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ABSTRACT 

Durum wheat is among the major cereal crops in Ethiopia, but its production has been 

challenged by several factors. Loss of diversity due to genetic erosion, drought stress and lack 

of stable genotypes due to genotypes by environment interactions have been among the factors 

that could be mentioned The overall objective of the present study was to estimate genetic 

erosion, drought stress and genotype by environment interaction on durum wheat. Three 

approaches; namely: direct observation; survey and group discussions were held to estimate 

genetic erosion and identify its causes in three districts of the central highlands of Ethiopia. 

Based on direct observation, the loss of genotypes was found to be in Dukem-Akaki (87.5%) 

followed by Lume (80%) and Gimbichu (60%) districts. Similarly, based on the information 

from the famers interviewed, the loss of diversity in the study districts was estimated to be 100 

% in Ada district, where all farmers’ and old improved durum wheat varieties were lost 

followed by Lume (93.3%) and Gimbichu (66.7%). Field experiment for the evaluation of 64 

durum wheat genotypes obtained from both landrace collections and international sources 

was conducted in two replications on sandy clay soil (Andoslos) at Debre-Zeit Agricultural 

Research Center in the 2016 main growing season. Terminal drought had highly significant 

effect on grain yield per plot, above-ground biomass, spike length, days to heading and grain 

filling period. Normalized Difference Vegetative Index(NDVI) as a stay green trait at different 

growth stage was significantly different among genotypes in both sandy clay and clay soils. 

The results suggested that genotype 63 scored the maximum NDVI value (0.84) at booting 

stage, in both light textured and black clay soils and started to decline from this onwards. 

Generally, NDVI allowed identification of better yielding lines. Screening and evaluation of 
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144 durum wheat genotypes comprising selected landrace collections, global durum wheat 

collections and released durum wheat cultivars were carried out in two replications on light 

textured soils at Debre-Zeit Agricultural Research Center in the 2017 dry season under stress 

and non-stress conditions. Screening and identification of durum wheat genotypes using 

indices and morpho-agronomic traits were performed. The results of the combined analysis of 

variance showed that moisture, genotypes and their interaction had highly significant (p≤0.01) 

effects on grain yield. Significant and positive phenotypic and genotypic correlation 

coefficients were found between grain yield under low moisture stress condition with indices 

DRI, REI, GMP, MP and STI, suggesting that these indices would enable identify drought 

tolerant genotypes. Durum wheat genotypes showed variations in all the traits, except days to 

heading and anthesis under stressed and non-stressed. Drought stress reduced grain yield 

(48.3%), grain filling period (41.7%), and grain weight per spike (29.6%), 1000-grain weight 

(18.3%), and number of kernels per spike (16.3%). The correlation of grain filling with grain 

yield was strongly positive and highly significant under moisture stress (0.83)than under non-

moisture stress (0.41) condition, indicating that indirect selection for improving grain yield 

through this trait would be effective under terminal moisture stress environment. Thousand 

kernel weight, kernel number, above ground biomass, harvest index, kernel number per 

spikelet and grain weight per spike had similar trend and they were positively and 

significantly correlated with grain yield under both moisture stress and non-moisture stress 

conditions. Based on the finding of the study, the best drought tolerant genotypes under 

moisture stress environment were genotypes 31 and 30 with yield reduction of 23.9% and 

38.6%, respectively. Six genotypes (55, 30, 31, 91, 15 and 58) were found among the top 10% 

high yielding genotypes, and showed superior performance under both drought stress as well 

as well-watered non-moisture stress conditions. Genotype by environment interactions and 

stability analysis for 25 drought tolerant durum wheat genotypes were performed for grain 

yield, yield related traits and protein content in the 2017 main season. The combined analysis 

of variance indicated highly significant effects of genotypes, environments and their 

interactions on grain protein content, grain yield and yield related traits, except spike length 

and number of spikelets per spike which in that order showed no effects due to environment 

and environment by genotype interaction. The largest variation in grain protein was 

accounted for by environments (81.1%), followed by GEI (13.6 %) and then genotypes (5.3%). 



 

 

xxiii 

 

Similarly, the largest variation in grain yield was accounted for by environments (60.6%), 

followed by GEI (20.6%) and then genotypes (18.2%). The stability analysis using parametric 

measures identified G-24 as the most stable genotype followed by G-23 with above average 

grain yield. 

Key words:Drought Tolerance indices, Genetic integrity, Genetic variability,NDVI, Protein 

content  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

1. GENERAL INTRODUCTION 

Wheat is one of the most important cereals grown in many areas world-wide.The wide 

adaptation of wheat permits its cultivation from the equator to 600 N and 440 S and at 

elevations from sea level to 3000 meter above sea level. It is one of the major cereal crops in 

terms of total production and amount used for food. The world’s largest wheat producer is 

China, followed by India, the United States, France, Russia, Canada, Germany, Turkey, 

Kazakhstan, Ukraine and Pakistan (FAOSTAT, 2017). Currently, wheat is second to rice and 

ahead of maize as the main human food crop. In Ethiopia, wheat is the fourth most grown crop 

after tef, maize and sorghum in terms of acreage and volume of production (CSA, 2018).  

 

With an area of 1.6 million ha and annual production of 2.9 metric tons, Ethiopia is the second 

largest wheat producer in sub-Saharan Africa, following South Africa (Wuletawet. al., 2018, 

CSA, 2018). Bread (Triticuma estivum) and durum (Triticum durum Desf.) wheat are the two 

dominant wheat species cultivated in Ethiopia. Other wheat species of the genus Triticum like 

T. aethiopicumJakubz, (syn. T. abyssinicum (Vav), (Hammer et. al., 2011), T. 

dicocconSchrank, T. turgidium L., and T. durum convar. DurocompactumFlasksb. 

T.polonicum I.andT. compactum. Most of the tetraploid wheat under cultivation consists of a 

mixture of types, and during the recent past, tetraploid wheat used to occupy more than 60% 

of the total wheat area in Ethiopia (Tesfaye and Getachew, 1991). Recently, it has been 

reported that tetraploid and hexaploid species in that order occupy approximately 30% and 

70% of the total area of wheat under cultivation (Dejeneet. al. 2015).  About 85% of hexaploid 

wheat is grown in the south and south east highlands, whereas tetraploid wheat is produced 

predominately in the central and north-west highlands of the country (Hailu, 1991). Though, 

wheat is widely produced in the highlands and mid-altitudes, there is a considerable irrigated 

wheat production potential in the lowlands (Whiteet. al., 2001). 

 

Ethiopia is considered a center of diversity for durum wheat (Triticum turgidum var. durum) 

due to its amazing wealth of genetic variability and its cultivation since time immemorial 

(Tesfayeet. al., 1998).  For  millennia,  using  locally  available  germplasm and  their  

traditional  knowledge,  farmers  have been  developing  a  broad  range  of  genetically  

diverse  durum  wheat landraces  adapted  to  the  highly  variable  niche  environments  in  the  
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Ethiopian  highlands,  an  area  also  referred  to  as  the ‘wheat  belt’  of  the  country. 

Utilization of new diversity is essential to overcome narrow genetic base in wheat (Sindhu et. 

al., 2014). Landraces which are arisen through a combination of natural selections and the 

selections performed by farmers have a broader genetic base and provide desirable 

characteristics (Dotlacilet. al., 2010). 

 

Although Ethiopia is rich in genetic resources of tetraploid wheat and having suitable 

environment for wheat production, the country does not produce enough wheat to satisfy the 

national demand. Nearly more than 990 thousand tons are imported annually (EWMA, 2019). 

Additionally, about 85% of the tetraploid wheat comprises landraces adapted to specific areas. 

The productivity of wheat is low due to abiotic (drought, low soil fertility and heat) and biotic 

(diseases, insects and weeds) stresses, and low adoption and availability of new agricultural 

technologies which resulted in losses of diversity that is called genetic erosion. On the other 

hand, the demand for tetraploid wheat is increasing because of the emerging food processing 

industries and its adaptation to lowrainfall, semi-arid environment (Solomon et. al. 2006). 

 

Despite the efforts made in collection and characterization of the tetraploid wheat genetic 

resources, there has been limitation in exploiting and utilization of these valuable resources 

either for direct production or hybridization. Furthermore, there has been increasing risk of 

genetic erosion threat due to both natural phenomena such as drought associated to climate 

changes and due to replacement of local landraces by improved wheat varieties through the 

extensive national agricultural extension program over the last two decades.  

 

Although the yield of wheat in Ethiopia has generally been increased  through the effort of the 

national wheat  improvement work that has been in progress during the last three decades, the 

average yield of wheat in general and specifically durum wheat is very low( less than 2.5 

tons/ha) as compared to that obtained in other wheat producing countries. Drought is one of 

the major reasons for low productivity of both bread and durum wheat in Ethiopia due to lack 

of efforts in generating and developing suitable varieties for lowland drought prone areas of 

the country.  
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Furthermore, the existence of high genotype by environment (G x E) interaction is also 

limiting the breeding efficiency in drought prone areas (Ceccarelliand Grando, 1991). This 

high interaction contributes to low heritability of traits reducing confidence in the selection of 

superior yielding genotypes. In the absence of G x E interaction, the superior genotype in one 

environment may be regarded as the superior genotype in all environments, whereas the 

presence of the G x E interaction indicates particular genotypes being superior in particular 

environments. In addition, drought stress is frequently exacerbated by environmental and 

biotic factors in dry environments (Reynolds et. al., 2005). G x E interaction is differential 

genotypic expression across environments, and largely arises from diverse response of 

genotypes to climatic variables (mainly temperature and rainfall) and soil characteristics 

during plant growth and development. According to Yanand Hunt (2001), any measured yield 

at a given location in a year is a mixture of the year, location and genotype main effects plus 

various interaction effects. Multi-location variety trials play a decisive role in the effort to 

identify and develop promising genotypes on the basis of phenotypic stability in different 

environments (Vargas et. al., 1999).  G x E interaction study is, therefore, important in order 

to answer a number of questions related to varietal adaptation and stability. 

1.1. Experimental  Methods 

Three approaches namely, direct observation, survey and group discussions were held to 

estimate genetic erosion and identify causes of erosion in three districts of the central 

highlands of Ethiopia. Field experiment for the evaluation of 64 durum wheat genotypes 

obtained from both landrace collections and international sources was made in two 

replications on light textured soils at Debre-Zeit Agricultural Research Station in 2016 (IV and 

V) main growing season. Screening and evaluation of 144 durum wheat genotypes comprised 

of selected landrace collections, global durum wheat collections and released durum wheat 

cultivars were carried out in two replications on light textured soils at Debre-Zeit Agricultural 

Research Station in 2017 (VI and VII) dry season under stress and non-stress conditions. 

Genotype by environment interactions and stability of tweny five 25 durum wheat 

genotypeson grain yield, yield related traits and protein content (VIII and XI) were performed 

at six environments. 
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From the survey study data on farm size, crop varieties and species types and other 

environmental data and farmers perceptions were collected from direct observations, 

questionnaire and group discussions. From field experiments data on phenology, morpho-

agronomic traits, grain and biological yield, protein contents were collected. Normalized 

Difference Vegetative Index (NDVI) at different growth stages as stay green trait was also 

collected to complement visual selections of drought tolerant genotypes.Analysis of variance, 

correlation and path coefficient analysis (for morphological traits for drought screening 

experiment), Principal component and cluster analysis for field experiments were carried out. 

In addition to analysis of variance AMMI and GGE analysis, stability parameters were 

computed for grain and protein yield were computed for the study of genotype by environment 

on selected durum wheat genotypes using different statistical packages. 

 

1.2. Major Findings 

 

In this work, attempts were made to use different methods for addressing the major topics and 

the following major findings outlined and conclusions and possible recommendations were 

suggested. The first chapter of the dissertation deals with genetic erosion on tetraploid wheat 

species in the central highlands of Ethiopia. The loss of genotypes was found to be 87.5% in 

Dukem-Akaki followed by 80% in Lume and 60% in Gimbichu districts based on direct 

observation. Similarly, famers interviewed indicated that the loss of diversity in the study 

districts were estimated to be 100 % in Ada, where all farmers’ and old improved durum 

wheat varieties were lost followed by Lume (93.3%) and Gimbichu (66.7%). In the second 

chapter attempts were made to evaluate the genetic variability of durum wheat genotypes 

subjected to drought at anthesis under rain-fed environment. The finding of this study 

indicated that terminal drought stress had highly significant effect on grain yield per plot, 

aboveground biomass, spike length; days to heading and grain filling period indicated the 

existence of sufficient variations between durum wheat genotypes. NDVI as a stay green trait 

showed significantly different among genotypes in both light textured and black soil types. 

The results suggested that Genotype63 on the light textured soils and genotype 33 on black 

clay soil scored the maximum NDVI value (0.84) at booting stage, and started to decline from 

this onwards. The use of NDVI as screening trait would help to complement visual selection 

of durum wheat genotypes for drought tolerance and allowed better yielding lines to be 
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identified. Drought tolerance screening and identification of durum wheat genotypes using 

indices were performed. The results of the combined analysis of variance showed that 

moisture, genotypes and their interaction had highly significant (p≤0.01) effects on grain yield. 

Significant and positive phenotypic and genotypic correlation coefficient were found between 

grain yield under stressed condition with indices DRI, REI, GMP, MP and STI suggesting that 

these indices would enable to identify drought tolerant genotypes.Screening of durum wheat 

genotypesunderstressed and non-stressed conditions showed variations among studied 

genotypes as well as interaction effects of moisture environment and genotypes in all the traits 

except days to heading and anthesis. The combined analysis of variance indicated highly 

significant effects of genotypes, environments and their interactions onyield, yield related 

traits and grain protein content. The largest variation on grain protein accounted for by 

environments (81.1%), followed by GEI (13.6 %) and then genotypes (5.3%). Genotype x 

environment interaction analysis of 25 selected durum wheat genotypes showed highly 

significant effects of genotypes, environments and their interactions on grain yield and yield 

related traits. 

1.3. Organization of the Dissertation 

 

The present study is based on field survey and experimental evaluation of various durum 

wheat landraces obtained from Ethiopian Biodiversity Institute and breeding lines, National 

and International Durum Wheat Research Programs.Accordingly, the major component studies 

in this work include:  

1) Assessment of genetic erosion on Ethiopian tetraploid wheat in the central highlands of 

Ethiopia (Chapter III);  

2) Evaluation of durum wheat genotypes for terminal drought under rain fed environments 

(Chapters IV and V); 

3) Evaluation of durum wheat genotype for drought tolerance based on Morph-agronomic 

traits and drought tolerance indices (Chapters VI and VII);  

4) Genotype x Environment interaction and stability of drought tolerant durum wheat 

genotypes (Chapters VIII and XI).  

 



6 

 

 

 

1.4. Objectives 

 

The general objectives were to assess and determine genetic erosion and drought tolerance and 

genotype by environment interactions in durum wheat in Ethiopia so as generate information 

useful as guide for future genetic resources conservation and breeding programs 

 

Specific objectives  

The specific objectives of the study were: 

1) To assess on farm genetic erosion and identify causes of erosion in three districts of central 

Ethiopia; evaluate  

2) To estimate genetic variability, heritability, genetic advance, and phenotypic and genotypic 

correlation among traits under terminal moisture stress; 

3) To identify genotypes and traits associated with drought tolerance;  

4) To determine the genotype, environment and G x E effects, and estimate stability of durum 

wheat genotypes based on grain yield, yield components and protein content; and  

5) To evaluate durum wheat genotypes using normalized difference Vegetative index under 

drought condition and investigate its association to grain yield.  
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2. LITERATURE REVIEW 

2.1. The Taxonomy of Wheat 

 

Wheat belongs to the Grass Family Poaceae, the genus Triticum and the species Triticum 

durumDesf. Within the genus Triticum to which all wheats belong three ploidy levels exist; 

each of it featuring an additional genome. Cytogenetically,  there are wheats that are diploid 

(2n = 2x = 14)like T. monococcum (AA), tetraploid (2n = 4x = 28) like T. dicoccoides 

(BBAA) and hexaploid (2n = 6x = 42) like the common wheat T. aestivum (AABBDD) as well 

as naked and hulled forms of wheat (Kimber and Sears, 1987).The ploidy levels are also 

designated as einkorn, emmer and spelt series. Durum is a free-threshing ("naked") grain and 

belongs to the emmer series. At the tetraploid level, the highest diversity within the genus 

Triticum can be observed making tetraploid wheat species interesting for wheat breeding, for 

instance, for the creation of synthetic hexaploid wheat. Because of its grain size and high 

nutritional value, tetraploid wheat was preferred over diploid forms and started to be 

domesticated. Durum itself is a more advanced type of wheat compared to wild emmer 

concerning ear morphology (no brittle rachis, free thresh ability), grain size, grain yield, and 

so on. It is usually a spring crop which does not require vernalization; however, in 

Mediterranean regions cultivation is often carried out in autumn and winter hardy material is 

available in eastern European regions. Durum wheat is traditionally cultivated in regions with 

limited rainfall, and therefore is a characteristically drought tolerant crop (Phillipset al., 2012). 

 

2.2. Genetic Diversity in Wheat 

2.2.1. Triticum species 

 

In the genus Triticum, there are three different genomes, each composed of seven 

chromosomes. Both genera Aegilops and Triticum (6 species and 17 subspecies) belong to a 

complex of wild and domesticated species of which the allopolyploid members evolved via 

hybrid speciation (Kimber and Sears,1987 ), which have the same base chromosome number 

(n = 7), and can be divided into three ploidy levels (i.e., diploid 2n = 14, tetraploid 2n = 28, 

and hexaploid 2n = 42). The available gene pool of wheat is exceptionally wide (Zaharieva 

and Monneveux, 2006).Consequently, it is a widely adapted crop due to the complex nature of 
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the plants genome, which provides great plasticity to the crop. As defined by Von Bothmeret 

al. (1992), the primary gene pool consists of the cultivated and wild forms of a crop species. 

Gene transfer in the primary gene pool is considered to be easy. The secondary gene pool 

includes coenospecies from which gene transfer is possible but difficult, while the tertiary 

gene pool is composed of species from which gene transfer is very difficult. 

 

2.2.2. Durum wheat genetic resources in Ethiopia 

 

Tetraploid wheat (Triticum turgdiumL. var. durum) is the most important cultivated species 

grown in the Mediterranean region and Ethiopia. Ethiopia is also considered as among the 

most important center of diversity for the species and North Africa and West Asia account for 

the large part of its production in developing countries (Tesfaye et. al., 1998; Abebe and 

Giorgis, 1991).Landraces of durum wheat with high genetic diversities has been cultivated for 

long time in different parts of Ethiopia. It is traditionally grown by small scale farmers on 

heavy black soil (Vertisols) at altitudes ranging from 1800-2800 masl, exclusively under rain 

fed conditions (Tesfaye et. al., 1998; Tesfaye and Getachew, 1991). Ethiopian farmers have 

been growing durum wheat for centuries ,and as a result durum wheat covered 60-70% of the 

arable land under wheat cultivation in Ethiopia until 1980s, with bread wheat (Triticum 

aestivum ) covering only 30-40% (Asfaw Negassa et. al., 2012). Currently, approximately 80 

% of wheat area (Dejene et. al., 2015) in Ethiopia is planted to bread wheat, although different 

controversial estimates are reported by various workers. Information about the national annual 

area, production and productivity of durum wheat has not been separately documented in 

annual reports of the Ethiopian Central Statistical Agency (Tesfayeet. al., 1998).  

 

Different morphological and agronomic studies conducted in different regions and 

data/information have been gathered and documented on the extent of variations for a number 

of traits. Glume color, awn color, beak length, spike density, seed color, seed shape, spike 

length and awn size are some of the traits with high genetic variations (Tessemaet. al., 1991, 

Tsegayeet. al., 1996). Phenotypic diversity studies on durum wheat across geographic origins 

have also showed the existence of wide variations in the country (Bechereet. al., 1996; 

Tekluet. al., 2008; Dejene et. al., 2015). Besides phenotypic diversity, study conducted using 
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molecular markers and the existence of high genetic diversity among landraces collected from 

various originswere reported (Teklu and Hammer, 2008).   

 

2.3. Status of Wheat in Ethiopia 

 

2.3.1. Importance and use of wheat 

 

Wheat (Triticum species) is one of the most important cereal crops in Ethiopia. Both bread and 

durum wheat is extensively cultivated in Ethiopia for a millenia. In terms of area coverage, 

(1.6 million hectares), wheat (19.6%) ranks fourth after tef, maize and sorghumamong cereals. 

Its contribution is 24.9 % among cereals in total production (2.5 million tons) and second after 

maize (CSA, 2018).  The current wheat area is limited to the intermediate altitudes and the 

highlands despite the potential for wheat production under irrigated and rain-fed conditions. 

Wheat is used for the manufacture of flour for different purposes. Bread, biscuit and pasta 

products such as macaroni, spaghetti and noodles are some of the industrial products. 

Traditionally  , wheat used for making “dabo”, “dabokolo” ,”ganfo”, “kinche” and other types 

of food. The straw is good source of animal feed and is also used for thatching roofs. The 

potential of wheat will be its entry into export market, if production is expanded and 

productivity increased. This will save the foreign currency used to import wheat.  

 

Wheat constitutes a large portion of the daily diet of the population and contributes 

significantly to the calories and protein sources. In terms of quality, wheat provides an 

optimum amount of energy, protein, calcium and iron. Chemically, contains 339kcal of 

energy, 10.3 g of protein, and 49mg of calcium and 1.5 mg of iron/100 g of whole grain. The 

protein ratio of wheat is 12 percent as compared to 10.8 percent of barley, 10.7 percent of tef, 

10.5 percent of sorghum and 10.1 percent of maize. The iodine content of wheat (0.38 ppm) is 

the highest among cereals and some pulses and closely followed only by red tef (0.30 ppm) 

and field pea (0.20ppm).(Abera Bekele, 1991). 

 

 

2.3.2. Wheat agro-ecology and potential growing environment in Ethiopia 

 



12 

 

 

 

In Ethiopia, wheat is one of the major cereal crops grown between 6 and 140North latitudes; 

and between 35 and 420 East longitude ranging in altitude from 1500 m to 3200 meter above 

sea level (Hailu 1991). The most suitable regions; however, fall between 1900m and 

2700m.Wheat (Triticum spp.) is widely produced in the highlands and mid-altitudes of 

Ethiopia. Out of 18 major agro-ecological zones (AEZ) in the country, wheat is grown in more 

than eight AEZ (Simaneet. al. 1999). Currently, the major wheat growing areas include Arsi 

and Bale in the south-eastern, Hadiya and Kembata in the south, Shewa in the central 

highlands, and Gojam, Gonder, Wello and Tigray in the north western parts of Ethiopia. There 

is also other several secondary and potential wheat production area in the country. Many other 

crops, particularly pulses, oil crops and cottons are important rotational or precursor crops in 

different cropping systems and environments under both rain fed and irrigigated conditions. 

The ministry of agriculture reportedthat there is some uncultivated arable land, which could be 

used for wheat production in Ethiopia. The simulation analysis indicate that the sub-Saharan 

Africa has extensive areas of land that are suitable for profitably producing wheat under rain-

fed conditions, for instance, there is 6.5 million hectares for Ethiopia, with production of 23.55 

million from the total of 25 .11 million hectares of land available to sub-Saharan Africa 

(Asfaw et. al., 2012). This indicates that there is a potential to increase wheat production by 

introducing better performing varieties tolerant to different abiotic stresse such as drought 

stress and improved management practice.  

 

Being adapted to a wide range of moisture condition from xerophytic to littoral (Phillipset. al., 

2012), wheat is grown on more land area worldwide than any other crop. About three quarters 

of the land area where wheat grown receives between 375 and 875 mm of annual precipitation, 

but wheat can be grown in environmentsreceiving rainfall ranging from 250 to 1750 mm. The 

optimum growing temperature is 25oC with minimum and maximum growth temperature of 3-

40 C and 30-32oC, respectively (Simane et. al. 1999). Most durum wheat is grown in the 

Mediterranean environments due to high level of tolerance to terminal stress (Phillipset. al., 

2012). On the contrary, wheat (particularly durum) has long history of cultivation with high 

genetic and agro-ecology diversity and can be potentially grown to the low land environments 

of Ethiopia where many hectares of lands are unutilized. This provides the opportunity to 

extend wheat production to low land environments of Ethiopia.  In other words, the future 
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wheat should be extended to the lowland potential wheat growing environments of the country 

in order to meet the increasing growing demand. 

 

2.3.3. Durum wheat Breeding Research in Ethiopia 

 

The goal of varietal improvement is to improve a crop variety for one or more characteristics 

such as production efficiency, yield potential, quality, stress resistance, disease resistance, and 

adaptation to the environment. In addition to directly improving yield potential or quality, 

reducing the risk to drought stress by developing a drought tolerant variety also would 

improve profitability. The productivity of wheat in Ethiopia is less than 2.74 tons per hectare 

(CSA, 2018) compared to the world average of 3.3 tons per hectare (Phillipset al., 2012), and 

other wheat producing countries of the world. Reasons for these are: (1) the use of traditional 

production system; (2) influence of biotic (e.g. diseases) and abiotic factors (e.g. moisture 

stress) associated to climate change; (3) the unavailability of production inputs (e.g. improved 

seeds) and /or sub-optimal use of recommended packages and (4) lack of information on 

potential area of cultivation and specific ecological niche for wheat species based on their 

adaptation. 

 

The current focus of the national wheat breeding programs has  so far been developing wheat 

varieties for environments having sufficient moisture, releasing so far about 52 bread and 39 

durum wheat varieties, but none of them targeting the drought/ heat stress environments of 

Ethiopia (MoALR, 2017). Private seed companies involved in commercial seed production are 

also using those varieties suitable to high rainfall environments due to lack of availability of 

cultivars for drought prone environments. The lack of progress has been due to the lack of 

screening methodologies, knowledge on traits associated for improving drought stress under 

Ethiopian conditions, are among the factors mentioned as the major bottlenecks to address the 

problem of drought stress. 

 

 

2.4. Genetic erosion: the challenges of Ethiopian tetraploid wheat 
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Ethiopia has already been identified as the center of diversity for crops, particularly durum 

wheat, sorghum; teff, coffee, some legumes, and oil seed crops (niger seed, sesame, 

safflower). It has shown evidence of how human development and the domestication of crops 

and livestock went together hand in hand in the past.  

 

Genetic erosion has been considered as challenges and will have a major effect to the future 

crop productions associated to climate change and productivity for indigenous crop species of 

Ethiopia. Genetic erosion is defined as “the loss of genetic diversity, in a particular location 

and over a particular period of time, including the loss of individual genes and the loss of 

particular combinations of genes, such as those manifested in landraces or 

varieties”(FAO/IPGRI ,2002). The problem has been increased and expected to be more 

aggravated to durum wheat than any other cereal crops. To date, durum  wheat  cultivation in 

Ethiopia is  decreasing and  replaced  by  modern  bread and durum wheat  varieties  evolved  

from  international  and  national  breeding  programs. This homogeneous  genetic  material,  

sometimes  unable  to  fit  the  varied climatic  conditions  and  tolerate  ever-increasing  biotic  

stresses,  could  expose  farmers  to risk  in  the  event  of  climatic uncertainty and emergence 

of new strains of pathogens, with serious consequences on the stability of agricultural 

production. 

 

There are some indications and research reports have also confirmed the danger and extent of 

genetic erosion on tetraploid wheat from survey studies and farmers discussions held in 

different parts of the country. Yifru and Karl (2006) reported the genetic erosion of 100% for 

the Triticum durum and Triticum dicoccon in Tulo district. Likewise, genetic erosion of 87.7, 

100 and 77.8%, respectively was obtained for T. durum and T. turgidum and T. dicoccon in 

Chiro districts. In Harar-Zuria, the same author detected genetic erosion of 88.9 % for T. 

durum and 100% for both T. turgidum and T. dicoccon.In western Shoa zone of Ethiopia, 

genetic erosion reached to 75 % and 62 % for tetraploid wheat species in Ambo and Dandi 

districts respectively (Negash and Heinrich, 2013). They identified in total 20 diverse 

tetraploid wheat landraces in the study districts. However, currently 4 to 5 landraces are under 

cultivation. In a similar study conducted in two districts of the central Ethiopia, farmers 

identified 26 tetraploid wheat land races (21 from Akaki and 17 from Ejere) which were once 
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widely grown in the area and only six were currently available (Tsegaye and Berg, 2007). 

