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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 I-Iadya) over two seasons ( 1993 

and 1994). 

Yield was fourid to have been affected by many factors including environment, 

genotype and morphological characters. A genotype-environment interaction (GEl) 

was also discovered. 

To investigate the influence of morphological characters on yield parameters, 

multivariate statistical teclmiques (canonical analysis, factor analysis and multiple 

regression analysis (linear and exponential)) were used. Multivariate statistical 

techniques were applied to three hybrids (Hybrid I, 2 and 3) in replicated field plots 

at two locations (Breda and Tel Hadya) in two 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 nonlin~;ar in 

that it gives more realistic predictions. Consequently, stepwise multiple exponential 

equation 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 

Chapter 1 

Introduction and Literature Review 



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 tenns 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 regions for 

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

Barley production in 1995/1996 was in fact higher than in 2005/2006 despite 

considerable research in between with the aim of increasing yield. Iran and 

Australia were not among the main 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 

within the EU production has increased, for example, barley production in 

Morocco fell by 2,618 Thousand Metric Tonnes between 199511996 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 l.l.a and 

Figure 1.1 ,b). 



Cltapter I 3 

Table 1.1. Production of barley in the main producing countries for 1995/1996 and 
2005/2006. 

1995/1996 2005/2006 
Country or region Production ountry or region Production 

('000 metric tonnes) ('000 metric tonnes) 
Russian Federation 27054 Russian 15800 

Federation 
Ukraine 14509 Ukraine 9000 
Germany 10903 EU 529 17 
France 7898 
Spain 74 16 
U.K. 5950 
Denmark 3446 
Other EU 11806 Iran 2900 
Eastern Europe 11459 Austral ia 9869 

Among Which: Others 4515 
Bulgaria 1143 Ethiopia 1785 
Hungary 1558 Iraq 1250 
Poland 2686 India 1080 
Czech Rep. 2419 Algeria 400 
Romania 2134 
Slovakia 874 

Canada 11 690 Canada 12481 
USA 8161 USA 4613 
Turkey 7000 Turkey 7600 
Kazakhstan 6497 Kazakhstan 1500 
Belarus 30 12 Belarus 1800 
China 4500 China 3400 
Morocco 3720 Morocco 1102 
Others 16465 Other 10643 
Wodd Total 161486 World Total 138140 

Source : USDA Foreign Agricultural Service (Anon, 1999; Anon, 2007). 
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l.l.a 
(1995/1996) 

l.l.b 
(2005/2006) 

3% 

Turkey 
4% 

7% 
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China 
2% 

6% 
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Others 

Others 

9% 

Russian 
Federation 

17% 

.. ·. · Ukraine 

37% 

Russian 
Federation 

11% 

9% 

Figure l.l.The percentage of the world production of barley in the main production 
countries and regions in a) 1995/1996 and b) 2005/2006 (derived from Table 1.1). 
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Over a ten year period these statistics demonstrate that the share of world 

production can very greatly between countries and regions. For example, in 

1995/1996 the Russian Federation produced 17% of world production whilst 

in 2005/2006 this fell to only 11%, a reduction of over 10 Mt. 

Australia is currently the largest exporter of barley and malt (Figure 1.2) 

while Saudi Arabia, Japan and China are the largest importers of the world's 

barley (Anon, 2006b ). 

29% 

Argentina 
2% 

3% 

2% 

Canada 
11 % 

Russian 
Others Federation 

3% 8% 

Ukraine 
28% 

Figure 1.2. World barley exports 2005/2006 (USDA Foreign Agricultural Service 
(Anon, 2007)). 
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Syria is a Middle Eastern cereal-producing country with a national 

agriculture production similar to Iraq, Morocco and Bulgaria (Naesah, 1996). 

The area and production of barley in culti vation and the average yield 

between 1981 and 2005 in Syria is presented in Table 1.2 and shows that the 

production of barley was not stable during this period. 

Syrian barley area increased slightly between ~ 981 and 1992 but then 

decreased until 2000. It has been nearly constant at I ,300 thousand hectares 

since 2001 but production levels have varied. It was estimated that the Syrian 

barley production in the crop year 2003 was approximately I , 100,000 t from 

1.3 Mha harvest area (Anon, 2006b) while it was estimated in 2004 and 2005 

at approximately 900,000 and 750,000 t, respectively, from the same 

production box (Table 1.2). The reduction in harvested area in 2004 and 2005 

was attributed to severe drought in spring (Anon, 2006b) . 

Barley Grain yield in Syria is both low by overall world standards, and varies 

tremendously from year to year with as much as 15-fold variation between 

consecutive years ( 1988 and 1989; Figure 1.3). 
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Table 1.2. The area and yield of barley cultivation in Syria 1981-2005 

Date 

1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 

Area in Syt;a 
('000 ha) 

1347 
1589 
1520 
1289 
1386 
1548 
1570 
1844 
2892 
2729 
2233 
2267 
2169 
1894 
1963 
1550 
1572 
1543 
1414 
250 
1400 
1400 
1300 
1300 
1300 

Production 
('000 metric tonnes) 

1406 
661 
1043 
304 
740 
1116 
576 

2836 
27 1 
846 
917 
1091 
1553 
1482 
1705 
1653 
983 
869 
426 
130 
1300 
920 
11 00 
900 
750 

Source : USDA Foreign Agricultural Service and (Anon 2002a; Anon 2006b). 

1.8 

1.6 

1.4 

1.2 

r 

r-
0.6 

0.4 

~ n 
0.2 

0 

~ ~ ~ ~ # ~ ~ ~ ~ ~ ~ ~ ~ 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

Date 

Figure 1.3. Grain yield of barley in Syria between 1981 and 2005 (derived from Table 

1.1). 
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Barley in the Middle East is mainly used to feed ruminant animals (generally 

sheep), and also on a vety limited scale for feeding egg-laying poultry. 

During the winter period there is no grass available for sheep fodder, 

therefore HOBOOB 1 regularly retains a stock of barley for this purpose. Syria 

normally requires about 1.3 - 1.4 million tonnes of barley per year for feed 

use and for seed production (Anon, 2002b ), and it can be seen from Table 1.2 

that Syria is frequently forced to import barley. 

Barley in Syria in 2003 and 2004 was main ly impor1ed from Iraq and Eastern 

Europe countries du_e to lower prices in the intemational market compared to 

the locally produced crop (Table 1 .3). An import permit is required for such 

imports from the Ministty of Economy and Trade (MET), after receiving 

approval from the Ministry of Agriculture and Agrarian Reform (MAAR). 

The domestic price for barley has been stable at 7,000 Syrian pounds per 

tonne (US $136). However, the international market in 2004 offered more 

favourable price~ , and therefore HOBOOB purchased large quantities of 

barley from Iraq, Turkey and East Europe during that year. Despite domestic 

shortfalls, the Syrian public sector fu lfilled pre-arranged contracts by 

expo11ing large quantities of barley to Jordan in 2003 and in the early part of 

2004 (Table 1.4). 

1 HOBOOB is a Syrian government company responsible for the nationwide collection of barley and its 
export. HOBOOB literally translates as " crops" 
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Table 1.3. Import Trade matrix (Barley ; Syria). 

2003 (1000 t) 2004 ( I 000 t) 2005 (I 000 t) 
Iraq 373 Iraq 28 1 200 

Turkey 15 Ukraine 279 300 
Germany 33 Bulgaria 53 

Russia 11 Turkey 200 
Other 168 Other 12 100 
Total 600 Total 625 800 

Source : US DA Foreign Agricultural Service (Anon, 2006b). 

Table 1.4. Export Trade matrix (Barley; Syria). 

2003 (I 000 t) 2004 I 000 t) 2005 ( 1000 t) 
Jordan 448 
Alge1ia 29 
Cyprus 34 

Saudi Arabia 20 Jordan 194 other 50 
Lebanon 10 

Libya 5 
Other 54 
Total 600 Total 194 Total 50 

Source : USDA Foreign Agricultural Service (Anon 2006b). 

A great deal of research has been carried out with the aim of increasing barley 

yield in Syria. The most important centres involved in barley breeding 

research are the Arab Centre for the Study of Arid and Dry Land (ACSAD) 

and the International Centre for Agricultural Research in Dry Areas ... 
(ICARDA). ACSAD is a Syrian Government funded centre, whilst ICARDA 

receives both Government funding and substantial international development 

funding. I CARD A was established in 1977 in recognition of the biodi versity 

of barley, wheat and lentil gem plan in both the culti vated and natural areas in 

northern Syria. 
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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 Ea ton ( 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 kinds 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 eiTors 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; (ii) new statistical analyses are used, 

for example, multivariate analysis, canonical correlation analysis, or multiple 

regression analysis which are less affected by eo-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 cotTelation coefficient were 

discovered and developed by Karl Pearson. However, they were the 

inventions of Sir Francis Galton (cousin of Charles Darwin) in the early 19111 

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
2

" (Jeffrey, 200 I). 

For many years, regression analysis has been developed and used in many 

types of science 3 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, et 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 Ceria, 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 oil content (Qaizar, et al., 1991 ). 

Stepwise regression has also been used with wheat to study the intra- and 

inter-generation relationship among yield, its components and other related 

characteristics. Stepwise regression suggested that I 000-kernel weight, 

grain yield per plant and number of tillers per plant (in order) were the 

most significant factors in determining F4 line yield (Lungu, 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 aria~ysed 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 

analysis 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 northem Syria (Vanoosterom, et al., 1993a); to 

study the relationship between zonal variation and all quantitative morpho

agronomic characters, except plant height (Kebebew, et al., 200 I); 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 relationship 
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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, et al., 2004). 

In the realm of genetic research, procedures in multiple linear regression 

analysis 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 disequilibrium 

mapping of yield and yield stability in modem spring barley cultivars. It 

indicated that for complex traits with costly measurements, the association 

mapping approaches can be a viable alternative to classical quantitative 

trait locus approaches based on crosses between inbred lines (Amold, 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 matting 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 with intake, 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 190 I. 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 methodologi~s. For example, factor analysis has been used to determine 

characters for grain yield selection in chickpea (Toker and Cagirgan, 2004). 

The modem 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 

offactor analytical techniques are : 

(i) to reduce the number of variables 

(ii) to detect structure in the relationship between variables, that is, to 

classify variables (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, 200 l ). 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 through the analysis of plant variables (Den is 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' (Triticum 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, et al., 2002). Bratos and 

Szanyi ( 1992) used factor analysis and stepwise regression 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 plants species may differ 

depending on the plant species cultivated in the field (lbekwe 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, correlation 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 is the correlation between a set (group) of independent 

data and dependent data, also as a set. 



Chapter 1 20 

"The utilization of canonical correlation analysis can provide information 

concemmg: 

I. 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 conditional upon, 

or redundant given the other set" (Levin·e 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, et 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, et 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; Manari, et 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 Bet1ossa, 

2004). It has been used in sensmy 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 conelation 
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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 (T~orek, 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 0 or H N • 

. 2. Alternative Hypothesis: a hypothesis which states that there is a 

difference relationship between the procedures and denoted by 

H, or H, (Wilson and Sankaran, 1997). For example, let p, be 

the average of the first population and p 2 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 0 and H 1 

Cases of H 0 and H 1 

Case Ho Hi 

1 Jli = J12 Jli 7c- J.l2 
2 Jli > J12 J.li ~ J.l2 
3 J.li < J12 Jli ~ 1'2 

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 analysis to test whether or not the equations are statistically 

significant. It is employed in many fonns of technological research. For 

example, it was used by computer programmers to evaluate five industrial-

sized C++ systems (Counsell, et al., 2004). Hypothesis testing has been used 

to study probability models of image regions in Synthetic Aperture Radar 

(SAR; Beaulieu, 2004). It was also used in a study designed to improve the 

perfonnance 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 spatia-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, et al., 200 I). 

In business management, researchers in the U.S. airline industry have used 

hypothesis testing 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 E I 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 infonnation 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 g1ven. 

Some examples were g1ven of vanous types of scientific 

investigations, usmg 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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Chapter 2 

Theoretical Descriptions 
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2.1 Introduction 

This section will provide the mathematical models for: Regression Analysis, 

Factor Analysis, Canonical Correlation, Hypothesis test and Wilcoxon 

Signed-Rank Test which wil l be used to analyse the data. 

2.2 Regression analysis 

2.2.1 Simple and Multiple Linea•· Regression 

2.2.1.1 Introduction 

The relationship between the variables is expressed in the form of an equation 

connecting the response or dependent variable y, and one or more independent 

variables xw-r2 , ••• , x , (Rawlings, et al., 1998). It takes the form: 

where a0 , a~>a2 . ... a, are called the regression coefficients. They are 

determined from the data. An equation that has only one independent variable 

is called a simple regression equation. An equation containing more than one 

independent variable is called a multiple regression equation (Aiken and 

West, 1991). 

2.2.2.2 Simple Linear Regression 

Simple linear relationships are used in any scientific disciplines. Simple linear 

regression is given by the equation: 

y = ax +b (2- 1) 
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Calculation of Slope and Intercept: 

The steepness of a line is indicated by a number known as 'gradient'. The 

kind of relationship between x and y (positive or negative) is determined by 

slope (Allison, 1999). The slope and intercept are given by: 

A s)' (SYY)"2 

Gradient = a = SXY I SXX = r - = r --
9' s X)' sxx 

.'( 

Intercept = b = y- cii 

(2- 2) 

(2- 3) 

Where (SXA) the corrected sum of squares for the x; 's ( x; is the x value for/'' 

data point). It is given by the equation: 

(2- 4) 

and the corrected sum of cross-products (SXY), covariance, is given by the 

equation: 

(2- 5) 

The equa~ions which given by (2- 2) and (2 - 3) is used to find a and b in 

(2 - 1 ). 

r,n' is the correlation coefficient which is given by the equation: 

rxr = SX1' I ~(SXX)(SYY) = S.ry I s .. S1 
(2- 6) 
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S x is the standard deviation of x; (Aiken and West, 1991 ). It is given by the 

equation: 

Sx = fi[ = .JSXX /(n- 1) (2- 7) 1 

SYY is the corrected sum of squares for the Y; 's, sample variance, and SJ' is the 

sample standard deviation. They are given by similar equations. They are: 

s; = SYY /(n - I) 

S>- =~ = .JSYY /(n - 1) 

Y; is they value for the i'th data point and is given by the quation: 

The value of resicluals is given by: E; = Y; - J'; . 

The residual sum of squares, RSS, is given by: 

or 

RSS = SYY- (sxry- = SYY - b2 SXX 
sxx 

(2- 8) 

(2- 9) 

(2 - 1 0) 

In simple regression, the residual degrees of freedom (d.f) are given by: 

d.f = n-2 (2 - 11) 

(residual d.f. = number of cases - number of parameters in model). The 

degrees of freedom for model (2- 1 0) are (n-2).The sum of squares due to 

1 A sample the division is on (n-1) but for the population the division is on n 
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regression, ssreg' is defined as the difference between the sum of squares at the 

equation (2 - 4) and the equation (2- 10). It is given in (2 - 12) 

SSreg = SYY - RSS 

~ SYY - ( SYY - (~' J 

ss = (sXYY 
••g sxx (2- 12) 

Residual Variance2
, a 2

, is obtained by dividing RSS by its degrees of freedom 
. ' 

(elf). So a2 is given by : 

~ 2 RSS 
a = --

n-2 
(2 - 13) 

The degrees of freedom for model (2 - 13) are given by : 

df=(n-1)-(n-2) =1 

The summary of results is given in ANOV A (Table 2.1 ). 

Table 2. 1. Analysis of variance for simple regression with 1t data points 

Source 
Degrees of Sum of Mean 

Freedom( d. f.) Squares(SS) Square(MS) 
F 

Regression on X I ssreg SS,.,g I I o~ MS,.eg 

Residual for 
n-2 Rss· G- 2 or MSE larger model MS,..g I MSE 

Total corrected 
n-1 SYY 

sum of squares 

The coefficient of determination, R2
, is given by : 

2 2 SS,..g RSS 
R = r . =--= 1---

,1 SYY SYY 
(2 - 14) 

2 this is also commonly referred to as enor variance. 
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R2 describes how much of the vatiation in the dependent variable y is 

explained by the equation. If R2 is near 1, then xexplains a large part of the 

variation in y (Timm, 2002). 

The correlation coefficient is given by: 

R ~ R ~ r ~ rs,., ~ ~I - RSS 
·<:> SYY SYY 

(2- 15) 

It is necessary to knpw whether or not R is consistent with the null 

hypothesis. 

The appropriate statistic for testing this hypothesis is: 

(2 - 16) 

The test is catTied out by comparing the observed t value with a tabulated t 

value with appropriate degrees of freedom (Aiken and \Vest, 1991). 

2.2.2.3 Multiple Regression Model 

The relationships between several independent or predictor variables and a 

dependent or criterion variable are called multiple regressions (Dillon and 

Goldstein, 1984). 

The data consists of n observations on a dependent variable y and p 

independent variables x11 x2 , . .. , x, . The observations are usually represented as 

fo llows (Aiken ami West, 1991 ): 
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Observation number y 

2 Xzz 

n y ll .. rpn 

The multiple regression equation is f01mulated as a linear model: 

a 0 , a 2 , ...... , a p are ca ll ed the regression coefficients. Before computers, it was 

very difficult to find them. There are p equations to find the regression 

coefficients. These equations are given by: 

L Y; = na0 + a1L Xr; +a2L X2; + a3 L x3; + ... + a PL Xp; 

L Y,Xr; = aoL Xr; +a, I x 2r; + a2 L X2; Xr ; + ... + aPL XP;Xr; 

L Y,X2, = aoL X2; + a, I x, ,x2; +a2L X22, + ... +aP i xp;X2; 

Now computers have solved this problem with many stati stical packages, for 

example, SPSS, SAS and MINITAB. 

The standard eiTor of a; ( SEa, ,i = 1,2, ..... ,n) is given by the equation: 

where: 

S ; = SSE 
n -p - 1 

(2- 17) 
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and: 

(2 - 18) 

Each of the independent variables can be tested by the equation: 

a . 
I =-'- where i = 1,2, ... , p 

SE . ' m 

(2 - 19) 

After fitting the linear model, the coefficient of determination, R 2
, must be 

examined. The coefficient of determination ( R 2
) takes a value between 0 and 

1. If the value is 1: there is no difference between the estimated y-value and 

the actual y-value. But if coefficient of determination is 0, then the regression 

equation is not useful. 

The coefficient of determination is given by: 

(2- 20) 

F-test: the F statistic is used to detennine whether the relationship between y 

and x ,. x
1

, ... ,xp occurs by chance. It is given by the equation: 

(I (y;- YY - I (y, - ji;)); 
F = P 

I (y,- .Y,Y I 
/ n - p - 1 

(2 - 21) 

If F statistic is greater than the Ftable with degrees freedom p, n-p-1 then the 

relationship between y and the independent variables ( x , ,x1 , .. . ,x p) is 

significant (Kendall, 1975). 

Finally, a summary to multiple regression is given by ANOV A Table (Table 

2.2). 
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Table 2. 2. Analysis of variance for multiple regression with p parameters 
and n data points. 

Source 
Degrees of Sum of Mean 

Freedom( d. f.) Squares(SS) Square(MS) 
F 

Regression on X p-1 ss,.g SS,.,g /p or MS,..g 

Residual for 
RSS 5 2 or MSE 

larger model 
n-p MS,.g I MS£ 

Total corrected 
Il-l SYY 

sum of squares 

2.1.2 Multiple exponential regression 

Introduction: 

Sometime the relationship among the variables is nonlinear. An appropriate 

transformation of the variable can make the relationship among the 

transformed variab les linear (Chatterjee and Price, 1991 ). Many non linear 

models can be transformed into linear. For example, the function which is 

given by the equation y = axb can be changed to linear, taking the natural 

logarithms of both sides of that equation and putting y' = log y and x' = Jog x ; 

the equation is: y ' = log a +bx' which describes the straight line graph of log(y) 

against log(x) with an intercept of log( a) and a gradient of b (Edd ison, 2000). 

There are, however, many simple nonlinear models that cannot be linearized. 

Consider for example: y =a+ be·· 

Before starting to find an equation, it hould be con idered whether the 

equation suits the data . If there is not a relationship between y-variable and x-

variable then a suitable model should be found. Sometimes a graph is the best 
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method of determining the model of an equation. For example, the equation: 

y = axP is given by the Figure 2.1 (a and b) 

(a, fJ , x all > 0 I ( a . x > o. fJ < o ) 
.-----

y y 

fJ=l 

0<fJ<1 

1 X 

(a) (b) 

Figure 2.1. Graphs of linearizable functions y = axP (Chatterjee and Price, 1991). 

X 
Also the equation : y = is given by the Figure(2.2) 

ax- fJ 

( tJ > 0) 

y 

~ 
I 11a 

POSITIVE CURVATURE 

y 
I 
I 
I 
I 

cp < o 1 

, - - _::,.::.;::..;;:;-..;:-;..;;---;;;.,oo;-

:~ 
I 0 
I 
I 
I 

~ 
IJ/a NEGATIVE CURVATURE 

Figure 2.2. Graphs of linearizable functions y = x (Chatterjee and Price, 1991). 
ax - fJ 
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n+bx 

Finally, the equation: y = 
1
: en•bx is given by the Figure (2.3) 

r 

n+bx 

Figure 2.3. Graph of linearizable functions y = e b. (Chatterjee and Price, 1991). 
I+ en+ T 
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Exponential equation regression: 

The relationship expressed in the fo rm of an exponential equation is given by 

the form: 

(2 - 22) 

where y is a dependent variable, x" x2 , . ..... , x, are an independent variables and 

a 0 ,a"a2 . .. • a, are called the regression coefficients. 

The equation (2-22) can be changed to linear by taking the natural logarithms 

of both sides of that equation and putting y' = logy ; the equation is: 

(2- 23) 

The equation (2 - 23) is a linear equation so the equation can be studied like a 

linear equation. 

2.2 Factor analysis 

2.1.1 Introduction 

Factor analysis is one of the most important models in mul.tivariate analysis. 

Statisticians define factor analysis as: ·a generic term fo r a fami ly of statistical 

techniques concerned with reduction of a set of observable variables in terms 

of a small number of latent factors (Anon, 1995). 

Before applying factor analysis in this research it is important to give some 

statistical background about factor analys is: 

• Factor loadings, also called component loading, are the con elation 

coefficients between the variables and factors (Group, 2005). 
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• Common variance the variance shared with other variables m the 

factor analysis (Hair, et al. 2005). 

• Communality h2
, is the squared multiple correlation for the variables 

as dependent using the factors as predictor (Group, 2005). 

• Correlation matrix shows the inter-correlations among all variables 

(Hair, et al. 2005) . 

• Eigenvalue, also called charactet:istic or latent root, equals the sum of 

the column of squared loading for each factor (Group, 2005). 

• Varimax rotation is an orthogonal rotation of the factor axes to 

maximize the variance of the squared loadings of a factor (column) on 

all the variables (rows) in a factor matrix, which make it as easy as 

possible to identify each variable with single factor (Group, 2005). 

• Error variance Variance of a variable due to errors in data coJlection 

or measurement (Hai r, et al. 1995). 

• Factor scores, also called component scores, are the scores of each 

case (row) on each factor (column; (Group, 2006). 

• Trace is the sum of variances for all factors , which is equal to the 

number of variables since the variance of a standardized variable is 

1.00 (Group, 2005). 

• Unique variance is the variabil ity of a variable minus its communality 

(Group, 2006). 
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Let X (p, l) be a vector then the Mathematical Expectation for this vector is 

given by: 

XI E(x
1

) Ill 

x2 E(x2 ) 1-'2 

X= => E(X) = = 

xP E(xP) l-' p 

The variance and covariance to X vector is given by: 

L = E(X - p)(X - p)' = E 

= 

I= 

E(x1 -J-11 Y 
E(x2 - 1-'2 Xxl - 1-'1) 

E(x1 - J-1 1 Xx2 - J~.J 
E(x2 - p 2 Y 

0"11 0"12 o-,p 

D" 21 O"n 0"2p 

0" pi 0" p2 0" pp 

where o-!i = E(x; - J-1 1 Xx1 - p J; i , j = 1,2, ...... , p 

E(x, - 1-',Xxp - ,up) 

E(x2 - p 2XxP - 1-'P) 

(2- 24) 

(2- 25) 

I 3 is called variance- covariance matrix but in this research it wil l be called 

covariance matrix. The matrix has p variances ( o-;; ) and p{p-1)/2 covariance 

(o- ij where i < j )
4 (Hair, et al. 2005). 

