the other, then although on an actual deviation basis both
plants had the same yield, on a relative basis one would be much
superior to the other as some account had been taken of the fact that
the area in which it was growing was lower yielding.

A comparison of the moving means and response surfaces may
be made from figure 18, which shows a single section through the low
density F3 selection plot. Similar results occurred in the other 1‘5‘5
selection environments, but only one example is given., It shows the
actual yield, the response surface, and in the overlays the three
moving means., The following points are apparent:

(1} The data shown are in two dimensions, while the surface
and the moving means include information in a third dimension at right
angles to the figure.

{2) The surface takes into account all the other plants in
the plot, whereas the moving means consider only immediately adjacent
plants.
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(3) The range in the actual ylelds was very much greater
than the variation in the response surface o¥ the moving means,

(4) By definition the cubic response surface i seen in any
single transect (x or y axis) as a smooth curve with two points of
inflection. The surface gives some indication of the trend across
the area, but its limitations are clearly indicated by the moving
means., These show that there were systematic fluctuations that the
surface was not able to accommodate.,

(5) The fluctuations in the moving means were more frequent
and of greater amplitudé as the size of the sample for the moving
mean decreased (49 to 25 to 9 plants). This is to be expected as the
amaller the mumber of plants contributing to the moving mean the
smaller the area sampled and the greater the effect of local good or
poor patches. There is also a greater chance of the small samples
containing more than an average proportion of genetically superior or
inferior plants.,

The moving means show that the response surface used in this
study wae an oversimplification of the (systematic) environmental
effects. It would appear that a polynomial of the sixih or seventh
power would have been more appropriate than the cubic one used.
Because of computational limitations the moving mean was a simpler way
of obtaining a similar result. The moving mean approximatés to a
series of localised surfaces.

For a response surface to be effective the equation used
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mist be sufficiently complex to aliow for any systematic trends within
the plot. XJecause, in using a moving mean no equation is fitted to
the data, but only local averages are obtained, the moving means are
more flexible and no prior knowledge is needed as to the complexity of
the trends present, Moving means will therefors always reflect local
environmental variation independent of its complexity whereas response
surfaces will only do this if by chance the equation used contains the

appropriate number of terms to account for the variation present.

{B) The choice of plo: size.

As already pointed out {p.68) there were only 16 test plants
per FS plot, with various numbers of border rows, the actual number
depending on the density. The relationship between yield performance
and plot size is very important when extrapolation o field conditions
is sought,.

Several authors (Ross and Miller 1955, Torrie 1962, Jellum
et al. 1963, Frey 1965, Jensen and Robson 1969 have compared "micro
plots" with field plots, The yield ranking of varieties grown in micro
plots corresponded moderately well with the yleld ranking obtained from
field plots. Frey has the widesi experience of the use of "micro®
plots and he (1965) concludes that they are effickent for early
generation testing but that final yield evaluation should be carried
out in field pliots.

The most commonly observed result in all the reporic was &
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substantial increase (2-5 times) in the coefficient of variation of
"miero plots™ as compared with field plots. The coefficients of
variation of the F

5
coefficients were high (21.0% to 32,5%), but in an adjoining field

plots were given in tables 8 and 9, The

R.P. Johnston {unpublished data) obtained a coefficient of variation

of 27% for field plots. This was in close agreement with a five year
average of 206 obtained by D.H.B. Sparrow and K.W. Finlay at the

Waite Institute (unpublished data). These values suggest that "micro
plots®, despite their high coefficient of variation, were as efficient
as field plots in this agricultural environment. The overall conclusion
must be that there is very large, localised soil variation on the red
brown earth of the Waite Institute; this severely limits the

efficiency of early generation selection in cerealcs,

(C) The Fo analysis,
The relationship between the number of replicates needed to
detect a significant difference between vaxriety or treatment means with

different coefficients of veriation have been itabulated by Hoblyn
{1931}. GSome of this table is shown in table 22.
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Table 22 :

The relationship between the number of repiicatesé the coefficient

of variation and the size of differences detected at the 5% level
(Bobiyn 1931). The number of replicates required to detect a specified

difference is given in the body of the table.

Coefficients of variation

Difference 20% 253 30%
107 32 50 12
20% 8 12 18
30% ] 6 8
40% 4 4 2
50% 3 3 4

From table 22 it is seen that if the coefficient of variation
is of the order of 25% as in this study, then a very large number of
replicates is needed o detect a relatively emall difference (10e20$§)
between lines.

It should be noted that to plant the Fifr yield trial required
48 man days {12 people for 4 days): any further increase in the size of
the experiment was not feasible. Therefore wers there other wé;ys in
which the number of replic:.ates might have been increased?

100 lines were chosen from each selection environment., If

this had been reduced to 50 lines then it would have been possible to
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double the number of replicates without increasing the total size of
the experiment. In most selection experiments for yield (see PPs
32-37) only the high yielding single plants were selected; however
28 already pointed out, (pp. 1 2-28) there is no reason to assume that
the yield of single plants in mixtures and the yield of the same
genotypes in pure culture are positively associated. If they are not,
then selection of high yielding single plants would not be effective,
To obtain data on the relationship between competitive ability and
yield in pure culture, the total yield range had to be evenly sampled.
To ensure an adeguate sample of the range, a large number of lines was
needed. It is thought that the use of only 50 selections from each }.«“3
snvironment would not have been adequate as this would have meant only
limited sampling from cach yield decile (5 lines/decile). This size
of sample greatly increases the chance of a resuls being dus to
sampling effects and not a true result (c.f. discussion on p. 16).

4n alternative would have been to planit the experiment by
machine, so making it possible to plant mors replicates. The 3‘3
generation was hand planted on the square to ensure even gpacing and
competition. If this had been machine planted, the Ffi single plani
yields would have been confounded by variable spacing within the row.
Unce it was decided to avoid these problems by hand planting on the
square in the FB’ it was necessary to plant the ﬁ‘s yield trial the
£ ame way and thus minimise the genotype - treatment interaction.

With hind sight it is possible to suggest a programme that
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would have enabled more F‘S replicates to be planted, It has been

shown (ta.bles 12 and 14 and later in the discussion) that in the

density experiment thers was little relationship between any F

]

&

characters and ZE‘§

and FS were shown in the nitrogen experiment. This

yield. ©n the other hand clear relationships
between F§
experiment was conducited at approximately commercial spacing, susgesting
that selection should be carried out at this spacing, If this had been
done snd the density experiment had been eliminated, then it would have
been possible teo double the number of replicates in the nitrogen
experiment. ut when the experiment was designed these results could
not have been anticipated,

In retrospect another solution may have been 4o imitate as
closely as poselble normal field spacing in the FB’ Instead of using
square planting the plants could hawve been grown in rows with accurate
specing within the rows. The F5 test plots could have been machine
planted to those specifications. #is the average density in the F5 test
piots would have been the same, local variations within the plots
would not have bfased the results as areas of lower than average density
would have been compensated for by arcas of greater than average density

within the same plot (Fairfield &mith 1937). This would have enabled

more replicates 40 be used in the 51’5 yield trial.
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A\ - . - <
(2) Discussion of the Resulte :

{4) The correlation of F; yield with Fs plot yields.
With the development of various methods of estimating F

3
single plant yield it was possible to compare these ylelds with F5
yield; as already indicated (table 12, p. 94) not one of the
correlations was significant. (But it must bs remembered that these
estimates are not independent, ¢.f. Pe 93.) However, this result is in
agreement with the consensus of plant breeding opinion {see Introduction
Pe 1 and Review of literature pp, 3=49) that single plant selection for
yield is not possible. Furthermore there is no indication from this
study that FB plant selection in an environment similar to the Fé plot
environment is any more {or any less) effective than 53 selection in
en environment which contra@%s-with the plot envirorment of the Fs.