Compared to the formerly available number of landraces, the loss of diversity in the study area 

was estimated to be 77%. The authors indicated on-farm conservation programs have 

significantly reduced the loss of landraces that reached 100 % in Ejere and 95 % for Akaki 

districts before the launching of the on-farm interventions. A survey conducted for Sorghum 

of Ethiopia also demonstrated that some important landraces disappeared either locally or 

regionally in the past 30 years and many other landraces have become marginalized 

(Shewaregaet. al., 2008). On the contray, lower proportion of varietal losses and different 

scenario in the behaviors of genetic erosion was exceptionally indicated by Firew (2007) that 

farmers did not make simple replacements of landraces as a strategic mechanism for genetic 

resources managements in the context of Sorghum in Ethiopia. 

 

2.5. Drought 

 

Durum wheat is widely grown in areas where moisture is the limiting factor in Mediterranean 

climate and similar environments. In contrast , despite the potential of durum wheat to be 

grown in lowland environments of Ethiopia, the crop is produced mainly in the highlands rain-

fed agricultural system, where rainfall is high and wheat has disease and quality problems 

(Haile et. al., 2007) besides competing with other crops such as tef that cover more land. In 

Ethiopia, crop production including durum wheat is mainly cultivated in rain-fed 

environments and characterized by unpredictable rainfall and a high incidence of abiotic 

stresses due to the climate change effect. Consequently, these conditions urged plant breeders 

to act quickly in the problems as the effects of climate change on agricultural production and 

food security are taking  place at a fast pace, while it takes 7-12 years to breed and release a 

wheat cultivar (Drecceret. al., 2011). The climate projections for 2050 (IPCC, 2007) indicate 

that the increase in temperature (1-3 ºC) and CO2, together with rainfall changes, will result in 

a decline in agricultural productivity in different environments and agricultural systems due to 

detrimental thermal conditions and more frequent extreme weather related events, including 

water stress (Rosenzweig, 2010; IPCC, 2007). Rising temperatures will lower production by 

limiting the length of the growing season, exerting direct negative effects on resource capture 

and processes underpinning growth and yield (Drecceret. al., 2011). Ongoing challenges to 

food security will result from these changes, as most agricultural lands in developing countries 
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including Ethiopia are situated in lowland  tropical  regions that are already warm and semi-

arid (Rosenzweig, 2010). Drought associated to climate change has been reported among the 

most important environmental stresses and exhibiting significant yield losses in most cereal 

crops including wheat. It occurs at different   vegetative growth stages of the crops during the 

seasons. Simaneet. al., (1993) reported the largest yield reduction of (58%) under mid-season 

stress, followed by terminal stress (30%) and early drought (22%) in durum wheat. In contrast, 

considerable advances in developing wheat cultivars for optimum environments, using both 

conventional and modern breeding techniques have been made; true drought adaptive 

genotypes and genes remain elusive in crop species (Snape, 2004) particularly in sub Saharan 

Africa. There are different reasons for this, but two of the main ones are that most traits 

conferring adaptation are complex genetically (quantitative traits) and often the search has 

been conducted out of context, i.e. without previous knowledge of the target population of 

environments. According to Tardieu (2012), spectacular results obtained in one drought 

scenario may have a limited interest for improving food security in other geographical areas 

with water scarcity. For instance, restricting leaf area development by introducing tillering 

inhibition genes could be advantageous in regions with terminal drought (low water 

availability after flowering) as reduced transpiration resulting from low leaf area development 

can “save” water for the critical grain filling period. At the opposite end, in a Mediterranean 

climate, where small rainfall events occur throughout winter, a quick capacity to cover the soil 

(early vigor) will help reduce soil evaporation (a source of water loss) and increase 

transpiration efficiency (Richards et. al., 2012). Therefore, the most relevant questions on 

drought tolerance are if a given trait/s or allele/s confer a positive effect on yield in a 

reasonable proportion of years in a given environment (Drecceret. al., 2011; Tardieu, 2012). 

Hence, it is important to concentrate drought stress breeding on durum wheat to address the 

challenges.  

 

 

 

2.5.1. Types of drought tolerance strategies 

 

Drought escape 
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Season length for crops under rain fed conditions are often defined as that time when 

precipitation is equal to or exceeds 50% of potential evapo-transpiration, as determined by 

radiation, wind, and temperature. A major goal of breeding is to develop cultivars that can 

escape drought by being sufficiently early in maturity as to complete their life cycle within a 

given season length. Selection for earliness matches the phenology of the crop to the pattern of 

water availability.  Flowering or physiological maturity is a highly heritable and ecological 

trait that is important for plant drought response (Amanda et. al., 2014), selection for earliness 

can easily be accomplished (Bänziger et. al., 2000). However, earliness carries a yield 

“penalty” when rainfall is higher than average. Under those circumstances, the yield of an 

early maturing cultivar is limited by the amount of radiation the cultivar can capture-normally 

less than that for a later maturing cultivar. 

 

Drought tolerance 

 

Precipitation is variable and cannot be predicted, especially in the tropics. No season is 

therefore “average” and a successful crop variety must be able to withstand some variation in 

rainfall from year to year. Drought tolerant varieties are characterized by increased production 

under drought mere survival with no grain yield is of little use. Traits at seedling 

stageincreases survival rather than production and would have of little value in selection for 

drought. 

 

2.5.2. Methods of selection for drought tolerance 

 

Achieving a genetic increase in yield under drought environment has been recognized to be a 

difficult challenge for plant breeders while progress in grain yield has been much higher in 

favorable environment (Richardet. al., 2012).Screening precisely drought and other stresses 

under conditions that are relevant to the target environment are crucial to apply high selection 

intensity when selecting for drought tolerance. Achieving this requires an understanding of the 

specific crop’s behavior under drought, the use of stress management, a suite of useful 

secondary traits that relate to yield under stress, improved statistical designs for use during 

selection, and an appropriate choice of germplasm and breeding schemes. 
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2.5.2.1. Direct selection for yield under drought 

 

Breeding work for drought-prone environments has been largely empirical to date, with grain 

yield being the primary trait for selection in wheat breeding programmes. However, most 

breeders select strongly for traits other than yield in the early segregating generations and do 

yield testing only at later stages, when a certain level of homozygosity has been achieved and 

large enough seed quantities are available. The decision to advance or reject a genotype is 

often complex and, in practical terms, breeders most often use a system of multiple cut-offs. In 

early generations, they select genotypes that, presumably, achieve the levels required for the 

primary traits evaluated in segregating populations (plant type, plant height, growth cycle, 

spike fertility, etc.). Ceccarelli and Grando (1991) indicated that progress in yield and 

adaptation in drought affected environments can be achieved only by selecting drought 

tolerant genotypes under prevailing conditions found in the target environments.Hakimiet. 

al.,(1998) reported the yield advantages of direct selection for grain yield in segregating 

populations of durum wheat crosses than improved durum wheat varieties under both 

favorable and stressed environmental conditions. 

 

Kumar et. al. (2008) reported direct selection for grain yield under both moisture stress and 

non-stress conditions were predicted to be highly effective than secondary traits as well as 

indirect selection for grain yield under non stress condition due to low but posit ive values 

observed for genetic correlation of yield in stress and non-stress condition in rice. He 

recommended combining drought tolerance with high yield potential but low values also 

indicated that selection for grain yield need to be carried under stress environments. 

 

According to Fonzoet. al., (2010) evaluation of some of the traits proposed by plant 

physiologists is time-consuming or expensive and not practical for application to the 

thousands of entries that comprise the segregating generations of breeding programs. Then, the 

real value of a given trait may only be assessed by determining the genetic gain in segregating 

populations following selection, while many traits are not available in well adapted genotypes 

and their validation frequently requires the development of appropriate breeding material, 

which is again costly and time-consuming (Royoet. al.,2005). Moreover, selection in 

segregating populations requires screening at the plant level or between very small plots, thus 

file:///C:/Users/BRUKTI/Desktop/literature%202/Phenotyping%20for%20drought%20adaptation%20in%20wheat%20using%20physiological%20traits.htm%23B84
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hindering the use of traits that require large field plots for their assessment.Furthermore, in 

situation with lack of complete information about drought tolerance mechanism, the grain 

yield under drought stress can be used as a direct selection for screening drought tolerant 

genotypes (Farshadfar and Sutka, 2002).  

Overall ,despite several intensive work is continuously being carried out by physiologists in 

the area of drought adaptation, the issue of using direct and indirect selection for yield for 

drought stress breeding is still debating and few breeders routinely use physiological criteria in 

their mainstream breeding programs. 

2.5.2.2. Trait based selection methods for drought 

 

Wheat breeding methodologies required urgent need that  are new and more efficient to 

develop and complement existing breeding techniques, as well as to identify new traits, which 

will drive faster yield gains ( Reynolds  et. al .,2005).  

 

In addition, a method for reliably detecting abiotic stress tolerance in a large collection of crop 

genotypes will increase chances of making significant progress in breeding for this trait. Large 

populations were screened under carefully managed drought and other stresses so that genetic 

variation for tolerance was revealed to the greatest extent possible. When a breeding 

programme for drought adaptation is assisted by analytical selection, the conceptual model 

used considers yield under drought to be a function of: (1) yield potential; (2) flowering date 

(which indicates whether the crop will avoid drought stress); and (3) secondary traits that 

provide drought resistance. Hence, key breeding traits must somehow help to improve the crop 

responseto drought can be studied by identification of traits that are in relation to drought 

tolerance at the physiological, cellular, biochemical, and molecular level.From breeding 

perspective, secondary or physiological traits should fulfill specific requirements before it is 

included in breeding program. Any trait to be considered must be directly related to yield as it 

is a function of incoming radiation and potential avenues for radiation use efficiency (RUE) 

under abiotic stress (Bänziger et. al., 2000; Aruaset. al., 2002). The selected trait must exhibit 

genetic variability, a high genetic correlation with yield and a higher heritability than yield 

itself in genetic populations’ representative of those being evaluated. Moreover, evaluation of 
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physiological traits must be fast, easy and cheap. Hence, the study of the diversity of drought 

tolerance mechanisms can give interesting information on the different possibility. 

The possible use of morpo-physiological traits in selection and the resulting effect on yield of 

Triticum species under stress have been indicated in several studies. For instance, duration of 

developmental phase and the assimilation rate is believed to be  more limiting to yield than it 

is under optimal conditions as indicated by the higher association commonly observed 

between yield and above ground biomass at maturity under stress condition (Arauset. al., 

2002; Julio et. al., 2011). Longer grain-filling period, increased number of kernels per spike 

and limited spike per meter square on durum wheat were suggested among the important 

selection criteria for sustainable yield in water-limited environments (Simaneet. al., 

1993).Hasan and Tacettin (2010 ) reported a  positive  and significant  correlation  between  

grain  yield and  grain  filling  period,  chlorophyll  content,  number  of grains per spike and 

spike weight in durum wheat under drought.In studies conducted on durum wheat genotypes 

under Ethiopian context revealed high heritability estimates for most secondary traits than 

grain yield (Haile et. al., 2007) and hence, identification of genotypes could be effective at 

early stages of evaluation. In similar study it was indicated that the future durum wheat 

breeding should consider yield components, morphological and phenological traits beyond 

grain yield to release high yielding varieties with stable performance due to the low 

heritability for grain and biological yield and the existence of high genotype and by 

environment interactions. Physiological secondary traits can also be used for the selection of 

parents to be included in the crossing block, as direct selection criteria for screening among a 

large number of genotypes (i.e., segregating populations) and/or when the amount of seed 

available is too small to carry out field trials with replications.  

 

Among the traits relating to access to water, by far the easiest to measure in the field iscanopy 

temperature depression(CTD), which shows good correlations with other water relations 

parameters (Phillippe et al 2012).  A study conducted in a high-yielding environment in 

Mexico revealed that leaf photosynthetic rate, leaf conductance and CTD were all associated 

with yield on wheat (Phillippe et al 2012).In another study conducted on wheat recombinant 

inbred lines, canopy temperature showed a significant association with yield under drought 

when measured pre-anthesis, suggesting an advantage from higher pre-anthesis growth rates 
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(Phillipset. al., 2012). Canopy temperature depression also showed some association with final 

yield when measured during grain filling and can be measured reasonably simply in the field, 

suggesting a potential methodology for screening physiologically superior lines. 

 

Physiological traits related to moisture stress such as root parameters, above ground biomass, 

relative water content and carbon isotope discrimination showed high heritability values with 

yield, which results in high genetic gains (Hakimiet. al., 1998). Similarly, chlorophyll content, 

stomata conductance, and osmotic adjustment are also the most important parameters found to 

be well-correlated with yield performance of genotypes under stressed environmental 

conditions.   

 

2.5.2.3. Stress tolerance indices 

 

Drought indices based on yield reduction of cultivars under the drought stress condition are 

also other suggested screening methods for identification of drought tolerant cultivars (Mitra, 

2001).For instance, significant genetic variation in drought susceptibility index among durum 

wheat cultivars was reported by Simaneet. al., (1993) under early and midseason moisture 

stress conditions but not under midseason-moisture stress condition.A significant correlations 

between Drought Resistance index (DRI )and traits such as canopy temperature, SPAD 

reading, plant height, flag-leaf length and heading date suggest these traits could be useful for 

screening durum wheat breeding lines for drought tolerance(Mohammadi et. al., 2013). 

Another study indicated that use of stress tolerance score (STS) and discriminate methods 

showed the same results in detecting the most drought tolerant genotypes on wheat (Ghasemi 

and Farshadfar, 2015) but selection of superior genotypes based on STS index was easier than 

discriminant methods.Rank correlation matrixes which were significantly inter-correlated with 

parametric measures can be used as alternatives for selecting stable and adapted wheat 

genotypes in variable environments (Mohammadi and Amri, 2008). 

 

2.5.3. Drought Stress management during field experiments 

 

The key to breeding for both drought and other stresses is to manage stress. In the case of 

drought this is done by conducting experiments partly or entirely in the dry season and 
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managing the stress through irrigation (Bänziger et. al., 2000) The objective of such 

experiments is to measure the genotypic drought tolerance and is not to simulate a farmer’s 

field, but to simulate a clearly defined stress that is relevant in farmers ’fields. If we select 

under random stresses, a combination of stresses or just ‘low yields’, we may well select for a 

different stress tolerance mechanism each time, and will likely not make much breeding 

progress.  Timing, intensity, and uniformity of the stress are factors to consider in stress 

management. Timing should be such that the growth stages targeted are susceptible to the 

stress, have a high probability of being affected by that stress in the target environment, and 

involve tolerance-related traits that can be modified through breeding.  Stress intensity should 

be severe enough so that traits become important for yield distinct from those which affect 

yield under non-stressed conditions.  If the stress is uniform over space and time, genetic 

differences will be easier to observe and progress will be greater. 

 

2.5.4. The challenges of breeding for drought tolerance 

 

Various studies indicated that conventional approaches for breeding to abiotic stresses and 

many reasons can be mentioned as the challenges. Bänziger et. al., (2000) suggested that 

heritability and genetic variances for grain yield usually decrease under abiotic stress as yield 

levels fall. Differences between entries are often non-significant, and expected selection gains 

are less than under conditions where yields are high.Another factor involved under stress 

conditions is high genotype x environment interactions and often produce rankings that differ 

significantly from one environment to another, making it difficult to identify the best 

germplasm. Breeders expect that selection under high-yielding conditions will also increase 

grain yields under abiotic stress conditions. 

 In developing countries, farmers in high-yielding, high-input conditions are usually more 

attractive targets for the private seed sector than the ‘average’, (often) resource-poor farmer, 

and commercial sector breeders often ignore abiotic stress-tolerance for this reason. These 

challenges can be overcome and it is actually possible to make relatively rapid progress in 

breeding for improved yield under favorable and stress conditions by including extensive 

screening under abiotic stress conditions. Definition and identification of target environments 

is among the factors suggested for screening to drought. If the target environment is 
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commonly affected by abiotic stresses, then the fact that selection gains in an unstressed target 

environment are higher than under stress is of little or no help in improving yield in the target 

environment. If abiotic stresses are the major feature of the target area, the breeder should aim 

at improving yields for these conditions.  

Most crop breeders use the screening phase to select for yield potential, resistance to diseases 

and insect pests, and desirable grain and plant type. Only at the advanced testing stage, when 

relatively few genotypes remain, are entries evaluated as well under abiotic stress. At this 

stage, selection intensity is customarily low and progress in breeding for tolerance to abiotic 

stress is therefore poor. When genotypes are selected under favorable conditions, much useful 

genetic variation for stress tolerance may be lost. This variation cannot be replaced simply by 

multi-location testing that exposes a few varieties to stressed conditions at latter stages in 

breeding. 

It may not be practical to improve stress resistance in crop variety by selecting in a virtually 

stress-free environment, yet breeders routinely expect to increase the tolerance of their 

varieties to stresses by selecting mainly in high potential environments. This strategy might 

work, if yields under stressed and favorable conditions were determined by the same plant 

characteristics. Stress breeding methodologies in the tropics have also been influenced 

strongly by experience from crop breeding in no stress environment. On the contrary, in 

tropical environments crops are frequently stressed and on-farm yields fall far below those 

obtained on breeding stations. Thus, in the tropics selection under high-yielding conditions 

may not be the best way to increase yields in farmers’ fields. 

Generally, crops in the tropics are continually exposed to drought stress. The incidence of 

stress may increase, due partly to global climate changes, partly to the displacement of crop 

varieties to more difficult production environments by high value crops, and partly to declines 

in soil organic matter, reducing soil fertility and water holding capacity. At the micro level 

water availability vary greatly within many farmers’ fields. 

 

2.5.5. The potential of durum wheat to adapt to drought 
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Durum wheat has an advantage for its drought resistance (Phillippe et. al., 2012). Having been 

grown apparently for many centuries subject to severe droughts, it has developed those 

qualities which make it admirably fitted to such conditions. Durum wheat owes its value for 

areas of low rainfall to its rapid vigorous growth, early maturity, resistance to drought and 

disease and resulting productiveness. Durum wheat is traditionally cultivated in regions with 

limited rainfall, and therefore is a characteristically drought tolerant crop. Several comparative 

analysis and studies were reported on performance and relative advantages of durum with 

bread wheat on yield related physiological traits and reaction to diseases under different 

growing conditions.  A study on the photosynthetic performance conducted between bread and 

durum (Dias et. al., 2010), concluded that comparatively to bread wheat, the photosynthetic 

performance of durum wheat is more tolerant to heat stress, as stomata conductance and 

transpiration are less affected. In other similar studies conducted on response of bread and 

durum wheat cultivars to nitrogen fertilizer in rain-fed Mediterranean environments (Rafael et. 

al., 2008) indicated that compared to durum wheat, bread wheat displayed greater nitrogen 

accumulation capacity and a more efficient use of nitrogen for grain production. While under 

nitrogen limiting condition, the behavior was similar for both wheat types with regard to 

changes in soil residual.  

 

2.6. Genotype by Environment (G x E) Interaction 

 

2.6.1. Types of environments 

 

The  environment  refers  to  the  external  conditions  that  affect  expression of  genes  of  an  

individual  or  genotype.   Environment has several component factors.   These factors include 

topography, soil type and climatic conditions such as day length, temperatures, relative 

humidity, etc. Each of these factors exerts its influence on the performance of a genotype. The 

environment can be classified into two groups: (1) Micro environment and (2) macro 

environment. The micro environment refers to the environment of  a  single  organism  or  

genotype  as  opposed  to  that of  another  growing  at  the same time in almost the same 

place. In this case the environmental effects are not easily recognizable.   The  macro  

environment  is  associated  with  variables which  have  large  and  easily  recognizable  
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effects. This includes differences over years, location, fertilizer levels, planting dates, 

irrigation schedules, etc.  

Environmental  variables  can  be  divided  into  two  groups  viz.,  (1) predictable  and  (2)  

unpredictable  factors.   Predictable  factors  include permanent  features  of  environment  

which  are  under  human  control  such  as soil  type  planting  date,  row  spacing,  plant  

population  and doses  of  nutrient application. Unpredictable factors are those which fluctuate 

inconsistently like rainfall, temperature and relative humidity and are not under human 

control.  

Breeding for tolerance of crops has become extremely popular worldwide in an effort to 

combat the harsh environments. With long periods of drought and lack of water or nitrogen 

stress tolerance has become a significant part of agriculture. 

 

2.6.2. Factors associated to G x E Interactions 

 

To a geneticist, environment is the sum total of physical, chemical and biological factors that 

influence the developments of an organism (Dabholkar, 1999). Environment as a complex 

assemblage of interacting physical, chemical and biological systems with considerable 

uncertainty about both their nature and interconnections (Bsford and Copper 1993) In other 

words, the term environment relates to the set of climatic, soil, biotic (diseases and pests) and 

management conditions in an individual trial carried out at a given location in one year (in 

case of annual crops) or over several years (in perennial crops). In particular, an environment 

identifies a given location-year (annuals) or location-crop cycle (perennials) combination in 

the analysis of trials repeated over time (Romagosa and Fox, 1993).  

 

G x E interaction is differential genotypic expression across environments and largely arises 

from diverse response of genotypes to climatic variables (mainly temperature and rainfall) and 

soil characteristics during plant growth and development. According toYanet. al.,(2000) any 

measured yield at a given location in a year is a mixture of the year, location and genotype 

main effects plus various interaction effects. Reliable selection for the genotype main effect 

requires removal of other unfixable variations, that is, the various year and location related 
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effects. The only way to achieve this is to conduct multiple-location trials in multiple years. 

Multi-location variety trials play a decisive role in the effort to identify and develop promising 

genotypes on the basis of phenotypic stability in different environments (Vargas et. al., 1999). 

However, this depends on the level of accuracy of yield estimates and magnitude of G x E 

interaction (Gauch and Zobel, 1996).  G x E interaction is studied in order to answer a number 

of questions related to varietal adaptation and stability. Understanding G x E is useful, 

amongst others for developing different cultivars in different agro-ecologies, effective 

allocation of resources and for the characterization of genotypes to variable productivity 

levels. 

 

Researchers usually ignore G x E interaction encountered and base genotype selection solely 

on mean performance across environments. Plant breeders and agronomists need a practical 

selection that would use or exploit G x E interaction. Despite availability and comparison 

among several methods designed to combine yield and stability in a single selection criterion 

(Kang and Pham, 1991), practical integration of stability of performance with yield has not 

been achieved. 

 

Ignoring G x E interaction is problematic when interaction is larger than the genotype main 

effect, which is a common scenario in yield trials (Gauch and Zobel, 1997). The emphasis on 

genotype by location (G x L) interaction effects is justified even when analysis of adaptation 

relates directly to genotype response to environmental factors. Specifically adapted genotypes 

can be targeted to respond well under environmental conditions prevailing in a given area, 

provided that these conditions are not variable from year to year (Girmaet. al. 2000).Very 

often breeders encounter situations where the relative rankings of varieties change from 

location to location and/or from year to year. The interplay in the effect of genetic and non-

genetic on development is termed as ‘genotype by environment (G x E) interaction’ 

(Prabhakaran and Jain, 1992).   

2.6.3. Components of G x E interaction 

 

G x E interaction is composed of genotype by location (G x L), genotype by year (G x Y) and 

genotype by location by year (G x L x Y) constitutes (Gauch and Zobel, 1996). If G x L is 

important portion of G x E, then specific exploitable by subdividing target areas into 
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homogenous regions that maximizes G x E interaction within regions (Yan et. al., 2002). 

Management practice such as different sowing date had a significant impact on G x E 

interaction and the frequency of occurrence of the different environment types, later-sown 

crops were subjected to more water stress around flowering, as this period of their 

development occurred under higher temperature and water demand conditions in the later part 

of season (Chenuet. al., 2011).  

 

Generally, testing over a representative range of conditions is the common strategy. Such wide 

testing necessitates description of genotypic response across environments. Breeders aim to 

cover a representative sample spatial and temporal variation. Sometimes breeders’ selections 

of environments in one year may have little relation to those experienced in the next season 

under Ethiopian conditions (Haileet. al., 2007). The sampling problem associated to with 

yearly variation would suggest testing for many crop cycles. However, to save time breeders 

opt to substitute temporal variation with spatial variation, assuming that testing over a wide 

geographic range can capture parallel degree of temporal buffering capacity in their 

germplasm (Becker and Leon, 1988). 

 

2.6.4. Causes of G x E interaction 

 

The G x E interaction is as much a function of the environmental variables and a function of 

the genotypic, morphological, phenological and physiological traits of the varieties. 

Identification of causal factors of G x E effect and quantification of the unexplained variation 

are of prime importance for selecting for stability or to recommend environmentally superior 

varieties (Signor et. al., 2001).Reasons for the occurrence of G x E interaction can be expected 

when there is wide variation between genotypes for morpho-physiological characters 

conferring resistance or avoidance to one stress or more stresses that are determined by 

climatic, soil biotic and management factors (Annicchiarico, 2002). In general understanding 

the causes of G x E interaction can be used to establish breeding objectives, identify ideal test 

conditions, and formulate recommendations for areas of optimum cultivar adaptation. 

Understanding of the causes of G x E interaction is also used to traits that contribute to better 
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genotype performances and environments that facilitate genotypic evaluation (Yan and Hunt, 

2001).    

 

2.6.5. Significance and implication of G x E interaction for plant breeding 

 

G x E interaction is an important concern to all plant breeders. A given cult ivar performs 

differently in different environment due to G x E interactions. In any breeding program it is 

necessary to screen and identify phenotypically stable genotypes that could perform uniformly 

under different environmental conditions. Such a breeding effort requires basic information of 

G x E interaction (Kumar and Chowdhury, 1991). The interaction can hinder progress from 

selection by masking genotypic effect. The presence of G x E interaction reduces the 

correlation between phenotype and genotype making it difficult to assess the genetic potential 

of a particular genotype whose relative ranking will be altered in different environments 

(Prabhakaran, 1992). Evaluation of genotypic performance at a number of environments 

provides useful information to determine their adaptation and stability (Crossa, 1990). 

Measuring G x E interaction to determine their adaptation helps to determine an optimum 

breeding strategy of either to breed for specific or wide adaptation, which depends on the 

expression of stability under a limited or wide range (Yue et. al., 1997).  Moreover, G x L 

interaction allows the grouping of relatively similar sites in relation to genotypic performance 

within which the interaction is minimum (Eberhart and Russel, 1966; Romagosa and Fox, 

1993; Annicciarico, 1997). 

 

When G x E interaction is due to variation in predictable environmental factors (location), 

breeders can have the alternatives of either developing specific varieties for different 

environments (environments, soil types, management systems, etc.), or broadly adapted 

varieties that can perform well under variable conditions (Adugna and Labuschagne, 2002). 

The importance of grouping genotypes within the homogenous set of environments, 

classification of the environments in to favorable and poor environments and choice of the 

right environment for early germplasm screening was suggested for national breeding program 

of Ethiopia (Haile et. al., 2007).In general, if there were no G x E interactions selection would 

be greatly simplified because the best genotype in one environment would also be the best 

genotype for the target environments. Experience suggests that this scenario is the exception 
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rather than the rule (Basford and Cooper, 1993). Therefore, G x E effects should not be 

ignored, rather analyzed using appropriate techniques, in order to explore the potential 

opportunities and disadvantages (Annicciarico, 2002).  

