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Abstract

An evaluation of multivariate statistical techniques for the analysis of
yield from barley (Hordeum vulgare L.) breeding trials data

by

Ahmed Abdullah

This project involved two locations (Breda and Tel Hadya) over two seasons (1993
and 1994).

Yield was found to have been affected by many factors including environment,
genotype and morphological characters. A genotype-environment interaction (GEI)
was also discovered.

To investigate the influence of morphological characters on yield parameters,
multivariate statistical techniques (canonical analysis, factor analysis and multiple
regression analysis (linear and exponential)) were used. Multivariate statistical
techniques were applied to three hybrids (Hybrid 1, 2 and 3) in replicated field plots
at two locations (Breda and Tel Hadya) in iwo seasons.

Canonical analysis and factor analysis revealed a significant relationship between
yield parameters and morphological characters. However, this relationship was not
significant for each hybrid because there were insufficient data for each hybrid.
Stepwise multiple regression analysis showed that plant height, vegetative duration
and length of growing season were the significant factors influencing yield
parameters,.while leafiness was not. The relationship can approximate nonlinear in
that it gives more realistic predictions. Consequently, stepwise multiple exponential
lequation fitted the data better than stepwise multiple linear equation.

The relationship between yield parameters and morphological characters was

affected by environment but not by genotype.
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Chapter 1 2

1.1  Introduction

Barley is one of the best cereals for cultivation in dry and semi-dry areas of
the world. It is the world’s fourth most important cereal in terms of
production, (after wheat, rice, and maize) while it is the second most
important (after wheat) in the Middle East and North Africa (Naesah, 1996).

Barley is grown in significant quantity in many places around the world. The
production of barley in the main producing countries and regtons for

1995/1996 and 2005/2006 is summarized in Table 1.1.

Barley production in 1995/1996 was in fact higher than iq 2005/2006 despite
considerable research in between with the aim of increasing yield. Iran and
Australia were not among the m‘ain- producing countries in 1995/1996
although they were in 2005/2006. Production in most of the major barley-
producing countries outside the European Union (EU) decreased, although
withinl the EU production has increased, for example, barley production 1n
Morocco fell by 2,618 Thousand Metric Tonnes between 1995/1996 and

2005/2006.

From the data in Table 1.1, the percentage of the world barley production in
the main producing countries and regions were derived (Figure 1.1.a and

Figure 1.1,b).
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Yield in barley, and in cereals in general, is a function of the interaction of
genetics and environment; and in Syria critical environmental factors,
especially rainfall, can vary enormously between seasons. The influence of
genetics was clearly demonstrated in the period 1988-1989, when a large-
scale national change in the barley variety grown had disastrous results
(Naesah, 1996), resulting in a reduction of barley production by 90% (Table
1.2).

The morphology and physiology of cultivars is clearly a vital factor governing
yield. Important morphological characteristics of barley include leafiness
(number and size of leaves), length of growing season, plant height, and
vegetative duration (Briggs, 1978). An understanding of both climate and
morphology is of central importance for increasing yield, and this dissertation
aims to further this understanding by means of novel applications of statistical
analyses in studying the effects of seasons on barley cultivation.

Fraser and Eaton (1983) described many statistical analyses that have been
used to study the relationship between yield and the variables which affect it,
including correlation analysis and simple linear regression analysis. Fraser &
Eaton (1983) have stressed that these kin_ds of methods are not very effective,
_especially (i) when the independent variables in regression equations have
high correlations between them and (ii) when the variables are measured in
_different units (Naesah, 1996). Consequently, multi-colinearity has been

found which leads to errors in the analytical results. To avoid this problem,
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To avoid this problem, statisticians generally advocate the following
approaches (i) some of the independent variables which have a high
correlation between them are removed; (i1) new statistical analyses are used,
for example, multivariate analysis, canonical correlation analysis, or multiple
regression analysis which are less affected by co-linearity. These statistical

analyses are popular in many areas of biological science, but have not been

used extensively in agriculture, especially in yield improvement studies. The

reason for this has been cited as the difficulty and complexity involved in
solving the equations when the equation has many variables. More recently,
improvements in computer power have given statisticians the opportunity to
investigate these methods more widely.

1.2 Regression Analysis

Regression analysis is defined as the relationship among variables (Chatterjee
and Price, 1977). It is a method of organizing data and standing the
relationship between two variables. Sometimes it is appropriate to show data
as points on a graph, and then try to estimate a line of best fit through the data
by the technique known as the sum of the least square.

Many people believe that linear regression and correlation coefficient were
discovered and developed by Karl Pearson. However, they were the
inventions of Sir Francis Galton (cousin of Charles Darwin) in the early 19"

Century. He used correlation and regression with genetics and heredity.
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“Galton’s fascination with genetics and heredity provided the initial
inspiration that led to regression and the PPMC? (Jeffrey, 2001).
For many years, regression analysis has been developed and used in many
types of science ? for example:
= Health:
Multiple linear regression has been used in many areas of Health and
Medicine. The multiple linear regression method was used to study
haematological changes due to chronic exposure to natural gas leakage, in
order to detect differences among exposed groups for haematological
markers (Saadat and Bahaoddini, 2004).
Multiple linear regression was used in a study of methods preferred by
surgeons and radiologists, respectively, in the treatment of severe !limb
ischemia. In this case, stepwise multiple linear regression was able to
identify significant statistical differences which affected responses from
the entire group and from surgeons and radiologists separately (Bradbury,
et al., 2004).
* Food:
Some statisticians have used multiple regression analysis in dietary
research. Other statisticians used stepwise multiple linear regression to

detect milk mixtures in Halloumi cheese (Recio, ef al., 2004).

2 This statistic is the known as the Pearson Product Moment correlation .
3 most statisticians speak of “multiple regression “ rather than “ multiple linear regression”
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= Business:

Multiple regression analysis has been used in different types of business,
mainly by companies which aim to increase their competitive advantage
by improving operational performance (De Cerio, 2003). It also has been
used to study insurance policies (Chenevert and Tremblay, 2002). There
are many applications of multiple regression in business and most of these
applications aim to increase the profits of companies.

= Agriculture:

Multiple linear regression has been employed in some types of agricultural
research, for example, in studies of the influence of weather on agriculture
and in detailed physiological studies for example, the relationship between
multispectral band features and nitrate in potato leaves (Borhan, et al,
2004). Stepwise multiple regression analysis has been used to study the
influences on seed yield of some agronomic and seed characters of
sunflower. It indicated that seed yield is strongly affected by the date of
physiological maturity, plant height' and o_il content (Qaizar, et al., 1991).
Stepwise regression has also been used with wheat to.study tile intra- and
inter-generation relationship among yield, its components and other related
characteristics. Stepwise regression suggested that 1000-kernel weight,
grain yield per plant and number of tillers per plant (in order) were the

most significant factors in determining £, line yield (Lungy, et al., 1990).

Regression analysis was also used to study the genotype environment
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interaction for tea yields (Francis, et al, 2002). Stepwise regression
analysis was used to study spatial and temporal variability in nitrogen
uptake by corn across a variable landscape. It showed the effect of tillage,
legume, nitrogen fertilizer and organic carbon on cumulative nitrogen
uptake at different growth stages (Dharmakeerthia, et al., 2006).

= Barley

Many barley agronomic experiments are analysed by using multiple linear
regression analysis, and most of them use this kind of analysis with the
objective to increase yield. Much of this research has dealt with the effects
of environment on barley yield. For example, using multiple linear
regression analysis, research has revealed a strong relationship between
climate and barley cultivation, (Sharratt, et al., 2003). Multiple regression
aﬁalysis has also been used to study the influence of rainfall and
temperature on the feeding value of barley straw in semi-arid regions
(Goodchild, 1997). It was also used to study yield response of barley to
rainfall and temperature in northern Syria (Vanoosterom, et al., 1993a); to
study the relationship between zonal variation and all quantitative morpho-
agronomic characters, except plant height (Kebebew, et al., 2001); and to
study  increased dry area cropping intensity with no-till barley
(Schillinger, et al., 1999). In a study of the use of field spectroscopy for
the ranking of cereal breeding plots during the early stages of crop growth,

multiple linear regression was used to find the optimal relatjonship
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between spectral reflectance and biomass (Smith, et al., 1993). Multiple
regression analysis was also used to predict cadmium concentrations and
pH in barley grain by testing soil properties (Adams, ef al., 2004).

In the realm of genetic research, procedures in multiple linear regression
analysi-s have been used to explore the relationships between the
phenotype and genotype of barley (Zhu, et al,, 1999). Stepwise multiple
regression analysis also was used in a project to identify a region of the _
barley genome contributing to variation in height (Barua, et al., 1993).
Stepwise multiple regression was used to study the linkage disequil.ibrium
mapping of yield and yield stability in modern spring barley cultivars. It
indicated that for complex traits with costly measurements, the association
mapping approaches can be a viable altcmative to classical quantitative
trait locus approaches based on crosses between inbred lines (Arnold, et
al., 2004).

Multiple linear regression equations were used to improve the standard of
prediction for protein in barley and malt (Fox, et al., 2002), and in a study
of barley samples to investigate the feasibility of producing nitrogen-

corrected true metabolizable energy (tmen) content (Zhang, et al., 1994).

Scientists have used multiple linear regression analysis and correlation
coefficients to decide whether or not there are relationships between the
variables in their research. Adams, et al. (2004) found that a linear equation

was not useful in their research and concluded that there are no relationships
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between the variables. However, when these workers investigated alternative
equations such as the exponential equation (Adams, et al., 2004)
relationships were established. The significance of the equation, coefficient of
determination, standardised residuals and significance of independent
variables are used to determine whether or not linear regression is better than
exponential regression. Exponential equations have been used in many kinds
of science. For example, it has been used in medicine to describe the
cytotoxic activity of several unrelated drugs (Breier, et al., 2000). In
agricultural research on barley, they were used to describe the effect of time
on radio caesium fixation (Absalom, et al., 2001); and to study thin layer
experiments for germinating malting barley varieties (Bala and Woods, 1992).
They were also used to study the relationship between leaf appearance rate
(LAR) and temperature (Xue, et al, 2004); and to describe total gas
production which was correlated withintake, digestible dry matter intake and

growth rate (Blummel and Orskov, 1993).

1.3 Factor Analysis

Harman and other scientists believe that factor analysis was developed by
Pearson in 1901. Nevertheless, “Spearman, who devoted the remaining forty
years of his life to the development of factor analysis, is regarded as the father
of the subject” (Harman, 1967). The first improvement to the methods was
made by Hotelling (1933) (Harman, 1967). Before the invention of the digital

computer, factor analysis was regarded as an unreliable method since there
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existed many variations, each offering different results. These discrepancies
were due to a necessary dependence on simplifying assumptions and auxiliary
conditions. In the present era, factor analysis has been transformed by the
development of computer techniques and the computational speed that they
often. The older methods, with their conflicting results, have been largely
abandoned. This development has led to an enormous increase in the number
of métliodologie_s. For example, factor analysis has been used to determine
characters for grain yield selection in chickpea (Toker and Cagirgan, 2004).
The modern definition of factor analysis is as follows: “factor analysis is a
multivariate technique for -reducing matrices of data to their lowest
dimensionality by the use of orthogonal factor space and transformations that
yield prediction and/or recognizable factors” (Utexas, 1995).

According to this definition, factor analysis is a model which attempts to
explain the correlation between a large set of variables. The main applications
of factor analytical techniques are :

(i)  toreduce the number of variables
(if)  to detect structure in the relationship between variables, that is, to
classify vartables (Anon, 2004c).

Factor analysis has been used in several different areas in agricultural science.
For example, it has been used to study the genetics of beans in order to
increase yield and improve quality (Nasser, 2002). It was also used to

determine all the interrelationship between the characters of durum wheat
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(Wassouf, 1996). Factor analysis was applied to the data to study the effects
of soil, climate and cultivation techniques on cotton yield in central Greece. It
was applied in two different ways: (i) variables including yield (ii) variables
excluding yield (Kalivas and Kollias, 2001). Factor analysis was used to
analyse the relationship between yield components, morphological structures
above the flag leaf node, and three developmental stages in spring wheat
(Triticum aestivum L.) (Walton, 2004), It also used to study the yield in dry
beans t.hrough the analysis of plant variables (Denis and Adams, 1978). Factor
analysis was used to study the dependence relationships between yield
components and morphological characters for different genotypes of grasspea
(Lathyrus sativus L.} (Tadesse and Bekele, 2001). In a study of breadmaking
quality data of the wheat cultivar ‘Manitou’ (7riticum aestivum L.), factor
analysis was used for samples taken from different years to find whether
simple factors could be isolated to explain better the interrelationship of the
quality parameters measured (Jardine, et al., 1971).

With regard to barley, factor analysis has been used with breeding
programmes. For example, a large set of barley data from South Australia was
used to reduce the number of factors and to study the genetics of barley
(Smith, et al., 2001). Factor analysis was also employed to reduce the number
of morphological and phenological measurements of populations of wild
barley before multiple regression was utilised (Volis, er al.,’2002). Bratos and

Szanyi (1992) used factor analysis and stepwise fegression analysis to study
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yield and chemical composition of winter barley in a nitrogen fertilization
trial. In a study intended to find the best barley for malt, factor analysis was
used to discover an ideotype of a barley with a low and stable grain protein
content (GPC) suitable to be used for malt (Bertholdsson, 1999).

In another field of agricultural research, factor analysis was used to study the
influence of temperature change on numbers of bacteria (Nasser, 2002); and
in a study of the structure of two agriculture soils, factor analysis was used to *
show that soil microbial communities from various planfs species may differ
depending on the plant species cultivated in the field (Ibekwe and Kennedy,
1998).

Furthermore, it should be noted that factor analysis has been used in many
other areas of science. For example, it has been used in education to select
students for universities in accordance with their results in A Level GCE
examinations (Nasser, 2002).

1.4  Canonical correlation analysis

The relationship between variables can be measured by several kinds of
correlations. For example, correfation coefficients (r) measure the relationship
between two variables; multiple regression allows the assessment of the
relationship between a set of independent variables and a dependent variable;
multiple correspondence analysis is useful for a set of categorical variables
(e.g. sex, geographic location, ethnicity).

Canonical correlation 1s the correlation between a set (group) of independent

data and dependent data, also as a set.
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“The utilization of canonical correlation analysis can provide information
concerning;
l. The nature of the links or patterns of interdependency that join
the two sets.
2. The number of (statistically significant) links between the sets.
3, The extent to which the variance in one set is condittonal upon,

or redundant given the other set” (Levine 1977).

Canonical correlation analysis has only occasionally been used in
experiments with barley. It was used to study the interrelationship
between quantitative characters and resistance to Rhynchosporium
secalis in barley (Zhang, et al., 1991). Canonical correlation analysis
has also been used to study the effects seasonal and locations
differences on barley cultivation (Vadiveloo and Phang, 1996). It was
also used to discover the relationship between two sets of characters in
the barley cultivation world wide (Zhang, et al., 1991).