If the level of heterozygosity in the EB was the reason for
the lack of relationship between Fé and ¥_. performance, then, from the
design of the experiment, it is not possible to make any owrogress in
enalysing the results. The experiment was based on the assumption that
heterozygosity would not be an overwhelming problem in the Fé generation,
end it would appear from the literature {c.f. pp. 5=9) that this was
& reasonsble assumption. 4lso, if heterozygosity was the major factor
disrupting selection, it could be expected to have a similar effect
on the vegetative charecters (leaf height, leaf length, plant height).
This was not the case (see table 15). Therefore it would appear that

although neterozygosity mey have had some confounding effect, it was
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insufficient of itself to account for the total failure of 53’5 selection
on the basis of single plant yield.

The difficulties of selection in one environment for
performence in another, with inherent genotype - envirommenit offects
have been partially overcome in this study by testing in an environment
{density or N level) as similar as possible to that used for selection.
Nevertheless it is possible that the lack of correlation was
attritutable to other genotype-environment interactions, such as
genotype-seasons interaction between 1967 and 1969 (c.f. %able 3).
4lthough the importance of the genotype-season interaction may be
congiderable {p. 10} in a field experiment of this type, it was both
unavoidable and unmeasurable on the selected genotypes. Some indication
of its magnitude can however be obiained indirectly. Table 13 shows
the correlation between the yield of +the F5 lines when tested in the
same and in alternate environments. In two cases there was no
correlation, while in the other two cases the correlation, altlhough
highly significant, only accounted for 12% and 14% of the veristion.

4 second source of evidence comes from the Walte Institute
breeding programme. In the seme seasons as the FZ) and the F5 (1967,
1969) generations were grown, late generation selections of the same
¢ross as vas used in this study (Proctor x C.I.3576) were grown in
replicated plots. There was no gorrelation between the yields of 47
lines grown in 1967 end the same 47 lines grown in 1969 (D.E.B. Sparrow

unpublished data). However, because the averageyleld per unit area of
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these 47 lines was much lower than that of the FE selections used in
this study, @ second comparison was made, this time among 22 lines

from a similar cross (Bonus x C.I.3576) which had a similar yield in
1967 to the F3 selection plots. 4gain there was no relationship between
the performance of the 22 lines in 1967 and in 1969 (X.¥. Finlay
unpublished data).

These resulis clesrly show that there was a large genotlype=
seasons interaction between 1967 and 1969, the F5 and the '5’5 yeaxrs of
this study. This interaction of itselfi may have been sufficient to
destroy any relationshin between the yield of single planis in the F

3

and the yield of plots in the FS'

The low density 3‘3 selection environment was used to minimise
compotition between individuals. Yet even then it proved not possible
to select effectively in the ¥

3
This strongly suggests that micro-environmental factors so aifect plant

for yield at low density in the ;é‘f)s

performance that they alsc may have been sufficient %o destroy any
correlation between the FB and 1?5 performance,

It is important Yo obtain some indication of the seale of
+he micro-environmental effects that ocour hetween adjacent plants.
This is best done by considering the variation that occurred over 40 em
in the high density treatment. Figure 11 (p. 81) of the high density
vesponse surface shows that the mean yield per plant can be expected
%o vary by 307 in 40 om (0.6 of a standard deviation within a distance

of 41 plants). Yet this method (response surface} of assessment under-
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estimates local variation (p.128) and it is instructive to consider
assessment based on the moving means. An extreme set of results is
presented in table 23,

Table 23 3
Moving mean variation in F5 plant yield (gm) found over 40 cm in the

high density envirorment (column 20 rows 21-31).

Moving mean
21 22 23 24 25 26 27 28 29 30 31

Side 3 053 Gudd 0.63 0u58 0478 0471 0.8C 0,87 ©u92 4.00 1.12
9 plants

gide 5 0452 0,67 0.65 0.75 0.85 0.92 0,86 0.95 0.96 1,01 1.06
25 plants

Side 7 0.65 0465 0.71 0.76 0.83 0.85 0.90 085 0,95 1,00 (.94
49 plants

The plot mean yield was 0.79 gm/plant, The range of valuez of
moving means of sides 3, 5 and 7 respectively over a distance of 40 em
was equal to ST%, 68% and 4455 of the mean of the whole PB plot, = very
large micro~envirommental change within a short distance.

This degree of nonerandom environmental variation would have
been gquite sufficient to destroy any correlation that may have existed
between the yield of single F‘3 plants and F5 progeny plots at low

density.
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Therefore a serious limitation ¢ the use of either respense
surfages or moving meens at low density is that the area is not sampled
c losely enough to estimate local variation accurately. DBut in both

the high density P, selection environment and in the nitrogen experiment

3
the area was sampled more clogely and the estimate of local variation
should have been correspondingly better., However, competition has
greatly increcased the coefficients of variation in those treaiments
(high density and high and low nitwogen) where competition wae
potentially important {p. 124). Therefore the affects of competition
would be expected to confound the estimates of yield potential in pure
culture that were cbtained from yield in a close sgpaced F§ population,
The failure of single plant selection on the basle of yi=léd
in this study is not surprising when one considers the several major
factors which operated against effective selection, It would seem that
genotyye-season interaction, micro-environmental effects, and competition
were sufficient to destioy any correlation that might exist. This
result confirms and analyses the conitention that selection for crop
vield, based on single plant yield in early generations, is mot possible,
Une must therefore turn o the possibility of selection on

the basis of characters other than yield which are indicative of yield

in pure culture,
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{B) Tae use of I3 characters other than yield as selection criteria

for yield in later generations.

In the Fé the yield components, and several characters that
may be associated with photosynthetic, physiological or competitive
efficiency were measured. These characters have been correlated with
FB yield and the resulis were given in table 14.

In the density experiment there were few significant
correlations and these were not consistent., However the negative
correlation between ears per plant at low density in the Fé and plot
yield at high density in the FS supports Hurd's (1969} contention that
selection at wide spacing should be for poorly tillered plants if they
sre to be grown under field conditions in a semi-arid environment.

In the nitrogen experiment there were two sets of results that
were consistent and need detailed consideration. There were negative
correlations between the IB vegetative characters (leaf length and leaf
and plant height) in either selection environment {(high or low N) and
yield in the high nitrogen test environment. Thus tall long leaved F§
plants tended to have low yielding progeny in the Fs. There was also
a consistent negative relationship between seeds/ear in the F3 and.
yield in the F5.

Four points concerning the vegetative characters stand out.

Firstly there was a positive association between these
characters and yield in the Fy (see table 16).

Secondly the vegetative characters were inherited from the

F

5 to the Fy {see table 15).
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Thirdly there was a negative correlation between the characters
in the ].i‘3 and yield in the F5 at high nitrogen (see table 14).

Fourthly there was a negative relationship, within the FS
high nitrogen environment, between these characters and yield (see table
17).

¥% is important to find an hypothesis that accounts for these
results,.

In the mixed FB commmnity the taller, longer leaved, and
probably more competitive plants yielded more than the more dwarf, short
leaved planis, whieh would be susceptible to competition. This result
is similaxr to that of Jemnings and Herrera (1968) who found that in a
segregating population the short plants yield less than tall plantis.

The short plants in the F3 had short progeny in the F5. Thisg
means that effective selection for plant height was possible., This
result has often been reported for cereals in the literature (Vogel
et al. 1956, 1963, Liang and Walter 1968, Frey 1959, Patterson et al.
1963, Threlkeld 1962, lebsock 1963, Anon 1962, Jain and Upadhyay 1964 ).
The level of nitrogen had little influence on the relative expression
of this character (table 15).