3 I or o- 2 is called variance. 
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Correlation matrix is defined as: 

p = 

where: 

• 

• - I ~ p .. ~ I 
lj 

p 

Pp1 P 

The correlation coefficient is given by the equation: 

0" ij .. 
PI) = r=- ~ ; l ,J = 1,2, ..... , p 

-va-ii -va-jj 

The standard variation matrix for X is given a 

fo:: 0 0 

0 ~0"22 0 

V = 

0 0 

(2- 26) 

(2- 27) 

(2 - 28) 

According to (2-25), (2-26), (2-27), and (2-28) p and l: are given by the 

equations: 

= y - 1 l: V I Py 

L = VpV 

The linear combination z =ex have: 

ll z = E(Z) = E(CX ) = Cp x 

Lz = Cov(Z ) = Cov(CX ) = C l: x C' 

4 x, , x 1 are independent variables t hen cov(x; , X j ) = 0 

(2- 29) 

(2 - 30) 

(2 - 3 1) 
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Eigenvalue and Eigenvector: Let S(k x k) be a matrix and l(k x k) be a 

identity matrix. Then the scalars A, ,A2 , ...... ,Ak satisfying the polynomial 

equation IS- All = 0 are called e igenvalues of matrix S. If E (k x 1) is a nonzero 

vector ( (E :~: 0) such that : 

SE=AE (2 - 32) 

then E is said to be an eigenvector (characteristic vector) of the matrix S 
. . ~ 

associ.afed with the eigenvalue A (Johnson and Wichern, 1998). 

2.2.2 The Factor Model 

Figure 2. 1 is a sample illustration of the facto r analysis mode 

e 1 e2 e3 e4 e5 

Figure 2.4. Factor analysis mode. 

F.. and F 2 are two common factors: Y; where i = 1, ... ,5 is a random vector. 

e; where i = 1, .. . ,5 are unique factors, which are assumed to be unconelated 

with each other. 

The mathematical factor model is defined as: 
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or as matiix : 

42 

Xl - Jl1 = /11/r + /12/ 2 + ··· + /lmfm + £1 

X2 - Jl2 = /21/r + ln f 2 + ··· + /2,/,, + £2 

······ ··········· ········ ············· ················· ····· 
X p - Jl p = f pl J; + f p2 / 2 + ·. · + /pm .{,, + £ p 

X- J1 = LF + ~: 

(2- 33) 

(2- 34) 

where X (p x 1) is a random vector with mean 11 and cova1iance matrix L:. 

F (m x I) are common (latent) factors a.nd m<p. L(p x m) is called the factor 

loadings. c (p x I) is called specific or unique factors. 

This definition also gives : 

• E(F) = 0 and £(£) = 0 . 

• Cov(F) = I and Cov(&) = \jl . 
(2- 35) 

• Cov(F,U) = O and Cov(&i>&j)= O where i:tj 

From this definition: 

l . cov(£) = \jl = diag(lf/ 11 , •• . ••• . •••• ,lfl PP ). 

I I 

2. (x - J1 Xx - 11) = (LF + c XLF + c) 
. I 

(X - JLXX - p) = (LF + £ XCLF)
1 

+ &
1

) 

I 

(X - fl Xx - p) = (LF)(LF)') + (c(LF)
1

)+ LF& + ££ 
I 

E(X - pXX - p) = E((LF)(LF) 1 )+ (c(LF)' )+ LF& + ££) 

From (2- 25) and (2 - 35) we can write: 

L: = LL 1 + 1/f 
(2 - 36) 

From (2 - 36) covariance matrix can be written by factor loadings and 

covanance c . 
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3. According to (2) the equation can be written by: 

Let : h,2 = 1,~ + 1,22 + ····· ·· ·· + !,~, (2- 37) 

then: 

where i = l,2, ..... ,p (2 - 38) 

h} is called the communality and represents xi. 

lf/ ii is called the specific or unique variance and is due to the uhique 

factor £ j . 

4. According to (2- 34) : 

but: 

then: 

(X - 11) = (LF + £) 

(X - p)F' = (LF + &)F' 

(X - p)F' = LFF' + &F' 

Cov(X, F)= E(X - J..l)(F - o)' 

Cov(X, F) = E(X- p )F' 

from (2 - 35) 

Cov(X, F) = LE(FF') :1- E(&F') = L 

Cov(X , F) = L 

E(F) = 0 

(2 - 39) 

Let T be (m x m) orthogonal matrix, then TT' = T'T = I. The equation (2- 34) 

can be written 

X - p = LF + £ = LTT'F + £ = L' F" + c (2 - 40) 

and 

2:: = LL' +If! = LTT'L' +If/ = (L' )(L• )' +If/ (2 - 41) 

where 
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L' = LT and F. = T'F 

smce 

E(F' ) = T 'E(F) = 0 

Cov(F') = T' Cav(F)T = T'T = I 

2.2.3 Methods of Estimation 

The quantity s is the difference between the number of unique va lues in the 

data 's p x p correlation matrix and the number of parameters in the factor 

model: 

I 2 l 
s = -(p- m) - - (p+m) 

2 2 
m ~ p (2- 42) 

Two methods of estimating the parameters of the factor model when s>O will 

be given in this research. 

2.2.3.1 Principal Factor Analysis 

Estimation of parameters of the m-factor model is given by principal factor 

analysis when s >0 (Krzanowski and Marriott, 1994). 

Two common estimates of the/' communality (h/) are: 

1. The square of the multiple correlation coefficient of the /h variable 

with all other variables. 

ii . The largest correlation coefficient between the ith variable and one 

of the other variables. 

h,2 is higher when xi is highly correlated with the other variables. 

Variances for variables are estimated by er;; = s;; . 
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The reduced correlation matrix is given by the matrix R - If!, where the 1 s on 

the diagonal here been replaced by the equation: 

(2- 43) 

According to spectral decomposition theorem: 

p 

R- t/1 = L A-;e(iJe;iJ (2- 44) 
i=l 

where A1 ~A2 ~ •••• •••• ~A.p are called eigenvalues ·of R -t/1 and A; ~ O ; i = I ,2 , .. , p. 

e<1> , . ....... , e<P> are called eigenvectors of R - t/f . 

The ith column of L is estimated by the equation : 

A 1/2 
/ (iJ =A; euJ where i = 1,2, .... .. , m (2- 45) 

then : 

(2- 46) 

Estimates of the specific variances are given by the equation: 

where i = 1,2, ...... .. , p (2- 47) 

Now if t/f;; ~ 0 then the principal factor solution is permissible. 

t/f;; is given in other equation : 

A I .. ~ A2 
If/ ;; = i; = s" = 1- L.Jij 

r i=l 
(2 - 48) 

5 The standardized variables each of whose estimated true variance is I 
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where r 11 is the number i from the diagonal in the R- 1 matrix, and s 11 is the 

number i from the diagonal in the s-1 matrix(S is a variance matrix). 

Then from (2- 43) the equation is: 

A p A 1 
h~ = 1- u/

1
. = "\' /1

2 =1--. = I -/' , r, ~ IJ , 
i= l r 

(2- 49) 

Parameters of the m-factor model are estimated by these equations. 

2.2.3.2 Maximum Likelihood Factor Analysis 

" It has been found to provide valid results with sample size as small as 50, but 

the recommended minimum sample size to ensure stable maximum likelihood 

estimation solution are l 00 to 150" (Hair, et al. 2005). Also when factors F 

and the specific factors £ can be assumed to be nmmal distribution, then the 

maximum likelihood can be used to estimate the parameters (Child, 1990). 

The likelihood is given by the equation: 

This equation depends on Land 'I' also L: = LL' + 'I' , but this model is not 

well detined. The convenient uni.queness condi tion to define L well is given 

by: 

(2 - 51) 

where A is a diagonal matrix. 
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2: = LL' +'I' is the covariance matrix for the m common factor. The maximum 

likelihood estimators i ,tjl and jL =X maximize (2 - 49) subject to l/ tjl - ' i 

being diagonal. The maximum likelihood estimates of the communalities are: 

where i = 1,2, ..... . , p 

so: 

Pr oportion of total 
~2 ~2 ~2 

/ 1 . + 12 . + ........ ... .. + I P. 

sample variancedue tojthfactor = 1 1 ~ 
s 11 + s 22 + .... ..... .. . + s pp 

(2- 52) 

A Large Sample Test for the Number of Common Factor: 

When the sample is large, a normal distribution is assumed. Let m be the 

number of common the factor in this model. In this case, L: = LL' + lfl. 

Depending on hypothesis testing 

H 0 : L = L L' + If/ 
(px p) (pxm )(mx p) (px p) 

(2- 53) 

H 1 : L:anyother positive deflnite matrix. 

When L: does·not have any special form, the maximum of likelihood fu nction 

is given by: 

where 

n - I 
S, =--S 

n 

The maximum of the likelihood function is proportional to 

(2 - 54) 
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(2 - 55) 

where jL =X and f.= Li/ +vi and L,l(; are the max imum likelihood estimate 

of Land If!, respectively. 

The likelihood ratio statistic for testing H 0 with large sample is given: 

_ 21n !\ = _21n[ max imized likelihood under H 0 ] 

maximized likelihood 

(2- 56) 

but tr(f. -' s,)- p = 0 and f. = ii' + !(; is the maximum I ikelihood estimate of 

L: = LL' +vr so: 

-2ln A == n ln(~~~~l (2- 57) 

Degrees of freedom are given by: 

d .f. = _!_ [(p -mY - p -m] 
2 

(2 - 58) 

Using Bartlett' s correction, H 0 is rejected at the a level of significance if 

(2- 59) 

To use this test, n and n-p must be large, and the degrees of freedom are 

positive that is 
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then 

in order to apply (2-59). 

2.2.4 Factor Rotation 

49 

}_(2p+ 1 -~8p+ l ) > m 
2 

Rotation is usually necessary to facilitate the interpretation of factors. 

(2 - 60) 

Rotation does. not affect the sum of eigenvalues, but rotation wi ll alter the 

eigenvalues (and percent of variance explained) of particular factors and will 

change the factor loadings (Group, 2005). 

According to the equations: 

then· 

L" =LT , where TT' = T 'T = I 
L~ L~' ~ L'TT'L~ ' ~ L~. L~ '' ~ + \jl = + \jl = + \(/ 

s - ii'- li. = s - i · i.,. - ,,, 
n 't' n 't' 

(2- 61) 

"Kaiser has suggested an analytical measure of simple structure known as 

varimax criterion ( ~ )" (Johnson and Wichem, 1998).The function (; is the 

sum of the variances of the squared loadings within each column of the 

loading matrix, where each row of loadings is normalized by its communality; 

that is 

(2 - 62) 



Chapter 2 50 

where ~· = i; I h;. The varirnax criterion fjJ is a function ofT, and the 

iterative algorithm proposed by Kaiser finds the orthogonal matrix T which 

maximizes fjJ . 

In the case where m=2, the calculations simplify. For then T is given by: 

T = [ 
cos() sin()] 

-sin() cos() 
Clockwise rotation 

T = [cos() -sin()] 
sin() cos() 

Counterclodvvise rotation 

From (2-39) and (2-41) (clockwise rotation): 

L' = L T 
(pY Z) (rx2) (2-l) 

then 

2.3 Canonical correlation analysis 

(2- 63) 

(2- 64) 

Canonical correlation is "a multivariate statistical model that facilitates the 

study of interrelationship among sets of multiple dependent va1iables and 

multiple independent variables" (Hair, et al. 2005). Canonical correlation 

analysis (CCA) which was first described by Hotelling ( l935)(Shafto, et al., 

2005), is used in many fields like chemistry, biology, meteorology, sociology, 

economics, .. . . etc. (Shafto, et al., 2005). 
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Before starting with a canonical correlation model some definitions may be 

useful: 

1- Canonical function is the relationship between two separate linear 

composites (canonical variates). One linear composite is for the set of 

criterion variables, the other for the set of predictor variables. 

Canonical correlation gives the strength of the relationship between the 

two set (Hair, et al. 2005). 

2- Canonical Joadings measure the simple linear correlation between 

independent variable and their respective canonical variates. Canonical 

loading are sometimes called canonical structure correlations. They 

can be interpreted in the same way as factor loadings. 

3- Canonical roots (eigenvalues) are squared canonica l correlations. 

They are used to give an estimate of the degree of shared variance 

between the li near composites (canonical variate), optimally weighted, 

of criterion and predictor variables respectively (Hair, et al. 2005). 

4- Canonical variates are also known as linear composites, linear 

compounds, linear combinations, or canonical variables. They represent 

the weighed sum of two variables. They can be defi ned for either 

criterion variables or for predictor variables {Tabachn ick and Fidell, 

2001 ). 
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5- Canonical coefficients (canonical weight) are used to measure the 

relative imp01tance in a conical correlation of the contribution of 

individual variables. 

6- Criterion variables: dependent variables. 

7- Pr·edictor variables: independent variables. 

8- Pooled canonical correlation i "the sum of the squares of all the 

canonical correlation coefficients, representing all the orthogonal 

dimensions in the solution by which the two sets of variable are related. 

Pooled canonical correlation is used to assess the extent to which one 

set of variables can be predicted or explained by the other set"(Anon, 

2004a). 

An analysis of the relationship with canonical correlation is given by the 

Figure 2.5: 
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Research Problem 

What variables make up the dependent variate ? 
What variables make up the independent variate ? 

Research Design 

Number of observations per variable 
overall sample size 

Statistical Assumptions 

Linearity of correlations 
Linearity o f relatiqnship 
Multivariate normality 

Canonical Function Estimation 
and Selection 

Statistical significance 
Magnitude of relationship 

Redundancy 

Interpreting the Canonical 
Function and Variates 

Canonical weights 
Canonical loadings 

Canonica l cross-loadings 

Spl it I multiple samples 
Sensitivity analysis of variable composi tion 

Figure 2.5. Canonical Correlation Analysis (Hair, 2005). 
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2.3.1 Mathematical canonical correlation model 

Let X (I) is a random vector (p x 1) and x<2
> is the second group (q x I) and 

p s; q . For these vectors let: 

E(X<1>) = J.l <t> , cov(X11
>) = L 11 

E(X 12>) = J-1<2
> , cov(X12>) = 2:: 22 

cov(X 11l X (2) ) - " -" ) - L..t2 - L..2t 

then the random ve<;tor is given by: 

and: 

r 
x <

1

> l 
x(( plq)xl) = ---- = 

x <2> 

x <t> 
I 

f (l) 
./ p 

x <2> 
I 

v ( 2) 
/ l q 

r
E(X <

1

>)l r J-1 <
1

> l 
J.l((p+q)xt) = E(X) = -- -- = - - --

E(X <2>) J.l- <2> 

(2- 65) 

(2- 66) 

(2 - 67) 

The covatiance of X ((p + q) x L) is given by the equation: 

l:11 
px p 

L((p+q)xl) = 
2:: 21 
qx p 

L: 12 
p xq 

Ln 
qx q 

E(X <t>- ,u<t>)(Xt2l - p(2) )'l 

E(X <2> - p< 2> )(Xt2> - 1-' (2) )' 

(2- 68T 

x(l> ,X 12> (two sets of variables) are written as linear combinations as: 
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U=a'X< 1> 

V= b'X<2
> 

55 

According to (2-8), there are: 

Var(U) = a'Cov(X<1>)a = a' L 11 u 

Var(V) = b'Cov(X<2>)b = b'.L22 b 

Cov(U , V) = a'Cov(X<1>, X (2) )b = a' L 12 b 

then the canonical correlation is given by the equation: 

(2- 69) 

(2- 70) 

(2 - 71) 

Theorem 4-1: Suppose p ~ q and let the random vectors x< 1
> and x(2) have 

p xl qx l 

(px p) (qxq ) (pxq ) 

coefficient vectors a and b, from the linear combinations 

U = a'X 11 > and V = b'X 12>. Then: 

max Corr(U ,V) = p; 
a.b 

attained by the linear combinations( first canonical variate pair) 

Then: 

u - , "' - 1/ 2 x(l) 
1 - el L... 11 and 

and 

The kth pair of canonical variates, k=2,3, ... .. ,p 

U = e' '\' - I 2 x(l) 
k 4 L11 and 

V. - r•'\' - 1 x<2) 
I - 1 I L... 22 

b' = r•'\' - 1 2 
I 11 L...22 

V = r• '\' - I x<2) 
k J 4 L... 22 
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maxtmtzes 

among those linear combinations uncorTelated with the preceding 1,2, ... .. ,k-1 

canonical variables. 

e1,e2, ........ ... ,eP are the associated (p x I) eigenvectors. (The quantities 

p;2 ~ p;2 ~ ........ .. ....... ~ p;2 are also the p largest eigenvalue of the matrix 

~ 112 " ~ I~ ~ l t 2 • h d' · L... ;2 L.. 21 L..~1 L... 12 L... ;2 wit correspon mg (q x I) etgenvectors J;, / 2 , .. ....... ,JP . 

Each / , is proportional to L: ;~ '2 L:2, I~,' e;.). The canonical variates have the 

propet1ies: 

Var(Uk) = Var(Vk) = I 

Cov(U*, U 1) = Corr(U4 ,U1) = 0 k =t: I 

Cov(Vk ,V1) = Corr(Vk, V1 ) = 0 k =t: I 

Cov(Uk,V1 ) = Corr(U*, ~) = 0 k t:- I 

fo r k, I = 1,2, ...... , p (Johnson and Wichem, 1998). 

2.3.2 Tests of significance 

The test for relationsh ip between X ('> and x (2) was proposed by Bartlett and 

is given by the equation: 

2 I "" X = - {n - - (p + q + 3)} L..loge (1 - AJ 
2 

(2- 72) 

where n is the number of cases for which data are avai lable. r is the minimum 

among p and q . A.; is the square of canonical correlation. The value of X 2 can 
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be compared with the percentage point of chi-squared distribution with pq 

degrees of freedom. A non-significant result indicates that canonical 

conelation can be accounte~ for by sampling variation only. A significantly 

large va lue provides evidence that at a one of the r canonical correlations is 

significant. (Manly, 1994). 

Note: canonical correlation analysis is used only when: ( n > p + q) (Clark, 

1977). 

2.4 Hypothesis testing 

Let X 1 , X 2 two samples from the same popul ation then the hypothesis testing 

for the difference between the means is given by the equation (Wilson and 

Sankaran, 1997): 

where: 

T = XI -X2 

s - -(X1.X1 ) 

• X1 is the average of the first sample. 

• X 2 is the average of the second sample. 

• S1.r,.X, > is the standard etTor of the difference which is given by 

the equation: 

where: 

s - - = ( X 1.X1 ) 

• 0'~ is the variance of the first sample. 
I 
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• at is t~e variance of the second sample. 

• is the number of variables in the first sample . 

• n1 is the number of variables in the second sample. 

t statistic and t tabular will be compared in order to establish whether or not 

the weather and location affect barley breeding experiments. 

2.5 Wilcoxon Signed-Rank Test 

The Wilcoxon signed-rank sum test is a non-parametric or distribution free 

test. It is used to test that the median of equal to some value (Shier, 2004). 

The Wilcoxon signed rank sum test is given as: 

1. The null hypothesis: the di fference between the members 

of each pair (x, y ) has median value zero. 

2. Calculate each paired different: d, = x, - y, . 

3. Rank the differences without regard to the sign of the 

difference. 

4. Calculate all positive ranks (w +) and all negative ranks 

_ n( n + 1) . b f (w - ) (where w+ + w = , n IS the num er o 
2 

observation). 

5. Calculate the mean and variance which are given by the 

.. n( n + l ) 2 n( n +l )(2n +l) (n>Bor equations . fl = , crw = -----
4 24 

Normal distribution). 
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6. Calculate z = w -~~ . where W is the maximum between 
O"w 

w+ and w-. 

7. Find the probability of observing a value Z by using tables 

of critical values for Wi lcoxon 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 seasons 1992/1993 and 199311994 at two 

experimental stations Tel Hadya and Breda by the International Centre for 

Agricultural·Research in the Dry Area (ICARDA). 

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

. . 
crossmg derived from two six-rowed genotypes of barley 

MO.B1337/WI291//Zambaka. Their parents were planted at Tel Hadya during 

the first season. During the second season ( F6 ) hybrids and their parents (the 

original parents family numbers were I 01 and 1 02) 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 each of 3 hybrids at 2 sites 
and 2 seasons (see Table a.2 in appendices). 

Season Tel Hadya 
Total plant yield (kg ha. 1

) 

Grain yield (kg ha.1
) 

Straw yield (kg ha-1
) 

Harvest index 
Season I Thousand grain weight (TGW) 

Ear number 
Protein content of grain 
Plant height (cm) 
Vegetative duration (day) 
Total plant yield (kg ha- 1

) 

Grain yield (kg ha. 1
) 

Straw yield (kg ha.1
) 

Harvest index 
Thousand grain weight (TGW) 

Season 2 Ear number 
Protein content of grain 
Plant height (cm) 
Vegetative duration (day) 
Length of growing season (day) 
Leafiness 

Bred a 

Total plant yield (kg ha. 1
) 

Grain yield (kg ha-1
) 

Straw yield (kg ha.1
) 

Harvest index 
Thousand grain weight (TGW) 
Ear number 
Protein content of grain 
Plant height (cm) 
Vegetative duration (day) 
Length of growing season (day) 
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. 

Factor Tcl Hadya 

Date of Cultivation 2911111992 

Date of Germination 26/12/1993 

Date of Harvest 6/7/1993 

Seed rate (kg ha-1
) 100 

Rate of Nitrogen (kg (N) ha- 1
) 40 

Rate of Phosphate (kg ( ~05 )ha- 1
) 40 Before Cultivation 

Herbicide for Grass control W46(3 litre ha-1
) 

Rainfall (mm/year) 290.1 

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

Factor Tel Hadya Bred a 

Date of Cultivation 12112/1993 15/12/1993 

Date of Germination 24112/1993 51111994 

Date of Harvest 3/6/1994 9/6/1994 

Seed rate (kg ha- 1
) 100 100 

Rate of Nitrogen (kg (N) ha- 1
) 60 60 

Herbicides Deblozan (1.5 I ha- 1
) -

Rainfall (mm/year) 273.3 291.2 
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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 I: 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 germination until 

50% ear emergence. 

d. Length 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·
1
• 
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b. Grain yield: was measured after mechanically separating grain from 

straw expressed as kg ha- 1
• 

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 (HI) 

(Table _3.4). Total rank indicated that the genotype was not stable because the 

the total ranks was between 19 (family 28) and 276 (family 34)(Table 3.4), 

and for example family 39 was 2"d in Tel Hadya in season 1, but 41st in 

season 2 and 281
h in Breda in season 2. 
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Table 3.4. Example of a data set- grain yield (kg ha-1
) for HI in rank order and family 

number at 2 sites. 

Tel Hadya season I Tel Hadya season 2 Breda season 2 Total of 
family Grain Grain Grain ranks 

yield Rank yield Rank yield Rank 
I 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 3391 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 3866 37 4453 42 1550 52 131 
25 4986 5 4223 59 1890 11 75 
26 5200 4 3846 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 
42 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 I Tel Hadya season 2 Breda season 2 Total of 

family Grain Grain ranks 
yield Rank Grain yield Rank yield Rank 

47 3462 57 3126 95 1378 75 227 
48 4288 20 4210 60 ll 08 97 177 
49 3164 77 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 
61 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 91 243 
79 2666 .92 4416 47 1600 39 178 
80 3715 43 3066 97 1558 50 190 
81 4764 8 3800 78 1558 51 137 
82 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 
86 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 



Chapter 3 67 

Table 3.4. (contd.) 
Tel Hadya season I Tel Hadya season 2 Breda season 2 

Total of 
family Grain Grain 

ranks 
yield Rank Grain yield Rank yield Rank 

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 (HI). 