Canonical correlation analysis has been used in various research on
wheat. For example, it was used to establish a relationship between
yield components and morphological characters of durum wheat in one
step (Wassouf, 1996); and also to study the ecological factors and
nutrient-content variables in wheat (Bartos, et al., 1991). In animal feed

science, canonical correlation analysis has been used to study the
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relationship between wheat meal variability and compacting behaviour
of wheat meals (Nathierdufour, ef al., 1995). Also relying on canonical
correlation analysis, scientists discovered a strong relationship between
quality characteristics and physico-chemical, rheological and protein
components of wheat cultivars (Butt, ef al., 2001).

Canonical correlation analysis has been used in a wide range of
research projects. For example, in marine science, canonical correlation
analysis was used to find the relationship between zooplankton and
physical variables (where four zooplankton assemblages were
identified in the South western Atlantic Ocean; Marran, ef al., 2004).
Canonical correlation analysis has also been used in sports science to
study the effect of motivational climate on sportspersonship among
young competing male and female football players (Miller, et al.,
2004). In production research, canonical correlation analysis has been
used with industry to explore the relationship between competitive
strategy and the perceived value of tactical and/ or strategic flexibility
(Cannon and St. John, 2004). In climatology, the relationship between
bi-monthly precipitation and sea-surface temperature (SST) has also
been studied by canonical correlation analysis (Berri and Bertossa,
2004). It has been used in sensory studies, to examine the relationship
between oral and non-oral evaluation of texture in acid milk gels

(Pereira, et al., 2004). In environmental science, canonical correlation




Chapter 1 22

has been employed to study the relationship among' spectral and
phytometric  variables for 20 Winter-wheat fields (Korobov and
Railyan, 1993); and the relationship between environment and
population variables (Walsh, et al, 1999). Finally, in ecological
research, canonical correlation analysis has been used to study the
relationship between ecological parameters for bird strategies and
habitat variables describing sample plots (Tworek, 2002).

1.5 Hypothesis Testing

In real life problems, hypothesis testing is one of the most important tools for
statistical science.
“There are two types of statistical inferences: estimation of population
parameters and hypothesis testing” (Swinscow and Campbell, 1996). In any
hypothesis testing there are four components:

1. Null Hypothesis: defined as no difference or relationship

between the procedures and denoted by H,or H,, .

_ 2. Alternative Hypothesis: a hypothesis which states that there is a
difference relationship between the procedures and denoted by

H, orH, (Wilson and Sankaran, 1997). For example, let g, be
the average of the first population and u, the average of the

second population.
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There are a lot of cases for the null hypothesis and the
alternative hypothesis. Some of these are given in Table

1.5:

Table 1.5. Various types of H, and f,

‘ Cases of H, and H,
Case H, H,
1 M= H, M # 1,
2 > 1y H <ty -
3 i<t 2 py

3. Test Statistic: A test statistic is a quantity calculated from a
sample of data. Its value is used to decide whether or not the null
hypothesis should be rejected in the hypothesis test (Valerie and
McColl, 2004).

4. Conclusion: when statistical result is related to the biological
description.

Hypothesis testing is used in most areas of science; and it is used in multiple
regression analyéis to test whether or not the equations are statistically
significant. It is employed in many forms of technological research. For
example, it was used by computer programmers to evaluate five industrial-
sized C++ systems (Counsell, etv al., 2004). Hypothesis testing has been used
to study prébability models of image regions in Synthetic Aperture Radar
(SAR; Beauli-eu, 2004). It was also used in a study designed to improve the
performance of automatic speech recognizers (ASRs) with regard to

spontaneous and its filled pauses (“ah”,”’em” etc.), discriminant features for
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filled pause detection were selected by means of Bartlett hypothesis testing
(Wu and Yan, 2004). In brain physiology research, hypothesis testing has
been used to study the spatio-temporal pattern of magneto-encephalography
signals (Lutkenhoner, 2003). Hypothesis testing has also been used in a study
of wheat genomics, in the task of assigning gene function to EST (expressed
sequence tagged) databases. Hypothesis® testing is particularly useful in
strategies based on high resolution EST mapping, candidate gene analysis,

gene expression profiling and proteomics (Lagudah, ef al., 2001).

In business management, researchers in the U.S. airline industry have used
hypothesis tésting to study different models of oligopoly (i.e. domination of
the market by a few large companies; Fischer and Kamerschen, 2003).

Finally, hypothesis testing was used to evaluate questionnaires given to urban
and rural El Salvadorian adolescents to assess their knowledge of a fruit
called ujushte (Brosimum alicastrum SW.(moraceae)) (Yates and Ramirez-

Sosa, 2004).

1.6 Summary

This chapter has given:
» Some comparative information about barley cultivation (area and
production) in the main producing countries, with particular regard to
Syria. |

= The history of four kinds of statistical analysis, viz:
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>

History of multiple regression analysis and its uses in various fields
of research and especially with regard to barley yield.

History of factor analysis and its uses in different types of scientific
enquiry including some research into barley yield.

Canonical correlation analysis, of which a definition was given.
Some examples were given of various types of scientific
investigations, using canonical correlation analysis including a
reference to research on barley cultivation.

Hypothesis testing, citing its four ingredients and some examples of

the use of hypothesis testing in diverse areas of research.
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6. Calculate zZ = W-H . where W is the maximum between
O"".

w* and W~ .
7. Find the probability of observing a value Z by using tables

of critical values for Wilcoxon signed-rank sum test.
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Chapter 3

Materials and Methodology
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3.1 Description and Transferring the Data

The experiments from which the data sets were drawn for this research were
conducted during two successive seaslons 1992/1993 and 1993/1994 at two
experimental stations Tel Hadyé and Breda by the International Centre for
Agricultural Research in the Dry Area (ICARDA).

There were three (F,) hybrids, and each hybrid had one hundred families

derived from crossing two  six-rowed = genotypes of  barley

MO.B1337/W1291//Zambaka. Their parents were planted at Tel Hadya during

the first season. During the second season ( £,) hybrids and their parents (the

original parents family numbers were 101 and 102) were planted at Tel Hadya

and Breda and a number of parameters recorded (Table 3.1).

Table 3.1. The parameters (n=102 families) measured for ecach of 3 hybrids at 2 sites

and 2 seasons (see Table a.2 in appendices).

Season Tel Hadya Breda
Total plant yield (kg ha™)
Grain yield (kgha™)
Straw yield (kgha™)
Harvest index

Season | Thousand grain weight (TGW) -
Ear number
Protein content of grain
Plant height (cm)
Vegetative duration (day)
Total plant yield (kg ha™) Total plant yield (kg ha™)
Grain yield (kg ha™) Grain yield (kgha™)
Straw yield (kgha™) Straw yield (kgha™)
Harvest index Harvest index
Thousand grain weight (TGW) Thousand grain weight (TGW)

Season 2 | Ear number Ear number

Protein content of grain Protein content of grain
Plant height (cm) Plant height {cm)
Vegetative duration (day) Vegetative duration (day)
Length of growing season (day) Length of growing season (day)
Leafiness Leafiness
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In the first season, a Randomized Block Design with three replicates was used

in Tel Hadya and Table 3.2 gives a summary of agriculture inputs during the

first season.

In the second season, a Randomized Block Design with two replicates was

used in Tel Hadya and Breda and Table 3.3 gives a summary of inputs during

the second season.

Table 3.2. Agricultural input factors during the first season in Tel Hadya.

Rate of Phosphate (kg ( P,0,)ha™")

Herbicide for Grass control

Rainfall {(mm/year)

Factor Tel Hadya
Date of Cultivation 29/11/1992
Date of Germination 26/12/1993
Date of Harvest 6/7/1993
Seed rate (kg ha™) 100
Rate of Nitrogen (kg (N) ha™) 40

40 Before Cultivation

W46(3 litre ha')
290.1

Table 3.3. Agricultural input factors during the second season in Tel Hadya and

Breda. _
Factor Tel Hadya Breda
Date of Cultivation 12/12/1993 15/12/1993
Date of Germination 24/12/1993 5/1/1994
Date of Harvest 3/6/1994 9/6/1994
Seed rate (kg ha™") 100 100
Rate of Nitrogen (kg {N) ha™') 60 60
Herbicides Deblazan (1.5 | ha™) -
Rainfall (mm/year) 2733 291.2
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3.2 Description of the data (attributes of barley)

The data are divided into two sets, morphological characters and yield

parameters.

3.2.1 Morphological characters

a. Plant height was estimated by taking the mean of three random
samples from each experimental plot..
b. Leafiness was recorded as a five point scores estimated by eye at ear
emergence.
Score 1: very low leafiness.
Score 2: low.
Score 3: medium.
Score 4: high.
Score 5: very high.
c. Vegetative duration was the number of days from gerrnination until
50% ear emergence.
d. Leligth of growing season was the number of days from germination

to harvest.

3.2.2 Yield parameters

a. Total plant yield: a two metre plot length of barley was harvested

from each experimental plot after removing the border rows. Total

plant yield was recorded and expressed as kg ha''.
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b. Grain yield: was measured after mechanically separating grain from
straw expressed as kg ha™'.

c. Harvest index: is defined as the ratio of grain yield to the total plant
yield at harvest.

d. Thousand grain weight (TGW): 200 seeds were separated from
each grain sample weighed and the result multiplied by five.

e. Protein content of grain: the protein content of a 20 g seed sample
was measured using a NIRSYSTEM-500. |

f. Ear number: the number of ears was counted in a 50 cm row length
and from this the number of ears per square metre was calculated by

multiplying by 2 and dividing by the row width.

3.3 Aims and methodology

It was difficult for the breeders to decide which family produced the highest
yield. Since when family yields were ranked there appeared to be a genotype-
environment interaction for grain yield, this is illustrated for Hybrid 1 (H1)
(Table 3.4). Total rank indicated that the genotype was not stable because the
the total ranks was between /9 (family 28) and 276 (family 34)(Table 3.4),
and for example family 39 was 2" in Tel Hadya in season 1, but 41" in

season 2 and 28" in Breda in season 2.
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Table 3.4. Example of a data set - grain yield (kg ha™) for H1 in rank order and family

number at 2 sites.

Tel Hadya season 1

Tel Hadya season 2

Breda season 2

family Grain Grain Grain Tf;::(sf
yield Rank yield Rank yield Rank
1 2378 99 4475 39 1578 42 180
2 3442 59 3093 96 1500 64 219
3 3622 49 3916 74 1858 15 138
4 3662 46| . 5750 6 1766 24 76
5 4080 27 5333 12 1775 22 61
6 3800 41 5168 16 1516 60 117
7 4298 19 4466 40 1841 18 77
8 4009 30 4433 45 1256 87 162
9 3333 . 66 4233 58 1783 20 144
10 2653 93| 3350 91 1250 89 273
11 3978 33 4125 66 941 101 200
12 2604 95 4310 52 1541 53 200
13 2311 100 5341 11 1558 46 157
14 3676 44 3253 92 966 100 236
15 3168 76 4521 35 1478 65 176
16 3013 84 3191 94 1403 72 250
17 2622 94 3525 83 1786 19 196
18 2307 101 3658 80 1858 16 197
19 339] 64 4401 48 1473 67 179
20 5435 1 5775 5 1628 34 40
21 4635 10 4001 71 1358 78 159
22 3840 39 3833 77 1666 30 146
23 3600 53 2675 102 1450 69 224
24 3806 37 4453 42 1550 52 131
25 4986 5 4223 59 1890 11 75
26 5200 . 4 31846 76 1941 10 90
27 3444 58 4608 32 1511 63 153
28 4493 14 5791 4 2400 1 19
29 3302 67 3958 73 2111 6 146
30 4084 26 4875 25 1525 57 108
31 2675 90 4186 62| 1953 9 161
32 4217 23 3460 87 1661 32 142
33 4186 25 4476 38 1345 79 142
34 3191 75 2883 99 933 102 276
35 3520 56 4508 36 1600 38 130
36 3235 72 3000 98 1775 23 193
37 2862 86 4758 27 1866 14 127
38 4622 11 3983 72 1370 76 159
39 5400 2 4458 41 1703 28 71
40 3257 70 4075 69 1125 96 235
41 3284 69 4958 22 1978 8 99
4?2 3111 81 3476 84 1711 27 192
43 3828 40 2875 100 1200 93 233
44 3617 50 4600 33 1575 43 126
45 4591 12 4291 54 1516 61 127
46 4724 9 5450 8 1345 80 97
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Table 3.4. (contd.)

Tel Hadya season |

Tel Hadya season 2

Breda season 2

family Grain Grain Trc);rz:ll(:f
yield Rank | Grain yield Rank yield Rank
47 3462 57 3126 95 1378 75 227
48 4288 20 4210 60 1108 97 177
49 3164 7 4291 55| 1150 94 226
50 3524 55 3660 79 1558 47 181
51 5360 3 3425 88 1145 95 186
52 2288 102 2800 101 1875 12 215
53 3920 36 4416 46 1253 88 170
54 2848 87 4750 . 28 1558 48 163
55 4346 17 4941 23 1625 35 75
56 3408 61 4453 43 1283 84 188
57 3666 45 4076 68 1616 36 149
58 3657 47 3358 90 1700 29 166
59 4533 13 5433 9 2028 7 29
60 4280 21 3566 82 1525 58 161
6l 4302 18 4833 26 1528 56 100
62 4480 15 5350 10 1533 54 79
63 2475 98 4033 70 1316 82 250
64 3222 73 3633 81 1300 83 237
65 3855 38 4450 44 1586 41 123
66 3133 79 5800 3 1258 86 168
67 3604 52 4383 49 2183 4 105
68 3408 62| ° 5216 15 1533 55 132
69 3084 82 5010 19 1783 21 122
70 4844 6 5141 17 1066 98 121
71 4804 7 4083 67 1053 99 173
72 3244 71 4916 24 2316 2 97
73 2791 88 5316 13 1391 74 175
74 3573 54 5266 14 1456 68 136
75 3933 35 4360 ' 51 1558 49 135
76 3650 48 6193 1 1225 90 139
77 3768 42 4666 31 1333 81 154
78 2742 89 4150 63 1225 01 243
79 2666 S 02| 4416 . 47| 1600 39 178
80 3715 43 3066 97 1558 50 190
81 4764 8 3800 78 1558 51 137
32 3013 85 3400 89 1595 40 214
83 4053 28 4726 29 2166 5 62
84 4000 31 4383 50 1666 31 112
85 3608 51 4968 21 1370 77 149
36 3435 60 4260 56 1428 71 187
87 4191 24 4258 57 1475 66 147
88 3124 80 5126 18 1858 17 115
89 4377 16 3475 85 2236 3 104
90 4222 22 6125 2 1650 33 57
91 3297 68 4301 53 1875 13 134
92 2502 97 4691 30 1450 70 197
93 3022 83 3475 86 1266 85 254
94 3991 32 4500 37 1516 62 131
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Table 3.4. (contd.)