 

2.7. Durum Wheat Quality 

 

Durum wheat is used for a variety of food products, such as pasta, bread, couscous, burgur, 

etc. It has an amber, vitreous kernel and produces a yellow milling product. The concept of 

durum wheat quality is complex and confusing. Durum wheat quality criteria are continually 

evolving in response to technological advances in durum wheat milling and secondary 

processing. Quality factors such as protein content, gluten strength and color have different 

priority in various durum wheat markets.  Certain quality parameters vary over a very wide 

range in individual breeding lines. This broad genetic variability is demonstrated by the fact 

that the protein content ranges from10-17%, the gluten content from 20-45%, the grain 

hardness from 10-85, and the falling number from 60-450 (Abera 1991). Production of high 

quality wheatis affected by wheatvarieties associated to genetic traits. These differences in 

quality also depend on the soil, nutrient supplies, and other agronomic factors. The weather 

conditions during the growing season, especially the rainfall quantity and temperature, have a 

substantial influence on the plant metabolic processes, and thus on wheat quality. 

 

In Ethiopia, quality and technological demand on durum wheat have also increased and are 

becoming a major concern in wheat breeding due to its potential to be used as a raw material 

for industrial sector. The existences of diverse agro ecological and high genetic diversity have 

created potentially ample opportunity to develop variety with specific quality to meet the 

technological demand for the food processing industries. The country have set agricultural 

growth and transformation plan in which major commodity crops including wheat have been 

prioritized for industrial transformation and commercialization(Solomon et.al.2006). Breeding 

and developing high quality durum wheat varieties for both optimum and marginal 

environments of Ethiopia are among the most important area of research and required the 

breeders’ efforts to address the current technological demands. A durum wheat breeding 

program must therefore be designed to ensure that any new released cultivar has acceptable 
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agronomic characteristics to meet the demand of the farmers and the quality characteristics 

required by the processing industry. Thus, the plant breeder has to begin screening and 

identification of parents for hybridization and through the long term breeding scheme with the 

desired combination of agronomic and quality traits.  Furthermore, evaluation of genotypes at 

a number of environments for quality provides useful information to determine their 

adaptation and stability (Crossa, 1990). Measuring G x E interaction to determine their 

adaptation and other important quality traits helps to set an optimum breeding strategy of 

either to breed for specific or wide adaptation, which depends on the expression of stability 

under a limited or wide range (Yue et al., 1997).  Moreover, G x L interaction allows the 

grouping of relatively similar sites in relation to genotypic performance within which the 

interacting is low (Eberhart and Russel, 1966; Romagosa and Fox, 1993; Annicciarico, 1997). 

Studies conducted on durum wheat quality under Ethiopian condition indicated that 

environments having low amount of rainfall during the growing season are suitable for high 

quality durum wheat production. The importance of modifying time and rate of nitrogen 

fertilization was also indicated by (Bemnetet. al., 1997) to improve the protein content of 

durum wheat in the highland vertisols environments of Ethiopia. The negative correlation 

between grain yield and protein content of durum wheat (Haile et. al., 2007) in low yielding 

drought stress environments of central Ethiopia is an indication for the existence of genotype 

by environment interactions. Thus it needs to be studied qualitative traits of genotypes such as 

protein content across different agro-ecologies and conditions for the development of high 

yielding and qualitatively stable durum wheat varieties. 

 

2.8. Normalized Differences Vegetative Index 

 

Spectral determinations have provided an effective, quick and nondestructive method of 

assessing crop biomass and nutrient status. The normalized difference vegetation index 

(NDVI) is the function of reflectance of red and near infrared (NIR) bands, which are the most 

extensively used bands. The index derived from the light absorption and reflection ability in 

the near infrared (λ = 700–1300 nm) and visible red (λ = 500–700 nm) ranges is known as the 

normalized difference vegetation index (Govaerts and Verhulst 2010): Where: NIR-near 

infrared radiation reflectance; RED – visible red radiation reflectance. The first photometric 
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studies on crop stands dated from the late 1970s and involved winter wheat (Tucker 1979). It 

was already clear from these first experiments that measurements on the light reflected from or 

absorbed by the plants could be used to draw conclusions on the total aboveground biomass 

and on its photosynthetic activity, as the properties of absorbed and reflected light were 

determined largely by the quantity of chlorophyll (Rouse et.al. 1974).  

 

According to Raunet. al.(2001) the effect of weather, nutrient supply and plant physiological 

parameters on the yield can be obtained using models.The estimation of expected crop yields 

that can be harvested from a given growing area is determined mainly by the weather, the 

quality and nutrient supplies of the soil, and the genetic traits of the crops (Parry and 

Hawkesford 2010).  

 

 It is one of the most extensively applied vegetation indices related to leaf area index (LAI), 

biomass and to predict yield (Das et.al., 1993;Inmanet.al.2007).Previous work has shown that 

the NDVI value is most closely correlated with the nitrogen content of the leaves (Raun etal. 

2001). Wang et al. (2003) and Guo etal. (2008) found that there were significant positive 

correlations between grain yield and NDVI in wheat, rice and corn. Li et.al. (2008) suggested 

there was exponential function relationship between N absorption and NDVI in wheat.  

 

Normalized difference vegetation index measurement has been successfully applied to 

diagnose the nutrient, particularly N status for the growth period of many crops such as rice 

and wheat (Zhu et. al., 2008), hence the grain yield of rice could be assessed effectively by 

NDVI (Xueet.al. 2005). This index exhibits a strong correlation with the crop yield data in 

certain physiological phases, but the correlation is weaker if the measurements are not made in 

the right phenophase. Therefore, it is a good way to estimate rice yield under different N rates 

based on NDVI at key growth stages in southeast of China. 

 

Normalized difference vegetation index may provide information on drought tolerance 

(Govaerts and Verhulst 2010).Above-optimum temperatures and water deficit may result in 

substantial changes in the physiological status of the plants and these changes are in good 

correlation with the chlorophyll content of the plants (Bänziger and Araus 2007). In 
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additionplant chlorophyll content can be easily measured using non-destructive methods based 

on NDVI measurements, which have also been applied to examine the resistance of maize 

genotypes to drought stress (Aparicio et.al. 2000). 

 

2.9. Genetic Parameters 

 

2.9.1. Genetic variability 

 

Genetic variability is a measure of the tendency of individual genotypes in a population to 

vary from one another. Variability is different from genetic diversity, which is the amount of 

variation seen in a particular population. Genetic variability in a population is important for 

biodiversity, because without variability, it becomes difficult for a population to adapt to 

environmental changes and therefore makes it more prone to extinction.The variability of a 

trait describes how much that trait tends to vary in response to environmental and genetic 

influences.  

 

Phenotypic variation is the variability in phenotypes that exists in a population.  It has 

heritable and non- heritable components. The value of progeny obtained from a selected 

plant, would largely depend up on the relative contributions by the heritable and non- 

heritable components to its phenotype (Singh and Chandhury , 1997) and differences 

among individuals occur due to the differences in their genetic composition and/or the 

environmental in which they are  growing (Allard, 1960).  If two plants selected at random 

from a mixed population they differ in the yield, this difference may be due to hereditary 

differences in the plants, difference in the environments in which the plants are grown, or 

the combination of both. In initiating a breeding program with any crop, information on 

the nature and magnitude of genetic variation within the species for trait of agronomic 

importance greatly helps in formulating a sound crop breeding program and in efforts to 

bred better varieties (Dubley and Moll, 1969). Phenotypic variability is the observable 

variation presents in a character of a population; it includes both genotypic and 

environmental components of variation and as a result its magnitude differs under different 

environmental conditions. Genotypic variation on the other hand is the component of 
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variation, which is due to the genotypic differences among individuals with in a 

population, and is the main concern of plant breeding (Singh, 1983). 

 

2.9.2 Heritability 

 

Heritability is a significant parameter for the selection of an efficient population improvement 

method (Abinasa et al. 2011).Heritability estimates provide the information about index of 

transmissibility of the quantitative characters of economic importance and are essential for an 

effective crop breeding strategy. Heritability estimates how much variation in a phenotypic 

trait in a population is due to genetic variation among individuals in that population.In crop 

improvement, only the genetic component of variation is important since only this component 

is transmitted to the next generation.  

 

Heritability in broad sense can be defined as the proportion of the total genetic variability to 

the total phenotypic variance (Allard 1960). Heritability in broad sense refers to the portion of 

phenotypically expressed variation, within a given environment and it measures the degree to 

which a trait can be modified by selection(Christiansen and Lewis 1982).Broad sense 

heritability doesn’t give a clear picture of transmissibility of variation from generation to 

generation, because the genetic variation includes the fixable and non-fixable dominance and 

epistatic variation, its utilization is limited in crop improvement.As suggested by Robinson et 

al. (1955), heritability in broad sense can be categorized as high (> 60), moderate (30 – 60%) 

and low (< 30%).The narrow-sense heritability of a trait is the fraction of the total phenotypic 

variance that is caused by the additive effects of genes.Heritability in a narrow sense gives a 

clear picture. According to Falconer and Mackay (1996), heritability in narrow sense is 

defined as “the ratio of additive genetic variance to phenotypic variance”. Estimation of 

heritability as a ratio of genotypic to phenotypic variance may vary greatly depending upon 

the unit for which variance is considered Johnson et al. (1955). 

 

2.9.3 Genetic Advance 

 

Genetic advance is the improvement in the mean genotypic value of selected plants over the 

parental population. Genetic advance under selection indicates measure of the difference 
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between the mean genotypic values of the selected population over the mean genotypic value 

of the original population for a given character (Allard, 1999). It is the function of heritability 

of the trait, the amount of phenotypic variation, and the selection differential that the breeder 

uses. Heritability value alone provides no indication of the amount of genetic progress that 

would result from selecting the best individuals. 

 

Traits under strong genotypic influence could bear high heritability estimate followed by high 

value of genetic advance (Mohammed et.al., 2011).High heritability value could be obtained 

with accessions having small or large genetic variance but genetic progress would be larger 

with larger genotypic variance (Johnson et. al., 1955; Allard, 1999). Traits characterized by 

high heritability followed by high genetic advance (Yousafet. al.,2008; Abinasa et. al., 2011) 

and that influenced by additive gene action could be easily improved in breeding 

programs.Genetic advance as percent mean can be categorized as high (> 20), moderate (10 – 

20 %) and low (<10%) (Johnson et. al., 1955). 

 

2.9.4. Correlation Analysis 

 

Correlation coefficient analysis measures the mutual relationship between various plant 

characters and determines the component characters on which selection can be based for 

genetic improvement in yield. Correlation is helpful in determining the component characters 

of a complex trait, like yield. Such studies are useful in disclosing the magnitude and direction 

of these relationships between the different characters and yield as well as among the 

characters themselves. Correlation studies provide better understanding of yield components 

which helps the plant breeder during selection (Johnson et al., 1955; Robison, 1959.). 

Phenotypic correlation is the association between two variables which can be directly 

observed. It includes both genotypic and environmental effects and therefore, differs under 

different environmental conditions. The inherent or heritable association between two 

variables is genotypic correlation. This type of correlation may be linkage or more likely both. 

The main genetic cause of such correlation is pleitropy, which refers to manifold effects of 

gene (Falconer, 1989). 
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2.9.5. Path coefficient analysis 

 

Path coefficient analysis is a reliable statistical technique which provides means not only to 

quantify the interrelationships of different yield components but also indicates whether the 

influence is directly reflected in the yield or takes some other path way for ultimate effects. It 

is important to identify traits that have direct effect since it measures the direct and indirect 

contribution of various independent characters on a dependent character, so that selection can 

be targeted on that trait for efficient breeding (Singh and Chaudhary, 1997). The path analysis 

reveals whether the association of these characters with yield is due to their direct effect on 

yield or a consequence of their indirect effect by way of other component characters. Ali and 

Shakor (2012), also reported that estimation of the correlation between yield and its 

components alone is not sufficient to understand the importance of each one of these 

components in determining the grain yield. Path coefficient analysis provides more 

information among variables than do correlation coefficients since this analysis provides the 

direct effects of specific yield components on yield and indirect effects via other yield 

components. 
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3. GENETIC EROSION OF ETHIOPIAN TETRAPLOID WHEAT 

LANDRACES IN CENTRAL HIGHLANDS OF ETHIOPIA 

 

ABSTRACT 

The increasing demand and use of improved crop varieties by farmers have been increased in 

the central highlands of Ethiopia and continuous loss of local traditional varieties has been 

occurred since the last two to three decades.  The objectives of the study were to assess the 

extent of genetic erosion and perception of farmers and associated causes for the reduction of 

traditional farmers' varieties. 144 farmers and 56 wheat farms were sampled to conduct the 

study in the major wheat growing areas of the central highlands of Ethiopia.  Based on direct 

farm visit, the loss of genotypes was found to be 87.5% in Dukem-Akaki followed by 80% and 

60% in Lume and Gimbichu districts respectively. Information from both primary and 

secondary sources were collected and summarized to estimate loss of genotypes. Accordingly, 

out of 16 local varieties in Ada and 15 in Lume and Gimbichu existed in 1990, currently no 

local varieties in Ada , only one and 5 local varieties grew in Lume and Gimbichu in 2017 

cropping season respectively. The loss of diversity in the study districts estimated to be 100 % 

in Ada district where all farmers and old improved durum wheat varieties were lost followed 

by Lume (93.3%) and then Gimbichu (66.7%). The total loss in Ada could be mainly due to 

agro-ecological similarity and proximity to Debre-Zeit Agricultural Research Center Station 

where improved durum wheat varieties are developed and distributed. In Gimbichu district 

still many cultivated lands are currently covered by landraces but the number of landraces 

and level of diversity need to be investigated using phenotypic and molecular analysis. The 

most important reason behind loss of diversity in Ada, Lume and Gimbichu district is disease 

mainly stem rust followed by terminal drought associated to short growing season. The 

availability and supply of better yielding improved bread and durum varieties to gradually 

replace local varieties were also among the cause why farmers of these districts stopped or 

reduced growing local durum wheat varieties. Overall, genetic erosion on tetraploid wheat 

was observed in the three districts of the central highland of Ethiopia.  The rates of erosion 

differ between districts depending on proximity to research centers and accessibility to 

improved seeds, being the most common reasons.  Reductions in number of farmers and area 
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coverage in the study districts could be used as good indicators for the existence genetic 

erosion. 

Key words:  Loss of diversity, Genetic integrity, farmer’s variety,Triticum 

3.1. Introduction 

 

Ethiopia is the largest wheat producer in the Sub-Saharan Africa with about 1.6 million ha of 

durum and bread wheat (CSA, 2018). Wheat is one of the major cereal crops in the Ethiopian 

highlands, which range between 6 and 16 N, 35 and 42 E, and from 1500 m to 2800 m above 

sea level. At present, wheat is produced dominantly under rain-fed conditions. Durum wheat 

grown in Ethiopia is constituted by a few improved varieties and a large number of traditional 

farmers varieties, commonly referred as landraces (Bechere et. al., 1996; Eticha et. al., 2005 

Zewdie et.al 2014). Durum wheat is traditionally grown on heavy black clay soils (Vertisols) 

of the highlands between 1800-2700 m above sea level. It is mainly produced by the small 

scale farmers. Durum wheat is primarily suitable for the manufacture of pasta products 

(macaroni, spaghetti ); however, in Ethiopia it is also used for making bread, “injera” and 

other local foods.Statistics on durum wheat is difficult to obtain since it is always lumped with 

bread wheat in reporting.  The total area under wheat production in 1983was reported to be 

625,590 ha of which 60-70% was estimated to be under the production of durum (Tessema, 

1991).  It was then showed a drastic reduction in area coverage and reached about 50 % of 

total wheat production area (Bemnet et. al. 2003). Recently, some reports indicate that its area 

coverage was not more than 15-20% from a total 0.75 or 1.6 million ha of lands (Dejene et.al. 

2016).   

 

Ethiopia has already been identified as the center of diversity for crops, particularly durum 

wheat. In Ethiopia where durum wheat were extensively grown in the central highland of 

Ethiopia, a significant reduction of traditional farmers varieties or landraces both in their area 

coverage, number of farmers have been observed since the last 20-30 or more years (  

Workneh  et.al. 1992). There are some indications and research reports have alsoconfirmed the 

danger and extent of genetic erosion on tetraploid wheat from survey studies and farmers 

discussions held in different parts of the country.  
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Introduction of modern varieties, improving production practices and the problems associated 

to abiotic and biotic stresses like crop pests and diseases, and droughts in traditional farming 

systems were among the major problems faced by the farmers leading to gradual replacement 

of traditional farmers’ varieties. Genetic erosion could be considered as cause and will have a 

major effect to the future crop productions and productivity for indigenous crop species of 

Ethiopia. The problem has been increased and expected to be more aggravated to durum wheat 

than any other cereal crops. According to Teklu and Hammer (2006) reported the genetic 

erosion of 100% for the Triticum durum and Triticum dicoccon in Tulo district. Likewise, 

genetic erosion of 87.7, 100 and 77.8%, respectively was obtained for T.durum and T. 

turgidum and T. dicoccon in Chiro districts. In Harar Zuria, the same author detected genetic 

erosion of 88.9 % for T. durum and 100% for both T. turgidum and T. dicoccon. In western 

Shoa zone of Ethiopia, genetic erosion reached to 75 % and 62 % for tetraploid wheat species 

in Ambo and Dandi districts, respectively (Negash and Heinrich, 2013). In a similar study 

conducted in two districts of the central Ethiopia, farmers identified 26 tetraploid wheat land 

races (21 from Akaki and 17 from Ejere) which were once widely grown in the area and only 

six were currently available. Compared to the formerly available number of landraces, the loss 

of diversity in the study area was estimated to be 77% (Tsegaye and Berg, 2007).  This paper 

attempts to present results obtained from direct field assessments and observation as well as 

information collected from farmers’ interviews and discussions. Hence, the objectives of this 

study were to estimate on farm genetic erosion and identify associated causes in three districts 

of the central Ethiopia. 

 

3.2. Materials and Methods 

 

3.2.1. Study areas 

 

The study was conducted in three districts of the central highland of Ethiopia based on direct 

observation, survey semi-structured questioaire and group discussions. Direct observation was 

conducted across three different routes which covered Ada-Gimbichu, Dukem-Akaki-Sendafa, 

and Lume-Shenkora districts in 2017 cropping season (Figure 3.1). A survey questionnaire 
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(Appendix 11.2) and group discussions was conducted in Ada, Lume and Gimbichu districts 

of the the cental highlands of Ethiopia in 2018. 

 

3.2.2 Research methodolgy 

 

Direct observation 

 

Direct wheat field observation and identification of species and varities of species was 

conducted inNovember 2017 cropping season in three routes passing through major wheat 

producing districts in the central highlands of Ethiopia (Figue 3.1). The survey was made at 

every three to five kilometers intervals based on the availability of the crop. Attempts were 

made to identify the types of wheat species and classify into modern bread or durum and 

tetraploid landraces. Data were recorded on the types of species, varieties and estimated area 

coverage from each farms. Modern bread and durum wheat as well as tetraploid landraces area 

coverage were estimated based on random field visit and identification of wheat species found 

in the field and calculated as percentage of each wheat species area to the total wheat area in a 

given districts. 
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Figure 3. 1. Travel Routes for Genetic Erosion Field Survey 
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Survey study 

A survey study interview 149 farmers from three villages of Ada, Gimbichu and Lume 

districts were used to collect data/information using semi structured questionnaires from 

December 10-25, 2019.The three districts selected were: 1) Ada area where modern crop 

varieties are cultivated dominantly; 2) Lume area where both landraces and modern wheat 

cultivars are believed to exist due to high in-situ conservation by Ethiopian Biodiversity 

Institute for local varieties; and 3) Gimbichu district area where landraces are still cultivated 

extensively.   

 

Group discussions 

 

Three group discussions one from each districts comprised of 12-15 systematically selected 

farmers from surrounding villages of to include and represent gender equity. Data on the 

number and names of landraces used to be grown in the past and cultivated at present were 

recorded. Farmers discussed in group provided information about the past and current status of 

landraces to identify causes why farmers stopped growing landraces in the area based on 

decreasing or increasing trend. 

 

3.2.3. Data analysis and summary 

 

Descriptive statistics was used to describe the data. The present status of on farm genetic 

diversity (genetic erosion) of wheat landraces was determined using the formula of Hammer 

et. al. (1996) and it is given as: GE=100%-GI where GE is genetic erosion and GI is genetic 

integrity which is given as:  GI=N2/N1x100. In the present study, the number of all varieties 

grown by the farmers before 27 years (1991 G.C.) considered as N1 (Appendices 11.2) and the 

number of landraces currently available represent as N2. 

 

3.3. Results and discussions 

Direct observation  
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The results are summarized based on direct observation on 56 farms of the three major routes 

covering 5 major wheat producing districts of the central highlands of Ethiopia. The number of 

landraces cultivated currently compared to the number of landraces in the last 20- 30 years 

was the basis of estimation of genetic erosions in the districts. Genetic erosion (GE) was 

calculated as GE=100-GI (Genetic integrity). 

 

Genetic erosion was found to be 87.5 in Dukem-Akaki followed by 80 and 60 in Lume and 

Gimbichu districts respectively (Table3.1). The highest rate of erosion was recorded in 

Dukem-Akaki district followed by Lume-Shenkora. The loss in Gimbichu was lower than 

Dukem-Akaki and Lume due to relatively low adaptation of improved bread and durum wheat 

as well as tef cultivars in altitudes higher than 2400 masl where the area is believed to be 

specific niche to local wheat varieties. 

Table 3. 1.  Genetic erosion estimated based on the number of landraces recorded in 1992 and 

2017 in districts routes of the central highlands of Ethiopia. 

Districts  Landraces 

recorded in 1992 

 Landraces 

cultivated in 2017 

Genetic integrity (%) Estimated genetic 

erosion (%) 

Gimbichu 15 6 40 60 

Lume-Sh 15 2 20 80 

Dukem-Ak 16 2 12.5 87.5 

 

In Ada-Gimbichu district route 40.7 % of the farmers were grown local wheat varieties while 

bread wheat and improved durum wheat was 22.2and 37 % respectively (Table 3.1). In Lume-

Shenkora, the proportion of farmers grown landraces, durum wheat and improved bread wheat 

were 8.3, 25and 66.7% in respective order indicating that farmers stopped growing local 

varieties and shifted to better yielding bread wheat genotypes (Table 3.2).  The proportion of 

local durum wheat, improved durum and bread wheat were 23.5, 11.8, and 64.7 in Akaki-

Dukem. 

 

When the three different districts were considered together, large number of farmers cultivated 

bread wheat (44.6%) followed by local landraces (28.6) and about 26.8% of the planted 

improved durum wheat cultivars. The result showed that the number of farmers who cultivated 

local landraces has declined which is one of the major indicators for the existence of genetic 

erosion. The problems of genetic erosion associated to the reduction of farmers who grow 
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local landraces were higher in Lume-Shenkora districts routes and Dukem-Akaki than Ada-

Gimbichu growing districts.  This could be the suitability of local durum wheat in high 

elevated areas greater than 2400 meter above sea level compared to improved durum and 

bread wheat cultivars. Similar to the current study, continuous decreasing trend in growing 

local durum wheat cultivars in these particular districts were reported since the last two 

decades Workneh etal., (1992) and Tsgaye and Berg (2007).  

Table 3. 2. Improved and Farmers’t varieties grown by farmers in 2017 cropping season based 

on field farm survey 

Districts No of 

farms 

Bread 

Wheat 

(%) Durum 

Wheat 

(%) Farmer 

varieties 

(%) 

Dukem/Akaki 17 11 64.7 2 11.8 4 23.5 

Gimbichu 27 6 22.2 10 37 11 40.7 

Lume 12 8 66.7 3 25 1 8.3 

Total 56 25 44.6 15 26.8 16 28.6 

 

Similarly, the distribution of wheat types in terms of area coverage during the cropping season 

52.3 %  of the area were covered by local wheat varieties while improved durum and bread 

wheat had 28and 18.5 % respectively in Ada-Gimbichu district route. In Lume-Shenkora 

route, the area covered by landraces, durum wheat and improved bread wheat were2.5, 24.8 

and 72.7, and in respective order (Table3.3).  The proportion of local durum wheat, improved 

durum and bread wheat in area coverage were18.6, 13, 9, and 67.5 in Akaki-Dukem districts 

route. 

 

When the three different districts were considered large farm area covered by bread wheat was 

41.2 % followed by local landraces 34.3% and about 24.5%of the area planted by improved 

durum wheat cultivars.  A marked decrease of area with landraces compared to improved 

bread wheat is one of the indicators in attempts to estimate genetic erosion in crops(Anthony 

and Hodgkin 2015; Hammer et. al. 1996).  
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Table 3. 3.Sampled area covered by farmers’ varieties, improved bread and durum varieties in 

based on 56 wheat farms across three districts in 2017 cropping season. 

Districts Bread 

Wheat (ha) 

(%) Durum 

Wheat(ha) 

(%) Farmer Varieties 

(ha) 

(%) 

Ada-Gimbichu 2.19 18.5 3.46 28 6.2 52.3 

Lume-Shenkora 2.93 72.7 1 24.8 0.10 2.5 

Dukem-Akaki 3.63 67.5 0.75 13.9 1 18.6 

Total 8.75 41.2 5.21 24.5 7.3 34.3 

 

Survey study 

The results are summarized based on primary data collected from 149 farmers in December 

2018. The number of landraces cultivated currently compared to the number of landraces in 

the last 20- 30 years was the basis of estimation of genetic erosions in the districts. Genetic 

erosion (GE) was calculated as GE=100-GI (Genetic integrity). 

 

Estimates of genetic erosion based on 1992 data (Appendix11.2) and the information collected 

from total of 140 farmers of the three districts are given in Table3 4.Geneticerosion occurred 

in all the districts. The results indicated that there were a lot of local varieties lost from each 

district. The highest genetic erosion found in Ada district where 100 percent of both farmers 

and old improved durum wheat varieties were lost followed by Lume (93.3%) and then 

Gimbichu with 66.7%. On contrast, (Workneh et al. 1992) recorded about 15farmers’varieties 

in both Ada and Lume districts in the past year which are not existed and replaced by 

improved wheat varities.  This was mainly due to the fact that both Ada and Lume districts 

have similar agro-ecology, accessible to big market center and also near to Debre-Zeit 

agricultural Research Center where a lot of improved wheat cultivars are developed, 

demonstrated and distributed. On the other hand, high diversity in durum landraces existed in 

district of Gimbichu particularly in high elevated village (more than 2400 masl) found an 

average of six landraces  are still under cultivation by  a number of farmers. 
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Table 3. 4.Estimates of genetic erosion based on the number of landraces existed in 1992 and 

2017 across three districts of the central highlands of Ethiopia. 

Districts Landraces 

in 1992 

Modern  

durum  

wheat  

in 1992 

Total 

durum 

wheat 

1992 

Modern  

durum 

varieties  

2017 

Landraces 

in 2017 

Total 

number 

of 

varieties  
2017 

No of 

varieties 

lost 

% 

lost 

Ada 12 4 16 - - - 16 100 

Lume 11 4 15 - 1 1 14 93.3 
Gimbichu 11 4 15 1 4 5 10 66.7 

 

No sample farmers in Ada and only 7.3 % of farmers in Lume were growing local durum 

wheat varities (Table 3.5) whereas about 68.4 % of farmers were growing local wheat varieties 

in Gimbichu district.  The low percentage of farmers currently growing local varieties in Ada 

and Lume districts indicated that the existence of high genetic erosion due to the gradual 

replacement of local cultivars by modern bread and durum wheat cultivars.  