Tel Tel 
Bred a 

Tel Tel 
Bred a 

Rank 
Hadya Hadya 

season 2 Rank 
Hadya Hadya 

season 2 
season I season 2 

family 
season I season 2 

family 
family family family family 

20 76 28 93 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 I 34 71 
8 81 46 41 100 13 43 14 
9 46 59 31 I 0 I 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 80'11 for l-12 was 6
1
h in Tel Hadya 

in season I, but 23rd in season 2 and 101 51 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 (ll) for H2 and family 21 for I-13 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-ll parameters 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 

hannony between yield and other parameters can only be investigated by 

statistical methods (more infotmation 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 
Bred a 

Tel Tel Bred a 

Rank 
Hadya Hadya 

season 2 Rank 
Hadya Hadya 

season 2 
season I season 2 

family 
season I season 2 

family 
family family family family 

I 63 85 28 93 78 38 15 

2 46 5 11 94 15 35 14 

3 ss 102 58 95 38 6 53 

4 40 9 13 96 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 I 01 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 Te1 
Bred a 

Tel Tel Bred a 

Rank 
Hadya Hadya season 2 Rank 

Hadya Hadya season 2 
season 1 season 2 family 

season I 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 94 101 76 54 66 

10 13 39 41 102 . 57 16 67 
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The ultimate goal of this research was: 

• to study whether or not the genotypes were affected by environment 

and to determine which was the best hybrid in terms of productivity. 

• to dete1mine 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. 

• to identify and measure any single character which g1ves the best 

prediction; and also to discover the best statistical methods for 

discovering this character. 

• to investigate the form of the relationship between yield parameters 

and 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 ofmultivariate 

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 GEl 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 (multi level 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 whether 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 is 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 durationx1, plant heightx2 , length of growing 

seasonx3 and leafiness x 4 ) and yield parameters of barley, also as a set, (total 

yieldy,, grain yieldy2 , straw yieldy3 and thousand grain weight (TGW) y 4 ). 

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 correlated 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 there 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 m 

agricultural 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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Data Analysis 

R esults 

Figure 3.1. Project plan summary. 
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Chapter 4 

Hypothesis Testing and Genotype-Environment 
Interaction 



Chapter 4 76 

4.1 Introduction 

Barley yield is affected by many factors but the e can be grouped as either 

environmental or genotypical characters. The final yield of the crop is the 

resu lt of the expression of the genotype resul ting in morphological and 

physiological processes which then interact with the environment in order to 

create biomass which eventually ends up as gra in and straw yield. The data 

available for analysis in this investigation were not coJiected from a set of 

designed physiological experiments but from breeding trials, and thus only a 

li mited number of parameters have been recorded. Nevertheless, the aim of 

this chapter is to investigate these characters, their stability with respect to 

genotype and their stability with respect to environment in order to evaluate 

their usefu lness and rel iability for use in further analysis. The parameters and 

effects will be analysed by hypothesis test, employing di fferent independent 

samples (yield parameters) in different cases. 

Firstly, some definitions are necessary: 

• Genotype: genotype refers to culti var rather than to an ind ividual's 

genetic make-up (Annicchiarico, 2002). 

• Environment: Environment relates to a the set of climatic, soil , biotic 

(pests and diseases) and management conditions in an individua l trial 

carried out at a given location in one year or over several years 

(Annicchiarico, 2002). 

This chapter is divided into three sections: 
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A. The first will deal with the difference between yield parameters (total plant 

yield, grain yield and straw yield) in relation to levels of leafiness during the 

second season. The section will also suggest reasons fo r different levels of 

leafiness and will also examine whether or not the yield was affected by 

levels of leafiness. 

B. The second section wi11 compare the mean yield parameters and 

morphological characters in di fferent seasons in the same area to examine the 

effects of the weather. 

C. The third section wil l study the genotype environmental interaction. 

Firstly, two di fferent seasons in the same area wi ll be compared to assess 

further the effects of the environment on the results genotype x year. 

Secondly, the interaction between environment and genotype (genotypex 

location). Finally, the reasons why three different hybrids (Hybrid I (H1 ), 

Hybrid 2 (I-12), and Hybrid 3 (H3)) gave different yield parameters wi ll be 

investigated. 

4.2 The influence of leafiness on yield 

Leaves begin as a regular series of primordial , localized outgrowths on the 

sides of the apical dome of a vegetative shoot (Hay and Walker, 1 989) and 

then undergo extensive cell divis ion, differentiation and expansion resulting 

in leaf emergence. Barley leaves comprise a leaf blade and a leaf sheath and 

are connected to the crown (vegetative condition) or the stem (reproductive 

condition) at a node. Leaves are one of the most important factors influencing 
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yield since they are the photosynthetic factory of the plant, fixing light into 

dry matter which ultimately determines yield. Many factors influence the 

development of crop leaves. The four main ones are: (i) temperature, which 

affects the rate of leaf production and the rate and duration of leaf expansion 

(Hay and Walker, 1989); (ii) nitrogen, which has an effect on leaf size and 

longevity, and photosynthetic ability (Hay and Walker, 1989); (iii) population 

density, which can limit leaf size through interplant competition; (iv) water 

supply, which affects leaf size and longevity as well as photosynthetic ability 

(Hay and Walker, 1989) . There are secondary controls on crop leaf area such 

as abiotic and biotic stresses (frost, high temperature, wind, diseases pests). A 

physiological study wou ld norma ll y measure crop leaf area and derive the leaf 

area index (LAI) but the score used here in the data, leafiness,. is a crude 

breeders scale to reflect this characteristic. 

First, this section will study whether or not leafiness is a stable character in 

the data or whether it varies from site to site. Second, the section will study 

the differences in yield in rdation to level of leafiness to determine whether 

leafiness can be used to predict yield or not. 

There are different methods of di scoveri ng whether or not genotype is 

affected by the environment; and in this section, the crossover interaction will 

be described in diagrammatic form and analysed using Speannan correlation 

coefficient. · 
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Firstly, some definitions will be given: 

• Genotype environment interaction (GEl): The usual definitions of 

genotype environmental interaction implies that interaction exists if 

differences between genotypes are not consistent from one 

environment to another (Baker, 1988). Unay, et, al. (2004) gave 

another definition, they stated: "GEl results from changes in relative 

rankings or I~agnitudes of differences among entries over 

environments. They also comment that these variations cause some 

difficulties in making the subsequent selection of genotypes by plant 

breeders and growers. 

• Crossover: The crossover interaction diagram can be used to visualize 

when two genotypes change in rank order of perfonnance when 

eva luated in different environments" (Baker, 1988) (Figure 4. 1 ). 

• Speannan's correlation coefficient is a non-parametric measure of how 

rank orders are related. 

Non-crossover Crossover 
Environment I Environment 2 Enviromnent I Enviromnent 2 

I I I 
~~ ~ 

4 
2 2 2 5 
3 3 3 ·~ 2 
4 4 4 3 
5 5 5 1 

Figure 4.1. Example of significant crossover interaction of 5 genotypes ranked in 
order of performance in 2 environments. 
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Results 

In order to compensate for di fferences in overall performance at a site 

leafiness interactions between different locations were investigated by 

Cro over after calculating the difference between the actual leafiness (x) and 

the mean leafiness ( x ) fo r the site/year L1x ( L1x = x - x) of change by 0.5 of an 

integer; and placing these into 4 categmies (Llx < -0.5,· -0.5-0,· 0-+0.5,· >+0.5) 

(Figure 4.2). 

The crossover interaction between Tel Hadya and Breda for HI (Figure 4.2) 

showed a high degree of crossover. Of the total of 102 families in HI there 

are only 25 fam ilies in the same categmy at each site ( 4 in the first group, 9 in 

the second group, 12 in the third group), while 77 families have crossover 

between categories. This indicates that the leafiness for H l is strongly 

affected by the environment . 
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30 38 
Llx E [ -0.5, 0 ) L1x E [ -0.5, 0 ) 

44 32 
L1x E [ 0 , 0.5 ) L1x E ( 0 , 0.5 ) 

Figure 4.2. Leafmess crossover diagram for Hybrid one between Tel Hadya and 
Breda. (Numbers in boxes show the number of individual families in each category 
and numbers on crossover arrows indicate the number of families changing to 
another category at the second location the "weight of the line graphically indicates 
the numbers of families crossing over). 
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This result is supported by lack of significance in the Spearrnan correlation 

coefficient between the 2 sites for HI, (r5 = 0.15,P=0131). 

However, since a non-significant result can never prove a nul l hypothesis, this 

statistical result cannot be used as objective evidence of GEL 

Similarly, H3 shows a high degree of crossover (Figure 4.3) with only 29 

families in the same categories between sites ( 4 first group, 13 second group 

at1d 12 third group) and there were no families in the fourth group in Tel 

Hadya, while there are 22 families in the same group in Breda. This result is 

supported the lack of significance of the Spearman correlation coefficient, 

( r5 =0.1 74, P=0.08). 

In contrast, for H2 there are no large differences between the numbers of 

families in each category at the two sites and the number of crossovers is less 

(Figure 4.4) and the Speannan correlation is sign ificant ( r5 =0.196, P=O. 048) 

indicating a lower degree of interaction in this hybrid. 

In conclusion, it appears that leafiness is not a stable charact~ristic for H 1 and 

H3 with some genotypes perfom1ing well in Tel Hadya, but not in Breda. For 

example, family numbers ( 1 I ,27) were in the first group (best performing) in 

Tel Hadya whi lst they were in the fourth group (worst performing) in Breda. 

Other genotypes perform well in Breda, but not in Tel Hadya, for example: 

fam il y numbers (36,89). 
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32 39 
Llx E [ -0.5, 0 ] L1x E [ -0.5 , 0] 

42 28 
L1x E ( 0 , 0.5 ] Llx E ( 0 , 0.5 ] 

Figure 4.3. Leafiness crossover diagram for H3 between Tel Hadya and Brcda. 
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Tel Had a Bred a 

27 20 
Llx <-0.5 Llx <-0.5 

33 44 
L1x E [ -0.5, 0 ] Llx E [ ·-o.5, o 1 

27 28 
Llx E ( 0 , 0.5 ] L1x E ( 0 , 0.5 ] 

Figure 4.4. Lcafiness crossover diagram for H2 between Tel Hadya and Breda. 
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There are several possible reasons for the high degree of interaction in 

leafiness scores (including high phenotypic plasticity), but since the 

characteristic is a score it is a lso possible that it has been inconsistently 

applied between sites. 

Despite the levels of crossover discussed above, mean yield (grain and 

straw) appeared to have been affected by mean levels of leafiness since it was 

observed that for an individual hybrid, area and season gave different yields 

in accordance with different levels of leafiness (Figure 4.5 and Tables a. l.a to 

a.l.f in Appendix). For example, in Tel Hadya, second season, hybrid one, 

there were significant differences between the yields based on levels of 

leafiness with levels 4-4.5 giving the highest yields in two areas (Tel Hadya, 

Breda). There are however some inconsistencies, e.g. sometimes level (5) 

was no different from the other levels. 

F igures 4.5.a, 4.5.b and 4.5.c show that the grain yield in Tel Hadya and 

Breda increased steadily according to leafiness, but there was a sudden 

decrease in the grain yield in Tel Hadya, HI , between the levels 4.5-5 . 

Straw yield in Breda and Tel Hadya rose gradually according to leafiness 

(Figures 4.5.d , 4.5.e, and 4.5.f). 
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Figure 4.5. Grain and straw yield (mean and standard error) according to lcafiness in 
Tel Hadya and Brcda for hybrids 1 2 and 3. 
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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 1-ladya, 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 (Hl (P=O.Oll), 1-12 (P=O.OOJ), 

and H3 (P=0.007). However, at Tel 1-ladya, leafiness had no real effect on 

grain yield except for I-I2 (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 H l 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.l.f(Tel 1-Ia~ya: 1-12 (P=0.038), I-13 (?=0.012); Breda: Hl 

(P<O.OOJ), 1-12 (P<O.OOJ), I-13 (?=0.036)). 

Using the Least Significant Difference (LSD) test it can be seen that for: 

=> H l: 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 Hl 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). 

~ I-13: <,~t 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). 

Jn summary, leafiness level 5 was the best in I-12 and H3 in Tel Hadya, while 

it was the worst for HI at Tel Hadya and I-13 at Breda. This suggests that 

leafiness was not stable for hybrids I and 3. 

In conclusion, yield parameters can be strongly affected by leafiness but 

leafiness can also be affected by location and HI 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 l, season 2) in Tel 

Hadya. There could be several reasons for these differences. For example: 

l. Date of cultivation and germination: the date of cultivation for the first 

season was two weeks earlier than for the second season, however, the 

elate of germination for the two seasons was the same (251
h 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 I 0.5 °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 :pia1it losses 

during establishment, lower plant populations can reduce yield (Briggs, 

1978). 



Table 4.1. Differences between mean data in different seasons (season one - season two). 

(a) Tel Hadya, HI, different seasons (first season x,, second season x) 

Total Grain Straw No.ofears TGW vegetative Plant 
Length of 

yield yield yield 
Harvest 

Protein% duration height 
growing 

Leafiness 
(kg ha-1) (kg ha- 1

) (kg ha-1
) 

index m-2 (gram) (day) (cm) 
season 
(day) 

x, 7857 3642 4215 0.46 229.5 45.8 9.63 81.54 58.45 - -
xl 8760 4325 4435 0.49 265.8 45.2 8.53 100.23 64.32 134.2 3.82 
Tl -5.19 -7.15 -2.31 -6.79 -8.40 1.87 16.27 -100.32 -9.66 - -
p <0.05 <0.05 <0.05 <0.05 <0.05 >0.05 <0.05 <0.05 <0.05 - -

(b) Tel Hadya, H2 different seasons (first season and second season X
2

) 

x, 6726 28 13 3913 0.42 254.2 49.5 10.24 80.97 61.39 - -
xl 6551 2942 3609 0.45 265.7 46.0 9.29 99.98 67.05 134.2 4.1 
T 0.99 -1 .54 2.66 -5 .05 -3.59 11.67 8.04 -55.89 -9.60 - -
p >0.05 >0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - -

(c) Tel Hadya, H3 different seasons (first season x,, second season X
2

) 

X, 6162 2564 3598 0.41 249.3 46.2 10.84 84.38 58.85 - -
xl 5717 2765 2953 0.49 265.1 45.5 9.41 101.24 60.86 132.89 4.54 
T - 2.45 -2.34 6.10 -13.59 -4.20 1.45 12.00 -79.25 3.07 - -
p <0.05 <0.05 <0.05 <0.05 <0.05 >0.05 <0.05 <0.05 <0.05 - -

1 See Chapter two (Hypothesis test, P 56) 
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2. Rainfall during the growth period: soil moisture availabi lity can severely 

affect the yield of cereal crops. Irrigation of cereals is rarely undet1aken in 

Tel Hadya and Breda and was not applied in any of the trials supplying 

data to the current investigation . Both the total ra infall during the growing 

season (December to July) and that falling during the grainfilling period 

(April to July) can influence yield. For Tel Hadya the total rainfall during 

the first season (290 mm) was marginally higher than the second season 

(273.3 mm) but most of this rainfall (240 mm) fell during the vegetative 

period (Figure 4.3) with littl e fa ll ing during grainfilling. There was 

however, significant ra infall in May during the second season and this 

could have the effect of improving yield parameters during this season. 

There was no significant difference between thousand grain weight (TGW) 

in the first season and second season. 

The means of rainfall in January, February and April in the second season 

were greater than in the first season (Figure 4.6). 

3. Temperature: Mean maximum and min imum temperatures in the second 

season were consistently above those in first season (Figure 4.7) resulting 

in approximately 50 °Cd more accumulation of thermal time per month in 

the second season. Warmer temperatures accelerate crop development 

meaning that in the second season the crop would accelerate through its 

growth stages faster and mature earlier. Given that barley requires 

approximately 1200-1 500 °Cd from sowing to maturity with 700 -

800°Cd from sowing to anthesis (Briggs, 1978), it can be estimated that 
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the second season crop matured approximately 2 weeks earlier than the 

first season crop and this is supported by the time to flowering data 

recorded in the experiments. Accelerated development and early maturity 

normally reduces yield potential in cerea ls since it limits total crop 

photosynthesis but under Tel Hadya and Breda conditions it can 

sometimes be an advantage because grainfi lling is brought forward and 

completed before the fuJI intensity of the summer drought takes effect. 

This was further accentuated by the high April/May temperatures being 

combined with low rainfall at the critical early grainfi ll stage of 

development . Figure 4. 7 also shows that during early vegetative growth 

in January and February, low temperatures were experienced and in the 

first season mean monthly temperatures were around 0 °C indicating that 

incidences of frost would have occurred. Since these barley crosses were 

Sp1ing types with low frost tolerance, these frosts may have caused some 

ki 11 or damage. 
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4. Nitrogen nutrition. Nitrogen Improves photosynthetic capacity by 

increasing levels of the C02 harvesting protein (Rubisco) and increased 

chlorophyll-binding protein leading to higher chlorophyll levels (greener 

leaves) (Soffe, 2003). This in tum leads to greater production of 

carbohydrate which leads to increased leaf size and thereby increased Leaf 

Area Index (LAI). Increased LAI in cereals in the absence of severe water 

re triction improve yield capacity (Dennis, et al. , 1980) but under water 

stress this effect is le important. Individual plant development (and thus 

grain yield) can be affected by the amount and timing of nitrogen 

application and this also affects the quality of grain harvest. Heavy 

nitrogen applications can also lead to taller weaker stems of crops and 

result in lodging. 

Soi ls in the growing regions of Tel Hadya and Breda tend to be of relatively 

low ferti lity and calcareous in nature (Nae ah, 1996), and therefore require 

the addition of nitrogen to grow arable crop . In the econd season, 60 kg ha-1 

of nitrogen wa~ used, while in the first season only 40 kg ha· 1 was used. 

Whilst these interpretations of the effects of the agroclimate are based on very 

limited weather and soil data and are therefore peculative, they do indicate 

that the environments were different in the two seasons and could be 

responsible for the significant GE interactions reported herein . 
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Statistically the weather had a major impact on the expression of genotypes. 

Table 4.1 shows significant differences between the mean yield parameters 

(total plant yield, grain yield, straw yield, number of ears). ln the Tel Hadya 

area all the hybrids (HI , H2, or H3) gave different mean yield parameters in 

the two seasons. With the exception of H2, there were no ignificant 

differences between the mean total plant yields or the mean grain yields 

P=0.323,· P=O. J~6, respecti vely. These results are shown in Figure 4.8.a and 

Figure 4.8.b, respectively. H l gave the best yield in the two seasons and H2 

was consistently better than H3. Total plant yield and straw yield for HI (Tel 

Hadya) in the econd eason were greater than in the first season, while they 

were greater in the first sea on for H2 and H3 (Figure 4.8 .a, Figure 4.8.b, and 

Figure 4.8.c) indicating interaction of genotypes and years. 

An unpaired t-test wa performed, showing that the number of ears in the 

second season was signifi cantly greater than in the first season for all three 

hybrids (t=-8.40,· P<O.OO I; t=-3.59,· P=O.OOJ,· t=-4.20,· P<O.OOJ for hybrids 

l , 2 and 3 respectively) as shown in Figure 4.8.d. ln the first season there 

were significan t differences between the numbers of ears; however, in the 

second season these differences diminished so that the number of ears for 

different hybrids were almost the same. There were no significant differences 

between mean thou and grain weight TGW for HI and H3 (P>0.05), while 

TGW in H2 first season was significantly higher than in the second season. 

There were no significant differences between TGW for Hl and H3 (P>0.05) 

(Figure 4.8.f). The mean grain yields in the second season were significantly 
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greater than in the first season, while in H2 there were significant variations in 

TGW between the two season. However, the grain yields were not 

significantly different. 

The environment also had an effect on the morphological characters. T here 

was a significant difference between the mean morphological characters 

(plant height and vegetative duration) in the two seasons (season 1 and season 

2; Figure 4.8.g and Figure 4.8 .h) . Also plant hei~ht and vegetative duration in 

the second season was greater than those in the first season. 

Interaction diagram Figure 4.8 illustrates that there was a difference in 

response between hybrids i.e it can be seen that the lines are not parallel, so 

there IS an interaction between the environment and genotype. 
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4.4 Genotype-Environment Interaction 

Genotype-Environment Interactions (GEl) are extremely important m the 

development and evaluation of plant varieties because they reduce the 

genotypic stability values under diverse environments (Akqura, et al. , 2004). 

4.4.1 Genotype-Environment Interaction (GEl) in Tel Hadya during 

different seasons (genotype xyear) 

genotypes in Tel Hadya was affected by the environment (weather). For 

example, the crossover interaction for total plant yield is high (Figure 4.A); 

therefore the total plant yield for HI is affected by the weather. This result is 

also supported by Speannan cotTelation coefficient, ( r5 = 0.1 8, P=O. 07). 

However, since a non-significant result can never prove a null hypothesis, this 

statistical resu lt cannot be used as objective evidence of GEL For the same 

reason, the total plant yields for H2 is affected by environment since there is 

no significant Speannan conelation coefficients (H2: r 5 =0.120, P =0.231). 

There are no significant Spearman conelation coefficients between the grain 

yields for the three hybrids (Tel Hadya, first season and second season) since 

P>0.05 . Speannan conelation coefficients were: HI : r5 =0.1 7, P=0.084, H2: 

r5 =0.097, P=0.33, and H3 : r5 =-0.1 70, ? =0.08. 



Figure 4.10. Crossover between two seasons for total plant yield (Hl; Tel Hadya). 
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The straw yields in Tel Hadya for the three hybrids were also affected by 

environment (weather) because Spearman correlation coefficients are not 

significant for H 1 and H2. However, for H3 it is significant, although it is less 

than 0.25 (H I: 's=O.l06, P=0.289, H2: r5 =0.059, P=0.556, and H3: r5 = -

0.224, P=0.024). 

H3 has a negative Spearman correlation coefficient and it is significant for 

total plant yield and straw yield (P<0.05), so· the ranking order is reversed. 

For example, in the total plant yield, the fifth in rank in the first season 

became the ninetieth in the second season, and the seventeenth in the first 

season became ninety-third in rank in the second season. 

The morphological characters are also affected by environment because there 

were no significant Spearman cotTelation coefficients for vegetative durations 

(Hl : r5 =-0.06, P=0.582, H2: r5 =-0.070 P=0.484, and H3: r5 =-0.087, 

P=0.38), and also none between plant heights. Negative Spearman 

correlations can also be observed in relation to morphological characters. 

Therefore, it can be seen thar weather has a significant effect on 

morphologica l characters. 

In conclusion, the strong GxE interactions demonstrated the major effect that 

weather can have on crop yield in Tel Hadya. These findings suggest that 

factors can influence plant yield independently or concomitantly in the 

detennination of either plant height or leafiness. In the physiology of barley, 
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this points clearly to significant environmental influences during growth and 

grain filling. 

4.4.2 Genotype-Environment Interaction (GEl) in second season in 

different areas 

There were locational genotype environment interactions in the second season 

between Tel Hadya and Breda for yield. There are no significant Spearman 

conelations between yield parameters in different areas (Tel Hadya and 

Breda) except for H2. Total plant yields in H 1 and H2 have been affected by 

location since there are different ranks between them. This result is also 

shown by the Spearman corTelations. While there are no significant Spearman 

correlations between total plant yields for HI and H3 (H 1, r5 =0. 068, P=O. 5; 

H2, r5 =0.223, ? =0.024<0.05; H3, r5 =0. 119, P=0.24), genotype for total 

plant yield has been affected by location. The same result (including H2) also 

appears for grain yields (Hl , r5 =0.021, P =0.84; H2, r5 =0.021, P =0.84; H3, 

r5 =0.063, P=0.53) and Straw yields (HI, r5 =0.021, P=0.84; H2, 's =0.021, 

P=0.84; H3, rs =0.063, P=0.53). 

TGW however was not affected by location. Figure 4.10 shows that there was 

no significant effect for H 1, since 53 families from Tel Hadya had the same 

rank in Bred a. Figure 4.10 shows that each group has almost the same number 

of families in both Tel Hadya and Breda. For example, group ( L1x <-0.5) has 

43 families in Tel Hadya and 42 fam ilies in Breda. Group ( L1x E [ -0.5 , 0 ]) 

has 6 families in Tel Hadya while there are 7 families in Breda. The result, 
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TGW has not been affected by location for H l , is also supported by 

Spearman' s conelation ( 0. 41) which is highly significant (P<O. 000 1). 

