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{ ' Abstract
In Ebf first year of the study, the response of wheag
plants Y;>genotype interaction v;s studied on monocultures
and mixtures of seven wheat genotypes, at seven different
intérplant spacings. The genotypes dif;efed significantk‘

their response to genotype interaction.

~

In the éebond year, mixtures and monocultures of ¢
genotybes were grown atwtvo different interplant spaci-
The mean variation of the number of tillers, plant we:
and yield of thé gehot?pe; gtown in ' mixtures ak the ¢. =
spscing, and of kernel weight at the wider spacing, di.
significantly from the mean variation in monoculture., F
the plants grown in'mixtur;s, an increase in spacing was
accoAbanied by an increase in the plant to plant variation
of the number of tillers, the number of heads, plant.ngght,
yield, kernels per plant, kernel weight and harvest index.
Similar effects were observed for pﬁants grown in
monocultures.

With the ecxeption of height of the flag leaf, plant
height ;nd harvest index, the effect of genotype interaction
on plant characters differed significantly among genotypes.
Correlations between pairs of characters, measured on
genotypes and their associates, revealed that the characters
wvhich affect (or respond to) genotype interaction are not
the same at different spacings and in different gengtypes.

&

Ir the third year, the effect of iqitial seed size on

plant interactions in five monocultures was examined. Number

— A
iv
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of tillers, number of heads, and kernel ugightiiere affected
by initial seed size in plots from uniform seed. Plants from
large seeds produced more tillers than did plants from smallr
seeds, but plants from small seed produced larger kernels
than dgé plants frop large seeds. Ii plots from mixed seed
sizes, however, neighbor interaction caﬁsed plaﬁté from

mall seeds to produce shorter plants, bearing lighter .

Ln

seeds, than did plants from large seed.
-

x

The data demonstrated that the distribution af many

=

normal. It was shown that, if one selects the highest values
for a character, characters which have a negatively skewed
distribution are selegted with less error than are
characters for which %he distriputienAis normal or

i

f pasitisely skewed. .

Yield trials of mixtures and monocultures were repeated
for three years. Only in 1977 did the mixtures yield-
significantly more than the mean of the monocultures Qf‘the
components. Interactions between the genotypes differed from
year to year. i :

It was concluded, that the efficiency of selection of
single plants from a segregating population is affected by
variation due to different initial seed sizes, variation due
variation due to interaction between different genotypes, as
vell as by the frequency distribution of the observed

characters.



1t was recommended that, in arder»té evaluate the
suitability of a character for selection in early,
generations, the distribution of Ehisﬁéhara:ter in a
! multi-camg&neni mi:turé, as well as its sensitivity to

i

genotype interaction, should be evaluated in conjunction

with the estimation of its heritability.
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1. Introduction
In the history of wheat cultivation, the use of
homogeneous cultivars is rela ively new. Cultivated wheat
pépulatiaﬁs used to be, and (f some countries still are,
compéégd of a large number of genotypes. For centuries,

-

selection uasréractised by farmerg for the plant types best
suited for their needs. This resulted in plant types with
large free threshing seeds, and increased yields, with
better flour quality and with adaptation to a wide range of
climatic conditions (Feldman, 1974); Althpugh the principles
of selection have been practiced in a more methodical way
since the second half of the 18th century (Darwin, 1859),
plant breeding has been recognised as a science only since
the last part of the 19th century (Allard, 1960).

Almost all current selection methods for small cereals

are based on line selection and its modifications (Sneep et

al., 1979). These involve the selection of single plants or.

progeny rows in the early segregating generations, .
It is widely recognised that single plant selection for

guantitative characters, such as seed yield, in the

segregating generations of a breeding program, is 1 rgely
ineffective, Severél studies have attempted to associate
various plant characters in the F2 or F3 generations, with
the expression of characters in more advanced generations
(McGinnis and Shebeski, 1968; Hamblin and Donald, 1974).
Interaction between genotypes is considered to be an

important cause of the phenotypic variation which hinders



single plant selection (Kiesselbach, 1923; Christian and
Gray, 1941). Yet, the effects @E specific characters of one
plant on the phen@ty?e of its associates, and the
implications of these effects for single piant selection,
are unclear.

The present study focuses on the interactions between
genotypes of common spring wheat (Triticum aestivum L.). The
'study was undertaken to determine the responsiveness of
specific plant characters to 'the presence of other .
genotypes, and to evaluate the factors associated vwith the

ability to perform well in a mixture situation. The results

,are discussed in relation to current plant breeding

practices,



2. Literature Review .
‘o

2.1 Terminology

Plant interactions have been studied by scientists from
definitions and nomenclature. In 'The Origin of Species’,
Darwin (1859) discussed the competition which takes place
between individuals within both the plant and the animal

ingdoms. He pfeferreé to use the term 'struggle for

existence'. The term 'competition' was used by Odum (1971),
who stated that competition, in the broadest sense, refers
to the interaction of two organisms striving for the same
thing. Harper (1961) described the different approaches of
agronomists, ecologists and geneticists to plant
competition. From an agronomist's point of view, competition
is 'the response of plants to density-induced shortages',
The ecologist ccnsidersigcmpetitiaﬁ as 'all those §arces by
wvhich one organism succéeds at the expense of another',

while the geneticist deals with the 'effect of interaction

operating between individuals of different genotypes within ‘ //ﬁ
a population’. N
A freguently quoted definition of competitlion was given \Es

by Clements et al. (1929), and reads as follows:
‘Competition arises from the reaction of one plant ﬁp@n the
physical factors about it and the effect of the modified

factors upon its competitors. In the exact sense, two plants



do not compete with each other as long as the vater content,
the nutrient material, the light and the heat are—in excess
of the needs of of both. When the immediaﬁe supply of a
single necessary factor falls below the combined demands of
the plants competition begins.' t
Because the ;érd competition is s@mménly associated
with negativgleffe:tgf its use has been avoided by several

authors. Harper (1961) preferred the term 'interference’,
while Trenbath (1874, 1975) and Trenbath and Harper (1973)
used the term 'neighbour effects'. ﬁat£er (1961): i
distinguished 'competition' from 'cooperation', and pointed
out that individuals which are competing in one respect may
be cooperating in another.

Hall (1974) attributed the fesp@nseé of plants to their
neighbours to both competitive and non-competitive
interference. Competitive interference, as defined by Hall,
defined by Clements et al. (1929). Non-competitive
interference cc;ﬁfs vhen an individual responds to changes
in its environment, which are caused by other plants and
vhich do not fall into the first category. As an e;aﬁple of
non-competitive interference, Hall named the positive effect
vhich a legume can have on the growth of a non-legume, This
happens when nitrogen, fixed by the legume, be:omessx‘
available to the_n@n=1ggumé through mineralisation (Henzell

and vallis, 1977).
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The word 'interference’ impligs a one-way process, The
mutual influences of plants upon each other can therefore
perhaps be best described by the Word 'interaction'. The
effects of interaction between genotypes are measured as the
phenotypic deviations of plants grown in mixed culture from
those grown in pure culture, upder otherwise similar growing

conditions.

2.2 Mixtures vs, monocultures

The literature on mixtures of crop cultivars goes back-
at least as far as the last part of the TSth!century. and
the value and practicality of mixtures as a crop has been a
much disputed issue, VGﬂ‘Rumke; (1892) f;ﬁiéﬁed several of
the older European studies and aévacated'the use of mixtures
in an effort t® increase the yield per unit area, especially
where it concerned grains ﬁsed for animal feed.

Montgomery (1912) concluded that, on the averége, both
oats and winter wheat had higher grain yields when grown in
cultivar mixtures than whem.grown alone. Unfortunately he
examined only two cultivars of each species in this study.
Similar observations were made on wheat by Engelke (1935),
who also noted that total ti}ler density was always higher
in mixtures than in monocultures. i

Data on a mixture diallel of four wheat cultivars
(Nuding, 1936) were reanalysed by Simmonds (1962). He

subsequently showed that the mean yield of the components in



monoculture was negatively correlated with their performance
in mixture. The yields of the six mixtures all exceeded the
mean yield of théi: component monocultures, and the highest
yields were obtained from mixtures of genotypes which were
known to have a wide range of adaptation.

In contrast to the above reports, Heuser (1938)
concluded from the trials of five wheat cultivars and their
binary mixtures, that monocultures yield at least as well
as, and sometimes better than, mixtures do.

Three genotypes of wheat, which were similar in
morphological characters, development and yield, produced
yields in mixture which were similar to their yield in
monoculture (Frankel, 1939). The similarity of the genotypes
in this study might explain the lack of éffect from gén@typei
interaction.

A review of the more recent literature on the
performance of mixtures of genotypes and mixtures of species
was made by Trenbath (1974). The reviewed studies examined
the biomass production of several forage, cereal and oil
seed species., In 344 two-component mixtures, 60% of the
mixtures - which is significantly («$0.01) more than half -
yielded more than the mean of the component monocultures,
while 24% yielded more than the higher yielding monoculture.

This suggests that, on the average, biomass production per

After evaluating a number of different types of rice

(Oryza sp. L.) mixtures, mixing techniques and cultural



practices, Roy (1960) concluded that the chances for gaining
or for losing yield potential through the formation of
mixtures are about equal and that most advantages of
mixtures are obtained when the soil conditions are poor. An
environmental conditions was also observed for barley
(Hordeum vulgare L.) grain yield (Clay and Allard, 1969), in
a study involving twentythree mixtures, evaluated over tvo
years and five locations.

» The performance of a mixture of two wheat cultivars
(Pitic 62 and Neepawa), sown at various seeding rates
differed in the two years of the study (Baker, 1977). This
was ascribed to the fact that Pitic 62 was better able to
compensate for poor survival after early drought conditions,
when grown in pure stand, than when grown in mixture. The
reason for this different ability to recover was not
discussed, however. Further study of this observation could

clarify the process of interaction which takes place betwveen

these two wheat genotypes. *
Simmonds (1962) wrote an extensive review on the
variation in crop plants, and indicated that mixtures,
besides being often slightly superior in yield, are usually
also more reliable in their performance, especially under
conditions of stress.
1t thus appears tﬁat in the majority of Easés. stress

conditions affect mixtures less than they do monocultures.

With this in mind, it is interesting to note that in a study



by Shorter and Frey (1979), which was conducted ééer two
years and at two locations, the genotype x year, the
genotype x location, and the genotype x year x location
interactions were insignificant most of the time (12 out of
16) for mixtures, and were ;19335 significant for
monocultures,

For lima beans (Phaseolus Junatus L.), it was observed
that the stability of performance is related to the degree
of genetic variation in the population. Allard (1961)
studied the performance of ten lima beaﬁliapulatianss three
monocultures, three two-component mixtures, one 7
three-component mixture and the advanced generations (F7 and
F9) from crosses between these three genotypes. He found
that, although the monocultures performed most often either
fery poorly or very well, the mixtures consistently

//performed at a mediocregievel, while the bulk populations

{ performed well most of the time. He concluded that the
'genetic divergity of the mixed andibulk papu;aticns;
apparently made them more stable.

The yield of five two- and three-way mixtures of barley

J genotypes appeared to be more stable over years and
grown in monoculture (Early and Qualset, 1971). At the same
time, a tendency was obse;;ed for the plant-to-plant
variation within a genotype to be greater in mixtures than
in monocultures. This is perhaps not surprising, since the

micro-environment within the crop stand also is more



variable in a mixture of plant types than in a monoculture.
The reviewed studies suggest that mixtures often
perform in @ more stable manner than do monocultures. In
order to evaluate the relativé performance of mixtures and il
monocultures, it is therefore advisable to repeat any study
of ‘competition effects for a number of years. Close
observation of single plant characters underzbeth mixture
and monpculture conditions during these years could reveal
the mechanism underlying the stability of mixtures, and
could possibly explain why certain g;natypes are better

combiners in a mixture

2.3 Types of interaction and interaction effects
Interactions beiveen plants occur in monoculture as
well as in mixed populations. Since developmental patterns
of genotypes within a species can differ considerably,
interplant relations within a mixture of genotypes will

giffer from those in monoculture. Interaction between plants
] .

of two different species or two genotypes of the same ’

species cdn be detrimental, n@Wral or beneficial to either

or both associates., Depending on the degree of interaction
and the proportion in which.each component occurs in the
mixture, the mixture yields can be less than, equal to, or
more than what can be éxpected from the monocultures of each

component .
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Since interactions vary with the growth stage of each
of the piants involved, variation in the relationships
between the individuals of a population can be brought about
by varying the relative growth stages of the interacting
plants. This can be achieved through variations in the time
of emergence (Ross aﬁd Harper, 1972), variations in the
seeding depth (Black, 1956), ér variations in seed size of
the population members (Montgomery, 1912; Kaufmann and
McFadden, 1960). Interactions between components of a
mixture can alsc be varied through variations in density
(Kira et a;f; 1953; Chebib et al., 1973) or variations in
the proportions of the mixture components (de Wit, 1960;
Hill, 1974).

The effect on mixture yield of varying proportions of
mixture compon&nts at a constant overall density has been
studied by de Wit (1960) and by Hill (1974). De Wit
introduced the term 'replacement series' for experiments, in
which the performance of monocultures and mixtures
containing-'a range of different proportions of two types of
planté are assessed.

In de Wit's experiments, population pressure was
maintained at a constant level by using optimal seeding
rates appropriate for each of the components. Thus, in an
experiment involving various proportions of oats and peas,
oats were given 31 cm’®/kernel and peas were given 139

cm?/kernel in all plots (de Wit, 1961).

sy,
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De Wit's model assumes that the genotypes in a mixture
exclude each othér and crowd_ for the same 'space|. Space is
assumed to be uniformly distributed and encompasses all
essential growth factors. De Wit considered it undesirable
to defiﬁe these factors, since: 'such a description is not
necessary, always inaccurate and therefore inadvisable.' (de
ﬁit, 1960). Hall (197%) explained, however, that

identification of a particular limiting factor could give
aluable insight into the interaction process.

A replacement diagram consists of curves which
represent the measurements on yield or other characters for
each mixture component, obtained from a series of mixtures
of different proportions, as well as a curve representing
the sum of the component yields (total mixture yield) for

’/,(ch mixture. These diagrams can take on any of the basic
shapes given in the figures 1a to 1d, and can be explained
as follows, using plot yield as an example:

1. Interaction between genotypes has no effect on the yield
of either one of the mixture components (Fig;re la).

2. Interaction between genotypes decreases the yield of
genotype A, while it increases the yield of B (Figure
1b). The combined effects, however, cause no change in
the total yield of the mixture. One can speak in this

case of 'complementary competition’ (Shuts et al.,

1968) .



(V)

YIELD —l

YIELD —

% A > < /B /A > < 7 */B

e s s e s rrE et - .- -

MIXTURE NE\O

i

YIELD —

;j YIELD — O

v
A

/oA > /B /A —*/.B

~
- Fig. 1a.d Graphic illustration of Cour possible types of genotype.inter-
action effects on genotype and mixture yield of two ge‘i}e‘types,
A and B, grown in binary mixtures of varying proportions
('Replacement éeries').
$A and %B in the mixture are marked a ong the X-axis, reading

from left to right for genotype .\, and from right to left for

genotype B.
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mixture yield intermediate between the yields of A and B

grown in monocultys ection 'p') or in a total mixture
yield which is 1#8% than the monoculture yield of the
lower yielding genotype (section 'q'). In the latter
case one can speak of 'underyielding' of the mixture
(Trenbath, 1974).

4. Interaction between genotypes increases the yields of
both A and B (Figure 1d), resulting in a total mixture
yield which is lower than the yield of the better
moqec:ulturgP but higher than the yield of the poorer
monoculture (section 'p'), or in the mixture yield being
higher than the yield of the better monoculture (section
'q'). In the latter case one can speak of 'overyielding'
of the mixture (Trenbath, 1974).

An understanding of the mechanisms leading to
overyielding could be exploited to increase yield. In
general, cveryiéléiﬁg occurs in mixturesief species which
exhibit marked differences in their pattéfﬁ of growth. These
differences provide the potential to utifise the available
resources more efficiently (de Wit, 1961; Trenbath, 1974;
Clark, 1980). In herbage plants, Hill (1974) demonstrated

that a 50:50 mixture is not usually the optimal composition

diagram in Figure 1d, which shows that overyielding is more
likely to occur in mixtures containing a higher prpportion

of the better yielding genotype.
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Differences between genotypes of cultivated cereals are
probably more subtle than are those between the components
of a mixture of speéiesf because plants of the same species
are more similar in growth habit and nutrient requirements.
Nevertheless, the presence of genetic differences implies
the existence of differences in the various aspects of plant
growth. Thus, the potential exists for complicated
interplant relationships, which are different from those
occurring in a monoculture,

A great number of factors play a role in plant
interactions. There is therefore little hope that a
outcome of plant interactions can be accurately predicted.
Hill (1974) recognised this when he presented a theoretical
mcdel for the prediction of the value of binary mixtures of
herbage sp&:ie§; He emphasised that plant interaction is &~

dynamic phenomenon, and that relationships can be transient.
_ /

2.4 Effects of plant interaction on plant growth

2.4.1 Plasticity of plant characters

variations in the environment has been extensively discussed
by Bradshaw (1964). He presented evidence that the
plasticity of a certain character

a. is specific for that character, .
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b. 1is specific in relation to particular environmental
influences,

c. 1is specific in direction,

d. 1is under genetic control, not necessarily related to
heterozygosity, and
e. can be radicall& aftered by selection,

His theoties on the role of plasticity of plant characters

in évolution and adaptation apply directly to the

interpretatioﬁ of interactions between plants of different ‘~1‘

genotype. Bradshaw proposed that the plasticity of a

character is related to the duration of meristematic

activity which pertains to its development. Stemlength, for

example, is controlled by long periods of meristematic

activity and willegherefore be more susceptible to

environmental influences than are characters which are

formed rapidly, such as reproductive structures. However,

within this frameﬁprk, there exists great variation among

species as well as among genotypes within species.
Bradshaw explained that as a result of natural

selec%ion, a character whose stability is important for

su?vival will likely show greater stability than will a

character for which some plasticity is not a disadvantage.

Harper (1961) pointed out that seed size is often

surprisingly stable, thus ensuring an equal starting capital

for each seedling. Significant variations in seed size due

to interaction between genotypes, however, have been

reported for wheat



16

(Christian and Gray, 194‘§ Chapman et al., 1969).
For some characters, plasticity can play a great role

in adaptation. Height of many species appears to be a very

different abilities of several oat species (Avena sp. L.) to
adapt to different competitive situations through changes in

height. Avena sativa was found to be capable of a stem

extension of 10 cm above its monoculture value when grown in
association with the taller A. Judoviclana. This resulted,
for A. sativa, in a 20% increase in kernel weight over its
monoculture value. They discussed the biological
significance of this 'extension response’ and concluded that
such a mechanism must lead to a more even sharing of
radiation. In natural communities this would conserve
genotypes and thus diversity,

In corn the rapid elongation rate of one plant has an
accelerating effect on the elongation rate of its neighbours
(Hozumi et al., 1955). This effect appeared to be transient,
however, resulting in an oscillating pattern of elongation ,
rate in ;ach plant.

Because environmental conditions in the field vary a
great deal, stability of certain characters necessarily

implies plasticity in others. Plant height, for example, is

in a monoculture usually very uniform. Plasticity must
therefore exist in some characters which determine plant
height , such as elongation rate at various stages of

development. Plasticity of the components of a certain
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character can result in either stability or plasticity of
the resultant character. Plant weight and grain yield of
cereals are not :@nsid;fed as stable characters, nor are
most of their components. However, harvest index, which is
the ratio of grain yield and plant weight, is surprisingly
stable over a fange of environments (Donald and Hamblin,
18976) .