Tel Hadya season | Tel Hadya season 2 Breda season 2
: . . Total of
family Grain Grain ks
yield Rank Grain yield  Rank yield Rank ran

95 3355 65 3875 75 1716 26 166
96 3400 63 4150 64 1561 45 172
97 2671 91 4188 61 1611 37 189
98 3204 74 4126 65 1211 92 231
99 4044 29 4593 34 1725 25 88
100 3951 34 5666 7 1570 44 85
101 3137 78 4991 20 1525 59 157
102 2503 96 3253 ‘93| 1400 73 262

The highest and the lowest ten families for grain yield were extracted from

Table 3.4 and are presented in Table 3.5.

Table 3.5. The highest and the lowest ten families for each site/season (H1).

Tel Tel Breda Tel Tel Breda
Rank Hadya Hadya season 2 Rank Hadya Hadya season 2
season |  season 2 family season | season 2 family
family family family  family

1 20 76 28 03 10 102 43
2 39 90 72 94 17 16 49
3 51 66 89 95 12 47 51
4 26 28 67 96 102 2 40
5 25 20 83 97 92 80 48
6 70 4 29 98 63 36 70
7 71 100 59 99 1 34 71
8 81 46 41 100 13 43 14
9 46 59 31 101 18 52 11
10 21 62 26 102 52 23 34

No families in the top ten highest grain yield rank appeared in top ten at any

other location (Tel Hadya and Breda) and season (season one and season two;

Table 3.5) at the same time with exception of family 26. However, three

families were strongly affected by environment since they changed from the

highest yield to the lowest. For example, family 51 produced the third highest

grain yield in Tel Hadya, season one, while it produced the eighth lowest yield

of all for Breda, season two. The genotype for Hybrid 2 (H2) and Hybrid 3
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(H3) was also affected by environment (Table a.3; Table a.4 respectively
Appendix). For example for example family 80" for H2 was 6" in Tel Hadya
in season 1, but 23 in season 2 and. 101" in Breda in season 2.

The highest and the lowest ten families for grain yield H2 and H3 are derived
from Table a.3 and Table a.4, presented respectively in Table 3.6 and 3.7.
Only one family (11) for H2 and family 21 for H3 from the highest grain yield
rank appeared in the other location (Tel Hadya and Breda; Table 3.6 and 3.7).
this indicated examination of just one of the 9-11 para.meters measured
demonstrates how difficult it is to understand fully what the data shows.
Genotype- environment interactions are clearly apparent for yield and are
likely to exist for the other parameters. Whether such variations are in
harmony between yield and other parameters can only be investigated by

statistical methods (more information will be given in Chapter 4).
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Table 3.6. The highest and the lowest ten families for each site/season (H2).

Tel Tel Tel Tel
Hadya Hadya Breda Hadya Hadya Breda
Rank season 2 Rank season 2
season 1  season 2 famil season 1 season 2 famil
family family y family family y
1 63 85 28 93 78 38 15
2 46 5 11 94 15 35 14
3 55 102 58 95 38 6 53
4 40 9 3 06 23 90 79
5 100 22 34 97 16 79 65
6 80 60 96 98 43 71 89
7 10 62 70 99 13 39 101
8 1 52 23 100 76 57 31
9 27 11 8 101 47 2 80
10 14 93 25 102 42 89 7
Table 3.7. The highest and the lowest ten families for each site/season (H3).
Tel Tel Tel Tel
Hadya Hadya Breda Hadya Hadya Breda
Rank season 2 Rank season 2
season 1  season 2 family season |  season 2 family
family family family family
1 87 17 21 - 93 32 8 77
2 67 66 13 94 30 62 68
3 71 6 85 95 25 51 93
4 21 35 51 96 82 32 16
5 80 95 82 97 44 5 33
6 89 84 9 98 83 93 4
7 34 57 63 99 73 71 22
8 28 21 46 100 97 63 73
9 88 52 04 101 76 54 66
10 13 39 4] 102 . 57 16 67



Chapter 3 70

The ultimate goal of this research was:

¢ to study whether or not the genotypeé were affected by environment
and to determine which was the best hybrid in terms of productivity.

e to determine whether or not yield parameters were affected by
morphological characters; also to determine whether or not the
effectiveness was altered by environmental changes associated with
locations (Tel Hadya and Breda) and seasons-{(1992/1993-1993/1994)
with the aim of finding appropriate analytical tools to improve the
implementation of barley breeding programmes and assist the
interpretation of the data generated.

o to identify and measure any single character which gives the best
prediction; and also to discover the best statistical methods for
discovering this character.

e to investigate the form of the relationship between yield parameters
all1d morphological characters.

Various kinds of statistical analysis have previously been used to study
genotype-environment interactions. Some methods have been found to be
useful, however the constraints of the experimental design of this
investigation and the data preclude their use here. Specifically, (i) the data in
Tel Hadya were collected in two seasons while the data in Breda were
collected in the second season only. (ii) Length of growing season and

leafiness were measured in the second season whereas they were not
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measured in the first season. (iii) The sample sizes for each hybrid were

insufficient.

The key methods that have not been applied in this study include:

* AMMI: Additive main effects and multiplicative interaction (AMMI) is
a type of multivariate method used to supply a biplot for discovering
the main effects and interactions between genotype and environment
(Kang, 2002).

=  GLM: General linear model (GLM) is also a type of multivariate
method used to find genotype-environment interactions (genotype x
years, genotype x locations and genotype x years x locations) (Anon,
2005).

= Principal coordinate analysis, as detailed by Westcott (1987), analyses
genotype means for each environment, highlighting performance
features. His method, in certain circumstances, has advantages over
methods based on regression, cluster and principal components
analyses.

» SHUKLA'’s stability variance (Shukla, 1972): a univariate parametric
ANOV A method that provides “an unbiased GEI variance attributed to

each genotype.” (Kang 2002).

Other methods could have been applied to study the relationship between

yield parameters and morphological characters; for example, multilevel
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analysis (multilevel factor analysis and multilevel regression analysis) (Hox,
1995). Similarly, however, the experimental design and data quality of this
investigation preclude its use.

New approaches to the statistical analysis of barley breeding experiments,
specifically Factor Analysis and Canonical Correlation, will be used to study
the relationship between yield parameters as a set and morphological
characters, also as a set. Stepwise multiple regression analysis between
morphologies and yield will be used to determine wheth.er or not there is a
relationship, and which is the best equation for describing barley breeding
data (linear or exponential). Finally, the relationship between yield parameters

-and morphological characters for each hybrid and area will be studied by
multiple regression analysis (linear and exponential).

Five stages will be studied in this project:

Stage 1: Hypothesis testing and Genotype-Environment interaction

The yield component is affected by many factors, for example, temperature
location, and rainfall. This stage will study the hypothesis testing for different
independent samples. This stage also studies whether or not there 1s genotype-

environment interaction.

Stage 2: Canonical analysis
The research will aim to determine whether there is relationship between the
yield parameters as a set and morphological characters also as a set, and will

display alteration due to differences of season or location.
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Canonical correlation is used to study the relationship between morphologies
of barley as a set (vegetative durationx,, plant heightx,, length of growing
seasonx, and leafiness x,) and yield parameters of barley, also as a set, (total
yield y,, grain yield y,, straw yield y, and thousand grain weight (TGW) y,).
When a canonical correlation is found, the statistical significance in canonical
correlation uses the Bartlett test (Levine, 1977). Then canonical analysis will
demonstrate whether or not there are relationships between the morphologies
and yield parameters.

Stage 3: Factor analysis

This investigation will use factor analysis to find the interrelationship among
various morphological characters and yield parameters. Factor analysis will
be used to reduce a large number of correlaied variables into a smaller
number of unrelated factors.

Stage 4: Multiple regression analysis

In this section, regression analysis (stepwise and multiple regression) will be -
used with the aims to determine whether therg is a relationship between the
morphological characters and the yield parameters, and whether or not this
relationship will be altered by differences of season or location.

In this research, the effectiveness of multiple exponential regression in
agl‘i.cultural analyses will be compared with multiple linear regression.

Stage 5: Conclusion, Summary and Future plans

The project can be summarized by the Figure 3.1
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Statistical description:
Leafiness had a significant influence on yields across seasons at Tel Hadya
and Breda. This was shown by: firstly, a significant difference (P<0.05)
between the mean total plant yield depending on levels of leafiness in two
areas (Tel Hadya, Breda) with all three hybrids; and secondly, grain yield in
Breda was significantly affected by leafiness during the second season. As
shown in Tables a.l.a to a.l-.f, and according to levels of leafiness, there were
significant differences between grain yields (HI (P=0.011), H2 (P=0.001),
and H3 (P=0.007). However, at Tel Hadya, leafiness had no real effect on
grain yield except for H2 (P<0.05), since the mean grain yields for given
levels of leafiness in H2 were significantly different during the second season.
Mean straw yields were affected by levels of leafiness during the second
season except for H1 in Tel Hadya where there were no significant
differences between means straw yield according to leafiness scores.
(P=0.098). A significant difference between mean straw yields is illustrated
in-Tables a.l.a to a.1.f (Tel Hadya: H2 (P=0.03§’), H3 (P=0.012), Breda: H1
(P<0.001), H2 (P<0.001), H3 (P=0.036)).
Using the Least Significant Difference (LSD) test it can be seen that for:
= HI: the mean yields at leafiness levels 4.5 and 4 were the best in Tel
Hadya and Breda. The rank order of leafiness levels according to total
plant yield were: in Tel Hadya (4.5, 4, 3.5, 5, 3) and in Breda (4.5, 4,

3.5,3,2.5,2).
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= H2: there are no large differences between H1 and H2. However, it can
be seen that, at Tel Hadya, the best yield parameters (total plant yield,
grain yield, and straw yield) were with leafiness level 5 and the rank
order of leafiness levels was: in Tel Hadya (5,4.5,4,3,3.5) and in Breda
(4.5,4,2.5,3.5,3).
= H3: at Tel Hadya, leafiness level 4 was the lowest for production whilst
level 5 was highest. The order at Tel Hadya was (5,4.5,3.5,4), while at
Breda it was (4.5,4,3.5,3,5).
In summary, leafiness level 5 was the best in H2 and H3 in Tel Hadya, while
it was the worst for HI at Tel Hadya and H3 at Breda. This suggests that
leafiness was not stable for hybrids | and 3.
In conclusion, yield parameters can be strongly affected by leafiness but
lea.ﬁness can also be affected by location and H1 and H3 appeared not to be
stable. As a consequence, the interaction between genotype and environment
and also the relationship between yield parameters and morphological

characters must be investigated more thoroughly.
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4.3 The influence of weather on yield and morphological characters

Weather is one of the most important factors influencing barley yields. Table
4.1 indicated that there were significant differences (P<0.05) between the
mean yield parameters during the two seasons (season 1, season 2) in Tel
Hadya . There could be several reasons for these differences. For example:

1. Date of cultivation and germination: the date of cultivation for the first
season was two weeks earlier than for the second season, however, the
date of germination for the two seasons was the same (25" Dec). Thus
the seeds took about one month to germinate in the first season but only
2 weeks in the second. Many factors affect germination but the most
important of these are temperature and moisture availability (Briggs,
1978). During the period of germination in the second season average
rainfall was 18 mm and the temperatures ranged from 3 °C to 10.5 °C,
while in the first season, the rainfall was 50 mm and the temperatures
ranged from 2 °C to 8.3 °C. The low temperatures in the second season
explain the slow establishment rate and possibly increased plant losses
during establishment, lower plant populations can reduce yield (Briggs,

1978).









































































Chapter 4 113

Similar]y there are no significant Spearman correlation coefficients between
plant heights in the different areas. In conclusion, there are genotype
environmental interactions in the second season between Tél Hadya and
Breda.

Table 4.2 shows the mean data in the different areas for the same hybrid (H1,
H2, and H3) and season.

The environment had a significant impact on the 'yield parameters in two areas
whenever the same hybrids were used in the same season. This conclusion is
illustrated .in Table 4.2. There is a significant difference between yields
(P<0.05). Yields in Tel Hadya were much greater than in Breda for several
reasons for example, average rainfall during the second season in Tel Hadya
(291 mm) was higher than in Breda (273.3 mm). The temperature in Tel
Hadya was greater than in Breda. Also the soil in Tel Hadya was different
from that in Breda. Consequently, rainfall, temperature and soil in Tel Hadya
resulted in greater growth and higher production. The environment was
different and the production may be due to one or more factors or the

interaction between them.
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From Table 4.2, it can be seen that the number of ears in Breda was greater
than the number of ears in Tel Hadya. However, there was a significant
difference in (TGW) and yields, with those in Tel Hadya being greater than
those in Breda.

Environment also had an impact on the morphological characters. There were
significant differences between morphological characters in Tel Hadya and
morphological characters in Breda (plant height, vegetative duration, length
of growing season , leafiness). For example, plant height in Tel Hadya was
higher than in Breda. Leafiness in Tel Hadya was (3-5), while in Breda it was

(2-4.5).

4.4.3 The influence of genotype on yield and morphological characters

Table 4.3 shows the mean data for different hybrids (H1, H2, and H3) in same

area (Tel Hadya, and Breda) and season (first season, second season).
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The genotype had an effect on barley yields and morphological characters
(Table 4.3) and showed that in the first season there were strongly significant
differences between hybrids in terms of yield parameters (total plant yields
(F=42.38;, P<0.001), grains vyields (F=72.6, P<0.001), straw vyields
(F=15.63;, P<0.001), number of ears (F=15.28; P<0.001)). However, it can
be seen that the genotype had no real impact on plant height, since there were
no significant differences between them (F=0.29; P=0.747).

In the second season in Tel Hadya, there were no significant differences
between the number of ears (F=0.02, P=0.976), but t-here were strongly
significant differences between yield parameters (total plant yield (F=161.1,
P<0.001), grain yield (F=187.8; P<0.001); straw yield (F=101.4; P<0.001)).
The reasons for these differences are: (i) the number of grains in the ears was
different from one hybrid to another (grain yield is affected by number of
grains per ear). (11) Straw yield is affected by plant height and leafiness. There
were significant differences between morphological characters (vegetative
duration (F'=77.49; P<Q.001), plant height (F=40.11, P<0.001), length of -
growing season (£=6.96; P=0.001), and leafiness (F=52.95, P<0.001)).

In Breda (second season), there were significant differences in yield

parameters and morphologtcal characters.
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4.5 Summary

This chapter studied some of the factors affecting yield and yield parameters

(environment, morphological characters, and genotype) and the significant

findings were:

]1-

6-

The influence of leafiness on yield: yield parameters have been affected
by leafiness and the LSD test was used to study significant differences.
The lealiness was stable only with H2 while HI and H3 were affected
strongly by location. .

The influence of weather on (genotype) yield and morphological
characters was studied by a comparative study of the same area during
different seasons : the yield parameters and morphological characters
were significantly affected by weather and HI gave the best production
at all hybrids.