Tel Had a 

43 
L1x <-0.5 

6 
L1x E [ -0.5, 0 ) 

7 
L1x E [ 0 , 0.5 ) 

46 
0.5 <Lix 

Figure 4.10. Tel Hadya (HI) and Breda (HI) TGW. 

Bred a 

42 
L1x <-0.5 

7 
L1x E [ -0.5, 0 ) 

9 
Llx E ( 0 , 0.5 ) 

44 
0.5 <Lix 
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Figure 4. L 1 shows the same result for H2 with a slight difference, there are 46 

families with the same rank but the Spearman's con·elation (0.264) is smaller, 

but is still significant (P<0.008). Also there is no great difference between the 

number of families in each group. 

The TGW for H3 is affected by location as shown by Figure 4.12 and 

Spearman 's correlation is not significant (P=0.478>0.05). Figure 4.12 shows 

that there i"s a difference between the number of families in each group. In 

group three ( L1x E [0 , 0.5 ]), Tel Hadya has 2 families while Breda has 15 

and group four (0.5 <.1x ), Tel Hadya has 45 families whi le Breda has 34 only. 

In conclusion, TOW i stable for H 1 and H2, while it is not stable for H3. 
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Figure 4.11. Tel Hadya (H2) and Breda (H2) TGW. 
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Figure 4.12. Tel Hadya (H3) and Breda (H3) TGW. 
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The number of ears was affected by location: Figu~es 4.13, 4.14 and 4.15 

Figure 4.13 shows that some families give a high number of ears in Tel Hadya 

while in Breda they do not. For example, family number (90) gives 306 ears 

per square metre in Tel Hadya while in Breda it only gives 186 ears. On the 

other hand, the family number 55 has 313 ears per square metre in Breda 

while in Tel Hadya it only has 246. Figure 4.14 and 4.15 show that there are 

no correlations between them. There are no significant Spearman 's 

correlations for all three hybrids (P>O. 05). In conclusion, the number of ears 

has been significantly affected by the environment. 
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Figure 4.13. Scattergram of No. ears , -1 at Tel Hadya vs No. ears , -1 at Breda (Hl). 
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Figure 4.14. Scattergram of No. ears , -1 at Tel Hadya vs No. ears m-1 at Breda (H2). 
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Figure 4.15. Scattergram of No. ears , -2 at Tel Hadya vs No. ears m -2 at Breda (H3). 
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Figure 4.16, 4.17 and 4.18 show that vegetative duration has not been affected 

by environment. According to Fig 4.16, there are 76 fami lies with the same 

ranks. Also there are 59 families which have the same ranks for H2 (Fig 4.17) 

and 50 fami lies with the same ranks for H3 (Fig 4. 18). 

Spearman conelations were significant for vegetative duration (Hl: '5 =0.2, 

? =0.048, H2: r5 =0.8J P<O.OOOJ, and · H3: r5 =0.82, P<O.OOOJ) . 

Consequentl y, it can be concluded that vegetative duration has not been 

strongly affected by the environment. 
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Figure 4.17. Tel Hadya (H2) and Brcda (H2) Vegetative duration. 
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Figure 4.18. Tel Hadya (H3) and Breda (H3) Vegetative duration. 
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Similarly 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 Tel Hadya and 

Bred a. 

Table 4.2 shows the mean data in the different areas for the same hybrid (HI, 

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. 



Table 4.2. Differences between mean data in different areas {Tel Hadya- Breda). 

Season two, Hl different areas (Tel Hadya x
1

, Breda x,) 

' No.of 
TGW vegetative 

Length of 
Total Grain Straw 

Harvest Protein 
Plant 

yield yield yield 
ears 

duration height 
growmg 

Leafiness 
(kg ha-1) (kg ha- 1

) (kg ha-1
) 

index 
(gram) 

% 
(day) (cm) 

season 
m-2 (day) 

XI 8760 4325 4435 0.49 265.8 45.2 8.53 100.23 64.32 134.2 3.82 
x, 3213 1557 1656 0.49 226.5 40.0 1 1 .44 90.2 45.67 131.1 3.53 
Tt 39.54 35:35 34.06 1.13 11. 13 25.1 -53.78 103.52 32.74 9.11 4.11 
p <0.001 <0.001 <0.001 >0.05 <0.00 1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Season two, H2 different areas (Tel Hadya X
1

, Breda x,) 

XI 655 1 2942 3609 0.45 265.7 46.0 9.29 99.98 67.05 134.2 4. 1 
x, 3592 1726 1866 0.48 265.3 42.2 12.1 89.78 50.48 129.9 3.63 
T 22.81 21.21 20.73 -6.21 0.11 13.4 -39.56 110.25 31.11 17.69 7.14 
p <0.001 <0.001 <0.001 <0.001 >0.05 <0.001 <0.001 <0.00 1 <0.001 <0.001 <0.001 

Season two, H3 different areas (Tel Hadya X
1

, Breda x,) 

XI 5717 2765 2953 0.49 265.1 45.46 9.4 1 101.24 60.86 132.89 4.54 
x, 3343 1622 1721 0.49 27 1.2 40.6 12.45 90.41 44.29 129.2 3.8 
T 20.62 20.23 18.35 -0.09 -2.08 16.12 -34.43 100.71 -37.79 - 18.64 12.05 
p <0.001 <0.001 <0.001 >0.05 <0.05 <0.001 <0.001 <0.00 1 <0.001 <0.001 <0.001 

2 See Chapter two (Hypothesis Test; P 56) 
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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 (HI, H2, and H3) in same 

area (Tel Hadya, and Breda) and season (first season, second season). 



Table 4.3. Differences between mean data for different hybrids (ANOVA). 

Season one, Tel Hadya different hybrids (H 1 x,, H2 x, H3 x, ) 

Total Grain Straw 
No.of 

TGW vegetative Plant 
Length· of 

yield yield yield 
Harvest ears Protein 

duration height 
growmg 

Leafiness 
(kg ha-1

) (kg ha-1
) (kg ha- 1

) 
index 

(gram) 
% 

(day) (cm) 
season 

m-2 (day) 
x, 7857 3642 4215 0.46 229.5 45.8 9.63 81.54 58.45 - -
x , 6726 2813 3913 0.42 254.2 49.5 10.24 80.97 61.39 - -
XJ 6162 2564 3598 0.41 249.3 46.2 10.84 84.38 58.85 - -

F 42.38 72.58 15.63 41.87 15.28 28.50 51.65 37.61 0.29 - -
Season two, Tei Hadya different hybrids (H I x,, H2 x,, H3 x,) 

X, 8760 4325 4435 0.49 265.8 45.2 8.53 I 00.23 64.32 134.2 3.82 
x, 6551 2942 3609 0.45 265.7 49.5 9 .29 99.98 67.05 134.2 4.I 
XJ 5717 2765 2953 0.49 265 .1 46.2 9.41 101.24 60.86 132.89 4.54 
F 161.1 187.8 101.4 35.37 0.02 40.41 66.63 17.49 40.11 6.96 52.95 

Season two, Breda different hybrids (H 1 x,, H2 x,, H3 x,) 
x, 3213 1557 1656 0.49 226.5 40.0 11.44 90.2 45.67 131.1 3.53 
x, 3592 1726 1866 0.48 265.3 42.2 12.1 89.78 50.48 129.9 3.63 
X, 3343 1622 1721 0.49 271.2 40.6 I2.45 90.42 44.29 129.2 3.8 
F 12.15 9.92 10.49 0.41 80.43 50.15 94.27 15.97 192.35 88.13 7.42 
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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<O.OOJ), grains yields (F=72.6; P<O.OOJ), straw yields 

(F=l5.63; P<O.OOJ), number of ears (F=l5.28; P<O.OOJ)). 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=O: 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 there were strongly 

significant differences between yield parameters (total plant yield (F=l61.1; 

P<O.OOJ), grain yield (F=l87.8; P<O.OOJ); straw yield (F=101.4; P<O.OOJ)). 

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). (ii) Straw yield is affected by plant height and leafiness. There 

were significant differences between morphological characters (vegetative 

duration· (F= 17.49; P<O.OO 1), plant height (F=40.11; P<O.OOJ), length of · 

growing season (F=6.96; P=O.OOJ), and leafiness (F=52.95; P<O.OOJ)). 

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

parameters and morphological 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- The influence of leafiness on yield: yield parameters have been affected 

by leafiness and the LSD test was used to study significant differences. 

The leafiness was stable only with H2 while HI and H3 were affected 

strongly by location .. 

2- 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. 

3- 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 Breda. 

4- Genotype tended to rank differently in yield parameters and 

morphological characters at different locations. 

5- Genotype tended to rank differently in yield parameters and 

morphological characters in different years. 

6- Vegetative duration and TGW were not affected by location 

(significant Spearrnan correlation). 
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7- The influence of genotype on yield and morphological characters: 

ANOV A was used to show that the genotype had an effect on yield 

parameters and morphological characters and HI gave the best yield. 

It can be seen that many factors have affected yield parameters and 

morphological characters when studied individually. However, the 

relationships 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. 
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Chapter 5 

A study of the relationship between yiel~ 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, et 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 is 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 canm_1ical conelation 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 

pattial correlation will be used to study the relationship between the variables 

(yield parameters and morphological characters) and canonical variables. 

When the canonical con·elation is found, the statistical significance m 

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 parameters 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<O.OOJ), 

(0.2703, P<O.OOJ), (0.2368, P<0.002) and (0.0226, P=0.6958). The first 

three canonical conelation coefficients were significant (P<O. 05), while the 

fourth canonical correlation coefficient was not significant (P>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 = -0.4977x1 +0.6784x1 +0.5262x3 -0.3019x4 5-l 

V= -573.756 y 1 + 300.807 y 1 + 308.233y3 + 0.1649 y 4 5-2 

where: 

U is a canonical variable for morphological characters. 

V is a canonical variable for yield parameters. 

x1 is a scaled vegetative duration 1
• 

x 2 is a scaled plant height . 

x3 is a scaled length of growing season. 

x4 is a scaled leafiness. 

And 

y1 is a scaled total plant yield. 

y 2 is a scaled grain yield. 

y 3 is a scaled straw yield. 

y 4 is a scaled TGW. 

Figure 5.1 shows a scatter plot of the first set of canonical variables. 

According to the coefficients in the equations 5-1 and 5-2, U is primarily 

related to plant height. The order of contribution of morphological characters 

is: plant height, length of growing s~ason, 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 

1 X x- mean(x) 
Scaled = ----'--'-

sd(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<0.05) 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 

variable U (P<O.Ol), while TGW has no significant simple correlation with 

U. Also, Table 5.1 shows that there were simple correlations between V and 

morphological characters. 



Chapter 5 125 

Table 5.1. The simple correlation between original va riables and canonical variables 
(Tel Hadya). 

Morphological 
characters 

Vegetative duration 
Plant height 
Length of growing 
season 
Leafiness 

m 
L.. 

~ 
~ 
C1J 
..c 
u 
(ij 
u 
"51 
0 
0 
..c 
D.. 
L.. 

0 
~ 

4.8 1-

2.8 1-

Canonical variables 

~ 

u V 
-0.567 -0.226 
0. 703** 0.280** 

0.279** 0.111 

-0.32o·· -0.127* 

D 

Canonica l 

Yield parameters variables 

u V 
Total plant yield 0.361 0.907 
Grain yield 0.296 •• 0. 743** 

Straw yield 0.385** 0.967** 

TOW 0.062 0.1 5 7** 

·-

D 

-

-3.2 ,_1-.._ · -~....._,'--"-_..=.D~.........._~-~-'--~---'--~-~-'-''-

-2.7 -1.7 -0.7 0.3 1.3 2.3 

Yield parameters 

Figure 5.1. A scatter plot of the first canonical variables (Tel Hadya). 
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V has positive simple correlation with plant height (0.280, P<O. 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 lea finess 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<O.OI), V and gra!n yield was (0. 743, P<0.01), while the strongest 

relationship appeared between straw yield and canonical variable V (0.967, 

P<O. 01). lt can b~ seen that total plant yield, grain yield and straw yield were 

variables affected 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: 

u· = (-0.567 / +(0.703/ +(0.279/ +(-0.320/ = 
0

_
2490 

4 

v· = (0.907/ +(0.743/ +(0.967/ +(0.157/ =0_5836 
4 

5-3 

5-4 

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

X set is accounted for by U. 

The simple correlation for cross-loading (V with morphological characters 

and V with yield parameters) indicates 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 characters 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 dependent2
. Since a non-canonical conelation 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<O.OOOJ), 

2 As oul lined in Chapler 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 = -0.0076x1 + 0.7018x2 - 0.1539x3 + 0.6234x4 5-5 

V= -1.8345 y 1 + 1.2614y2 + 1. 7667 y 3 + 0.1258y 4 5-6 

where: x1 scaled vegetative duration, x2 scaled plant height, x3 scaled length 

of growing season, x4 scaled leafiness, y 1 scaled logarithmic total plant yield, 

y 2 scaled grain yield, y 3 scaled straw yield and y 4 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 positive influence. 

The entire logarithmic yield parameters (except logarithmic total plant yield) 

have a positive effect on canonical variable V. Plant height and leafiness were 

the most important variables affecting u . 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 most important variable effecting V, while V was not affected 

byTGW. 

The simple correlations between morphological characters and logarithmic 

yield parameters, each with canonical variables (Table 5.2), showed that the 



ChapterS 129 

range for simple correlations for morphological characters and U differed 

from 0.252 (vegetative duration and U) to 0. 756 (plant 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<O.Ol) and with V (0.423; P<O.Ol). 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<O.Olin 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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Table 5.2. Simple correlation between original variables and canonical variables in 
Bred a. 

Morphological 
Canonical Canonical 
variables Yield variables 

characters parameters ~ 

u V u V 

Vegetative duration 
-0.252 -0.141 . Total plant 0.544 0.972 

yield 
Plant height 0. 756 ... 0.423** Grain yield 0.485** 0.867** 
Length of growing -0.277** -0.155** Straw yield 0.527** 0.942** 
season 
Leafiness 0.682 ... 0.381 .. TGW 0.1 n * 0.201 ** 

5.4 ·-
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0 
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0 
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Yield parameters 

Figure 5.2. A scatter plot of the first canonical variable's (Breda). 
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5.4 The relationship between yield parameters as a set and 

morphological characters also as a set in the second season 

In this section, 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 a a set, (total plant 

yield, grain yield, straw yield, thousand grain weight (TGW)) will be studied 

for the whole data in the second season . There is a strong significant 

canonical correlation between morphological characters and yield parameters 

(0.87, P<O.OOJ). The eigenvalue, or canonical root, is the square of the 

canonical correlation; and this measures the proportion of variance of 

canonical variables. The canonical correlation showed that 76% of yield 

parameters are explained by the correlation between the two canonical 

variable . 

Table 5.3 shows the canonical correlations, canonical r-square, probability of 

exceeding the critica l value (Chi-Square), percentage trace3 and cumulative 

trace(%). 

According to Table 5.3, there are two signifi cant canonical correlations. 

However, the first canonical correlation gives about 92% of trace. 

There are two sets of canonical variables, but only the first set will be studied. 

The first set of canonical va1iab les is given by the equations: 

Yield = 3 7. 092 x Total Plant y ield - 17. 994 x Grain y ield 

- 19.230 x Straw y ield + 0.43J x TGW 

3 %Trace=r;2 *100 / Ir/ 

5-7 



Chapter 5 132 

m01pho log y = 0.398 x vegetative duration + 0.550 x Plant height 
5-8 

+ 0.15 2 x Length of growing season - 0.011 x Leaflness 

The first canonical variable (yield) for yield parameters is the weighted 

difference of tota l plant yield (3 7.092), grain yield (-17.994) and sh·aw yield 

(-1 9.230). 

The coefficient for TGW is close to 0. Equations 5-7 indicated that total plant 

yield and straw yield are the most important variables i.n canonical variable 

(yield). There was 87% of the variation in the total plant yield and straw yield 

explained by the first canonical variable (yield), 79% for grain and 67% for 

TGW (Table 5.4). There were significant and positive correlation coefficients 

between the first canonical variable (yield) and yield parameters , 0.93 for 

total plant yield and straw yield with canonical vari able yield, 0.89 for grain 

yield and 0.82 for TGW (Table 5.4). 

The coefficient of grain yield and straw yield in the first canon ical variable 

(yield) and the coiTelation have opposite signs. The correlation coefficients 

between yield variables and the second canonical vatiable (morphology) were 

positive and significant, 0.80 for total plant yield and straw yield with 

canonical variable morphology, 0. 77 for grain yield and 0. 71 for TGW (Table 

5.4). 
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Table 5.3. The canonical correlations, canonicala·-square, probability of exceeding the 
critical value (Cizi-Square), percentage trace and cumulative trace(% ). 

I Canonical Canonical p Trace% Cumulative 
correlations r-square Trace% 

I 0.87 0.76 <0.001 92.36 92.36 
2 0.22 0.05 <0.001 5.9 1 98.27 
3 0.10 0.01 0.076 1.22 99.49 
4 0.065 0.00 0. 111 0.5 1 100.00 

Table 5.4. The simple correlations between yield parameters, morphological 
charactea·s and canonical variables. 

Yield Canonical Canonical Morphological Canonical Canonical 
paran1eters yield morph characters yield morph 

Total yield 0.93 0.80 
Vegetati ve 

0.81 0.94 
duration 

Grain yield 0.89 0.77 Plant height 0.82 0.95 

Straw yield 0.93 0.80 
Length of 

0.63 0.72 
growmg season 

TGW 0.82 0. 71 Leafiness 0.35 0.41 
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The first canonical variable (morphology) for morphological characters also 

shows that plant height is the most important variab le which had an effect on 

canonical variable (morphology). The coefficients have di fferent weights on 

the first canonical va ri able (morphology). Plant height is 0.55, vegetative 

duration is 0.40 and length of growing season is 0. 15. lt can be seen that 

canonical variable (morphology) has not been strongly affected by leafiness 

( -0.0 1) (Equation 5-8). 

The simple correlation coefficients between the first canonical variable 

(morphology) and morphological characters were significant: 0.95 fo r plant 

height, 0.94 for vegetative duration, 0. 72 fo r length of growing season and 

0.41 for leafiness. The morphological characters' vari ables have a differing 

degree of va riation, which is explained by the first canonical variable 

(morphology). Approximately 89% of the variation in the plant height is 

explained by the first canonical variable (morphology), while only 17% of the 

vmi ation in leafiness is explained. 

· There were significant imple correlation coefficients between the fi rst 

canonical variable (yield) and morphological characters ' variables. The 

relationship between them is: weighted difference of plant height (0.67); 

vegetative duration (0.66) ; length of growing season (0.39); and finally 

leafiness (0.13), with plant height having greater significance. The results 

indicate that leafiness is a suppressor variable. 
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5.5 Conclusion and summary 

In terms of biology, there wa a very strong relationship between 

morphological characters and yield parameters. Examining the relationship 

between them it is clear that: 

• With regard to plant height, tall barley has a greater yield than shorter 

barley. Hence, the correlation between yield parameters (total plant 

yield, grain yield, straw yield, TGW) and plant height ·were positive. 

For example, in Tel Hadya the plant height was greater than in Breda 

so the yield was bigger. 

• Barley with longer vegetative duration and length of growing season 

tends to give better yields than barley with shorier vegetative duration 

and length of growing season, since these variables correlate positively 

with yield parameters. 

• The relationship between yield parameters and leafiness does not 

appear to be very strong because the genotype was not stable. The 

result is supported by lack of significance in the Wi lcoxon test4
, (Hl: 

P=0. 261 ; H2: P=O.l21; I-T3:P=0.078). Table 5.5 shows that 

Llx (Lix = x - x ) for HI in Tel Hadya which has 56 fami lies ' with higher 

ranks than Breda. On the other hand, there are 46 fami lies in Breda 

which have higher ranks than Tel Hadya. H3 ha same number of 

families 51. 

4 The Wilcoxon signed-ranks method tests the null hypothesis that the medians of two 
related populations are the same (see Chapter 2). 
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Table 5.5. Wilcoxon Signed Ranks Test Tel Hadya. 

L1x Breda-
Negative Ranks() 
Positive Ranks7 

L1x Tel Hadya Ties!! 
HI 

Total 

L1x Breda-
Negative Ranks 

L1x Tel Hadya 
Positive Ranks 
Ties 

H2 
Total 

L1x Breda-
Negative Ranks 

L1x Tel Hadya 
Positive Ranks 

Ties 
1-13 

Total 

5 Number of families 
6 L1x Breda < L1x Tel Hadya 
7 L1x Breda > L1x Tel Hadya 
8 L1x Breda = L1x Tel Hadya 

Sum of 
Ns Ranks 
56 2292.00 
46 296 1.00 
0 0 

102 
65 3088.00 
37 2 165.00 
0 0 

102 
5 1 3 I 60.00 
5 1 2093.00 
0 0 

102 

z Sig, P 

- 1. 124 0.261 

-1.549 0. 12 1 

- I. 792 0.073 
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• TOW was not affected strongly by morphological characters. 

• The results indicate that plant height is the most important variable 

among morphological characters influencing yield. 

Summary: 

There was a significant relationship between morphological characters and 

yield parameters. However these rel?ttionships were least evident in each of 

the two areas (Tel Hadya and Breda) because the sample sizes were 

insufficient to provide definite conclu ions. 

Studying canonical correlation between logarithmic yield parameters and 

morpho logical characters in Breda gives better results than studying canonical 

correlation between yield parameters and morphological characters. 

Whi le there are significant relationships between morphological characters 

and yield parameters, Chapter Six is going to study the interrelationship for 

morphological characters and yield parameters by using fac tor analysis. 
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Chapter 6 

Using factor analysis to study the interrelationship 
among yield parameters morphological characters 
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6.1 Introduction 

Factor analysis 1s a mathematical model used to reduce the number of 

variables (Thompson, 2004 ), being used for many purposes, including the 

following: 

• To reduce a large number of variables to a smaller number of factors 

for modeling purposes. 

• To select a subset of variables from a larger set, according to 

corTelation. 

• To create a set of independent factors. 

• To determining which sets ofvatiables cluster together. 

This chapter wi ll use factor analysis to study the interrelationship among yield 

parameters and morphological characters (total plant yield, grain yield, straw 

yield, TGW, vegetative duration, plant height, length of season growing and 

leafiness) and to reduce them to a smaller number of key factors. 

There are three sections in this chapter. The first wi ll be a mathematical 

description of H 1 in Tel Hadya. Mathematical methods will be used to 

discover how each factor is calculated and to compare the results of using 

principal components factor analysis and maximum likelihood factor analysis, 

respectively. 

Second, factor analysis will be used to study the interrelationship of all data 

(H l , H2 and H3) in each area (Tel Hadya and Breda). Mathematical and 
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biological descriptions will also be given in this section. Third, a conclusion 

and a summary will be given. 

6.2 The interrelationship between morphological characters and yield 

parameters for HI in Tel Hadya 

Accord ing to the data for Hl in Tel Hadya, there are eight variables (total 

plant yield x" grain yield x 1 , straw yield x3 , TGW x41 vegetative duration x5 , 

plant height x6 , length of growing season x7 and leafine x8 ). Firstly, A 

correlation matrix is used by factor analysis to determine which sets of 

variables cluster together (Anon, 2005). The matrix of mean ( x ) and 

correlation matrix ( R.) for the variables are: 

- [x, Xi X J x4 Xs X x7 x, l X ' - 6 

8759.7 4324.8 4434.8 45.1 6 100.23 62.92 133.8 3.82 

XI X 2 XJ x4 X 5 x6 X 7 

x 2 0.897 .. 

X 3 
0.884"' 0.588 .. 

x4 0.058 0.057 0.046 
R = 

Xs - 0.218' - 0.161 - 0.230' 0.3 19'" 

x6 0.323"' 0.256 ' 0.322 .. 0.026 - 0.304'" 

x7 - 0.45 0.020 - Q. l05 0.324 .. 0.265'' - 0.133 

X g 0.21 a · 0. 162 0.214. 0.089 0.108 o.29o·· 0.049 

** P< 0.0 1 

* P<0.05. 