If the degree of plasticity of various characters is
genotype specific, as suggested by Bradshaw, then this could
have impaftgﬁ£ implications for a genotypes ability to
perform in a mixture. Sakai (1955) concluded from a study of
twelve barley cultivars that this 'competitive ability' was
not asEEciated with any of the Ehar;EtEfS he measured: plan%

height, maturity, seed size, habit of growth (erec

prostrate), heading habit (spring or winter) or \grain yield.
He concluded that competitive ability is a biological
chayacter in its own right and is under genetic control.
This conclusion has been criticised by several authors
(Donald, 1963; Harper, 1965). Harper (1965) pointed out the
incompleteness of Sakai's list of chafaégzrs and stressed
the importance of further investigations involving
characters such as depth and extent of the root system, leaf
~area and height of the flag leaf. Sakai's theory on
competitive ability as a genetic character is in agreement,
however, with Eradshavié views (1964) on the genetic control

of the;P}aséicity of each individual character.
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2.4.2 Competition for water And nutrients
Suneson (1949) described experiments involving a

mixture of four similarly adapted barley cultivars. Over
sixteen years, two of the four components virtually
disappeared from the population, even though one of them,
Vaughn, had a significantly better yield potential and i
resistance to leaf diseases than any of the others when J
grown in pure stand. Atlas, the cultivar which eventually
dominated the mixture, had the poorest leaf disease record

and a mean yield below the median of the component

cultivars.
Subsequené attempts to analyse the relationships

between Atlas and Vaughn revealed that competition for light

A
was not a decisive factor (Edwards and Allard, 1963), but A
that competition was primarily for moisture and nutrients
(Hartmann and Allard, 1964). Lee (1960) observed that the
response to competition between the two cultivars appeared
abruptly at the jointing stage, when Atlas developed a dense
mass of crown roots. Since Vaughn did not develop as large a
':aat mass,”Lee suggested that Atlas would become more
efficient in gathering nutrients and would have the
advantage when both varieties have to draw from the same . i
soil mass. )
Competition betweén roots usually starts long before _ /

the shoots are sufficiently developed to cause significa
mutual shading (Milthorpe, 1961). But, competition for

nutrients often leads to competition for light, since an
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unevenly distributed nutrient supply will result in a
similar variation in shoot growth. The study of nutrient
1s therefore possible only under conditioéns which
artificially prevent intermingling of the leaves of
neighbouring plants.

Such studies have been performed by Donald (1958) é% a
mixture of grasses and by Aspinall and Milthorpe (1959) on
barley and white persicaria (Polygonum lepathifol fum L.)

Both studies involved mixtures of species grown in pots.

Aspinall (1960) concluded that root competition,
presumably for nutrients, since water was supplied in

adequate amounts, reduced growth of the less successful

the interaction which occurs between competition for light,

c@mpefitign for nutrignts, and factors indirectly affected i
by the two.’ » '

Both authors mentioned differences in embryo size and

T
rn

n the size of the root systems of ‘spec:ies as the main ‘
causes of competitive interference in the early stages.
These same factors should then play a role in pure stands if
random variatiéﬁ occurs in initial §ggﬂ size and rate of

germination. |



20

2.4.3 Competition for light

For most crop species, photosynthetic rate in an
individual leaf is saturated at 150,000 - 200,000 lux
(Donald, 1961). This is well below the flux density
experienced by the top layer of 5 canopy on a sunny day. In
# closed crop stand a large part of the foliage is shaded
and will receive light intensities which are below the level
of light saturation, except perhaps during the midday hours
on a very bright day.

Horizontal as well as vertical distribution of the
leaves and leaf angle will affect the amount of light which
can be intercepted and utilised by a crop. Erect lg;ves will
allow more light to penetrate into the canopy, enabelling a
larger leaf area to take part in photosynthesis.

Competition for light within a canopy will not occur
until the photosynthetically active radiation which reaches
the surface of the leaf falls below the saturation level.
With higher light intensities, competition will occur deeper
inside the canopy. '

Donald (1967) described the ideal wheat plant for
cultivation at high densities, such as are customary for
most cereals, and suggested that it should have small erect
leaves: This would ﬁaximise the area which is illuminated.
Nichiporovich (1967) also discussed this subject and
stressed that a different leaf angle will be optimal at
different latitudes or climates. According to the latter,

some cereals have an arrangement of leaves in which the top
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leaves are approximately vertical, the middle leaves are
inclined at intermediate angles and the lower leaves are
nearly horizontal. Nichiporovich considered this the ideal
arrangemenéyfer plants to be grown at high densities. In a
mixture of genotypes, this type of plant would also be less
susceptible to shading by taller plants, than would types
with more horizontal leaves.

place between leaves rather’' than between plants or species,
This is well illustrated by the studies of Brougham (1958)
on competition for light in a sward of white clover. It was

shown that, following defoliation, mature petiole length of

n

successive leaves became longer, suggesting an attempt to
reach éay}ighé through the increasingly dense canopy.

Because the growth patterns of genotypes differ from
each other, the start of plant interactions and their
mixtures than in monocultures. Trenbath and Harper (1973)
found that, under optimal moisture and nutrient conditions,
reactions of Avena species to genotype interaction could be
explained in terms of the shading experienced at different
stages of development., Early shading appeared to have a
depreésive effect on tiller number, while shading of the
flag leaf during grain filling had a pronounced effect on
seed veight, :

The effects of shading on wheat at different points in

development were studied by Fischer (1975). He found that



[ %)
L8

the period of rapid spike growth was the most sensitive to
shading, resulting in fewer grains per spikelet and low
tiller survival.

A negative correlation between shoot elongation rate —
and shoot length tended to eqgualise the height of corn
plants during the first few weeks of growth (Hozumi et al.,
1955). This eff@act caused temporary variations in the shoot
elongation rate of inéiviéual plants, Later in the season,
wvhen competition became more severe, this correlation
changed into a positive one, suggesting suppression of small
plants by taller neighbors,

Growth rate of the high yielding dwarf wheat cultivar
Yecora was found to be sensitive to low shading intensities,
of three to four weeks duration, at various times during the
growing season (Fiigher, 1975). Shading at any time reéuceé
crop gro;kh rate. The strongest reductions in yield,
however, occurred when the plants were shaded during the
month before anthesis. Although tﬁe shading treatments in
these experiments involved complete plots, one can expect
shading by taller neighbours to have similar effects.

Yoda et al. (1957) found that the growth of rose mallow
( Hiblscus m@s;ﬁentés L.) seeélings, during the latter part
of the growing season, was more closely related to the
relative size rather than to the absolute size of
neighbouring plénts. They discussed Hozumi's findings as

z; from a .

well as their own, and concluded that the chan

negative to a positive correlation between plant size and



growth rate marked the point where the grow%h reductions due
to reduced photosynthesis surpassed the etiolating effects
of competition for light. The change from a negative to a
positive correlation occurred earlier in dense plantings
than at wider interplant spacings, supporting this theory.

An increase in the mean plant height of a mixed wheat
populatign was observed by Khalifa and Qualset (1975), who
planted the progeny of a cross between short statured and
standafd height wheats, without artificial selection, for
six generations. They found that the frequency of short
statured plants in the population decreased, suggesting that
tall plants were more successful in setting seed, in spite
of a significant negative correlation between height and
yield.

In a similar study Busch and Luizzi (1979) found no
vevidence of such a directional shift. They ascribed this
lack of change to either @ lesser genetic range in height in.
their material or to the lesser expression of height
differences in the more limiting dryland environment of

North Dakota, compared to that of California.

2.4.4 Effects of seed size on plant interactions

The place that an individual occupies within the
hierarchy of a plant population seems to be largely
determined in the very early stages of plfnt development
(Harper, 1977). Seed size is one of tﬁe first factors

affecting this early development, and it was shown by

s



Austenson and Walton (1970) that a two or three fold

difference in weighi can exist among kernels of wheat in the

same head.

The effect of seed size on plant development has been

guantitatively studied by various authors. Kiesselbach

(1924) reviewed a number of investigations made on cereals

around the turn of the century, and added to this many of

-

his own findings. He concluded that:

.

When small and large seeds of various cereal crops were
space planted, small seeds developed into considerably
smaller plants than did large seeds, giving
correspondingly lo;er yields (on the average 19% less).
This result was ascribed to the differences in energy
reserves of the seeds, and hence, in initial seedling
vigour.

When equal numbers of small and large seeds were planted
at a rate optimal for the large seeds, the reduction in

yield of the plants from small seeds was less than the

reduction at wide spacings, although the small seed

plants still yielded on the average 11% less than did

the plants from large seed.

' When equal weights of the two types of seed wvere

planted, the plants from small seeds yielded on the
average 3% less than did the plants from large seeds.
The greater number of small seeds planted compensated
almost completely for the smaller size. When equal.

weights of large seeds and unselected seeds were
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planted, the plants from unselected seeds consistently
yielded slightly more than the plants from large seeds.
Averaged over 131 test years, the advantage of unsorted
seed over large seed was 2.1%. The author did not
speculate on the cause of this more efficient !
performance of a mixture of seed sizes.
Interaction between plants from different seed size within a
genotype, and between genotypes differing in growth rate,
‘was studied by Christian and Gray (1941). In both late and
early cultivars of wheat, seed size affected the number of
tillers and the number of heads per plant. Differences
between the genotypes in their performance in mixture
affected the the number of heads per plant but not the
number of tillers per plant. Thousand kernel veight of the
early genotype was significantly reduced by competition from
the late genotype, but the latter was not affected.

A similar study was conducted by Kaufmann and McFadden
(1960). They studied the competitive interactions between
barley plants grown from large and small seeds, and
concluded that plahts from small seed are more negati%ely
affected by increased plant density than are plants from
large seed. The main character responsible for the yield
reduction in response to increased density was the number of
heads per plant. They reported a ratio of yield from large
and small plants of 1:0.78 at a 10 cm equidistant spacing
and a ratio of 1:0.54 at a 5 cm equidistant spacing.

Comparison§of yield froszlots seeded to equal numbers of
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either uniformly large seeds or uniformly small seeds

Christian and Gray (1941), a higher yield for the large-seed
plots.

The effects of éeed size on components of yield were
studied in more detail by Austenson and Walton (1970). They
found that, within each of three cultivars of wheat, tctai
yield, grain yield, straw yield, the number of heads per
‘plant and number of seeds per plant were significantly
correlated with initial §eed weight. Variation in initial
seed weight accounted for from 2.5 to 4.5% of the variation
in these characters at maturity. Thousand kernel weight and
number of Seeds!per head appéared to be unrelated to initial
seed size,.

Black (1958) dem@nstfatéé that, in two swards of?
subterranean claverf‘éerived from egqual numbers éfgseedlings
but from different seed sizes, all plants in both swards
eventually reached the same size.’When large and small seeds
were mixed, however, the plants from large seeds
progressively suppressed the plants from small seeds and
eventually made up 90% of the dry weight and leaf area of
the sward.

Black noted that the relative growth rate of both the

wvards from large seeds and small seeds declined once a

critical leaf area was reached. The plants from large seed
reached this point faster than did the plants from small

seed.



Kaufmann and McFadden (1960) reported that the vigorous
growth of barley plants from large seeds resulted in an -
earlier d;velameﬁt of second and subsequent leaves and of
itillers than was the case for plants from small seed, but no

difference was reported in the onset of flowering.-

The importance of seed size and seedling growth rate to

Milthorpe (1959) and Aspinall (1960), who studied the
interaction between barley and white persicaria. They
concluded that, although in pure culture white persicaria
has a faster relative growth rate than does barley, the
latter has a larger embryo and initial seedling size,
enabling it to establish a larger root system more rapidly
and thus to gain an advantage when grown i% a mixture.
Restricted nutrient supply appeared to depress the growth of
white persicaria more than did shading by the barley plants.
At the onset of flowering of the barley,plants, when
barley root growth and leaf expansion decrease, the
persicaria plants immeéiateiy increased their growth rate,
demonstrating the changes in interplant relations whieﬁécan
occur as plant development progresses. %
Litav and Isti (1974a,b) compared the growth of
" seedlings of large and small 5eedég spinach (Spinacia
oleracea L.) strains. Both strains gave the same indiviéugljé
plant y{eld in pure culture. The authors concluded from
tﬁeir experiments, which were grown at two levels of

fertility, that a larger embryonic capital is only an



advantage when nutrients are in short supply. An experiment
involving two seed sizes and two fertility levels, showed
that an increase in soil fertility enables seedlings derived
from smaller seeds to maintain an advantage when seeded
earlier than the larger seeds.

A study of a more qualitative nature was made by
McDaniel (1969), who investigated the relationship of seed
weight, seedling vigour and mitochondrial metabolism in
barley. He found that seedling fresh weight, seedling
mitochondrial protein and mitochondrial biochemical activity
were positively correlated with seed weight. Although the
number of mitochondria per unit fresh weight was the same
for all l;sses of seed size, relatively more mitochondrial
protein \as present in seedlings from large seeds, resulting
in a higher'respiratory activity. The greater energy
production in seedlings from large -seeds thus allows a
higher growth rate of these seedlings than oE the seedling#
from smaller seeds of the same genotype (McDaniel, 1969) .

Seed size, thus, affects early growth rate of seedlings
‘and is therefore an important factor in determining the
competitive advantage or disadvantage of a plant at the time

that a shortage of growth factors occurs.

2.4.5 Effects of density on plant interactions
Interaction between plants will start earlier in dense
stands than in more widely spaced plantings. However, there

is no direct effect of plant- density upon plant growth. All



responses to density are indirectly measured as responses to
limits on growth factors. Using wheat plants, grown at four
different densities, Clements et al. (1929) observed that
the effects of density resembled the effects of a water
shortage. Pot cultures with different levels of soil

conditions, with increasing density, competition for water
is most severe, with competition for nutrients and for light
playing important, but secondary, roles.

Harper and Clatworthy (1963) studied changes in light
absorption in swards &f Trifolium repens L. and T.
fragiferum L. grown at two densities. For both species,
initial differences between the two densities in light
extinction and leaf area had almost disappeared after
fifteen weeks of growth. Apparently light was the limiting
factor at both densities and an LAI of about five for T.
repens and of six for T. fragiferum was the maximum that
could be maintained, under the provided light'fegime.

Increasing population density, therefore, may be
regarded as an increase in competition for light, nutrients
and water among associated genotypes. Donald (1958)
emphasised that, even if competition occurs for only a
single factor, there will be interaction between direct and
indirect effects. Competition for nutrients, for example,
may affect shoot growth, and this may modify competition for

light.
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Harper (1961) distinguished two ways in which plants

may react to density. Firstly, an increased density may

results of studies concerning several species of Papaver. 1t
appeared that.most of these species regulate their numbers
in response to increases in 8ensity of their own kind,
independent of the density of other species. This forms an
important mechanism in nature, - which prevents elimination
through crowding by neighbcur{ng species,

Secondly, there may be a plastic reaction to density
during the development of a plant, This response was
illustrated by Harper witﬁ the following example, describing
the growth of Agrostemma githago L. under various conditions
of density and in different mixture situations. When grown
in pure stand, the number of plants per unit area, which
wvere produced from different amounts of seed, was fairly
constant. All plants bore an approximately equal number of
capsules and gave equal seed yields. In association with
different species, however, the surviving plants bore an
equal number of capsules but gave a diffefent seed yield.
Unmixed, the Agrostemma plants in the study gave about
30,000 seeds/sg.yd. In association with uhéat, the same the
number of plants produced about 12,000 seeds/sq.yd., and,in
association with sugar beets, about 22,000 seeds/sq.yd.

This type of response, when it occurs in a mixture of
genotypes such as encountered in the early generations gﬁ a

breeding program, could ?ave important effects on the

/
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outcome of selection. The occurrence of such interactions is
suggested by observations made by Phung and Rathjen (1976,
1977), who reported that grain yield of wheat plants was
affected by the frequency of plants of the same genotype,
amidst a population of plants of a different genotype.

Genotypes in segregating populations of corn responded
to changes in density with changes in seed yield (CIMMYT,
1972). They noted that density affected the selection of
corn, and that different genotypes were selected at
different plant densities,

A study of the effects of variation in spacing, seed
size and genotype on plant-to-plant variation of vhegg.
showed that increased interplant spacing was by far the most
effective in increasing plant-to-plant variation for
characters, such as plant dry weight and yield components
(Chebib et al., 1973). However, interaction between )
genotypes and variation in seed size also consistently, but
insignificantly, increased variation among plants,

Contrary to the findings of Chebib et al., Kelker and
Briggs (1978) observed a decrease in variance with increased
spacing for several plant characters measured on seﬁgn
cultivars of wheat. They concluded that the tEﬁden:yrfer
variance to respond to changes in spacing is cultivar
specific, and that not all plant characters respond to the
same degree. 7

Hozumi et al. (1955) used uniform seed of yellow dent

corn to observe the growth of individual seedlings and their
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response to neighbouring plants. The seeds were grown in
boxes outdoors., Thgy found that large plants in a row tended
to suppress their neighbours, and vise versa, resulting in
an alternation of large and small plants. This was clearly
shown by auto-correlations of plant weights within a row.
Correlations with first, third and fifth néighb@urs vere
negative, while correlations with second and fourth
neighbours were positive. Plant weight in their study was
estimated from stem diameter and plant height. The
importance of plant shape to plant interactions ;as Clearly
illustfated by the observation that correlation coefficients
of actual plant weight showed a similar éattefn, but were
much smaller. At wider spacing, the neighbour effects
appeared to be restricted to first and second neighbours
only (Yoda et al., 1957),

In an earlier paper by Kira et al. (1953), the authors
found quite different results for the growth of soybean
plants. In this study, an hexagonal planting arrangement was
used, with equaiﬂ%istan:es between all plants. The
correlation between the weight of an individual and the mean
weight of the six nearest neighbours appeared to be positive
rather than negative. The authors did not speculate on the
reason for the observed behaviour. It can be noted, though,
that while the corn experiment was performed in boxes, the
soybean experiment was grown in the field where soil
heterogeneity might have played a larger role. This would

tend to create a positive correlation between neighbours




vhich were similarly affected by varying soil conditions. It
is also possible that the different planting arrangement was
responsible for the different results, because in rows, the
effect§ of one plant are exerted onto two neighbours, while
six neighbours are inQolved in the interactions between
pPlants grown in hexagons. One can expect a proportional
dilution of neighbour effects in this case, decreasing the
strength of neighbour correlations.

'Thus, because changes in plant density tend to change
the time at which neighbour interactions start, one can
expect neighbour interactions which are density specific. In
a mixture of genotypes or species, the density of plants
from the same genotype, as well as the density of plants
from different‘genotypes‘may affect plant growth

independently.

2.4.6 Changes.in the distribution of characters during
grbwth

The shape.of the frequency distributions of various
characters, assessed at different times during the growing
season, is illustrative of the dynamic nature o§ the
population. Mean and variance give only a partial
description of the distribution curve. A more preciée
picture is obtained when skewness and kurtosis are inclﬁded;

Skewness is a measure of asymmetry of the curve. A
positively skewed distribution has a mean to the left of the

median, and a 'heavy' positive tail (L-shaped). A nggativelﬁ
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skewed distribution has approximately a J-shaped form (Sokal
and Rolf, 1969 ). F
Rurtosis further specifies the shape of the curve.
Generally, when no skewness is present, a positive kurtosis
means that the character has more values around the mean and
in the tails and less in the intermediate regions, than does
a character with a normal distribution does. The curve is
thus sharply peaked with flat long tails. A negative
kurtosis, in the absence of skewness, indicates more values
in the intermediate regions (Sokal and Rolf, 1969 ).
However, many different shapes of curves may have similar
values of kurtosis, and this parameter is not necessarily a
measure of peakedness of the curve (Kendall and Stuart,
1977). Strongly.skewed distributions tend £o have a positive
kurtosis, due to the heavy tail on one side of the curve.
Koyama and Kira (1956) pointed out that the frequency
distribution of plant weight of many species was normal
shortly after emergence, but became more positively skewed
(L-shaped) with time. This efféct was stronger at higher
plant densities. On the other hand, plant height most often
developed a distribution which was negatijely skeved
(J-shaped). The authors observed that higher mortality
occurred in those stands which developed a skewed weight
distribution during early growth, while in populations which
kept a na:malréistributign, mortality was low. The two
species for which height distributions were reported, cgrn

and ragweed, both have a determinate growth habit. In these
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plants, genetic factors impose an upper limit to plant
height, while no lower limit is present. This could explain
the J-shape of the distribution of height. No mention was
made of a possible different shaped distribution for plants
of an indeterminate growth habit.

Non-normal distributions were also observed on
characters of barley, grown in simulated segregating rows at
Beaverlodge, Alberta (H. A. Kelker, unpublished). The
measured characters (the number of tillers, height, ke@nels
per head and others) were those which are normally usggras
criteria for plant selection in a breeding program, and
non-normality of their distribution could affect the

accuracy with which superior genotypes are selected,

great number of plant characters, the plant b:eeéef.is,
ultimately, only interested in the final effect of these
interactions on grain yield, and in many regions, on
maturity.

Final crop yield of a high yielding dwarf wheat
cultivar, Yecora, appeared to be well bﬁffefed against small
reductions in crop photosynthesis at various times during
the growing season (Fischer, 1975). Crop growth rate, on the
other hand, responded to shading at any time. There are

various phenomena which can explain the stability of crop
’



yield. For example, Fischer (1975) also observed that this
cultivar adapts to variations in light intensity or plant
spacing with variations in tiller survival. In this case
morphological plasticity of single.plants is related to
stability of crop yield.