 

Table 3. 5.Number of farmers’ varieties, modern bread and durum wheat grown by farmers in 

2017 cropping season across three districts of the central highlands of Ethiopia 
 

Districts Bread Wheat (%) Durum 

Wheat 

(%)  Farmer 

varieties 

(%) Total 

Ada(N=37) 35 94.6 8 21.6 - - 37 

Gimbichu(N=57) 55 96.5 56 98.2 39 68.4 57 

Lume(N=55) 54 98.2 16 29.1 4 7.3 55 

 

Farmers land allocation reflected selection of wheat types (Table 3.6). In the present study 

preferences of wheat types clearly shows differences among districts. The bread wheat was 

highly preferred by farmers of Lume followed by Ada district and because of high yield, good 

for local consumption, diseases tolerance, performance in light soil whereas local landraces; 

were relatively better preferred and maintained in Gimbichu than Lume and Ada districts 

because of their good performance in vertisols and high altitude areas and tolerance to frost 

and waterlogged conditions.The contemporary changes have resulted in the replacement of a 

large proportion of local varieties by a small number of modern bread wheat varieties in Lume 

and Ada districts (Table 3.6). When the three districts were compared data suggest massive 

absolute genetic erosion inAda and sharp reduction of diversity in Lume.  
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Table 3. 6.Sampled area covered by modern varieties in three districts during 2018 cropping 

season based on farmers response 

Districts Bread 

Wheat(ha) 

(%) Durum 

Wheat(ha) 

(%) Farmer 

Varieties (ha) 

(%) Total Area 

(ha) 

Ada 39.25 87.2 5.75 12.8 - - 45 

Gimbichu 38.5 37.2 51 49.3 14 13.5 103.5 

Lume 64.25 98.8 9.75 15 1 1.5 65 

 

Farmer’s discussions in each district also proved and confirmed the decline of local wheat 

varieties year after year. Farmers’ reflections at Lume district revealed that out of 48 

interviewed 33 farmers (68.8%) indicated the reduction of local durum wheat due to the 

expansion of improved wheat cultivars and tef cultivars as well as chickpea cultivars. This was 

due to high performance of improved bread wheat cultivars and better market and price 

advantages obtained from growing tef and chickpea cultivars.  At Gimbichu district out of 57 

interviewed farmers (68.8%) indicated the reduction of local durum wheat both in number of 

local varieties and area coverage. At Ada district out of 37 interviewed farmers (68.8%) 

witnessed the gradual reduction of local durum wheat varieties and the increase of tef and 

bread wheat area coverage in the district. 

 

Group discussions  

The reasons why farmers are not currently growing local varieties are presented in Table 3.7. 

The most common reason that accounted for the high losses in all the three districts are disease 

mainly stem rust followed by terminal drought associated to short growing season. It is also 

indicated that the availability and supply of better yielding improved bread and durum 

varieties to gradually replace local varieties were among the major reasons why farmers of 

these districts stopped or reduced growing local durum wheat varieties (Table 3.7). The 

expansion of high value crops like tef and chickpea were also mentioned as among causes for 

losses of local varieties in Ada and Lume district whereas in Gimbichu water logging and the 

difficulty of using landraces for making local injera and bread due to its hard seed were raised 

as reasons for replacing landraces with modern wheat varieties. Similar findings and reasons 
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were reported by Tsegaye and Berg (2007) in studies conducted in Lume and Akaki districts 

of the central highlands of Ethiopia. 

 

On the contray, the existence of short growing season resulted in change in crop variety from 

farmers’ to modern varieties that could be suited to early planting. Use of high amount of 

fertilizers associated to modern varieties have resulted in shifting from landraces to modern 

varieties particularly  in Ada and Lume districts where high genetic erosion were occurred.  

 

Table 3. 7.Reasons for not growing local durum wheat landraces in 2017 in Ada, Lume, and 

Gimbichu. 

Causes of genetic erosion Ada(N=37) Lume(N=56) Gimbichu(N=57) All(150) 

Improved bread wheat 6 23 13 42 

Improved durum wheat 4 15 20 39 

Diseases and aphids 15 48 36 99 

Expansion of high value 

crops (tef and chickpea) 

4 - - 4 

Shortage of land and 

urbanization 

5 - - 5 

Unavailability of seed 7 2 2 11 

Market     

Short season associated to 

weather change 

13 27 21 61 

Water logging - - 18 18 

Utilization (Not suited to 

Enjera and Bread) 

- - 6 6 

 

3.4. Conclusion 

 

Genetic erosion on tetraploid wheat was observed in the three districts of the central highland 

of Ethiopia. The rates of erosion differ between districts depending on proximity to research 

centers and accessibility to improved seeds, being the most common reasons.  The highest rate 

of genetic erosion is occurring in the Ada district followed by Lume.  Gimbichu district have 

more lands covered by landraces and many farmers are still cultivating landraces in high 

elevated black clay soils where improved bread and durum wheat cultivars as are not well 

adapted and tef varieties may not be better performed than other districts. Reductions in 

number of farmers and area coverage in the study districts could be used as good indicators for 

the existenceof high genetic erosion. Overall, based on the three methods to estimate the loss 
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of tetraploid wheat and proportion of wheat in the three districts, loss of diversity 

continuouslyincreased and it would be expected to be more aggravated in the future unless 

measures to minimize the challenges are taken and strategies to collect and conserve in both 

insitu and exsitu methods for future utilization either through direct selection or hybridization. 
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4. VARIABILITY IN ETHIOPIAN DURUM WHEAT UNDER RAIN-FED 

ENVIRONMENT SUBJECTED TO DROUGHT AT ANTHESIS 

Ethiiopian Journal of Agriultural Sciences 2019, 29(2):17-29 

ABSTRACT 

Sixty four durum wheat genotypes comprised of different sources of origin were field 

evaluated in a simple lattice design with two replications at Debre-Zeit sandy soil 

environment during the 2016 main season. The objective was to assess the extent of genetic 

variability for durum wheat genotypes under rain-fed terminal moisture stress environment 

using fifteen agronomic and yield related traits. There were wide ranges of variation for 

some of traits studied. Analysis of variance also revealed that there were significant 

variations among durum wheat genotypes for eight out of 15 traits studied, suggesting the 

possibility of improving durum wheat for these traits. Terminal drought had highly 

significant effect on grain yield per plot, aboveground biomass, spike length, days to heading 

and grain filling. Grain yield per plot and straw yield showed the highest phenotypic 

coefficients of variations and genetic advance, whereas days to maturity and harvest index 

had the lowest values, respectively. Across traits, the broad sense heritability was lowest (12 

%) for harvest index and highest for days to heading (91%) followed by grain filling period 

(73%).None of the traits had high GCV values indicating that the effect of drought was 

severe for trait expressions. The existence of high heritability for days to heading and grain 

filling period along with low genetic advance of 5.15 and 3.01 suggested that the variation 

observed may not indicate the expression of additive gene action. Five principal components 

(PCs) with eigenvalue between 1.1 and 3.73 explained a cumulative of about 78.6% of the 

total phenotypic variability observed among the durum wheat genotypes. Cluster analysis 

also classified the 64 durum wheat genotypes into five groups. The genotypes found in to five 

clusters ranged from seven to 15. The genotypes maintained under different groups had 
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specific characters and it may give desirable genetic recombinants in developing drought 

tolerant varieties Overall, the present study revealed that there is sufficient variability 

existed in durum wheat genotypes tested under terminal drought environment. 

Key words: Heitability, correlations, phenotypic coefficent of variation, Genetic coefficient 

of variation 

4.1. Introduction 

 

Wheat is the fourth most important cereal crop after maize, tef and sorghum in terms of area 

coverage and production in Ethiopia. Both bread and durum are grown extensively in the 

country, although separate area coverage and production is not known. They are cultivated 

over an area of 1.69 million hectares with annual production of about 4.5 million tons (CSA, 

2018). However, average productivity in the country is low (2704 kg/ha). Drought stress 

globally, particularly under rain-fed based crop production system of Ethiopia is one of the 

largest causes of wheat yield reduction. Apart from the lowland light textured soils, terminal 

moisture stress is common across most of the traditional highland pellicvertisol durum wheat 

growing areas of the country due to late planting.  Research efforts made in the country led to 

the development of 39durum wheat varieties from 1982 to 2017 (MoALR, 2017), but none of 

them were targeted and confidentially released for moisture stress environments. Lack of 

methodology and proper screening environments which minimize the challenges associated to 

screening for drought stress breeding such as drought intensity, uniformity and timing of 

stresses and the difficulty to control the amount of water applied to the field environment 

while using irrigation are among the challenging ones to be considered in breeding for drought 

stress tolerance. Most of the current drought screening research attempt is to control soil 

moisture by controlling rainfall or simulated rainfall, but not through maximum soil moisture 

capacity limitation. Campos et al. (2004) indicated that field testing is the only true way to 

screen for drought tolerance. Field screening under rain-fed environment following late 

planting using site with little soil moisture capacity and there by exposing genotypes 

uniformly to terminal moisture stress during their reproductive stages would be among the 

alternative methods to screen large number of genotypes in order to identify drought tolerance 

ones. In line with breeding for drought tolerance, information on the extent of variability for 
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terminal moisture stress would be useful and is a pre-requisite for varietal development of 

durum wheat through hybridization.  

 

Although several previous genetic variability studies was reported in Ethiopian bread wheat 

(Amsal et al., 1995; Darghioet al., 2016) and on durum wheat (Mohammed et.al., 2013; 

Birhanuet. al. 2017, Yonas et. al.2016, Tesgaye et. al., 2012), little information is generated 

about genetic variability of wheat germplasm under drought environments. Therefore, the 

present study was undertaken to assess the variation in durum wheat germplasm for terminal 

moisture stress and also to identify lines for use in the future breeding program. 

 

4.2. Materials and Methods 

4.2.1. Description of the experimental site 

 

Sixty four durum wheat genotypes of different origin were used in the study. Twenty of the 

materials were released cultivars over different era and half of the materials were introduced 

breeding lines obtained from CIMMYT and ICARDA, while the remainder ones were 

landraces (Table 4.1). The materials were grown in the field during the main rainy season in 

2016 at Debre-Zeit experimental station which is located in 80 41’36” latitude and 390 

03’17’longitude with altitude 1880 m.a.s.l. According to the data obtained from the 

Agricultural and Nutritional Research Laboratory of Debre-Zeit Agricultural Research Center 

(2018), the soil of the experimental site is characterized by sandy clay texture with pH of 7.3, 

and organic carbon, total N, electrical conductivity (EC) and soil Cation Exchange Capacity 

(CEC) of 1%, 0.08%, 0.12 Ds/m and c100 meq/100 g of soil, respectively. 

 

The genotypes were planted late in the season on August first 2016 on sandy clay soil to 

expose them to terminal moisture stresses uniformly since the date of heading and anthesis 

which is common to lowland wheat growing areas of Ethiopia. The planting date was selected 

based on the consistency of the incidence of drought and targeted timing to match on heading 

to anthesis stages for the majority of the genotypes included in the study. 

 

The genotypes were evaluated in 8 x 8 simple lattice design field experiments with two 

replications on plots consisting of two rows 2 meter in length and 20 cm between rows 
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spacing. In the experiment, 100 kg of Di-ammonium Phosphate was applied at planting and 

split application of 100 kg of urea where two third at planting and one third at time of tillering 

was used. The plots were hand weeded and fungicides applied twice in the season to protect 

the genotypes from stem rust infection. 
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Table  4. 1. Names and sources of durum wheat varieties and breeding lines used in the study 

No Names Sources No Names Sources 

1 Arendato Released variety 33 IL-PV-6 CIMMYT 

2 Cocorit Released variety 34 LRPL-86 CIMMYT 

3 Boohai Released variety 35 LRPL-215 Landrace 

4 Quamy Released variety 36 IL-PV-20 Landrace 

5 Assasa Released variety 37 IL-PV-17 CIMMYT 

6 Ginchie Released variety 38 IL-ID-2 CIMMYT 

7 Ude Released variety 39 IL-ID-3 CIMMYT 

8 Yerer Released variety 40 IL-ID-4 CIMMYT 

9 Denbi Released variety 41 IL-ID-5 CIMMYT 

10 Hitosa Released variety 42 IL-ID-6 CIMMYT 

11 Werer Released variety 43 IL-ID-7 CIMMYT 

12 Mangudo Released variety 44 IL-ID-8 CIMMYT 

13 Mangudo Released variety 45 IL-ID-9 CIMMYT 

14 Tob-66 Released variety 46 IL-ID-10 CIMMYT 

15 Gerado Released variety 47 IL-ID-11 CIMMYT 

16 Ejersa Released variety 48 IL-ID-12 CIMMYT 

17 Utuba Released variety 49 IL-ID-13 CIMMYT 

18 Toletu Released variety 50 IL-N-8 CIMMYT 

19 Kilinto Released variety 51 ID-N-11 CIMMYT 

20 Bichena Released variety 52 IL-IDO-2 CIMMYT 

21 Flakit Released variety 53 IL-IDO-3 CIMMYT 

22 LRPL-1 Landrace 54 IL-IDO-4 CIMMYT 

23 LRPL-6 Landrace 55 IL-IDO-5 CIMMYT 

24 LRPL-2 Landraces 56 IL-IDO-6 CIMMYT 

25 LRPL-8 Landraces 57 IL-IDO-7 CIMMYT 

26 LRPL-18 Landraces 58 IL-IDO-8 CIMMYT 

27 LRPL-14 Landraces 59 IL-IDO-9 CIMMYT 

28 LRPL-9 Landraces 60 IL-IDO-10 CIMMYT 

29 LRPL-11 Landraces 61 IL-IDO-11 CIMMYT 

30 LRPL-3 Landraces 62 IL-IDO-12 CIMMYT 

31 LRPL-7 Landraces 63 IL-NLM-3 CIMMYT 

32 LRPL-4 Landraces 64 IL-NLM-13 CIMMYT 
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4.2.2. Data collection 

 

Observations on plant height, spike length, spikelet number per spike, and grain yield per 

spike and kernel number per spike were recorded from ten randomly spikes of the selected 

plants. Days to heading, days to maturity, grain filling period, 1000 seed weight, above-ground 

biomass, straw yield and grain yield were recorded on plot basis. Protein content was 

determined based on Mininfra Smart T Grain Analyzer (Mininfra Smar T Grain Analyzer 

Operating Manual, 2013). 

 

4.2.3. Data analysis 

 

The SAS GLM procedure (SAS 2008) was employed for the analysis of variance. Fisher’s 

protected least significant difference (LSD) test at 5% level of significance was used for mean 

comparisons, whenever genotype differences were significant. Phenotypic coefficient of 

variation (PCV) and genotypic coefficient of variation (GCV) were analyzed with Meta R 

software. Broad-sense heritability (h2) was calculated as the ratio of the genotypic variance to 

the phenotypic variance according to Singh and Ceccarelli (1997). Genetic advance as percent 

of the mean assuming selection of the superior 5% of the genotypes was also estimated 

following the procedure elaborated by Singh and Chaudhary (1979). Principal component and 

cluster analysis were carried out using Ward linkage and correlation coefficient distance 

matrices in Mintab version16. 

 

4.3. Results and Discussion 

 

The maximum and minimum daily temperatures and daily rainfall received during the growing 

period are presented on Table 4.2. The genotypes received only 195.1mm of rainfall during the 

growing season (August 1 to end of September). No rainfall was received then after creating 

moisture stress after flowering and the beginning of moisture stress coincides with anthesis 

stage (Table 4.2). The average maximum and minimum temperature was within the expected 

conditions regardless of plant development stage. Thus differences in genotypes performance 

are probably mainly due to moisture stress.  
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Table 4. 2.Rainfall, maximum and minimum temperature during growing season (August 1, 

2016 to November 16, 2016) 

Time interval Total 

rainfall 

   (mm) 

Average 

max.Temp. 

(0C) 

Average 

min.Temp. 

(0C) 

  Crop development   

     stages 

August 1-10, 2016   39.4 23.9 15.2 Planting-emergence 

August11-20,2016   58.9 24.4 14.7 Emmer.-four leaf 

August,21-31,2016   30.6 24.5 14.1 Four leaf-tillering 

Sept. 1-10 2016   38.6 24.3 13.9 Tillering-Booting 

Sept. 11-20,2016   13.9 25 13.4 Booting-Heading 

Sep.21-30, 2016   13.7 25.5 13.3 Heading-Anthesis 

Oct. 1-10, 2016   No rain 27.6 9.7 Early grain filling 

Oct.11-20, 2016   No rain 28.2 9.8 Late grain filling 

Oct.21-31, 2016   No rain 27.7 9.5 Physiological maturity 

Nove.1-10, 2016   No rain    

Total in the season   195.1    

 

Table 4.3 summarizes some descriptive statistics for each traits based on the average data of 

the 64 genotypes in sandy clay soil environment at Debre-Zeit. Considerable variations were 

observed for all characters. The mean for days to heading were (58 days). The earliest line to 

heading was entry 59 (49 days) and the latest line to reach heading was entry 15 (62 days). For 

days to maturity a narrow range (93-100 days) was observed. The differences between 

maximum and minimum mean values in biological yield per plot, grain yield per plot, straw 

yield, harvest index, grain yield per spike and spike harvest index were 639.9(g), 217.9(g), 

562.5(g), 21.4%, and 35%, respectively. Plant height ranged from 58.0 to 90.3 cm with a mean 

of 72.4 cm. The range of kernel number /spike and number of spikelet/spike varied from 23 to 

40 and from 11 to 18 with overall mean 30 and 15, respectively. Genotypes with long spikes 

and with low number of spikes per plant and with more spikelet per spike may produce more 

number of seeds per spike. Entry 10 had maximum number of spikelet per spike (18) followed 

by entry 16 (17 spikelet per spike). Entry 16 and 18 produced high number of kernels per 

spike of 40 and 38 kernels per spike, respectively. Those genotypes are useful in hybridization 

program where long spikes, more spikelet number and high number of kernels are to be 

combined. Hence, entry 16 that produced more number of kernels per spike with relatively 

high number of spikelet per spike could be used for hybridization. Length of spike had 

variation of 4.1 to 7.8 cm with an overall mean of 5.3 cm long. There was enough variation in 

seed size among the genotypes (21.8- 44.1g/1000seeds). The mean thousand kernel weight 
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was 30.8 g. Entry 50 had the largest seeds (44.1g/1000seeds) followed by entry 13 

(40.1g/1000seeds). Grain yield ranged from 1321 kg/hato 4045 kg/ha with a mean of 2656 

kg/ha. The wide range for grain yield and seed size offers the possibility of developing large 

seeded and high yielding genotypes. 

 

The results of this study showed differences in phenology, yield and yield related traits among 

durum wheat genotypes. The variations in the ranges and mean values for most of the traits in 

this study were smaller compared with values reported earlier from evaluation of wheat 

genotypes (Rathwaet. al. 2018;Fellahiet. al., 2013; Gezahegn et.al.2015: Dargicho et. al.) and 

comparable to study conducted under stress on some yield component traits. The differences 

in the ranges and mean values of traits between this study and the previous studies can be 

associated to the variation in the genotypes and the environment and/ or conditions in which 

the genotypes were tested. Besides, the terminal moisture stress environment that occurred in 

the current study might also have effect on the crop phenology and yield related traits. 
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Table 4. 3.Ranges, genotypes showing extreme values, means, standard error (SE) of means 

for 15 traits of 64 durum wheat genotypes tested at Debre-Zeit sandy soil environment. 

Traits  Minimum  Genotypes Maximum Genotypes Mean SE(+/) 

Days to heading (days)  49 51 62 11 58 2.8 

Days to maturity (days)  93 51 100 11 96 1.4 

Grain filling period (days) 36 15 47 41 41 2.6 

Protein content   (%)                        13.6            38    20.6              3 18.3             0.18 

Grain yield (kg/ha) 1321 42 4045 30 2656 54.4 

Grain yield per spike(g)                                  0.59              2 1.4            13 0.9             0.02 

Straw yield (kg/ha) 38.1 61 108.4 24 68.0 0.14 

Biological yield (tons/ha)                57.2 61 136.4 24 94.6 0.17 

1000 kernel weight (gram)                    21.8            55 44.1            50 30.8            0.57          

Number of spikelet/spike    10 7 18 10 14 0.14 

Kernel number /spike                   23 2 40   16 30   0.5       

Plant height (cm) 58.1             61   90.3           14 72.4            1.1                        

Spike length (cm)                        4.1             33 7.8            32 5.3             0.9                           

Harvest index (%)                           16.4            42 37.8            36 28.5           0.5          

Spike harvest index                    41.1            42    76.1            21   60.1           0.6 

 

The mean squaresof the 15 traits from analysis of variance (ANOVA) are presented on Table4. 

4. Highly significant differences among genotypes were found on grain yield per plot, above 

ground biomass yield, spike length, days to heading and grain filling duration, while straw 

yield, protein content and number of spikelet per spike showed significant variation (p<0.05) 

between genotypes. No significant variations existed among the genotypes in most important 

production traits such as days to maturity, plant height, thousand kernel weight, and number of 

kernels per spike, harvest indices, spike harvest indices and grain yield per spike.  

 

In the analysis of variance, the variation among durum wheat genotypes were highly 

significant (p≤0.01) and significant for 5 and 3 out of the 15 traits evaluated, respectively  

indicating that terminal drought had significant effect on grain yield per spike, plant height, 
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and thousand kernel weight and kernel number per spike. Lack of variation among genotypes 

on thousand kernel traits and number of kernels per spike recorded after stress period were 

contrary to other similar studies (Mohammed et. al., 2013; et .al, 2016; Tsegaye et. al. 2012), 

suggesting that the intensity or severity of the stress that occurred duringthe study period was 

very high.  

 

Table 4. 4.Mean squares from the combined analysis of variance for 15 traits of 64 genotypes 

tested at Debre-Zeit sandy clay soil in 2016 main season. 

Traits Error 

df=49 

Genotypes 

df=63 

  CV  

  (%) 

 Grain yield 1675.1 3351.5** 19.3 

Grain yield per spike 0.038 0.05ns 21.4 

Above-ground biomass 12314.7 28809** 14.7 

Straw yield 10560.6 18563.7* 18.9 

Thousands kernel weight 27.3 40.4ns 16.9 

Plant height 87.9 112.2ns 12.9 

Spike length 0.42 0.81** 12.3 

Number of spikelets per spike 1.33 2.21* 7.9 

Number of kernels per spike 22.9 24.7ns 16.2 

Harvest index 0.003 0.004ns 18.9 

Spike harvest index 0.006 0.0064ns 12.7 

Protein content 2.01 3.63* 7.8 

Days to head 2.01 18.8** 5.9 

Days to mature 2.02 2.98ns 1.7 

Grain filling duration 3.99 13.4** 7.2 

 

** Highly significant, * significant,   ns =non-significant 

Estimates of phenotypic (PCV) and genotypic (GCV) coefficient of variations, broad sense 

heritability (H)and genetic advances expected from selection of the best 5% of the genotypes 

are presented on Table 4. 5.  The estimates of genotypic and phenotypic coefficients of 

variability in the study area indicated that the values of phenotypic coefficients of variation 

were relatively higher than the genotypic coefficients of variation for most of the traits. None 

of the traits had high GCV values in the present study indicating that the effect of drought was 

severe for trait expressions. All the traits had low GCV value, except grain yield per plot, 

protein content, above-ground biomass and straw yield which showed moderate GCV values. 

High PCV was observed for kernel weight per spike followed by grain yield per plot. The 
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majority of the traits showed moderate values of PVC (Table 4.5). Phenotypic coefficient of 

variation for protein content and number of spikelet per spike remains low under terminal 

drought. Across traits, the broad sense heritability estimates were lowest (12 %) for harvest 

index and highest for days to heading (91%) followed by grain filling period (73%). 

Intermediate heritability values of 30-60% were observed for grain yield per plot (55.9%), 

days to maturity(43.9%), protein content ( 55.6%), above ground biomass yield (55.4%), straw 

yield (36.9%), spike length (52.5%), and number of spikelet per spike (51.9%),  1000 grain 

weight (29.3%), number of kernel per spike (25.2%), plant height (23.6%), and harvest index 

(11.5).Spike harvest index (21.8%), and, grain yield per spike (26.5%) had low heritability. 

Genetic advance as percentage of mean ranged from 2.11 % in days to maturity to 28.4 grain 

yield per plot.  

 

In the current study, higher phenotypic coefficients of variation compared to that of genotypic 

coefficients of variation were observed for most traits, and this was probably associated to 

high environmental effect due to moisture stress on the expression of traits. The current study 

disagreed with those previous experiments conducted in relatively stress free environments 

(Rathwa et. al., 2018; Birhanu et. al., 2017; Mohammed et. al., 2013; Dargicho et. al., 2016; 

Gezahegnet. al, 2015). The observed low genotypic and phenotypic coefficients of variation 

for days to heading and grain filling period in the study resulted in high heritability values. 

This result is in line with the work of Eid (2009) and contrary to the findings reported by Khan 

and Naqvi (2011). High heritability values were observed only for days to heading and grain 

filling duration, and this could be due to higher contribution of genotypic components.  The 

existence of high heritability for days to heading and grain filling period in this study along 

with low genetic advance of 5.15 and 3.01 suggested that the variation observed may not 

indicate the expression of additive gene action (Eid, 2009). Low heritability values for the 

traits were associated to high phenotypic variances indicating the growing season effect. This 

result is supported by Ceccarelli, (1994), Mevlut (2009) and Eid, (2009) who reported low 

heritability values for yield and yield related trait under drought stress. This was further 

illustrated by Ceccarelli about the importance of screening and the selection of genotypes in 

optimum environment for drought tolerance and low yielding environment is associated to low 

heritability. The lowest genetic advance as percentage of mean for days to maturity was about 



71 

 

 

 

2.11% and the highest of 28.4 % was for grain yield. This suggested that selecting 5% of the 

base population could result in an advance of 2.11 to 28.4 percent over the respective 

population means. 

Table 4. 5.Phenotypic (PCV) and genotypic (GCV) coefficient of variations, broad sense 

heritability (H) genetic advance expected (GA) and genetic advance as percent of mean (GAM 

%) of 15 traits of 64 genotypes tested at Debre-Zeit sandy clay soil environment. 

 

Traits GCV (%) PCV (%) H (%) GA GAM Mean 

Grain yield per plot 15.33 24.6 55.95 60.34 28.39 212.53 

Grain yield per spike 9.11 23.3 26.5 0.12 12.75   0.91 

Above-ground biomass 12.37 19.98 55.41 172.8 22.83 756.71 

Straw yield per plot 10.88 22.85 36.95 94.81 17.42 544.18 

Thousand kernel weight 7.89 19.06 29.26 3.55 11.51    30.8 

Plant height 5.7 24.1 23.6 8.5   11.7 72.37 

Spike length 9.11 15.27 52.51 0.87 16.54   5.26 

Number of spikelet per spike 5.5 9.29 51.87 1.45 9.94 14.59 

Number of kernels per spike 6.3 16.61 25.18 2.56 8.63 29.65 

Harvest index 4.72 19.13 11.48 0.01 4.53 0.29 

Spike harvest index 4.58 13.08 21.82 0.04 5.89     0.6 

Protein content 5.91 9.53 55.62 2 10.93  18.27 

Days to head 4.99 5.44 91 5.15 9.42 54.7 

Days to mature 1.03 2.34 43.9 2.02 2.11     96 

Grain filling duration 5.05 6.84 71 3.01 7.34     41 

 

 

Five principal components (PCs) with eigenvalue between 1.1 and 3.73 explained a 

cumulative of about 78.6% of the total phenotypic variability observed among the durum 

wheat genotypes (Table 4. 6). Of these, about one third (24.9 %) of the total variance was 

explained by the first PC alone, and this was due mainly to variations in above ground biomass 

yield, straw yield per plot, Spike length , plant height and grain yield per plot. Similarly, the 

second PC captured about 21.9 % of the variation and the major traits were days to heading 

and protein content. The proportion of the total phenotypic variance of the genotypes 
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accounted for by third, fourth, and fifth PCs were 13.3, 11.3 and 7.3 respectively. Variations in 

grain filling period, number of spikelet per spike, spike length and number of kernels per spike 

accounted for the third PC. Grain filling period contributed the maximum variation for the 

fourth PC while thousand kernel weights and grain yield per spike brought the highest 

variation in the fifth PC respectively. 