Total plant yield and straw yield had a weak correlation with vegetative 

duration (r=-0.2 18, -0.230, P <0.05, resp ectively ), plant height (r=0.323, 

0.322, P <O.Ol respectively ) and leafiness (r=0. 2 10, 0.214, ? <0.05 

respectively ) while grain yield correlated weakly with plant height (r=0.256, 
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P <0.05). Length of growing season did not correlate with yield parameters 

except TGW (r=0.324, P <0.05) and vegetative duration (r=0.265, ? <0.05). 

Leafiness correlated significantly with total plant yield, straw yield and plant 

height. 

6.2.1 Principal Components Factor Analysis 

According to the correlation matrix, there are three groups of correlated 

variables. The first group consisted of total plant yield, grain yield and straw 

yield . The second group consisted of TGW, vegetative duration and length of 

growing season. Finall y, the third group consisted plant height and leafiness. 

The eigenvalues and eigenvectors are given by the equation (2 - 32; Chapter 

2): 

1!, = 2.930 

~ = 1.642 

A, = 1.066 
~ 

A.4 = 0.805 

A.4 = 0.700 

A.4 = 0.470 
·~ 

A.~ = 0.386 

e; = [o.56 1 oA9o o.5o9 o.oo8 - o.2 13 o.312 - o.o8o o.l92] 

e; = [o.o97 o. 128 o.o42 o.583 o.522 - o.1 o7 o.54o o.238] 

e; = [-0.227 -o.2n - 0.128 ·o.041 o.oo9 o.578 - 0.136 o.7 1o] 

e~ = [- o.1 o3 - o.o85 - o.o99 oAo7 - o.51 o oAn o.379 - 0.417] 

e; = [o.oo4 - o.o93 o.1 o6 o.o58o o.243 0.1 oo - o.7o9 - o.269] 

e~ = [- o.o26 - o.236 o.2o3 o.358 

e; = [- o.o15 o.627 - o.691 o.l69 

- 0.573 - 0.556 - 0.059 0.366] 

- Q.184 - 0.109 - 0.183 0.15 1] 

A-4 = 3.07 E - o6 e~ = [0.783 - 0.452 - 0.427 o.ooo 0.000 0.000 0.000 0.000] 

There are several methods for determining the number of factors. Here two 

methods are used: Scree test and the eigenvalues greater than 1.0 rule (known 

as the Kaiser criterion; Krzanowski, 1990). 

Scree test (developed by Cattell in 1966 (Thompson, 2004)): used to identify 

the optimum number of factors that can be extracted before the amount of 
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unique variance begins to dominate the common variance structure (Hair, 

2005). Figure 6. 1 shows that starting with the first factor, the slopes steeply 

downward initially and then (after third factor) slowly becomes an 

approximately horizontal line. This plot suggests that there are three or four 

factors. 

3.0 

2.5 

2.0 
CV .a 
IV 

1.5 > c 
CV 

lH' 
1.0 

0.5 

0.0 

1 2 3 4 5 6 7 8 
Factor f'tlmber 

Figure 6.1. Scree plot for seven variables in Tel Hadya. 
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Eigenvalues greater than 1.0 rule: 

The outstanding factors should have eigenvalues greater than 1.0. This idea 

was suggested by Cuttman in 1954 (Thompson, 2004). The factors with 

eigenvalues greater than 1.00 are considered sign ificant; all factors with 

eigenvalues less than 1.00 are considered insignificant and disregarded (Hair, 

2005). Whilst this criterion is a useful rule of thumb, it is very impotiant for 

the researcher to remember that all values contain some sampling etTor. 

Therefore, in the context of particular investigation, a researcher could ,for 

example, choose to retain a factor with an eigenvalue of slightly less than 1.0 

(Thompson, 2004). There are three factors since their eigenvalues are greater 

than 1.00. 

According to Scree test rule and Eigenvalues greater than 1. 0 rule, there are 

three critical factors . 

Cumulative proportion: it is used by scientists to determine the total 

vanance explained by the number of factors . One factor explained about 

36.63%1 of the total variance; and two and three factors explain 57.16%2
, 

70.50% respectively of the total variance (Table 6. 1 ). 

I ~ = 2.930 = 0.3663 
p 8 

2 A., +A.1 = 2.930+ 1.642 = 
0

_
5716 

p 8 
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Table 6.1. Number of factors and Communalities. 

Number of factors 
1 
2 
3 
4 
5 
6 
7 
8 

Cumulati vely 
36.63 
57.16 
70.50 
80.50 
89.32 
95.24 

I 
I 

. . 
Factor loadings: the con elations between variables and factors are called 

factor loadings (Kline, 1994). According to Equation 2-45 

( l = [ fi:e1 .fi;e2 ..fi;e3 ] ) , the estimation of factor loadings are: 

0.960 0. 124 -0.234 

0.839 0.164 -0.28 1 

0.872 0.054 - 0. 132 

L = 
0.013 0.747 0.042 

- 0.365 0.670 0.009 

0.534 - 0.137 0.597 

- 0.138 0.692 - 0.140 

0.328 0.305 0.732 

If the loading factor is greater than 0.6 (negative or positive) it is regarded as 

high; between 0.6 and 0.3 it is moderately high; and finally if it is less than 

0.3 it is ignored (Kline, 1994). Accord ing to the l matrix (factor load ings), 

first factor correlates with total plant yield (0.960) , grain yield (0.839) and 

straw yield ( 0. 872) so it is termed "yield". The second factor is termed "plant 

period" because it is highly con·elated with TGW (0. 747), vegetative duration 
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(0.670) and length of growing season (0.692). The third factor correlated with 

leafiness (0. 732) and moderately highly correlated with plant height (0.597) is 

tem1ed "morphology". 

A matrix l shows that the total plant yield, grain yield and straw yield have 

positive loading on the first factor whil e they are ignored on the other factors 

(less than 0.3). TGW and length of growing season are ignored on the first 

and third factors (less than 0.3Q). Length of growing season, vegetative 

duration and plant height have positive loadings on the second factor (matrix 

l ). Vegetative duration is i.gnored on the third factor wh il e it is moderately 

high on the first facto rs (-0.365) (matrix L). Plant height has positive 

moderately hi gh loadings on the first and the third factors ince it is ignored 

on the second factor (matrix l ). Leafiness has positive loaclings on all three 

factors. 

Communality and residuals: Thompson (2004) defines communality (h2
) as 

follows; the communality for a measured vari able reflects how much of the 

variance of a given measured variable is useful_in delineating _the factor as a 

set. lt is the sum of squared factor loading for that variable, and the va lue of 

communality is between 0.0 and 1.0. When the communality has value 1.0 

that means all of the variance in the variables is explained by all of the 

factors. 

According to Equation (2 - 3 7; Chapter 2) ( h;2 = I;~ + 1;22 + I;~ ) where Lij is the 

loading factor from matrix L, the estimation of communalities are: 
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h: =(0.985/ +(0.124/ +(-0.234/ = 0.991, hJ = 0.810, hJ = 0.780 

h: = 0.560, hj = 0.582, h: = 0.660, h/ = 0.518, h: = 0. 737 

where: 

h{ Is a communality fo r total plant yield. 

hJ IS a communality for grain yield. 

hJ Is a communality for straw yield . 

11; is a communality for TGW. 

hJ IS a communality for vegetative duration. 

hJ IS a communality for plant height. 

hi is a communali ty for length of growing season. 

h: is a communal ity for leafiness. 

99% of variance in total plant yield is exp lained by three factors, but most of 

this va1iance is explained by the first factor. Also 81% of variance in grain 

yield and 78% in straw yield are explained by three factors. 56% of variance 

in TGW is explained by three factors, while vegetative duration 58%, plant 

height 66%, length of growing season 52% and leafiness 74%. 

Unique variance I!'; (i= 1 ,2, .. ,7) is the vanance which is not explained by 

factors and not associated with other factors. It is composed of specific and 

error variance. It is shown by the fo llowing diagram: 
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It is given by the equation: 

v;, = 1- 0.991 = 0.009 

V/1 = 1- 0.810 = 0. 190 

V/3 = 1- 0.780=0.220 

V/4 = 1-0.560 = 0.440 
~w= V/5 = 1-0.582 = 0.418 

V/6 = 1- 0.660 = 0.340 

V/7 = 1- 0.518 = 0.482 

Wx = 1- 0.737 = 0. 263 

where : 

0.009 

147 

2 

,;; . = I - " 12 
.,.., ~ I} 

j= l 

0.190 

0.220 

"'' is the unique variance for total plant yield. 

lfl z is the unique variance for grain yield. 

!f13 is the unique vatiance for straw yield. 

1f1
4 

is the unique variance for TGW. 

0.440 

lf/j is the unique variance for vegetative duration. 

0.418 

0.340 

0.482 

0.263 
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lf/6 is the unique variance for plant height. 

lf/ 7 is the unique variance for length of growing season. 

lf/8 is the unique variance fo r leafiness. 

Residual matrix for vari ables (yield parameters and moqJhological 

characters) is the covariance matrix of the parts of the vatiables unexplained 

by the factors . Sometimes it can be used to extract factors until the residual 

matrix is very small (Kline, 1994). 

The residual matrix correspondi ng to the three factors is: 

0 

0.006 0 

0.010 - 0.190 0 

--. -0.038 - 0.065 0.000 0 
R - LL - liJ = 

0.051 0.038 0.053 - 0. 177 0 

-0.032 - 0.001 - 0.057 0.097 -0.022 0 

- 0.032 - 0.01 7 - 0.040 - 0.185 - 0.247 0.119 0 

0.029 0.042 0.008 - 0.174 0.016 - 0.281 - 0.015 0 

The residual matrix indicated that there was about 25% of covariance between 

vegetative duration and length of growing season and 28% of covariance 

between length of growing season ·and leafiness. However, the re idual matrix 

was smal l. 

The mathematical technique for factor analysis depending on principal 

components is summarized by Table 6.2 of the mathematical technique. 
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Rotation Factors: 

Firstly the detennination of mmtmum number of factors and the 

communalities of each factor should be studied. The next step in factor 

analysis is to deal with rotation factors. Rotation factors are a very important 

tool in interpreting factors, while keeping the number of factors and 

communalities of each variable fixed. The vatimax rotation3 has been used to 

rotate the axes to make all of the_loadings close to zero or one (Group, 2005). 

According to the Equation (2 - 63) in Chapter 2, the factor transformation 

matrix is: 

[ 

0.917 - 0.174 0.359] 
T = 0. 141 0.983 0.118 

- 0.374 - 0.058 0.926 

According to the equation L' = L T new factor loadings wi ll be collected. 
( p x2) (px2)(2x 2) 

Rotated and unrotated factor load ings are shown by Table 6.3 

3 Varimax rotation is a type of rotation to obtain a simplified factor solution. 
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Table 6.2. Factor analysis by using principal components (Tel Hadya- Hl) 

Three-factors solution Estimated Specific 

Variables communality vanances 

F, F2 F2 
A2 
hi If/ i2 

Total plant yield 0.960 0.124 -0.234 0.991 0.009 
Grain yield 0.839 0.164 -0.281 0.810 0.190 
Straw yield 0.872 0. 054 -0.132 0.780 0.220 
TGW 0.013 0. 747 0.042 0.560 0.440 
Vegetative duration -0.365 0.670 0.009 0.582 0.418 
Plant height 0.534 -0.13 7 0.597 0.660 0.340 
Length of growing season -0.138 0.692 -0.140 0.518 0.482 
Leafiness 0.328 0.305 0.732 0.737 0.263 
Eigenvalues 2.930 1.642 1.066 Total % of variance 
%of Variance 36.63 20.47 13.40 70.50 

Table 6.3. Rotated factor loadings 

Variables 
Rotated factor loadings 

F F2 FJ I 

Total plant yield 0.985 -0.032 0.143 
Grain yield 0.898 0.031 0.060 
Straw yield 0.856 -0.092 0.197 
TGW 0. 101 0. 729 0. 132 
Vegetative duration -0.244 0.721 -0.043 
Plant height 0.247 -0.263 0. 728 
Length of growing season 0.024 0. 712 -0.097 
Leafiness 0.070 0.200 0.832 
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Table 6.3 indicated that yield parameters (Total plant yield, grain yield and 

straw yield) after rotation are close to the first factor (omitted from the second 

and third factors). TGW, vegetative duration and length of growing season are 

close to the second factor (omitted on the first and third factors). Plant height 

and leafiness allocated on the third factor. There are three factors: the first 

factor is ca lled "yield" (total plant yield, gl'a in yield, straw yield), the second 

is ca1led "plant period" (vegetative duration, length of growing season and 

TOW) and the third is called "morphology" (plant height and leafiness) 

(Figure 6.2) and Table 6.3 . 
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Figure 6.2. Factors rotation (Tel Hadya, Hl). 
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Factor score coefficients: the estimation of the common factors, called factor 

scores (Kim and Mu ell er, 1978) (See Chapter 2). The estimation of values for 

unobserved random factor vectors Fj, J = 1,2.3 are indicated by Table 6.4. 

Table 6.4. Factor scores for Tel Hadya, HI. 

Variable Factor l 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 HI in Tel Hadya gtves a result 

consistent with the Heywood Case4
. Table 6.5 indicated that- TGW, vegetative 

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 ( hn 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, leafiness) 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 

4 "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, I. 2006. Text book. [on-line) Available: www.statsoft.com/textbooklglosh.html 
[date accessed: 2005) 
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component estimates l and {jJ are better than the maxtmum 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 princip~l components. 



Table 6.5. Factor loadings is estimated by Maximum likehood for Tel Hadya, Hl. 

Unrotated factor loadings Rotated factor 
Variables loadings fz 2 2 

I lfl , 
F, F2 F, F2 

Total plant yield 0. 714 -0.534 0.891 -0.036 0. 795 0.215 
Grain yield 0.548 -0.824 0.918 -0369 0.978 0.022 

I 

Straw yield 0.729 -0.108 0.662 0.323 0.543 0.457 
TGW -0.040 -0.078 0.011 -0.088 0.008 0.992 
Vegetative duration -0.129 0.076 -0.149 -0.010 0.022 0.978 
Plant height 0.248 -0.111 0.268 0.049 0.074 0.926 
Length of growing season -0.142 -0.123 -0.048 -0.181 0.035 0.965 
Leafiness 0.266 -0.014 0.227 0.139 0.071 0.929 
Eigenvalue 2.222 0.304 2.222 0.304 Total variance 
%Variance 27.8 3.8 27.8 3.8 31 .6 
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6.3 The inten·elationship between morphological characters and yield 

parameters 

Yield parameters except TGW are not distributed normally while ln (total 

plant yield), In (grain yield) and In (straw yield) have more normal 

distributions. For example, Figures 6.3, 6.4 and 6.5 show that ln(total plant 

yield), In (grain yield) and ln(straw yield) for the second season had a nonnal 

distribution while total plant yield, grain yield and straw yield were not 

distributed nonnally. Consequently, factor analysis was used to study the 

interrelationship between the variables (In( total plant yield) x,, ln(grain yield) 

x1 , ln(straw yield) x 3 , TGW x 4 , vegetative duration xj, plant height x6 , 

length of growing season x, and leafiness x11 ) . 
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Figure 6.3. Distributions of total plant yield and ln(total plant yield). 
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The total variance explained by factors is indicated in Tables 6.6 and 6.7, the 

first 3 factors, which account for 71.8% (H2, Tel Hadya), 79.1% (H3, Tel 

Hadya), 72.7% (H 1, Breda), 74.8% (H2, Breda), 69.8% (H3, Breda), 72.2 % 

(Tel Hadya), 66.4% (Breda) of the total variances, are important. However, 

the total variance explained by two factors in the second season (Tel Hadya 

and Bred a) was 80.0% of the total variance. 

Factor 1 for Tel Hadya (HI, H2, H3 and Tel Hadya), which accounted for 

about 40% of the variation, was strongly associated with total plant yield, 

grain yield and straw yield. However, in Breda (H l , H2, H3 and Breda 

overall ) Factor 1, which accounted for about 38% of the variation, was also 

strongly associated with total plant yield, grain yield and straw yield. It also 

was associated with leafi ness. In season two, Factor I, which accounted 

63.7% of the variation, was strongly influenced by total plant yield, grain 

yield, straw yield, TGW, vegetative duration, plant height and length of 

growing season (Table 6.7). All variables had positive loadings in factor 1. 

Factor 1 was termed "yield" factor since it consisted of total plant yield, grain 

yield and straw yield. 

Factor 2, which accounted for about 20% of the variation, was strongly 

con·elated with: 

• Thousand gram weight (TGW), vegetative duration and length of 

growing season for H2 (Tel Hadya) Table 6.6. H3 (Tel Hadya) and Tel 
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Hadya, it was strongly corTelated with vegetative duration and length of 

growing season only. However it was correlated with TGW (0.470 for 

H3 and -0.506 for Tel Hadya) Tables 6.6 and 6.7. 

• In .Breda it was strongly correlated with vegetative duration, length of 

growing season and correlated with plant height for Hl. The hybrids 2 

and 3, factor 2 was strongly correlated with TGW and length of 

growing season. However, it was correlated with plant height ( -0.435 

for H2 and -0.539 for H3; Tables 6.6 and 4.7). Leafiness (0.409) was 

correlated with factor 2 for H2 (Breda). Table 6.7 indicated that factor 

2 was strongly associated with vegetative duration and plant height for 

Bred a. 

• Factor 2 was strongly associated with leafiness for season two since 

there were only two factors (Table 6.7 season two). 

Vegetative duration, length of growing season and leafiness had positive 

loadings with factor 2 except for vegetative duration in Breda, while plant 

height had a negative loadings. 



Table 6.6. Factor loadings are estimated by principal components (H2, H3 in Tel Hadya and Hl, H2 in Breda). 

Variables 
Factor loadings (Tel Hadya, H2) I Factor loadings (Tel Hadya, H3) 

Fl F; F_l 
~2 ' Fl F; FJ h2 J 

h, (jl ,-
I 

1/f ,-

ln (Total plant yield) 0.987 -0.024 0.137 0.994 0.006 0.989 -0.104 0.09I 0.997 0.003 
In (Grain yield) 0.908 -0.048 0.121 0.841 0.139 0.938 -0.059 0.064 0.887 0.113 
ln (Straw yield) 0.930 -0.009 0.151 0.887 0.113 0.937 -0.130 0.11 I 0.908 0.092 
TGW 0.075 -0.506 0.191 0.299 0. 701 -0. I02 0.470 0.683 0.698 0. 302 
Vegetative duration -0.085 -0.776 -0. I07 0.621 0.379 -0.109 0.723 -0.165 0.562 0.-138 
Plant height 0.078 0.25I 0.799 0.708 0.292 0.133 -0. 329 0.688 0.600 0.400 
Length of growing season 0.076 -0.823 -0.199 0. 739 0.261 -0.062. 0.824 -0.101 0.693 0.307 
Leafiness 0.237 -0.162 0.759 0.658 0.342 0.203 -0.330 0.663 0.590 0.410 

Eigenvalue 2. 744 1.644 1.3578 Total Var % 3.21 7 1.670 1.113 Total Var % 
%Variance 34.3 20.5 17. 0 71.8 40.2 20.9 18. 0 79.1 

Variables 
Factor loadings (Breda, H 1) Factor loadings (Breda, H2) 

Fl F; FJ 
~2 2 Fl F; FJ 

~2 

1/f 12 h, 1/f , h, 

In (Total plant yield) 0.965 -0. I02 0.054 0.945 0.055 0.977 -0.113 -0.044 0.970 0.030 
In (Grain yield) 0.854 -0.077 0.007 0. 735 0.295 0.904 -0.090 0.000 0.826 0.174 
In (Straw yield) 0.900 -0.104 0.085 0.827 0.173 0.921 -O.JJO -0.078 0.867 0. 133 
TGW -0.029 0.089 0.934 0.880 0. 120 -O.OI9 0.743 0.063 0.556 0. 4-14 
Vegetative duration -0.006 0.789 -0.080 0.629 0.371 0.026 0.064 0.914 0.841 0.159 
Plant height . 0.489 -0.418 0.351 0.537 0.463 0.362 -0.435 -0.538 0.610 0.390 
Length of growing season -0.023 0.751 0.42I 0. 742 0.258 -0.108 0.861 0.144 0.773 0.227 
Leafiness 0.662 0.205 -0. I 93 0.518 0.482 0.559 0.409 -0.253 0.543 0.457 

Eigenvalue 3.149 1.439 1.23 Total Var % 3.077 1.686 1.223 Total Var % 

% Variance 39.4 18.0 15.3 72. 7 38.5 21.1 15.3 74.8 



Table 6.7. Factor loadings are estimated by principal component (H3 in Breda, Tel Hadya, Breda and season 2). 

Variables 
Factor loadings (Breda, H3) I Factor loadings (Tel Hadya) 

Fl Fz ~ 
"2 

t;/,2 Fl Fz FJ "2 2 
h, h, l/1, 

In (Total plant yield) 0.983 -0.084 0.023 0.974 0.026 0.989 0.038 0.038 0.980 0.020 
In (Grain yield) 0.904 -0.036 0.026 0.819 0. 181 0.934 -0.027 0.105 0.884 0.1 16 
In (Straw yield) 0.881 -0.115 0.017 0.790 0.210 0.945 0.096 -0.031 0.903 0.097 
TGW -0.075 0.811 0.055 0.666 0.334 0.047 -0.506 -0.610 0.630 0.370 
Vegetative duration -0.002 0.036 0.962 0.927 0.073 -0.269 -0.716 0.045 0.587 0.413 
Plant height 0.408 -0.539 -0.304 0.549 0.451 0.244 0.446 -0.630 0.654 0. 346 
Length of growing season -0.040 0.810 -0.046 0.660 0.340 0.178 -0.784 0.057 0.650 0.350 
Leafiness 0.396 -0.125 -0.174 0.202 0.798 -0.223 0.055 -0.656 0.484 0.516 

Eigenvalue 2.890 1.642 1.055 Total Var % 2.959 1.597 1.218 Total Var % 

% Variance 36.1 20.5 13.2 69.8 37.0 20.0 15.2 72.2 

Variables 
Factor loadings (Breda) Factor loadings (season two) 

Fl F, F; fz2 t;/,2 Fl Fz "2 1 

I h, If/ ,-

ln (Total plant yield) 0.957 0.204 -0.007 0.958 0.042 0.919 0.242 0.903 0.097 
In ((}rain yield) 0.876 0.1 71 -0.030 0. 798 0.202 0.907 0.213 0.869 0.131 
In (Straw yield) 0.893 0.204 0.010 0.838 0.162 0.899 0.262 0.877 0.123 
TGW 0.068 0.223 -0. 766 0.640 0.360 0. 731 0.181 0. 56 0.-132 
Vegetative duration 0.039 -0.824 -0.153 0. 704 0.296 0.874 0.261 0. 32 0.168 
Plant height 0.313 0.710 -0.204 0.644 0.356 0.833 0.322 0. 797 0.203 
Length of growing season -0.160 -0. 302 -0.640 0.526 0.474 0.771 -0.059 0.597 0.403 
Leafiness 0.602 -0.246 0.140 0.443 0. 557 0.181 0.963 0.959 0.041 

Eigenvalue 2.973 1.498 1.081 Total Var % 5.094 1.307 Total Var% 

%Variance 37.2 18.7 13.5 66.4 63.7 16.3 80.0 
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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 17% 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, Factor 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% (HI 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 is 

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 

variance which was explained by three factors (Table 6.6), while for H 1 
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(Breda) 88% of variance for TOW 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% I-13 

(Tel Hadya) and 92.7% H3 (Breda), length of growing season was between 

52.6% Breda and 80.6% season two. Finally, the total variance for plant 

height, explained by three factors, was between 53. 7% HI (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. TOW 

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 imp011ant characters due to their close 

relationship with total plant yield, grain yield, straw yield and TOW (Table 

6.7). 

Residual: m Tel Hadya, there was about 25% of covariance between 

vegetative duration and length of growing season (HI) , 25% of covariance 

between TOW 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 between vegetative 

duration and plant height (HI and H2) while there was about 25% of 

covariance between TOW 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 HI, H2 in Breda). 