Another mechanigm aiding the stability of crop yield
was described by Evans and Wardlaw (1976). They reported
that, of the dry matter which accumulates in grain on
unstressed plants, 90 to 95% comes from photosynthates
produced after anthesis. The remaining guantity comes from
reserves stored in vegetative plant parts. Plants under
stress from shading or defoliation, however, will draw upon
reserves to a much greater extent.

Although actual grain filling does not start until
several days after anthesis, shading immediately after
anthesis had a significant effect on kernel weight of wheat
(Ford and Thorne, 1975). Shading during this period affected
the subsequent capacity of grains to accumulate
carbéhydrates, possibly through 1imi§in§ the number of
endosperm cells, or through a mechanism which limits the
amount of carbohydrates that can be translocated. Shading
during this period, however, did not affect the amount of
nitrogen in the mature grains, thus resulting in grains with
a relativ;ly higher grain protein percentage (Jenner, 1979).

| The negative correlation which exists between the
number of kernels per plant '‘and kernel weight (Fisher, 1975;

Jenner, 1979), once more illustrates the mechanism through
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wvhich yield can be buffered against variations in individual
yield components. Variations in the number of kernels per
head were brought about by various degrees of shading in the
period just prior to anthesis (Fischer, 1975). Adjustments
in subseqguent kernel size, however, could not completely
compensate for the reduced number of k?rnels, and reductions

in yield were observed as a result from pre-anthesis /

“

shading.

Effects of plant interaction on matu;}txiQ\ve generally
been overlooked in studies on mixtures of genotypes,
possibly because visual assessment of maturity of single
plants is generally inaccurate. More reliable measurements
can be obtained from the Qoisture content of the grain as an
indirect indication of maturity, although this is a very
time consuming technique (Somerville, 1977).

One could, however, anticipate that genotype
interactions may affect maturity of mixture components. Por
example, variations in the onset of flowering, related to
varying levels of nutrients in the leaves, have been
reported for several plant species (Aitken, 1974). Such a
situation could arise from the une&G;l sharing of available
nutrients by the components of a ﬁixture. Variation in the
onset of floﬁeriqg may affect theﬁtiming of subsequent
developmental stages. Somerville (1977) reported a high
correlation between date)of flowering and maturity for both

*

wheat and barley.
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2.5 Effects of interaction between genotypes on single plant
selection

The need for early identification of genotypes which
have good agronomic gualities and high yield was clearly
demonstrat®d by Shebeski (1967). He showed with a
theoretical example, that with advancing generations, the
proportion of plants which can be expected to possess the
best combination of genetic characters decreases very
rapidly. Thus, selection should ideally ﬁake place in the F2
generation. ;

It is possible to select for a number of simply
inherited traits, such as disease reaction or height, at an
early stage of a breeding program (Sneep et al.,1979).
However, characters which are iﬁfluEﬁéeé by many different
internal as well as external factors, such as yield, cannot
be correctly assessed on a single plant basis. McGinnis and
Shebeski (1968) illustrated the ineffectiveness of visual
selection for yield in an F2 ggneréticn of wheat. They
compared the results of viéual sele¢ti§n of single plants by
three plant breeders, with the results of random selection.

They found that there was no significant difference between

g
Y

the mean yield of the F3-progeny plots derived from randomly

-
selected lines and derived from lines selected ‘by plant

breeders.
Because visual selection of single plants for yield per
se is ineffective, several studies have dealt with the

-

question whether selection for other characters would be
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effective in increasing yield.

Rasmusson and Cannell (1970) found selection for the
number of heads in two populations of barley to be as
ineffective as selection for yield itself. Yi§ld was reduced
when selection was practiced for high number of kernels per
head. Selection for high kernel weight was effective in
increasing yield in one of the populations.

An increase in grain yield, associated with mass g
selection for large kernel size in wheat, was found by
Werera and Bhatt (1972). This increase appeared not to be
corr:late§ in any way,vith quality characters, such as test
weight, milling extract, wheat protein, flour protein and

kernel hardness (Bhatt and Derera, 1973). R@bbelen (1979),

of many crops have led to a relative reduction in seed
protein, which, in cereals, is mainly due to the increase of
the endosperm relative to the embryo.

Morphologic and agronomic characters of 22 cultivars of
wheat were studied by Nass (1973). He found that the yield
per ear, the number of heads per plant; harvest index, and
kernels per head were all positively associated with plot
yield. Yield per head and heads per plot had the strongest
associations, but because the yield per head and heads per
plant are negatively correlated with each other, it would be
difficult to select for both traits at the same time. Nass
suggested that selection for moderatﬁ/expression of Ehese

two characters could lead to increased yield.
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Hamblin and Donald (1974) found no consistent
correlations between yield per head and ears per plant in
the F3 and the F5 generations of a barley cross. But they
did find that tall F3 plants with long leaves tended to give
low yields in the F5 generation. They suggested that the
‘greater amount of interaction between genotypes which occurs
in the F3 generation caused suppression of the higher
yielding types, resulting in the observed negative
correlation.

It was concluded from studies on barley that
interactions between genotypes caused significant shifts in
the expression of plant yield, heads per unit area, and the
number of kernels per head, causing genotypes with a high
yield potential to yield poorly (Wiebe et al., 1961). If
yield in monoculture is the criterion for selection, the
.poorest rather than the best plants should thus be selected

from the early generations. N

In the past, yield improvements have been paralleled by
a steady increase in harvest index, a character which
appears to be relatively insensitive to variations in

environmental conditions (Donald and Hamblin, 1976).

However, this was an unplanned side effect, since no
selection for harvestfindex was practiced. The question can
be asked whether the effects would be reversible: would

selection for high harvest indei be accompanied by an

plants of bé?ley. it was concluded that harvest index is not
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predictive for yield from one environment (F3) to another
(F5) (Hamblin and Donald, 1974). However, comparison of
single plants of wheat, grown in pots in the greenhouse and
in plots in the. field, showed that single plant harvest
index is a good predict@fzaf crop yield in tﬁé field (Syme,
1972). - o

Selection for harvest index in the F2 generation of two
wheat crosses doubled the grain yield per g}ant in the F3
generat;on (Bhatt, 1977). In addition, the positive
correlation of yield with harvest index was enhanced, While
selection for low harvest index resulted in a
correspondingly low harvest index in the F3 generation ,
selection for high harvest index resulted in a population
segregating for high and medium harvest index, thus allowing
further selection for this character.

Although Donald and Hamblin (1976) reported that
harvest index is relatively little affected by variations in

density, resulting in a low genotype x density interaction,

Nass (1980) found thﬁf indirect selection for grain yield
through harvest index gave better results when practiced at
commercial density than when practiced at low density. He
ascribed this to the smaller plant-to-plant variation for
harvest index which exists at high density. 7

- The value of selection for harvest index was studied by
Rosielle and Frey (1975a,b), using 1200 F9-derived lines of
oats, grown in hill plots. They concluded that selection for

harvest index alone was 43% as effective as was selection
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for grain yield. If selection for height and maturity wvere
combined with selection for harvest index, this percentage
increased to 70%, indicating a good relationship between
yield and harvest index within the limits of acceptable
height and maturity, in homozygous lines,.

Harvest index of main shoots appeared to be an even

better indicator of crop yield. (Fischer and Kertesz, 1976).

were computed between the yield of plots at commercial crop
spacing with harvest index of main shoots, harvest index of
whole plants and grain yield of spaced plants, respectively.
They obtained values 0.57 (sign., a = 0.01), 0.49 (signif a
= 0.01) and 0.20 (n.s.) respectively.

Because interaction between genotypes evokes reactions
which‘afe specific to each mixture situation, it is not
surprising that Hamblin and Rosielle (1978) found great
differences between genetic parameters of crosses when
estimated in mixture and when estimated in monoculture. They
‘hemonstrated, using published data from different authors,
that interaction between genotypes can increase or decrease
the observed additive and dominance effects by a
considerable amount. They showed cases where these
parameters, measured in a monoculture and measured in a
mixture, differed by more than 100%. In some cases, the
Yalues were about equal in magnitude, but opposite in sign.

In addition to a; effect on the mean values of

characters, positive and negative effects of plant
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interaction on the variances vere reported (Hamblin and
Rosielle, 1978). As a result, estimates of heritabilty which
‘are based on the estimation of variance components in a
mixture of genotypes, would be either under- or

{

over-estimated. 'This may lead to excessive effort being put

[y

into crosses and parents where competitive effects have
increased heritability estimates and to the rejection of*
crosses and parents where they have reduced heritability
estimates.' (Hamblin and Rosielle, 1978). The authors then
suggested that, if early generation selection is to be

i
effective, techﬁlques should be developed which accurately
assess the confdunding effects of competition on the
estimation of g;ﬁetic parameters, and which could be used to
correct ﬁﬁese parameters for plant interaction effects.

In order to be able to assess the confounding effects
of interaction between genotypes on the expression of
genetic characters, it is necessary to know which ﬁlaﬁt
characters are affected by genotype interaction, how
interaction affects these characters and which characters of
neighbouring genotypes are associated with these effects.

. The present study was conducted in an attempt to contribute
fundamental knowledge on these subjects, focusing on the
implications of genotype interaction for breeding of spring

wheat.



3. Short Description of the Experiments

The experiments for this study were conducted during
the growing seasons of 1977, 1978, and 1979, and were
betveen wheat genotypes.

During the first year of the study,reight genotypes and
their binary mixtures were planted accurately at eight
different interplant spacings. Morphologic characters were
measured on singlé plants at maturity. It was hoped to learn
from this test how the effects of competition were expressed
at various spacings in each of the studied genotypes.

For the second year gf theé study, five of these

pacings in

genotypes were grown at three different
monocultures and binary mixtures, and a detailed study was
made of the relationships between plant characters of
competing genotypes. Effects of interaction on mean plant
performance as well as on plant to plant variation were
determined.

During the last year of the study, the role of seed

ize and subsequent plant development on the development of
adjacent plants in a row was investigated. This experiment
involved only monocultures of the five genotypes used in the
second year.

In addition to the single plant experiments, replicated
yield trials, containing eight genbtypes in monoculture and
all possible bina%y mixtures, were grown in each of the

three years. These tests were conducted to illustrate how

44



each of the genotypes affected mixture yields, and how the

performance of mixtures varied over the three years.

45



4. Materials and Methods - General Information

The specific procedures followed for each of the
experiments in this study are discussed in the sections
pfe@edingrthe presentation of the results for each test.
General information pertinent to all the experiments is

given in the following sections.

4.1 Characteristics of test sites
Experiments were conducted at the Edmonton Research
Station in 1977 and in 1979, and at the Ellerslie Research

Station in 1978. Both stations are operated by the

University of Alberta, Edmonton, Alberta, Canada.

"of 53° 24' N and at an altitude of 694 m above sea level.
Appendix 1 shows the mean monthly temperatures and
precipitation during the three growing seasons in which the
experiments were conducted.

Both sites are located in the thin black soil zone and
the soil is classified as silty clay loam.

Fertilizer was applied in each spring prior to seeding,
at rates recommended for wheat, based on soil analyses
conducted by the Soil and Feed Testing Labaf&tcfy of Alberta
Agriculture (Appendix 2). During the fall of 1977%and 1978,
Avadex wés applied to the test sites for control of wild
oats. In 1977 and 1978, herbi:id?s vere applied during the

—,

early stages of growth, for control of the common bf@aﬂleaf

46
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veeds, stinkveed, g%een smartweed, pigweed and hempnettle
(Appendix 2), In addition, all plots were hand weeded when

necessary.

4.2 Plant material used

Eight wheat genotypes were used in the test: Pitic 62,
Glenlea, Park, Heepaw#, 70M110001, 70M009002, Norquay and
NB701. Park and Neepawa are Canada Western Red Spring
wvheats, while the other genotypes are Utility type wheats.
The genotypes were chosen to represent a wide range of
agronomic characters such as height, maturity, tiller number
and seed size (Appendix 3). Seven of these genotypes had
been previously studied, providing enga information on
their performance at the Edmonton and Ellerslie test sites
(Attinaw, 1977; Somerville, 1977).

As a seed source for Pitic 62, Glenlea, Park, Neepawa
and Norquay, foundation seed or registered seed was used.
For the genotypes 70M110001, 70M009002 and NB701, clean,
sound seed was obtained from yield trials conducted as part
of The University of Alberta wheat breeding program,

In each year, kernel weights and germination rate of
all genotypes were determined on the seed lots to be planted
(Appendix 4). Germination tests were conducted in petri
dishes containing two rounds of filterpaper (Wattman, no,
40) and 4 ml of distilled water. The dishes, containing 100

seeds each, were placed in a Seedburo incubator, model 2100,



at 36°C, and germination was determined at

hrs.
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5. Interaction Between Genotypes at Different Interplant

Spacings

5.1 Materials and methods

$5.1.1 Field plot design

During the first year of the study, monocultures and
binary mixtures of the eight genotypes were tested over a
wide range of spacings, to observe genotypic differences in
response to variations in the environment.

Each of these mixtures and monocultures was grown at
eight different spacings, ranging from 7 to 60 cm between
plants. To make the most efficient use of space, a
'wheelplot' design was used, in which each wheelplot
represented one mixture or monoculture grown at seven
spacings. Seeds were placed on a grid made up of concentric
circles and 'spokes', and seeds of the comp@ting genotypes
were alternated on the spokes and circles, such that each
plant was surrounded by four plants of the associated
genotype. In proceeding outward from the centre of the

circle, the distance between plants increased as the spokes

i

diverged, and the distance between concentric circles
increased,

Plant deng}ty vas calculated as the gvefage of the
distance from one plant to its four immediate neighbours,

vhich were situated on either the same spoke or on the same
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circle. The resulting spacings were 7, 9, 12, 15, 19, 24 and

7,

31 c¢m between plants or 204, 124;4g5, 44, 28, 17 and 10
plants per m® respectively. Commercial seeding rates in the
Edm@nian area range from 56 to 101 kg/ha,(Alberta Farm
Guide, 1976), which converts to approximately 140-250
seeds/m?,

Eachyplat had the shape of a three quarter circle with
a radius QE 2 m, containing twenty four spokes and nine
concentric circles. The plants on the innermost and
outermost circles, as well as on the first and the twenty

fourth spoke, were discarded as guard plants.

In addition to the seven spacings in the wheelg
each genotype wag grown in a rectangular plot, Q;§\a§ning 10
plants each, planted at an equidistant spacing of SQ cm. At

this spacing plant interactions were assumed to be ébsent.

5.1.2 Seed preparation and data collection

To reduce seeding time, all seeds were glued onto
cotton string (10/6 S), made by Dominion Textile (Tex;ade),
using LePage's Multi Use Bondfast. This method had }
previously been used in the field for several years with
good success (Dr. V. Burrows, Chief, Cereal Section,
Research Branch, Ottawa, Agriculture Canada, 1976; perscnal
communication). To keep the 24 strings (spokes) of each plot'
separated, they were labelled and tied, in the order in
wvhich they had to appear in the field, onto a stake which at

seeding time could be placed in the centre of the plot. A
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strip of paper was subsequently placed on top of the strings
and strings and paper together were rolled around a
cardboard tube.

To facilitate placement of the strings in the field, a
square metal frame was constructed, containing a bar which
could rotate around a central axis. Furrows were drawn with
a metal shoe which slid along this bar. After placement gf
the strings? the furrows were closed and packed using a
board.

Before harvest, the location of each plant was recorded
on plot maps and all plants were labelled. All plants which
had all four neighbours present were harvested when 75% of
‘the tillers appeared to be ripe. Measurements were taken on
plant height, height of ths flag leaf blade, the number of
tillers, the number of fertile.heads (heads with a minimum
of five seeds), the number of kernels per plant, grain yield
per plant, and above ground plant dry weight. From these

1peasurements, the following characters were calculated:

wextrusion length (calculated as p;ant height - height of the
flagleaf blade), the number of kernels per head, weight per
1000 kernels, th;’yield per headiané harvest index
(calculated as plant grain yield/ plant dry weight).

Because the present study approached the problem of
genotype interaction as it is encountered by the plant
breeder when he makes selections in the field, measurements

of height and related characters were taken on two randomly

chosen tillers ofirach plant. In this way it was hoped to
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obtain a more realistic estimate of the variation which is
observed in the field, than would be obtained from

measurements on the main stem only.

5.2 Analysis of the data
The wheelplots were arranged according to a randomised

block design with two replications which each occupied two

systematically within the wheelplots, the requirements of
randomisation were not met. The spacing effects iﬁdiiated by
the analysis of variance are thus confounded with effects

due to treatment arrangement., The results cannot be i
considered as more than an indication of possible effects of
spacing and will have to be further tested in subsequent

experiments.

5.3 Results

Pitic 52 failed to germinate sufficiently and all
treatments involving tﬁis genotype ;ETE dropped from the
1977 tests. Additional germination and or growth problems
were encountered in the remaining plots, resulting in a veryr
low number of usable plants overall. More than half of the
plots (31 out of 56) had a survival rate of less than 75%.

Recorded survival rate in some él@ts was as lowv as 43%,




while a few plots (including all 60 x 60 cm spaced plants)
were abandoned completely.

In search for an explanation for the poor germination,
soil tests were performed in the fall of 1977. The results
indicated levels of available P ranging from 39 to 47 lb/2M
on the east side of the field to 14 1lb/2M along the west
si?@ of the field. Although no specific symptoms of
four of the sparsely pépulated plots were located in the
western halves of the banks, suggesting a direct or indirect
relationship between the phosphorus content of the soil and
survival rate. i

Seeding was interrupted by two days of heavy rain,
causing some of the seeds to become uncovered, which
probably added to the low germination rates in some plots.

In an effort to get as much information from the data
as possible, the test was treated as a completely randomised
design. Plants from both replicates were pooled, and only
those treatments were included for which data had been
recorded on a minimum of five plants. For none of the
genotypes were data available from all possible genotype
combinations (Appendix 5). Means and variances of the
characters measured at each treatment illustrate the
observed range of performance (Appendix 6). Since data about
monoculture performance were obtained for only four
genotypes (Glenlea, Park, 70M110001 and Norquay), tests for

the effects due to genotype interaction had to be limited to



these four genotypes.

Spacing effects and géﬁot?pe effects were significant
(as0.01) for all characters (Table 1). Mixing significantly
affected height of the flag leaf, plant height, 1000 kernel
weight and harvest index. However, interactions between
effects of genotype interaction and spacing wvere significant
for plant weight, yield and the number of kernels per plant,
indicating that neighbouring plants affected these
characters at some of the spacings'tested. Interactions
between the effects of genotype in;efaoiion and genotype
vere significant for all characters except the number of

S
and kernels per plant,

heads, the number of tillers,'
suggesting that the genotypes differed in their response to
genotype interaction. Three way interactions were
significant for the number of heads, the number of tillers,
weight, yield, and the number of kernels per plant. -
Comparison of mixture and monoculture performance of
each of the four genotypes at each of the spacings tested,
indicated the specific densities at which the various
characters vere affected (Table 2). While interaction -
indicated by significant t-values - was evident for Glenlea
at a density of 10 plants/m?>, Park was only affected at 124
and 69 plants/m? and 70M110001 only at 124 plants/m’. None
of the genotypes showved significant effects of interaction
at 44 and at 204 plants/m?. It is likely that at the highest

plant density, the general effects of density on plant

growth were so strong that the more subtle effects of
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interaction between different genotypes could not be

distinguished with the experimental techniques used.

5.4 Discussion

Because the data used for the analysis of this test
come from a small number of observations only, further
experiments are necessary to verify the conclusions about
the effects of plant interactions on the genotypes involved
over the range of spacings tested. Nevertheless, a number of
comments can be made regarding the observed effects.

The fact that the genotypes differed in their response
to genotype interaction, and that each did so at different
spacings, indicates that interpretation of mixing
experiments performed with a limjted number of genotypes and
environments could lead to variable conclusions.

It appeared that Glenlea, which is the tallest, latest
and most vigorous of the four genotypes, was the only
genotype to show effects of genotype interaction at a
density as low as 10 plants/m., Possible methods of
interaction are restricted to light interception by
neighbouring plants, and interaction between root systems,
Since shading by neighbours only occurred during part of
each day, interaction between root systems is probably the

most influencial factor at this interplant spacing.