Principal component analysis further confirmed the existence of sufficient variability between 

the genotypes based on the traits under study. That the first two principal components 

explained 24.9 and 21.9 percent of the total variations indicated that about 50 % of differences 

captured by the traits included in the first two PCs. Grain yield per plot , above ground 

biomass, spike length and plant height found in the first PC and days to flowering and grain 

protein content were the most important traits included in the first two PCs that captured most 

of the variations and should be considered as a selection traits for drought stress breeding. This 

finding was in line with the work of Gezahegn et. al., (2015) who found that grain yield and 

days to heading were among the most important trait explaining much of the variation in bread 

wheat.  Similar results have also been found in the study of Dargicho et. al. (2016) using 68 

bread wheat genotypes. 
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Table 4. 6.Eigenvectors and eigenvalues of the six five principal components (PC) for 15 traits 

of 64 durum wheat genotypes. 

Traits PC1 PC2 PC3 PC4 PC5 

Grain yield per plot 0.329 -0.342   -0.124   -0.025   -0.291 

Grain yield per spike 0.015   -0.442   -0.100   -0.218    0.442 

Above-ground biomass 0.482 -0.054   -0.002    0.183   -0.007 

Straw yield per plot 0.462 0.066    0.045    0.233    0.104 

Thousand kernel weight -0.054 -0.371   -0.280    0.203    0.450 

Plant height 0.361   -0.109   -0.046    0.112    0.262 

Spike length 0.375    0.071    0.204    0.006   -0.166 

Number of spikelet per spike 0.375    -0.063    0.309   -0.363   -0.018 

Number of kernels per spike 0.066   -0.194    0.201   -0.586     0.079 

Harvest index -0.130   -0.392   -0.146   -0.257   -0.364 

Spike harvest index 0.097   -0.221   -0.368    0.018   -0.456 

Protein content 0.052 0.298    0.054   -0.269    0.003 

Days to head 0.145    0.300   -0.479   -0.278    0.105 

Days to mature 0.060    0.148   -0.449    0.033   -0.133 

Grain filling duration -0.142 -0.284    0.351    0.345   -0.187 

Eigenvalue 3.728 3.279    1.988    1.700    1.091 

Proportion 0.249 0.219    0.133    0.113    0.073 

Cumulative 0.249 0.467    0.600    0.713    0.786 
 

Cluster analysis based on 15 standardized traits of 64 durum wheat genotypes from different 

sources resulted in the formation of five clusters comprised of 4 to 35 genotypes. Comparable 

results were also reported by Dargicho et al. (2016) using 68 bread wheat genotypes that 

grouped in to six clusters. In the current study, , cluster I, II, III, IV and V comprised of 7, 4, 

35, 8 and 10 genotypes respectively (Table4.7  and figure 4.1).  The first cluster comprised of 

those genotypes which had highest in grain yield associated to high number of kernels and 

long spike and maximum spike harvest. The second cluster included four genotypes produced 

relatively low grain, biomass and straw yield. Cluster III comprised of 35 genotypes, of which 

more than half were exotic breeding lines. This cluster included the first two high yielding 

landraces having long spikes and good straw yield. The remaining genotypes were medium to 

low in most yield related traits. The majority of genotypes found in cluster IV are recently 

released cultivars and exotic lines, characterized by high biomass and straw yield and late to 

head resulted in short grain filling period.  Ten genotypes are exotic in their origin, were found 
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in cluster V which had shortest in their height associated with low biomass and straw yield 

resulted in high harvest index.  

Table 4. 7.Cluster numbers and genotypes grouped in each clusters for the 64 genotypes tested 

at Debre-Zeit. 

Cluster 

number 

No of 

lines 

(%) Genotpes in the clusters                                                                                  

I 7 10.9 Arendato,  Boohai , LRP-1,  LRP-6,  LRP-2,  LRPL-8 and  LRPL-18 

II 4 6.3 Cocorit,  LRP-14 , IL-ID-6,  IL-ID-9 

III 15 23.4 Quamy, Assasa,Ginchi,Ude,Werer,Mangudo,Mukiye,Gerardo,  

Utuba,Kilinto,Bichena,LRPL-9,LRPL-11,LRPL-3,LRPL-7,LRPL-4  

IL-PV-6,LRPL-215,IL-PV-17,IL-ID-2,IL-ID-3, IL-ID-4,IL-ID-5  IL-

ID-7,IL-ID-8,IL-ID-10,IL-ID-11,IL-ID-12,ID-N-11, IL-IDO-2,IL-

IDO-3,IL-IDO-5,IL-IDO-6,IL-IDO-9 and IL-NLM-3 

IV 8 12.5 Yerer , Denbi , Tob-66,  Ejersa,  Toletu,  Flakit,  LRPL-86,  IL-PV-

20 

V 10 15.6 Hitosa,  IL-ID-13,  IL-N-8,  IL-IDO-4,  IL-IDO-7,  IL-IDO-8,  IL-

IDO-10,  IL-IDO-11,  IL-IDO-12 and   IL-NLM-13 

 

Furthermore, cluster distance confirmed the existence of high genetic variability for 

developing drought tolerance varieties through hybridization between cluster IV and cluster V, 

followed by cluster I and V, and Cluster II and IV respectively (Table 4.8). The differences in 

clusters could imply their being originated from different sources, while the genotypes 

grouped together would mean affinity among individuals in the same group. The genotypes 

maintained under different groups had specific characters and it may give desirable genetic 

recombinants in developing drought tolerant varieties if they are used in hybridization.   

Table 4. 8.Distance among five clusters of the 64 durum wheat genotypes 

 Cluster I Cluster II Cluster  III Cluster IV Cluster V 

Cluster I 0.0     

Cluster II 426.5     

Cluster  III 228.2    198.5         

Cluster IV 199.2    611.6    414.9        

Cluster V 655.5    229.2    427.7    840.1      0.0 
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Figure 4. 1. Dendrgram showing clustering of 64 durum wheat genotypes based on evaluation 

of 15 traits. 

4.4. Conclusions 

Overall, the present study revealed that sufficient variability existed in durum wheat genotypes 

tested under terminal drought environment, and this offers ample opportunities for genetic 

improvement through direct selection for future utilization and hybridization program.  
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5. NORMALIZED DIFFERENCE VEGETATIVE INDEX AS 

SCREENING TOOL TO COMPLEMENT VISUAL SELECTIONS OF 

DURUM WHEAT DROUGHT TOLERANT GENOTYPES 

ABSTRACT 

Normalized Difference vegetative index (NDVI) is considered as potential screening tool for 

complementing visual selection of genotypes through detecting stay green traits for drought 

tolerance.The objective of the present study aimed to evaluate durum wheat genotypes using 

NDVI under drought condition and investigate its association to grain yield. Field experiment 

was conducted to associate NDVI scores taken at different growth stages of 64 durum wheat 

genotypes replicated twice in both sandy clay and clay textured soils situated at the same 

geographic location of Debre-Zeit experimental station, Ethiopia during 2016 rainy season. 

For recording the value of NDVI, Green Seeker (Hand held) was used to measure the quantity 

of photosythetically active pigments in leaves. Measurements of NDVI were made four to five 

times on sunny days between booting to physiological maturity and associated with final grain 

yield. The result suggested that genotype63 in sandy clay soil and genotype 33 in black clay 

soil scored the maximum NDVI value (0.84) at booting stage and started to decline onwards. 

NDVI allowed better yielding lines to be identified for instance, the genotypes 29, 30, 31 21 

and 16 were among the top yielding lines and showed consistently high NDVI values at 

different growth stages in both soil textures. The NDVI scores were highly significantly 

associated with yield at grain filling and anthesis stages in both soil environments. NDVI at 

maturity showed non significant and very weak correlations in both soil types.Overall, it is 

possible to suggest that use of NDVI would help to complement for identification and selection 

of drought tolerant genotypes on durum wheat. 

Key words: Grain yield , NDVI, Triticum durum,  

5.1. Introduction 

 

Wheat is the fourth most important cereal crop after maize, tef and sorghum in terms of area 

coverage and production in Ethiopia. Both bread and durum are grown extensively in the 

country, although separate area coverage and production is not known. They are cultivated 

over an area of 1.69 million hectares with annual production of about 4.5 million tons (CSA, 
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2018). However, average productivity in the country is low (2704 kg/ha).Drought stress 

globally, particularly under rain-fed based crop production system of Ethiopia is one of the 

largest causes of wheat yield reduction. Apart from in the lowland light textured soils, terminal 

moisture stress is common across most of the traditional highland pellic-vertisol durum wheat 

growing areas of the country due to late planting.  Research efforts made in the country led to 

the development of 39durum wheat varieties from 1982 to 2017 (MoALR, 2017), but none of 

them were targeted for moisture stress environments. Drought tolerance is a complex trait that 

is especially difficult and time consuming to accurately evaluate in the field. Lack of 

methodology and proper screening environments which minimize the challenges associated to 

screening to drought stress breeding such as drought intensity, uniformity and timing of 

stresses and the difficulty to control the amount of water applied to the field environment 

while using irrigation are among the challenging ones to be considered in breeding for drought 

stress tolerance. Generating accurate and inexpensive phenotypic data in the field has 

remained major challenges to plant breeder (Araus and Ceairn, 2014). Most of the current 

drought screening research attempt is to control soil moisture by controlling rainfall or 

simulated rainfall, but not through maximum soil moisture capacity limitation. Campos et. al. 

(2004) indicated that field testing is the only true way to screen for drought tolerance.  

Moreover, drought screening studies were limited on the yield and yield component (Simane 

et. al., 1993; Solomon et.al., 2003) and morpho-physiological traits (Ashenie and Kinde, 

2016) for identification and selection of the right genotypes to improvegrain yield. However, 

use of NDVI to measure spectral traits associated to stay green for crop variety evaluation 

complmenting visual selection is suggested to be important in order to speed up the selection 

cycle by reducing the time spent to evaluate germplasm under water stress condition and select 

genotypes earlier in the season or evaluate large number of genotypes during each round of 

selection (Sanchez et. al. 2013). Further more,estimating agronomic traits such as yield or 

drought indirectly using spectral traits measured proximally with hand held provides 

alternative solution to manage the constraints of phenotyping.  

NDVI has been studied widely on a range of applications on drought (Seyoum et. al.2016), 

heat stress (Shanahan et.al. 2001; Cao et.al 2019) yield predition and nitrogen management 

(William et.al., 2001; Syeda et. al. 2014; Son et. al. 2014; Quemada et. al 2019; Hassan et.al 
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2019), non-destructive biomass estimation (Semeraro et.al. 2019); disease management, 

(Sheedy and Thompson 2009) on root lesion nematodeand Mahiein et. al (2019) on fusarium 

head blight.According to Tardieu (2012) genotypes which maintain consistent and high NDVI 

values across different stages performed better under drought than those with low values, 

ultimately resulted in higher biomass and yield under severe to moderate stress.The question 

related to application in breeding is to what extent the trait can be associated with the final 

yield while using this selection tools for early variety selection. 

The present study aimed to evaluate durum wheat genotypes using normalized difference 

vegetative index under drought condition in two soil types of Debre-Zeit Experimental Station 

and determine its association to grain yield. 

5.2 Materials and Methods 

5.2.1. Site description 

The genotypes were grown in the field during the main rainy season in 2016 at Debre-Zeit 

experimental station which is located in 80 41’ 36” latitude and 390 03’ 17’ longitude with 

altitude 1880 m.a.s.l. Soil data analysis were carried out at Agricultural and Nutritional 

Research Laboratory of Debre-Zeit Agricultural Reserach Center (2018) and the physical and 

chemical properties of the soils are presented in Table 5.1 

 

Table 5. 1.Physical and chemical characteristics of soil at Debre-Zeit experimental station. 

Type Soil EC Ds/m Soil%TN Soil % C Soil CEC Meg/100soil Soil PH Class 

Light 0.12 0.08 1.00 18.9 7.3 Sandy Clay  

Black 0.16 0.11 1.05 27.2 6.9 Clay 

Source; DZARC Agricultural and Nutrtional Research Laboratory (2017). 

5.2.2 Experimental genotypes 

 

Sixty four durum wheat genotypes of different origin were used in the study. Twenty of the 

genotypes were released cultivars and half of the materials were introduced breeding lines 

obtained from CIMMYT while the remainder ones were landraces (Refer to Table 4.1). 
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5.2.3. Experimental design and field management  

The genotypes were evaluated in 8 x 8 simple lattice design field experiments with two 

replications on plots consisting of two rows 2 meter in length and 20 cm between rows 

spacing.The genotypes were planted late in the season on August first 2016 on sandy clayand 

clay soil and July 31 in clay black soils to expose them to terminal moisture stresses uniformly 

since the date of heading and anthesis which is common to lowland wheat growing areas of 

Ethiopia. The planting date was selected based on the consistency of the incidence of drought 

and targeted timing to match on heading to anthesis stages for the majority of the genotypes 

included in the study. 

 

In the experiment, 100 kg of Di-ammonium Phosphate was applied at planting and split 

application of 100 kg of urea where one third at planting and two third at time of tillering was 

used. The plots were hand weeded and fungicides applied twice in the season to protect the 

genotypes from stem rust infection. 

 

5.2.4 Data collection 

Five measurements of NDVI were recorded at different growth stages of the plants. The 

measurement were carried out on a fine  sunny , wind free days on plant surface, holding the 

sensor of the hand held green seeker 50cm above the stand (Govaerts and Verhulst, 2010). The 

measurements were taken during booting, heading, anthesis, grain filling andphysiological 

maturity (Table5.2). Yield data were recorded on plot basis after drying and threshing. 

 

5.2.5 Data analysis 

Data analysis was performed using Minteab version-16. Linear Correlations was used to 

indicate associations between the parameters. 
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Table 5. 2.Crop developmental stages used for measuring normalized difference vegetative 

stages at Debre-Zeit light and black soil, 2016 rainy season. 

Stages               Date of record Days after planting 

Light soil Black soil Light soil Black soil 

Booting  16 Sep. 2016 17 Sep. 2016 47 49 

Heading 27 Sep. 2016 28  Sep.2016 58 60 

Anthesis 7 Oct.2016 8 Oct.2016 68 70 

Grain filling  18 Oct.2016 19 oct.2016 79 81 

Maturity 02 Nov.2016 03 Nov.2016 95 97 

 

5.3 Results and Discussion 

 

The average NDVI record for the 64 genotypes in sandy clay soil was 0.76, 0.63, 0.52, 0.37 

and 0.16 at booting, heading, anthesis, grain filling and maturity, respectively (Table 5.4). In 

clay soil the NDVI record was 0.76at booting, 0.70 at heading, and 0.64 at anthesis, 0.52 at 

grain filling and 0.15 at physiological maturity (Table 5.3). The trends were similar in both 

soil types although the average values at each developmental stage in light textured soil was 

low and showed sharp reduction(Figure 1) indicating that the existence of soil moisture 

variations in maintaining and supplying in different soil types to the plant. Both light textured 

and pellicvertisols showed a significant effect on the development of photosynthetically active 

leaf area. Plants raised under sandy clay soils had a mean NDVI value of 0.49, while those 

grown under pellic-vertisols 0.55. Although the differences were not be visible under visual 

evaluations when the measurements were carried out at booting and 50% heading, the records 

showed a significant reduction from booting to heading with mean value of 0.76 and 0.63 in 

sandy clay soil. The trend was similar and decreased from 0.76 at booting to average value of 

0.70 at heading in clay soil. This indicates that there would be an effect on photosynthetically 

active leaf area. Likewise, NDVI recorded 10 days after heading showed a similar trend on the 

reduction of green area compared to the earlier stages in both soil textures.  
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Table 5. 3.Minimum, maximum and mean values on grain yield (gm)and NDVI values 

recorded at different growth stages for 64 durum wheat genotypes tested at Debre-Zeit clay 

soil, 2016 rainy season. 

Traits Min.  Gen. Max Gen. Mean SE+/- CV (%) 

Grain yield 103.4 8 316.9 57 213.6 6.31 24.9 

NDVI Booting 0.61 33 0.84 22 0.76 0.006 6.7 

NDVI Heading 0.52 33 0.81 30 0.70 0.008 8.5 

NDVI Anthesis 0.49 34 0.75 30 0.64 0.007 9.5 

NDVI Grain filling 0.35 39 0.66 30 0.52 0.008 12.8 

NDV IMaturity 0.12 19 0.19 11 0.15 0.008 8.4 

 

The genotypes under sandy claysoil again showed low NDVI value (0.49) compared to clay 

pelli-vertisols (0.55) across different growth stages. The reduction of NDVI value continued in 

similar trend when the plants reached grain filling stage ranging from 0.27 to 0.51 and 0.35 to 

0.66 in sandy clay and clay vertisols, respectively. 

 

Table 5. 4.Minimum, maximum and mean values on grain yield (gm)and NDVI values 

recorded at different growth stages for 64 durum wheat genotypes tested at Debre-Zeit sandy 

clay soil, 2016 rainy season. 

Traits Min.  Genotypes Max Genotypes Mean SE+/- CV (%) 

Grain yield 105.70    42 323.60 30 213.1      5.44     20.5 

NDVI Booting 0.60   63 0.84 24 0.77   0.008 8.1 

NDVI Heading 0.44 64 0.76 24 0.63 0.012 14.6 
NDVI Anthesis 0.37 64 0.67 16 0.52 0.01 16.6 

NDVI  Grain filling 0.27 50 0.51 32 0.37 0.01 17.8 

NDVI Maturity 0.12 6 0.21 15 0.16 0.003 13.3 

 

(NDVI) recorded at Different Growth Stages in two soil textures are illustrated in Figure (5.1.) 

NDVI value reached a maximum prior to reproductive stages, and a slight decreasing tendency 

was observed at heading and furtherslight reduction at anthesis. The decreasing trend in NDVI 

values was similar and sharp from grain filling stage where maximum variation between 

genotypes in NDVI scores was observed (Syeda et. al., 2014).  A soil variation on the values 

of NDVI was minimized at the time when genotypes reached at physiological maturity.  
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Figure 5. 1.NDVI recorded at different growth stages for 64 durum wheat genotypes tested at 

Debre-Zeit sandy clay (light)and claysoils (black), 2016. 

 

Correlation of NDVI traits with performance traits with yield at sandy clay and clay 

pellicvertisol are presented in Table 5.6. The correlations were weaker (0.33-0.37) in black 

clay soils which were less favorable for grain yield compared to sandy clay soils (0.37-0.42). 

The association was medium to high strength indicating that a significant relationship between 

NDVI values and the yield. The correlation was smallest at booting stage and increased at 

heading and anthesis and reached maximum during grain filling stage in sandy clay soil. 

Inclay soil the correlation was small and non-significant at heading and became significant and 

showed a slight strength at anthesis and had relatively strong association at grain filling stage. 

It also clearly showed that NDVI scores highly significantly and consistently associated with 

yield were at grain filling stage in both soil environments indicating early selection of better 

yielding genotypes of wheat under terminal moisture can be identified. Similar finding was 

reported by Son et. al. (2014) that grain filling stages are the right stage to get maximum 

variability and association with yield could be obtained. NDVI at maturity showed a non-

significant and very weak correlationunder both soil textures. This could be due to the severity 

of moisture stress which resulted in the reduction of the NDVI values associated to loosing 

leaf green pigment, yellowing and presence of low variation between genotypes at maturity in 

staying green trait.Mean NDVI values generally reached peak at booting, however, values 

during grain filling period were found to be the most correlated to the final grain yield in both 
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soils suggesting that it is the right stage for making earlier selections and estimating grain 

yield. Similar studies on NDVI suggested that grain filling stages displays the maximum 

potentials for estimating yield (Spitko et. al., 2016; Shanahan et. al., 2001). Similarly, Nieves 

et al. (2000) indicated that under rainfed conditions, the spectral reflectance indices measured 

at any crop stage were positively correlated (P < 0.05) with yield. 

Table 5. 5. Correlation on above diagonal (clay) and below diagonal (sandy clay) 

Traits Grain 

yield 

NDVI 

Booting 

NDVI 

Heading 

NDVI 

Anthesis 

NDVI Grain 

filling 

NDVI 

Maturity 

Grain yield  0.37** 0.28ns 0.33** 0.37** 0.013ns 

NDVI Booting 0.37**  0.81** 0.71** 0.59** 0.013ns 

NDVI Heading 0.39** 0.88**  0.85** 0.74** 0.25ns 

NDVI Anthesis 0.41**   0.80**   0.94**  0.78** 0.25* 

NDVI Grain 

filling 

0.42**   0.67**   0.85**   0.89**  0.30* 

NDVI Maturity 0.19ns 0.41**   0.51**   0.61**   0.59**    

**=Highly significant, ns=non significant 

 

5.4 Conclusions 

Overall, Normalized difference vegetative index (NDVI) is significantly correlated with grain 

yield under stress conditions. Although the breeder using selection only will make steady 

progress in raising potential, it is evident that integrating NDVI in the process will improve the 

rate of genetic progress. It also improves the cost efficiency of wheat breeding, as low yielding 

genotypes that appear agronomically attractive can be eliminated earlier in the selection 

process or screening. NDVI allowed better yielding lines to be identified for instances, the 

genotypes 29, 30, 31, 21 and 16 were among the top yielding lines and showed consistently 

high NDVI values at different growth stages in both types of soils. The findings of the study 

showed that the association of NDVI values with final yield were stronger at grain filling 

stages than the others developmental stages under sandy clay andclay soils.  According to 

Tardieu (2012) genotypes which maintains consistent and high values across different stages 

better under drought than those with low values, ultimately resulted in higher biomass and 

yield under severe to moderate stress. 
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6. EVALUATION OF DURUM WHEAT (Triticum Turgidium var Durum) 

GENOTYPES FOR LOW MOISTURE STRESS USING DROUGHT 

TOLERANCE INDICES 

 

ABSTRACT 

 

Drought has become challenging globally, particularly under rain fed crop production system 

and in Ethiopia, it is one of the major causes of wheat yield reduction. One hundred forty four 

durum wheat genotypes were evaluated at Debre-Zeit experiment station in 2017 dry season, 

under moisture stressed and non-stressed environments, to identify drought tolerant genotypes 

and suitable drought screening indices. The trial was conducted during the off-season. Based 

on grain yield under stressed and non stressed conditions, various drought tolerant indices 

including Abiotic tolerance indices (ATI), Geometric mean productivity (GMP), Stress 

tolerance indices (STI), Stress stability indices (SSI), Tolerance indices (TOL), Yield index (YI) 

and Drought resistance indices (DRI) were computed. The combined analysis of variance 

showed that moisture, genotypes and their interaction had highly significant (p≤0.01) effect on 

grain yield. Significant and positive phenotypic and genotypic correlation coefficient was 

found between grain yield in low moisture stress condition with indices DRI, REI, GMP, MP 

and STI suggesting that these indices would enable to identify drought tolerant genotypes 

similarly under stressed environment. Principal component analysis (PCA) classified the 

indices and yield under low moisture and non-stress conditions into two major components 

which explained about 98% of the total variations. Cluster analysis also grouped the 

genotypes into five different clusters having various characteristics. Overall, evalaution of 

durum wheat genotype for low moisture stress using different analysis identified G-16, G-763, 

G-31, G-119, G-63 and G-30as drought tolerant genotypes.DRI and YSI could be regarded as 

good indices for identification of drought tolerant lines. MP, GMP, and REI were the best 

indices to identify suitable genotypes to both low moisture stress and non moisture stressed 

environments. 

Key words: Genotypes, Grain Yield, Pricipal Component Analysis, Cluster Analysis 
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6.1 Introduction 

Wheat is the fourth most important cereal crops after maize, tef and sorghum in terms of area 

coverage and production in Ethiopia. In Ethiopia both bread and durum are grown extensively, 

although separate area coverage and production is not known. Both are cultivated over an area 

of 1.69 million hectares with annual production of about 2.46 million tones with average 

productivity of 2.74 tones ha-1 (CSA, 2018). 

 

Drought has become challenging globally, particularly under rain fed crop production system 

of in Ethiopia, it is one of the major causes of wheat yield reduction. In Ethiopia, although 

durum wheat is traditionally grown in the highlands on vertisols with enough rainfall and 

extended growing season, it is usually cultivated in residual soil moisture end of the season 

facing the challenges of high terminal moisture stress. Similarly, in lowland environments of 

Ethiopia erratic rainfall with poor distribution as well as short growing seasons does not match 

with crop phenology resulting to terminal drought. All these factors have contributed for low 

success rate of breeding for stress conditions. Besides, selection under stress conditions is 

often affected by low heritability of traits (Ceccarelli, 1994), non-uniform testing environment 

and high genotype by environment interaction (Hossain et. al., 1990). 

 

Several studies indicated the radical effect of drought stress on wheat. Exposure to terminal 

drought affects wheat grain by about 50% than drought at flowering (Chenu et. al., 2011), 

lower flag leaf and spike photosynthesis (Majid. et. al. 2013), 1000 kernel weight and weight 

of kernels/spike by drought than heat (Plaut et. al. 2004) and crop phenology (McMaster, 

1997). It is generally accepted that the challenges of drought can be resolved using irrigation, 

but small scale farmers are resource constrained and lack access to irrigation water and 

facilities. The best options for reducing yield gaps and realizing yield stability under 

unfavorable and unreliable rainfall environments is thus the development and deployment of 

drought tolerant varieties of crops including durum wheat.  Use of screening methods which 

are simple, cheap and repeatable are a pre-requisite and an alternative strategy to reduces 

factors that challenge the efforts of crop breeding for drought stress particularly when large 

numbers of genotypes are to be used for identifications of the right genotypes. Testing 

genotypes under stress and stress free environmental conditions and use of appropriate drought 



91 

 

 

 

screening indicesfor associating the response of genotypes are suggested to be effective for 

identification of true field drought genotypes (Clark et. al. 1992; Trethowanet.al. 2002). The 

objective of this study was therefore to evaluate genotypes tested under moisture stress free 

and low moisture stress environment and identify tolerant ones using various drought tolerant 

and susceptible indices.  

6.2 Materials and Methods 

6.2.1Description of experimental site 

The field trial was conducted at Debre-Zeit experimental station located in 80 41’36”latitude 

and 390 03’17” longitudes with an altitude of 1880 meter above sea level masl). The station 

categorized as mid highland having two contrasting soil texture (sandy clay and clay pellic-

vertisols) existed at same geographical location that  represent the  major wheat growing areas 

of Ethiopia( refer to Table 5.1).  

6.2.2 Experimental genotypes 

One hundered fourty four durum wheat genotypes obtained from different sources were used 

in the study (Table 6.1) and the results for 90 of 144 genotypes were presented. 

Table 6. 1.Source, number of genotypes and names of genotypes tested under moisture stress 

and non-moisture stress environment at Debre-Zeit sandy clay soil during 2017 dry season. 