Short plants in the F3 gave rise {0 higher yielding progeny

in the ¥_ than did tall plants (see table 14). Also the high yielding

5
F lines were themselves short (table 17). This suggests that there
is some intrinsic advantage for short plants when grown at high nitrogen.
There are three major reasons why short plants may be at an advantage

in this circumstance.
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Short plants are moxe resistent to lodgj.ng. This will enable
them to respond better than tall plants o high lev_els of nitrogen
(Vogel et al. 1963, Porter et al. 1964, Woodward 1966). In the high
nitrogen experiment lodging was important, (see fig., 8) but duec to the
wire supports a lodged plot did not affect neighbouring plots, If a
plot lodgel this clumped all the stems and ears together in a corner
of the supporiting grid. The less favourable light relations within the
clump would have caused lower yields of tall lines susceptible to
lodging.,.

Although lodging may explain the results alternative
explanations are possible. Choudry and Allen {1966) found that short
plants tended to have short leaves and Fowler and Rassmusson (1969)
showed that leaf area was inherited. These results were confirmed in

this cxperiment (see tables 24 and 15).

TABLE 24 s

The correlation between leaf length and plant height in the nitrogen
experiment,

(a) 53 in 1967,

low Nitrogen High Nitrogen
Leaf length/plant height 0,603 **% 0,286 *¥i
{v) Fg in 1969,
Iow N, High N, Iow N, High i1,

Leaf length/plant height 0,635 ¥%% (,518 #%% (0,641 ¥%% (0,332 %4+
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On average one would expect that short leaves would Le more
upright, as the bending moment of the weight of the leaf is less.
The crop canopy of short upright lines would have many of the features
put forward by Wilson {1960), Blackman (1961), Stoskopf et al. (B63),
Jennings (1964), Jennings and Beachell (1965), Beachell and Jennings
{1965), Pendelton et al, (1968) and Donald (1962 and 1968 a & b), {c.f.
Ideotype Plants pp. 40-48) as being inherently more efficient at
converting 'solar energy into dry matter when grown in pure stands. The
difference in yield between tall and short lines may be related in part,
or gven wholly to this and not necessarily to a greater resistance to
lodging.

Flant morphology mey also aifect the moisture use of & crop.
Iuebs and Laag (1969) and Fischer and Kohn (1966a), in environments
similar to South Australia, showed that increasing the level of nitrogen
increased the leaf area of barley and vwheat and that this inereased the
wvater loss, Thus lines with short leaves and stature would be expected
to use water less rapidly than tall long leaved lines. This may have
enabled the short upright types to continue photosynthesis for longer,
elither by increasing the length of time between flowering and
senescence or by allowing photosynthesis to continue longer during the
day before wilting occurred.

Short upright types therefore have three potential advantages
over tall floppy leaved types, namely (a) they are more lodging

resistant, (b) they would use light more efficiently, and (c) they
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would use wabter more effieciently. Within this experiment it was not
possible to decide on the relative imporiance of these factors on
yield, However all these fagtors would increase the amount of photo-
synthesis after ear cmergence.

Thorne (1966) reviewing the physiological aspecis of zrain
yield, concluded that yield is proportional %o leaf area duration after
ear emergence. Fischer and Kohn (1966b) found a high correlation
between leaf area duration after flowering and yield in wheat in
Australia., A4lthough the high yielding F

5
{table 17) this was compensated by more ears per unit area, and

plots had shorter leaves

congequently more leaves., Also the high yielding plots flowered
earlier. A4s grain filling occurs in increasingly dry conditions (see
table 3 for rainfall and evaporation during September - November) all
lines usually ripen at about the same time, except when occasional late
raing behefit late maturing lines. Withthis exception, the length of
time for grain filling is determined by the date of anthesis. The
high yielding lines had a longer period of grain filling, and although
they had shorter leaves, they had more of them. Therefore the results
of this thesis do not econflict with the contention of Thorne (1966)

and Fischer and Kohn (1966b) outlined above.
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{C) Competitive ability and yielding ability.

The cbther main point that develops from ithese results on
vegetative morphology and yield concerns the relationship bhetween
competitive ability in mixtures and the yielding ability of different
genotypes in pure culture.

Jertain authors (Wiebe et al. 1963, Jennings and Aquino 1968,
Jennings and de Jesus 1968, Jennings and Herrera 1968, Donald 196 a
and b), suggest that there is a negative relationship between
competitive ability in mixtures and yield in pure stands., In table 16
{p.i105) it was shown that there was a positive eorrelation between
characters that were considered to be indicative of competitive ability,
(long leaves and tall plants) and yield in the FBO However, in thc EB
at high nitrogen levels this situation was reversed (table 17, £.106).
This suggests that the.characters that were advantageous in a mixture
wers disadvantageous in pure culture. 4in attempt was made to examine
this relationship in 1963; the border rows of the Fé plots were
harvested and it was poesible to compare the relative pexrformance of
the genotypes both in pure culture {the central sample) and in
competition witn other genotypes (the borders of the plot).

All the regressions had a slope significantly less than 1
{table 21, ps+115«6). This would mean that the higher yielding zenotypes
were poorer competitors'than the lower yielding genotypes. DBut, as

already pointed out, (p.114) to use the control plots to check thie

result showed that the regression of yield in pure culture against
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yield in mixtures was sgsin significently less than one in the controls
in one comparison (with genotypes selected end tested ai high nitrogen)
the regression of the control plots was significantly less than that
of the selections. This would mean that the competitive ability of
the control variety changed with its yield. Though not impossible,
this is unlikely and therefore other explanations smst be sought.

Engledow aznd Ramiah (1930) found that yield per unit area of
wheat was closely related to the number of plants per foot of row, and
suggested that a considerable reduction in yield occurred because of
local areas of low density. The inadequacies of this hypothesis were
sgtablished by Fairfield Smith (1937). He showed that areas of higher
than average density must on averasge be surrounded by areas of less
than average density. The lose of yield associated with the areas of
low density was compensated by the immediately surrounding areas of
higher density.

Tais argument needs only slight modification to explain the
results obtained in this experiment. Any plot growing in betiter than
average soil would o:i average be surrounded by plots that were not ou
such good soil. Thus a high yielding sample area would be likely to
have a lower yielding border, This, in the analysis used, would make
the g enotype appear to be of less than average competitive ability.
The hypothesis similaxrly predicts the borders being highexr yielding
than the sample area when the sample area was low yielding.

This approach seems to explain adequately the results obtained
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with the control plots, and seriously undermines the technique of
using bordex rows as a means of assessing the corpetitive ability of
high or low yielding genotypes. This could only be determined with
further experimenitation, Nevertheless short plants with shori leaves
were lower yielding within fhe Eé mixture, bui higher yielding as pure
cultures in the Eb plotss This confoims with the view that poor
competitors in mixtures ave highexr yielding in pure culture.

It ie appropriate to considexr why effective selegtion for
yield was possible in the FB on the basis of vegetabtive moxpholiogy, but
not on the basis of yielid ltself, The coefficient of varistion for
yield was less in the low density selection enviromment than in the
other environments. It is suggested that this inecrease in the
coefficient of variation at high densities is due to competition.,
Conpetition has not increased the coefficients oi variation for the
morphological characters (compare those for low density with the cther
Ié selecticn environments table 18, 1.108). It thereforec secms that
competition had little confounding effect on the expression of these
characters,

The nitrogen level ad little effeet on the relative expression
of the vegetative characters. There arc itwo sources of evidence for
this. Table 15 shows that these characters were correlated between
the EB and the FS generationsin either the same or the alternate
environment. In the F5 the level of nitrogen therefore had little

effect on the relative ranking of the genotype. The analysiz of variance
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of the morphological characters {table 19, p.110-194) shows that aithough
there was o large and very significant replicate effect in all the
treatments, the error term was small. Thus the ranking of varieties

by morphology did not change much hetween replicates. This was in
marked contrast to yield (c.f. tables 8 and 9).

Morphological characters are therefore less affected by
competition, genotype-season interactior and genotype=treatment
interaction than is yisld, It seems likely that, in this study, because
of the relationship between vegetative morphology and yield, and the
ability to select on the basis of morphology, it ie possible to select
indirectly for yield, where it is not possible to select directly in
mixtures for yield on the bhasis of yield.