6. Relationships between Plant Characters Measured on Mixed

Genotypes

6.1 Materials and methods

In 1978, a test was conducted to investigate, in more
detail than in 1977, the phenotypic responses of genotypes
to genotype interaction at different spacings. To keep the
experiment managable, the number of genotypes had to be
restricted to five: Pitic 62, Glenlea, Park, 70M00S002 and
Norquay. They were chosen, based on the 1977 yield trials,
to repfesent a wide range of Average Mixture Efficiency (see
Section 8.2, p.92), and for their recognisability in a
mixture. They were grown in rows 30 cm apart, at plant
spacings within rows of 1, 3 and 9 cm. This resulted in

'

onto strings as described in Section 5.1.2, and placed in
furrows which were drawn with a pointed stick along a board.

A split plot design was used with three replicates. The
‘main plot treatments were mixtures and monocultures, and the
subplot treatments were spacings. The mainplots, which were
6 m long, were divided into three subplots of equal length.

Bach plot consisted of three ro) *¢h only the middle

one was sampled. Three plants at each end of each subplot
were discarded as guards.
From both the 3 cm spacing and the 9 cm spacing, a

random sample of six plants per genotype was taken at

58



59

maturity, using only plants which had both neighbour plants
present. Measurements were taken on the height of the the
flag leaf blade, the extrusion length (height above the flag
leaf blade), the head length, the yield per plant, the
number of kernels per plant, the number of tillers per
plant, the number of fertile heads per plant, and plant dry
weight. From these measurements were computed the number of
kernels per head, the yield per head, the 1000 kernel weight
and the harvest index. As im 1977, measurements on height
and related characters were taken on a random sample of two
tillers per plant. i
It was the intention to examine the root distributions
of the genotypes in mixture, and therefore the complete bulk
yield test was replicated several times, so that enough
extra plots were available for destructive séil core
sampling. Unseasonably high soil moisture content, however,
made it impossible to obtain good soil cores, and this
objective was abandoned. Thus, extra plots were available,
and tiller samples were taken from these at flowering and at
the mid-dough stage. Measurements were taken on the flag
leaf area, the height of the flag leaf éiaéef the tiller
length, the extrusion length and the head length. Each
sampie consisted of a 1 section of row, chosen at random
from one of the middle rows of the plots. The samples taken
at the two developmental stages were not replicated, so that

differences between mixing treatments may be confounded with

differences among plots. At each stage, sampling was
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completed in one day, so that differences among the

genotypes will reflect genotypic differences in rate of

" development.

6.2 Analysis of the data
Because it was not possible to accurately separate the

plants which were grown at the 1 cm spacing, only data

obtained from the 3 cm and the 9 cm spaced plants wer

included. The data were analysed to detect effects of
genotype interaction on within genotype variation, as well
as on mean plant performance.

Variance, skewness and kurtosis of the measured
characters were computed for each sample, as wvell as for the
combined mixéire data for each genotype. Because significant
deviations from normality occurred, Bartlett's test for
homogeneity of variances could not be used, since this test
is extfem;ij sensitive to neﬁ*ncfmality (Scheffe, 1959).
Scheffé described an approximate test for the comparison of

variances, based on the natural logarithms of the sample

-
#

variances. This analysis was used to test the effect of
genctypggngenétype interaction and spacing on the variances
of all characters.

Overall differences in variation between plants grown
in monoculture and plants grown in mixture, were determined
by means of a variance ratio F-test, using the mean

variances of all genotypes grown in mixture and grown in
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monoculture. For these comparisons the natural logarithms of
the data were used (Lewontin, 1966).

Although the test was designed as a split plot, it was
decided that an error term with more degrees of freedom was
desirable, which would make it possible to detect smaller
effects of genotype interaction than would be possible with
a split plot analysis of variance. Therefore a faiéamised
block analysis of variance was used to test the 'ffe:ts of )
genotype, spacing and genotype interaction.

Mixture efficiency was expressed for compeé%nts of
yield and plant weight, using the technigue described by de

Wit (1960), as the 'Relative Yield Totad' (RYT):

-
vhere YAB and YBA are, respectively, the mean plant yields,
or values of tﬁe character concerned, of the genotypes A and
B when grown in association with each other, and YAA and YBB
are the monoculture yields of the two genotypes. The
expressions YAB/YAA and YBA/YBB are called the 'Relative
Yield' (RY) of genotypes A and B, respectively, expressing
the ratio of the yield of a genotype in mixture to its yield
in monoculture, A value of 1 for the RY of a mixture
component indicates that the effects of interaction between _
genotypes are not different from those which plants af the
same genotype have on each other. A RY greater than 1

suggests that the associated genotype makes demands on the
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those of the genotype under investigation. A RY of less than
! indicates that interaction between the genotypes
negatively affects the growth of the genotype in qué%tian?
compared to its growth in monoculture.

A RYT of 1 would indicate effects of a compensating
nature, or the absence of any effect on either of the
components. A RYT greater than 1 suggests that the genotypes
are, at least partially, occupying different niches, and
thus are not sharing the same supply of resources. A value
less than 1 indicates an antagonistic effect of one or both
genotypes on their associate.

Both RY and é%é valyes were computed for mixtures and
their components.

Since no simple test is available to determine whether
RY or RYT values differ significantiy from 1, they were
evaluated with a t-test, comparing monoculture and mixture
values. RY values were called significant if the difference
between mixture and monoculture yield differed significantly
from 0. Significance of the RYT values was determined using’
a t-test comparing expected yields as can be computed from
monoculture values, with observed performance in mixture.

Within each individual plant, many characters are
correlated. When investiégting the relationships between
competing plants, these within plant correlations can play a
confounding role. Unfortunately, the number of genotype
combinations in ;he experiment yielded an insufficient
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number of degrees of freedom to investigate partial
corj;lation coefficients between all characters of
;§§3ciated genotypes. Only correlations between character
pairs have therefore been investigated. For this, multiple
regression analyses were used, using indicator variables to

correct for replicate effects (Steel and Torrie, 1980).

6.3 Results

During Qhe growing season, two large bare spots, in
which no plants grew, occurred in the plot area. Soil tests,
performed after harzest to determine levels of available
$0il nutrients, soil pH and physical soil characteristics,
did not reveal' any abnormalities which could be related to
the bare spots. All monoculture plots of Pitic 62 happened
to be planted in these areas, so that no comparisqns could
be made between the performance of this genotype in
monoculture and in mixture, Additional mishaps at harvest
time resulted in the loss of several more treatments. For
each genotype, mean values Qf the measured characters, when
grown in monocultﬁre and in mixture at 3 cm and at 9 cm
spacings, are given in Appendix 7. ‘

Although one can expect genotype interactions to affect
flowering time and subsequent maturity of the mixture
components (Aitken, 1974; Somerville, 1977), measurements of
maturity on single plants were not made, because the methods

available for rapid screening of a large number of samples
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are generally inaccurate (Somerville, 1977). Many more
replicatigﬁs would have been needed than were available.
Visual assessment of genotype maturity in mixture, however,
did not indicate any effects of genotype interaction, and no
data on this character have been reported.
"

6.3.1 Effects of genotype interaction on plant-to-plant
variation

An analysis of variance using the natural logarithm of
the sample variances, showed no effect of genotype
iﬁteracticﬁ on plant-to-plant variation in any of the
characters (Table 3). Significant differences between
genotypes occurred for variances of all characters except
the number of tillers, the number of heads, kernel weight
and harvest index, and changes in spacing affected the
number of tillers, the number of heads, plant weight, yield,
kernels per ﬁlant and extrusion length. When, for each
genotype, the results of all mixtures were combined,
however, variation was, on the average, greater in mixture
than_}n monoculture for the number of tillers, plant weight
and yield at the 3 cm spacing, and for kernel weight at the
9 cm spacing (Table 4). ervest index, height of the flag
leaf, extrusion length and heigﬁg vwere less variable in
mixture than in monoculture at the 3 cm spacing, while
kernel weight, height, and extrusion length showed a lgséer
variability in mixture than in monoculture at the 9 cm

spacing.
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Table 4. The effects of genotype mixing and interplant spacifg on the

average variation among plants, of single plant characters,

as determined by a variance ratio Fatestl,

All plants were grown in four-row plots in 1978. The data

present, and which were harvested at maturity.

spacing Af,Qf #ayééﬁiéé' _ o .
Character (cm) Monaculture Mixture Foo Fyr
T 3 25.1 3.0 2.06** 2.01*+
H 3 28;? 31.7 1.26 1.82*
We 3 29.5 37.6 1.63*  1.68*
Y 3 33.1 39.0 1.39 1.48
’ K/P 3 31.2 36.6 1.38 1.68*
) Kwt 3 7.6 8.9 1.37 2.&4*‘6
K/H 3 18.5 19.5 1.11 1.01
HI 3 12.1 8.4 2,08 1. gge~
F1 3 14.7 13.3 1,22 1,28
Ht 3 12.2 9.5 1.64% 1 75w
Ex 1 3 17.5 14.8 2.,08%% 2. 32%%
HL 3 9.4 13.9 1.38 1.22

" . ——— —



]
| _ — —_— S - A — N —
Coefficient
Interplant of variation® __F-values
2 spacing ————— — i '
Character (cm) Monoculture Mixture F3

[
-
o
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T 9 35.6 38.7

-
o]
w
ot
L]
[

»

»*

H 9 38.0 38.9

Kwt "9 5.3 10.0 3.56** 1.26
K/H 9 18.6 18.0 1,06 1, 18

HI 9 8.8 - 9.0 1.05 1.15

Ht 9 9.2 9.0 1,03 1, 10
Exl 9 11.5 11.4 1,02 1, 69%+

HL 9 9.5 12.7 1.08 1,04

1. * significant, a < 0.05; ** significant, a < 0.01

2. Character abbreviations defined in Table 1. HL = Head length.
3. Averages of the coefficients of variation of four genotypes.
4, F1 = 52 (1nx, mixture;}SZCInxj monoculture), df(;BD;EO)

F2 = sz(lnx, 9 cm, m@na:ulture)/sZCInx, 3 cm, monoculture),

m

df(60,60).
S , I s s e L
6. F-values given in italics are the reciprocal of the values
defined in fﬁetﬁates 4, 5 and 7.
2

7. Fz = s {lnx, 9 cm, ﬁixturehEECInx, 3 cm, mixture), df(175,180).
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Values of skewness and kurtosis averaged over the four

n in

genotypes grown in mononculture and in mixture, are giv
Appendix 8. For some characters, in particular kernel weight
and harveét index at the 3 cm spacing and number of heads
and kernel ‘weight at the 9 cm spacing, skewness was stronger
in mixture than in monoculture. Other characters, such as
kernels per head and height of the flag leaf at the 3 cm
spacing and height at the 9 cm spacing, showed a skewed
distribution in monoculture and a near normal distribution
in mixture. In most cases, the kurtosis was less in mixture
than in monoculture, indicating that, in mixture, more
values occurred in the intermediate regions, with a lower
concentration of values around the mean and in the tails. An
analysis ofvvariance, performed on the values of skewness
and kurtosis, did not detect any significant effects of
genotype interaction. However, the values were based on
samples of only six plants per replicate. An analysis basiﬁf
on larger numbers of plants would be necessary to draw mére
meaningful conclusions with respect to the effect of

genotype interaction on skewness or kurtosis.

6.3.2 Effects of genotype interaction on the expression of
various plant characters

Although it was demonstrated in the previous section
that the distributions of most characters deviated
significantly from normal, no suitable transformations were

found to correct this. Analyses were thus performed on
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untransformed data.

As expected, the genotypes differed significantly from
each other for most characters (Table 5). Mixing of plants
with individuals of a different genotype had a significant
effect only on head length, on.kernels per head and on yield
per head. However, genotype x mixing interactiqn effects
were significant for all characters except height of the
flag leaf, plant height, kernels per head and harvest index,
suggesting differences between the genotypes in their
reaction to genotype interaction.

AN characters except height’and harvest index were
affected by an increase in spacing, and replicate effects
were significant for extrusion length, 1000 kernel weight
and harvest index. Genotypes differed for most characters in
their response to spacing, as indicated by the significant
genotype x spacing interactions, Mixing x spacing
interactions were only significant for weight and harvest

index.

6.3.3 Relative performance of genotypes in mixture

To evaluate the effect of genotype interaction én each
character in each genotype, RY values were calculated
(Table 6), and the effects of genotype interaction were
tested for significance with a t-test. It can be seen that
Glenlea, in most cases, yielded better in mixture than in
monoculture. This effect was associated with an increased

number of heads, and to a lesser extent with an increased
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kernel weight. At the 9 cm spacing, harvest index of Glenlea
in two mixtures was significantly higher than in
monoculture.

With one exception, Park yielded less in mixture than
in monoculture. Reduction in yield was associated with a
lesser number of heads per plant, and in one mixture with
fewer kernels per head.

Data for 70M009002 were only obtained for two mixture
céﬁbinaticnsi Yield in combination with Glenlea was less
than in monoculture at both épacings and was associated with
per plant did nat-shew any change from the number in
manacultufe; Park did not significantly reduce the yield of
70M009002. '

Data for Norquay in association with Pitic 62 were only
available for the 9 cm spaéing_ Although yielé was less than
in monoculture, none of the RY values were significantly
less than 1. At the 3 cm spacing, the performance of Norguay
in the presence of Glenlea was poor, and the number of
kernels per head and 1000 kernel weight were both
spgnificantly (as0.01) reduced. R¥ for the number of heads

(gi? plant was, in spite of its low value (0.72), not
significantly less than 1, due to the small number of
observations for this treatment. Association with Park
reduced the yield of Norquay at the 3 cm spacing and
increased yield at the 9 cm spacing, but neither value (0.87

and 1,12) was significant.



Overall, Glenlea tended to produce RY values greater
than 1 for plant weight, yield and components of yield,
vhile values less than 1 were more frequent among the other
genotypes. This suggests that Glenlea plants grown in
mixture were able to utilise a greater amount of resources
than when grown in monoculture. The other genotypes, in
particular Park, were more often negatively affected by
associated genotypes.

Relative yield totals, derived from the RY values,
appeared to be close to 1 for most cases (Appendix 9). A
graphic representation of the performance of plants grown in

monoculture and in mixture further illustrates the effg:‘

=

of mixture components on each other. Figures 2a through 2e
illgstrate the relationship between the yields of the
genotypes grown in binary mixtures, and their yields in

monoculture. In these graphs the monocultures and mixtures

are seen a 'replacement series’' (de Wit, 1960), with the

proportions of the genotypes in mixture being 1:0, 0.5:¢0.5
and 0:1, respectively. i

At the 9 cm spacing, the RYT of the mixtures
Glenlea+Pitic 62 and Glenlea+Norquay was greater than 1, and
in both cases, the mixture yield surpassed the yield of the
better component grown in monoculture.

At the 3 cm spacing, none of the RYT values were °*
greater than 1, suggesting a detrimental effect of genotype

interaction on plant yield at this spacing.
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6.3.4 Relationships between characters of interacting
genotypes

One of the obYjectives of this study wvas to investigate
the relationship between the measured values of characters
on neighbouring genotypes. Correlations were therefore
computed between the plant characters of each genotype in
the test, and a number of :hara:te%s of the associated
genotypes (Table 7).

For most genotypes, the characters which played a role
in plant interaction at the 3 cm and at the 9 cm spacings
were not the same. Only Pitic 62 showed negative
relationships of several characters with height of its
associates at both spacings. In addition, the neighbour
characters by which a genotype was affected differeé from
genotype to genotype.

Most characters of Pitic 62 were negatively correlated
with the height of its associates. Since Pitic 62 was the

latest maturing genotype in the test, and could throughout

slow development, it is possible that thisg genotype showed
more clearly the effects of interaction with taller
neighbours, affecting plant weight, as well as grain yield
and its components.

At the 3 cm spacing, most characters of Glenlea were
positively associated with the weight and/or yield and the

harvest index of its associates. Only tiller number was
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genotypes. At the 9 cm spacing, however, weight, 1000 kernel
weight, height and extrusion length of Glenlea were
negatively correlated with yield, weight and harvest index
of associated genotypes. It was earlier shown (Table 6),
that Glenlea yielded better in most mixture situations than
in monoculture. This could occur either if the demands of
associates were less than those of Glenlea, leaving the.
latter a larger share of the available resources, or through
'hogging' of resources by Glenlea, resulting in suppression
of the associated genotypes, accompanied by reductiéns in
yield. RY values of less than 1, for the genotypes which
were grown in combination with Glenlea (Table 6), support
the latter hypothesis.-

Park showed very few significant correlations at either
the 3 cm or the 9 cm spacing. This could mean that either
Park was not much affected by genotype interaction, or that
Park was afflected by its associates in an inconsistent
manner. Since performance of Park in mixture was typically
less than its performance in monoculture (Table 6), it can
be concluded that Park respondéd differently to the various
associated genotypes.

At the 3 cm spacing, many characters of both .70M009002
and Norquay were negatively correlated with the height of
their assd&iates, as was earlier described for Pific 62.
Unlike Pitic 62, however, these relationships did not exist
at the 9 cm spacing. Pitic 62, 70M009002 and Norquay all

have a medium height, but Pitic 62 tends to produce more
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tillers (Appendix 7). It is possible that the tillers of
Pitic 62 intermingle more with the tillers of neighbouring
plants than do the tillers of the two other genotypes. This
could result in effects of competition for light at both

interplant spacings in mixtures c!tainmg Pitic 62, while

for 70M009002 and Norquay, the incfease in spacing from 3 cr

to 9 cm was sufficient to reduce competition for light to ar

insignificant level.

Overall, it appears that competition for light plays ar
important role in the relationships between interacting

genotypes, in particular for the shorter types and at the

, - ™,
between the yield components of asscci:tgd“ggnatype: which

higher plant density. However, the negative correlations

Q:cu:::) at the 9 cm spacing, indicate that‘éémpetitien for
other growth factors did occur as well, ;
6.3.5.Interaction between genotypes during the early stages
of growth ‘
Mean values and standard deviations for ch%r;cﬁe;%
measured on plants, grown in mcnéculturei at the flovering

stage and at the mid-dough stage are reported in

Appendices 10 and 11. . ’ ) )
N ,
Again, correlations between characters of associated

genotypes were calculated (Table 8). Positive correlations
appeared to be more common than negative ones, .
At the flowering stage, however, the flag leaf g;;a of

most genotypes appeared to be negatively correlated with

N\
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'height components in associated genotypes. Variations in
photosynthesis due to competition for light, or other
Eacta?é correlated with height; could have affected leaf
gréwth. This effect was not observed at the mid-dough stage,
suggesting that leaf senescence, which sets in earlier in
some genotypes, and in some plants within genotypes, than in
others, caused a greater variation in the measufements of
this character at flowering. ;

Plant height and height of the flag leaf of Norguay
were negatively correlated with height of its associates at
the flowering stage, but not at tﬁé mid-dough stage.

Ovérall, it appears that the effects of genotype
intera:tiqn-@n the expression of the measured characters at
both stages of growth were small. This might be partially
caused by the greater amount of plant-to-plant variation
which occurs in machine seeded plots than in plots with

accurately spaced plants. Interaction associated with

6.4.7 Effects of genotype interaction on plant-to-plant
variation

The variances of measurements of plants grown in
_monocultures and plants grown in mixtures were not

= N i
- o -



=

significantly different, possibly because a systematic
planting pattern was used. A‘QEﬁQtype, vhich is grown in a
mixed stand in which two genotypes are alternatgé and
accurately spaced within the row, will always have the same
type of neighbours, even though these are different from
neighbouring plants in a monoculture. This consistancy in
neighbour relationships may explain the observed lack in
vjrigtiani |

Sakai (1955) observed that a genotype which tends to
dominate in a mi’ufg shows greater variation when grown in
mlxture with a less dominant. type, than when grown alanggef
in combination w1th another dem1nat1ng type. He did not
discuss any changes in variation wvhich could occur in a | N
mixture of gendtypes with an équal ability to dominate. One
could, however, expect effects on within genotype variation
vhich are related to the relative amount of random variation
pf&sent in the two genetypes A 'variable genotype, in
ccmb1nat1an with a uniform genotype, could conceivably show
a reduction in variation, because the environment it
experiences in such a mixture is more uniform than its
environment in manaéul;u:ei Similarly, the other mixture
component could show an increase in variation,

Any of these situations iéulé result in a significant
genotype x mixt;re interaction effect on-plant-to-plant .
variation. In the present study, however, this interaction

- was only significant for 1000 kernel weight (Table 3).
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When observing for each genotype the combined data from
geveral binary mixtures, hovever{ a4n increase in |
plant-to-plant variation was found for the number of
tillers, weikrght and yield at the 3 cm'spacing, and for
. 'kernel weight at the 9 cm spacing (Table 4). These effects
may well be the result of the greater amount of’ \\
environmental variation which is caused by the range of
‘genotypes in the mixtures. .