Tel Hadya (H2) Tel Hadya (H3) 

x, x2 XJ x., Xs x, x, Xx x, x2 X; x, Xs x, x, x,, 

x, 0 x, 0 

X2 0.003 0 x2-0.021 0 

X3 0.009 -0.193 0 X; 0.021 -0.130 0 

x, -0.031 -0.058 -0.005 0 x.,-0.010 0.044 -0.044 0 

x5 0.042 0.023 0.063 -0.179 0 X5 0.029 -0.003 0.045 -0.254 0 

x, -0.028 0.006 -0.054 0.094 -0.018 0 x, 0.020 0.010 0.024 -0.057 0.118 0 

x, -0.028 -0.014 -0.039 -0.181 -0.251 0.118 0 x,- 0.010 -0.024 0.000 -0.171 -0.153 0.063 0 

Xx 0.027 0.041 0.004 -0.182 0.023 -0.282 -0.023 0 Xx-0.019 -0.024 -0.013 -0.194 -0.061 -0.270 0.029 0 

Breda (Hl) Breda (H2) 

x, XJ X; x., x, x, x, x,, x, XJ x3 x, X; x,, x, X-' 

x, 0 x, 0 

XJ 0.055 0 XJ 0.024 0 

x_. 0.048 -0.117 0 x, 0.032 -0.100 0 

x.,- 0.008 0.012 -0.022 0 x., 0.012 0.083 -0.043 0 

x5 -0.023 -0.007 -0.037 0.033 0 x, -0.061 -0.068 -0.047 0.033 0 

x, -0.108 -0.122 -0.088 -0.095 0.247 0 x, -0.057 -0.034 -0.065 0.160 0.209 0 

x, 0.022 0.005 0.035 -0.131 -0.240 -0.054 0 x, 0.023 -0.012 0.048 -0./99 -0.026 0.020 0 

Xx -0./37 -0.174 -0.089 0.097 -0.092 0.088 -0.046 0 Xx- 0. 099 -0.133 -0.061 -0.0213 0./48 0.086 -0.074 0 

Where: x
1 

is a total plant yield, x
2 

is a grain yield, x3 is a straw yield, x., is a TGW, x5 is a vegetative duration, x, plant height, x, 

length of growing season and x. leafiness. 



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

Breda (H3) Tel Hadya 
x, x2 X; x< x_. x, x, x, x, x2 X; x< Xs x, x, x, 

x, 0 x, 0 

x2 0.006 0 Xz 0.018 0 
X; 0.039 -0.155 0 X; 0.019 -0.070 0 
x-~-0.013 -0.007 -0.017 0 x-~-0.030 -0.015 -0.040 0 
x5 -0.041 -0.020 -0.052 0.008 0 x5 0.054 0.041 0.064 -0.183 0 
x,- 0.057 -0.010 -0.090 0.013 0.133 0 x, -0.048 -0.061 -0.031 0.091 0.094 0 
x,-0.032 -0.023 -0.033 -0.254 0.085 0.136 0 x,- 0.050 -0.068 -0.031 -0.149 -0.190 0.148 0 
x,- 0.113 -0.077 -0.123 -0.011 0.135 -0.061 0.054 0 x, 0.076 0.092 0.055 -0.284 0099 -0.239 0.001 0 

Breda Season two 
x, Xz X; x< Xs x, x, x, x, Xz X; x, X; Xr. x, x, 

x, 0 x, 0 

Xz 0.033 0 Xz 0.095 0 

X.! 0.043 -0.109 0 X; 0.096 0.060 0 
x,- 0.042 -0.025 -0.045 0 x,- 0.115 -0.109 -0.115 0 
x,- 0.002 0.008 -0.012 0.037 0 x,-0.070 -0064 -0.072 0.003 0 
x,- 0.055 -0.061 -0.046 -0.156 0.187 0 x,- 0.031 -0.047 -0.017 -0.011 0.000 0 
x, 0.036 0.003 0.055 -0.364 -0.211 0.048 0 x,- 0.111 -0.106 -0.113 -0.004 0.048 -0.085 0 
x,- 0.137 -0.151 -0.106 0.110 -0.167 0.077 0.012 0 x,-0.027 -0.022 -0.031 0.006 0.008 -0.048 0.123 0 

Where: x1 is a total plant yield, x2 is a grain yield, x3 is a straw yield, x, is a TGW, x5 is a vegetative duration, x, plant height, x, 

length of growing season and Xx Ieafiness. 
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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 (H 1, 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 grqwing season and leafiness). The most important factor in 

Tel Hadya (HI, l-12, H3 and Tel Hadya) was the first factor (yield) since it 

consisted of total plant yield, grain yield and straw yield. However, In Breda 

(H 1, 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 TeLHaczya.(Hl, l-12, 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 (HI, 

l-12, H3 and Breda). However, this factor accounted for about 20% of the total 

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



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

H 1 (Tel Hadya) H2 (Tel Had a) 
Factor %Total Variables Factor %Total Variables 

Variability Variability 
33.1 Total plant yield, grain yield and straw yield 34.3 Total plant yield, grain yield and straw yield 

2 21.0 TGW, vegetative duration and length of 2 20.5 TGW, vegetative duration and length of 
growing season. growmg season 

3 16.4 Plant height and leafiness. 3 17.0 Plant height and leafiness. 

70.5 71.8 
Tel Hadya 

40.2 Total plant yield, grain yield and straw yield 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 growmg season 

3 18.0 Plant height and leafiness. 3 15.2 TG W', plant height and leafiness. 

79.1 72.2 

'Variables so marked have loadings greater than 0.50 in more than one factor. 



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

HI Breda) H2 (Breda 
39.4 Total plant yield, grain yield, straw yield 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 
growmg season 

3 15.3 TGW 3 15.3 Height·plant and vegetative duration 

72.7 74.9 
H3 Breda) Bred a 

36.1 Total plant yield, grain yield and straw yield 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 



Chapter 6 171 

In season two, 80 %of the total variation was accounted by common factors. 

The first two factors accounted for 63.7% and I 6.3% of the variation after 

rotation, respectively (Table 6. 7). The first factor consisted of all variables 

except leafiness. Ideally, 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 .l Introduction 

Crop yield is a product of the expression of the genotype within an 

environment ( G x E), that is to say, set of environment and morphological 

characters. Frequently, only simple relationships between these factors and 

yield are reported in the literature, but often these factors may interact. A 

stepwise multiple regression may provide a more applicable approach. viz: 

I. Stepwise. multiple regression. Using this inethod, 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 in 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. 

Multiple 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 maximise 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 fac~ors. 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 leaf 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 co1Telation 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 (Ailison, 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 

1 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 conelation 

coefficients between morphological characters and yield parameters were 

calculated (Table 7 .I). 

Table 7.1. Matrix of correlation coefficients 
Totalp/antyield Grain yield Stl'llwyield 

Vegetative d11ration 0.750'' 0.726' 0.740" 

R= Plant height 0.161' 0.720" 0.778" 

Length of growing season 0.57 t" o.5M' 0.553" 

Leafiness 0.301' 0.27)' 0.324" 

According to the conelation matrix (above), there are positive correlations 

between morphological characters and yield parameters. 

7 .2.1 The relationship between total plant yield and morphological 

characters 

According to the R matrix: 

2 1RI 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 variables; and thirdly, total plant 

yield as a function of length of growing season, vegetative duration and plant 

height as independent variables. Finally, total plant 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 (--r) is 

shown in Figure 7 .I. 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, also known as the regression coefficient, b = 176, there is 

an increase of 176 (kg ha- 1
) in the total plant yield for each increase of one 

centim-etre. 

The plant height was significant in this equation (P<0.00/)3
. The constant in 

this equation also is significant (P<O. 00 1). 

Coefficient of determination: (R 2
) 

The coefficient of detennination tells us how much of the variation in the 

dependent variable y is explained by the equation. In other words, R2 is 

greater than 0.85 means the data fit the equation well, and R2 near zero means 

3 The estimated oft is given as follows: 

I = lb-;- SEbl = 1208.96-;- 46.181 = 4.52 

The plant height is a significant variant affecting the total plant yield (1=4.52; P<0.05). 
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a poor fit. However, R 2 does not indicate the significance of the regression 

(Phi lli ps, 2002). 

12000 • • • •• • •• • • .. I • 10000 • • t le. • • .. ,1 •• 
3! 
. !I! . "• .. • > 8000 
..... c • .lll 
Cl. • 
'i 6000 • ..... 
{:. 

• 4000 

• 
• 2000 

40 50 60 70 80 90 
Plant height 

Figure 7.1. T he linear r elationship between the total plant yield and plant height4
• 

4 Figure 7 . I shows that the goodness of fit appears to be better at low plant heights than at 
high plant heights. In fact, lower plant heights are from Breda and highest group is from 
Tel Hadya). The relationship between the yield parameters an morpho ogtca c 1aracters in 
each area will be analysed later in this chapter. 
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The coefficient of determination was R 1 % = 58.8% (P<O.OOJ/. 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. lt is given by the 

equation: 

F = MS,egressim• = 1819230874 = 871 .58 
MSerror 2087268 

The equation is significant ( F;,610 = 871.58; P < 0.00 I) . 

Exponential Equation: 

The exponential relationship between X and Y is shown in Figure 7.2 

The exponential equation ( Y = aebx ) and the summary can be given as: 

The regression equation is 

Total Yield= 706.2717 ei!.OJ
47 

PlnM,eig"t 

P-value is less than 0.001, so the equation is significant. The coefficient of 

determination in exponential equation (68.8%. P<O.OOI) was better than the 

coefficient of determination in linear equation. 

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

5 This detem1ines whether the correlation coefficient is significant or not using the 

following equation. It is given .by: 

IRI"N-M 0.767"1612-2 
I= = = 45.97 
~ "1-0.588 
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Figure 7.2. The exponential relationship between the total plant yield and plant 
height there are two groups (see footnote 2 page 6). 
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Unusual observations (Linear, Exponential): 

Large residuals: 

In the linear equation there are 42 points from 612 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. 

• 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 1%. The coefficient of determination using the 

exponential equation was about 65% (total plant yield and 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 multiple regression analysis results between total plant yield and 
morphological characters using tile linear and exponential equations (n=612). 

Linear equations ( y = a0 +a 1x 1 +a 2 x 2 +a 3 x3 + a4 x4 ) 

Step 1 2 3 4 
Constant -4509''' -15649 ... -26690''' -26021''* 
Plant height 176.4"' I 06.7'** 109.4"' I 11.2 ••• 
Vegetative duration 157''* 119"' 125''* 
Length of growing season Ill .. 105" 
Leafiness -142 
Rl% 58.83"' 63.60"' 64.27''* 64.38''' 

R 0.77 0.80 0.80 0.80 
P (equation significant} <0.0001 <0.0001 <0.0001 <0.0001 

Exponential equations ( y = a
0
e"'x,+a,•,+a,x,+a,x, ) 

Step I 2 3 4 
Constant 706.27··· 75.11'" 9"' 19.11"' 2.9 
Plant height 0.037'" 0.0206"' 0.0210'" 0.0209'" 
Vegetative duration 0.0316"' 0.0270"' 0.0266'*' 
Length of growing season 0.0133'' 0.0136" 
Leafiness 0.0084 
Rz% 65.84''' 71.34"' 71.71'" 71.71''' 

R 0.81 0.84 0.85 0.85 
<0.0001 <0.0001 <0.0001 <0.0001 

P<O.OOI ***, P<O.Ol **, P<0.05 *. 

y : total plant yield, x 1 : plant height, x 1 : vegetative duration, x 3 : length of growing 

season, x 4 : 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 mne 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=O. 72, P-Value=0.88 and F=l.l, 

P-Value= 0.42 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 
0

: the residuals follow the normal distribution. 

H
1

: the residuals do not follow the normal distribution. 

P-Value for linear and exponential equations were greater than 0.05, 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 ss MS F p 

Regression 4 1991009847 497752462 274.31 0.0001 

Residual Error 607 1101454503 1814587 

Lack of Fit 587 1051554276 179/404 0.72 0.882 

Pure Error 20 49900227 2495011 

Total 611 3092464350 

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

morphological characters (exponential). 

Source DF ss MS F p 

Regression 4 76.518 19.130 384.91 0.0001 

Residual Error 607 30.167 0.050 

Lack of Fit 587 29.264 0.050 1.10 0.419 

Pure Error 20 0.903 0.045 

Total 611 106.685 
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In conclusion: 

./ The total plant yield had a significant relationship with morphological 

characters . 

./ The increase m coefficient of determination from two to three 

variables was small and R 2 is close to the maximum of R 2
% = 63.60 for 

linear regression and. R 2 % = 71.34 for exponential equation. Thus, the 

R2 criterion leads to the choice of the two variable subsets containing 

plant height and vegetative duration . 

./ The total plant yield was not significantly affected by leafiness . 

./ The stepwise exponential equation was better than stepwise linear 

equation for studying the relationship between total plant yield and 

morphological characters because: 

· • The coefficient of determination in exponential equations was 

higher than the coefficient of detennination in linear equation in 

each step. 

• 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 1
) value 58.55 and 67.69 respectively (Table 

7.5). Table 7.5 indicated that 58.8% and 67.7/% ofthe 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 detennination was close to maximum of R
1
% =57. 73 for 

linear regression and R 1% = 67.35 for exponential equation with two variables. 

Thus, the R2 criterion leads to the choice of the two variable subsets 

containing plant height and vegetative duration. The coefficient of 

detennination for exponential regression was higher than the coefficient of 

detennination for linear regression in each step (Table 7.5). For example, the 

coefficient of detennination 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 (?=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 linear and exponential equations, there are ten points that are identified 

as being particularly influential. 
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Table 7.5. Stepwise multiple regression analysis results between grain plant yield and 

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

Linear equations ( y = a 11 + a 1x 1 + a1 x1 +a 3x 3 + a4 x4 ) 

Step 1 2 3 4 

Constant -11752''* -8048"* -14113''* -13621''' 

Vegetative duration 149.4''* 85.8··· 64.7'** 45.7'** 

Plant height 42.9''* 44.4'** 69.0 ... 

Length of growing season 6J.o··· 56.4 .. 

Leafiness -104 

Rl% 52.77 ... 57.73··· 58.58··· 8 ••• 
5 .8 

R 0.73 0.76 0.77 0.77 

P (equation sign(/icant) <0.0001 <0.0001 <0.0001 <0.0001 

Exponential equations ( y = a
11
e"•·'•+n,.<,+n,x,+n,x, ) 

Step 1 2 3 4 

Constant 6.79 ... 30.81"'' 7.19''* 19.11''* 

Vegetative duration 0.0610"" 0.03so··· 0.03oo··· 0.030 , ••• 

Plant height 0.0175**' 0.0179'"* 0.0179"' 

Length of growing season 0.0146"" 0.0144'' 

Leafiness -0.0038 

Rl 61.55"' 67.35 ... 67.69"' 67.71''' 

R 0.78 0.82 0.82 0.82 

P (equation si n(ficanl) <0.0001 <0.0001 <0.0001 <0.0001 

P<O.OOI ***, P<0.01 **, P<0.05 *. 

y : grain yield, x 
1

: vegetative duration, x 1 : plant height, x 3 : length of growing season, 

x 
4 

: leafiness. 
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Table 7.6. Analysis of variance for the relationship between grain yield and 

morphological characters (linear). 

Source DF ss MS F p 

Regression 4 435239489 108809872 216.91 0.0001 

Residual Error 607 304495600 501640 

Lack of Fit 587 290494113 494879 0. 71 0.892 

Pure Error 20 14001487 700074 

Total 611 739735089 

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

morphological characters (exponential). 

Source DF ss MS F p 

Regression 4 71.593 17.898 317.94 0.0001 

Residual Error 607 34.170 0.056 
Lack of Fit 587 33.155 0.056 1.11 0.410 

Pure Error 20 1.015 0.051 
Total 611 /05.763 
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In conclusion: 

./ The grain yield had a significant relationship with morphological 

characters except leafiness . 

./ The increase in coefficient of determination from two to three 

variables was small. Thus, the R1 criterion leads to the choice of the 

two variable subsets containing plant height and vegetative duration . 

./ The stepwise exponential 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 vatiable was plant height which gave R 1% = 60 . .55% and R 1% = 66.54% 

for linear and exponential equations respectively. Furthermore, the 

relationship between straw yield and plant height was significant (P<O.OOJ) 

(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<O.OOJ). 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 nonnal 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 mne 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 = a0 +a 1x 1 +a 1 X 1 +a 3x 3 + G 4 X 4 ) 

Step 1 2 3 4 
Constant -2545 ... -7601*** -12578*** -12401*** 

95.4*** 63.8*** 65.1*** ••• Plant height 65.5 
vegetative duration ••• 53.9 ... ••• 71.3 55.5 
Length of growing season 5o.o·· 48.3 .. 
Leafiness -37.5 
Rl% 60.55··· 64.oo··· 64.48*** 64.5 ... 

R 0.78 0.80 0.80 0.80 
P (equation significant) <0.0001 <0.0001 <0.0001 <0.0001 

Exponential equations ( y = a
0
e"'x,+n,x,+n,x]+n,x,) 

Step I 2 3 4 
Constant 339.00 ... 45.2o··· 14.21··· 12.81 ... 
Plant height 0.0360 ... 0.0234··· 0.0237'** 0.0235*** 

vegetative duration 0.0284··· 0.0244*** 0.0235*** 

Length of growing season 0.0116 .. 0.0125* 
Leafiness 0.0210 
Rl% 66.54*** 70.76 ... 70.96*** 7J.oo··· 

R 0.82 0.84 0.84 0.84 
P (equation significant) <0.0001 <0.0001 <0.0001 <0.0001 

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

y : Straw yield, X I: plant height, X 2 : vegetative duration, X3 : length Of growing Season, 

x 4 : leafiness. 
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Table 7. 9. Analysis of Variance for the relationship between straw yield and 

morphological characters (linear). 

Source DF ss MS F p 

Regression 4 567531559 141882890 275.84 0.0001 

Residual Error 607 312214922 514357 

Lack of Fit 587 299237477 509774 0.79 0.810 

Pure Error 20 12977445 648872 

Total 611 879746481 

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

morphological characters (exponential). 

Source DF ss MS F p 

Regression 4 81.124 20.281 372.01 0.0001 

Residual Error 607 33.092 0.055 

Lack of Fit 587 32.074 0.055 1.07 0.454 

Pure Error 20 1.019 0.051 

Total 611 114.216 
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. In conclusion: 

./ The straw yield had a significant relationship with morphological 

characters except leafiness . 

./ The best one-variable (plant height) subset accounted for R
1 = 60.55% 

(linear equation) and R 1 = 66.54% (exponential equation) of the 

variation in straw yield, the best two-variable (plant height and 

vegetative duration) subset accounted for R 2 = 64.00% (linear equation) 

and R 1 = 70.76% (exponential equation) and the best three-variable 

(plant height, vegetative duration and length of growing season) subset 

accounted for R1 = 64.48% (linear equation) and R
1 = 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 . 

./ 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 morphological 

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 coefficients of detennination were very strong and significant. However, 

the increase in coefficients of determination from t~o to three independent 

variables was small. The stepwise exponential equations were better than 



Clrapter 7 195 

stepwise linear equations for studying the relationship between yield 

parameters and morphological 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 and 

morphological character for each hybrid (HI, H2 and H3) in each area (Tel 

Hadya and Breda) were stable. Also this section aims to compare linear and 

exponential regression analysis for the relationship between yield parameters 

and morphological characters. The section is divided into three parts. Part one 

will study the relationship between total plant 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 and morphological characters will be studied. 

7.3.1 Using multiple regression analysis to study the relationship 

between total plant yield and morphological characters 

The results 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 1 ), plant height ( x 2 ), length of 

growing season ( x 3 ) and leafiness ( x 4 ). 

Area Hybrid Equation P,:oiM·tanr P., P., P., P., p.:quulmn R2% pu' 

y=l4156-139x1 +80.6 x2 +12.6x3 +47lx4 0.18 0.09 0.03 0.81 0.11 <0.001 14.4 <0.05 
y = 14472.4e·IUJI52 x1 • O.OOX6Yx, • 0.1}(}177 x_1 • 0.0574 x, <0.001 0.11 0.04 0.77 0.09 <0.001 13.4 <0.05 

Tel y=-6605-32.9x1 +37.8 x2 +87.2x3 +562x4 0.54 0.73 0.15 0.27 0.02 0.02 11.9 <0.05 
Hadya 2 y = 1422_3e.o.ous ,, , o.oos~ ,, twl~" ,, , ti.IJ92t ,, <0.001 0.44 0.18 0.24 <0.001 <0.001 12.8 <0.05 

y= 13266-75.7 X 1 + 25.3 X 2 • 26.2 X 3 + 454 X 4 0.17 0.30 0.33 0.69 0.09 0.03 10.5 <0.05 
3 y = 22026e.IUI/3Xx1 • 0.01/~J.<,.().OI/~jx, • li.I/XII9x, <0.001 0.29 0.34 0.70 0.08 0.03 10.6 <0.05 

y=3116-83.4x1 +68.6 x2 +22.7x3 +430x4 0.63 0.17 <0.001 0.55 <0.001 <0.001 33.7 <0.001 
Y = 3428_ 9e·0.0275.r 1 • 0.020~ r,+0.007h1 •IJ.IJ7x, <0.001 0.151 <0.001 0.53 <0.001 <0.001 33.5 <0.001 

y = I 53 01 + 3 8.1 X I + 51. 7 X 2 - 1 53 X J + 57 6 X J 0.27 0.58 0.03 0.10 <0.001 <0.001 29.1 <0.001 
Breda 2 Y = 80821eo.oor.7x1 · O.OI61.r,-O 0391 x1 l/.159x, <0.01 0.74 0.03 0.15 <0.001 <0.001 27.9 <0.001 

y = 8 2 8 + 2 4. 5 X I + 56. 6 X 2 • 2J. 7 X J + 17 4 X J 0.92 0.64 <0.001 0.67 0-02 <0.001 19.1 <0.001 
3 Y = 1199_9eo.tm7Xr1 .o.OI7~.r,-0.0049.r_, 11.1149-'.r, <0.001 0.62 <0.001 0.75 0.75 0.03 19.0 <0.001 

y = 75tJ4- 235 X 1 + 55.8 X 2 + 161 X;· 496 X 4 0.352 <0.001 <0.001 <0.001 <0.001 <0.001 12.8 <0.05 
Tel Hadya Y = 8955_ 3e -O.OJ52x1 o.I/XJ9.r,+O.IJ2JI.r.,-O.IM57 x, 0.008 <0.001 13.0 <0.05 <0.001 <0.001 0.003 0.001 

y = 5007 + 2.0 X 1 + 54.1 X 2 - 44.2 X 3 + 392 X 4 0.228 0.95 <0.001 0.045 <0.001 <0.001 30.0 <0.001 

Bred a Y = 7555,3e.IJ.IJIJIJ9x1 •O.OI5J.r,-IJO/J5x,+O.I/9.r1 <0.001 0.93 <0.001 O.o3 <0.001 <0.001 29.7 <0.001 
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For each hybrid in Tel Hadya, there were significant equations (P<0.05). 

However, most of the coefficients did not have significant influence on total 

plant yield. Plant height was significant for HI in Tel Hadya (linear and 

exponential) and leafiness was significant for H2 in Tel I-ladya (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 significant but very weak (10.5 <;, R1 
<;, 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 19.00% 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 . -

detennination for each hybrid in each area. However, the independent 

variables (morphological characters) had significant influence on total plant 

yield with the exception of vegetative duration in Bred a (Table 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 m 

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 indicated that the relationship 

between total plant yield and morphological characters in Breda was more 

significant than the relationship in Tel Hadya. 
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Figure 7.3.a. The residuaJs between the total plant yield and 
morphological characters in Tel Hadya (linear). 
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Figure 7.3.c. The residuals between the total plant yield and 
morphological characters in Breda (linear). 
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Figure 7.3.b. The residuals between the total plant yield and 
morphological characters in Tel Hadya (exponential). 
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Figure 7.3.d. The residuals between the total plant yield and 
morphological characters in 6reda (exponential). 

Figure 7.3. The residuals between the total plant yield and morphological characters (linear and exponential). 
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In conclusion 

./ 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 . 