Sources No of genotypes Names 

Released cultivars 21 Quamy, Assasa,Ginchi,Ude,Werer,Mangudo,Mukiye,Gerardo, 

Utuba,Kilinto,Bichena, Yerer , Denbi , Tob-66, Ejersa, Toletu, Flakit, 

Arendato,  Boohai, Hitosa and Cocorit 

Global wheat 

collections 

57 ICA -381, ICA-45, ICA -47, ICA- 55, ICA-33, ICA -32, ICA-360, 

ICA - 77, ICA -378, ICA - 54, ICA-46, ICA-61, ICA-383, ICA-359, 
ICA- 59, ICA- 353, ICA-26, ICA -50, ICA -60, ICA -23, ICA- 56, 

ICA -13, ICA - 382, ICA -39, ICA-357, ICA- 346, ICA-358, ICA- 48, 

ICA - 29, ICA -58, ICA-32, ICA-34, ICA-24, ICA-355, ICA -65, 

ICA-74, ICA- 51, ICA -44, ICA -53, ICA -73, ICA-57, ICA- 20, ICA-

64, ICA-41, ICA -354, ICA - 25, ICA- 49, ICA-384, ICA-38, ICA-

356, ICA -28, ICA -43, ICA -30, ICA -62 and ICA-37 

Breeding lines from 

DZARC nurseries 

27 Bl-1,Bl-2,Bl-3,Bl-4,Bl-5,Bl-6,Bl-7,Bl-8,Bl-9,Bl-10,Bl-11,Bl-12,Bl-

13,Bl-14,Bl-15,Bl-16,Bl-17,Bl-18,Bl-19,Bl-20,Bl-21,Bl-22,Bl-23,Bl-

24,Bl-25,Bl-26,and Bl-27 

Landraces from EBI 

collections 

21 EBI-1,EBI-2,EBI-3,EBI-4,EBI-5,EBI-6,EBI-7,EBI-8,EBI-9,EBI-

10,EBI-11,EBI-12,EBI-13,EBI-14,EBI-15,EBI-16,EBI-17,EBI-
18,EBI-19,EBI-20, and EBI21 

Landraces from 

DZARC collections 

18 GN-1,GN-2,GN-3,GN-4,GN-5,GN-6,GN-7,GN-8,GN-9,GN-10,GN-

11,GN-12,GN-13,GN-14,GN-15,GN-16,GN-17 and GN-18 

Total 144  
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6.2.3 Experimental Design and Field Management 

 

The plant materials were grown from January 14 to May 22, 2017 during the dry season when 

rainfall was not expected to affect the trial. The genotypes were arranged in 12 x12 simple 

lattice designs with two replications. Each genotype was grown in two rows of 2.0 m length 

and 0.20 meter width with total plot area of 0.8m2.Since moisture stress is the only factor to be 

evaluated on genotypes expression, the cultural practices were the same in both conditions. 

Same amount of seeding rate and planting date were used for both experiments as per the 

recommendation. During planting 50 kg/ha urea (46%N) as N sources and 100kg/ha DAP 

(46% %P2O5) as sources of phosphorus were applied. At the beginning of tillering, the 

remaining 50 Kg/ha urea (46%N) was applied by top dressing. In order to reduce the influence 

of biotic factors under both condition, weeds were controlled manually as per needed and 

fungicides were sprayed twice to prevent the genotypes from stem and leaf rust infection.  

 

In the drought stress treatment, genotypes were fully watered until 50 % of genotypes headed 

and then after irrigation stopped until time to maturity. The genotypes in non drought 

condition were irrigated when soil moisture were depleted throughout the growing period. 

6.2.4 Data collection 

Based on grain yield under stressed and non stressed conditions, various drought tolerant 

indices were computed as follows. 

Table 6. 2. Drought tolerance indices 

Drought Tolerance induces Formula References 

Yield stability index (YSI) Ysi /Ypi Bouslama and Schapaugh (1984) 

 Relative efficiency index (REI)  RDI= (Ys/Yp)/ ( S Y / 

P Y 
Raman et.al. (2012) 

Abiotic tolerance indices (ATI)  ATI =[(Yp-Ys) / ( P Y 

/ S Y )]× (Yp × Ys)0.5 
Moosavi et.al. (2008) 

Drought resistance indices (DRI)  (DI) = Ys × (Ys/Yp)/ S 

Y 
Lan (1998) 

Stress tolerance index (STI) (Ypi x Ysi)/Yp2   Hossain et.al. (1990) 
Geometric mean productivity 
(GMP) 

√(Ypi x Ysi) Fernandez (1992) 

Yield reduction percentages (YR) (GYNS − GYMS)/𝐺𝑌𝑁𝑆 (Fischer and Maurer 1978): 
 

Tolerance index (TOL) Ypi – Ysi  Rosielle and Hamblin (1981) 

Mean productivity (MP)  (Ypi + Ysi)/2 Rosielle and Hamblin (1981) 
Where, PY= Yield under potential SY=Yield under stress,GYNS=Grain Yield Non Stress, GYS=Yield in stress 
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6.2.5 Data analysis 

 

Analysis of variance was carried out using SAS version 9.0. Phenotypic and genotypic 

correlation coefficients were analyzed with Meta R statistical software. Principal component 

and cluster analysis were carried out using Mintab version16. 

 

6.3 Results and Discussion 

6.3.1 Analysis of variance 

The combined analysis of variance for grain yield under stressed and non-stressed 

environments are given in Table 6. 3. Moisture, genotypes and moisture levels by genotypes 

interaction were highly significant (P≤0.01). Moisture was the major source of variation on 

grain yield (56.7%) followed by genotypes (30.9%) and moisture by genotypes interactions 

(12.4%).This indicated that the intensity of moisture stress was high enough to discriminate 

the genotypes andhence, the performance of genotypes on grain yield in each moisture 

environment varied in response to drought. This is in line with the finding of previous studies 

with various durum wheat genotypes and environments (Habtamu et. al, 2016; Reza and 

Abdolvahab, 2017). 

 

Table 6. 3.Combined analysis on grain yield across 90 durum wheat genotypes tested under 

moisture stress and non-moisture stress environments. 

Sources DF Mean squares F-values 

Moisture (M) 1 4184903.9 1771.3** 

Genotypes (G) 89 22817.9 9.66** 

Moisture x Genotype 89 10536.9 4.46** 

Error 156 2362.7  

** Highly significant (P≤0.01) 

6.3.2 Reaction of durum wheat genotypes to drought 

 

Water stress reduced the yield of durum wheat genotypes and the genotypes respond 

differently to the the effect of drought as revealed by drought indices (Appendix Table 11. 

7).According to TOL, genotypes 35, 29, 76, 77, 16, and 49 exhibited the most and 128, 8, 90, 

74and 50 were the least tolerance. For ATI the genotypes 35, 76, 77, 75 and 80, were the most 

and 58, 90, 128, 55, and 50 were the least tolerant genotypes.As per YSI, genotypes 76, 35, 
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77, 1 and 16were the most and 128,8,66,121 and 135 the least tolerant genotypes. Stress 

tolerance indices (STI) showed that genotypes 30, 55, 56, 58, 15 and 31 were the most, 

whereas genotypes 75, 64, 111, 22, and 35 the least tolerant genotypes. For Geometric mean 

productivity (GMP) genotypes 30, 55, 15, 58, 97, and 31 were the most and 75, 64, 111, 22, 

and 135 the least tolerant genotypes. Based on mean productivity (MP), genotypes 30, 15, 55, 

58, 15, and 31 were found to be tolerant and the genotypes 75, 64,111, 22, and 35 categorized 

as the least tolerant ones. Relative efficiency indices (REI) categorized the genotypes 75, 

64,111, 22, and 135as the most tolerant whereas genotypes 55,58,30,31 and 15 as the least 

tolerant ones. In Stress Susceptibility Index (SSI), the tolerant genotypes were genotypes 76, 

35, 77, 1 and 16 whereas 128, 8, 66,121, and 35 were considered as the least tolerant 

genotypes. 

 

6.3.3 Correlation Analysis 

 

Phenotypic and genotypic correlation coefficients of grain yield under moisture stress, non-

stress and drought tolerant indices are given in Table 6. 4. The phenotypic and genotypic 

correlation coefficient of grain yield under moisture stress in respective order were positive 

and strong with drought resistance indices (rp=0.92, rg= 0.94); relative efficiency indices 

(rp=0.90, rg=0.92); geometric mean productivity (rp=0.91, rg=0.94) and mean productivity 

(0.79, rg=0.85), and negative with stress susceptibility indices (rp= -0.63, rg= -0.67) and 

tolerance (rp= -0.24, rg= -0.21). Similarly, yield under non moisture stress was positive and 

strong with a biotic tolerance indices (rp=0.94, rg=0.96) ; mean productivity (rp=0.91, 

rg=0.92) ; geometric mean productivity (rp=0.79, rg=0.81); and relative efficiency indices 

(rp=0.78, rg=0.82) but negatively correlated with Yield stability indices (rp= -0.35, rg= -0.21) 

.It was also noted that MP, GMP and REI had positive and strong association with grain yield 

of both  moisture stress and non-stress conditions.   

 

Positive and strong correlations were observed among each pair of Tolerance and SSI with 

phenotypic and genotypic correlation coefficient of (0.86 and 0.84); Geometricmean 

productivity had positive and strong phenotypic and genotypic correlations coefficient values 

of(rp=0.97, rg=0.98 and rp=0.99, rg=0.99) with Mean productivity and relative efficiency 
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indices respectively. In contrast, Geometric mean productivity and Tolerance were correlated 

negatively with stress susceptibility indices (rp= -0.26, rg= -0.37) and Mean relative 

performance (rp= -0.86, rg= -0.84) respectively (Table 6.4). Grain yield in stress condition 

was significantly and positively correlated with DRI, REI and GMP better than the remaining 

drought tolerant indices (Table 6.4) hence these indices are identified as drought tolerant 

selection criteria and would be used to discriminate drought tolerant genotypes under stress 

environments. This result agreed with the finding of Ezatollah Farshadfar et.al. (2012) and 

Tauqeer et.al.(2013) ATI had the highest positive phenotypic and genotypic correlation 

coefficients with grain yield under no moisture stress indicating that this index is more 

appropriate to identify those genotypes that can be utilized under optimum rainfall 

environments. Ezatollah Farshadfar et. al. (2012) also reported the existence of high 

correlation coefficients between ATI and grain yield under optimum moisture condition. 

 

6.3.4 Principal Component Analysis 

 

Two principal components (PCs) with eigenvalues of 6.03 and 8.8 explained a cumulative of 

about 98.7% of the total phenotypic variability observed among the durum wheat genotypes 

(Table 6.5). Of these, about 58 percent of the total variance was explained by the first principal 

component alone, and this was mainly due to variations in grain yield under stress and 

associated drought tolerance indices including RDA, YI and YSI. Similarly, the proportion of 

the total phenotypic variance of the genotypes accounted for by the second PC was 40.2 

percent.  The major trait included in the second PC was grain yield under non-moisture stress 

condition and drought tolerant indices which showed strong and positive association with 

moisture stress free conditions including tolerance, mean productivity, SSPI, STI, GMP and 

ATI. When all drought tolerant indices and grain yield under both conditions were considered 

as variables, three groups were formed (Figure 6.1). In the first group, grain yield under non 

stress including all drought indices were categorized in second PC except tolerance and SSPI. 

The second group comprised of SSI, drought intensity, tolerance and SSPI. In the third group 

traits included were similar to that of the first principal component.Principal component 

analysis showed the relationship of different indices with grain yield under two moisture 

conditions. The results of this study showed all the indices including grain yield under two 

moisture conditions classified only in to two PCs which explained more than 98 % of the total 
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variations indicating that those indices grouped to grain yield of each conditions had strong 

association. Hence selection of genotypes using these indices would enable to identify suitable 

genotypes in respective moisture environments. Similarly, Ezatollah et al. (2012) reported that 

selection of genotypes using indices associated to grain yield under low moisture environment 

would be effective to identify drought genotypes than those associated to yield under no 

moisture stress condition. 
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Table 6. 4. Phenotypic (Rp= above Diagonal) and genotypic (Rg= below Diagonal) correlation coefficients for grain yield under 

moisture stress, non-moisture stress and drought tolerant indices for 92 durum wheat genotypes tested at Debre-Zeit sandy clay soil 

in 2017 dry season. 

Traits GYNS GYST TOL MP SSI GMP YSI REI YI DRI ATI SSPI 

Grain yield non-stress 
 

0.47 0.75 0.91 0.35 0.79 -0.35 0.78 0.47 0.12 0.94 0.75 

Grain yield stress 0.56 

 

-0.24 0.79 -0.63 0.91 0.63 0.90 1.00 0.92 0.21 -0.24 

Tolerance 0.69 -0.21 

 

0.40 0.86 0.18 -0.86 0.18 -0.24 -0.56 0.88 1.00 

Mean Productivity 0.92 0.85 0.34 

 

-0.06 0.97 0.06 0.96 0.79 0.51 0.75 0.40 

Stress susceptibility indices 0.21 -0.67 0.84 -0.18 

 

-0.26 -1.00 -0.25 -0.63 -0.86 0.55 0.86 

Geometric mean 0.81 0.94 0.14 0.98 -0.37 

 

0.26 0.99 0.91 0.67 0.59 0.18 

Yield stability indices -0.21 0.67 -0.84 0.18 -1.00 0.37 

 

0.25 0.63 0.86 -0.55 -0.86 

Relative Efficiency Indices 0.82 0.92 0.15 0.97 -0.35 0.99 0.35 

 

0.90 0.67 0.60 0.18 

Yield indices 0.56 1.00 -0.21 0.85 -0.67 0.94 0.67 0.92 
 

0.92 0.21 -0.24 

Drought Resistance Indices 0.28 0.94 -0.50 0.63 -0.88 0.77 0.88 0.75 0.94 

 

-0.16 -0.56 

A biotic Tolerance Indices 0.96 0.34 0.84 0.78 0.44 0.64 -0.44 0.67 0.34 0.03 

 

0.88 

Stress susceptibility percentage index 0.69 -0.21 1.00 0.34 0.84 0.14 -0.84 0.15 -0.21 -0.50 0.84 
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Table 6. 5. Eigenvectors and eigenvalues of the two principal components for 15 traits of 92 

durum wheat genotypes. 

Traits PC1 PC2 

Grain yield non stress 0.020 -0.412 

Grain yield stress 0.344 -0.172 

Tolerance -0.237 -0.319 

Mean productivity 0.178 -0.365 

Stress susceptibility index  -0.342 -0.166 

Geometric mean productivity 0.246 -0.313 

Yield stability index 0.342 0.166 

Relative Efficiency Indices 0.242 -0.312 

Yield Index 0.344 -0.172 

Drought Resistance Index 0.374 -0.024 

SSPI -0.237 -0.319 

Reduction percentage -0.345 -0.160 

A biotic Tolerance Index -0.081 -0.396 

Eigen value 6.9596 5.8274 

Proportion 0.535 0.448 

Cumulative 0.535 0.984 

 

6.3.5 Cluster Analysis 

 

The cluster analysis resulted in the clustering of 92 durum wheat genotypes into five major 

groups’ comprising 2-29 genotypes (Table 6.6 and Figure 6.2). The numbers of genotypes 

categorized were 26, 29, 28, 7 and 2 in cluster 1, cluster 2, cluster 3, cluster 4 and 5 

respectively. Cluster five included only G-58 and G-90 which are characterized by highest 

grain yield under non moisture stress and above average grain yield under low moisture stress 

condition with moderate yield stability and considered as both drought tolerant with high yield 

potential.  

The cluster analysis using mean values of 92 durum wheat genotypes generated five cluster 

groups (Table 6. 6). In similar indices based drought screening studies, Tauqeer et. al (2013) 

found only two cluster using 46 bread wheat genotypes. The differences in cluster could imply 

their being originated from different sources, while the genotypes grouped together would 

mean affinity among individuals in the same group (Figure 6.2). The genotypes maintained 

under different groups had specific characters and it may give desirable genetic recombinants 

in developing drought tolerant varieties if they are used in hybridization.   
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Table 6. 6. Cluster numbers and lines grouped in each cluster for the 92 durum wheat 

genotypes tested at Debre-Zeit sandy clay soil in 2017 dry season. 

Cluster 

no 

No of 

genotypes 

Genotypes     % 

I 26 G-136, G-94,G-113,G-91,G-125,G-30,G-142,G-132, G-115, G-53,G-

84,G-110,G-85,G-61,G-9,G-69,G-112,G-134,G-120,G-79,G-123,G-

25,G-59,G-43,G-60 and G-37 

28.3 

II 29 G-121, G-26, G-127,G-63,G-137,G-97,G-89,G-104,G-98,G-135,G-

133,G-103,G-105,G-18,G-39,G-31,G-66,G-33,G-144,G-32,G-102,G-

17,G-140,G-13,G-3,G-36,G-4,G-138 and G-5 

31.5 

III 28 G-1,G-126,G-86,G-118,G-49,G-78,G-52,G-119,G-114,G-141,G-

14,G-81,G-16,G-29,G-117,G-64,G-22,G-93,G-34,G-57,G-80,G-

75,G-77, G-116,G-35,G-76,G-111, and G-71 

30.43 

IV 7 G-55,G-128,G-44,G-74,G-8,G-50 and G-15 7.6 

V 2 G-58 and G-90 2.17 

Total 92   

 

 

Figure 6. 1. Dendrogram of different drought screening indices on durum wheat 

GYNS=Grain yield under no moisture stress; GYS= Grain yield under low moisture stress; ATI=Abiotic 

tolerance indices; MP=Mean productivity; GMP=Geometric mean productivity;REI=Relative efficiency 

index;TOL=Tolerance; SSPI=Stress susceptibility percentage index; SSI=Stress susceptibility index; 

RED.PER=Reduction percentage; YI=Yield index; DRI=Drought response index; YSI=Yield stability index 
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Figure 6.  2.Dendrogram categorizing durum wheat genotypes in to five clusters 

 

6.4. Conclusions 

 

Overall, the results of the study indicated that there was a positive and significant correlation 

of grain yield under stress and non- stress with MP, GMP, and REI that these indices were the 

best indices of yield under water stressed and non water stressed environments. YI, DRI and 

YSI identified as important indices to discriminate genotypes that could produce better yield 

only under severe and mild water stressed conditions. The durum breeding lines G-16, G-76, 

G-31, and G-119, G-63 and G-30 with better yield potential under drought stress, with high 

drought resistant indices (DRI) and yield stability index could be used to identify drought 

tolerant genotypes. 
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7. EVALUATION OF DURUM WHEAT (Triticum turgdium Var durum) 

GENOTYPE FOR DROUGHT TOLERANCE USING MORPHO-

AGRONOMIC TRAITS 

ABSTRACT 

One hundred forty four durum wheat (Triticum turgidium var durum) genotype were grown in 

lattice design replicated twice under well watered and drought stressed conditions, induced at 

anthesis stage at Debre-Zeit experimental station in 2017 during dry season. The objective of 

the study was to evaluate and identify durum wheat genotypes tolerant to terminal drought 

using morpho-agronomic traits. Analysis of variance showed that highly significant 

differences for all the traits except days to heading and anthesis and between normal and 

stress condition and also among studied genotypes as well as interaction effects of moisture 

environment and genotypes. Drought had significant effect on reduction of all traits except in 

days to heading and spikelet number. Drought reduced grain yield (48.3%), grain filling 

period (41.7%), grain weight per spike (29.6%) and 1000 grain weight (18.3%) and number of 

kernels per spike (16.3%). The correlation of grain filling trait with grain yield was strongly 

positive and highly significant under stress (0.83) than non-stress (0.41) indicating that 

indirect selection for improving grain yield through this trait would be effective under stress 

environment. Thousand kernel weight, kernel number, above ground biomass, harvest index, 

kernel number per spikelet and grain weight per spike showed similar trend and they were 

positively and significantly correlated with grain yield under both stress and non-stress 

conditions. Grain yield was negatively correlated with days to heading, anthesis date and days 

to maturity but it showed a non significant and positive association with grain filling duration 

although the association was weak under moisture stress. The best drought tolerant genotypes 

were 31 and 30 with yield reduction of 23.9 and 38.6 % respectively.Six genotypes namely, 55, 

30, 31, 91, 15 and 58 were found among the top 10% high yielding genotypes and showed 

superior performance in both stress and non-stress conditions. 

Key words: Drought stress, Anthesis, Drought intensity, Grain filling rate, Grain yield 
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7.1.  Introduction 

Wheat is the fourth most important cereal crops after maize, tef and sorghum in terms of area 

coverage and production in Ethiopia. Both bread and durum wheats are extensively cultivated, 

although separate area coverage and production is not known in the country. Wheat is 

cultivated in over 1.69 million hectares with annual production of about 4.6 million tones with 

productivity of 2.74 tones ha-1(CSA, 2018). Although there are several biotic and abiotic 

factors associated to low productivity of durum wheat, in rain fed farming systems of sub-

Saharan Africa particularly in Ethiopia, drought is one of the most common environmental 

stresses that limit durum wheat production. A common feature of the weather in Ethiopia is 

uneven distribution and uncertainty of rainfall immediately after flowering during 

reproductive stage leading to terminal drought stress that resulted in low productivity. This 

condition resulted in low productivity and has brought drought stress among the largest causes 

of wheat yield reduction from its potential yield in the country. 

Several studies indicated the radical effect of drought on wheat. Exposure to drought affects 

both grain and biomass yield (Ameer et. al., 2009; Garcia et. al., 2003; Leilah and Al-Khateeb, 

2005), photosynthesis translocation and partitioning (Muhammad et. al., 2014; Majid Abdoli 

et. al., 2013), number of kernels and kernel weight (Simane et. al., 1993; Solomon et. al., 

2003) and crop phenology (Gonzalez et. al 2007).  

It is generally accepted that the challenges of drought can be resolved using irrigation, but 

small scale farmers are resource constrained and lack access to irrigation water and facilities. 

The best options for reducing yield gaps and realizing yield stability under unfavorable and 

unreliable rainfall environments is thus the development and deployment of drought tolerant 

varieties of durum wheat.  

Breeding for drought tolerance is a challenging task due to several factors among others such 

as screening methods and environments including field drought evaluations. Little work has 

been done to evaluate durum wheat genotypes for drought tolerance, although the crop is 

cultivated from low to high altitude rain-fed environment of Ethiopia. Previous attempts made 

to evaluate and identify tolerant genotypes under controlled conditions with limited number of 

genotypes (Solomon et. al., 2003; Ashenie and Kindie, 2016). The national durum wheat 
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breeding program made its effort to identify drought tolerant genotypes which can escape 

terminal moisture stress that occurs at end of the growing season despite yield penalty in good 

rainy season. 

The present study assessed large number of durum wheat genotypes for their response to 

terminal moisture stress using multiple adaptive traits including morphological and 

physiological characters that contribute to improve drought tolerance in durum wheat. It also 

attempted to identify diverse parents and candidate varieties for use in hybridization. 

7.2 Materials and Methods 

7.2.1 Description of study site 

 

The field trial was conducted at experimental station of Debre-Zeit Agricultural Research 

Center (DZARC) located at 80 41’36”latitude and 390 03’17’longitude with altitude of 1880 

meter above sea level (masl).The station categorized as mid highland having two contrasting 

soil types (sandy clay and clay pellicvertisols) at the same geographical location that can 

potentially represent target environments for major wheat growing area of Ethiopia. According 

to the data obtained from the Agricultural and Nutritional Research Laboratory of DZARC 

(2018), the soil of the experimental site is characterized by sandy clay texture with pH of 7.3, 

and organic carbon, total N, electrical conductivity and soil Cation Exchange Capacity of 1%, 

0.08%, 0.12 Ds/m and c100 meq /100 g of soil , respectively. 

7.2.2. Experimental genotypes 

 

One hundred forty four durum wheat genotypes from different sources were used in the study 

(Table7.1) and the results for 90 of 144 genotypes tested at light textured soil were presented. 
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Table 7. 1. Sources, number of genotypes and names of genotypes tested under moisture stress 

and non-moisture stress environment at Debre-Zeit sandy clay soil during 2017 off-season 

Sources No of 

genotypes 

Names 

Released cultivars 21 Quamy, Assasa,Ginchi,Ude,Werer,Mangudo,Mukiye,Gerardo,  
Utuba,Kilinto,Bichena, Yerer , Denbi , Tob-66,  Ejersa,  Toletu,  

Flakit, Arendato,  Boohai, Hitosa and Cocorit 

Global wheat 

collections 

57 ICA -381, ICA-45, ICA -47, ICA- 55, ICA-33, ICA -32, ICA-360, 

ICA - 77, ICA -378, ICA - 54, ICA-46, ICA-61, ICA-383, ICA-359, 

ICA- 59, ICA- 353, ICA-26, ICA -50, ICA -60, ICA -23, ICA- 56, 

ICA -13, ICA - 382, ICA -39, ICA-357, ICA- 346, ICA-358, ICA- 48, 

ICA - 29, ICA -58, ICA-32, ICA-34, ICA-24, ICA-355, ICA -65, 

ICA-74, ICA- 51, ICA -44, ICA -53, ICA -73, ICA-57, ICA- 20, ICA-

64, ICA-41, ICA -354, ICA - 25, ICA- 49, ICA-384, ICA-38, ICA-

356, ICA -28, ICA -43, ICA -30, ICA -62 and ICA-37 

Breeding lines from 
DZARC nurseries 

27 Bl-1,Bl-2,Bl-3,Bl-4,Bl-5,Bl-6,Bl-7,Bl-8,Bl-9,Bl-10,Bl-11,Bl-12,Bl-
13, Bl-14,Bl-15,Bl-16,Bl-17,Bl-18,Bl-19,Bl-20,Bl-21,Bl-22,Bl-23,Bl-

24,Bl-25, Bl-26,and Bl-27 

Landraces from EBI 

collections 

21 EBI-1,EBI-2,EBI-3,EBI-4,EBI-5,EBI-6,EBI-7,EBI-8,EBI-9,EBI-

10,EBI-11,EBI-12,EBI-13,EBI-14,EBI-15,EBI-16, EBI=17,EBI-

18,EBI-19,EBI-20, and EBI-21 

Landraces from 

DZARC collections 

18 GN-1,GN-2,GN-3,GN-4,GN-5,GN-6,GN-7,GN-8,GN-9,GN-10,GN-

11,GN-12,GN-13,GN-14,GN-15,GN-16,GN-17and GN-18 

Total 144  

 

7.2.3. Experimental design and field management 

The plant materials were grown from January 12 to May 22, 2017 during the dry season off 

season when rainfall was not expected to affect the trial. The genotypes were arranged in 12 

x12 simple lattice designs with two replications. Each genotype was grown in two rows of 2.0 

m length and 0.20 m width with total plot area of 0.8m2. Since moisture stress is the only 

factor to be evaluated on the genotypes, the cultural practices used were the same in both 

conditions. The same amount of seeding rate and planting date were used for both experiments 

as per the recommendation. During planting 50 kg/ha urea (46% N) as N sources and 

100kg/ha DAP (46 % P2O5) as sources of phosphorus were applied. At the beginning of 

tillering, the remaining 50 Kg/ha urea (46%N) was applied by top dressing. To reduce the 

influence of biotic factors under both conditions, weeds were controlled manually as per 

needed and fungicides were sprayed twice during the season to prevent the genotypes from 

stem and leaf rust infections.  
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In the drought stress treatment, genotypes were fully watered until 50% of genotypes headed 

and then after irrigation was stopped until time to maturity. The genotypes in well watered 

condition were irrigated when soil moisture were depleted during the growing period. 

7.2.4. Data collection 

 

The plants measured for the following traits: (ii)Days to heading (DH), taken as the number of 

days until 50% of the plants in the plot have at least one emerged spike; (ii) Days to maturity, 

based on number of days from sowing to physiological maturity of at least 90% of the plants 

in plot; (iii) Grain filling period was computed by subtracting the number of days to heading 

from the number of days to maturity; (iv) Grain filling rate was determined as the ratio of final 

grain yield to the days from anthesis to physiological maturity; (v) Plant height was also 

measured from five randomly selected plants per plot and the average were recorded;(vi)Flag-

leaf length (FL),measured at heading on five random samples taken from each genotype; (vii) 

Number of spikelet per spike; (viii) Number of grains kernel per spike, from the average grain 

number in ten spikes taken from random plants in the plots; (ix) Number of spikelet per spike, 

from the average number of spikelet in ten spikes taken from random plants in the plots; (x) 

1000 seed mass, from the average mass of 100 grain samples multiplied by 10; (xi) Grain 

yield, after drying and cleaning of grains and adjusted to approximately to 12.5 % moisture 

content; (xii) above ground biomass determined by measuring dried above ground biomass; 

(xiii) straw yield per plot determined by subtracting grain yield from dried above ground 

biomass; (xiv)  Harvest index determined as the proportion of grain yield to the overall 

aboveground biomass; and (xv) Grain weight per spike.  