At both the 3 cm and the 9 cm spacing, the distribution
of several characters, in particular Eernel weight and |
harvest index, deviated significantly from normal. Although

the analysis of variance is insensitive to small deviations

from normality, other conclusions based on estimates of
A

~

variation might be biased to a greater extent. The effect of
non-normality on the expected ga}n from selection in a
breedihg program will be_discussed in Chapter 9,

Chebib et al. (1973) found that in a mixture of
segregating F3 lineg of wheat, the effect of interaction
between genotypes oa plant-to-plant variation was
insignificant for all measured characters. His results might
be partially explained though, by the fact that he obtained
his segregating population from a cross between the
genotypes Pembina and Manitou, which have a similar genetic

back ground', and therefore would produce a progeny which is

'Pembina=Thatcher x R.L.2564(R.L.2564=McMurchy-Exchange x
Redman?)

Manxtou-(Thatcher -Frontana x Thatcher‘*xenya Farmer) «x
Thatcher ‘- . 170925
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génetically and morphologically much more uniform than the
progeny from a more diverse cross would be. i

Kelker and’hriggs (1978) reporteé both increases ané‘
détreases in variation as a response to interaction éf
several genotypes. In their experimént, seven genotypes of
wﬁeat, including the ones used in the presentlstuéy, vere
mixed within rows, simulating a segregating population, It
was concluded that the tendency to increase or decrease in
variation is genotype—specific.

The number of genotypes in the present study was not
large enough to be able to verify Kelker and Briggs'
conclusion, although the .results from the present experiment
,do not disagree with their results., In Kelker and Briggs'’
sfudy, the variation of th(f@enotypes Glenlea, Park and 7
70M009002 each increaafd in varation due to genotype
interaction at a density-of 87 plants/ m?, in paftiéular for:

. the characters heads per plant, yield and plant weight. In
addition, variation for height of Pitic 62, Glenlea, and
Norquay, and harvest inaex.of‘Pitic 62, Glenlea, Park and

Norquay decreased. Similar qffects vere observed in the

present study (Appendix 7).

6.4.2 Effects of genotype interaction on mean plant
performance

Significant changes in the mean values of several
characters, related to .either total plant weight or to plant

yield, were observed, as a response to genotype interaction.



i

Harvest index, whh is the ratio of plant G:ight and plant
yield, was very little affected, illustréting the stability
which a complex :";a:ter can maintain in spite Qf the
plasticity of it!gzzmpﬂneﬁts.

For some genotypes, the response to genétypé'
interaction ﬁas Quite éifﬁgfent at '3 cm and atzé cm spacing.
This was demanstfatedimqsg clearly by Glenlea, the
characters of which showed positive correlations with most
characters of neighbours at the 3 cm spé:ing, vhile negative
correlations were more pgevé;Eﬁg at the 9 cm spacing. Thus,
a change in.interplant felatic;éhips occurred with
increasing plant spacing. A possible explanation is that at
the 3 cm spacing, the available growth factors were limiting
to both genotypes in the mixtures, £hus preventing the
expression of genotypic differences. At the 9 cm spacing,
resources were less limiting and plants would have a greater
chance .to develop according to their ggnetié‘patential. This

could have resulted in negative relationships between the

‘'measured characters of Glenlea and its associates at the

9 cm but not at the 3 cm spacing. this hypothesis is
supported by the observation in 1977, that effects of
genotype interaction were inéignificant ét>the highest plant
density, where all plants were severely reduced in growth,
Competitive interaction between plants frequently leads
to negative correlations between éi;ra:tgfs of the genotypes
combined in a mixture. However, positive correldations are

observed as well. Interaction between plants of different

(5
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oat species, resulting in positive correlations between the |
height of mixture componénts, has been described by Trenbath
and Harper (1973).

ion,

lad

such as s0il” heterogeneity or a differehce in eleva

could also bhe the cause of a positive correlation between
«chatacters of genotypes vwhich are combined in‘g mi:ture!'zn
the present sthdy, hawévefi it was not possible to
distinguish between positive correlations due to plantkr
interaction and those due to other factors. f
There is some -evidence i% the literature (Troughton and
Whittington, 1968), that iaturity 1s positively correlated
with root mass, because late flowering plants can invest
more time in the development of an extensive root system. If

maturity is positively correlated with root mass, then Pitic
/

o
L

and Glenlea, which were the latest maturing genotypes in
this study, could have had a competitive advantage through a
larger root system. This could cause negative ceftelati@né
of other characters specific to these genotypes, such as the
number of tillers or height, with the yield components of

their associates. Whether this was the case can only be

confirmed through studies involving measurements on the root
systems during the growing season. This hypothesis could
also explain why Park, which was the earliest genotype in
the study, generally performed poorly in mixture.

At the 9 cm spacing, negative correlations existed

between kernel weight and the number of tillers and the



number of heads on neighbours. These relationships ;suggest a
different type of interaction than observed at the 3 cm
spacing. Although interactions related to the greater

—

"nutrient ;eguiréments of plants with more tillers are
probably of imp@ftaaca,iang has also to consider the effec;
which variation in the number of tillers could have on the
Ecmpeti:Xan for light Between ngighbau:iég plants. It is
possible that at the lower plant density, plants with many
tillers interfere more with the light fegeptlan of their
neighbors than do plgnts with less tlllers resulting in the

observed correlations.

-

throughout most of the growing season. In addition to
measurements at maturity, a detaileéistudy of the growth and
6evelapment of each mixture component could zhEEeféfe
éraviée information on the causal basis for the observed
results of interaction. Several studies havé indicated that
differences in the developmental pattern of neighbouring
plants greatly influence their intéracticn (Chrigtian and
Gréy, 1941; Trenbath an§ Harper,1973; Trenbath, 1975;
Harper, 1977; Clark, 1980). The present'studg;vas not
designed to perform such a detailedigra;th analysis. v

Hovever, data collecteéd at different times during the summer

suggest that interactions occurring before flowering, and

specifically those affecting growth of the flag leaf, may -
- 4

ultimately affect grain filling through an altered

i

photosynthetic area (Hsu and Walton, 1971)
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7. Effects of Seed Size on Plant Interaction

7.1 Materials and methods
In 1979, seed of the genotypes Pitic 62, Glenlea, Park,

Norquay, and 70M009002 was sorted, through sieving and hand
-

picking, into large, medium, and small size seeds

(Appendix 12). The medium size seeds were éis:ardéé, and the
rest seeded in plows, containing only large seeds, only
small seeds, or small and large seeds alternated within the
rows., -

All seeds were glued onto strings (see Section 5.1.2)
with 3 cm between seeds. Th€ plots each consisted of three
2.5 m long rows, 30 cm gpgrt; and all treatments were
replicated three times. Eighteen adjaqgﬁt\p&aﬁts (5¢ cm)
from the middle rows were sampled at the 3-5 leaf stage, at
the jointing stage, at the heading stage ané:at maturity.
Since sampling at eéch time was completed in one day, the
E%#g genotypes were not at exactly the same stage of
development.

The locations of the samples were randomised within
‘each row, and two planjg\at the end of each sampf§!v2fe
allowed as gua}dsﬂ At the time of sampling, all élants in
the section of rovw to be harvested were numbered, and
measurements were taken on each plant. Empty places in the
row were recorded and plants with one or both firfl§?

neighbours missing were discarded.

88
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The characters wvhich were measured varied withithe time
of sampling, as indicated in Table 9, and were chosen, for
each developmental stage, as features which could easily be

distinguished. -

7.2 Analysis of the data

The data were analysed to investigate the effects of
seed size and uniformity on plant.performance, on within
geﬁotype variation, and on the inter;ction between )
neighbouring plants,

Variance, skewness and kurtosis of the measured
characters were computed for each sample. The effects of
genotype, seed size and uniformity on these parameters wére
expmined for each sample/date vith an analysis of variance,
Bec?hse several of the distributions of measured characters
deviated significantly from normality, a natural log
transformation of the variances was used (see Section 6.2)

Jecause plants were missing at the end of some rows, it
was very difficult to identify the exact sequence number of

each plant. This especially created a problem in the plots

with mixed ‘seed. It was, therefore, impossible to compare

‘the performance of plants from large and small seeds in

mixture, with the performance of the same type of plants in

plats from'un%form seed.
Differences between the genotypes, between the

replicates, and between the performance of plants from
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large, small, and mixed seed vere e;amined; for each sample
date, with an analysis of variance. !

To investigate the interactions between adjacent plants
from small, large, or mixed seed, simple Efofl&tiéﬁ
coefficients were computed for all character combinations on
pairs of neighbouring plants (1st with iﬁd, 2nd with 3rd,
eﬁc.). o ,

.

It was intended to compute these correlations for
second meighbours as well as for first neighbours. Hissiﬁg{
plants, however, severely reduced the number of pairs .for
which correlations could be cémputeég For every plant which
was mJS;an, four of th‘1{{33§ neighbour paifsfané five of
the second neighbour pairs'vere invalidated, or 23.5% and
31.3% respectively of the data. Siq;e an average of 1.8
plants per ;lot were missing (10%X), correlations on second
neﬁghbours have nqQt been included. \

In 1978, it wag noticed that considerable variation in
height existed among plants of the line 70M009002. At the
end of the 1979 growing season, it became apparent that this.
genotype was not a pure line. There was a marked variation
~in height and.awn length, and it was decided to eliminate’
this line from all tests involving single plant data. No
meaningful comparisons concern1ng plant interactions can be
made between treatments if there are already gxnetlc
differences in plant form, and possibly growth pattern,
within the line under investigation. It is now believed that

this line possessed a degree of outcrossing, perhaps as high



as 5%, which would explain the increase in heterogeneity as
seed was increased during the three years of this study (Dr.
K. G. Briggs, Professor of Plant Breeding, University of

Alberta, Edmonton, Alberta, 1980, personal communication).

- A

7.3 Results

7.3.1 Effects of seed size on mean plant performance and
sample distribution of characters \ég

Mean values of the plants from small seeds, from 1$}ge
seeds, and from mixed seeds, at each of the measured growth
stages are shown in Appendices 13-16. Values of skewness and
kurtosis of the samples are given in Appendix 17.

' At the 3-5 %eaf stzge the plants from mixed seed had a
significantly lo;Qr variance (as0.05) for number of leaves
than the plants ffbm the uniform seed (Table 10). At
maturity, only the variance of head length was significantly
(as0.05) affectegiby seed treatment. The head length of
plants from small seed was much more variable than was the
head length of plants from large'or'mixed seed.

The skewness and kurtosis of the characters within
sample dates were not significantly affected by the
treatments. However, distributions did differ significantly
among growth stages for those characters which could be

compared: the number of tillers, weight and height (sample

3, 4 only, Table 11). Kurtosis of all three characters was




Table 10. The effect of genotype amd seed tfeatﬁentl on the

varisﬁcez of single plant characters, at different stages

of growth, as determined by analyses of variance”,

All plants were grown in three-row plots in 1979, The

data are from consecutive plants in a row, excluding plants

with missing neighbours.

_ i S

— —r—— = s

2 4
Mean squares of characters

Source — —_— -
of Number of leaves at Head length at

variation df the 3-5 leaf stage maturity
Genotype (G) 3 9591 ‘ 13978
Seed .

treatment (5) 2 15672* 24183*
Replicate (R) 2 667 14899
G x$§ 6 4458 6429
G xR 6 11539 7085
S xR 4 5445 7661
Residual 12 3729 6127

1. Seeds were sorted into large and small seeds (see Appendix 10)

‘and seeded in rows with uniformly large seeds (treatment 1),

I

uni formly small seeds (treatment 2), or large and small seed
alternated (treatment 3).

2. The natural logarithm of the variances was used.

3. * significant, a < 0.05.

4. Characters which showed no significant differences have been

excluded.
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Table 11. The effect of growth stage, genotype, and seed treatgentl

; 2 . : C .
on the variance” and skewness of single plant characters,

as determined by analyses of variance .

All plants were grown in three-row plots in 1979.

The data

are from consecutive plants in a row, excluding plants with

1ssing neighbours.

Mean squares of distribution parameters
Source of —_— —
df - 4afiaﬂcg B N , Skewness
variation 4 - B ]
- Ht® T We  Ht T
Growth stage '
(GS) 3 12.48** 25.68** 554.14** 3.26 5.14°
Genotype (G) 3 2.03**  4.80**  1.23 0.3  2.16*
Seed treatment .
(5) 2 0.11 0.68 1.87 1.08 ., 0.29
Replication .
(R) 2 _0.26 0.72 0.82 0.10 1.04
GS x G 9 2.51**  1.07 3.13 0.33  0.66
GS x § 6 0.76 0.53 1.82
GS xR 6 0.26 0.29 059
G xS 6 0.57 0.44 1.49
G xR 6 1.07 0.40 1.74
S xR 4 0,51 0.56 4.39* 1.68 0.76
Residual 12 0.47 0.57 1.71 0.85 0.79

1. As defined in Table 10.
2. The natural logarithm of the variances was used.
3. * significant, a < 0.05; ** significant, a < 0.01.

4. Character abbreviations defined in Table 1.
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unaffected by growth stage, as was skewness of the weight
distribution. However, the skewness of the distribution of
tiller number changed significantly (as0.01) fram!anE on the
average, negative value at the first three sample dates, to
a positive one at maturity (Appendix 17).

The skewness of the height distfiéutian increased’trom
an average value of -0.34 at the heading stage, to a value
of -0.69 during the last part of the growing season
(Appendix 8). Although the difference has only a
significance level of a=0.057 it does illustrate the
incigase in skewness which was earlier observed by Koyama
and Kira (1956).

At each growth stage, differences among genotypes were
significant for most charactefs (Table 12a through d). At
the first three growth stages, the genotype x treatment
interactions were more often significant than were the
treatment effects. This suggests that genotypes were
affected differently by the various seed treatments
throughout the growing season. At maturity, the seed
treatment main effects and the genotype x seed treatment
interactions iéfe predominantly ‘insignificant, as were the
seed treatment effects. Height and dry weight, which had
shown significant seed treatment effects at the jointing and
"at the heading stage, did not show these effects any longer,
Because maximum height was not cbtz&neé by most plants until
a;ter heading, this disappearance éf seed treatment effects

illustrates the tendency of plants to grow out to a uniform



Table 12a. The effect of genotype and seed trentiEﬁtl on single plant
characters, measured at the 3-5 leaf stage, as determined

by analyses of vafiance.z

All plants were grown in three-row plots in 1979, The
data are from consecutive plants in a row, excluding

plants with missing neighbours.

ééurce of B 4i o Mean squares of ;haract§;§3
variation . ;&1 7L N »“’T— Ht3
- - _ - _ (x_107)

Genotypes (G) 3 322**7 0.28 8.31*> Se
Seed treatment (5) 2 10 0.82 0.97 3
Replicates (R) 2 4% 4.46** 0.68 2
G x5 6 23 ) 2.16%* 2.77%= 3=
G xR 6 58 1.39%+ 1.45 4**
S xR 4 1 6. 87% 1.47 1
G x5 xR 12 31 2.02%* 1,74+ 3

A
Residual 3%2 12 0.32 0.70 1
1. As defined in Table 10.
2. * significant, a £ 0.05; ** significant, a <0.01.
3. Character abbreviations defined in Table 9.

{



e and seed treatnentl

Table 12b. The effect of ge- on single plant
characters, measured at the jointing stage, as determined
by analysis of va_u-iance.2
All plants were grown in three-row plots in 1979. The
data are from consecutive plants in a row, excluding

’ -
plants with missing nei%rbours.
e )
Source of Mean squares of ahariztersS
. df — N
variation th N T Wt

Genotypes - (G) 3 147*+  11.21** 12.29 3.24%+

Seed treatment (S) 2 61* 0.26 6.99 0.58

Replicates (R) 2 78%*+  12.03%* 3.39 1.74*

G xS 6 S51** 2.03** 4.56 0.62*

G x R 6 36* 0.84 7.42 0.44

S xR 4 116** 2.05** 5.55 0.38

G xS xR 11 63** 2.12** 3.77 0.46 _

Residual 315 17 0.45 4.90

0.28

1. As defined in Table 10.

2. * significant, a < 0.05;

** significant, a < 0.01.

3. Character abbreviations defined in Table §.
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Table 12c.

plant characters, measured at the heading stage, as

determined by analyses of variance.

All plants were grown in three-row plots in 1979.

The

data are from consecutive plants in a row, excluding

plants with missing neighbours.

Source of

Mean squares of chargﬁtersz

variation th T Wt
Genotypes 3 18462** 68.7** 1.69
Seed treatmgﬂt 2 200** 0.7 9.63*%
Replicates ' 2 187** 12.7* 2.08
GxS§ 6 270** 13.0** 9.77**
G xR 6 45 7.5 3.34

S x R 4 283+ 6.1 7.07*
G¥§ 8§ xR 12 134+* 7.5* 31.57
Residuals 383 28 4.0 2.67

1. As defined in Table 10.

2. * significant, a,iQDiBS;

** significant, a < 0.01.

!
3. Character abbrevi;iians defined in Table 9.
]
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height, which is characteristic of their genotype.

The mean tiller number per plant dropped from jointing
to maturity, for all genotypes exéept-Park (Appendices 14
through 16). Tiller number was not significantly affected by
seed treatment at the jointing and the heading stages, a
significant genotype x seed treatment interaction (a$0.01)
occurred at the heading stage, and at maturity, a
significant treatment effect (as<0.05) existed for the number
of tillers and the number of heads per plant (Table 12b
through d),‘ i

At maturity, the plants from small seeds had fewver
tillers and heads than did the plants from large seeds, for
all genotypes except Glenlea (Appendix 16). Since seed
treatment effects earlier in the season were not
significant, this suggests that plants from small seed on
the averaﬁg lost more tillers than did plants from large
seeds. Thousand kernel weight of the plants from large seeds
was significantly smaller (as0.01) than that of the plants

from small seeds (Table 124).

7.3.2 Effects of seed size on interaction between neighbours
The ca%relgtians of all measured characters of each
plant with those of their first neighbours gave an unwieldy
total of 1572 correlation coefficients. It would he of
little value to look at the magnitude of each of these

coefficients individually. More important is to see if any

patterns in character relations exist. If no correlation
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exists between two characters of neighbouring plants, the
probability that the coefficients for all four genotypes in
a treatment will be of the same sign just by chance is 1 «x
1/2 x 1/2 x 1/2 = 0.125, Therefore, the value of the
~coefficients does not have to be very high to be meaningful,
if they all have the same sign. In order to accept the
hypothesis that a correlation exists between characters
measured on neighbouring plants, in each of the four

| genotypes given the same treatment, with aS 0.01, each of
the coefficients has to have the same sign and a
significance level less than or equal to 0.47, since 2 x
(0.47)*= 0.01. Using this value, all correlation
coefficients were examined for each of the three treatments
(Table 13),

Throughout development, positive correlations were more
common than negative opes. As was explained in Section
6.4.2, plant interactions as well as environmental
conditions can be responsible for this. Conditions which
affect a short section of row, such as.variation in depth of
sowing, wheel compaction or irreqular nutrient distribution,
could result in higher or lower values for all plants in
that section, compared with plants in the rest of the plot,
and, thus, result in positive correlations between
neighbours.

At the jointing stage, the only negative correlation
wvas the one between tiller number and the number of nodes of
neighbouring plants, derived from mixed seed sizes.

»>



Cn o

Table 13,

PN

J

Carfelatedlrcs of neighbouring plants, at differ-
ent stages of gro. in rows of plants from large seeds,

small seeds or alternated large and small seeds.

All plants were grown in three-row plots in 1979. The

data are from overlapping pairs of neighbouring plants in
a row: 15t+2'ﬁ'dj End*Zrd! STd*ch, etc.

Graﬂthl Correlated (+, -)
stage Chiractgf3 characters of neighbouring plﬁnts4

3-5L

3-5L

He “Ht 2, *Ht 3
L +Ht 3, L1, +L3
Wt +Ht 3

He,, *He 1, *Ht 2

N ‘ +HE .1, N1, +N3

T ' *Nt, -N3, +T1
we +He 2, +N2

Ht “He 1, +Ht 2 sHt,3
T +T2, -T3

Wt . +Ht, 1, +Ht 2, W2

Ht -kt s
T ‘ -HI1, v+ -KWtl

H -HI1, -Kwt1

K/H -KNtl

HI +HI1

KWt «KWtl
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All correlations are significant with a < 0.01.
3-5L = 3-5 Leaf stage, J = Jointing stage, H = Heading Stage,
M = Maturity.