./ The coefficients of detennination for Tel Hadya were very weak but 

significant. Approximately 33%, 28% and 19% 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 

detennination in Breda were better than Tel Hadya because the data for 

Breda were more stable than those for Tel Hadya . 

./ 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) . 

./ Table 7.11 indicated that environment influenced the relationship 

between total plant yield and morphological characters. For example, 

plant height was significant in the equations for hybrids 2 and 3 in 

Breda while it was not significant in Tel Hadya. Leafiness was 

significant for hybrids I and 3 in Breda while it was not significant in 

Tel Hadya. Also the coefficients of detennination in Breda were higher 

than the coefficients of determination in Tel Hadya . 

./ 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 

Bred a . 

./ The multiple exponential equation is better than the multiple linear 

equation for studying the relationship between total plant yield and 

morphological characters because: 

• 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 resu Its 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 Hl and H3 in Tel Hadya (?>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 detennination for 

H2 was very weak but significant (P<0.05) and the coefficients were not 

significant, except for leafiness (?<0.05); (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 18.3% 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<0.05) 

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 10% 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>O. 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 influenGe in Breda. Grain 

yield was positively affected by length of growing season in Tel Hadya while 

it was negatively affected in Breda. The standardised residuals versus the 

fitted values for Tel I-ladya 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) 

Figure~ 7.4.c and 7.4.d. 



Table 7.12. The relationship between grain yield (y) and the variables: vegetative duration ( x1 ), plant height ( x 2 ), length of growing 

season ( x 1 ) and leafiness ( x 4 ). 

Area Hybrid Equation pc:onc:swn. P~, Pu, ~'J Pu, pequulmn Rl% pll' 

y = 4214-63.1 x1 + 39.1 x2 + 24.1 x1 + 197 x, 0.50 0.21 0.08 0.45 0.26 0.053 9.1 <0.05 
y = 3 6 77_ 54e -n.tll< ,, , o.ooxs ,, , o.t/1163 ,, · o 1u7r. x, <0.001 0.24 0.11 0.41 0.26 0.08 8.1 <0.05 

Tel y = - 1 9 56 - 21. 7 X 1 + 13. 5 X 2 + 3 9. 6 X J + 218 X 4 0.68 0.61 0.24 0.25 0.03 0.04 9.5 <0.05 

Hadya 2 y = 880.07 e- 11.11121 x1 • II.IIIJJ/15 x, '11.11136 x_. • fi.IIH/111.<, <0.001 0.39 0.30 0.25 0.02 0.03 10.4 <0.05 

y=6456 -28.2 x1 +8.2 x2 -16.0x3 + 174 x, 0.17 0.43 0.51 0.62 0.17 0.13 7.0 >0.05 
3 Y = 1 O 1 98e -IUJI/flx1 '11.01!].<6 x,-11.111151 x, • IJ.I/{,51 x, <0.001 0.40 0.53 0.66 0.16 0.13 7.0 >0.05 

y=1700-22.9x1+25.3 x2+1.4x3+166x, 0.62 0.28 0.01 0.94 0.002 <0.001 20.3 <0.05 
Y = 1998_19e.IJ .. flf{,3x 1 •IUI/5r.x,~IJ.IJI!fl7x_, 11.1/lx, 0.001 0.44 0.014 0.955 0.001 <0.001 20.4 <0.05 

y=6529+26.4x1 +24.7 x1 -7/.lx3 +225x, 0.34 0.44 0.04 0.119 <0.001 <0.001 23.1 <0.05 
Bred a 2 Y = 297~2eii.IJ/llx 1 • II.OI511x,-11.113%x_. 11.131x, 0.02 0.57 0.046 0.165 0.001 <0.001 20.9 <0.05 

y = - 199 2 + 1 7. 2 X I + 3 0. 7 X 1 + 2. 9 X 3 + 9 5. 2 X 4 0.66 0.54 0.001 0.92 0.02 0.001 18.3 <0.05 
3 y = j 09. 95eo.OJ2r.J.t1 O.fll%:r:: +fJ.IJ{}J5:r.1 · 0.05./IJ _r~ 0.09 0.45 0.001 0.84 0.03 0.001 18.4 <0.05 

y = 3 31 I - 1 If X I + 14. I X} + 8 6. 0 X 3 - 2 7 8 X J 0.45 0.001 0.181 0.001 0.002 <0.001 10.3 <0.05 
Te1 Hadya Y = 3533_34e·IUIJ15.< 1 1!1JIJJ1.<,~11.1J2JXx_..IJI!i33x, <0.001 0.001 0.16 0.001 0.006 <0.001 9.9 <0.05 

y=2164+9.4x1 +23.8x2 -23.6x1 +162xJ 0.31 0.60 <0.001 0.037 <0.001 <0.001 23.7 <0.05 
Bred a 

y = 2952.29e 11·""511''' •I!.IIIJI!.<:-II.fllr.llx,+l!.l 211 .'' <0.001 0.66 <0.001 0.026 <0.001 <0.001 22.5 <0.05 
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Figure 7.4.a. The residuals between the grain yield and 
morphological characters in Tel Hadya (linear). 
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Figure 7.4.c. The residuals between the grain yield and 
morphological characters in Breda (linear). 
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Figure 7.4.b. The residuals between the grain yield and 
morphological characters in Tel Hadya (exponential). 
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Figure 7.4.d. The residuals between the grain yield and 
morphological characters in Bred a (exponential). 

Figure 7.4. The residuals between the grain yield and morphological characters (linear and exponential). 

7.6 
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In conclusion: 

../ Grain yield for each hybrid in Tel Hadya was not affected by 

morphological characters since grain yield for each hybrid m Breda 

was positively affected by plant height and leafiness . 

../ The coefficients of determination for Tel Hadya were very weak and 

significant for H 1 and H2 since the coefficient of determination for H3 

was not significant. The ·coefficients of detennination in Breda were 

better than in Tel Hadya because the data in Breda was stable more 

than in Tel Hadya . 

../ While there were short observation data in each hybrid and some of the 

vatiables were not stable (Chapter 4), the relationship between grain 

yield and morphological characters did not appear clear. 

../ 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 characters because 

plant height and leafiness were significant in the equations for all 

hybrids in Bred a (Table 7 .12) . 

../ 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 significant in the linear equation. 
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Residual errors m 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 (HI, H2 and l-13) and each area (Tel Hadya and Breda) (P<0.05) 

(Table 7.13). Each hybrid in Tel Hadya and Breda, Table 7.13 indicated that 

vegetative 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 HI and H3 in Tel Hadya and l-13 in Breda (P>0.05). Plant height 

affected straw yield for HI 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 detennination were quite low 

(14% 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 1 ), plant height ( x 2 ), length of growing 

season ( x 3 ) and leafiness ( x, ). 

Area Hybrid Equation 
pcom:.xlUn Pa, P., pa pa pcquatwn Rz% P", J ' 

y = 99 3 9 - 7 6. I X I + 4 I. 5 X l - I I. 5 X J + 2 7 4 X J 0.09 0.10 0.04 0.69 0.09 0.003 15.0 <0.05 

y =I 2835.88e·"-"1'"'' •IUIMJ~<x,-o.ooJir.x_, •oor.Jox, <0.001 0.155 0.046 0.64 0.09 0.005 14.1 <0.05 

y=-4649-11.2x1 +24.3 x2 +476x3 +344x, 0.510 0.858 0.159 0.361 0.020 0.026 I 0.7 <0.05 
Tel Hadya 2 Y = 555_57e·IJ.IIIIJ8x1 ·1J.IJIJ(,95x,·IJ.IJI51x]O.fll7.t, 0.001 0.53 0.144 0.291 0.009 0.009 12.9 <0.05 

y=68I0-47.5x1 +17.I x2 -I0.3x3 +280x, 0.24 0.27 0.26 0.79 0.07 0.018 11.4 <0.05 
3 Y = II27I.I3e·IJ.IIf67x1 o.OIJ59Jx,-IJ.IIIJJ5x_,•II.IJ9JJx, <0.001 0.24 0.24 0.79 0.07 0.012 12.2 <0.05 

y=I4I7-60.5x 1 +43.3 x2 +2I.2x3 +264x, 0.717 0.106 <0.001 0.357 <0.001 <0.001 34.9 <0.05 

Y = I635.98e·II.OJ9Jx1 •IJ.IJU2x,+IJ.IJIJ2x_,•ll.l611x, 0.002 0.078 <0.001 0.301 <0.001 <0.001 34.3 <0.05 

y = 8772 +I I. 7 x1 + 27.0 x2 - 8I. 6 x3 + 350 x, 0.31 0.78 0.069 0.150 <0.001 <0.001 26.9 <0.05 
Breda 2 y = 40 I 3 4. 84 eo.ooiJ_,, . o.o!75.T, -lwJr.r. _,_, , 11.185 _,, 0.024 0.95 0.03 0.23 <0.001 <0.001 27.8 <0.05 

y= 2820+ 7.3 X 1 + 25.9 X 2 - 24.6 X 3 + 79.1 X, 0.56 0.81 0.011 0.40 0.07 0.005 14.1 <0.05 
3 Y = 275I. 77eiJ.IIIIJ5x, IJ.IIf.i.ix,-ll.tll27x_. IJIIJ(,Jx, 0.006 0.85 0.01 0.466 0.074 0.005 14.0 <0.05 

y= 4273- I23 X 1 + 41.7 X 2 + 75.4 X 3 - 2I8 X, 0.32 <0.001 <0.001 0.004 0.017 <0.001 13.9 <0.05 
Tel Hadya Y = 4582_5e -ll.I/JfiiJ.r1 • 11.11122x,+IJ.II212 x,-11.11572 .T, <0.001 <0.001 <0.001 0.004 0.024 <0.001 14.8 <0.05 

y= 2843-7.3 X1 + 30.3 X 2 - 20.6 X 3 + 230 x, 0.26 0.73 <0.001 0.124 <0.001 <0.001 28.2 <0.05 
Bred a Y = 227 I.J3e·O.IJIJ71Jx, ·IJ.IJJ(,Jx,-II.IJ/35x_,+IJ./35.t, <0.001 0.57 <0.001 0.08 <0.001 <0.001 28.0 <0.05 
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Figure 7.S.a. The residuals between the straw yield and 
morphological characters in Tel Hadya (linear). 
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Figure 7.5.b. The residuals between the straw yield and 
morphological characters in Tel Hadya (exponential). 
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Figure 7.5.c. The residuals between the straw yield and Figure 7.5.d. The residuals between the straw yield and 
morphological characters in Breda (linear). morphological characters in Breda (exponential). 

Figure 7.5. The residuals between straw yield and morphological characters (linear and exponential). 

7.7 
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7.3.4 Conclusion and summary for each hybrid and area 

./ 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 

relationships . 

./ The relationship 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 ) . 

./ Yield parameters for each hybrid were affected by plant height and 

leafiness more than by vegetative duration and length of growing 

season . 

./ The coefficients of detennination were quite low. However, most of 
. . 

the equations were significant. 

./ The relationship between yield parameters and morphological 

characters was affected by environment. 

./ 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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./ The relationship between yield parameters and morphological 

characters in Breda was more significant than the relationship in Tel 

Hadya . 

./ Although there was no evidence that 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. 



Chapter 8 2U 

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 to location. Shakhatreh et al. (200 I) 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 irrespective of 

location. 

It is well known that drought can reduce gram stze, 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. (200 I), who indicated a high negative correlation between a drought 

susceptibility index and grain yield 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 x year (in the same area and 

hybrid but in different seasons) and according to Spearman correlation, there 

was a significant difference between each pair of hybrids in Tel Hadya in 

different seasons 1• 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 WhitJ:il)gton, 1977) 

indicating an apparent plasticity of this factor. Despite this variation yield 

parameters were affected by levels of leafiness and ANOV A (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 Hl in Tel 

1 HI season one with HI season two 
H2 season one with H2 season two 
H3 season one with H3 season two 



ChapterS 215 

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. Fmthermor_e 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 is most 

suitable for studying the relationship between two sets of parameters (Zhang, 
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et al., 1991; Vadiveloo and Phang, 1996). The ann of usmg 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 positively by plant 

height, vegetative duration and length of growing season. ln 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 

nonnally affected by environmental factors more than other factors as shown 

by Hacett, et al., (200 I). 

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 ( rmnoHical corre/ntiOH = .0.560; p < 0.05) was more 

significant than in Tel Hadya( rcnHO'Jicol cone/nrio'J = .3981; p < 0.05 ). Also the order 

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 

multiple 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 interrelationship 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 interrelationship between 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 important 

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 arid 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 HI 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 barley growth and development, for example, TGW with climate (Beavan, 

1947); plant height with yield (Adams, et al., 2004) and vegetative duration 

with grain yield (Sinebo, 2002). There is very little in the literature that brings 

all of these characters together. This findings reported in this. report have 

shown that multiple regression analysis has the following advantages: (i) to 

determine statistically significant morphological character variables that 

explain 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 m 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 positively with grain yield while it correlated negatively in Breda. 

These findings concur with those of Shakhatreh et al., (200 l ), 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 leafiness for 

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

Yield parameters were affected by many factors including, environment, 

genotype and morphological characters. H 1 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 the 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 important 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 higher than the coefficient of determination for 

linear equation (Table 8.1 ), (ii) 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). 

Total plant yield 
Grain yield 
Straw yield 

Linear 

64.38 
58.8 
64.5 

Exponential 

71.71 
67.71 

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 independent variables were not 

significant. In Breda the relationship was more significant 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. 



ChapterS 223 

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 

parameters were affected by morphological characters. This relationship 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. 

This 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: 

• It 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. 

• Care should be taken in assigning leafiness scores to trials at different 

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

• It should be recognised that vegetative duration and plant height are 

reasonably good indicators of yield potential. 

• 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. 

• The stressful growing conditions likely to prevail in Syria, particularly 

drought stress, are likely to exacerbate G x E effects. 

• 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 interactio·n the use of General 

Linear Model (GLM) would be useful. For example, genotype x 

location; genotypex year and genotype x location x year. 

• 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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Table a.l.a. LSD for differences between mean yields (Hl; season two in Tel Hadya). 

Oepende Fre Mean Individual 
ANOYA 

nt leafiness (a) que Mean leafiness (b) Difference P value of 
P value 

Variable ncy (a-b) difference 

medium high 3.5 -855.70 .060 

high 4 -872.04 .044 
medium 3 12 79 16.2 

medium very high 4 .5 -157 1.62 .003 

very high 5 -.33 1.000 
Total 

high 4 - 16.34 .958 
Plant .046 
yield medium high 3.5 30 8771.9 medium very high 4.5 -7 15.92 .096 

very high 5 855.37 .375 

medium very high 4 .5 -699.58 .086 
high 4 44 8788.2 

very high 5 87 1.70 .362 

medium very high 4.5 14 9487.8 very high 5 157 1.29 . 11 7 

medium high 3.5 -45 1.45 .086 

high 4 -509.94 .043 
medium 3 12 3874.6 

medium very high 4.5 -764.49 .0 12 

very high 5 379.08 .5 16 

Grain high 4 -58.49 .747 
.064 

yield medium high 3.5 30 4326.0 medium very high 4 .5 -3 13.04 .207 

very high 5 830.53 .139 

medium very high 4 .5 -254 .55 .279 
high 4 44 43 84.5 

very high 5 889.02 .110 

medium very high 4.5 14 4639. 1 very high 5 11 43.57 .050 

medium high 3.5 -404.25 . 105 

medium 3 12 404 1.6 
high 4 -362. 10 . 128 

medium very high 4.5 -806.42 .006 

very high 5 -379.42 .494 

Straw high 4 42. 15 .806 
.093 

yield medium high 3.5 30 4445.8 medium very high 4 .5 -402. 17 .089 

very high 5 24.83 .963 

high 4 
medium very high 4.5 -444.32 .048 

44 4403.7 
very high 5 - 17.32 .974 

medium very high 4.5 14 4848.0 very high 5 427.00 .437 
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Table a.l.b. LSD for differences between mean yields (Hl; season two in Breda). 

Depen 
Fre Mean Individual 

dent ANOVA 

V aria 
leafiness (a) que Mean leafines (b) Difference P value of 

P value 

ble 
ncy (a-b) difference 

medium medium 2.5 -1 97.29 .65 1 

medium 3 -279. 12 .493 

low2 2 2600.0 medium high 3.5 -559.7 1 . 159 

Total 
high 4 -873. 16 .030 

Plant medium very high 4 .5 - 1205.33 .008 

yield medium 3 -81 .83 .738 

medium medium 2.5 7 2797.9 
medium high 3.5 -362.42 .108 

high 4 -675.87 .004 <.0001 

medium very high 4 .5 -1008.05 .00 1 

medium high 3.5 -280.59 .080 

medium 3 17 2879. 1 high 4 -594.04 .000 

medium very high 4 .5 -926.22 .00 1 

medium high 3.5 38 3 159.7 
high 4 -3 13.45 .0 18 

medium very high 4.5 -645.62 .008 

high 4 32 3473. 1 medium very high 4 .5 -332. 18 .172 

medium medium 2.5 -6. 14 .978 

medium 3 -62.47 .765 

low2 2 1350.0 medium high 3.5 -2 12.82 .295 

high 4 -297.8 1 . 145 

medium very high 4.5 -403.67 .079 

medium 3 -56.33 .653 

medium high 3.5 -206.67 .074 
Grain medium medium 2.5 7 1356. 14 
yie ld 

high 4 -29 1.67 .0 14 .01 1 

medium very high 4 .5 -397.52 .0 12 

medium high 3.5 -150.35 .067 

medium 3 17 14 12.47 high 4 -235.34 .006 

medium very high 4 .5 -34 1.20 .0 11 

medium high 3 .5 38 1562.82 
high 4 -85.00 .206 

mediuri1 very high 4 .5 -190.85 . 122 

high 4 32 1647.8 medium very high 4 .5 -105.85 .395 

medium medium 2.5 -19 1.1 4 .472 

medium 3 -216.65 .383 

low2 2 1250.0 medium high 3.5 -34 6.89 . 15 1 

high 4 -575.34 .0 19 

medium very high 4 .5 -80 1.67 .004 

medium 3 -25.50 .864 

medium medium 2.5 7 144 1.1 
medium high 3.5 - 155.75 .255 

Straw high 4 -384.20 .006 <.0001 

yield medium very high 4.5 -6 10.52 .00 1 

medium high 3.5 - 130.25 . 180 

med ium 3 17 1466.7 high 4 -358.70 <.0001 

medium very high 4 .5 -585.02 <.000 1 

medium high 3.5 38 
hig h 4 -228.45 .005 

1596.9 
Medium very high 4.5 -454.77 .002 

high 4 32 1825.3 Medium very high 4 .5 -226.32 .127 
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Table a.l.c. LSD for differences between mean yields (H2; seasons two in Tel Hadya). 

Depen 
Fre Mean Individua l 

dent ANOVA 
V aria 

leafiness (a) que Mean leafine s (b) Difference P va lue of 
P value 

ble 
ncy (a-b) difference 

medium high 3.5 204.28 .685 

high 4 -97. 12 .834 
medium 3 9 6220.7 

Medium very high 4 .5 -689.52 . 148 

very high 5 - 1034.67 .049 
Total 

high 4 -30 1.40 .405 
Plant .0 18 
yield medium high 3.5 18 60 16.4 Medium very high 4 .5 -893.80 .0 19 

very high 5 - 1238.94 .005 

Medium very high 4.5 -592.40 .066 
high 4 33 63 17.8 

very high 5 -937.55 .0 16 

medium very high 4.5 27 69 10.2 very high 5 -345.1 5 .385 

medium high 3.5 2 18. 11 .3 18 

high 4 17.74 .930 
medium 3 9 2878.9 

Medium very high 4.5 -245.67 .234 

very high 5 -287. 11 .204 

Grain high 4 -200.37 .202 
.025 

yield medium high 3.5 18 2660.8 Medium very high 4.5 ·-463.78 .005 

very high 5 -505.22 .008 

Med ium very high 4.5 -263.40 .060 
high 4 33 2861.2 

very high 5 -304.85 .069 

medium very high 4 .5 27 3 124 .6 very high 5 -4 1.44 .8 10 

medium high 3.5 - 13.83 .967 

medium 3 9 334 1.8 
high 4 - 11 4.86 .705 

Medium very high 4.5 -443.85 . 155 

very high 5 -747.56 .030 

Straw high 4 - 101.03 .669 
.038 

yie ld medium high 3.5 18 3355.6 Medium very high 4 .5 -430.02 .082 

very high 5 -733.72 .0 11 

high 4 33 3456.6 
Medium very high 4 .5 -328.99 . 11 9 

very high 5 -632.70 .0 13 

medium very high 4 .5 27 3785.6 very high 5 -303 .70 .244 
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Table a. t .d. LSD for differences between mean yields (H2; season two in Breda). 

De pen 
Fre Mean Individual ANOV 

denl 
V aria 

lea!iness (a) que Mean leafiness (b) Differen P value of A 

ble 
ncy ce (a-b) difference P value 

medium 3 613.06 . 15 1 
medium high 3.5 164.43 .690 

medium 2.5 2 3683.0 
high 4 -2 10.86 .6 14 

Medium very high 4.5 -308.30 .486 
Total medium high 3.5 -448.62 .006 
Plant <.000 1 
yie ld medium 3 18 3069.9 high 4 -823.9 1 <.0001 

Medium very high 4.5 -92 1.36 <.0001 

high 4 -375.29 .008 
medium high 3.5 44 3518.6 

Medium very high 4.5 -472.73 .020 

high 4 28 3893.9 Medium very high 4 .5 -97A4 .643 

medium 3 28 1.72 . 178 

medium high 3.5 68.20 .736 
medium 2.5 2 1776.5 

high 4 -82.29 .687 

Medium very high 4.5 -65.80 .76 1 

Gra in medium hig h 3.5 -2 13.52 .007 
.00 1 

yield medium 3 18 1494.7 high4 -364.01 <.0001 

Medium very high 4 .5 -347.52 .002 

high 4 - 150.49 .028 
medium high 3.5 44 1708.3 

Medium very high 4 .5 - 134 .00 . 173 

high 4 28 1858.8 Medium very high 4.5 16.49 .873 

med ium 3 33 1.33 .20 1 

medium 2.5 2 1906.5 
medium high 3.5 96.23 .70 1 

high 4 - 128.57 .6 12 

Mediu m very high 4 .5 -242.50 .367 

Slraw medium hig h 3.5 -235. 11 .0 17 
<.000 1 

yield medium 3 18 1575.2 high 4 -459.90 <.000 1 

Medium very high 4 .5 -573.83 <.000 1 

medium high 3.5 
high 4 -224 .80 .008 

44 18 10.3 
Medium very high 4 .5 -338.73 .006 

high 4 28 2035. 1 Medium very high 4 .5 - 11 3.93 .373 
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Table a.J.e. LSD for differences between mean yields (H3;season two in Tel Hadya). 

Depen 
lndividu 

dent 
Fre Mean al P 

ANOVA 
V aria 

leafiness (a) que Mean leafiness (b) Difference value of 
P value 

ble 
ncy (a-b) differen 

ce 

high 4 368.58 .487 

medium high 3.5 5 5532.8 Medium very high 4.5 - 196.04 .704 
Total very high 5 -500.60 .325 
plant .023 
yield Medium very high 4.5 -564 .63 .056 

high 4 23 5 164.2 
very high 5 -869. 19 .002 

medium very high 4.5 32 5728.8 very high 5 -304.56 .228 

high4 102.00 .689 

medium high 3.5 5 2673.0 Medium very high ~.5 -8 1.09 .744 

Grain very high 5 -2 16.29 .377 

yield Medium very high 4.5 - 183.09 
. 125 

high 4 23 257 1.0 
. 197 

very high 5 -3 18.29 .0 19 

medium very high 4.5 32 2754.1 very high 5 - 135. 19 .266 

high 4 266.58 .392 

medium high 3.5 5 2859,8 Medium very high 4.5 - 114.95 .705 

Straw very high 5 -284.32 .341 .0 12 
yield Medium very high 4.5 -38 1.53 .029 

high 4 23 2593.2 
very high 5 -550.90 .00 1 

medium very high 4 .5 32 2974.8 very high 5 - 169.37 .254 
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Table a.l.f. LSD for differences between mean yields (H3; season two in Breda). 