The other consistent result for characters measured in the
FS and yield in the F§ (table 14, .99} was the negative correlation
between seeds/ear in the F5 nitrogen experiment and yield two zenerations
later (table 14), This negative correlation is probably associated with
the negative correlation for height. If competition wae eritiecal at
the time of ear initiation, then one would expect that short plants
would be at a competitive disadvantage, and have small ears. Some
indication of this is obtained from table 25 (p.148) which shows the
correlations between the vegetative characters and the yield components
in the F

3
correlation between the vegetative characters and seeds/ear than between

nitrogen experiment. It is agpparent that there was & highex

the vegetative characters and the other yield components. This suggests



Table 25 @

The correlations between the vegetative characters znd yield components

in the EB generation of the nitrogen experiment.

Iow Nitrégen High Nitrogen

(739 d.f) (1134 4.f£)
leaf length :
Earsfplant 0,217 #¥i Q.262 *%%
Seeds/ear 0,520 **# 0,388 ##x
1000 gl‘.'. W‘bo 00293 E “@0154 b
leai heiszht @
Ears/plant 0174 *42 HeS.
Seeﬁs/ear 0576 e (448 ¥¥%
1000 8T wt‘ 0.249 B “00?30 addd
Plent height
Bars/plant 0170 *m% (3070 *
Seeds/ear 0,680 wk 0.545 **#
1000 ar, wt, 0.596 L «(3,08% *#*
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that competition wae most important when sar size was being determined,
In Mediterranean environments light intensities are low during the
period of ear initiation. The shorter nlants in the F'3 therefors had
fewer seeds/ear. The alternative hypotheses for this result are thus

{i} that the genetically small plant had genetically small
eaxrs and

{11) that the small plents in the F5 heve small ears because
they are less competitive than their taller neighboursg and therefore
have less assimilates available for floret initiation.

The data support the second hypothesis, for if the first were
correct then one would anticipate that the short high vield plants in
the ZE‘§ would have few seeds/ear. In fact in three out of four cases
{table 17, 7.106) in the nitrogen experiment F§ yield was correlated
with seeds/eaxr, It therefore appears that the negative relationship
between seeds/ear in the F, and seed yield in the FS nitrogen experiment

3

was due to competitive effects in the 1?‘3 and not genetic effects,

(D) The correlation between plant characters in the F5 and FS generations.

In the density experiment there are some positive relationships
between vegetative characters in the FB and Fs (table 15, ».103}, but
no consistent pattern is present. The difference between these results
and those of the nitrogen experiment is difficult to explain. It appears
that there was a genotype-season interazction in the density experiment,

but not in the nitrogen experiment. This is an unsatisfactory explanation
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as 1% does not identify the wnderlying causes, only the end result;
there is however no indication from the data available what the cause
might be.

Harvest index was significantly correlated over generations,
and in both the same and the alternate environment for the low density
and low nitrogen selection environments {table 15, p. 103). ‘These two
environments had “wo factors in common., First competition for light
between genolypes would not have been severe in either of these
environments., Figure 6 shx?ws the low nitrogen Jl?3 selection plot during
grain filling and it is obvious that light was not an important limiting
factor. At low demsity the distance apart between plants would ensure
the same sdequecy of light, Also both these selection environments had
highexr harvest indices than occurred in either high density or high
niirogen environments (table 5, ».76). The inheritance of harvest
index needs further study to elucidate the results obta.ingd here,

Of the remaining correlations only 1000 grain wt. was
consistent, This character was correlated over generations in all
comparisons except for those lines selected and tested at low density.
Az already pointed out this character is only slightly affected by the
enviromment, and’ thissems to apply between seasons as well as between
treatments.

Seeds/eer shows some correlation between the ’5'“5 and the FS
for lines selected at low density and tested at either high or low

density. The correlation is however low and only accounts for some 5&?
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of the total variation., Tn the nitrogen experiment a significent
inter-generation correlation was found for lines selected snd teated
at low nitrogen. This was the only environment that did nct show a
sigrificant negative correlation between Fé seeds/ear and FS yvield
(table 14, p.99). This confirms the suggestion made earlier (p.149)

that the above negative correlations were not due to genetic effeects,

but to competitive relationships,

(E) The correlation between F. plant characters and F. yield.

In the density experiment the Eb vegetative characters (leaf
length, leaf height and plant height) did not show a consistent
relationship with r5 yield (table 17, p.106), although eny significant
correlations were negative {¢c.f. results of N experiment discucsed
Pe139).

Not unexpectedly there was a high degree of association
between biological yield and yield and between most of the yield
components with yield. The exception to this was seeds/ear. In both
low density test (Fs) situations there was no relationship between
seeds/ear and yield. This may have been due to there being little
competition in this environment so that each selection was fully able
to express its potential. Yield for all genotypes would then be
determined by the ability to produce fertile ears and large seeds.
There are no data available that either confirm or disprove thie

hypothesis, and this warrants further study. In the nitrogen experiment
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there was one instance where there was also no correlation (lines
selected (FB) at low and tested (Fé) at high nitrogen). This result

ie very anomalous and no explanation is availsble as to why this shomld
have occurred.

Of the other yield components in the FB, ears per plant was
more highly correlated with yield in the low density environment than
at high density (0.744 and 0.760 as against 0,404 and 0.432). Although
seeds per ear was not correlated with vield at low demsity, both it
and 1000 grain weight were correlated at high density. The results
not unexpectedly show that at low density yield was mainly determined by
the number ef ears per plant, whereas at high density this factor was
less important, and the relative importence of =eceds per ear and seed
weight increased.

There wes also a marked negative correlation between yield
and maturity. This inereased at high density.,

In the nitrogen experiment the results were very similar to
those of the density experiment, emcept that the differences hetween
treatments were less. However the results for 1000 grain weight znd
maturity mirrored the density results. These characters were more
importent in the high leaf area treatments. This suggests that the
finish to the growing season was more eritical in determining seed
weight in those environments which would potentially use more water.
(cof. the data of Imebs and Laag 1969 and Fischer and Koim 1986 2 and b

showing greater water loss from treatments having 2 high leaf srea
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index.) This explains the imporiance of early flowering under these
conditions as it would enable grain {illing to ceeur while the moisture

relations of the cxop were mere Lfavourable,



{3) General Discussion of the Results and Implications for Plant
Bree s

{4) Introduction.

In this experiment single plant selection on the basis of
Yield was not effeciive in identifying the high yielding genotypes.
Cne rust decide whether this result indicates that it is not possible
ever to gelect on this basis, or whether the procedure would in other

circumstances have a zreater chance of success.

{B) Heterozygosity.
If heterozygosity was the reason for the failure of selection,

then by not selecting till later generations, effective selection would
then be assured, IHowever this would appear to be a relatively minox

component of the problem and that other causes of failure predominate,

(C) Genotypeeenvironment interaction.

Genotype-environment interactions can have a large effect on
(a genotype's) performance. Data from the Waite Institute breeding
programme showed that there was no correspondence between the
performance of barley genotypes in 1967 and in 1969, It is not
surprising that single plant selection was not effective, when a genotype-
seasons interaction of this magnitude was operative. The importance of
this interaction is liable to be greater on single plants than on
replicated plots, where local microw~environmental effects are less

important.
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It would seem that there is little hope of single plant
selection on the basis of yield being effective in situations where
successive seasons are very different from each other.

Genotype~treatment interactions were also large, This
suggests that selection should always be carried out at commercial
densities and fertility levels. It has been shown often (LeClerg 1966}
that large fluctuations in the micro=environmment occur over very short
distances. This result was repeated in this experiment, Because at
low density the sampling of the environment is relatively infrequent,
there is no effective way of estimating end allowing for soil heterow
geneity., The scale of the soil variation at low density is so large
that the performance of a plant is dominated by the environment. This
will seriously bias estimates of an individual's genetic worth. If the
density of the selection environment is increased three things occuxr.