Character abbreviations defined in Table ®.

Last number indicates seed treatment as defined im Table 10.
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At the heading stage, the tiller numbers of
ﬁéighbcufing plants, derived from mixed seed, wvere
f

negatively correlated. However, at this stage, tiller number

of some genotypes vas affected by seed treatment also

not ﬁé:essari}y imply the occurrence of neighbour
iggeractions. At maturity, a significant negative
correlation existed between the number of tillers and
harvest index and between number of heads and harvest index
of plants from large seeds, and between height and TDdO
kernel weight, and between stem length and 1000 kernel
wveight, of plants from mixed seed. Since seed size effects
on tiller number, head number and kernel weight were
observed in plots seeded to Uﬂif@fﬁly sized seed, one would
expect negative correlations b;tween these characters, in
plots from mixed seed sizes. Their absence indicates
possible effects of neighbour interaction. For plants

derived from small seeds, significant correlations were all’

pesitive.

7.4 Discussion-

The drop in tiller number, which was observed after '

heading for plants from 1}1 seed treatments, was more severe

for plants from small seed than for those from mixed or

large seed. This resulted in significantly fewer tillers and

fewer heads on plants from small seeds at maturity.
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For most genotypes, however, yield per plant was not
significantly affected by seed treatment. The larger 1000
kernel weight, observed for plants derived from small seegs,
demonstrates compensation for the reduction in head number,
through an increase in seed weight. A number of factors
could have contributed to this result. Firstly, some of the
assimilates which were acguired before aqthe;is, and which
had been stored in the lost tillers may have been relocated

and later been used in grain filling on the remaining

tillers (Evans and Wardlaw, 1976). Secondly, since
competition for light giies place between leaves rather than
between plants (Donald, 1961), leaves of plants with few
tillers could experience less competitive interference from
leaves on other tillers than would leaves on plants with
many tillers, given the same interplant spacing. A higher
rate of photosynthesis per leaf could therefore occur in

plants with few tillers, resulting in More assimilates per

=
w

tiller and, thus, the potential for larger kernels.
Thehdata“from this test give only partial support to
the findings of Hozumi et al. (1955), who found negative
correlations between dry weights and between shoot lengths
of‘neighbouring corn plantg derived from uniform seed.
Negative cozrhlations did occur in the present experiment,
but not very frequently. The negative carrelations which
rwere obgserved among plants from large seed, all occurred

between tillers or heads per plant and those characters

which pertain to grain filling (harvest index, 1000 kernel
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weight). This suggests that variation in tiller number is,
directly or indirectly, related to the process of
grainfilling in adjacent plants. No negative correlations
showed up in the plots from small seed. This could possibly
be the result of smaller root systems, which would reduce
interaction between neighbouring plants.

Although alternating height differences between
neighbours existed throughout the growing season in all
three treatments, at maturity only the mixed seed treatment
showed significant effect; related to differences in height.
It was not possible to determine with certainty whether
small seeds gave rise to short or tall plants. If one
assumes the former, than seed size in the mixed seed
treatment had an effect on kernel weight opposite to the
effect observed in the uniform seed treatments. The negative
correlatiog,/ﬁhich occurred in the mixed seed treatment
between height and kernel weight, suggests that plants from
small seed with tall neighbours yielded seeds with low
kernel weight and vice versa. Thus, interaction between the
tall and short plants affected plant growth in such a way
that tall plants were able to acquire a relatively greater
amount of one or more of the factors limiting to grain
filling. It thus appears that interactions between )
neighbours derivedvfrom different size seeds, were different
than those which occurred between plants from uniform seeds,

affecting in particular the character kernel-weight.
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The results of the present experiment indicate that
differences in seed size can be a source of variation among
phenotypes, both through effects on plant development as
vell as through gffgcts‘cn neighbour relationships. Aitheugh
these conclusions are based on observations in monocultures,
similar effects can be expected in a mixture of genotypes.
Effects of interaction between genotypes in a segregating

population might thus be confounded with the effects of seed

size which occurred among the seeds of the propagated lines.



8. The Relationship Between Mixture Yield and Monoculture

Yield of the Components.

Yield trials were grown in 1977 and 1979 in Edmonton,

8.1 Materials and methods

and in 1978 in Ellerslie. The trials involved eight
genotypes (see Section 4.2), grown in monoculture and in all
possible binary combinations, arranged in a randomised blaek
désign with three replications,

Plots consisted of four 6 m long rows, spaced 23 cm
apart, in banks which were separated by 2 m wide pathways.
The rows were seeded in all three years in a N-S direction,
guard plots were seeded at the end of each bank, and at
harvest, a 30 cm strip at both ends of each plat was
removed. Only the center two rows of each pl@tiwe:e
harvested with a small plot harvester', Using é visual
assesment of maturity, each plot was harvested‘whEﬁ more
than 50% of the plants appeared to be ripe.

To obtain an equal number of plants of each genotype
per plot, percent germination and 1000 kernel weight of each
genotype were used to célculate the wveight of seed necessary
to give an average density of 257 seeds/m?, or an average of
1.7 cm between seeds within rows., For an average weight of
40 g/1000 kernels, this seeding rate is eguivalent to 100 kg

ablg seeé per ha These are similar seeding rates and
sxgned and pradu:eé by J. Fitzsimmons and T. Snider,
t

of Genetics, University of Alberta, Edmonton, Alberta.
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plant spacings to those normally used for standard yield
trials of wheat at both stations.

The plots were seeded with a small-plot disk seeder,
designed in 1970 by the Canadian Department of Agriculture,
Swift Current, Saskatchewan. A cone-shaped seed divider was
attached to partition the seed equally into the four drill
rows,

Harvesting conditions in 1978 were very wet, causing
some loss of yield and considerable lodging in one corner of .
the field. Because the amount of loss was hard to estimate,
the data have not been adjusted. None of the genotypes was
infested with significant levels of disease or insect pests

in any of the three years.

’\

8.2 Analysis of the data
It was the objective of this study, to observe the
stability of mixture yield over years, and to investigate

the

relationship between mixture yield and the yield of
their eempcﬁe%ts grown in monoculture,

By means of a randomised block analysis of variance,
the variation among years, among monocultures, among
mixtures and between mixtures and monocultures was examined.

From the yields of the monocultures in each block ;
(replicate), the Fxpgtted yield of each mixture in the same
block was calculated as: |

Y(AB)=Y(A)+Y(B)/2



112

vhere Y(AB),Y(A) and Y(B) are the plot yields of the mixture
of genotypes A and B, and their monocultures, fe§p22tivelyi
The ratio of the observed yield and the expected yield of a
mixture of two genotypes, hereafter referred to as Specific

Mixture Efficiency (SME), was calculated as:

-

using the same notation as above., 1f, for example, a mixture
of the genotypes A and B has a plot yield of 1400 g, and the
monoculture plot yields of A and B are 1000 g and 1500 g,
respectively, then the SME of the mixture AB would be
2x1400/(1000+1500)=1,12,

The SME resembles the RYT which was used in Chapter 6.
The RYT, howgyger, is calculated from the RY of each of the
components, and hence, will have values which are
i numerically slightly different from the SME values. The
meaning of values less than one, greater than one, and equal
to 1 is the same for both, however.

Significance of the SME values was tested with a t-test
analoguous to the one described for RYT (see Section 6.2).

Spearman’'s rank order correlation coefficients were
computed for the correlations between grain yield of the
mixtures and SME in each of the three years, as well as for
the correlations between yields in 1977 and 1978, yields in
1977 and 1979, and yields in 1978 and 1979, respectively.

The same correlations were computed for the SME values,
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Mixtures of two genotypes can be seen as analogues of
the F1 generation a!ga genetic cross, and hence, techniques
similar to those which are used to determine genetic
parameters, can be used to analyse mixture properties. An
analysis of variance for diallel crosses was developed by
Hayman (1954). In his method, the total variation is
partitioned into a component due to 'arrays' (columns of the
diallel table), a set of three orthogonal interaction
components, and an error term. Morley Jones (1965) éeseribéé
the use of this techniqgue to analyse data from a half
diallel.

Hayman's technique of diallel analysis has been
experiments (Williams, 1962; Eberhart et al., 1964). In most

\_of those cases, the competing individuals could be readily
identified, allowing data to be collected from each of the
components of the mixtures. Hay (1974) described the use of

Hayman's analysis of variance for experiments in which the

competing individuals cannot be separated.

The components of variation in the Hayman analysis are:

'. The array sum of squares, with n-1 degrees of freedom
for an n x n diallel. Each column of the full diallel
table comprises an array. The examination of the arrays
of a half diallel thus requires that each data point is
used twice in the computation. Morley Jones (1965)

cgmputed the SS for arrays as follows:

F
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vhere Yr. is the sum of the rth array and Yrr is the

value of the rth monoculture (diagonal values of the

diallel table). Significant differences among the arrays
would indicate that differences exist between the

general ability of the genotypes to perform in a

mixture.

2. An interaction term, b, which can be partitioned into
three orthogonal components:

a. bl tests the effect of genotype interaction and
allows examination of the difference between
mixtures and monocultures, with 1 degree of freedom.

b. b2 tests the differences between genotypes in their
interaction with all é&éer genotypes. The sums of

- squares are computed using for each array the

differences between twice the mixture values and thzjf’

monoculture values:

' %
Using the same notation as above, b2 has n-1 degrees

of freedom. If no interactions between genotypes
occur, this component measures strictly the +
differences in yielding ability among genotypes.

€. b3 tests the efteci due to specific combinations of
genotypes and is computed by subtraction of the §S5's

for arrays for b1 and b2 from the total SS.



The formula which was used by Morley Jones for array
SS, was used by Griffing (1956) to test differences in
General Combining Ability (GCA). He used the remaining
variation as a whole, to determine effects of specific
combining ability (SCA). The use of Griffing's technique fbr
the analysis of mixture experiments was suggested by Jensen
and Federer (1965). Hayman's partitioning of the interaction
SS, however, allows a closer examination of the types of
interaction which take place and of their relative
magnitude. I
| GCA is a parameter which was originally introduced to
assess the value of a genotype for breeding purposes. An
extensi;e review of this subject was given by Sprague and
/Iﬁatum (1942). Because high yield is an objective of most
‘ breeding programs, an indicator of both yielding ability. of
a genotype and its value as a parent in crosses, is useful
for the selection of breeding material. In experiments which

study the mechanisms underlaying mixture efficiency,

however, the yield of a mixture is only of interest in

relation to the monoculture yields of its components,

Averfage Mixture Efficiency (AME) can be expressed as the

ratio of the observed mixture yields to the mixture yields

which can be expected based on the monoculture yields of the :
|

mixture components:

i _—

S
i

using the same notation as before. If, for example, binary
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mixtures are formed from the genotypes A,B, and C,'ana the
mancsultufg;plgt yields are 800 g, 950 g, and 1000 g,

- respectively, and the mixture plot yields are 1000 g each,
the AME for genotype A would be
2x3000/(3x900+900+950+1000)=1,09.

The AME provides a measure of ﬁhe average effect of a
genotype on mixture yield, using its monoculture yield as a
point of reference. The GCA gives an indication of a
genotype's ability to perform in mixture using the
experiment mean as a point of reference. N

Jinks (1954) suggested the use of regression of the
covariances (W) of cffspringgand parents of a diallel cross
on the variances (V) of the offspring, to investigate
dominance relationships. Harper (1965) and Hill and
Shimamoto (1973) used a similar technique to determine’thé
genotypic differences in 'competitive ability' of plants
grown in mixtur’es}Far the analysis of mixture experiments,
the positions of the array variances along the X-axis of the
resulting graph indicate the ability of the gghatgpes to
dominate in the mixture. Dominating types will influenée the
performance of the mixtures in which they grow to allagégr
extent than will less dominating types, resulting in more
uniform array components. Their a:ray; are, therefore,
expected to have smaller variances and covariances., As a
result these values will lie near the origin of the graph.
Without any specific interactions between genotypes, a

regressior line can be fitted with smslope of approximately




1. Deviations from 1 will result from mixtures which perform
, /
much better or much worse than expected, causing an increase

If a linear relationship exists between V and W, the
sum (W\+ V) can be correlated with the monoculture yields
(or any other character that might play a role in genotype
interaction) to determine whether there is an association of
monoculture yield with the ability to dominate in a mixture,

For the analysis of variance of the mixture yield
trials from 1977,1978 and 1979, Hay's directions (1974) were
followed. Regression lines of W on V were fitted according
to Jink's method (Jinks, 1954). SME and AME valdes wvere
computed, and for comparison, Griffing's (1956) formula was
used to compute the effects of General and Specific
Combining Ability (GCA and SCA) for each genotype or
genotype combination. In order to assess the significance of
the AME values, a t-test was used to compare ;he observed
mixture yield with the expected yield based on monoculture
values. Significance of the GCA values was tested with an
F-test, using MS values obtained from the analysi; of
variance, Correlations between monoculture yields and AME
were computed, to investigate the relationship between AME

and yielding ability.
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Results

In spite of satisfactory performance in the 1977
germination test (84.7%), Pitic 62 failed to germinate in
the izeld that year, and in 1977, all plots involving this
genotype had to be discarded.

Monoculture and mixture yields varied substantially in
the three years (Appendix 18a through c). Besides the
different locations involved, the weather patterns in the
three years were quite dissimilar (Appendix 1), which
probably contributed to these yield differences.

The yield levels of the mixtures, in relation to those
of the component monocultures, were divided into the
following four categories (Table 14):

1. below the monoculture yield of the lower fielding
component in that year (C1), 4

2. between the monoculture yield of C1 and the mean of the
component monoculture yields (C2),

3. between C2 and the monoculture yield of the higher
yieldiné component (C3), and

4. above C3,

Significantly («s$0.05) more than half of the mixtures

yielded more than the mid-component yield, suggesting, on

the average, a greater efficiency of resource utilisation by

mixtures than by monocultures in these three years. However,

only 4 of the mixtures (14.3%) yielded more than the mid

component yield in all three years. None yielded

consistently less,.



Table 14. Frequency distribution of mixtunw yield relative te the

yield of the components grows in wonoculture.

5

All plots vere machine sseded, and harvestod at maturity,

in 1977, 1978 and 1979.

Frequency distribution of mixture yleld!

Mixture _ — —
W G MyC Gy NG
Pitic 62 + Glenlea 2
Pitic 62 + Pagrk 1 1
Pitic 62 -li;égn: 1 1
Pitic 62 + 70M110001 2
Pitic 62 + 701009002 F]
Pitic 62 + Norquay 1 . 1
Pitic 62 + NB 701 . 2
Glenlea + Park 1 2
Glenlea + Neeapawa 2 1
Glenlea + 70M110001 z 1
Glenlea + 701009002 1 F
Glenlea + Norquay 2 1
Glenlea + NB 701 2 1
Park + Neepawa 1 1 1
Park + 70M110001 1 1 1 \
Park + 70M009002 1 2
Park + Norquay 1 1 1
Park + NB 701 1 1 1
Neepawa + 704110001 1 1 1
Neepaws + 70M0O09002 1 2
Necpawa + Norquay R i 1
Neepawa + NB 701 e 1 2
70110001 + 70M009002 1 1 1
70M110001 + Norquay 2 1
70M110001 + NB 701 1 2
70MD09002 + Norquay 2 1
70MDO9002 + NB 701 F 1 >
Norquay + NB 701 — i 2
11 16 21 s
Percent of total (14.3) (20.8) (27.3) (37.1
*

ok

Number of seasons in which the mixture yield (\,"M) feall in the
spacified categories; where

El = Lowsr yislding component-

EZ = Mid-component yleld

ES = Higher yielding component

2. Data for Pitic 62 vere only obtained in two years.

119



8.3.1 Effects of genotype interaction ﬁnﬁflat yields

An analysis of variance of the combined data of the
three test years showed that year effects as well as effects
among mixtures and monocultures were significant («s0.01)
(Table 15). Partitioning of the treatment SS into components
containing variation due to differences among monocultures,
due to differences among mixtures and due to differences
betwveen mixtures and monocultures, revealed that mixture and
observed for a period of three years. Significant
interaction effects existed beween years and mixtures and
between years and monocultures, suggesting a year effect on
the performance of individual genotypes when compared in
mixture and in monoculture.

Analysis of each year individually (Table 16) revealed
the absence of significant differences between monocultures
in }%78. This fact is probably largely responsible for the
year effect reported in Table 16. The wet fall weather in
1978 caused considerable lodging in one corner of the field,
-which resulted in a siénifi:ant («50.01) Egpiicatian effect,
and probably obscured true genotype effects. The differences
among mixture yields were significant in each of the three
_years («0.05, as0.01, «<0.01). Only in 1977 did mixture and

monoculture yields differ significantly («<0.05).
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Table 15. The effect of year, genotype wmonoculture and genotype
mixing on plot yield, as determined by analysis of

. 1
variance.
-

All plots were machihe seeded, and harvested at maturity, - é

in 1977, 1978 and 1979.

U o

¢ Source of variation daf Mean square
Years (Y) 2 2913881**
Treatments (T) 272 26432**
Genotype
Monocultures {Mono) 6 51901** L
Mixtures (Mix) 20 18963* S ,
Mix vs Mono 1 < 22990
Y x T 54 33183+
Y x Mono 12 _ 45503**
Y x Mix ‘ 40 30069 **
' Y x Mix vs Mono 2 . 21547
. /
Residual 168 11487 |

1. * significant, a < 0.05; ** significant, a < 0.01.

2. Data for Pitic 62 have been excluded for all years.




Table 16. The effect of genotype monoculture and genotype mixing on
plot yield in each of three test years, as determined by

. 1
analyses of variance.

All plots were machine seeded, and harvested at maturity,

in 1977, 1978 and 1979.

Year Source of variation af Mean square

1977 Treetments:

Genotype
Monocultures (Mono) 6 68725**
Mixtures i(Mix) B { 21543°
Mono vs Mix 1 60896*
" Replications A 2 22021
Residual s$3 10846
1978 Treatments:
Genotype
Hono#ultures (Hono) 7 22197
Mixtures (Mix) 27 29860
Mono vs Mix 1. 6513
) Replications 2 138430°*°
Residual 107 12336

1979 Treatments:

Genotype

Monocultures (Mono). 7 48808°**

Mixtures (Mix) - 27 43720 ¢

Mono vs Mix ' 1 . 14597
Replications 2 3242

Residual i07 8682

1. * significant, a < 0.05, ** significant, a < 0.01.

sudesnanttinlitis i ciislitathitets etteese SNSRI,




8.3.2 Mixture eﬁiicigncyiand its correlatiop with yield
L

_ . . , . e T :
Both the mean mixture yields and SME values differed
— - . :
from year to year. For e{ample, the Park/Neepawa mixture

yielded well above the expected yield in 1977, while in

1979, the yield of the sam¢ combination failed to reach even

the level of the lower yiellding component (Appendix 18a

through c).
Spearman's rank-order Eagrelaticﬂ coefficients were

‘computed for the following caﬁrelatiaﬁs (Table 17):

1. mixture yield and SME in f977, in 1978 and in 1979,
2. mixture yields in 1977 and 1978, in 1977 and 1979, and
in 1978 and 1979, and
3., SME's in 1977 35611978i in 1977 and 1979, and in 1978
and 19789. |
'No consistent relationship seemed to exist between the
mixture yields and ghe SME values in any of the thiee years.
The relative mixtére yields in 1978 ap;eared to be guite
different from those in 1977 and in 197é: and either
climatic conditions or the different location could have
influenced relative yields.

Attinaw (1977) grew seven of the eight genotypes whiagh
were involved in this study, at three different locations,
fncluding Edmonton and Ellerslie. Table 18 shows the rank ‘
order for yield, in each year, for the gegztypes grevh in
his study and in this study at the two locations. Some

~~._genotypes appeared quite consistent in their relative

pés?ﬁian (e.g. Glenlea and Park), while others were more
\



Table 17. Relationship between mixture yield and Specific Mixture

Efficiencyl, within and between years, as expressed by

Correlated Correlation

3 .
Parameters” coefficient

Y., - SME., 0.74%*

SME._., - SME__ -0.21

SME., - SME_, 0.06

1, As defined in Section 8.2.