The influence of environment on yield parameters and morphological
characters: there were significant differences between mean data in
different areas in the same season. Yields in Tel Hadya for each hybrid
were much better than Bred-a. ‘

Genotype tended to rank differently in yield parameters and
morphological characters at different locations.

Genotype tended to rank differently in yield parameters and
morphological characters in different years.

Vegetative duration and TGW were not affected by location

(significant Spearman correlation).
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7- The influence of genotype on yield and morphological characters:
ANOVA was used to show that the genotype had an effect on yield

parameters and morphological characters and H1 gave the best yield.

It can be seen that many factors have affected yield parameters and
morphological characters when studied individually. However, the
relation'ships between yield parameters and morphological characters now
needs to be studied to see whether or not these relationships have been
changed by groups of factors associated with the weather or environment.
Canonical correlation analysis will be used to study the relationship
between yield parameters as a set and morphological character also as a set

in the next chapter.



Chapter § 120

Chapter 5

A study of the relationship between yield parameters as
a set and morphological characters as a set using
canonical correlation
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5.1 Introduction

Canonical correlation is a type of multivariate statistical analysis which is
used to analyze the relationships between multiple independent and multiple
dependent variables (Shafto, er al., 2005). While canonical correlation is a
form of correlation relating two sets, there may be more than one significant
canonical correlation. The maximum number of canonical correlations
between two sets of variables is the number of variables in the smaller set
(Anon, 2004a). Most of the relationship between two sets is explained by the
first canonical correlation (see Chapter 2).

In this chapter, canonical correlation will be used to establish whether or not
there 1s a relationship between morphological characters of barley as a set and
yield parameters (biomass and grain) of barley, also as a set. Canonical
correlation analysis will also be used to determine which variable among
morphological characters has the strongest relationship with yield parameters.
Pearson correlation will only be used to study the relationship between two
variables, while canoxjical correlation will be used to study the relationship
between sets. Thus, canonical correlation will be used to study the
relationship between morphological characters and yield parameters and
partial correlation will be used to study the relationship between the variables
(yield parameters and morphological characters) and canonical variables.
When the canonical correlation is found, the statistical significance in

canonical correlation will be studied by means of the Bartlett test.
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This chapter has three sections. The first will study the relationship between
yield parameters as a set and morphological characters also as a set in each of
the two areas Tel Hadya and Breda, in the second season. The second section
develops from the first section, in which this relationship will be studied for
the whole data during the second season using two different type of equations
for yield parameters (linear and logarithmic). Finally, the comparison between
canonical correlations (the first canonical correlation between yield
parameters and morphological characters, and the second canonical
correlation between logarithmic yield p-arameters and morphological

characters) will be studied to see which is the best and for what reasons.

5.2 The relationship between yield parameters as a set and

morphological characters also as a set in Tel Hadya

The canonical correlation coefficients between morphological characters as a
set (vegetative duration, plant height, length of growing season, leafiness) and
yield parameters of barley, also as a set, (total plant yield, grain yield, straw
yield and weight of 1000 barley seeds (TGW)) were (0.3981, P<0.001),
(0.2703, P<0.001), (0.2368, P<(.002) and (0.022(-5, P=0.6958). The first
three canonical correlation coefficients were sign.iﬁcant (P<0.05), while the
fourth canonical correlation coefficient was not significant (>0.05). That set
has a statistically significant correlation. Therefore, there was a relationship
between morphological characters and yield parameters. The first set of

equations will be given to study this relationship. The equations are:
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U =-0.4977x, +0.6784x, + 0.5262x, - 0.3019x, 5.1

V =-573.756y, + 300.807 y, + 308.233y, + 0.1649 y, 5-2
where:
U is a canonical variable for morphological characters.
V is a canonical variable for yield parameters.
x, s a scaled vegetative duration '.
x, 18 a scaled plant height .
x, 15 a scaled length of growing season.

x, 15 a scaled leafiness.

And

y, 1s a scaled total plant yield.

y, 18 a scaled grain yield.

», Is a scaled straw yield.

y, is a scaled TGW.

Figure 5.1 shows a scatter plot of the first set of canonical vanables.
According to the coefficients in the equations 5-1 and 5-2, U is primaril.y
related to plant height. The order of contribution of morphological characters
1s: plant height, length of growing season, vegetative duration and leafiness.
According to the second equation, the canonical variable V is affected by the

total plant yield. The order is: total plant yield, straw yield, grain yield and

x — mean(x)

sd(x)

'Scaled X =
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TGW. Plant height and length of growing season have a positive influence on
the first canonical loading, while vegetative duration and leafiness have a
negative influence on the first canonical loading. The second canonical
loading had been affected positively by all variables except total plant yield.

The simple correlation for both the morphological characters and yield
parameters with canonical variables (Table 5.1) showed that there are
differences between the values of simple correlations (morphological
characters). The simple correlations range for morphological characters and U
was from 0.279 (length of growing season and U, P<0.035) to 0.703 (plant
height and U), since vegetative duration and leafiness have a negative simple
correlations with U. Total plant yield, grain yield and straw yield are equally
important to U and they have significant simple correlations with canonical
vanable U (P<0.01), while TGW: has no significant simple correlation with
U. Also, Table 5.1 shows that there were simple correlations between ¥ and

morphological characters.
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V has positive simple correlation with plant height (0.280, P<0.01), while it
has a negative simple correlation with vegetative duration (-0.226, P<0.01).
There was no significant relationship between length of growing season and
canonical variable V, since there is a significant negative simple correlation
between leafiness and V but this simple correlation was not strong (-0.127,
P<0.05).The simple correlation between V and total plant yield was (0.907,
P<0.01), V and grain yield was (0.743, P<0.0/), while the strongest
relationship appeared between straw yield and canonical vanable V (0.967,
P<0.01). 1t can be seen that total plant yield, grain yield and straw yield were
variables atfected by morphological characters, while TGW was not affected
by morphological characters. Consequently, TGW can be removed.

The proportion of the variance (each domain) is accounted for by canonical
variates:

v (—0.567)° +(0.703)° +(0.279)7 +(-0.320)°
4

U =0.2490 5-3

(0.907)7 +(0.743 )7 +(0.967 ) +(0.157 )}
4

Ve

=0.5836 5-4

58% of the variance in the Y set is accounted for by V, while only 25% of the
X set 15 accounted for by U.

The simple correlation for cross-loading (¥ with morphological characters
and U with yield parameters) indic_ates that length of growing season had no
correlation with canonical variable V. Also TGW had no correlation with U.

Approximately nine per cent of the variance in plant height is explained by
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V, while less than 6% of the variance for vegetative duration is explained by
V. Also, 13% of the variance for total plant yield and straw yield are
explained by canonical variable U, while less than 10% of variance for grain
yield is explained.

In conclusion, there were significant canonical correlations between
morphological characters as a set and yield parameters also as a set. The
simple correlations between morphological charagters and the canonical
variable V indicated that plant height and vegetative duration were the most
important variables of the morphological characters affecting yield
parameters. There were no simple correlations between TGW and
morphological characters. However, since there are insufficient data, the

conclusion about the relationship remains equivocal.

5.3 The relationship between yield parameters as a set and

morphological characters also as a set in Breda

The canonical correlation coefficients between morphological characters and
yield parameters were not given because the variables (yield parameters) were
linearly dependent’. Since a non-canonical correlation exists between
morphological characters and yield parameters, it will be necessary to analyse
the relationship between morphological characters and logarithmic yield
parameters (logarithmic total plant yield, grain yield, logarithmic straw yield
and TGW). The canonical correlation coefficients were 0.560, 0.183, 0.082

and 0.005. Since the first canonical correlation was significant (P<0.0001),

? As out lined in Chapter 2.
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there is relationship between the sets (morphological characters and
logarithmic yield parameters). The sets of canonical variables are given by:

U =-0.0076x, +0.7018x, — 0.1539x, + 0.6234x, 5.5

V=—18345y,+1.2614y, +1.7667y, +0.1258), 5-6
where: x, scaled vegetative duration, x, scaled plant height, x, scaled length
of growing season, x, scaled leafiness, y, scaled logarithmic total plant yield,
y, scaled grain yield, y, scaled straw yield and y, scaled TGW. |

Figure 5.2 shows a scatter plot of the first set of canonical variables.

The morphological characters set shows that vegetative duration, and length
of growing season have a negative influence on canonical variables, while
plant height and leafiness have a posttive influence.

The entire loganthmic yield parameters (except logarithmic total plant yield)
have a positive effect on canonical vanable V. Plant height and leafiness were

the most important variables affecting &/ . The main contributors, in the

morphological characters set, in order of importance, were: plant height,
leafiness, length of growing season and vegetative duration. Vegetative
duration and length of growing season did not have a significant effect on
canonical variable U. Logarithmic total plant yield and logarithmic straw
yield were the mbst important variable effecting ¥, while V was not affected
by TGW.

The simple correlations between morphological characters and logarithmic

yield parameters, each with canonical variables (Table 5.2), showed that the
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range for simple correlations for morphological characters and U differed
from 0.252 (vegetative duration and U) to 0.756 (plaﬁt height and U). the
results demonstrate that vegetative duration and length of growing season
have negative simple correlations with U and V. Plant height has the strongest
simple correlation with U (0.756; P<0.01) and with V (0.423; P<0.01). As
shown in Table 5.2, the TGW did not have strong relationship with canonical
“variable U and V, while logarithmic total plant yield, logarithmic grain yield
and logarithmic straw yield had a very strong relationship with V (0.972,
0.867, 0.942, respectively, P<0.01lin each case). Plant height and leafiness
had positive simple correlations with U and V. Also yield parameters had

positive simple correlations with canonical variables U and V.
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Factor score coefficients: the estimation of the common factors, called factor
scores (Kim and Mueller, 1978) (See Chapter 2). The estimation of values for

unobserved random factor vectors F,, j =123 are indicated by Table 6.4.

Table 6.4. Factor scores for Tel Hadya , H1.

Variable Factor | Factor 2 Factor 3
(Yield) (Plant period) (Morphology)
Total plant yield 0.393 0.030 -0.077
Grain yield 0.375 0.063 -0.130
Straw yield 0.324 -0.013 -0.004
TGW 0.053 0.444 0.092
Vegetative duration -0.060 0.422 0.012
Plant height -0.054 -0.147 0.574
Length of growing season 0.065 0.430 -0.089
Leafiness -0.128 0.123 0.698
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6.2.2 Maximum Likelihood Factor Analysis

The estimation of unrotated factor loadings, rotated factor loadings,
communality, unique variance, eigenvalue, total sample variance explained by
each factor and total variance are shown in Table 6.5 (for more information
see Chapter 2).

Maximum likelihood factor analysis for Hl in Tel Hadya gives a result
consistent with the Heywood Case’. Table 6.5 indicated that TGW, vege-tative
duration, plant height, length of growing season and leafiness have small
loadings (less than 0.3) and these are omitted . Total plant yield, grain yield
and straw yield have positive loadings on the first factor and negative on the
second factor (before rotation). However straw yield changed to positive on
the second factor (after rotation).

The estimation of communalities (42) for grain yield which are calculated by

factors are larger for the maximum likelihood than for that method principal
components. Other variables (TGW, vegetative duration, length of growing
season, léaﬁness) have much smaller communalities when calculated by
maximum likelihood than when calculated by principal components. The total
sample variances calculated by each factor are larger for principal

components factor analysis than for maximum likelihood. Also the principal

* “Heywood Case occurs when the minimum of the discrepancy function is obtained with .
one or more negative values as estimates for the variance of the unique variables”

StatSoft, 1. 2006. Text book. [on-line] Available: www.slatsoft.com/textbook/glosh.html

[date accessed: 2005]
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component estimates L and § are better than the maximum likelihood

because the residual matrix is smaller.

Finally, there are different results between maximum likelihood estimate and
that of principal components because TGW, vegetative duration, plant height,
length of growing season and leafiness are omitted for the maximum

likelihood while they explain by principal components.
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Factor 2 was regarded as a “plant period” factor since it consisted of days to

vegetative duration and length of growing season.

Plant height and leafiness in Tel Hadya (H2, H3 and Tel Hadya) were

strongly associated with Factor 3, which accounted for about /7% of the

variation. Factor 3 was strongly correlated with TGW for H3 (Tel Hadya) and

Tel Hadya Tables 6.6 and 6.7. In Breda, Factqr 3, which accounted for about

15% of the variation, was strongly associated with vegetative duration and

plant height. All variables had positive loadings in factor 3 (H2 and H3 in Tel

Hadya) while variables had negative loadings in factor 3 in Tel Hadya. Factor

3 was termed “morphology” factor.since it consisted of plant height and

leafiness.

The total variance for total plant yield, explained by factors, was indicated in

Tables 6.6 and 6.7. The three factors accounted between 94.5% (HI1 in Breda)

and 99.7% (H3 in Tel Hadya), but most of the variance was explained by the

ﬁrst_ factor (yield). 90.3% of the variance in total plant yield in the second

season was explicable because there were only two factors (Table 6.7). Also |
more than 80% of the variance for grain yield and straw yield in season two

were explicable for the same reason (two factors). Most of the variance 1s

explained by the first factor (yield).

The variance for TGW and leafiness, which are explained by three factors,

were not stable. For example, in H2 (Tel Hadya), there was only 29.9% of

vériance which was explained by three factors (Table 6.6), while for HI
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(Breda) 88% of variance for TGW was explained by three factors (Table 6.6).
Also for H2 (Breda), the total variance for leafiness, explained by three
factors, was 20.2% (Table 6.7), while in season two there was 97.8% of
variance for leafiness was explained by three factors (Table 6.7).

The total variance explained for: vegetative duration was between 56.2% H3
(Tel Hadya) and 92.7 % H3 (Breda), length of growing season was between
52.6% Breda and 80.6% season two. Finally, the total vanance for plant
height, explained by three factors, was between 53.7% H1 (Breda) and 79.9%

season two (Tables 6.6 and 6.7).

Generally, the relationship between yields (total plant yield, grain yield and
straw yield) and morphological characters (vegetative duration, plant height,
length of growing season and leafiness) was not significant because there are
no significant correlations among them, except in the second season. TGW
was related to vegetative duration and length of growing season (Tables 6.6
and 6.7)

In the second season, vegetative duration, plant height and length of growing
season are accepted as the most important characters due to their close
relationship with total plant yield, grain yield, straw yield and TGW (Table
6.7).

Residual: in Tel Hadya, there was about 25% of covariance between
vegetative duration and length of growing season (HI) , 25-% of covariance

between TGW and vegetative duration (H2) and 28% of covariance between
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plant height and leafiness (Tel Hadya, HI and H2). These results are
indicated by Tables 6.8. and 6.9. However, the residual matrix was small in
magnitude. In Breda, there was about 24% of covariance bet\I,veen vegetative
duration and plant height (H1 and H2) while there was about 25% of
covariance between TGW and length of growing season (H3). The residual

matrix for season two was very small in magnitude (Table 6.9).