{1) The growing conditions are more similar to those found
in commercial practice. The genotype~treatment interaction is therefore
less,

(2) The environment is sampled more frequently and a bebter
appraisal of the micro~environmental variation is obtained. ThHis can be
allowed for in estimating the gemetic potential of a particular
phenotype.

(3) The competitive ability on an individual becomes very

significant in determining its performance in relation to other

genotypes.

155



Therefore, although at commercial densities treatment
interactions are removed and it is possible to obtain a better estimate
of micro-environmental variation, it is the relationship between
competitive ability in mixtures and yielding ability in pure culture,
for any population, that will determine whether single plant selection
on the basis of yield, for yield in future generations, will be

effective.

{p) Bulk populations.
Using the relationship, proposed on pages 24-28, it is

possible to predict what would happen, over generations, to populations
having different yield/competitive relationehips,

If the slope of the line relating yield in pure culture to
yield in mixtures (see fig. 2, p. 26) was positive, then over generations,
the average yleld of the population would rise as the genotypes that
yielded less in both pure culture and in mixtures were eliminated, If
the slope of the relationship was zero then no change in the yield or
composition of the population would oceur. If it was negativs, the
yield of the population would be expected either to rise or to remain
constant as the proportion of genotypes that were highly competitive,
and consequently high yielding in mixtures but low yielding in pure
culture, increased. At an undefined critical point the percentage of
these would be sufficient to cause mutual suppression and the yleld of

the population, with further cycles of natural selection, would fall.
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Using a carefully conducted yield trial it would be possible
to discover whether the yield of segregating populations relative to
control varieties, was changing. The direction and magnitude of the
changes would indicate the type of competitive ability/yield relationships
of the population. With this information a rational approach to single
plant selection on the basis of yield within these populations could be
formulated. For example, if the yield of the population increased
steadily with time, this would indicate that the genotypes that were
both high yielding in mixtures and in pure culture were being retained.
Within this type of population single plant selection for high yielding
phenotypes should, on average, be effective in increasing the percentage
of high yielding genotypes.

If the slope of the relationship between yield and competitive
ability was zerc, then single plant selection on the basis of yield
would be equivalent to random selection, This would seem to be the case
in the experiment reported here,

If the slope of the relationship was negative this would
indicate that selection of the low yielding phenotypes would be
effective in selecting for genotypes that would be high yielding in pure
culture. This conclusion is similar to that of Wiebe et al. {1963)
and provides an explanation for his conclusion,

Begides allowing rational consideration of how to select
effectively within popdstions the suggested relationship also permits

gome discrimination between populations., If the yield of a bulk
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population is inereasing with time, then selection within that
population may be delayed without the loss of genotypes that would be
high yielding in pure culture from the bulk population, The proportion
of these high ylelding genotypes will increage with' time,

If on the other hand the yield of the bulk is decreasing,
but there are desirable characters within the population, it is
important that selection should ocecur in sarly generations for low
yielding individuals which have the other desirable characters.

In all other cases where sclection is for yield, any bulk
population that has either a constant yield with time, or a falling
yield,; should be discarded.

The above theoretical discussion, concerning selection
within bulk populations for yield in pure culture has not, as far as I
am aware, been tested in practice, If succesaful, it would provide &
rational method for handling these populations. To ensure success
sowing must be accurate so that the yield of individuals is not
confounded by verying distances between plants, This requirement
should not be difficult tc obtain using precision planting techniques.

{E) Breeding for varisble environments.

Because single plant selection can only occur in one
enviromment, this will tend to pick out genotypes suited to that
particular environment. Single plant selection cannot be used to

select for ability to perform well ower a range of environments, If
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this is required selected lines must be tested over a range of sites

0 select those lines that are adapted to a range of enviromments.
Single plant sclection as a positive selection technique, will

be most effective in very uniform environments, for example in glass

house crops {c.f, discussion of differences between animal and plant

selection experiments, p.38).

{F) Density for selection.

In this discussion it has been pointed out that selection
should be at commercial densities. This may not be absolutely correct,
but on the basis of present evidence, is more likely to be successful
then any other density. In any crop the yield per unit area initially
increases linearly with increasing density. is competition occurs so
the total dry weight of the individual siarts to fall., This continues
to the point where any increase in plant numbers is sxactly balanced
by @ corresponding decrease in plant weight. Donald (1963) gave many
examples of this relationship and showed that for a very wide range of
densities there was little change in biological yield, although (in
some ca.ses) seed yield fell slowly with increasing density past an
optimum,

Farmers tend to sow their crops at a high density as an
insurance sgainst the possible loss of individuals, The usge of
commercial densities may thus cause an wmecessaxy increase in the

confounding effects of competition. It would seem that the optimum
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density for sclection is the lowest at which the maximum grain yield
per unit arvea is obtained. At this density the plants' enviromment is
similar to crop conditions, but competitive effects will be lessened,

a g00d estimate ¢f microe-envirormental effects would also be obtained.

{G) Indirect selection for yield,

The results showed that in some environments indirect
gselection for yield was more effective than direct selection., This
raises twoe points. MFlrstly why was indirect selection effective in one
environment and not in the cthers, and secondly what implications do
the results have for single plant selection,

It was found that there waos & significant negative correlation
between F’3 vegetative characters and 17‘5 yield at high nitrogen levels,
The characters suggest differences in lodging resistance; net photo-
synthetic efficiency of the canopy and water use., These characters
would be of major importence in situations whers plants were tall and
had high leaf ares indices.

This yelationship Jid not apply at low density where the main
factor limiting yield was the lack of ears per unit area., This
character was not correlated over genmerations (table 15, p. 103) and
therefore indirect selection was not effective, it low nitrogen the
level of availeble nitrogen wag the chief limitation tc growth and
grain yield. There was little reason to expect that the morphological

characters used in this experiment would indicate which plants were
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more afficient at sbsorbing or utilizing nitrogen and which would be
at an sdvantage. Indirect selection therefore would not be effective.

In the high density situation the plants were tall and there
vag a high leaf ares index, therefore one might expect the characters
that were effective in predicting yield at high nitrogen to be
effective here. However there was some evidence that the high density
treatment was also nitrogen deficient as the plots looked a paler
green, even though 65 kg. N per ha, was applied to the plots. It would
seem that competition for nitrogen, or the interaction between competition
for nitrogen and for light, was sufficient to destroy any relationship
between yield and moxphology.

The reasons why the morphological characters used were
smccessful in predicting yield in pure culture at high nitrogen whether
selected & high or low nitrogen are firstly that they were related to
the plants ability to perform well at high nitrogen. Short plants were
not ec liable to lodge. There would be better light relations within
the canopy, and therefore more photosynthesis throughout the growing
season. Also the leaf orea index was possibly less with a consequent
reduction in water loss. The chort plants flowered earlier and therefore
hed a longer and more favourable grain filling period. Also the
vegetative characters used were 1little affected by competition, and had
only small genotype~season, or genotype~treatment interactions. They
were inherited.

Tne resulis of indirect selection show that it could be a way

161



of improving the efficiency of selection for yield in ecither a bulk
or a pedigree breeding programme. The problem lies in defining
characters that are indicative of future performance, In this study
the characters chosen affected the light and lodging relationships of
individuals. It would now be possible to screen 17‘2 populations on the
basis of plant height. All short plents could be retained, or perhaps
only those short plants that were high yielding. The advantage of
this system iz that very large populations could be screened, and only
thoge having the desired characters need be retained, The proportion
of high yielding genotypes within the population would be increased
thereby and so improve the breeders' chances of identifying high yielding
lines.