2. * significant, a < 0.05; ** significant, a < 0.01,
Y77; Y?B’ Y79 = mixture yield in 1977, 1978 and 1979,

P
respectively. ' /
SME.,,, SME.g, SME,j = Specific Mixture Efficiency in 1977, 1978
and 1979, respectively.

:Jr'*wm
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unstable (e.g. 7DHGD§802)! In 1978, however, the genétypes
Neepawa and Pitic 62 showed quite a different relative yield
level than in any of the other years. This erratic behaviour
also determined the performance of the mixtures containing

these two genotypes, as illustrated by the ranking of the

array means. The variable yields obtained from both

monocultures and mixtures over the three years thus appear
to relate to factors other than the change in location.
8.3.3 Diallel analysis of variance .

As was discussed in Section 8.2, analysis of the data
as a mixture diallel allows a more detailed interpretation
of the results.

Array means differed significantly in each of the three
years (as0.01)(Table 19). In the absence of interaction
effects between the genotypes, tﬁis is a reflection of
genotype differences in yielding ability. In the previous
section it was shown, however, that in 1978, the differences
among genotypes in monoculture %gre insignificant. A
significant array effect in this year, thus, suggests the
occurrence of a significant interaction between genotypes in
mixture in that year. ”

The b1 effect, which contrasts mixture and monoculture
yields, was significant in 1977 only («s0.05), indicating
that interaction between genotypes was present in that year
also. Only in 1979 was the b2 effect significant (a<0.01),

indicating that the effects of genotype interaction on yield



Table 1: ‘e average array and specific effects of genotype on
mixture yield, as determined by diallel analyses of

vnriance1 for each of the three test years.

All plots were machine seeded, and harvested at maturity.

Year Source of variation2 ‘ df Mean square

1977 Replications 2 22021
Arrays 6 100804**
Mixtures vs monocultures' 1 60896*
Average genotype interaction 6 7519
Specific genotype interaction 14 13805

: Residual . 53 10846

1978 Replications 2 138430** \
Arrays 7 176335**
Mixtures vs monocultures ‘ 1 6513
Average genotype interactions 7 6901
Specific genotype interaction 20 18877
Residual 70 12336 -

1979 Replications 2 3242
Arrays 7 168180**
Mixtures vs nonocultures' 1 14597
Average g?ﬁotype interaction 7 27834+
Specific genotype interaction 20 7501
Residual 70 8682

1. * significant, a < 0.05; ** significant, a < 0.01.
2. Sources of variation were partitioned according to the technique

described b~ ‘ayman (1954); see Section 8.2.



differed among genotypes.

Hay (1974) explained that, when the additions made by
the interactions to the array values (mixtures) are
correlated with the diagonal values (monocultures), '...the
differences between the arrays will be inflated and the
array mean sguare will be more likely to reveal interactions
thén the b2 mean square.' It can be noted, though, that tbhis
is only the case if the correlation is positive. In the
present study, the correlation between monoculture yield and
Specific Mixture Efficiency was insignificant in two of the
three years, and significantly positive («s0.01) in the
third year (Table 17). Simmonds (1962), however,

investigated the relationship between the difference between

monoculture yield of the components, and reported a negative
corelation. Thus, a positive éerfelatian cannot be
considered to be a general ruyle,

The b3 effect, which measures variation due to specific
mixtures, was not significant in any of the three years,
suggesting that no specific combination of genotypes

performed exceptionally well or exceptionally poorly in any

of the three years.

8.3.4 Mixture efT}ciency
The AME values for each of the genotypes in each of the

three years show the ability of each genotype to perform in
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merely reflect the relative yield level of the mixtures in
the test, were computed for comparison. Slight discrepansies
between the rank order for array mean yield and for GCA are
due to the fact that monoculture yields are used twice in
the computation of GCA and once in the computation of the
array mean yield. !

Great variation existed from year to year among AME
values of each genotype. In 1977, all genotypes had AME
values greater than 1, suggesting a contribution to the
mixture yield which is greater than expected from
monoculture values. In 1978, however, less than half the
genotypes seemed to perform better than expected in mixture.

Correlation ceef?icients of AME with monoculture yield
for the three years véfe insignificant (Table 20), and it
can be concluded that no consistent relationship existed
between monoculture yield and the ability to perform in a

mixture.

8.3.5 Regression of W on V

?he regréssion of the covariances (W) of the array
values and monoculture values (diagonal values of the
diallel table) on the array variances (V), provides
information on the relative ability of the genotypes to
dominate in mixture (Figure 3), Because the genotype
Pitic 62 was eliminated from the 1977 tests, the values for

that year are not directly comparable with the other years.



Table 20.

Simple correlations (r) between monoculture yield
and Average Mixture EffiéiEﬁcyl, in 1977, 1978 and

1979,

Yearz T
1977 -0.48
1978 -0.05
1979 0.57

years

genotypes were used in 1977, eight in each of the

1978 and 1979.

1y
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1 Pitic 62

2 Glenlea

3 Park

4L Neepawa
5 70M110001
6 70M009002
7 Norguay

8 NB701

ey}
! ol
L

Fig. 3a-c. ~ V-W regression lines, illustrating the relative ability of
*

~ genotypes to dominate in a mixture, in the years 1977, 1978

and 1979. V = variance of the array (mixture) values, W =

covariance of the array values and the diagonal (monoculture)

values,
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As was already shown by the previous analyses, in 1978
the behaviour of the mixtures was erratic. Although the
slopes of the regression lines in 1977 and 1979 were both
close to one, the ranking of the genotypes according to
their behaviour in mixture was quite different in each of
the years. Glenlea, 70M009002, Neepawa and Park generally
maintained their positions, while 70M110001, Norguay aﬁa
NB701 showed quite different behaviours in mixture in the
two years.

The V-W regression line shows along the x-axis the
genotypes in order of their dominance in the mixtures.
Correlation of the rank;order of dominance in mixture of the
genotypes with their monoculture yields, resulted in a
Spearman's rank-order correlation coefficient of 0.25 (n.s.)
for 1977 and of 0.99 (sign a<0.001) for 1979 (Figure 3).

It can thus be concluded that the ability to dominate OC
in a mixture was highly variable from Year to year and not

consistently related to yield in monoculture.

8.4 Discussion

It has been suggested that the ability to perform well
in a mixture is negativeiy correlated to yield in:
monoculture (wfebé et al., 1961; Simmonds, 1962). The
presént study, however, did not support this theory.
Significant differences existed in every year in the

relative ability of the genotypes to dominate in mixture. No
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relationship was found between the ability to dominate in
mixture and monoculture yield in the same year.

Baker (1977) reported variable results for Neepawa,
Pitic 62, and a. mixture of the two, and ascribed this._ to—
the fact that Pitic 62 was better able to compensate for
poor survival after early drought conditions, when grown in
pure culture than when grown in cgﬁbinatien with Neepawa.

DePauw et al. (1981) included the same genotypes in a

They also found great variation in the performance of the
genotype Pitic 62. They ascribed this ta frost damage in the
post-anthesis stage. In the present study, however, neither
post-anthesis frost nor early drought occurred in any of the
three years.

It is probable fhat the different responses of the
genotypes to the variable climatic conditions were
responsible for the year to year variation. Identification
of genotype-specific responses to the environment, however,
would require a qﬁalitative study of genotype-environment
interactions.

The results of this experiment do support the findings
of those investigators who concluded that mixtures, on the
average, yield more than the expected mean of the component
monocultures (Table 14). This sﬁégests that a positive
interaction can occur between the components of a mixture,
resulting in a more efficient use of available resources by

one or both of the mixture components. Variation within and
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between years, however, was so large that the yield
advantage of mixtures over monocultures was statistically
insignificant (Table 15). No specific binary mixture vas

3
identified which consistently gave a high yield advantage,



9. Discussion of the Results with Respect to Single Plant
Selection in Early Generations
Inefficiency of single plant selection in early
generations can be ascribed to two major sources of error:
1. The amount of additive genetic variation present in the
population is low, which makes it difficult to identify
those QEﬁaéypes which harbour the superior genetic

material one wishes to select.

growth can cause undesirable phenotypic variation.
The relative magnitude of these factors is expressed by the
heritability (H?) of a character, which is computed as
follows:

H? = Genetic variance / Total variance
*

Estimates of heritability can be obtained in a variety
design used and the method of computation employed (Allard, _
1960; Falconer, 1960). Experiments with a large number of
thus, give higher estimates for H?. However, single plant

selections from early generations have to be made from

population over the parental population depends entirely on
how accurately superior genotypes can be identified within

those plots. v '

- _—
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9.1 Effects of non-normal character distribution on single
plant selection

The expected gain from selection can be expressed as

where k is the selection differential, which takes into
account the mean and the variance of the parental
population, the mean of the selected fraction, and the
selection intensity; .. is the phenotypic standard |
deviation; and H* is the heritability of the abse:véd
character (Allard, 1960). This expression assumes a normal
distribution of the units to be selected, whether they are
mean values of characters of plants grown in rows or
observations on single plants. Reports en non-normal
distributions of several characters c}\vafi@us plant species
were given by Koyama and Kira (1956) and by Harper (1977),

The present study showed that the genotypes grown in
binary mixtures with a range of associated genotypes at the
3 cm spacing, showed significant deviations from normality
for all characters, except the number of kernels per head
and héight of the flag leaf (Appendix 8). At the 9 cm
spacing, deviations from normalitf occurred for the number
of tillers, the number of heads, kernels per plant, 1000
kernel weight and harvest- index.

Deviations from normality will affect the accuracy with
wvhich genotypes can be distiﬁggisheé; and will lead to gains
from selection which are different than those expected based

on the above formula.
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The effect which a positively skewed distribution would
have on single plant selection is graphically illustrated in
Figure 4a. If genotypes with a high value of a certain
character are to be selected, a positive skewness would
increase the probability for less desirable genotypes to be
present in thé selected fraction. Similarly, a negative
skewness (or selection of plants with the lowest values for
a certain character from a population with a positively
skewed distribution) would result in a selected fraction
with more desirable genotypes than would have been the case
if the character had been normally distributed.

To quantify this effect, the distribution of
chi-square, which is a typical skewed distributién, can be
conveniently used (Appendix 20). It has been shown, that the
effect of skewness on single plant selection became much
larger when the frequency of superior g&notypes in the
population was low. (Dr. D. H. Kelker, Associate Professor
of Statistics, University of Alberta, Edmonton, Alberta, |
1981, Personal communication). A positive skewness would,
thus, result in gains from selection which are much lower
than expected, based on estimates of heritability.
Similarly, a negative skewness would result in a higher than
expecfid gain from selection, if the highest values from the

,ggg;ulation vere seQected.

Considering these facts, Appendix 8 leads to the
conclusion that response to selection at the 3 cm spacing
would be/iéss than expected for Fhe number of tillers, the

A=

4 L J
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The effect of skewness and kurtosis of the distribution of a
plant character on single plant selection, G1 - G4 represent
genotypes in a mixture, with means at equal distances apart.
al,'hz and ay are the.ranges of genotypes selected in
populations with a normal distribution, a positive skewness,

and a positive kurtosis, respectively. ag < a1 < az.
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number of heads, weight, yield and kernels per plant, and
greater than expected for 1000 kernel weight, harvest index,
height and extrusion length, provided that the tallest
individuals were selected.

Asdﬁas mentioned earlier, little can be said about the
effect éf a significant kurtosis in the presence of
skewness, In the absence of skewness, however, a positive
kurtosis is likely to have an adverse effect on selection
(Figure 4b), because the selected fraction would be
contaminated with less desirable genotypes éc a greater
extent than would be the case if the character had been
normally distributed. Similarly, better results can be
expected with a negative kurtosis.

At the 9 cm spacing, selection for a large .number of

tillers or a large number of kernels per head could result

9.2 Effects of genotype interaction on single plant
selection

The r%sults from the experiment conducted in 1978
suggest that within-genotype variation of several characters
wvould be significantly increased by genotype interaction if

the plants were grown in a multi-component mixture. At the

the 3 cm spacing, the number of tillers, weight and yield
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wvere affected by genotype interaction, while at the 9 cm
spacing, 1000 kernel weight showed an increase in variation
(Table 4).

The effect of genotype interaction on estimates of
heritability is shown in Tabzgs 21a and 21b for the data
from the experiment grown in 1978. Analyses of variance for
each interplant spacing, using a random model (Steel and
Torrie, 1980), provided the variance components which were
used to estimate the values of H* (Briggs et al, 1978).
Differences between the two estimates suggest that genotype
interaction can lead to higher estimates of heritability, in
particular for the characters weight, yield and kernels per
Plant. This observation supports the idea that H* is not
allways a reliable predictor for the ease with which a

character can be inproved through selection.

9.3 zft;cts of interplant spacing on single plant selection

The within-gencﬁype variation for several characters of
plants grown in monoculture increased significantly with an
increase in spacing (Table 4). The mean variation of the
four genotypes, when grown in mixture, increased
significantly with the increase in spacing for all
characters, except kernels per head and components of
height. |

This suggests that identification of superior genotypes

would be more successful at the 3 cm than at trhe 9 cm



Table 21a.

Estimates of heritabil. 2f single plant characters,
grown at a 3 cm interplant spacing, as computed from mono-

Culture and mixture data of four genotypes.

All plants were grown in four-row plots in 1978. The
data are from randomly selected plants, which had both

neighbours present, and which were harvested at maturity.

Character - H%f}tébll%Fy - o _
Computed from Computed from
monoculture data mixture data

Wt

K/P
Kwt
K/H
HI
FL
Ht
ExL

HL

0.57 0.57
0.66 0.70
0.16 0.50
0.35 0.63
0.04 0.35

0.91 0.94

0.63 0.63

0.87 0.90

1. Heritability =

ngati; xgri;;ipﬁ
Total variation

2. Character abbreviations defined in Table 1. HL = Head length.



Table 21b. £. ..mates of heritability of single plant characters,
grown at a 9 cm interplant spacing as computed from mono-

culture and mixture data of four genotypes.

N
All plants were grown in four row plots in 1978, The
data are from randomly selected plants, which had both
neighbours present, and which were harvested at i;turit;.

Character: o Her%tab?}ity o

Campg?gérfréﬂ 7 ) Céﬁput;difréi )
monoculture data mixture data

T 0.0 0.0

H 0.0 0.32

Wt 0.48 0.67

Y 0.50 0.71

K/P 0.19 0.45

Kwt 0.97 0.97

K/H 0.71 0.77

HI | 0.71 0.71

FL 0.91 D.Sf?
Ht 7 0.74 0.74

ExL 0.78 | 0.87

HL 0.87 0.94

Genetic variation
Total variation

1. Heritability =

2. Character abbreviations defined in Table 1. HL = Head length.



spacing, because the genetic variance at the 3 em spacing
and at the.the 9 cm spacing is approximately the same,
differing only by an amount representing genotype x spacing
interaction.

Other studies led to different conclusions, however, In
an earlier study concerning the same genotypes as were used
in the present experiment, a decrease rather than an
increase in variation with an increase in spacing was
observed for masf characters (Kelker and Briggs, 1978). The
different results may be partially explained by the fact
that in the present study, the difference between the two
seeding rates was much larger than in the earlier study. In
addition, the distance betveen rows was larger in the
present experiment than in the previous study, resulting in
a different spatial arrangement of the plants, which would
cause different neighbour interactions (Harper, 1961;
Donald, 1963). It is uflikely, thgugh, that these factors
can account for a complete reversal of the effect of an
increase in spacing on plant-to-plant variation,

Nass (1980) observed that, while bialagical yield and
gfa?n yield of plants from two spring wheat crosses
responded each in a different manner to a ten-fold increase
in plant spacing, harvest index of plants from both crosses 7
wvas less variable at a higher (commercial) plant density. .
Nass recommended gfgy%ﬂg plants at commercial cfép
densities, if plants with high harvest index- were to be

selected. The commercial seeding rate for the humid Prince
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Edvard Island environment, however, is more than double the
rate used in Alberta.
The fact that different seeding rates as well as

different planting patterns were used in the various
studies, makes it difficult to compare their results, It can
be icn:iuded, though, that an increase in plant spacing does
not always result in an increase in plant-to-plant
variation. The contrasting results from the two Alberta
studies, concerning the same genotypes, suggest that

location effects and year effects may play an important
role,.

The present study showed that mean values of most
characters were significantly affected by spacing effects as -
well as by genotype x spacing interaction effects (Table 5).
This could lead to different results from selection at
different spacings (CIMMYT, 1972; Nass, 1980). For this
reason, as well as to avoid a possible increase in
variation, selection should be practiced at a density which
aépraximates the commercial seeding rate of the region (if

vhich the selected genotypes have to be adapted.

9.4 Effects of seed size on single plant selection

The experiments performed to evaluate the effect of
variation in initial seed size on plant-to-plant variatian}
suggested that variation in seed size can be an additional

source of error in the identification of superior genotypes.



The number of heads, the number of tillers and 1000 kernel
weight appeared to vary with initial seed size, while
harvest index and 1000 kernel weight were affected by
variations in seed size among neighbouring plants. T%us, the
use of uniform seed would reduce the plaﬁt*te-planti
variation observed in the selection plots.

This has‘éérlier been suggested by Chfist}aﬁ and Gray
(1941) and by Chebib et al. (1973). However, the sorting of
seed should aim for seed of medium size, to avoid sgle:tipn
for large kernelweight. The latter could be an undesirable
Side effect,_becauseAthe number of kernels per head and 1000
kernel weight are negatively correlated (Fischer, 1975
;Jenner, 1979). Reports of studies investigating the effects
of selection for increased kernel size on yield are
contradictory (Bhatt and Derera, 1973; Rasmusson and
Cannell, 1970), while the percent protein in the kernels
tends to decline with an increase in kernel size (Robbelen,
1979). The merits of seeding uniform seed would, therefore,
have to be evaluated fog- each selection program in light of

its breeding objectives.

9.5 Suitability of various characters for single plant
selection |

_The, formula for the calculation of heritability shows
that the highest values will be obtained for characters

which:
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a show a large amount of additive genetic variation, and
b are little affected by random environmental éafiatian;
The previous sections of this chapter explained that, in
addition, the best chances for genetic improvement through
selection exist for those characters which, in a segregating
population grown at a commercial crop density:
c are little affected by variations in initial seed size,
d are little affected by neighbour intera:tians‘arising
from variations in seed size,

are little affected by genotype interactions, and

£ have a distribution which is negatively skewed (if the
lowest values are to be selected the skewness should be
positive).

For most characters, there are one or more factors by
which selection is hindered. Estimates of heritability would
encompass the factors mentioned in the points a, b, ¢ and d.
To what extent H* is biased through genotype interaction
effects would depend on the method of calculation (Hamblin
and Rosielle, 1978). The effects of non-normality are not
accounted for.

Because only homozygous ge;ctypes were used in this
study, there is only additive genetic variation, and a
hypothetical mixture of these genotypes would be |
unrepresentative of a seqgregating population. But the
characters measured in this study can be evaluated with
respect to the remaining points which determine the

efficiency of selection. It then appears that the characters
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1000 kernel weight and harvest index did fullfill these
requirements best (Tables 4, 5, 12d), and gains from
selection could be higher than suggested by an estimate of
heritability. Baseld on the data from this study, the number
of tillers, the number of heads and yield can be expeZted to
" respond poorly to single plant selection, resulting in less
genetic improvement than expected. Of the remaining
charac‘ers, none had a distributioh which would interfere
with pr:fﬁctions of gain from selection. Genotype
interacfion, however, biased estimates of heritability for
plant weight, yieid and kernels per plant.

It was explained that kernel weight is not always a
reliable indicator of yield and may affect cent protein
of the selected genotypes. Seaect;on for high harvest index,
as an indirect method for selection for yield, H?wever, has
shown promising results (Donald and Hamblin, 1976; Fischer
and Kertesz, 1976: Bhatt, 1977). The present study gives

support to the observation that selection for high harvest

index can result in high gains from selection (Bhatt, 1977).

The results from the present study suggest, 'that, in

" order to evaluate the suitability of a character for
selection in early generations, the distribution of this
character in a multi-component mixture, as well as its
sensitivity to genotype interaction, should be evaluated at
a commercial plant density, in conjunction with the

estimation of its heritability. The combined information



could then lead to a more realistic expectation of tﬁl

progress which can be made through selection.
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Appendix 1. Mean monthly temperatures and precipitation near the
test sites, for the growing seasons of 1977, 1978 and

1979, and the long term averages.

A. Edmonton

- _——— — —_——————
Month ~ Tgi:;heigl;ure (7C) ,, L Ramfal} 7(?)