Table 6.8. The residual matrix corresponding for factors (H2, H3 in Tel Hadya and HI1, H2 in Breda).

Tel Hadya (H2)
[ X, X,
x, 0
x, 0.003 0
x, 0009 -0.193
x,—0.03] -0.058
xs 0.042 0.023
x,—-0.028 0.006
x,—0.028 -0.014
Lx, 0.027  0.04]
Breda (H1)
% *;
x, 0
x, 0.055 0
x, 0.048 -0.117
x,—0.008 0.012
x,—0.023 -0.007
x,~0.108 ~0.122
x, 0022  0.005
| x,~0.137 —0.174

Where : X, is a total plant yield, x, is a grain yield, x, is a straw yield, x, is a TGW, x;

0
-0.005
0.063
-0.054
~0.039
0.004

-0.022
-0.037
-0.088
0.035
- 0.089

X,

0
-0.179
0.094
-0181
-0.182

0.033
-0.095
-0.131

0.097

X5 x,
0
-0.018 0
-025] 6118
0.023 -0282
x5 x,
]
0.247 0
-0.240 —0.054
-0.092 0.088

length of growing season and x, leafiness.

x; X

0

~0.046 0

Tel Hadya (H3)

x, X,
x, 0
x,—-0.021 0
x, 0.020 -0130
x,—-0.010 0.044
x; 0.029  —-0.003
x, 0.020 0010
x,—0010 -0.024
| x,—0.019 ~0.024
Breda (H2)
X, X,
x, 0
x, 0.024 0
x, 0.032 -0.100
x, 0.012 0083
x,—0.061 —-0.068
x,—0.057 —0.034
x, 0.023 -00]2
| X, —0.099 -0.133

X

0
~0.044
0.045
0.024
0.000
-0.013

0
~0.043
- 0.047

~0.065

0.048
~0.061

X,

0
-0.254
-0.057
-0.171
-0.194

0.0323
0.160
-0.799
-0.0213

0.118
-0.153
-0.061

0
0.209
-0.026
0.148

X4 X, Xy
0
0.063 0
-0.270 0.029 0_
X, X, X, i
0
0.020 0
0.086 -0.074 0|

is a vegetative duration, x, plant height, x,




Table 6.9. The residual matrix corresponding for factors (H3 Breda; Tel Hadya; Breda and season 2).

Breda (H3)
. x

x, 0

x, 0.006

x; 0.039

x,-0.013

x; —0.04]

x,—0.057

x,~0.032

| x,—0.113

Breda

X
x, 0
x, 0.033
x, 0.043
x, - 0.042
x; —0.002
x, — 0.053
x, 0.036
| x,—0.137

Where : x, is a total plant yield, x, is a grain yield, x, is a straw yield, x, is a TGW, x, is a vegetative duration, x, plant height, x,

X,

0
-0.155
-0.007
-0.020
-0.010
-0.023
-0.077

0
-0.109
-0.025

0.008
-0.061
0.003
-0.151

X3

0
-0.017
—-0.052
—0.090
—-0.033
-0123

0
-0.045
-0.012
- 0.046
0.055
-0.106

X,

0.008
0.013
-0.254
-0.011

0
0.037
-0.156
-0.364
0.110

X5 X4
0
0.133 0
0.085 0.136
0.135 -0.06!
X5 Xs
0
0.187 0
—-0.211 0048
—0.167 0077

length of growing season and x, leafiness.

X Xy

0
0012 0

Tel Hadya

I X, X,
x, 0

x, 0.018 0

x, 0.019 —0.070
x,—0.030 —-0.0i5
x, 0.054  0.041
x,—0.048 —0.061
x,~0.050 —-0.068
%, 0,076  0.092
Season two

i X, X,
x, 0

x, 0.095 0
x, 0.09  0.060
x,—0.115 —0.109
x,—0.070 —0.064
x,~0.031 —0.047
x,—0.111 —0.106
| x,-0.027 -0.022

X3

0
-0.040
0.064
-0.031
-0.031
0.055

-0.113
-0.072
-0017
-0.113
-0.031

X,

0
-0.183
0.091
—0.149
~0.284

0
0.003
-0.011
- 0.004
0.006

0
0.094
-0.190
0.099

0
0.000
0.048
0.008

X, x;
0
0.148 0
—-0.239 0.001
X X,
0
—-0.085 0
—0.048 0.123
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6.4 Conclusions and summary

The conclusion will be given in two sections. The first section will summarize
the results for each hybrid and each area. The second will give the conclusion
for season two.

Three factors in each hybrid (H1, H2 and H3) and each area (Tel Hadya and
Breda) accounted for about 73 % of the total variability. The communalities
were high for .total plant yield, grain yield and straw yield (>0.85). Tables 6.6
and 6.7 indicated that there were three factors which explained eight variables
(total plant yield, grain yield, straw yield, TGW, vegetative duration, plant
height, length of growing season and leafiness). The most important factor in
Tel Hadya (H1, H2, H3 and Tel Hadya) was the first factor (yield) since it
consisted of total plant yield, grain yield and straw yield. However, In Breda
(H1, H2, H3 and Breda), the variability was nearly the same (about 38%); this
factor also included the leafiness parameter. The second most important factor
contained three variables (TGW, vegetative duration and length of growing
season) in Tel Hadya (H1, H2, H3 and Tel Hadya) and accounted for 20.99%,
20.5%, 20.90% and 20.0%, respectively, of the total variability. There
appeared to be no obvious factor equivalent to this one in the Breda data (H1,
H2, H3 and Breda). However, th_is factor accounted for about 20% of the total

vaniability. The summary is given in Table 6.10 and 6.11.



Table 6.10. The summary for the total variability (Tel Hadya).

H1 (Tel Hadya)

H2 (Tel Hadya)

Factor = % Total Variables Factor % Total Variables
Variability Variability
1 33.1 Total plant yield, grain yield and straw yield | 1 343 Total plant yield, grain yield and straw yield
2 21.0 TGW, vegetative duration and length of 2 20.5 TGW, vegetative duration and {ength of
growing season. growing season
3 16.4 Plant height and leafiness. 3 17.0 Plant height and leafiness.
70.5 71.8
H3 (Tel Hadya) Tel Hadya
1 40.2 Total plant yield, grain yield and straw yield | 1 37.0 Total plant yield, grain yield and straw yield
2 20.9 Vegetative duration and length of 2 20.0 TGW’, vegetative duration and length of
growing season growing season
3 18.0 Plant height and leafiness. 3 15.2 TGW’, plant height and leafiness.
79.1 72.2

* Variables so marked have loadiﬁgs greater than 0.50 in more than one factor.




Table 6.11. The summary for the total variability (Breda).

H1 (Breda) H2 (Breda)
1 394 Total plant yield, grain yield, straw yield 1 38.5 Total plant yield, grain yield, straw yield
and leafiness and leafiness
2 18.0 Vegetative duration and length of 2 21.1 TGW and length of growing season
growing season
3 15.3 TGW 3 153 Height-plant and vegetative duration
72.7 749
H3 (Breda) Breda
1 36.1 Total plant yield, grain yield and straw yield | 1 37.2 Total plant yield, grain yield, straw yield
and leafiness
2 20.5 TGW, plant height and length of growing 2 18.7 Vegetative duration and plant height
season
3 13.2 Vegetative duration 3 13.5 TGW and length of growing season
69.8 66.4
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In season two, 80 % of the total variation was accounted by common factors.
The first two factors accounted for 63.7% and 16.3% of the variation after
rotation, respectively (Table 6.7). Tﬁc first factor consisted of all variables
except leafiness. 1deally, the major variables in the first factor would show
high positive loading values (it was between 0.731 for length of growing
season and 0.919 for total plant yield).

Finally, Season Two reveals a relationship between yield parameters and
morphological characters while this relationship for each hybrid and area did
not appear for certain reasons, (for example, insufficient size of simple of data
in each hybrid or area)

Chapter 7 will study the relationship between yield parameters and

morphological characters.
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Chapter 7

Using multiple regression analysis to study the
relationship between yield parameters and
morphological characters
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7.1 Intreduction

Crop yield is a product of the expression of the genotype within an
environment (GxE), that is to say, set of environment and morphological
characters. Frequently, only simple relationships between these factofs and
yield ére reported in the literature, but often these factors may interact. A
stepwise multiple regression may provide a more applicable approach. viz:

l. Stepwise. multiple regression. Using. this method, the
research will aim to determine whether there is a
relationship between the morphological characters and the
yield parameters.

2. In this research, the effectiveness of multiple exponential
regression 1n agricultural analyses will be compared with
multiple linear regression, especially for studying the
relationship between morphological characters and yield
parameters in experiments involving barley breeding.

Multjple regression analysis is frequently used to study the effect of sets of
independent variables X’s (morphologies of barley (leafiness -number of
leaves- length of growing season, plant height, vegetative duration) on one
variable yield parameters of barley (total plant yield, grain yield and straw
yield)) which are defined as a function. In general, stepwise programmes are
designed to maximis_e the coefficient of determination with a minimum

number of independent variables. However, this may not succeed very well in
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practice because it depends on many factors. For example, the significance of
independent coefficients and the significance of equation (Cohen and Cohen,
1975). This research will use forward stepwise regression to study this effect
in two ways: stepwise linear regression equations and stepwise exponential

regression equations.

Exponential functions are frequently found in biological relationships', for
example, in the study of the relationship between ledf appearance rate (LAR)
and temperature (Xue, et al, 2004) Also exponential equation has been

chosen because it is very close to linear equation.

By means of forward stepwise regression the correlation coefficients will be
found between the independent variables and the function. Then the
independent variable which has the strongest correlation coefficients with y
will be chosen to find the equations (linear and exponential). Subsequently, F-
tests will be used to study the significance of these equations and t-test to
study the significance of correlation coefficients and also regression
coefficients (Allison, 1999). When the equations (linear and exponential) are
used, the independent variable will be kept and a new independent variable
(which has a strong correlation with y) will be added, and the same methods
will be repeated until the multiple regression equations between the

independent variables (morphologies) and the function (yield parameters) are

! Exponential relationships occur in situations where the absolute value of variable changes
at a rate that is proportional to its instantaneous value (Burton, 1998).
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optimised (depending on, determination coefficient, the significance of
equation, the significance of the independent variables and the residuals). In
this section, at every step, linear equation and exponential equation will be

compared to determine which equation is better.

7.2  Relationship between yield parameters and morphological

characters in season two:

Before starting to use stepwise multiple regression, the correlation
coefficients between morphological characters and yield parameters were

calculated (Table 7.1).

Table 7.1. Matrix of correlation coefficients

[ Totalplantyield Grainyicld Straw yield|
Vegetative duration 0.750" 0.726" 0.740"
R=| Plant height 0.767" 0.720" 0.778"
Length of growing season 0.571" 0.564" 0.553"
| Leafiness 0.307" 0275 0.324"

According to the correlation matrix (above), there are positive correlations
between morphological characters and yield paraineters.

7.2.1 The relationship between total plant yield and morphological
characters
According to the R matrix:

2

> IR(Tmul,lield,Leaﬁnﬂ:)

IR(Tmal yield . Plam height)‘ > IRGTamI vield Vegeintive durasion) > IR(Tazal yield Jengthof groning season}

2 |Rl is Abstract value of R.
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So the relationship between morphological characters and yield parameters
will be studied as: firstly, total plant yield as a function of plant height as an
independent variable; secondly, total plant yield as a function of vegetative
duration and plant height as independent vanables; and thirdly, total plant
yield as a function of length of growing season, vegetaﬁve duration and plant
height as independent varniables. Finally, total lplant yield as a function of
morphological characters as independent variables.

7.2.1.1 The relationship between the total plant yield and the plant height
The linear relationship between total plant yield (y) and plant height (x) is

shown in Figure 7.1. There is a significant positive correlation between the
total plant yield and plant height (Figure 7.1). The regression equation is:
Total plant yield = - 4509 + 176 plant height

Estimated gradient, aiso known as the regression coefficient, 5= /76, there is
an increase of /76 (kg ha™'} in the total plant yield for each increase of one
centimetre.

The plant height was significant in this equation (P<0.007)’. The constant in
this equation also is significant (P<0.001).

Coefficient of determination: (R’)

The coefficient of determination tells us how much of the variation in the
dependent variable y is explained by the equation. In other words, R? is

greater than (.85 means the data fit the equation well, and R’ near zero means

3 The estimated of t is given as follows:
t=|b+SE,|=[208.96 - 46.18| = 4.52
The plant height is a significant variant affecting the total plant yield (1=4.52; P<0.05).
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The coefficient of determination was R’% =58.8% (P<0.001)’. It indicated
that 59% of the variation in the total plant yield is explained by the equation.
F-test determines whether the equation is significant or not. It is given by the
equation:

MSr'egres:iou _ ]8192308 74 _ 8
MS 2087268

error

F= 71.58

The equation is significant ( £ ,, = 871.58, 7 <0.001) .

Exponential Equation:
The exponential relationship between X and Y is shown in Figure 7.2
The exponential equation ( ¥ = a¢*" ) and the summary can be given as:

The regression equation 1s

0.01347 Plant height

Total Yield = 706.2717 o
P-value is less than 0.001, so the equation is significant. The coefficient of
determination in exponential equation (68.5%%, P<0.001) was better than the
coefficient of determination in linear equation.

The plant height and constant were significant in this equation (P<0.001).

5 This determines whether the correlation coefficient is significant or not using the

following equation. It is given by:

_|RWN-M 076716122
\/1_132 J1-0.588

t =45.97
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Unusual observations (Linear, Exponential):

Large residuals:

In the linear equation there are 42 points from 6/2 points that are more than
two standardised residuals away from the expected value, but in the
exponential equation, 28 points are more than two standardised residuals
away from the expected value.

Influential points:

In the linear and exponential equations, there are two points that are identified
as being particularly influential.

In conclusion:

¢ The total plant yield has been strongly affected by plant height.

e The exponential equation was better than linear equation because the
coefficient of determination was higher and the residual error in the
exponential equation was lower than the residual error in the linear
equations.

7.2.1.2 The relationship between the total plant yield and morphological
characters (season two) -

The results for stepwise multiple (linear and exponential) regression analysis
are summarized in Table 7.2.

Table 7.2 indicated that there was a significant relationship between total
plant yield and morphological characters. There were 64% and 72% of the
variation in the total plant yield is explained by the linear equation and

exponential equation respectively.
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In linear and exponential equations, the morphological characters variables
except leafiness were highly positively correlated with total plant yield (Table
7.2). The coefficient of determination increased slightly (Table 7.2); since in
linear equation, the coefficient of determination was 58.8% (total plant yield
and height plant) then increased to be 63.6% (total plant yield and plant height
and vegetative duration). When length of growing season and leafiness were
taken into account in the linear regression, the coefficient of determination did
not improve more than /%. The coefficient of determination using the .
exponential equation was about 65% (total plant yield a‘nd plant height)
increased until about 72% (total plant yield with plant height, vegetative

duration and length of growing season) since the variable leafiness did not

improve the coefficient of determination (Table 7.2).
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Table 7.2. Stepwise multipl.e regression analysis results between total plant yield and
morphological characters using the linear and exponential equations (n=612).