7.2.5 Data analysis 

 

Quantification of drought stress in relation to non-stress was obtained by the reduction (% R) 

using the equation (Fischer and Maurer 1978): 

(% R) = (GYNS − GYMS)/𝐺𝑌𝑁𝑆; 

Drought Intensity index (DII) = (1 − GYMS)/𝐺𝑌𝑁𝑆(Fischer and Maurer 1978). 

Where GYNS is grain yield under no moisture stress and GYMS is grain yield under moisture 

stress 
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The SAS GLM procedure (SAS. 2002) was employed for combined analysis of variance and 

individual moisture and non-moisture stress field experiments. Homogeneity of error variances 

between non-moisture stress and moisture stress condition were made before the combined 

analysis of variance was carried out using F max test according to Gomez and Gomez (1984).  

7.3. Results and Discussion 

 

The combined analysis of variance showed highly significant differences in all traits studied 

except days to heading and anthesis between non-stress and stress environment. It also showed 

highly significant variation among genotypes for all traits except flag leaf area (Table 7. 2). 

The interaction effects of genotypes and moisture environment for all traits were also detected 

except for days to anthesis and flag leaf area. The results suggested that the intensity of 

drought was severe and genotypes varied highly significantly to different moisture 

environments.  

Table 7. 2.Significance of Mean Squares for 17 Pheno-Agronomic Traits on 90 Durum Wheat 

Genotypes and Two Moisture Environments (Stress and Non-Stress) 

 

Traits  

Environment(E) 

Df (1) 

Genotypes(G) 

Df (89) 

GxE 

Df (89) 

Error 

Df(156) 

CV% 

Days to heading 2.2ns 82.4** 13.5** 7.2 4.0 

Days to anthesis 6.9ns 84.7** 17.9ns 14.1 5.1 

Grain filling period 1269.4** 53.7** 40.1** 18.2 13.0 

Days to maturity 1166.4** 45.5** 45.5** 14.1 3.7 

Grain filling rate 4853.9** 44.5** 40.7** 15.4 28.3 

Grain yield/plot 4184903.9** 22817.9** 10536.9** 2362.7 14.3 

Grain yield/spike 19.7** 0.22** 0.13** 0.06 18.4 

Above ground biomass 25845921.1** 191009.4** 199393.9** 50079.6 19.4 

Straw yield 9230565.7** 190161.8** 180171.9** 54006.5 28.6 

Harvest index 1376.2** 208.6** 140.6** 52.1 23.4 

Spikelet number/spike 52.9** 4.8** 3.7** 1.3 6.8 

Kernel number/spike 3616.3** 93.3** 56.9** 23.7 12.3 

Kernel number/spikelet 6.2** 0.39** 0.2** 0.1 13.2 

Thousand seed mass 4334.0** 48.1** 46.6** 7.3 8.1 

Flag leaf area 270.6** 33.4ns 43.5ns 35.5 20.6 

Plant height 64543.8** 57.6** 72.6** 31.7 6.3 

 

The extent and severity of drought stress effect on grain yield of genotypes over the 

experiment is explained by drought intensity index was about 0.42 and is high enough to 
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achieved drought stress and it resulted to reorder the genotypes. Based on grain yield, the 

highest yielding genotypes under drought conditions were LRPL-31, MCD-1-21 and ICA#73 

(Table 7.3). These three genotypes on average produced about 9.2 and 21.2% yield advantages 

over Ude (the best check) and Assasa (standard check for stress environment) respectively.  

These genotypes are early maturing with long grain filling period and grain filling rate and 

relatively high kernel weight and harvest index.  This implies that the genotypes have different 

performance when subjected to different moisture environments (Table7.2). Highly significant 

differences between durum wheat genotypes are genetically determined and thus could be 

managed by genetic improvement. A significant level of genetic variability for grain yield and 

yield components has also been reported in durum wheat (Blum et. al.,; 2001; Solomon et.al., 

2003a; Simane et. al. 1993; Ashenie and Kindie 2016); bread wheat (Habtamu et. al., 2016, 

Desalign et.al, Sial  et. al., 2010) and common bean (Kwabena et. al., 2016). The intensity and 

durations of drought stress determines the extent of yield losses and related traits. In this study, 

drought was achieved, and stress intensities on grain yiel were about 48% showing that the 

applied drought stress was more severe. Similar studies indicated drought intensities of more 

than 30% were enough to discriminate and reorder genotypes due to drought and non-stress 

condition (Koocheki et. al., 2014; Kwabena et. al., 2016; Reza and Abdolvahab, 2017 ;).  

Table 7. 3.The 10 % Highest Grain-Yielding Cultivars under Stress 

Genotypes Code Grain yield (kg/ha) 

LRGN-31 31 4290 

MCD-1-21 55 4260 

ICA#73 30 4115 

Ude (Check) 58 3833 

IDON-88 97 3780 

Acc-226804 119 3740 

IDYT-2 1 3563 

LMA-1-17 15 3555 

IDYT-20 137 3347 

Assasa (Check) 91 3325 

CV (%)   13.1 
   

 

Grain yield of genotypes under non-stress and stress conditions are given in Table7. 4. The 

best genotypes under moisture stress were MCD-1-21, ICA#73, and LRPL-31 with yield 
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advantages of 10.0, 7.3, and 10.7%, respectively over the best check Ude. These genotypes 

also showed superior performance under normal irrigation indicating that their ability to make 

use of available water to increase grain yield.  

Table 7. 4. Mean Grain Yield (Kg/ha) of Most Promising Durum Wheat Genotypes under 

Normal and Moisture Stress Conditions, Debre-Zeit Sandy Clay Soil, 2017 Dry Season. 

Genotypes Code      Non-stress Stress Mean % Reduction 

MCD-1-21 55 7104 4260 5682 40.0 

ICA#73 30 6706 4115 5411 38.6 

Ude (Check) 58 7510 3833 5671 49.0 

LRPL-31 31 5637 4290 4963 23.9 

LMA-1-17 15 6711 3555 5133 47.0 

Assasa (Check ) 91 5729 3325 4527 42.0 

CV (%)  13.6 13.1   

 

The mean minimum and maximum values and the percentage reduction of traits mean in non 

stress and stress condition are indicted in Table (7.5). Drought reduced most of the traits 

studied and had the highest effect on grain yield per plot, grain filling rate, grain yield per 

spike, thousand seed weight and kernel number per spike which reduced 48.3, 41.7, 29.6, 18.8 

and 16.3 % ,respectively. 

Drought caused a mean reduction of grain yield of 2.17 tons/ha (48.3%) under stress compared 

to non-stress condition. Genotype 66 was the lowest yielding (1.1 tons/ha) in stress whereas 

genotype 31 (4.3 tons/ha) was the highest yielding in stress. Under no stress, Genotype 75 had 

the lowest yield (2.1 tons/ha). Genotype 58 (7.5 tons /ha) was the highest yielding in non-

stress environment.  Grain filling rate was also highly affected by stress with reduction of 

about 41.7 % compared to non-stress. Grain filling period varied from 3.7 (Genotype 121) to 

18.5 % (Genotype 30), which was among the highest yielding genotypes under stress. 

Similarly, the lowest grain filling period was observed from Genotype 35 and Genotype 79 

which gave the maximum record under no stress.  Grain yield per spike ranged from 0.91 g to 

2.45 g with a mean of 1.59 g for non-stress and from 0.59 g to 1.85 g with a mean of1.12 g for 

stress. The mean of grain weight per spike was 29.6 % higher in the non-stress than the stress 

environment.  Genotype 59 and 13 showed the highest and the lowest grain yield per spike, 

respectively in non-stress, whereas genotype 118 and 128showed the highest and the lowest in 

the stress condition. Drought caused 18.8 % reduction of 1000 seed weight. Genotype 117 
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showed the highest 1000 seed weight and genotype 13 the lowest in non-stress condition. 

Genotype 33 and 43 showed the highest and the lowest 1000 seed weight, respectively in the 

stress environment. The grain yield reduction due to drought in the present study was about 

48% and comparable to the works of Darzi-Ramandi et. al. (2016) and Sahar et. al. (2016) 

who reported a 49 9 % and 42% yield reduction, respectively. The major reasons for 

significant effect of severe moisture stress is photosynthesis translocation and partitioning that 

resulted in the reduction of carbohydrate reserves and organs lose sugars, leading to decrease 

in production. Drought showed no effect on days to heading and anthesis and number of 

spikelet per spike (Table 7.5). The reduction in performance due to stress observed in current 

studies agrees with the previous work in wheat that moisture stress induced from heading-

anthesis to maturity resulted in significant reduction in yield and yield related traits (Solomon 

et. al., 2003; Ashenie and Kindie 2016). Terminal drought shortens grain filling duration and 

grain filling rate compared to non stress (Table7. 5). This result is supported by Muhammad 

et. al. (2014) who reported that grain filling rate under drought decreases due to reduced 

photosynthesis, accelerated leaf senescence, and sink limitations. Similaly, Mahpara et. al. 

(2018) reported that drought after heading results in reduced grain weight by shortening the 

time between fertilization and maturity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7. 5.Mean, Minimum and Maximum Values and Percent Reductions for 13 Traits on 90 

Durum Wheat Genotypes Grown under Drought and Non-Drought Conditions at Debre-Zeit 

Sandy Clay   Soil, 2017 Dry Season. 
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Traits Average Minimum Maximum Percent 

reduced DS NS DS NS DS NS 

Days to heading (Days) 67 67 59 60 78 82 0 

Grain filling duration (Days) 31 35 18 20 42 45 11.4 

Days to maturity (Days) 98 103 86 96 124 111 4.9 

Grain filling rate 10.2 17.5 3.7 7.5 18.5 37.7 41.7 

Grain yield (tons/ha) 2.32 4.49 1.1 2.1 4.3 7.5 48.3 

Grain yield  ( gm/spike ) 1.12 1.59 0.59 0.91 1.85 2.45 29.6 

Above ground biomass 

(tons/ha) 

6.63 10.7 3.5 9.5 16.5 34.5 38 

Straw yield (tons/ha) 4.31 6.2 1.9 4.0 14.1 29.3 25.6 

Harvest index (%) 35.1 42.1 8.8 9.2 59.6 61.8 1.7 

Spikelet /spike (number) 17 17 13 14 21 22 0 

Kernel /spike (Number) 36 43 24 28 60 59 16.3 

Kernel /spikelet (Number) 2.19 2.46 1.5 1.8 3.3 3.8 11.0 

Grain mass (gm/1000 seeds) 30.1 37.1 19.1 21.3 40.6 48.6 18.8 

Flag leaf area (cm2) 28.0 29.8 19.2 20.1 41.8 40.4 5.9 

Plant height (cm) 75.3 102.1 59.1 97.2 101.2 110.2 26.2 

DS=Drought Stress, NS=Non-Stress  

 

Pearson correlation analysis 

Genetic association between traits helps in simultaneous improvement and indirect selection of 

the correlated traits. The Pearson correlation coefficient between grain yield and yield related 

traits under moisture stress and non-moisture stress are given in Table 7.6. Grain yield was 

negatively correlated with days to heading, anthesis date and days to maturity but it showed a 

non-significant and positive association with grain filling duration although the association 

was weak under moisture stress.  

 

Grain yield showed a positive and significant correlation with plant height under both non-

moisture and moisture stress conditions. Thousands kernel weight, kernel number, above 

ground biomass, harvest index, kernel number per spikelet  and grain weight per spike had 

similar trend and they were positively and significantly correlated with grain yield under both 

moisture stress and non-moisture stress conditions. This findings were consistent with the 

works of previous authors (Solomon et. al., 2003 and Simane et. al., 1993) suggesting that the 

availability of assimilates to grain development through dry matter reallocation would be 

expected under moisture stress. 
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The correlation of grain filling rate with grain yield was strongly positive and highly 

significant under stress (0.83) than non-stress (0.41) indicating that indirect selection for 

improving grain yield through these traits would be effective under terminal stress 

environment. The result is consistent with the work of Ashenie and Kindie (2016). Grain 

filling rate was highly significant and had strong positive association with grain yield (0.41) 

than grain filling period (0.38). Similarly, Dias and Lindon (2009) indicated the relative 

advantage of grain filling rate than the duration of grain filling period in increasing the rate of 

photosynthate translocation to grains as one of the mechanisms to confer stress tolerance to 

wheat. Therefore, it is likely to predict that Genotypes 30 and 31 with high grain filling rate 

performed better than the other genotypes. A strong relationship between grain yield and grain 

filling rate was similarly reported by Dias and Lindon (2009) in wheat, indicating the 

possibility of indirect selection of drought tolerance wheat genotype through grain filling rate. 

These results reflect the possibility that the two traits could be genetically improved separately 

or indirectly. The negative association between grain yield and these phenological traits were 

reported by several authors (Ashenie and Kindie, 2016; Gonzalez et.al, 2007; and Solomon et. 

al., 2003a) depicting importance of earliness as drought avoidance mechanism.  

 

Spikelet number per spike showed positive but non-significant correlation with grain yield 

under non-moisture stress while it showed a negative and significant association with grain 

yield under stressed condition. This could be due to the fact that moisture stress induced after 

the plants reached to its maximum growth. Similarly, Dorion et. al. (1996) reported that no or 

little effect of moisture stress on reproductive structures like number of spikelet per spike is 

not associated to reduce grain set. This study also showed that the reduction in thousand seed 

weight was slightly higher than kernel number. Contrary to this finding, Muhammad et. al. 

(2014) indicated that terminal drought has more influence on grain number attributed to lack 

of fertilization of the egg, resulting in undeveloped ovule rather than grain size, which largely 

accounts for the decline in wheat yield under stress (Cattivelli et. al. 2008). The study of 

Vahamidis and Karamanos (2019) indicated that increment in the yield potential of durum 

wheat associated to improvement in grain number.  

 

Path coefficient analysis 
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The correlations were analysed further by the path coefficient technique, which partition the 

correlation coefficient into direct and indirect effects via alternative traits. Grain yield was 

performed and influenced by different traits. The direct and indirect effects of grain yield traits 

under non-stress and stress conditions are given in Table 7.7 and 7.8 respectively. The path 

coefficient analysis showed that the direct effect of grain filling rate on grain yield under both 

non-stress and stress condition were very high and positive (0.97) and (0.76) in respective 

order.  This indicates that there were little or no indirect effects of these traits and the 

relationship between grain grain yield and grainfilling rate was direct under non-stress and 

stress environments. Singh and Chaudhary (1979) suggested that if the correlation coefficient 

between a causal factor and the effect is almost equal to its direct effect, the correlation 

explains the true relationship and direct selection through this trait is effective.Ashene and 

Kinde (2016) also obtained similar result on durum wheat. This implies that selection of wheat 

genotypes based on grainfilling rate particulary under non-stress environment would be 

beneficial for increasing wheat grain yield. 
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Table 7. 6.Correlations Coefficient on Traits on Stress (above diagonal and on Non-Stress (below diagonal) 

Traits GY DH DAN GFD DM PH THSW FLA SPKS KNS GWPS BM STY HI GFR KNSP 

GY 1 -0.35** -0.33** 0.05ns -0.26* 0.09ns 0.25* 0.13ns -0.16ns 0.22* 0.40** 0.31** 0.04ns 0.52** 0.83** 0.28** 

DH -0.35** 1 0.93** -0.05ns 0.79** 0.29** -0.26* 0.16ns 0.38** -0.32** -0.45** 0.06ns 0.16ns -0.34** -0.19ns -0.47** 

DAN -0.32** 0.93** 1 -0.02ns 0.75** 0.32** -0.24* 0.09ns 0.39** -0.36** -0.44** 0.06ns 0.15ns -0.32** -0.07ns -0.51** 

GFD 0.38** -0.91** -0.87** 1 0.57** -0.02ns 0.06ns 0.13ns -0.14ns 0.18ns 0.21* -0.10ns -0.12ns 0.10ns -0.34** 0.23* 

DM 0.20ns -0.13ns -0.18ns 0.54** 1 0.22* -0.17ns 0.21* 0.23ns -0.15ns -0.24* -0.02ns 0.05ns -0.22* -0.36** -0.24* 

PH 0.05ns -0.20** -0.20ns 0.22* 0.13ns 1 -0.20ns 0.06ns 0.22* -0.09ns -0.28** 0.32** 0.31** -0.25* 0.13ns -0.18ns 

THSW 0.21* -0.34ns -0.30** 0.28** -0.04ns -0.06ns 1 0.09ns -0.14ns 0.12ns 0.62** 0.16ns 0.10ns 0.09ns 0.18ns 0.17ns 

FLA 0.28** 0.01** 0.05ns 0.06ns 0.17ns -0.05ns 0.05ns 1 0.24* 0.28* 0.24* 0.35** 0.33** -0.18ns -0.01ns 0.14ns 

SPKS 0.05ns 0.34ns 0.29** -0.25* 0.09ns -0.01ns -0.32** 0.07ns 1 0.10ns -0.02ns 0.24** 0.29** -0.32** -0.06ns -0.38ns 

KNS 0.32** -0.17** -0.16ns 0.21* 0.15ns 0.14ns 0.12ns 0.22* 0.12ns 1 0.75** 0.02ns -0.04ns 0.21* -0.01ns 0.88** 

GWPS 0.36** -0.33ns -0.30** 0.32** 0.08ns 0.05ns 0.72** 0.18ns -0.11ns 0.77** 1 0.12ns 0.01ns 0.27** 0.16ns 0.69** 

BM 0.23* 0.15ns 0.20ns -0.14ns -0.03ns 0.06ns -0.05ns 0.14ns 0.15ns 0.05ns 0.00ns 1 0.96** -0.58** 0.31** -0.09ns 

STY -0.09ns 0.26* 0.31** -0.26* -0.10ns 0.05ns -0.12ns 0.05ns 0.14ns -0.05ns -0.12ns 0.95** 1 -0.76** 0.09ns -0.17ns 

HI 0.69** -0.44** -0.46** 0.46** 0.22* -0.02ns 0.18ns 0.06ns -0.10ns 0.23ns 0.28** -0.47** -0.70** 1 0.38** 0.34* 

GFR 0.41** 0.53** 0.64** -0.57** -0.27* -0.16ns -0.06ns 0.20ns 0.19ns 0.04ns -0.01ns 0.35** 0.23ns 0.06ns 1 0.03ns 

KNSP 0.28** -0.33** -0.31** 0.32** 0.09ns 0.12ns 0.29** 0.14ns -0.42** 0.85** 0.76** -0.04ns -0.13ns 0.28** -0.06ns 1 

 

GY=Grain yield, DH=Days to heading, DAN=Days to anthesis, GFD=Grain filling duration, PH=Plant height, THSW=Thousand 

seed mass, FLA=Flag leaf area, SPKS=Spikelet number per spike, KNS=Kernel number per spike. KNS=Kernel number per spike, 

GWPS=Grain weight per spike, BM=Biomass yield, STY =Straw yield per plot, HI=Harvest index, GFR=Grain filling rate, 

KNSP=Kernel number per spikelet 
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Table 7. 7.Path coefficients on traits under non-stress 

 

DH DAN GFD TSW FLA KNS GWPS HI GFR KNSP 

DH 0.54578 -0.7921 -0.5505 0.06234 0.00056 0.00434 -0.1031 -0.0862 0.51456 0.05434 

DAN 0.50757 -0.8517 -0.5263 0.05501 0.00282 0.00408 -0.0938 -0.0901 0.62135 0.05104 

GFD -0.4967 0.741 0.60492 -0.0513 0.00339 -0.0054 0.1 0.09012 -0.5534 -0.0527 

TSW -0.1856 0.25552 0.16938 -0.1834 0.00282 -0.0031 0.225 0.03527 -0.0583 -0.0477 

FLA 0.00546 -0.0426 0.0363 -0.0092 0.05649 -0.0056 0.05625 0.01176 0.19417 -0.0231 

KNS -0.0928 0.13628 0.12703 -0.022 0.01243 -0.0255 0.24063 0.04506 0.03883 -0.14 

GWPS -0.1801 0.25552 0.19357 -0.132 0.01017 -0.0197 0.31251 0.05486 -0.0097 -0.1251 

HI -0.2401 0.39179 0.27826 -0.033 0.00339 -0.0059 0.0875 0.19592 0.05825 -0.0461 

GFR 0.28926 -0.5451 -0.3448 0.011 0.0113 -0.001 -0.0031 0.01176 0.97086 0.00988 

KNSP -0.1801 0.26403 0.19357 -0.0532 0.00791 -0.0217 0.2375 0.05486 -0.0583 -0.1647 
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Table 7. 8.. Path coefficients on traits under stress 

 

DH DAN DM TSW KNS GWPS BM HI GFR KNSP 

DH 0.16107 -0.6591 0.39547 0.02087 0.00399 -0.06 0.01847 -0.1169 -0.1444 0.03055 

DAN 0.1498 -0.7087 0.37545 0.01926 0.00448 -0.0587 0.01847 -0.11 -0.0532 0.03315 

DM 0.12725 -0.5315 0.5006 0.01365 0.00187 -0.032 -0.0062 -0.0756 -0.2736 0.0156 

TSW -0.0419 0.17009 -0.0851 -0.0803 -0.0015 0.08269 0.04926 0.03094 0.13681 -0.011 

KNS -0.0515 0.25514 -0.0751 -0.0096 -0.0125 0.10002 0.00616 0.0722 -0.0076 -0.0572 

GWPS -0.0725 0.31184 -0.1201 -0.0498 -0.0093 0.13336 0.03695 0.09282 0.12161 -0.0448 

BM 0.00966 -0.0425 -0.01 -0.0128 -0.0002 0.016 0.30789 -0.1994 0.23562 0.00585 

HI -0.0548 0.22679 -0.1101 -0.0072 -0.0026 0.03601 -0.1786 0.34379 0.28882 -0.0221 

GFR -0.0306 0.04961 -0.1802 -0.0144 0.00012 0.02134 0.09545 0.13064 0.76006 -0.0019 

KNSP -0.0757 0.36145 -0.1201 -0.0136 -0.011 0.09202 -0.0277 0.11689 0.0228 -0.065 
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7.4. Conclusions 

 

In conclusion, drought caused significant reduction in yield and its related traits. G x E 

interaction resulted in change of genotype performance in both environments. The reduction of 

yield and yield related traits were clearly linked to drought treatment. Grain filling rate, grain 

mass per spike, 1000 seed mass and kernel numbers positively and highly significantly linked 

to grain yield. The path coefficient analysis identified the direct effect of grain filling rate on 

grain yield under both non-stress and stress condition. Based on the results, it is reasonable to 

suggest that high yield of wheat genotypes under drought condition could be identified by 

selecting breeding materials with high grain filling rate, aboveground biomass, grain mass per 

spike and 1000 seed weight. Genotypes 55, 30, 31, 91 15 and 58 were identified among the top 

10% high yielding genotypes and showed superior performance in both stress and non-stress 

environments. Beyond grain yield, it is possible to harvest significant amount of straw yield 

under terminal stress. 
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8. GENOTYPE x ENVIRONMENT INTERACTION AND STABILITY OF 

PROTEIN CONTENT OF DROUGHT TOLERANT DURUM WHEAT 

GENOTYPES (Tritcum turgidium var durum) IN ETHIOPIA 

 

ABSTRACT  

Genotype x environment interaction (GEI) is of great interest for selecting cultivars for 

variable environments. In this study, the protein contents of 25 selected durum wheat 

genotypes tested over six environments in 2017 main rainy season were used with the 

objectives to evaluate genotype by environment interactions and identify stable genotypes for 

protein content. Protein content was determined based on Mini-infra Smart T Grain Analyzer.  

The combined analysis of variance indicated that highly significant variations were observed 

among genotypes, environments and their interactions on grain protein. The largest variation 

accounted by environments, followed by GEI and then genotypes. The stability analysis using 

parametric measures identified as G23 the most stable genotype followed by G1 with above 

average grain protein content of 14.47% and 15.09%. Some stability parameters (Wricle’s 

and Shukla) showed similar rankings of genotypes with different magnitudes and identified 

genotypes G19 and G9 as the most stable genotypes. The AMMI analysis also showed that the 

first two IPCAs explained about 70 % of the variations in GEI. GGE biplot analysis 

categorized the environments in to three mega environments where Akaki and Gimbichu which 

attained the lowest protein content below the standard protein content of 13%, grouped 

together whereas Debre-Zeit light soil and Alemtena with maximum protein content percent 

grouped in the second mega environment and Minjar and Debre-Zeit clay soil environment in 

the third mega environment. Overall, G1 was identified as the most superior in protein content 

with high stability based on stability parameters and AMMI biplot analysis. 

Key words: AMMI, ASV, Durum wheat, Biplot, Stability, Protein content 
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8.1. Introduction 

 

Durum wheat is among the major cereal crops in Ethiopia cultivated since ancient times due 

its wide adaptation to different agro-ecologies. It is primarily suitable for the manufacture of 

pasta products (Macaroni, Spaghetti, noodles); however in Ethiopia it is also used for making 

bread, “injera” and other local foods and drinks (Tesfaye et. al., 1998). Currently, quality has 

become among the major concern in both durum wheat production and area of research in 

Ethiopia.  Protein content is one of the most important qualities to be considered in durum 

wheat production.  Test weight, 1000 kernel weight and kernel virtuousness are all affected by 

protein content. Pasta quality is principally determined by protein content and gluten strength. 

Durum wheat protein usually ranges from 9-18% (Simmonds, 1989). Protein content like other 

traits in Ethiopia is highly influenced by genetic and environmental factors mainly location 

(Bemnet et. al. 2003; Williams’s et. al. 2008).  Technological quality and nutritional value of 

durum wheat depend on both genetic and environmental factors.The importance of grain 

protein for the nutritional value of grain and for influencing the technological property of flour 

was explained by Blanco et. al. (2006). In addition, the effect of genotype, environment and its 

interaction on grain protein content (Marina et.al. (2018); Graziano et. al., 2019 ;) and the 

negative association of protein content with grain yield has been reported by different authors 

(Blanco et. al. 2006; Salvatoreet. al (2018); Fatiukha et. al.  (2019).Hence, studies associated 

to genotype by environment interaction and evaluating genotypes performances across 

different durum wheat growing environment is important to develop adaptable and stable 

genotypes with good pasta processing quality and make Ethiopian farmers and producers more 

competitors in export market.  Identification of genotypes that shows stable performance is 

also among a desirable traits of varieties and should be among the major priorities for 

countries like Ethiopia where environmental variations are very high and unpredictable 

(Tesfaye et. al. 1998). G x E interaction is studied therefore, in order to answer a number of 

questions related to varietal adaptation and stability. Understanding G x E is useful, amongst 

others for developing different cultivars in different agro-ecologies, effective allocation of 

resources and for the characterization of genotypes to variable productivity levels (Yau, 1995).  

The methods of partitioning G x E interaction into components assignable to each genotype 

would be useful to breeders. Several parameters are now available for estimating stability of 

https://pubs.acs.org/doi/abs/10.1021/acs.jafc.8b06621
https://pubs.acs.org/doi/abs/10.1021/acs.jafc.8b06621
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genotypes tested over a range of environments. AMMI analysis combines ANOVA and 

Principle Component Analysis (PCA) into a single analysis with both additive and 

multiplicative parameters (Zobel et al., 1988; Guach, 2008). The data of each trial were 

analyzed using this model because this model partitions the genotype x environment 

interaction sum of squares into interaction principal component (IPCA) axes. The AMMI 

analysis of variance summarizes most of the magnitude of genotype x environment interaction 

into one or few interaction principal component analysis (IPCA). AMMI analysis lacks 

effectiveness to evaluate test environments and indicate the contribution of genotypes and 

environment to GEI. On the other hand, the GGE bilplot is superior to AMMI 1 graph in mega 

environment analysis and genotype evaluation since it explains more on genotypes plus 

genotypes by environment interaction and has the inter-product property of the biplot (Weikai 

Yan et.al., 2007). Furthermore, other stability parameters proposed by Finlay and Wilkinson 

(1963) and Eberhart and Russell (1966) use the regression of average genotype yield on an 

environmental index and deviation from the regression as secondary estimate of stability to 

evaluate stability of genotypes across environments. The ecovalence stability index of Wricke 

(1962) and stability variance developed by Shukla (1972) have also been used to measure the 

contribution of each genotype to G x E interaction.  