It is important that plant breeders and erop physiologists
chould consider other characters that may be of potential use in the
carly screening of populations, and test them to see if they are
effective. This need not be a laborious process, for if the character
is simple to score,then gelection is rapid. Selected lines may then
be tested as a bulk and the yield compared with that of the unselected
sopulation, If indirect selection was effective, then the selected
lines will be higher yielding than the bulk. Using studies of this
type it would be possible to mssess a range of characters with little
effort, In this way the plant breeder would be able to test out the
t1deas of the crop physiologists without committing himself to a major

breeding programme based on ideotype characters before these had been
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adequately tested fox his specific crop and environment,
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GONCLUSIORS «

(1) 5Single plant selection in the Fzy on the basis of yield,
was not effective in this experiment, Further analysis suggests that
the reasons for this result vary with the environments

(A} The genotype-seasons interaction was very important
in all the environments used. This was measured indirectly, as it was
not possible to estimate the genotype-seasons interaction using the FB
individuals.,

(B) In non-competitive situations, (low density) it was
not possible to measure the local soil variation with any precision,

As the micro=envirommental variation can be large over short distances
{40 cm) this means that the phenoiype will not be indicative of genotype.

{C) In competitive situations (high density and high
and low nitrogen), where a more precise estimate of localised variation
is obtained, localised variation was no longer the major confounding
factor, competition was more important.

{D} Points (B) and (C) above show why the use of
response surfaces and moving means to estimate environmental effects
in the Fﬁ were not effective. At low density the estimate of the local
variation was not precise, and when the density of planting was increased,
competition became more important than local micro~environmental
variation,

(E) Heterozygosity did not appear to be a major

confounding factor in this experiment, although 1ittle data were
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available to confirm this,

(F) Becouse it is not possible to estimate and allow
for the genotype-seasons interaction, at low density for the micro-
environmental variation, and at high density for the competitive
effects, when selscting on the basis of yield it 1s unlikely that
single plant selection for yield will ever be effective, unless therc
is & positive relationship hetween the yield of the genotypes in pure

culture and in mixture (see (4) below),

(2). Indirect selectlon for yield, on the basis of vegetative
characters (leaf length, leaf height and plant height), was more
successful than direct selectlon in the nitrogen experiment, when the
selected lines were tested zt high nitrogen.

(A) fhort plants with upright leaves were more efficient
than tall plants with floppy leaves in the high nitrogen F5 test
environment. Further analysis suggests the possible reasons for this
result weres

{a) potentially less lodging susceptible,

(b) potentially more efficient photosynthetically,

() potentially used water more officiently,

(d) ecarlier and therefore had a longer and more

favourable grain filling period.

It was not possible within this experimemnt to differentiate

between these,



o

(B) The vegetative chavacters were less aifected by

(a) competition,

{b) genotype=-season interasction,

{e) genotype~treatment interaction,
than was yield. As there appears %o be a causitive relationship between
plant type and yield in pure culture, it was therefore possible to
select more effectively on the basis of plant tyve in mixtures, than it

was on the basis of yield.

(3) The data indiceted a negative relationship between
sonpetitive ability and yield in the nitrogen experiment. This was
cdemonstrated by the faet that high yielding F3 individual plants had
tall, long leaved plants, whereas in pure culture in the Fsg at high
nitrogen, high yield was assoclated with chort statured, shoxrt leaved
planis. Unlortunately the comparison of the yield of the borders, with
the yield of the central test ares, to confirm this relationship

sroved insdequatc.
P 4

(4) &4 technigue is proposed for estimating the average
competitive relationships within a population. Using this it should be
possible to prediet whether a bulk population would be expected to improve
with time, If it does improve with time then the yield in pure culture
is positively associated with yield irn mixturce. In this circumstance

alone, single plant selection should prove effective,
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APPENDIX 1.

The 1968 F Bxperiment.

Figure 5 of the sequence of the experiment shows that there
was alF4 sunmer multiplication followed by an FS yield trial in 968,

This was not a successful experiment, and will only be reviewed briefly.

Methods and Materials.

The details of the site, the season, the cross, the seed
source and the F3 generation were given in the methods and materials

section of the thesis, and will not be repeated.

(1) The ¥, generation (January - May 1968).

In an attempt to save time, an out of season multiplication

generation was grown during the summer of 1968, This was sown on the
18th January. In the next two months there were 28 days having a
maximum shade temperature above 3200 (90°F) of which three were over
43°¢ {110°F). The early lines did not tiller and came rapidly into
head. Anthesis occurred during hot weather and little or no seed was
set. The mid season lines produced moderate quantities of seed and
the late lines failed to mature as the season 'broke' early and it was
cold and wet in April and May. The sample of seed available for
planting in the F5 was not representative of the original F3 population,
Both the early and late lines had been eliminated, In the case of the
high dengity P, selection enviromment only three lines from the lower

3
half of the yield range survived into the F5.
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(2) The Fy generation (1968).

(a) The treatments, planting method, plot size, and

harvest, were the same as those used in the 1969 F5 yield trial. The

characters measured were the same as those measured in the F3 selection

generation,

(b) Plant growth in the FS (1968).

{i) lmergence and survival,
The seed used was discoloured and shrivelled and
emergence was poor, Survival to harvest was 745, over all treatments.
(ii) Diseases.
Mildew may have affected the accuracy of the 1968
results.
(ii1) Iodging.
A string network similar to that in the F3 was used.
Tois support proved to be inadequate and severe lodging occurred. 4in

attempt was made to pull the plants up by using wires threaded through

the crop but this failed.

{c) The F; field axrangement.

In the density experiment seed was available fox two
replicates, These contained 47 lines from the low density and 44 lines
from the high density F3 selection enviromments. In the nitrogen
experiment seed was available for only one replicate, This contained
51 lines from the low nitrogen and 72 lines from the high nitrogen Is‘3

selection environment., The experimentael design was a randomised block.
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Results.

The 1968 F5 yield trial had meny limitations, which were
outlined in the last section., Becausc of these, the analysis of the
results has been confined to a comparison of the FS characters and the

FS yvield, The results are given in table A1,

TABLE A1 ¢
Correlations between F5 plant characters in 1967 and F5 plot yleld
in 1968,

Density experiment.

Selection environment (F3} Low Density High Density
Test environment (stg iow b,  High D, Iow D, High D.
Yield NaSe NeSe No.S. N.5.
Actual deviation from surface NeS, NS N.S. N.S,
Relative ) - = Neide NeiSe Nele Neiss
Rars/plant NeS, N5, NeSa ~04333 *
Seeds/ear Nebe R N.5. 0,294 *
1000 grain weight 04299 * 0,443 ** NeS N.3.
Biological yield Nebie - Nebe H.3. HeSe
Harvest index : Nele N.Se NeSe HeSe
Leaf length N.S. No5. NeSe Noe
ILeaf height Hele N.5. NeSe 0335 *
Plant height NeSe Ne3e Nebe NeSe
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TABLY A1 {cont.) :

Hitrogen experiment,

selection environment (F3) Iow Nitrogen High Nitrogen
Pest enviromnment (F5) Low i, High N, Iow N. High N,
Yield 0.299 * 0,290 * 04249 * HeSe
Actual deviation from surface C.302 ¥ 0,284 * 0.278 * N.S.
Relative " 2 i 0.314 * 0,284 * 0,276 * NeSe
Bars/plant 0.306 *  N,S, N.5, N.S,
Seeds/ear 04294 * 0,347 * 04249 #*  N.S,
1000 grain weight NeSe C.282 * NeSe NeSe
Biological yield 0.291 * H.Sa 0.257 * NeSe
Harvest index NeSe NeSSa HeBe Ne3e
Leaf length NeSe NeSe 04271 % NeSe
Leaf height N.S, 0e359 ## N.S. NeSe
Plant height NeSe 0,302 * NeS. NeSe

The following points are of interest:

(1) The density results are similar to those obtained in 9969,
in that they show little significance or consistency.

{2) In the nitrogen experiment there was a significant
positive correlation between FE,’ and F5 yield in three out of four cases
(cof. table 12).