Linear equations (y = a, +a,x;, + a,x, + a;x; +a,x,)

Step 1
Constant -4509""
Plant height 176.4""
Vegetative duration

Length of growing season

Leafiness

R2% 5883
R 0.77
P (equation significant J <0.0001

Exponential equations ( y = ae

2 3 4
-15649""" -26690""" 26021
106.7" 10947 111.2™
157" 119" 125"

i 1057
-142
63.60"" 64.27°"° 64.38""
0.80 0.80 0.80
<0.0001 <0.0001 <0.0001

O+ A0 40,5, 4+a,7, )

Step 1
Constant 706.27
Plant height 0.037""
Vegetative duration

Length of growing season

Leafiness

R2% 65.84""
R 0.81

P (equation significant ) <(.0001

2 3 4
75.11°" 2.99""" 19.11™
0.0206""" 0.0210""" 0.0209™""
0.0316™"" 0.0270°" 0.0266""
0.0133" 0.0136"
0.0084
71.34™" 7171 71717
0.84 0.85 0.85
<0.0001 <0.0001 <0.0001

P<0.001 *** P<0.01 **, P<0.05 *.

y: total plalit yield, x, : plant height, x,: vegetative duration, x,: length of growing

season, x,: leafiness.
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In the linear equation there are forty two points that are more than two
standardised residuals away from the expected value, but in the exponential
equation, thirty two points are more than two standardised residuals away
from the expected value.

In the linear and exponential equations, there are nine points that are
identified as being particularly influential.

Tables 7.3 and 7.4 show the analysis of variance for the relationship between
total plant yield and morphological characters (linear and exponential
respectively). Tables 7.3 and 7.4 show that F=0.72, P-Value=0.88 and F'=1.1,
P-Value= (.42 respectively; these determine whether the residuals follow a
normal distribution (Pure error lack of fit test; Minitab Inc.). Test of
hypotheses is given by:

H,: the residuals follow the normal distribution.

H, - the residuals do not follow the normal distribution.

P-Value for linear and exponential.cquations were greater than 0.03, so the
null hypothesis cannot be rejected. That is, the residuals follow a normal

distribution.
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Table 7.3. Analysis of Variance for the relationship between total plant yield and

morphological characters (linear).

Source DF
Regression 4
Residual Error 607
Lack of Fit 587
Pure Error 20
Total 60l1

SS MS F P
1991009847 497752462 274.31 0.0001
1101454503 1814587

1051554276 1791404 0.72  0.882
49900227 2495011

3092464350

Table 7.4. Analysis of Variance for the relationship between total plant yield and

morphological characters (exponentiat).

Source DF

Regression 4

Residual Error 607
Lack of Fit 587
Pure Error 20

Total 6l

SS MS F P
76.518 19.130 384.91  0.0001
30.167 0.050

29.264 0.050 1.10 0.419

0.903 0.045

106.685
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In conclusion:

v The total plant yield had a significant relationship with morphological
characters.

v The increase in coefficient of determination from two to three
variables was small and R? is close to the maximum of R’% =63.60 for
linear regression and -R’% = 71.34 for exponential equation. Thus, the
R? criterion leads to the choice of the two vari-able subsets containing
plant height and vegetative duration.

v' The total plant yield was not significantly affected by leafiness.

v The stepwise exponential equation was better than stepwise linear
equation for studying the relationship between total plant yield and
morphological characters because:

‘e The coefficient of determination in exponential equations was
higher than the coefficient of determination in linear equation in
each step.

e Residual errors in exponential regression are lower than residual

errors in linear regressions.
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7.2.2 The relationship between grain yield and morphological characters
(season two)

Stepwise multiple regression was computed, using grain yield as dependent
variable and morphological characters as independent. The variables (plant
height and vegetative duration and length of growing season) were accepted
by the stepwise multiple regression in the linear and exponential model with
coefficients of determination (R?) value 58.55 and 67.69 respectively (Table
7.5). Table 7.5 indicated that 58.8 % and 67.71%.0fthe variation in the grain
yield is explained by the linear equation and exponential equation
respectively. Grain yield was affected by vegetative duration more than plant
height because the simple correlation between vegetative duration and grain
yield was higher than the simple correlation between grain yield and plant
height. All morphological characters, except leafiness, had large positive
indirect affects on grain yield (linear and exponential) (Table 7.5).

The coefficient of determination was close to maximum of R’% =57.73 for
linear regression and R’% = 67.35 for exponential equation with two variables.
Thus, the R’ criterion leads to the choice of tﬁe two variable subsets
containing plant height and vegetative duration. The coefficient of
determination for exponential regression was higher than the coefficient of
determination for linear regression in each step (Table 7.5). For example, the

coefficient of determination between grain yield and vegetative duration was

52.77% for linear equation while it was 61.55% for exponential equations.
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Tables 7.6 and 7.7 show that the residual for linear and exponential equations
follow a normal distribution (P=0.892 and 0.410, respectively).

There were forty points which were more than two standardised residuals
away from the expected value for exponential equation, while in the linear
equation there were thirty eight points.

In the iinear and exponential equations, there are ten points that are identified

as being particularly influential.
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Linear equations ( y = a, + a,x, + @,x, +a,x; +a,x,)

Table 7.5. Stepwise multiple regression analysis results between grain plant yield and

morphological characters using the linear and exponential equations (n=612).

Step 1 2 3 4
Constant 11752" -8048""" 41137 -13621
Vegetative duration 149.4™° 85.8"" 647" 457"
Plant height 429 4447 69.0"
Length of growing season 61.0"" 56.4"
Leafiness -104
R’% 5277 57737 58.58"" 58.8""
R 0.73 0.76 0.77 0.77
P (equation significant ) <0.0001 <0.0001 <0.0001 <0.0001

Exponential equations ( y = g,e™ "= WW)

Step 1 2 3 4
Constant 6.79"" 30817 7.19™ 19.117"
Vegetative duration 0.0610""  0.0350""  0.0300"°  0.0301"
Plant height 0.0175™ 00179 00179
Length of growing season 0.0146™" 0.0144
Leafiness -0.0038
R? 61.55" 67.35 67.69"" 67.71°"
R 0.78 0.82 0.82 0.82
P (equation significant ) <().0001 <0.0001 <0.0001 <0.0001

P<0.001 ***, P<0.01

x,: leafiness.

** P<0.05 *.

y : grain yield, x, : vegetative duration, x,: plant height, x,: length of growing season,
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Table 7.6. Analysis of variance for the relationship between grain yield and

morphological characters (linear).

Source
Regression
Residual Error
Lack of Fit
Pure Ervor
Total

DF AN MS F P

4 435239489 108809872 216.91 0.0001
607 304495600 501640

587 290494113 494879 0.71 0.892
20 14001487 700074
611 739735089

Table 7.7. Analysis of variance for the relationship between grain yield and

morphological characters (exponential).

Source
Regression
Residual Error
Lack of Fit
Pure Error
Total

DF SS MS F P

4 71.593 17.898 317.94  0.0001
607  34.170 0.056

587 33155 0.056 1.11 0.410
20 1.015 0.051

611 105.763
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In conclusion:

v The grain yield had a significant relationship with morphological
characters except leafiness.

v The increase in coefficient of determination from two to three
variables was small. Thus, the R’ criterion leads to the choice of the
two variable subsets containing plant height and vegetative duration.

v The stepwise explonenti-al equation was better than stepwise linear
equation for studying the relationship between grain yield and
morphological characters because the coefficient of determination in
exponential equations was higher than the coefficient of determination
in linear equation in each step.

7.2.3 The relationship between straw yield and morphological characters
(season two)

Stepwise multiple regression was computed using straw yield as a dependent
variable and morphological characters as independent variables. The best
single variable was plant height which gave R’% =60.55% and R’% = 66.54%
fdr linear and exponential equations respectively. Furthenn.ore: “the
relationship between straw yield and plant height was significant (P<0.001)
(Table 7.8). The second best independent variable was vegetative duration
which increased the coefficient of determination to 64.00% for linear
regression and 70.76% for exponential regression. The relationship between

straw yield and both plant height and vegetative duration was significant

(P<0.001). Table 7.8 indicted that all the morphological characters variables
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were positive and significant except leafiness (P>0.05). The exponential
equation was better than the linear equation to describe the relationship
between straw yield and morphological characters because the coefficient of
determination was higher in each step (Table 7.8). For example, the
coefficient of determination for straw yield with plant height and vegetative
duration was 64.00% for linear equation while it was 70.76% for exponential
equations: The analysis of variance for the relationship between straw yield
and morphological characters is given by Table 7.9 (linear) and Table 7.10'
(exponential).

Tables 7.9 and 7.10 indicated that the residuals follow a normal distribution
(P>0.05).

There were thirty eight points which were more than two standardised
residuals away from the expected value for exponential equation, while in the
linear equation there were thirty six points.

In the linear and exponential equations there were nine points that were

identified as being particularly influential.
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Table 7.8. Stepwise multiple regression analysis results between straw yield and

morphological characters using the linear and exponential equations (n=612).

Linear equations (y =a, +a,x, + a,x, +a,x; +a,x,)

Step 1 2 3 4
Constant -2545""" -7601"" 12578 -12401
Plant height 954" 63.8" 65.17" 65.5
vegetative duration 7137 53.9™ 555"
Length of growing season 50.0" 483"
Leafiness -37.5
R’% 60.55 64.00"" 64.48"" 64.5""
R 0.78 0.80 0.80 0.80

P (equation significant ) <0.0001 <0.0001 <0.0001 <0.0001

AN+ A+ Xy )

Exponential equations (y = a,e

Step 1 2 3 4
Constant 339.00" 45207 14217 12.81°"
Plant height 0.0360""  0.0234"" 002377 00235
vegetative duration 0.0284"  0.0244°  0.0235
Length of growing season 0.0116" 0.0125°
Leafiness 0.0210
R, 66.54 70.76" 70.96"" 71.00""
R 0.82 0.84 0.84 0.84

P (equation significant ) <(0.0001 <0.0001 <(0.0001 <0.0001

P<0.001 *** P<Q.01 ** P<0.05 *.
y : straw yieid,x,: plant height, x,: vegetative duration, x,: length of growing season,

x, ¢ leafiness.




Chapter 7

193

Table 7. 9. Analysis of Variance for the relationship between straw yield and

morphological characters (linear).

Source DF
Regression 4
Residual Error 607
Lack of Fit 587
Pure Error 20
Total 6l1

SS
567531559
312214922
299237477
12977445
879746481

MS F P
141882890 275.84 0.0001
514357 .
509774 079 0810
648872

Table 7.10. Analysis of Variance for the relationship between straw yield and

morphological characters (exponential).

Source DF

Regression 4

Residual Error 607
Lack of Fit 3587
Pure Error 20

Total 611

SS
81.124
33.092
32.074
1.019

114.216

MS F P
20.281 372.01 0.0001
0.055

0.055  1.07 0454
0.05]
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.In conclusion:

v The straw yield had a significant relationship with morphological
characters except leaftness.

v The best one-variable (plant height) subset accounted for R’ =60.55%
(linear equation) and R’=066.54% (exponential equation) of the
variation in straw yield, the best two-variable (plant height and
vegetative duration) subset accounted for R’ =64.00% (linear equation)
and R?=70.76% (exponential equation) and the best three-variable
(plant heighi, vegetative duration and length of growing season) subset
accounted for R’ =64.48% (linear equation) and R’=70.96%
(exponential equation). The increase in coefficient of determination
from two to three variables was small. Thus, straw yield was affected
by plant height and vegetative duration more than other variables.

v The stepwise exponential equation was better than stepwise linear
equation.

Conclusion and summary for stepwise multiple regression:

The yield parameters had a significant relationship with morpholoéical
characters. Yield parameters were not affected by leafiness (P>0.05) but plant
height and vegetative duration had a strong influence on yield parameters.

The coeflicients of determination were very strong and significant. However,

the increase in coefficients of determination from two to three independent

variables was small. The stepwise exponential equations were better than
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stepwise linear equations for studying the relationship between yield

parameters and morphologtical characters.

7.3 Using multiple regression analysis to study the relationship

between yield parameters and morphological characters

This section reviews the multiple regression results for the linear and
exponential model in one dependent variable (yield parameters) with four
--independent variables (morphological characters). The aims of this section are
to see whether or not the relationships between the yield parameters a1-1d
morphological character for each hybrid (H1, H2 and H3) in each area (Tel
Hadya and Breda) were stable. Also this scction aims to compare linear and
exponential regression analysis for the relationship between yield parameters
and morphological characters. The section 1s divided into three parts. Part one
will study the relationship between total piant yield and morphological
characters (plant height, vegetative duration, length of growing season and
leafiness). The second part will study the relationship between grain yield and
morphological characters. Finally, in part three, the relationship between
straw yield aﬁd morphological ;:Haracters will be studied.

7.3.1 Using multiple regression analysis to study the relationship
between total plant yield and morphological characters

The resuits for multiple (linear and exponential) regression analysis for the
relationship between total plant yield and morphological characters are

summarized by Table 7.11.



Table 7.11. The relationship between total plant yield (y) and the variables: vegetative duration ( x,), plant height ( x,), length of

growing season ( x,) and leafiness ( x,).