Long term Long term

1977 1979 average ° 1977 1979 average

May 11.8 8.7 10.9 134 38 37

~d
w

June 15.6 14.9 14.7 11 63

oo
[*1

July 15.6 17.8 17.5 107 122

August 13.4  16.5 15.9 91 39 72

'™
W
M
o
o

September 9.6 12. a0 22 36

S — < — - _— — —
B. Ellerslie
Month T?Pgﬁtiﬂ, (7(2) 7 Ra’mtigll (—)
long term Long term
1978 average ? 1978 average
e e — — —T e e —— -

May 10.5 10.5 59 47
June 16.0 14.0 38 84
July 16.5 16.0 114 85
August 14.5 15.0 94 68

September 12.0 10.0 34 36

1 Average of 99 years. Information obtained from the Annual Meteor-
ological Summary for the Edmonton Municipal Airport, issued by
Environment Canada, 1980.

2 Average of 17 years. Information obtained from the Department of
Geography, Division of Meteorol gy, 1980.

2
&
&

£
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Appendix 2. Details regarding fertiliser and herbicide application to the 1977, 1978 and 1979

locations,

@@ﬁﬁpﬁﬁmnqa (kg/ha) Herbicide

Location

~

N P Trade sﬁ!mm . Growth stage Rate of application [

Edmonton 1977 14 T34

=

Buctril M 3-5 leaf 237 %j )

Ellerslie 1978 - 14 34 0 Avadex N, A ‘13.6 kg/ha 4 9
S MCPA-K 3-5 leaf 237 mltha

Banvel 3-5 leaf 44 ml/ha

Edmonton 1979 5.5 14 ,g;.v Avadex N.R. 14.2 kg/ha

1. Actual amounts N, P and K applied, derived from granular mono ammonium phosphate ﬁzsssmﬁa ) in a

4
hroadcast application; applied two weeks before seeding and incorporated by disking.

2. MActive ingredients:

Buctril M: 3,5-dibromo-4-hydroxybenzonitrile

Avadex: 5-(2,3,3-trichloroallyl) diisopropy! thiocarbamate

MCPA-K: K-salt of 2-Methyl, 4-chlorophenoxyacetic acid .
Banvel: 2 methoxy-3,6-dichlorobenzoicacid -

3. N. A. = not applicable.
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“Number of plants available %r treatment, frnn?ch density,
=

for analysis of the wheelplot experiment, grown in 1977.

Associate Flants per treatment
Genotype Genotype 206" 124 69 a4 ‘ 8 17 10
Glenlea Glenlea 11 14 13 L3 15 13 8
Neepawa 7 7 7 6 5 7 5
70M110001 6 7 8 5 2. 6
70MD09002 9 - 10 5 5 £ - -
NB 701 - 7 7 5 - = =
Park Park 6 14 12 11 15 13 13
Neepawa - 5 6 - - -
70M110001 7 8 - - - - =
70M009002 6 7 7 8 7 6 7
NB 701 6 7 7 9 7 7 6
Neepawa Glenlea 7 10 7 8 6 7
Park -, 7 7 - - - -
70M110001 6 - .- - - - -
Norquay - - - - 6 7 . =
NB 701 7 6 9 7 6 6
70M110001 70M110001 16 10 10 11 12 8 9
Glenlea 6 6 6 7 - - 5
Park 8 6 - v = - - -
Neepawa 5 - - - - -
. NB 701 - - 7 9 - -
70M009002 Glenlea 5 7 6 5 5 6 5
Park 7 6 6 - 6 ~ 8 Y
NB 701 6 9 6 7 7 ¢ 8 9
Norquay Norquay - 7 - = - 6
Neepawa = - = - 8 7 6
NB 701 9 6 - - - -
NB 701 M Glenlea - 6 6., S - e -
Park hE 6 . - 5 6 7 9
Neepawa 7 7 7 7 7 7 8
70M110001 - - - 5 6 - = = 5
70MP09002 5 5 6 8 5 5 7
L _Norquay 5 8 . =

1. Plant density (plants/m’)

2. Less than five plants available
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Appendix 6. Descriptive statistics of characters of plants, grown in

monoculture and in mixture at various interplant spacings,

measured at maturity in 1977.
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Appendix 7.

Descriptive
monoculture

measured at

and in mixture at two interplant spacings,

maturity in 1978.
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Appendix 8. Distribution parameters of characters of single plants,

grown in monoculture and in mixture, at two interplant

spacings.

All plants were grown in four-row plots in 1978. The data
are from randomly selected plants, which had both neighbours

present, and which were harvested at maturity.

Spacing 23

Skewness '~ Kui§a5i53

. 1 _— o L o .
Character =) Monoculture Mixture Mgngiultur% Mixture

T ; ).47 0.88** 1.21 / 1.66**
H .53 0.40% . 1.02 | 0.60
Wt .72¢% 0.38* 1.44* \_ _o778*
Y L9+ 0.43* 0.71 <§§;42
K/P .59 0.47* 0.97 .40
Kwt .54 -0.88** 3.41** .18+

K/H .90%+ -0.16 1.53 .52

HI -0.09 -0.64** 5.99** 51w
-0.82*+ -0.29 0.87
-1.15*+ -0.86** 1.57+

0.40 -0.54*+ 1,51~

0.33 -0.40 0.65

DoDo DD

.57
.29+
.13
9%

FL
_Ht

ExL

HL

L L A L G Lt G G G D B L
[}
OO OO

.49
.93*
.03
.12
.31
,4Dii
.04
.édii
.16
.08
.12
.58

0.20
-0.09
0.12
-0.15
-0.03
0.16
-0.34
-1.46**
0.33
~0.93%
-0.53
-0.28

.63** =0.48
LT2%e -0.75
.29 -0.13
.32 =0.46
.47* -0.51
.36 -0.02
.09 1.86**
.B9*= 3.10**
.31 : 0.23
.07 1.24*
.37 0.52
.41 0.33

T
H
Wt
Y
K/P’
Kwt
K/H
HI
FL
Ht
ExL
HL

]
]
S
L
Lo
[

DT DO WD oD DO

oW WD WD WD WD WD WD D WO WD D
[}
=
]
j=leleNelololNalelel e ]

— S - - —

3.

Character abbreviations deéfined in Table 1, HL = Head Lengthi
Values of skewness and kurtosis are averages of four genotypes
and three replicates.

* significant, a < 0.05; ** significant, a < 0.01.
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Descriptive statistics of characters of plants, grown

e
=ty

Appendix. 10.
in monoculture and in mixture, in machine seeded plots,

measured at the flowering stage, in 1978.
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Appendix 11. Descriptive statistics of characters of plants, grown in

monoculture and in mixture, in machine seeded plots,

measured at the middough stage, in 1978,
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Appendix 12. Variation in thousand kernel weights (g) among the

seed classes used in 1979.

Seed class

Small Large Unsorted

- Pitic 62 29.8 40.8 -=-
Glenlea 32.0 45.6 44.5
Park ' 25.8 3.0 34.9
70M009002 25.6 46.2 45.9

Norquay 25.5 38.0 37.3

1 Only sorted small and large seeds were used in the
seed size experiment.

2 HNo data available.
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Appendix 13. Descriptive statistics of characters gf plants from
large, small and mixed size seeds, measured at the 3-5

leaf stage, in 1979.
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Appendix 14. Descriptive statistics of characters of plants from large,

sPall and mixed size seeds, measured at the jointing

stage, in 1979. @
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Descriptive s ! of characters of plants from large,
small and mixed si. seeds, measured at the heading stage, .

in 1979.
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Descriptive statistics of characters of plants from large,

small and mixed size seeds, measured at maturity, in 1979,

®
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Appendix 17. Distribution parsssters of characters of single plants, measursd at different stages of

gronith, derived frem larps seads, wmall sends and slternated large and small seeds.

All plamts were grows I8 three row ng in 197%. Fiants with missing nelghbours &Te

Eliﬂ{lii!z‘
Charsctar —_— I — — — — _
Largs sasd Small send Mized saed Largs Swed Small seed Mixed seed

3-5 Laaf Stags:
", -0,78¢ -0.85¢ 0.3 1.59° 0.92 0.85
L’ -0, = 0.3 =0.59 I.60%* 1.82° 1.18*F
T -0.59 0.03 =0.59% 0.91 =0.01 .53
[ ] [ . | 0.07 0.06 1.24 0¥ 0.53
Jeinting Stags:
", 0.45 e.11 1.04 =0.21 =0.35
] -0.19% =0.3 0.98 0.58 =0.61
T =0.44 =0.10 0.% 0.51 0.02
wt 0.18 0.3 1.42* -0.71% 0.08
Heading Stags
H’t! -0.23 -0.39 =0.39 1.01 1.2 1.1%
T =0.57 =0.54 =0.10 0.55% 0.32 -0.03
-4 e.19 0.22 0.1% 0.0% -0.59 €.z
Maturity:
e, =0.%7 =122 -0.49 0.7% 2.45%* 0.
T 0.60 0.14 0.3 0.75% 0.61 -0
wt 0.33 0.0} 0.4 1.02 0.85 [}
[ ] 6.27 0.18 0.M 8.57 0.04 []
FL 0.13 -0.47 -0.12 1.1 0.49 0.
ExL 0.16 =0.27 -0.06 0.3 1.06%* 0.
HL 0.06 =1.06" -0,59 1.31 Z.9)%" 0.
Sp/M -0.56 -0.59 -0.50 0.85 0.64 0.
/e o.M -0.09 0.35 1.1% 0.77 0.
ur 0.41 ~0.06 0.35 1.58* 0.78 0.
HI =0.80* ~1.28%" -0.15 1.95% 2,23 2.
Kt =0.50 9.14 -0.51 0.57* =0,25 ]
K/H i).ii -0.75* =0.23 1.84°° 0.7& 1.
1. Walues of skewness snd kurtosis are averages of the valyss of thres replicates and four genotypes.
2. = sigeificant, o < 0.05; ** significant, a £ 0.01.
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Plot yield and Specific Mixture Effiﬁigﬁcyl of mixtures

grown in 1977,

Plot yield (g)

: — - -
Specific Mixture Efficiency

Mixture - - - —
Mean 5td. Dev, Mean 5td. Dev.
For Entire Population 1345 138 1.05 " & o.10
Glenlea 1249 154
Glenlea + Park 1278 64 1.10 0.09
Glenlea + Neepawa 1361 17%, b2 0.06
Glenlea + 70M110001 - 1277 80 1.98& 0.05
Glenlea + 70MD09002 1346 27 0.98 0.07 |
Glenlea + Norquay 1352 150 1.02 0.16
Glenlea + NB 701 1353 110 1.09 0.05
Park 1096 s
Park + Neepawa 1227 130 .1.08 0.06
Park + 70M110001 1275 97 1.05 0.16
Park + 70M009002 1401 56 1.07 0.01
Park + Norquay 1364 8 : 1.04 . 0.03
Park + NB 701 1347 145 1.16 , 0.13
Neepawa < ° 1170 | 86
Neepawa + 70M110001 1302 153 1.03 0.14
Neepawa + 70M009002 1344 65 1.00 0.01
Neepawa + Norquay 1239 103 0.96 0.04
Neepawa + NB 701 1302 126 1.08 0.03
70M110001 1358 253
70M110001 + 70M009002 1498 123 1.05 0.06
70M110001 + Norquay 1482 92 1.07 b 0.03
70M110001 + NB 701 1303 70 GQJDS 0.19
70M009002 1514 64
70M009002 + Norquay 1451 114 0.99 0.06
70MD09002 + NB 701 1508 88 1.10 0.05
Norquay ,1418 108
Norquay + NB 701 1421 36 1.07 0.07
NB 701 1240 203 - . .

1. See Section 8.2.°



\ POOR COPY ‘
COPIE DE QUALITEE INFERIEURE

260

Appendix 18b. Plot yield and Specific Mixture Efficiency of mixtur§s

grown in 1978.

Mixture Plot yield (g) Specifigﬁﬂixtuffuﬁfg;:ienéi
Mean Std. Dev. Mean Std. Dev.

For Entire Population 1012 138 1.02 0.07
Pitic 62 ' 966 251
Pitic 62 + Glenlea 1111 116 1.11 0.07
Pitic 62 + Park 1014 47 1.08 0.11
Pitic 62 + Neepawa 1112 61 1.08 0.13
Pitic 62 + 70M110001 1105 92 1.09 0.08
Pitic 62 « 70M009002 1006 47 1.11 0.05
Pitic 62 + Norquay 912 79 0.92 0.13
Pitic 62 + NB 701 993 229 1.04 0.03
Glenlea 1043 138

.dGlenlea + Park 1085 62 1.10 0.09

®lenlea + Neepawa 1087 115 1.02 0.20

' Glenlea + 70M110001 1197 27 1.13 0.02
Glenlea + 70M009002 1067 48 1.13 0.10
Glenlea + Norquay 1063 57 1.02 0.02
Glenlea’ 701 912 160 0.92 0.10
Park 933 57
Park + Neepawa 1023 77 1.00 0.06
Park + 70M110001 911 40 0.91 0.00
Park + 70M009002 815 84 0.91 0.09
Park + Norquay 992 118 1.00 0.07
Park + NB 701 880 186 0.93 0.10
Neepawa 1112 92
Neepawa + 70M110001 1007 125 0.92 0.10
Neepawa + 70M009002 1000 92 1.02 0.13
Neepawa + Norquay 1141 103 1.06 0.12
Neepawa + NB 701 1127 105 1.10 0.11
70M110001 § 1078 113 :
70M110001 + 70M009002 873 124 0.92 0.11
70M110001 + Norquay 1054 66 0.99 0.04
70M110001 + NB 701 1050 168 1.03 0,08
70M009002 859 159

' 70M009002 + Norquay 873 2 0.92 0.05
70MD09002 + NB 701 894 175 : 0.99 0.16
Norquay 1049 38
Norquay + NB 701 1106 31 1.12 0.08
NB 701 941 179
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Appendix 18c. Plot yield and Specific Mixture Efficiency of mixtures
.grown in 1979,
Plot yield (g) Specific Mixture Efficiency
Mixture -
Mean Std. Dev. Mean Std. Dev.

For Entire Population 1248 140 1.03

. Pitic 62 1342 80
Pitic 62 + Glenlea 1436 36 1.09 0.10
Pitic 62 + Park 1313 | 11 1.11 0.06
Pitic 62 + Neepawa 1339 59 1.10 0.05
Pitic 62 + 70M110001 . 1379 29 1.05 0.09
Pitic 62 + 70M009002 1511 80 1.14 0.02
Pitic 62 + Norquay 1437 99 1.19 0.13
Pitic 62 + NB 701 1401 123 1.05 0.12
Glenlea 1312 166 _
Glenlea + Park 1238 99 1.06 0.03
Glenlea + Neepawa 1199 75 7 1.00 0.13
Glenlea + 70M110001 1175 8 0.91 0.11
Glenlea + 70M009002 1313 112 1.01 0.14
Glenlea + Norquay 1271 -9 1.08 0.20
Glenlea + NB 701 1272 63 . 0.97 0.08
Park 1033 104 ,
Park + Neepawa 1002 38 0.94 0.04
Park + 70M110001 1153 34 1.00 0.04
Park + 70MD09002 1212 40 1.04 0.01°
Park + Norquay 1082 73 1.02 0.03
Park + NB 701 1324 134 1.12 0.08
Neepawa 1102 125
Neepawa + 70M110001 1122 <44 0.94 0.05
Neepawa + 70M009002 1178 36 0.98 0.04
Neepawa + Norquay 1067 58 0.98 0.08
Neepawa + NB 701 1181 30 0.97 0.02
70M110001 1290 130
70M110001 + 70M009002 1285 67 1.00 0.08 .
70M110001 + Norquay 1141 22 0.96 0.07
70M110001 + NB 701 1175 162; 0.90 0.14
70MD09002 1299 43
70M009002 + Norquay 1301 62 1.10 0.09
70M009002 + NB 701 1307 45 1.00 0.02
Norquay 1082 122
Norquay + NB 701 1226 80 1.01 0.07

NB 701 1327 73
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Appendix 19. Performance of mixtures in each of the three years,
containing specific genotypes, as expressed by the Array

mean yield (Array Y), the Average Mixture Efficiency

(AME)"*?, and the General Combining Ability (GCA)Z
_ Std.
Year Genotype Array Y  Dev. AME GCA
1977 Pitic 62 -- -- -- --
Glenlea 1317 118 1.04*+ -28.0
Park 1280 134 1.07%* -71.8*
Neepawa 1278 134 1.04%+ -69.4*
70M110001 1357 152 1.02* 17.3
70MD09002 1438 104 1.03* 100.9*
Norquay 1391 121 1.03* 51.0*
NB 701 1354 138 1.07#%* -0.0
1978 Pitic 62 1028 142 1.05** 7.6
Glenlea 1071 119 1.05%* 54.3
Park 957 121 0.99 -52.2
Neepawa 1076 106 1.02* 65.6*
70M110001 . 1035 138 1.00 24.5
70M009002 924 128 - 1.00 -86.1*
Norquay 1024 110 1.01 13.0
NB 701 988 177 1.02+ -26.6
1979 Pitic 62 1395 92 1.09** 129.4+
Glenlea 1277 116 1.01 32.1
Park 1170 137 1,044+ -81,8*
Neepawa 1149 112 0.99 -91,5+
70M110001 1215 117 0.97%+ -19.6
70M009002 1301 112 1.03%+ 49 .8+
Norquay 1201 145 1.04*+ -51.8*
NB 701 1277 119 1.00 33.4

1. See Section 8.2.

2.\ * significant, a < 0.05; ** significant, a < 0.01
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Appendix 20.
Calculation of the effect of skewness on single plant
selection.

Assume a 50:50 mixture of two genotypes G1! and G2.
The mean value~for a character X of G1 is 0.3589 o less
than the mean of this character for G2. (The value of
0.3589 had to be chosen due to the restricted number of
values listed in chi-square tables). Assume further that
X has a chi-square distribution with 30 degrees of
freedom, and thus a variance of 2x30, a skewness of
0.516, and a kurtosis of 0.400. I1f the 0.75% of the
population having the highest values for X were
selected, the selected fractions would consist of 1/3 G1
and 2/3 G2 (Figure 5). The probability of selecting G1
rather than G2 is P(Error)=0.333.

Y 'If the character, X, had had a standard normal
distribution, it éan be found, through trial and error,
that:

P(z>2.29)=0.011

P(z>2.29+0.3589)-P(z>2.6489)-0.00401

Total selected fraction-(0.011+0.00401)>2-0.GD75
The probability to select G! rather than G2 is
P(Error)=0.00401/0.01501=0.267. )
The probability to select G1 rather than G2 is thus
0.333/0.267=1.25 times larger in the case where the

distribution of X is skeved, than in the case where the

~



Fig.

5.
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05% of G,

1”& of G‘
AN |
& 7% \x,=53.672
Xa: 50-&2
df. =30
o*=2x30:=60

Skewness = Q516
Kurtosis=0.400

. 53672 -50892 . (3589

A

Graphic illustration of selection in a 50:50 mixture of two

ggngtypes, G1 and Gz, for a character x, which has a positivély '

skewed distribution. The selected fraction would, in this

case, consist of 1/3 G1 and 2/3 G

2%
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disribution of X is normal.

P(Error) will increase, however when the frequency
of G2 in the population decreases,

Assume a mixture of G' and G2, with means for the
character X which are 1.096 o apart, and in which the
trequency of G2 is 1/10 the frequency of G1. The
distribution of X is the same a; in the previous
example. If this time 0.11% of the population is
selected, then the probability of selecting G! rather

than G2 is
17(2.0705) n e

Posrror) - o oL
TR0 .01

If X had had a standard normal distribution, then it can

be found, by tr.al and error, that

f - ¥ * ’,—\ ' .‘
GRS B PR T TR NS < CLE 2
F(r.~r) = T S (R LN 3) =

The probability to select G' is thus 5/2=2.5 times
larger in the case where X is skewed than in the case of
a normal distribution of X.

On the other hand, "if the distribution of X is
negatively skewed, and has a curve which is the mirror
immage of the curve used in the above examples, the
probability to select the superior genatyp;, G2, is

greater than would be the case if X were normally

distributed.
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For a 50:50 mixture of G! and G2, with the means
0.151 s apart, it can be calculated, in the same manner
as before, that the probability to select G2 is 1.19
times greater than would be the case for a normal
distribution, if 0.75 % of the population is selected.
If the ratio of G1:G2 is 10:1, and the means are 0.3851
S apart, the probability to select G2 rather than Gi is
1.49 times greater than would be the case if X vere

normally distributed and 0.11% were selected.