(3) The use of actual or relative deviations from the response
surface did not improve these correlations.

(4) The correlations between morphological charackers and

yield were all positive {c.f. table 14).
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(5) There was a positive correlation between seeds/ear and
seed yield in thres out of four cases.

The results pointed out in (2), (4, and (5) above are in
direct contrast with the 1969 nitrogen experiment results (table 14).
The implications of this will be considered in the discussion, but it
mst be remembered that the results reported here have several major

experimental weaknesses,

Discussion.

in the nitrogen experiment in 1968 there was only one replicate,
the results therefore cannot be interpreted with confidence., This
apart, it is interesting to note the contrast with the 1969 results.
F
3

comparisons. The response surface however had no effect in improving

yield was positively correlated with F5 yield in three out of four

the 133!F5 vield correlations. This was not surprising, because as
pointed out on page 138, competition will have an important confounding
effect at this density, and this would compensate for any reduction in
the micro-environmental effects that the surface might account for.

Cf the morphological characters leaf and plant height were
positively correlated with yield in the FS, for lines selected at low
and tested at high nitrogen. Thic result is in contrast to the 1969
result, where all lines tested at high nitrogen had negative correlations
with these morphological characters (table 14)., The result also agrees

with the correlations within the F5 (table 16}, of morphology and yield.
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It would appear that in 1968 at high nitrogen competitive ability and
yield were positively associated., Perhaps the reason for this was
that in 1968 the high nitrogen treatment lodged severely, and the
taller plots on average suffered less from the smothering effects of
lodging than the shorter plots,

A pimilar explanation fits the reversal in correlation that
occurred between seeds per ear in the F3 and yield in 1968 and 1969.
The results showed that plots derived from the more competitive F3

plants were at an advantage in 1968 and therefore yielded more.
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APPENDIX 2.

4 _sample of the basic data lodged with the library of the Waite

Agricultural Research Institute.

The order of the data., (Preatments.)

The data from each .'F‘3 selection environment is followed by
the corresponding data for the F5 derived lineg in the same environment
and then for the F5 derived lines in the alternative environment., The
order of the treatments is shown below:

F3 Plants from the low nitrogen selection environment 3 pages
F5 Iines from F3 low N tested at low N (same) 3 pages

¥y Iines from F3 low N tested at high N (alt.) 3 pages

FJ Plants from the high nitrogen selection environment 3 pages

.'F'5 Lines from .F3 high N tested at high N (same) 3 pages
F5 Lines from :5‘5 high N tested at low ¥ (alt.) 3 pages
F5 Plants from the low density selection -enviromment 3 pages
F5 Iines from F3 low D tested at low D (same) 3 pages
Fy Lines from .4"3‘3 low D tested at high D (alt.) 3 pages
F§ Flants from the high density selection environment 3 pages
Fy Plants from Fy high D tested at high D (same) 3 pages
Fy Plants from F; high D tested at low D (art.) 3 pages

TOTAL 36 pages
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The order of the data., (Within treatments,)

For each set of data (treatments) there were 100 plants (for
the F‘,):i or 100 derived lines (for the FS). On the first and second
pages of each set of data there is information on 33 plants or lines
and on the third page there is information on 34 plants or lines. The
E‘3 data refers to a single plant, whereas the 5’5 data is the mean of
three replicates,

Un each page there is the following information for each plant
or derived line:

Iine name ¢ 4 code for identifying plants and their derived lines.

Ieaf length (cm) : The length of the penultimate leaf on the main stem,
in the case ol F3 plants, and the mean of four plants per
replicate chosen at random, in the case of £‘5 lines,

Leaf height (em) : The height of the auricles of penultimate leaf on
the main stem from the ground, the conditions the same as for
leaf length,

Plant height (cm) 3  The height of the node at the base of the ear from
the ground, the conditions the same as for leaf length.

Biological yield (Biol, yield) (em) : ‘he total dry matter yield of
the plant or plot.

dars/plant : The number of ears per plant oxr p;er plot,

Grain yield (gm) : The seed yield per plant or per plot.

Harvest index (/) ¢ The grain yield/biological yield x 100,

Seeds/ear 1 The seed number/ears/plant or /plot.
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1000 gw, whe {gm) :  The weight of 1000 grains.

Maturity (Mat.; : Applies only to F5 plots and measured in half weeks

from an arbitrery date.

Table A2 shows a small sample of the original data. It
contains the first page of the F5 low nitrogen selection environment

data and the corresponding data for the E"s derived lines in the same and

alternative environments,



14}

TABLE A2 :

F, data Iow Nitrogen (0 kgs N/ia) - Sheet I

3
Line Leaf Leaf Plant Biol. Gars/  Grain  Harvest  Seeds/ 1000
name length ht. ht. yield plant yield index ear grain
am en cm en gn % whe
ot11 8.7 37 60 2.1 1 1.0 47.6 20,0 50.0
0112 11.1 36 60 3.2 2 144 43.7 14.5 48.3
0122 9.4 42 63 1.8 1 0.5 44.4 17.0 47.1
0130 11.6 39 65 3.5 2 g P 48.4 1545 48.4
0212 74 31 52 4.5 3 2.3 51.1 14.7 5243
0213 12,0 39 66 2.2 1 1.0 45.6 2040 5040
0225 10.3 36 58 53 5 2.6 49:1 17.7 49.1
0231 11.3 50 76 S 2 2.3 41.8 22,5 51.1
0425 14.9 45 70 34 2 1.5 4441 19.0 39.4
0426 7.8 32 48 1.0 1 0:5 5040 11.0 45.5
0527  12.8 46 72 3,2 2 1.4 43.7 15.5 45,2
05314 12.6 50 76 Te2 3 343 45.8 22.6 48.5
0728 12.0 48 76 4.4 1 1.0 22.7 19.0 52.6
0734  10.5 42 67 1.7 1 0.7 41.2 13.0 53.8
0835 10.5 35 52 2.9 3 1.1 37.9 9.7 37+9
0931 1.8 4 61 3.0 2 1.5 50,0 15,0 50.0
1032 12.9 51 76 6aT 3 2.8 41.8 18.3 50,9
1135 15.7 45 71 6.4 3 3.4 53.1 23,0 49.3
1432 1149 44 66 1.6 1 0.7 43.7 15.0 46,7
1535 1443 38 61 2.1 1 1.0 47.6 22,0 45,5
1930 12.1 45 71 549 3 2.5 42.4 18.0 46.3
1932 11.2 34 56 6.2 4 Tl 51.6 16,0 50.0
2106 10.4 41 58 3eT 2 1.7 45.9 155 54.8
2407 8.4 36 58 3.2 2 1.6 5040 1645 48.5
2105 14.7 31 61 3.2 2 13 41.9 14.5 44.8
2109 1540 45 75 Te5 4 3e4 45.3 195 43.6
2131 1146 42 66 1.7 1 0.8 47.1 17.0 471
2204 11.0 43 67 1=7 1 0.3 47.4 16,0 5040
2209  11.4 47 73 1.8 1 0.5 27.8 18.0 27.8
2210 13.7 46 79 4.8 2 241 43.7 19.5 5348
2211 10,2 4 61 3.1 2 1.5 48.4 18,5 40,5
2227 10.9 36 66 4.9 3 1.9 38.8 1543 41.3
2231 11.9 35 63 340 2 1.3 4343 1345 48,1
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TABLE A2 (cont.) 3