Area Hybrid - Equation Comy Lan 1 Pu: Pa_, Pu, P,,J coyuairon R’% P s
1 y=14156-139x,+806 x,+126x, +471x, 0.18 0.09 0.03 0.81 0.11  <0.001 14.4 <0.05
y = 14472 4 0175 Q00K X QOO £ 0057 x, <0.001 0.11 0.04 0.77 0.09  <0.001 134 <0.05
Tel y=-6605-32.9x, +37.8 x, +87.2x,+562 x, 0.54 0.73 0.15 0.27 0.02 ~ 0.2 1.9 <0.05
2 ]
Hadya y — 1422. 3e-l).ﬂl’.1 x, o (L6054 X, nif44 Xy 0021z, <0-001 044 O] 8 024 <0‘001 <0.00| l28 <0.05
=13266-75.7x,+253 x,-262x,+454x 0.17 0.30 0.33 0.69 0.09 0.03 10.5 <0.05
3 Yy i 2 3 4
y = 22026e-f}.fll3K:J l f)_(if)-l.i’.r:-fi.l}(uj Xpt (L0809 x, <0001 029 034 070 008 0.03 1 06 <005
y=23116-83.4x,+686 x,+22.7x,+430x, 063 0.17  <0.001 - 055  <0.001 <0.001 337  <0.001
/ LO273%, 00204 2, +0.0074 x, 1 0,137 %,
y = 3428 9¢ <0.001  0.15 <0.001 053  <0.001 <0.001 335  <0.001
=15301+38.1x,+51.7x,-153x,+576 x, 0.27 0.58 0.03 0.10 <0.001  <0.001 29.1 <0.001
Y I 2 3
Breda 2 _ V.O067x, - 0.0{Gixs~t039) x, 0159,
y=380821e <0.01 0.74 0.03 0.15 <0.001  <0.001 27.9 <0.001
y=828+245x,+36.6x,-2/7x,+]74x, 0.92 0.64 <0.001 0.67 0.02  <0.001 19.1 <0.001
3 - ; 5 g
y = 1199, 907 AU T 0u 5y DA, <0.001 0.62 <0.001 0.75 0.75 0.03 190  <0.001
y=7584-235x,+558x, +161x,-496 x, 0352  <0.001  <0.001  <0.001 <0.001 <0.001 12.8 <0.05
Tel Hadya 0352%, 0.0RI9% 023 xyL0657 x,
y =8955 3e <0.001  <0.001  0.003 0.001  0.008 <0.001 13.0 <0.05
y=53007+20x,+54.1x,—44.2x, +392 x, 0.228 0.95 <0.001 0.045  <0.001 <0.001 30.0 <0.001
Breda . .
y = 7555 3¢ 000 00Im00IE G <0.001 093  <0.001 003  <0.001 <0.001 297  <0.001
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For each hybrid in Tel Hadya, there were significant equations (P<0.03).
However, most of the coefficients did not have significant influence on total
plant yield. Plant height was significant for H1 in Tel Hadya (linear and
exponential) and leafiness was significant for H2 in Tel Hadya (linear and
exponential) Table 7.11. There was a weak correlation between total plant
yield and morphological characters. The coefficient of determinations (each
hybrid in Tel Hadya) were signiﬁcapt but very weak (/0.5 < R’ < 14.4) (Table
7.11). The linear and exponential equations (hybrids in Tel Hadya) indicated a
negative correlation between total plant yield and vegetative duration. The
linear and exponential equations for each hybrid in Breda were significant.
However, the coefficients for vegetative duration and length of growing
season were not significant. Plant height and leafiness (hybrids in Breda) were
positively correlated with total plant yield (Table 7.11). The coefficients of
determination for each hybrid in Breda, between /9.00% and 33.7%, were not
very strong (Table 7.11). The coefficient of determination for Tel Hadya and
Breda was not significantly increased compared with the coefficient of
determination for each hybrid in eac-h area. However, the independent
variables (morphological characters) had significant influence on total plant
yield with the exception of vegetative duration in Breda (Tabie 7.11).
According to analysis of variance for the relationship between total plant

yield and morphological characters in Tel Hadya and Breda, the residuals do

not differ significantly from normal distribution (P>0.05). The standardised
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residuals versus the fitted values for Tel Hadya and Breda are shown in

Figure 7.3.

In Tel Hadya, Figures 7.3.a and 7.3.b indicated ten points for linear regression
and eight points for exponential regression which were more than two
standardised residuals away, and seven points which were influential (linear
and exponential). In Breda, there were fifteen points for linear regression and
exponential regression which were more than two standardised residuals
away, and three points which were influential (linear and exponential) Figures
7.3.c and 7.3.d. Table 7.11 and Figure 7.3 indicafed that the relationship

between total plant yield and morphological characters in Breda was more

significant than the relationship in Tel Hadya.







Chapter 7 200

In conclusion

v" Total plant yield for each hybrid (Tel Hadya and Breda) was not
affected by vegetative duration and length of growing season while
total plant yield correlated with plant height and leafiness.

v" The coefficients of determination for Tel Hadya were very weak but
significant. Approximately 33% , 28% and /9% of the variations in the
total plant yield were explained by the linear and exponential equations
for HI, H2 and H3 respectively in Breda. The coefficients of
detenﬁination in Breda were better than Tel Hadya because the data for
Breda were more stable than those for Tel Hadya.

v The relationship between total plant yield and morphological
characters was not clear for several reasons. For example: there were
insufficient observations for each hybrid and moreover, not all the
independent variables were stable (Chapter 4).

v Table 7.11 indicated that environment influenced the relationship
between total plant yield and morphological characters. For example,
p&ant height was significant in the equétions .for hybrids 2 and 3 in
Breda while it was not significant in Tel Hadya. Leafiness was
significant for hybrids | and 3 in Breda while it was not signiﬁcal;t in
Tel Hadya. Also the coefficients of determination in Breda were higher
than the coefficients of determination in Tel Hadya.

v' The relationship between total plant yield and morphological

characters was not greatly affected by genotype. For example, total
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plant yield is affected by plant height and leafiness for all hybrids in
Breda.

v' The multiple exponential equation is better than the multiple linear
equation for studying the relationship between total plant yield and
morphological characters because:

e The constant was significant in the exponential equation, while
the constant was not significant in the linear equation.

* Residual errors in exponential regression were lower than
residual errors in linear regressions.

7.3.2 Using multiple regression analysis to study the relationship between
grain yield and morphological characters

The results for linear and exponential regression for the relationship between
grain yield and morphological characters are summarized by Table 7.12.

There were no significant relationships between grain yield and
morphological characters for H1 and H3 in Tel Hadya (P>0.05) (Table 7.12)
and there was a weak relationship between grain yield and morphological
characters for H2 in Tel Hadya (P<0.05).The coefficient of determination for
H2 was very weak but significant (P<0.05) and the coefficients were not
significant, except for leafiness (P<(.05); (Table 7.12). For each hybrid in
Breda, the results in Table 7.12 indicated that there were significant
relationships between grain yield and morphological characters (P<0.05). The
coefficient of determination (between /8.3% and 20.4%) was not strong,

although it was significant (Table 7.12). Grain yield for each hybrid in Breda
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was positively affected by the coefficients plant height and leafiness (P<0.035)
while vegetative duration and length of growing season were not significant
enough to influence grain yield (linear and exponential); (Table 7.12). The
coefficient of determination for the data in each area Tel Hadya and Breda did
not increase when the coefficient of determination was studied by each
hybrid. Approximately /0% to 23% of the variations in the grain yield were
explained by the linear and exponential equations for Tel Hadya and Breda
respectively. In Tel Hadya and Breda, there were significant relationships
between grain yield and morphological characters (P<0.05) (Table 7.12). In
Tel Hadya, the grain yield was significantly affected by vegetative duration,
length of growing season and leafiness whereas plant height was not
significant (P>0.05) (Table 7.12). In Breda, the grain yield was significantly
affected by plant height, length of growing season and leafiness while
vegetative duration did not have significant influence on grain yield (P>0.05)
(Table 7.12). Leafiness and vegetative duration had a negative influence on
grain yield in Tel Hadya while they had a positive influence in Breda. Grain
yield was positively affected by length of growing season in Tel }i;d);a while
it was negatively affected in Breda. The standa'rdised residuals versus the
fitted values for Tel Hadya and Breda are shown in Figure 7.4. In Tel Hadya
Figures 7.4.a and 7.4.b indicate fourteen points for linear regression and nine
points for exponential regression which were more than two standardised

residuals away, while there were seven points (linear and exponential). In

Breda, there were fifteen points for linear regression and twelve points for
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exponential regression that were more than two standardised residuals away.
Also there were three points that were influential (linear and exponential)

Figures 7.4.c and 7.4.d.




Table 7.12. The relationship between grain yield (y) and the variables: vegetative duration (x,), plant height ( x,), length of growing

season ( x;) and leafiness (x, ).

Area Hybrid Equation comesion, Pu, Pu_, PHJ Pu_, equation R2% PR"
=4214-63.1x,+391x,+24.1x, +197 x 0.50 0.21 0.08 0.45 0.26 0.053 9.1 <0.05
Y i 2 3 ¥
y — 3677548 .01 x, 00085 x,+0.0063 x5 0476 ¢, <(.001 0.24 0.11 0.41 0.26 0.08 81 <0.05
Tel =-1956-21.7x,+135 x,+396x,+2/8x, 0.68 0.61 0.24 0.25 0.03 0.04 9.5 <0.05
2
Hadya - y = 880 07e-(l.(”22.n COLGO05 x5 036 x o LGR00 X <0.001 0.39 0.30 0.25 0.02 0.03 10.4 <0.05
y=6456-282x,+82 x,-16.0x,+174x, 0.17 0.43 0.51 062 - 0.7 0.13 7.0 >0.05
’ y = 10198 !/ 1 #0020 x- 00032 £y D.065) s <0.001  0.40 0.53 0.66 0.16 0.13 7.0 >0.05
1 y=1700-22.9x,+253 x,+1.4x, +166 x, 0.62 0.28 0.01 0.94 0.002  <0.001 20.3 <0.05
y — 1998 198-0,.0163.\', L0 36 x:-a.f}.!l!l!I? X, 12 x, 0‘0(}' 044 0-0|4 0955 0—001 <000] 204 <0.05
y=0529+264x,+247x,-71.1x,+223x, 0.34 0.44 0.04 0.119  <0.001  <0.001 23.1 <0.05
Breda 2 _ 0.0122x, + 0.0150x,=0.0396 x; - 0.13] x, -
y=29732e 0.02 0.57 0.046 0.165 0.001  <0.001 20.9 <0.05
y=-1992+172x,+30.7x,+2.9x; +95.2x, 0.66 0.54 0.001 0.92 0.02 0.001 18.3 <0.05
3 I f, . 3 g
y = 109, 95en.mz/.r, (LI Hox y +LI35 X, - (L1549 ¢, 0.09 0.45 0.001 0.84 0.03 0.001 18.4 <0.05
y=3311-1llx,+141x,+860x,-278 x, 0.45 0.001 0.181 0.001 0.002  <0.001 10.3 <0.05
Tel Hadya _ L0335, (LIS 00248 x -1 0733 x,
y=353334e <0.001  0.001 0.16 0.001 0.006  <0.001 9.9 <0.05
y=2164+94x, +23.8x,-23.6x,+162x, 0.31 0.60 <0.001  0.037  <0.001  <0.001 23.7 <0.05
Breda 00050, 10,0130 s ~0.0160 x;+0.120 x, 7y
y=2952.29 : <0.001 0.66 <0.001 0.026  <0.001  <0.001 22.5 <0.05
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In conclusion:

v Grain yield for each hybrid in Tel Hadya was not affected by
morphological characters since grain yield for each hybrid in Breda
was positively affected by plant height and leafiness.

v" The coefficients of determination for Tel Hadya were very weak and
significant for HI and H2 since the coefficient of determination for H3
was not significant. The coefficients of determination in Breda were
better than in Tel Hadya because the data in Breda was stable more
than in Tel Hadya.

v" While there were short observation data in each hybrid and some of the
variables were not stable (Chapter 4), the relationship between grain
yield and morphological characters did not appear clear.

v" The relationship between grain yield and morphological characters was
affected by environment. For example, plant height and leafiness were
significant for each hybrid in Breda while they were not significant in
Tel Hadya (Table 7.12). The genotype did not influence the
relationship between grain yield and morphological characteré because
plant height and leafiness were significant in the equations for all
hybrids in Breda (Table 7.12).

v The multiple exponential equation is better than the multiple linear
equation because the constant was significant in the exponential

equation, while the constant was not signhificant in the linear equation.
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Residual errors in exponential regression were lower than residual
error in linear regressions.

7.3.3 Using multiple regression analysis to study the relationship
between straw yield and morphological characters

There was a relationship between straw yield and morphological character for
each hybrid (H1, H2 and H3) and each area (Tel Hadya and Breda) (P<0.035)
(Table 7.13). Each hybrid in Tel Hadya and Breda, Table 7.13 indicated that
végetative duration and length of growing season did not affect straw yield
(vegetative duration and length of growing season were not significant
(P>0.05)). Straw yield was affected by leafiness for each hybrid (P<0.05)
except Hl and H3 in Tel Hadya and H3 in Breda (P>0.05). Plant height
affected straw yield for Hl in Tel Hadya (P<0.05) since it affected straw
yield for each hybrid in Breda (P<0.05). The variation in straw yield
explained by the linear and exponential equations is indicated by Table 7.13.
The variation for each hybrid in Tel Hadya explained by linear and
exponential equations was between (10.7% and 15.0%). However, the
coefficient of determination for- each hybrid was significant (P<0.05). In each
area (Tel Hadya and Breda), coefficients of determination were quite low
(/4% and 28% respectively) and it is quite evident that the linear and
exponential regression model is not suitable. However, the morphological
variables were significant except for vegetative duration in Breda.

Figure 7.5 shows the standard residual between the straw yield and

morphological characters in Tel Hadya and Breda (linear and exponential).




Table 7.13. The relationship between straw yield (y) and the variables: vegetative duration ( x,), plant height ( x,), length of growing
season ( x;) and leafiness (x,). '

Area Hybrid Equation st pa’ Pa, puJ Pa, wuarion R 2o, P, -
y=9939-76.1x,+41.5x,-11.5x,+274 x, 0.09 0.10 0.04 0.69 0.09 0.003 15.0 <0.05
! y = 12835. 88014 i 1 L0093 x,-0.00316 x,10.0630 %, <0.001 0.155  0.046 0.64 0.09 0.005 14.1 <0.05
=_-4649-11.2x,+24.3 x, +47 6 x, + 344 x, 0.510 0.858 0.159  0.361 0.020 0.026 10.7 <0.05
Tel Hadya 2 y= 555 57 008 x, 000695 xy 001512, 0,107 x, 0.001 0.53 0.144 0.291 0.009 0.009 129 <0.05
y=6810-475x,+17.1 x,-10.3x, + 280 x, 0.24 0.27 0.26 0.79 0.07 0.018 11.4 <0.05
3 y _ 11271-138-()."!67,:, 000393 x5-0.0035 x 2 0.0V x, <0.001 0.24 0.24 0.79 0.07 0.012 122 <0.058
y=1417-605x,+433 x,+21.2x;+ 264 x, 0.717 0.106 <0.001 0357 <0.001 <0.001 349 <0.05
! y = 1635. 98 g 034y VU022 x D25, 0160 5, 0.002 0.078 <0.001 0300 <0.001 <0.001 343 <0.05
y=8772+11.7x,+27.0x,-81.6 x, +350 x, 0.31 0.78 0065 0.150 <0.001 <0.001 26.9 <0.05
Breda 2 y = 40134 84er)_n(ll}.r, L2564 =0.0366 x, IR X, 0.024 095 0.03 0.23 <0.001 <0.001 27.8 <0.08
y=2820+73x,+259x,-24.6x,+79.1x, 0.56 0.81 0.011  0.40 0.07  0.005 14.1 <005
d y=2751. 77 g 03I MOLTSx 0012k, 00463 5, 0.006 0.85 0.0 0466 0.074 0.005 14.0 <0.05
y=4273-123x,+41.7x,+75.4x,- 218 x, 032  <0.001 <0.001 0.004 0.017 <0.001 3.9 <0.05
Tel Hadya y = 4582.5¢ A3l 001220, +0.0212 %, -0.0572 x, <0.001 <0.001 <0.001 0.004 0.024 <0.001 14.8 <0.05
y=2843-73x,+30.3x,-20.6 x, + 230 x, 0.26 0.73  <0.001 0.124 <0.001 <0.001 282 <0.05
Breda y= 2271 13e H.0070x, 00163500135 x,+0.135x, <0.001 0.57 <(.001 0.08 <0.001 <0.001 28.0 <0.05
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7.3.4 Conclusion and summary for each hybrid and area

v" The statistical analyses presented here clearly indicate a common
dilemma for the biological interpretation of the results. Thus, whilst
significant relationships between variables have been identified, the
percentage of variation accounted for by the relationship is very low,
indicating that perhaps insufficient data or the existence of other,
unmeasured variables are greatly influencing the significance of the
relattonships.

v The relatio‘nship between yield parameters and morphological
characters did not appear at all clearly because there were insufficient
observations in each hybrid. Also independent variables were not
stable (Chapter 4).

v" Yield parameters for each hybrid were affected by plant height and
leafiness more than by vegetative duration and length of growing
season.

v The coefficients of determination were quite low. However, most of
the equations were significant. )

v The relationship between yield parameters and morphological
characters was affected by environment.

v’ The relationship between yield parameters and morphological

characters was not affected by genotype except for the relationship

between straw yield and morphological characters.
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v The relationship between yield parameters and morphological
characters in Breda was more significant than the relationship in Tel
Hadya.

v" Although there was no evidence thaf the linear and exponential
regression was suitable, the multiple exponential equation is better
than the multiple linear equation for studying the relationship between

yield parameters and morphological characters.
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Chapter 8

General Discussion and Conclusion
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8.1 Influence on yield

It was clear in the current investigation that there were several factors
affecting barley yield; these were grouped as either environmental characters
or genotypical factors and these characters and factors were linked in different
ways according tp location. Shakhatreh et al. (2001) also found that there was
a significant and positive relationship between grain yield, biological yield,
straw yield, plant height and harvest index, but.this was Iirrespective of

location.