De pen 
Fre Mean Individual P 

dent ANOVA 

V aria 
leafiness (a) que Mean lea fi ness (b) Differen value o f F va lue 

ble 
ncy ce (a-b) difference 

medium high 3.5 -855.70 .060 

high 4 -872.04 .044 
medium 3 13 3294 .5 -

Medium very high 4 .5 
157 1.62 

.003 

Total very high 5 -.33 1.000 

Plant high 4 -16.34 .958 .012 
yie ld medium high 3.5 39 32 18.7 Medium very high 4.5 -7 15.92 .096 

very high 5 855.37 .375 

high 4 28 
Medium very high 4 .5 -699.58 .086 

3336.6 
very high 5 8o71.70 .362 -

medium very high 4 .5 19 3605.0 very high 5 157 1.29 . 11 7 

medium high 3.5 -45 1.45 .086 

medium 3 13 1560.5 
high 4 -509.94 .043 

Medium very high 4 .5 -764.49 .012 

very high 5 379.08 .5 16 

Grain high 4 -58.49 .747 
.007 

yield medium high 3.5 39 1573 .4 Medium very high 4 .5 -313.04 .207 

very high 5 830.53 . 139 

high 4 
Medium very high 4 .5 -254 .55 .279 

28 1606.6 
very high 5 889.02 .11 0 

medium very high 4.5 19 1785.5 very high 5 1143.57 .050 

medium high 3.5 -404.25 .105 

medium 3 13 1733.9 
high 4 -362.10 .128 

Medium very high 4 .5 -806.42 .006 

very high 5 -379.42 .494 

Straw high 4 42. 15 .806 
.036 

yield medium hig h 3.5 39 1645.3 Medium very high 4.5 -402. 17 .089 

very high 5 24.83 .963 

high4 28 1730.0 
Medium very high 4.5 -444.32 .048 

very high 5 - 17.32 .974 

medium very high 4.5 19 18 19.5 very high 5 427.00 .437 



Table a.2. The data for H3, season 2 in Breda. 

Number Total Plant Grain Straw Harvest No.of ears TGW protein % vegetative Plant Leangth of Leafiness 
yield yield yield index duration height growmg 

season 
1 3083 1523 1560 0.49 280 42.0 12.5 89.5 43.5 129.0 4.0 
2 3166 1661 1505 0.52 280 40.3 12.4 91.5 43.0 130.0 4.0 
3 3500 1470 2030 0.42 233 38.2 12.2 91.0 44.0 128.5 3.5 
4 2833 1325 1508 0.47 286 35.4 13 .1 90.0 47.5 129.5 3.5 
5 3000 1433 1567 0.48 233 39.3 12.2 89.5 40.5 128.5 3.5 
6 3333 1750 1583 0.53 273 40.6 12.5 90.5 42.5 129.0 4.5 
7 3500 1583 1917 0.45 273 46.8 11.1 90.0 42.5 131.0 3.5 
8 4166 1866 2300 0.45 273 39.5 12.9 90.0 45.0 128.5 4.0 
9 4000 1975 2025 0.49 266 39.0 12.3 89.0 45.0 128.5 4.0 
10 2916 1500 1416 0.51 293 39.3 12.1 90.5 44.5 128.5 4.0 
1 1 3000 1453 1547 0.48 273 39.8 12.0 9 1.5 43.0 129.0 3.5 
12 3333 1658 1675 0.50 293 41.0 11.9 90.5 47.5 129.5 4.0 
13 4250 2091 2159 0.49 333 41.8 12.5 90.5 42.5 128.5 4.5 
14 2750 1490 1260 0.54 273 42.9 11.9 90.0 43.5 129.5 3.5 
15 3000 1453 1547• 0.48 300 41.0 11.5 90.5 46.0 129.0 4.0 
16 3000 1345 1655 0.45 253 43.5 13 .5 90.5 38.5 131.0 3.5 
17 2833 1395 1438 0.49 253 44.8 11.9 90.5 41.0 130.0 3.5 
18 3166 1628 1538 0.51 260 38.9 12.6 89.5 44.0 129.0 4.0 
19 2916 1403 1513 0.48 286 37.8 12.0 90.0 44.0 129.5 3.5 
20 3000 1450 1550 0.48 253 40.1 13.6 91.5 45.0 129.0 4.5 
21 4416 229 1 2125 0.52 313 39.4 12.6 90.0 43.5 129.5 4.5 
22 3333 1311 2022 0.39 253 39.9 11.8 91.0 41.0 128.5 3.0 
23 3416 1658 1758 0.49 266 46.0 12.3 91.0 41.5 129.5 3.5 
24 3833 1908 1925 0.50 326 39.3 12.4 90.5 46.0 129.5 4.5 
25 3333 1475 1858 0.44 313 40.3 13.0 90.0 43.5 129.0 4.5 
26 3166 1466 1700 0.46 253 41.3 12.0 89.5 43.5 129.5 3.0 
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27 2916 1420 1496 0.49 280 38.5 13.5 91.0 38.5 129.5 4.5 
28 3083 1533 1550 0.50 266 39.4 12.8 91.0 42.5 128.0 3.5 
29 2750 1386 1364 0.50 226 41.5 12.1 90.5 41.5 129.0 3.5 
30 3666 1775 1891 0.48 300 39.9 13 .1 90.0 45.0 129.0 4.0 
31 3333 1583 1750 0.47 253 40.0 11.0 91.0 40.5 127.0 3.5 
32 3083 1486 1597 0.48 233 36.9 12.5 90.0 43.0 129.5 3.5 
33 3166 1333 1833 0.42 266 40.0 12.9 89.5 45.0 129.0 3.0 
34 3416 1746 1670 u 0.51 293 37.3 12.9 90.0 44.5 128.5 4.0 
35 2916 1420 1496 0.49 280 39. 1 12.0 90.0 42.0 129.0 3.0 
36 2583 1375 1208 • 0.53 266 41.8 11.9 92.0 41.5 129.5 3.5 
37 3083 1458 1625 0.47 253 41.4 12.2 92.0 41.0 . 129.5 4.0 
38 3583 1786 1797 0. 50 293 40.4 11.8 91.0 42.5 129.5 3.5 
39 3416 1500 1916 0.44 226 43 .8 12.3 91.0 38.0 129.5 3.0 
40 3416 1650 1766 0.48 273 43.6 12.0 92.0 41.5 130.0 4.0 
41 3750 1916 1834 0.51 293 39.9 13.0 89.5 42.5 129.5 4.5 
42 3333 1653 1680 0.50 253 42.0 13.2 90.5 44.0 128.5 3.5 
43 3500 1625 1875 0.46 293 37.3 13.4 89.5 49.5 128.0 3.5 
44 3500 1633 1867 0.47 246 40.8 13.0 90.0 43 .5 129.5 3.5 
45 4083 1916 2167 0.47 260 41.0 11.0 89.5 40.0 129.5 3.5 
46 4083 1933 2150 0.47 293 40.9 13 .0 90.5 46.0 128.5 5.0 
47 3166 1525 1641 0.48 253 43.4 13.0 91.0 41.5 129.0 4.0 
48 2833 1500 1333 0.53 240 41.9 12.5 91.0 45.0 129.5 3.5 
49 3333 1600 1733 0.48 300 45.0 13 .5 90.5 46.0 128.5 3.0 
50 3333 1486 1847 0.45 320 38.9 13 .1 90.0 45.0 128.5 5.0 
51 4000 2073 1927 0.52 293 41.0 12.4 91.5 45.0 128.5 4.5 
52 3916 1908 2008 0.49 . 260 38.3 12.6 90.5 47.0 128.5 4.5 
53 3916 1875 2041 0.48 280 40.8 13.4 90.0 48 .5 128.5 3.5 
54 3416 1666 1750 0.49 273 40.8 12.1 90.5 43.5 129.0 3.0 
55 3416 1633 1783 0.48 240 40.9 12.4 90.5 37.5 130.0 4.5 
56 3166 1478 1688 0.47 233 38.9 11.3 90.5 40.0 131 .0 3.5 
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57 3083 1500 1583 0.49 266 37.6 12.4 90.0 43 .0 129.0 4.0 
58 3583 1716 1867 0.48 293 38.8 12.3 90.0 44.0 128.5 4.0 
59 3000 1508 1492 0.50 273 39.5 I 2.9 90.5 44.0 129.0 3.5 
60 3083 1486 1597 0.48 293 42 .8 13.0 91.5 42.5 129.5 3.5 
61 3000 1475 1525 0.49 246 40.9 12.5 92.5 41.0 130.0 3.5 
62 3250 1561 1689 0.48 226 39.4 12.2 91.0 43 .5 129.0 3.5 
63 4000 1933 2067 0.48 320 37.7 12.6 91.0 48.5 130.0 4.5 
64 3250 1570 1680 0.48 226 39.3 11.6 92.0 41.0 129.5 3.0 
65 3250 1475 1775 0.45 293 40.7 12.8 90.5 46.0 129.5 5.0 
66 2333 1220 1113 0.52 266 44.7 12.3 90.5 38.0 130.0 3.5 
67 2450 1041 1409 0.42 226 40.5 12.2 . 89.0 41.0 128.5 4.0 
68 2833 1366 1467 0.48 266 38.3 12.5 90.0 42.5 128.5 4.0 
69 3833 1816 2017 0.47 246 38. I 11.5 90.0 46.0 129.5 4.0 
70 3270 1458 1812 0.45 253 42.9 11.9 90.0 41.5 131.5 4.0 
71 3883 1845 2038 0.48 260 38.7 12.7 92.5 40.0 129.5 4.0 
72 3250 1736 1514 0.53 300 39.6 12.7 90.0 42.5 129.5 4.5 
73 2666 1283 1383 0.48 226 42.8 12.5 90.0 42.5 129.5 3.5 
74 3500 1773 1727 0.51 293 41.8 1 1.9 89.5 42.5 130.0 3.5 
75 3083 1550 1533 0.50 273 43.0 12.4 89.0 40.0 130.0 3.5 
76 3500 1666 1834 0.48 286 41.0 12.3 89.5 43.5 129.0 3.5 
77 3000 1370 1630 0.46 246 42.4 12.6 90.0 41.5 129.0 4.0 
78 3500 1700 1800 0.49 253 42.0 13.2 90.0 45.0 128.0 4.5 
79 3666 I816 1850. 0.50 286 35. 1 13.0 90.0 47.5 128.5 4.0 
80 3500 1645 1855 0.47 246 43.1 11. 1 90.5 44.0 131.5 3.5 
81 3333 1725 1608 0.52 266 41.1 12.0 90.0 42.5 130.0 4.0 
82 4333 2066 2267 0.48 300 38.5 12.0 90.5 45.0 128.0 3.5 
83 3166 1378 1788 0.44 273 41.0 14.0 90.0 41.0 129.0 4.0 
84 3333 1620 1713 0.49 300 41.3 13.1 89.5 44.0 129.0 4.5 
85 4000 2090 1910 0.52 306 40.4 I 2.8 91.0 45.0 129.0 4.5 
86 3666 I708 1958 0.47 293 39.0 13.0 91.0 44.0 128.0 4.0 
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87 3538 1806 1732 0.51 286 42.3 12.9 90.0 42.5 129.5 3.5 
88 3250 1595 1655 0.49 286 39.8 I 2.6 90.5 41.5 I 30.0 4.5 
89 3333 1756 1577 0.53 260 40.3 12.8 90.5 45.0 128.5 3.0 
90 2916 1408 1508 0.48 253 42.0 12.3 91.0 41.0 129.5 3.0 
91 3500 1908 1592 0.55 273 39.8 12.3 89.5 44.0 129.5 3.0 
92 3333 1653 1680 0.50 286 43.5 12.5 89.5 42.5 130.0 4.5 
93 3000 1358 1642 0.45 286 40.3 12.5 91.0 42.5 130.0 4.0 
94 3666 1928 1738 0.53 286 41.5 12.3 91.0 44.5 129.0 4.0 
95 3666 1683 1983 0.46 266 42.9 12.4 90.5 46.5 130.0 4.5 
96 2750 1428 1322 0.52 226 40.5 12.4 90.0 41.5 129.0 3.5 
97 3250 1516 1734 0.47 260 38.9 12.2 90.0 42.5 128.5 3.0 
98 3500 1875 1625 0.54 260 41.9 11.6 90.0 43.5 131.5 3.5 
99 34 16 1741 1675 0.5 I 280 41.1 12.0 90.5 38.5 129.0 3.5 
100 3833 1833 2000 0.48 240 40.1 12.4 91.5 43.5 129.5 3.0 
101 341 6 1541 1875 0.45 306 38.1 13.2 90.0 45.0 128.5 4.0 
102 3583 1895 1688 0.53 280 45.3 12.4 90.5 44.0 129.5 3.5 
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Table a.3. Grain yield for H2 in rank order and family number at 2 sites. 
Tel Hadya season 1 Tel Hadya season 2 Breda season 2 Total of 

family Grain Grain Grain ranks 
yield Rank yield Rank yield Rank 

1 3866 8 2808 59 1540 78 145 
2 28 13 46 1650 101 1691 63 210 
3 2635 61 269 1 70 1916 26 157 
4 2728 55 2650 75 1666 67 197 
5 2906 39 4350 2 1845 36 77 
6 2380 79 2333 95 1866 33 207 
7 2795 47 2800 60 916 102 209 
8 2533 66 2583 82 2166 9 157 
9 2875 41 4141 4 1716 57 102 
10 3937 7 3143 30 1358 90 127 
11 2844 43 3708 9 23 16 2 54 
12 2733 53 2933 45 1791 44 142 
13 1604 99 2635 78 2225 4 181 
14 3786 10 2975 41 1308 94 145 
15 1982 94 2760 63 134 1 93 250 
16 1939 97 28 16 58 2053 13 168 
17 3057 28 3058 33 1586 73 134 
18 235 1 82 3225 25 1575 74 181 
19 2986 33 3158 29 209 1 12 74 
20 3084 26 3166 28 1808 42 96 
21 3053 30 2950 42 1350 92 164 
22 33 15 19 4075 5 1725 52 76 
23 1955 96 3426 17 2191 8 121 
24 2053 92 2350 92 1441 86 270 
25 2933 37 3466 15 2141 10 62 
26 2964 36 2758 64 1675 65 165 
27 3822 9 2893 51 149 1 82 142 
28 3195 22 3235 24 2575 l 47 
29 2400 77 2733 68 1733 50 195 
30 3209 21 3283 21 1600 72 11 4 
31 23 15 84 2401 91 1020 100 275 
32 2408 76 2683 71 1375 89 236 
33 35 11 14 259 1 81 1633 68 163 
34 3124 25 3050 34 22 16 5 64 
35 3480 15 2333 94 1466 84 193 
36 2880 40 2920 48 1700 59 147 
37 2555 65 2866 54 1683 64 183 
38 1982 95 2350 93 1725 53 241 
39 2706 56 1943 99 1816 40 195 
40 4160 4 2476 88 1825 37 129 
41 243 1 74 3476 14 1816 41 129 
42 1577 102 2658 74 2111 11 187 
43 1880 98 2701 69 179 1 45 212 
44 2257 87 2976 40 1753 49 176 
45 35 15 13 2900 49 1886 28 90 
46 479 1 2 3183 26 2025 14 42 
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Table a.3. (contd.) 
Tel Hadya season I Tel Hadya season 2 Breda season 2 Total of 

family Gr.ain Grain Grain ranks 
yield Rank yield Rank yield Rank 

47 1600 101 311 6 31 1766 46 178 
48 3164 24 2560 85 1825 38 147 
49 2440 73 3500 13 1520 79 165 
50 2613 62 2883 52 1895 27 141 
51 2488 69 3050 35 1358 91 195 
52 2377 80 3775 8 1695 61 149 
53 2155 90 2800 61 1283 95 246 
54 2991 32 3583 11 2025 15 58 
55 4453 3 28 16 56 1758 48 107 
56 2200 89 3000 37 1958 17 143 
57 2448 71 1826 100 1950 }.9 190 
58 3582 1 I 2408 90 2275 3 104 
59 28 17 45 344 1 16 1725 54 11 5 
60 2773 48 4066 6 146 1 85 139 
61 2586 64 3500 12 1966 16 92 
62 3177 23 3966 7 1945 20 50 
63 4840 I 2533 87 1925 25 1 13 
64 2271 86 2793 62 1766 47 195 
65 3400 17 264 1 77 1233 97 191 
66 3555 12 2566 84 1550 75 171 
67 2848 42 2666 72 1928 23 137 
68 3035 31 2933 44 1516 80 155 
69 3217 20 2983 38 1883 29 87 
70 2666 59 2925 47 2200 7 11 3 
71 2822 44 2025 98 1545 77 219 
72 307 1 27 2933 43 186 1 34 104 
73 2604 63 2933 46 1875 31 140 
74 2520 67 3283 22 1825 39 128 
75 267 1 58 2900 50 1716 58 166 
76 1604 100 2658 73 1508 81 254 
77 2973 34 2741 67 1416 87 188 
78 2044 93 2535 86 1608 70 249 
79 247 1 70 2100 97 1250 96 263 
80 4040 6 3235 23 983 101 130 
81 2706 57 2979 39 1695 62 158 
82 2755 51 3385 20 1700 60 131 
83 3057 29 28 16 57 1875 32 11 8 
84 2502 68 3400 19 1883 30 11 7 
85 2097 91 5035 I 1725 55 147 
86 2773 49 26 16 80 1953 18 147 
87 3368 18 2741 66 1800 43 127 
88 2640 60 2866 53 1603 71 184 
89 2346 83 1583 102 11 61 98 283 
90 2373 81 2296 96 1725 56 233 
91 2968 35 2750 65 1475 83 183 
92 243 1 75 2850 55 1945 21 151 
93 2444 72 3608 10 1928 24 106 
94 2924 38 2616 79 1858 35 152 
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Table a.3. (contd.) 
Tel Hadya season I Tel Hadya season 2 Breda season 2 Total of 

fami ly Grain Grain Grain ranks 
yield Rank yield Rank yield Rank 

95 2773 50 3026 36 1550 76 162 
96 22 13 88 2643 76 22 16 6 170 
97 2395 78 34 18 18 1633 69 165 
98 2733 54 3183 27 1383 88 169 
99 3440 16 3083 32 1728 51 99 
100 4128 5 2566 83 1675 66 154 
101 23 15 85 2475 89 ll I I 99 273 
102 275 1 52 4208 3 1941 22 77 
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Table a.4. Grain yield for H3 in rank order and family number at 2 sites. 
Tel Hadya season I Tel Hadya season 2 Breda season 2 Total of 

family Grain Grain Grain ranks 
yield Rank yield Rank yield Rank 

I 2235 73 3100 27 1523 61 161 
2 3155 17 2600 62 166 1 39 11 8 
3 2631 45 2158 91 1470 76 212 
4 2537 54 3358 16 1325 98 168 
5 27 11 37 2033 97 1433 83 217 
6 3257 14 3793 3 1750 28 45 
7 2053 80 309 1 28 1583 53 161 
8 1795 89 2091 93 1866 18 200 
9 2382 65 2683 49 1975 6 120 
10 3155 18 2425 75 1500 64 157 
I 1 23 11 . 68 311 6 25 1453 80 173 
12 3142 19 3450 13 1658 40 72 
13 3302 10 2533 68 2091 2 80 
14 3297 12 2408 78 1490 68 158 
IS 2133 77 2650 54 1453 81 212 
16 279 1 34 1533 102 1345 96 232 
17 1866 87 4150 I 1395 89 177 
18 2942 27 26 16 58 1628 48 133 
19 2368 66 259 1 66 1403 88 220 
20 2826 32 2600 64 1450 82 178 
21 3702 4 3585 8 2291 I 13 
22 2124 78 25 10 70 131 I 99 247 
23 2388 64 2683 48 1658 41 153 
24 2542 53 3075 29 1908 12 94 
25 167 1 95 26 10 61 1475 73 229 
26 28 13 33 2216 89 1466 77 199 
27 267 1 44 2260 87 1420 85 216 
28 3413 8 2925 36 1533 59 103 
29 2462 58 279 1 41 1386 90 189 
30 1684 94 3166 24 1775 25 143 
31 2608 47 2233 88 1583 54 189 
32 1688 93 2060 96 1486 69 258 
33 2951 26 2400 80 1333 97 203 
34 3453 7 2616 57 1746 29 93 
35 3284 13 3700 4 1420 86 103 
36 2844 31 2785 42 1375 92 165 
37 2697 41 2666 so 1458 78 169 
38 2551 51 24 16 77 1786 24 152 
39 3137 20 355 1 10 1500 65 95 
40 2604 48 3033 31 1650 44 123 
41 247 1 57 2908 37 1916 10 104 
42 . 1777 90 2926 35 1653 42 167 
43 2991 24 270 1 47 1625 49 120 
44 163 1 97 2125 92 1633 46 235 
45 2875 29 3326 19 1916 11 59 
46 2271 69 2908 38 1933 7 114 
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Table a.4. (contd.) 
Tel Hadya season I Tel Hadya season 2 Breda season 2 Total of 

family Grain Grain Grain ranks 
yield rank yield rank yield rank 

47 1906 86 2486 72 1525 60 218 
48 2177 74 295 1 33 1500 66 173 
49 3302 11 2500 71 1600 51 133 
50 2062 79 2600 65 1486 70 214 
51 2502 55 2075 95 2073 4 154 
52 1697 92 3566 9 1908 13 11 4 
53 2475 56 3350 17 1875 16 89 
54 2697 42 1683 101 1666 37 180 
55 2906 28 2433 74 1633 47 149 
56 2164 75 2850 40 1478 72 187 
57 1382 102 3650 7 1500 67 176 
58 2848 30 2600 63 1716 33 126 
59 3208 16 2326 81 1508 63 160 
60 2417 61 3450 14 1486 71 146 
61 2426 60 2450 73 1475 74 207 
62 2440 59 2088 94 156 1 56 209 
63 2137 76 184 1 100 1933 8 184 
64 3102 21 2658 52 1570 55 128 
65 2706 38 2758 45 1475 75 158 
66 2248 72 3891 2 1220 101 175 
67 4142 2 3383 15 1041 102 11 9 
68 2564 50 2523 69 1366 94 213 
69 2697 43 2775 44 1816 21 108 
70 2257 70 2950 34 1458 79 183 
71 4102 3 1950 99 1845 19 121 
72 275 1 36 2425 76 1736 31 143 
73 1546 99 3108 26 1283 100 225 
74 2702 40 2408 79 1773 26 145 
75 2035 81 33 16 21 1550 57 159 
76 1466 101 3550 1 I 1666 38 150 
77 1720 91 2726 46 1370 93 230 
78 2400 63 3333 18 1700 35 11 6 
79 3240 15 2283 84 1816 22 121 
80 35 11 5 3183 23 1645 45 73 
81 2991 25 23 16 83 1725 32 140 
82 1644 96 2616 60 2066 5 161 
83 161 7 98 2583 67 1378 91 256 
84 1968 83 3660 6 1620 50 139 
85 263 1 46 2616 59 2090 3 108 
86 2355 67 2875 39 1708 34 140 
87 4677 I 2616 56 1806 23 80 
88 3355 9 2658 51 1595 52 11 2 
89 3484 6 2260 86 1756 27 11 9 
90 2706 39 2783 43 1408 87 169 
91 1986 82 3186 22 1908 14 I 18 
92 2253 71 3326 20 1653 43 134 
93 2408 62 1958 98 1358 95 255 
94 2586 49 2658 53 1928 9 Ill 
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Table a.4. (contd.) 
Tel Hadya season I Tel Hadya season 2 Breda season 2 Total of 

fami ly Grain Grain Grain ranks 
yield Rank yield Rank yield Rank 

95 1920 85 3668 5 1683 36 126 

96 1844 88 2325 82 1428 84 254 

97 1515 100 3050 30 151 6 62 192 

98 3093 22 2633 55 1875 17 94 

99 1946 84 2970 32 1741 30 146 

100 3088 23 3500 12 1833 20 55 

101 2773 35 2266 85 1541 58 178 

102 2551 52 2183 90 1895 15 157 
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