FB Plot data (FB low Ny F. Iow N) =~ Sheet I

Line Ieaf Leaf Plant Biol. Bars/ Grain Harvest Seeds/ 1000 Mat,.
name length ht, ht, yield plot yield index ecaxr grain

en cn for am e % whe

0111 14.5 46,8 84.5 89.2 T00 3842 42.8 1242 45.2 340
0112 20.5 65.2 107.9 123.2 49.7 45.2 3647 201 46,0 6,0
0130 21.8 69.7 107.5 135.9 51.7 48,0 3543 21.& 4341 6.0
021z 159 5847 95.8 136.1 68.3 5046 37.2 17.8 42.8 6.3
0213 18.7 6644 105.4 108.7 4243 42.5 391 20.8 48,1 Be3
0225 15.4 507 85.4 114.0 65.3 49.7 43.6 17.4 43.7 340
0231 19.4 640 101.2 122.7 47.0 43,1 35e2 20.8 44.6 6.0
0425 22,7 5649 99.3 106.6 4743 323 3043 15.8 43.6 6.0
0426 18,56 5561 88.8 126.4 59.0 50.3 39.8 1845 46.4 deT
0527 204 6745 106.4 99.0  42.7 35.9 3643 18.7 45.1 5.7
0531 202 T2 106.2 161.9 61,7 527 32.5 20.6 41.5 5e3
0728 20,5 70.4 108.8 150.5 5643 44.2 29.3 17.6 44.6 6.0
0734 18.9 59.7 103,.2 151.1 62,3 50.5 3344 19.5 44.3 6.0
0835 174 5440 96,5 114.1 55.0 437 3843 16.8 47.7 6.0
0931 21.4 547 94.2 126.3 58.3 49.4 39.1 18,0 ATe0 4.3
1032 2241 71.6 105.5 110.1 3643 3543 32.0 21ed 42,5 6,0
1135 214 557 8G.3 144.7 61.3 5543 3842 19.2 48,7 5T
1432 19.9 645 101.9 122.1 5247 42.C 34.4 22,3 3646 5¢7
1535 20.? 56.8 91 .7 114«08 59.0 47.4 41 c3 1706 45 .6 6.0
1950 19.5 £9,.8 105.7 133.8 517 46.7 3347 2144 42,6 57
1932 17.4 54.4 85.6 122.6 59.0 46 .4 37.8 171 45.6 3eT
2106 177 55.8 8348 116.5 58.0 49,86 42,8 17.5 48,8 343
2107 15.5 513 85.4 98.9 5443 41.1 41.5 154 49.7 57
2108 18.1 £8.6 104 .8 128.7 473 39.3 3045 214 40.0 6.0
210% 174 62.3 92,0 195 44. 3045 3663 17.1 3942 53
2131 204% 6847 107.4 132.3 497 48.9 36.9 2242 4546 6.0
2204 18.9 56,0 104.7 100,0 %940 3844 38,4 21.4 4645 640
2209 20.5 6847 112.2 13244 5263 50.4 3841 21.0 46.4 57
2210 1845 64.4 102.2 122.3 557 4247 34,9 18.9 42.2 57
2211 17.8 62,9 90,2 125,9 5647 531 42,2 2245 417 643
2227 1943 64,9 106,.4 129.5 5043 49.2 384 205 47.6 6.0
2231 19.8 59.1 95.2 132.7 59.7 4444 33.4 15.0 49.8 57



c61

TABLE A2 (cont.) @
F_ ¥iot data (F 5 Tow T,

F. High N} = Sheet 1

5

Line Ieaf Leaf Plant Biol, Bars/  Grain  Harvest Seeds/ 1004 Mat,
name length ht. ht. yield rlot yvield index ear grain

ot o cm o ga % whe

0111 19.9 76.9 105.2 132.5 81.7 44.4 5345 14.3 3745 2.7
0112 25456 Mot 123.5 106.9 3843 255 2348 18.0 350 6.0
0122 24,5 89.2 121.7 80.4 26,7 19.1 2348 18.3 3347 6.3
0130 24'1 92.7 126.5 86'5 35‘3 2417 28.6 1?.2 5907 5.3
0212 2244 64.1 954 104..1 61.7 2542 24,2 1264 3T 6.0
0213 2542 93,0 123.4 95.9 4347 245 25.3 16,2 24.7 6.0
0225 21.7 74.6 107.0 129,2 81.0 40.1 31.1 12.7 3945 33
0231 24475 9242 118.1 817 29,0 19.1 23.4 15.9 3%.3 6.7
0425 28,1 89.7 118.2 150.6 61,0 42,6 28,3 18,6 37T 5¢7
0426 24.9 83.7 111.4 147.4 60,0 54 o4 3649 20,5 44.5 4.0
0527 24 8 87.2 123.7 T4.9 26,7 15.3 20.4 170 3341 6.0
0531 2344 88.5 120.7 129,1 50.3 38,0 29.5 19.7 38.2 660
0728 25,7 87.8 119.7 116.6 473 2547 22.1 14.9 357 57
0734 25.1 8645 114.5 126.1 64,3 40,2 31.9 15.7 40.0 S5¢7
1032 2743 95.3 121.7 979 41,3 26.9 274 17.7 3642 €40
11325 249 877 107.2 136.4 5343 37.0 27.1 15.8 37.2 5.7
1432 23,0 85.3 109.7 129.4 59.0 3843 29,6 16.2 4042 6.0
1535 2447 81.7 107.8 127.2 65.7 39.7 31.2 16.4 36.6 53
1930 25,7 93.9 120.3 B9.3 32.0 245 275 255 3945 6.0
1932 21 oi’.‘ 77'3 108.4 1547 793 5245 3349 1603 393 361
210¢ 1945 76.0 101.3 13446 750 49.0 3644 15.1 43,4 2,0
2107 19.1 752 105.1 1544 1347 52,6 3441 16.5 43.5 2.7
2102 26.1 92,9 121.3 115.6 47.0 30,2 26,1 17.9 35.3 6.0
2109 2542 85.2 114.1 127.6 66,0 38,2 29.9 16.1 3643 4.7
2131 26,0 90,0 121.0 109.3 44.0 29,1 26,6 175 36,6 6.3
2209 26,7 9343 126.2 132 2547 16.7 22.8 18.6 34.5 6.7
2210 2349 833 121.8 141.3 56,0 3644 27.1 18.6 36,7 5«7
2211 234 8540 106,.3 116.1 60,7 3543 304 17.2 34.2 6.7
2227 247 90.3 123,.7 177 39.0 20.4 26,2 16.0 3%e1 €.0
2231 22,4 761 107.7 123.5 60.7 3548 2943 15.6 38.5 6.0



The values of the non-significant correlations given in table 12,

DENSITY EXPERIMENT

Selection environment (Fé} low Density High Density
Test environment {Fs} Iow D High b, Iow D High D.
Actual yleld D93 =(),08 .00 ={),01

Yield using the response surfaces i

ictual deviation 0.09 =030 {1.00 =402
Reletive deviation .11 0.03% =02 =(,02
Mean of act. and rel, dev, 0.08 0,01 =(,04 0.06

Yield using the moving means :

Actual deviation zide 3 ST 0.00 () o033 =} o 0%
" " » 5 T30 3,01 =002 =002
= " R | 0.09 0401 =U.01 =001

Helative deviation side 3 309 0,02 =0,05 «{ 406

n " LG 0.11 003 =C.U1 «0.,00
" " T .10 =001 -0,01 =l o)1
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TABLE 43 {cont,.) :

The values of the non-significant correlations given in table 42,

NITROGEN EXPERIMENT s

“election environment (F3} Iow fitrogen
Test environment {Fs} low No High N,
Actual yield =0,02 =0 ,00

Yield using the response surfaces @

Actuzl deviation -t 7
flelative deviation =007
Mean of act. and rel. dev, (3,02

Yield using the moving means 3

sctual deviation side 3 -0,06
" " "5 ~0.03

" m T =0,02
Relative deviation side 3 =0,05
o " "5 =0.03

" " "7 0,02
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~0.01
-0.02
~0.,02
~0,02
=403

"'Q .01

High Nitrogen

Low N. High N,
0,02 =003
6403 405
005 0,08
0,02 (.08
0401 .06
0,04 0.07
(.03 0.08
Do {3.06
GelH G.08