It 1s well known that drought can reduce grain size, the number of
spikelets/ear, plant height, tiller number, tiller fertility, the number of
grains/ear and the extent of tiller mortality (Briggs, 1978). In the present study
the yield in Breda was lower than the yield in Tel Hadya due to various
factors but principally because the weather in Breda was drier than the
weather in Tel Hadya. This result agreed with the findings of Shakhatreh et
al. (2001), who indicated a high negative correlation between a drought
susceptibility index and grain S/ield at the driest site and a lower, and
sometimes, positive correlation at the wettest site. This was demonstrated in
Chapter 4, where the genotype was affected by environment with significant
differences between the mean yield parameters (total plant yield, grain yield,
straw yield, number of ears and TGW) and morphological characters
(vegetative duration, plant height, length of growing season and leafiness) for

each of the three hybrids studied over both of the seasons studied and for each
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hybrid in the different regions (Tel Hadya and Breda). Furthermore, the same
area and season gave different yield parameters and differing importance to
the morphological characters for the different hybrids, and this supports the

work of Fox, et al. (2006).

There was a significant interaction for genotype = year (in the same area and
hybrid but in different seasons) and according to Spearman correlation, there
was a signiﬁéant difference between each pair of hybrids in Tel Hadya in
different seasons'. Also there was a significant interaction for genotype x
location (within the same hybrid and season but in different locations) and a
difference between each pair of hybrids in different areas (Breda and Tel
Hadya) and similars result were obtained by Vanoosterom, et al. (1993b) and

Dehghania, et al. (2006).

Leafiness was affected by environment, and in Tel Hadya the level of
leafiness was greater than the level in Breda. Variations in leafiness between
sites is also reported by other workers (Johnson and Whiftington, 1977)
indicating an apparent plasticity of this factor. Despite this variation yield
parameters were affected by levels of leafiness and ANOVA (LSD) indicated
that there was a significant difference between yield parameters according to
levels of leafiness. It was evident that the highest level of leafiness (5) did not

correspond with the highest yield with level 5 for H3 in Breda and H1 in Tel

" HI season one with H1 season two
H2 season one with H2 season two
H3 season one with H3 season two
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Hadya giving lower yields than other leafiness levels. Leafiness level 4.5 was
shown to be the best level for leafiness in most of the different environments
(locations) and this level always correlated with the best yield production.
This is contrary to the situation in temperate rainfed agriculture in Western
Europe, but is not surprising for Syrian situations since high leafiness would
have higher soil water demands and if this cannot be met by sufficient

irrigation then it will exacerbate terminal drought in cereal crops.

As a consequence of these analyses and findings, the stability with respect to
genotype and the stability with respect to environment, evaluated in terms of
usefulness and reliability, was used in subsequent analyses of the relationship
between yield parameters and morphological characters. Furthermore this
relationship was investigated to see whether or not these relationships were

changed by groups of factors associated with the environment.

8.2 The relationship between morphological characters and yield

parameters

A full understanding of the relationship between yield parameters and
morphological characters could not be answered by using only one type of
analysis. Different analyses brought different interpretations to the data sets

under investigation.

8.2.1 Canonical correlation analysis and factor analysis

Canonical correlation was chosen because it is the method which i1s most

suitable for studying the relationship between two sets of parameters (Zhang,
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et al, 1991; Vadiveloo and Phang, 1996). The aim of using canonical
correlation was to discover whether yield parameters as a set were affected by
morphological characters also as a set.

Canonical correlation indicated a relationship between yield parameters and
morphological characters. Yield parameters were affected positivély by plant
height, vegetative duration and length of growing season. In essence, tall
barley with longer vegetative duration and longer length of growing season
had greater yield than shorter_ barley with shorter vegetative duration and
shorter length of growing season. Thousand grain weight (TGW) was not,
however, significantly affected by morphological characters. Indeed, TGW is
normally affected by environmental factors more than other factors as shown
by Hacett, et al., (2001).

Although leafiness influenced yield parameters overall, this was not apparent
in detailed analyses because the genotypes appeared to be unstable {(Wilcoxon
test). In this investigation, the suggestion was that the influence between yield
parameters and level of leafiness should be studied separately.

Canonical analysis indicated that the relationship between yield parameters
and morphological characters may have been affected by environment since

the canonical correlation in Breda (r, =.0.560; P <0.05) was more

anonical correlation

=.3981; P <0.05). Also the order

I3 . .
canonical  correlation

significant than in Tel Hadya (

of contribution of morphological characters in Breda (plant height, leafiness,

length of growing season and vegetative duration) was different to that of Tel
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Hadya (plant height, length of growing season, vegetative duration and
leafiness). This difference is explored in more detail using factor analysis and
muitip]e regression analysis (below).

Finally, canonical correlation suggested that there was a relationship between
yield parameters and morphological characters, and among the morphological
characters, plant height was the most important parameter positively affecting
yield, a finding which contradicts the findings of ShouFu et al . (2007), whose
research indicated that, “For plant height, neither tall nor short varieties are
- good. Plants of intermediate height will have enough growing quantity and

will result in big ear, many grains and heavy grains”

Whilst factor analysis has been used elsewhere to study the interrelationship
between barley parameters, for example, the interreiationship between
morphology and phenology of wild barley (Volis, et al., 2002), studies that
bring all morphological characters and yield parameters together are not
commonly found in the literature. The aim of using factor analysis was to
discover the interrelationshipABétween parameters (morphological characters
and yield parameters).

Factor analysis indicated similar findings to canonical correlation for the
relationship between yield parameters and morphological characters for all
data. However, this relationship was not apparent for each hybrid or area
because the sample sizes were insufficiently large. There were three factors

for each hybrid and area which explained eight variables (total plant yield,
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grain yield, straw yield, TGW, vegetative duration, plant height, length of
growing season and leafiness). The first factor “yield” was the most imploﬂant
factor since it consisted of total plant yield, grain yield and straw yield and
showed a strong correlation between the three parameters. The second and
third factors revealed a difference between Tel Hadya and Breda. The second
factor in Tel Hadya strongly correlated with vegetative duration and length of
growing season and was regarded as the “plant period”. Factor 3 in Tel Hadya
was termed a “morphology” factor since it consisted of plant height and
leafiness. In Breda, the second and third factors were not stable because
factors 2 and 3 correlated with different variables for each hybrid. For
example, factor 2 for H1 in Breda was correlated with vegetative duration and
length of growing season, in H2 it was correlated with TGW and length of
growing season, whilst in H3 it was correlated with TGW, plant height and
length of growing season and in Breda the second factor correlated with
vegetative duration and plant height. Clearly, the relationship between the
variables was affected by the environments leading to complex interactions.
Factor analysis for season two (all data) indicated that yield parameters were
affected by all morphological characters except leafiness.

In conclusion, canonical analysis and factor analysis suggested that
environment influenced the relationship between variables; and for season
two the yield parameters had been affected by all morphological characters

except leafiness.
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8.2.2 Multiple regression analysis to study the relationship between yield

parameters and morphological characters

- Whilst simple regression analysis has been used to analyze specific characters
in bariey growth and development, for example, TGW with climate (Beavan,
1947); plant height with yield (Adams, ef al., 2004) and vegetative duration
with grain yield (Sinebo, 2002). There is very little in the literature that brings
all of thcsg characters together. This findings reported in this report have
shown that multiple regression analysis has the foliowing advaﬁtages: (1) to
determine statistically significant morphological character variables that
e;(plain the variation in each yield parameter; (ii) to assist the making of
reliable inferences for the relationship between yield parameters and
morphological characters.

Stepwise multiple regression (linear and exponential) for season two (all data)
indicated that yield parameters had a significant relationship with all
morphological characters except leafiness. Plant height and vegetative
duration were the most important variables which positively influenced yield
parameters. A similar result was obtained by Sinebo (2002), who also found
that grain yield was correlated positively with vegetative duration and
vegetative height. However, the coefficients of determination slightly
increased when the length of growing season was added to the equation. This
suggested that using a stepwise exponential equation was better than using a
stepwise linear equation for studying the relationship between yield

parameters and morphological characters because the coefficients of

/
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determination in exponential equations were consistently higher than the
coefficients of determination in linear equations in each step. Residual errors
in exponential regression were also shown to be lower than residual errors in

linear regressions.

Because there were insufficient observations for each hybrid and area, and
because independent variables (morphological characters) were not stable, the
overall relationship was not at all clear. However, yield parameters were
affected by plant height and leafiness more than vegetative duration and
length of growing season. The relationship between yield parameters and
morphological characters was not stable because the environment influenced
the relationship. For example, the length of growing season in Tel Hadya
correlated pc;sitively with grain yield while it correlated negatively in Breda.
These findings concur with those of Shakhatreh et al., (2001), at five
locations in Jordan. At the wettest of these locations, there was a positive
relationship between grain yield and length of grain filling period, while at the
driest location the relationship was negative. Also total plant yield in Breda
was affected by plant height for Hybrids 2 and 3 while it was non-significant
in Tel Hadya and grain yield was affected by plant height and leaﬂqess for

each hybrid in Breda while they were not significant in Tel Hadya.
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8.3 Conclusion

Yield parameters were affected by many factors including, environment,
genotype and morphological characters. H1 produced the highest yield in Tel

Hadya for two seasons while in Breda H2 produced the highest yield.

There was strong evidence of genotype-environment interactions. However,
TGW and vegetative duration were not affected by location (Breda and Tel
Hadya) so it would be difficult for the breeder to decide which family gave

the highest output based on these parameters.

Yield parameters were affected by level of leafiness and the greatest yield was

correlated with leafiness level 4.5.

Multivariate analysis techniques (canonical analysis, factor analysis and
multiple regression analysis) indicated that yield parameters had been affected
by all morphological characters except leafiness in season two. This technique
was not suitable for studying thé relationship between leafiness and yield
parameters because leafiness in stepwise regression analysis was not a
significant variable in the equations (linear or exponential). In factor analysis
leafiness did not correlate with yield parameters and was categorized as a
separate factor. The most impbrtant variables positively affecting yield
parameters were plant height and vegetative duration while length of growing
season was less important, whilst still significant in the equations (linear and

exponential). Consequently, all morphological characters (plant height,
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vegetative duration, length of growing season, leafiness) affected yield but
multivariate techniques were not suitable for studying the relationship

between leafiness and yield parameters.

Exponential equations were better than linear equations for studying the
relationship between yield parameters and morphological characters for
season two for the following reasons: (i) the coefficient of determination for
exponential equation was highér than the coefficient of determination for
linear equation (Table 8.1), (i1) residual errors in exponential regression were

lower than residual errors in linear regressions.

Table 8.1. The coefficients of determination for the relationship between yield

parameters and morphological characters (linear and exponential).

R9% Linear Exponential
Total plant yield 64.38 71.71
Grain yield 588 67.71
Straw yield 64.5 71

The relationship between yield parameters and morphological characters for
each hybrid in Tel Hadya was not clearly apparent since the coefficient of
determination was very weak and most of the independeﬁt \‘ra-riables were not
significant. In Breda the relationship was more sign_iﬁcant than in Tel Hadya
for each hybrid because the coefficient of determination was higher and there
were two independent significant variables (plant height and leafiness) in this

relationship.
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Multivariate analysis techniques (canonical analysis, factor analysis and
multiple regression analysis) indicated that the relationship between yield and
morphological characters was strongly affected by environment while this

relationship was not affected by genotype.

8.4 Overview of the research

The outputs of this research were successful in confirming that yield
parz-lmeters were affected by morphological characters. This relafidnship was
studied ‘with the aim of improving barley yield. It was not the aim to study the
influence of environment on yield, so the techniques were used to see whether
a relationship existed between yield parameters and morphological characters
and to discover whether this relationship was linear or exponential. Also the -
study aimed to discover whether the relationship was affected by environment
or genotype.
Tﬁis thesis illustrates that the multivariate technique (canonical correlation,
factor analysis, stepwise regression analysis and multiple regression analysis)
can be useful to barley breeders in order to provide the following informative
advice:

¢ [t is advisable to evaluate breeding lines at several sites and be aware

that G x E effects are likely.
¢ Breeding lines should be evaluated over several seasons.
e Care should be taken in assigning leafiness scores to trials at different

sites and seasons.
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e Leafiness should not be relied on as an indicator of yield potential.

e It should be recognised that vegetative duration and plant height are
reasonably good indicators of yield potential.

e It should be recognised that G x E effects may affect individual
morphological characters differently between families within a hybrid
and variability can be high. This indicates that families even at the F5
generation in an inbreeding crop like barley may still be unstable.

e The stre§sful growing conditions likely to prevail in Syria, particularly
drought stress, are likely to exacerbate G x E effects.

e The use of multiple exponential equations to study the relationship
between yield parameters and morphological characters is a sound

approach with the exception of leafiness.

8.5 Future work

¢ The number of location and season should be extended to provide
further evidence on the genotype-environment interactions.

¢ To study the genotype-environment interaction the use of General
Linear Model (GLM) would be useful. For example, genotype x
locatién; genotypex year and genotype x location x year.

e With the extension of location and season new methods of analysis

should be used. For example, Multilevel Factor Analysis, Multilevel

Regression Analysis.
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