The objectives of this study were to examine the genotype, environment and G x E effect and 

estimate stability of durum wheat genotypes for protein content. 

8.2. Materials and Methods 

8.2.1. Plant materias and experimental management 

Twenty five durum wheat breeding lines selected from moisture stress trials including two 

standard checks (Tesfaye and Alemtena) were used in this study (Table 8. 1). The experiments 

were conducted in six sites namely; Alemtena (AT), Minjar (MJ), Debre-Zeit sandy soil 

(DZLS), Debre-Zeit clay soil (DZBS), Akaki (AK) and Chefe-Donsa (CD) (Table 8. 2). These 

environments are the main multi-location variety testing sites for the national durum wheat 

improvement program and representative of different durum wheat agro-ecologies of Ethiopia. 

The experiments were arranged in lattice square design in three replications. The plot size of 

2.0 m2 with four rows of 2.5m length and 0.20 cm spacing between rows were kept at 5 cm. 
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Plant density, planting time and other management practices were used according to specific 

recommendations made for each location. 100 Kg of urea were used half after emergence and 

the remaining half at tillering and all 100 kg of DAP applied at planting across environments.  

8.2.2. Data collection 

Data were recorded for Proteincontent. It was estimated from the whole hand trashed grains of 

each genotype per replication at each environment. Protein content was determined based on 

Mini infra Smart T Grain Analyzer (Mini infra Smart T Grain Analyzer Operating Manual, 

2013). 

8.2.3. Data Analysis 

Data analysis was carried out using SAS statistical software version 9.0 and was used for 

analysis of variances of the individual location and the combined data over environments.  

Homogeneity of variances was also checked following Leven’s test of the SAS statistical 

procedures before combined analysis of variance over environments. Different stability 

statistics including AMMI and GGE analysis were determined using R Gears statistical 

software. The linear regression (bi) of genotype mean yield on environmental index, the 

deviation mean square from the regression of Eberhart and Russell (1966), and coefficient of 

determination (r2) between average yield of each genotype and environmental index. The 

variance of genotype (S2i) across environments (Lin et. al.1986) and the coefficient of 

variability (CV) of each genotype (Francis and Kannenberg 1978) were used to determine 

stability. The ecovalence stability index (W2i) developed by Wricke (1962) and stability 

variance developed by Shukla (1972).AMMI and GGE biplot analysis was made to 

graphically evaluate the relationship between environments and genotypes.  
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Table 8. 1. List of genotypes used in the study 

No Genotypes Code No Genotypes Code 

1. Accession-214485 G1 15 Accession-203762 G15 

2. ICARDA#382 G2 16 ICARDA#58 G16 

3. 2015/16DW/PVLMA-Set-I#17 G3 17 ICARDA#354 G17 

4 2015/16DW/LRPL#3 G4 18 2015/16DW/IDYT#20 G18 

5 ICARDA#30 G5 19 2015/16DW/IDYT#11 G19 

6 Accession-203882 G6 20 ICARDA#346 G20 

7 MCD-I-21 G7 21 2015/16DW/IDYT#2 G21 

8 2015/16DW/LRPL#31 G8 22 ICARAD#381 G22 

9 2015/16DW/IDYT#7 G9 23 2015/16IDON#87 G23 

10 ICARDA#360 G10 24 Alemtena G24 

11 2015/16DW/IDON#22 G11 25 Tesfaye G25 

12 2015/16DW/IDYT#13 G12    

13 ICARDA#46 G13    

14 2015/16DW/PVTLMA-Set-I-#20 G14    

 

Table 8. 2.Descriptions of test environments 

No Environments Code Altitude (masl) Annual 

rain fall 

Soil texture Annual temperature 

Min. Max. 

1 Alem Tena AT 1200 500 Sandy 10.2 30.1 

2 Minjar MN 1800 800 Vertisol NA NA 

3 Debre-Zeit DZ 1900 800 sandy 10.1 27 

4 Debre-Zeit DB 1900 800 Pellicvertisol 10.1 27 
5 Gimbichu GM 2450 1200 Pellicvertisol 9.8 24 

6 Akaki AK 2200 1100 Pellicvertisol 10.0 25 

NA=Not Available 

8.3. Results and Discussion 

8.3.1 Analysis of variances 

 

The analysis of variance for protein content (kg/ha) of 25 durum wheat genotypes tested at six 

environments are given in Table 8. 3. The combined analysis of variance (ANOVA) showed 

highly significant (P≤0.01) effect of location, genotypes, and environments by genotypes 

interaction on protein content. Similarly, highly significant variations on wheat genotypes 
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were reported in previous studies (Haileetal, 2007; William et.al., 2008; Marina et.al. 2018; 

Graziano et. al., (2019); Fatiukha et. al. (2019). Location accounted the largest variations on 

protein content (81.13 %) followed by genotype xenvironment interactions (13.6 %) and 

genotypes (5.32 %).The results also indicated that highly significant variations on Interaction 

Principal Component Axis (IPCA). This suggested that that there was differential performance 

among durum wheat genotypes across the test environments and the existence of strong 

genotypes by environments interactions. It also showed that about 85.5 % of the total GEI was 

explained by the first three IPCAs: IPCA-1 (45.27%), IPCA-2(24.72%) and IPCA-3 (14.55%). 

This finding was comparable and in agreement with the work of Haile et. al.  (2007). The 

remaining two IPCAs explained only 14.4 % of the total GEI. The first two principal 

components (IPCAs) were considered to construct the GGE biplot due to their higher 

contributions to GEI.  

Table 8. 3.Analysis of variance on grain protein 

Sources of  

Variations 

Degree of 

freedom 

Sum of square Mean square Proportions 

explained (%) 

Location(L) 5 2241.279 448.2558** 81.13 

Genotypes(G) 24 146.9072 6.12114** 5.38 

Loc. X  Gen. 120 374.1778 3.11815** 13.57 

IPCA1 28 160.8 5.74286** 45.27 

IPCA2 26 88.9581 3.42147** 24.72 

IPCA3 24 51.57322 2.14888** 14.55 

IPCA4 22 44.82257 2.03739** 12.66 

IPCA5 20 9.9507 0.49754na  

Residuals 300 488.92 1.62973  

** Highly significant, Na=not significant 

The average location protein content across genotypes varied from 10.24% at Akaki to 16.51% 

at Alemtena while the average genotype protein content across environments ranged from 

12.87% for genotype 8 to 15.09 % for genotype G1 (Table8. 4). In average all except genotype 

8 showed higher grain protein content than standard 13% recommended in durum wheat for 
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industrial purpose. Only Akaki and Gimbichu failed to attain the minimum standard protein 

content of 13 % (Table 8. 4). The presence of high rainfall associated to low temperature 

during the growing season at Akaki and Chefe-Donsa could be among the major reasons. 

Similarly, Salvatoreet. al. (2018) reported positive relationship between minimum temperature 

and protein content. 

The study also showed that the sum of squares of genotypes by environments was more than 

twice higher than for the genotypes sum of squares suggesting that the existence of variable 

responses of genotypes across environments on protein contents. This indicated that durum 

wheat protein quality was highly influenced by environments than genotypes and this 

conditions limit selection efficiency of genotypes while targeting grain yield alone (Williams 

et.al. 2008). 
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Table 8. 4. Mean protein content (%) on durum wheat tested across six environments in 

2017/18 season. 

Genotypes DZSLS DZCVS Alemtena Minjar Akaki Gimbichu Mean 

G1 18.10 15.60 17.87 15.13 10.77 13.07 15.09 

G2 16.30 15.27 16.23 17.00 10.20 12.47 14.58 

G3 18.50 14.67 17.87 16.13 9.93 10.97 14.68 

G4 15.70 17.30 15.17 15.00 9.90 11.87 14.16 

G5 18.40 12.37 15.23 13.60 9.53 12.50 13.61 

G6 15.57 14.73 18.47 14.73 11.17 12.87 14.59 

G7 14.17 16.67 16.23 14.40 11.10 12.40 14.16 

G8 14.60 10.70 14.93 14.57 9.83 12.57 12.87 

G9 17.10 13.97 16.03 14.13 10.30 13.67 14.20 

G10 13.87 13.73 16.63 14.83 10.47 11.70 13.54 

G11 16.83 15.30 18.00 13.43 9.00 11.27 13.97 

G12 15.30 15.70 15.30 14.17 9.57 11.77 13.63 

G13 17.07 15.47 18.97 14.37 11.20 12.83 14.98 

G14 16.47 12.77 16.27 14.10 10.43 11.63 13.61 

G15 16.63 13.67 15.37 14.30 9.83 11.93 13.62 

G16 17.30 14.40 18.10 14.60 10.53 11.57 14.42 

G17 15.80 14.17 17.40 14.63 9.93 11.27 13.87 

G18 15.80 11.77 16.03 13.33 10.10 12.07 13.18 

G19 15.00 13.90 16.03 14.00 9.77 11.23 13.32 

G20 14.47 13.80 15.07 16.07 9.83 11.77 13.50 

G21 15.50 16.50 16.57 15.77 10.33 11.53 14.37 

G22 17.73 12.27 16.83 14.63 9.87 11.50 13.81 

G23 16.47 14.63 17.50 15.03 11.23 11.97 14.47 

G24 16.30 13.37 15.73 13.60 10.63 11.30 13.49 

G25 16.67 12.50 14.87 13.43 10.43 11.80 13.28 

Mean 16.23 14.21 16.51 14.60 10.24 11.98 13.96 

 



128 

 

 

 

8.3.2 AMMI stability value (ASV) 

 

The interaction principal component one (IPCA-1) scores and the interaction principal 

component two (IPCA- 2) scores in the AMMI model are indicators of stability. The 

genotypes with lower ASV value are considered more stable and genotypes with higher ASV 

are unstable. According to ASV (Table 8.5), G-17 was the most stable with ASV value of 

(0.019) followed by G-6 (0.0.232) and G-23 (0.24). The genotypes G-3(1.41) and G-5(1.35) 

were the most unstable for grain yield. The stable genotypes (G-17, G-6 andG-23) showed 

mean grain protein above grand mean (13.96 %).  

 

8 3.3.Stability analysis 

 

Estimates of stability parameters should be done when G x E interaction is significant. The 

mean protein content of each of 25 genotypes and the estimates of different stability 

parameters are given in Table 8.5. The regression of average genotype protein content on 

location index resulted in b1 values of 0.70 to 1.43. According to Eberhart and Russell (1966), 

ideal genotypes would be one with the highest performance over a wide range of 

environments, a regression coefficient of one, and deviation mean squares of zero. Genotypes 

with b1 values greater than one would be adapted to more favorable environments whereas 

those with b1 values less than one would be adapted to less–favorable environment. Some of 

the genotypes, for instances, G2, and G21, had mean protein content above the overall mean 

and b1 values which were close to unity, suggesting the   genotypes ability to perform 

positively in an improvingenvironment as the average does. On the other hand, G5 also had 

regression coefficient approximately to 1(b1=1.07), but gave protein content below average. 

Considering the highest b1 and relatively small deviation mean square (S2di), G3 found to be 

the most responsive genotypes to improvement in growing location and adapted to more 

favorable environments to protein contents. In contrast, G7 with the lowest regression 

(b1=0.70) were more associated to environments producing low protein content and little 

response to location favoring high protein content.  Coefficient of determination (r2) between 

average protein content of each genotype and location index were in the range of 0.64-0.98 

suggesting small stability differences among genotypes. Accordingly to r2, G1 which showed 

the highest protein content was the most stable genotypes. R2is the better index than stability 
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variance for measuring the validity of the linear regression because its value always ranges 

between zero and one (Metin Kara, 1997).  

According to, Wrickes’secovalence, Shukla, cultivar superiority measures and coefficient of 

variationa small value indicates high stability of genotype and better genotypes performance 

(Martin 2004).  Consequently, in the current study the most stable genotypes would be 

identified as G19 for Wrickes’secovalence and Shukla. G1 and G7 were also identified as 

stable genotypes based on superiority measures and coefficient of variation, respectively 

(Table 8.5). 
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Table 8. 5. Mean Protein content (%), stability parameters for 25 durum wheat genotypes tested at six environments in2017/18. 

Geno Mean ASV Sd CV (%) bi S2di R2 ri2 Bi Wi Pi 

G1 15.09 0.52 2.82 18.70 1.14 -0.15 0.98 0.26 0.14 1.39 0.69 

G10 13.54 0.67 2.20 16.26 0.82 0.65 0.84 1.03 -0.18 4.93 4.07 

G11 13.97 0.94 3.42 24.48 1.36 0.49 0.94 1.52 0.36 7.18 2.60 

G12 13.63 0.76 2.45 18.01 0.93 0.76 0.85 0.95 -0.07 4.58 3.39 

G13 14.98 0.35 2.82 18.82 1.10 0.51 0.91 0.77 0.10 3.76 1.09 

G14 13.61 0.41 2.46 18.05 0.97 0.12 0.94 0.36 -0.03 1.87 3.76 

G15 13.62 0.26 2.44 17.92 0.98 -0.02 0.96 0.24 -0.02 1.33 3.49 

G16 14.42 0.47 3.00 20.84 1.21 0.01 0.97 0.55 0.21 2.73 1.77 

G17 13.87 0.018 2.80 20.17 1.13 -0.09 0.97 0.29 0.13 1.53 2.72 

G18 13.18 0.71 2.36 17.87 0.89 0.66 0.85 0.91 -0.11 4.38 5.32 

G19 13.32 0.27 2.36 17.75 0.96 -0.23 0.98 0.07 -0.04 0.52 4.12 

G2 14.58 0.63 2.67 18.32 1.01 0.88 0.86 1.02 0.01 4.91 1.58 

G20 13.50 0.87 2.30 17.06 0.84 1.06 0.79 1.35 -0.16 6.43 4.18 

G21 14.37 1,29 2.72 18.92 1.01 1.24 0.83 1.34 0.01 6.36 1.86 

G22 13.81 0.94 3.11 22.55 1.20 0.93 0.89 1.34 0.20 6.37 3.55 

G23 14.47 0.24 2.46 17.00 0.99 -0.14 0.97 0.14 -0.01 0.83 1.68 

G24 13.49 0.35 2.28 16.88 0.91 -0.01 0.95 0.30 -0.09 1.60 4.02 

G25 13.28 0.97 2.23 16.80 0.84 0.59 0.85 0.93 -0.16 4.49 5.00 

G3 14.68 0.95 3.55 24.22 1.43 0.17 0.97 1.61 0.43 7.61 1.49 

G4 14.16 1.19 2.73 19.31 0.93 2.54 0.69 2.50 -0.07 11.69 2.61 

G5 13.61 1.35 3.00 22.04 1.07 2.30 0.76 2.29 0.07 10.76 4.51 

G6 14.59 0.23 2.48 16.99 0.95 0.59 0.88 0.79 -0.05 3.84 1.77 

G7 14.16 1.19 2.15 15.18 0.70 1.75 0.64 2.36 -0.30 11.08 2.92 

G8 12.87 1.07 2.20 17.08 0.72 1.77 0.65 2.30 -0.28 10.77 7.01 

G9 14.20 0.61 2.34 16.46 0.89 0.51 0.87 0.77 -0.11 3.77 2.56 

      ASV=AMM Stablity Value; Pi=Superiority measure; Wi= Wricke’s E; ri2=Shukla; bi=Eberhart, R2Determination coefficient, 

Perkins and Jinks1-25 refers to genotypes codeR= rank
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8.3.4 AMMI biplot analysis on grain protein content 

The genotypes classified as more stable when they are found near to the origin(x and y) in 

consequence their yield across all environments are similar (Figure.8.1).The AMMIbiplot 

indicate that G1 gave the highest average grain protein content (15.09%) and had an IPCA-

1value relatively close to zero (-0.047) indicating that it was highly stable and showed 

relatively similar in its protein content across environments (Figure8.1). Beyond grain protein 

content, high stability is an important objective for selection of genotypes in any crop breeding 

program. Hence, genotype 13 had the lowest IPCA-1 (0.44) and medium protein content (%). 

This was followed by genotype G3, and G16, relatively showed above average with protein 

content of (14.68 %), (14.42%) and (14.47%) with IPCA-1 of 0.095, -0.091, and 0.824 

respectively indicating that these genotypes better in their protein with stable performance. In 

contrast, Genotypes 23 which was found among the best genotypes in protein content 

(14.47%) and identified as the most stable using other stability parameters showed higher 

IPCA1 values of 0.824 which was categorized as the most unstable genotype based on AMMI 

biplot analysis. 

 

Genotypes 17, 11 and 19showed moderately stable with IPCA-1 values of -0.28 ,0.13,and -

0.13 compared to the remaining genotypes and had above average grain protein content except 

G19 which had a protein content below average.. These genotypes would be more adapted to 

specific environments than the other genotypes. On the other hand, Genotypes 25, 8 and 12 

were among the lowest in protein content and showed relatively higher IPCA-1 values of –

0.42, -0.15 and 0.46 could be considered as both unstable and poor in their grain protein 

content. Based on the AMMI biplot analysis, the performance of genotypes in each location, 

for instance, genotypes 16, 3, 23 and 1 had better in their protein concentrations than 

genotypes 19, 10, 20, and 12 at Debre-Zeit sandy clay soil environment and Alemtena 

(Figure8.1). The environments categorized as similar were Gimbich with Akaki; Debre-Zeit 

sandy clay soil with Alemtena and Debre-Zeit clay soil with Minjar. This shows that for same 

environments with the genotypes, similar findings could be obtained while using limited 

number of environments without losing precision of the experiment. 
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8.3.5. Genotype and Genotype by Environment Interaction (GGE) Biplot Analysis 

GGL biplot of 25 durum wheat genotypes evaluated at six environments are given in Figure 8.2. 

In the GGL analysis polygon view of biplot is been used to identify “which wins where” in mega 

environment trial data analysis. In this study, lines are drawn to connect the furthest genotypes in 

the biplot and again a line is drawn perpendicular to the other side of the polygon to pass through 

the origin. The vertex genotypes are the best in performance in the environments included in that 

sector. Based on the finding of these study six vertex genotypes identified as superior on their 

protein content compared to the other the genotypes grouped together in each location. According 

to Yau (2002) vector genotypes has higher yield than the other genotypes which are in the same 

location. Stable genotypes and environments were found close to the origin with IPCA-1 and 

IPCA-2 values showed almost zero. Accordingly, genotype G17 was closer to the origin and their 

average grain protein content was comparable with mean average protein content of genotypes 

suggesting that this genotype categorized as the most stable with better protein content and could 

be considered as for further crop performance evaluations. On the other hand, G5, G1, G8, G21, 

G20 and G7 were found far from origin indicating that they perform differently across testing 

environments and could be categorized as unstable genotypes. The GGE biplot grouped the 

testing environments in to three broad category (mega environments) suggesting that testing the 

genotypes in limited number of environments resulted in similar findings without losing the 

precisions of G x E study.  Based on this results Akaki with Gimbichu showed IPCAs values very 

close to the origin indicating that the genotypes consistence performance in maintaining low 

protein content across these two environments. This study confirmed that durum wheat in areas 

similar to Gimbich and Akaki where high rainfall with poor soil drainage resulted in poor quality 

grain production (Bemnet et.al. 2003; Jemanesh et.al., 2007) and alternative crop management 

options is required to improve durum quality to meet the manufacturing industry. Similarly, the 

GGE biplot analysis grouped Alemtena with Debre-Zeit sandy soil and Debre-Zeit clay soil. 

Debre-Zeit clay soil environment could be used as the most discriminating testing site where as 

Minjar was lowest as they had long and short vector from the origin respectively. 
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Protein content (%) 

Figure 8.  1. AMMI biplot for protein content (%) of durum wheat genotypes versus IPCA-1 

for 25 genotypes tested across six environments 
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IPCA 1 (44.34 %) 

Figure 8.  2.GGE biplot for identification of winning genotypes and their mega environments 

on twenty five durum genotypes tested at six environments. 

8.4. Conclusions 

In conclusion the genotype by environment study on durum wheat indicated the existence 

highly significant variations on location, genotypes and their interactions. The largest variation 

accounted by environments, followed by GEI and then genotypes. G6 and G17 were selected 

as stable genotypes based on ASV.  The stability analysis using parametric measures identified 

G-1 as the most stable genotype followed by G-23 with above average grain protein. Some 

stability parameters (Wricle’s and Shukla) showed similar rankings of genotypes with 

different magnitudes and identified  Genotypes 19, 23, 15, 1 and 17 as the most stable 

genotypes. Overall, Genotype 1 was identified as the most superior in protein content with 

high stability based on stability parameters and AMMI biplot analysis. GGE biplot analysis 

categorized the environments in to three mega environments where Akaki and Gimbichu 

grouped together and that of Debre-Zeit light soil and Alemtena in the second mega 
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environment and the genotypes respond similarly for protein content at Minjar and Debre-Zeit 

black soil environment. 
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9. GENOTYPE x ENVIRONMENT INTERACTION AND STABILITY OF 

DROUGHT TOLERANT DURUM WHEAT (Triticum turgdium var 

durum)GENOTYPES IN ETHIOPIA 

 

ABSTRACT 

Genotype x environment interaction is of great interest for selecting cultivars for variable 

environment. The objectives were to evaluate presence of genotype by environment 

interactions and identify stable genotypes using different stability parameters. Twenty five 

selected durum wheat genotypes grown in randomized complete block design with three 

replications over six environments in 2017 main rainy season. The combined analysis of 

variance indicated that highly significant variations among genotypes, environments 

environments and their interactions on grain yield. The largest variation was accounted by 

environments, followed by GEI and then genotypes. The stability analysis using parametric 

measures identified G-24 as the most stable genotype followed by G-23 with above average 

grain yield. Stability parameters (Wricle’s and Shukla) showed similar rankings of genotypes 

with different magnitudes and identified  Genotypes 1, 24, 4, 10 and 17 as the most stable 

genotypes. As per the AMMI analysis the first two IPCAs showed significant variations and 

explained about 61% of GEI. GGE biplot categorized the environments   in to two mega 

environments where Akaki and Gimbichu grouped together and that of Debre-Zeit light and 

black soil and Alemtena in the second mega environment and Minjar remained alone. 

Key words: AMMI, ASV, Durum wheat, Biplot, Stability,  
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9. 1. Introduction 

Plant breeders have commonly faced the problem of genotype x environment (G x E) 

interaction in the development of plant cultivars. In multi-environments field experiment, a 

significant G x E interaction (GEI) reduces the correlation between phenotypic and genotypic 

values as well as the progress from selection (Rajesh W. et al., 2016). G x E interaction is 

studied therefore, in order to answer a number of questions related to varietal adaptation and 

stability. Understanding G x E is useful, amongst others for developing different cultivars in 

different agro-ecologies, effective environments of resources and for the characterization of 

genotypes to variable productivity levels (Yau, 1995).  

The methods of partitioning G x E interaction into components assignable to each genotype 

would be useful to breeders. Several parameters are now available for estimating stability of 

genotypes tested over a range of environments. AMMI analysis combines ANOVA and 

Principle Component Analysis (PCA) into a single analysis with both additive and 

multiplicative parameters (Zobel et al., 1988). The data of each trial are analyzed using this 

model because this model partitions the genotype x environment interaction sum of squares 

into interaction principal component (IPCA) axes. The AMMI analysis of variance 

summarizes most of the magnitude of genotype x environment interaction into one or few 

interaction principal component analysis (IPCA). AMMI analysis lacks effectiveness to 

evaluate test environments and indicate the contribution of genotypes and environment to GEI. 

On the contrary, the GGE bilplot is superior to AMMI 1 graph in mega environment analysis 

and genotype evaluation since it explains more on genotypes plus genotypes by environment 

interaction and has the inter-product property of the biplot (Weikai et.al., 2007). Furthermore, 

other stability parameters proposed by Finlay and Wilkinson (1963) and Eberhart and Russell 

(1966) use the regression of average genotype yield on an environmental index and deviation 

from the regression as secondary estimate of stability to evaluate stability of genotypes across 

environments. The ecovalence stability index of Wricke (1962) and stability variance 

developed by Shukla (1972) have also been used to measure the contribution of each genotype 

to G x E interaction. Several researchers used and reported the importance and contribution of 

G X E study and AMMI for identification of stable genotypes in Ethiopia Tesfaye (2007) and 
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Shitaye (2012) on durum wheat; Sisay and Sharma (2015); Melkamu et.al. (2015); Temesgen  

(2017), Alemu et. al. (2018) and Gadisa  et. al. (2019). 

The objectives of this study were to examine the genotype, environment and G x E effect and 

estimate stability of drought tolerant durum wheat genotypes in Ethiopia.  

9. 2. Materials and Methods 

 

9. 2.1. Experimental management 

Twenty five durum wheat genotypes including two standard checks (Tesfaye and Alemtena) 

were used in this study (Table 9. 1). The experiments were conducted in six sites namely; 

Alemtena, Minjar, Debre-Zeit sandy soil, Debre-Zeit clay soil, Akaki and Gimbichu (Table 

9.2). These environments are the main multi-environments variety testing sites for the national 

durum wheat improvement program and representative of different durum wheat agro-

ecologies of Ethiopia. The experiments were arranged in lattice square design in three 

replications. The plot size of 2.0 m2 with four rows of 2.5m length and 0.20 cm spacing 

between rows were kept at 5 cm. Plant density, planting time and other management practices 

were used according to specific recommendations made for each environments. 100 Kg of 

Urea was used half after emergence and the remaining half at tillering and all 100 kg of DAP 

was applied at planting across environments.  

9.2.2. Data collection 

Data on the following phenology and yield and yield related traits were collected:  

1. Days to heading (DH): The number of days from date of sowing to 50% of the stand in a 

plot is headed and 75% of the spikes have fully emerged.  

2. Days to maturity (DM): The number of days from sowing to the stage when 90 % of the 

stand in a plot have reached physiologically maturity and ripe, i. e., when the peduncles were 

turned yellow.    

3. Spike length (SL): The average spike length in cm measured at physiological maturity on 

five (5) random samples taken from each genotype.  

4. Number of spikelet per spike (NSS):  The average number of spikelet per spike counted 

from main tiller of each of the spike of five (5) randomly selected plants   
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5. Number of kernels per spike (NKS): The average number of kernels per spike counted from 

main tiller of each of the spike of five (5) randomly selected plants   

6. Thousand Kernel Weight (TKW):  The grain weight (g) of 1000 seeds sampled at random 

from total grain harvest of the experimental plot was recorded, when 12.5% of moisture 

content and measured by using sensitive balance.    

7. Grain yield (YLD):  The grain yield per plot was measured in grams using sensitive   

balance after moisture of the seed is adjusted to 12.5%. Total dry weight of grain was 

harvested from the middle four rows out of six rows and were converted to tones per hectare   

8. Normalized Differences Vegetative Index (NDVI): was taken about 50 cm above leaf 

canopy at heading using hand held green seeker equipment. 

9.2.3. Data analyses 

 

Data analysis was carried out using SAS statistical software version 9.0 and was used for 

analysis of variances of the individual environments and the combined data over 

environments.  Homogeneity of variances was checked following Leven’s test of the SAS 

statistical procedures before combined analysis of variance over environments. 

AMMI analysis The Additive Main effect and Multiplicative Interaction (AMMI) model 

analysis was performed for grain yield. The AMMI stability value (ASV) was computed as 

described by Purchase et al. (1997). 

 

The linear regression (bi) of genotype mean yield on environmental index, the deviation mean 

square from the regression of Eberhart and Russell (1966), and coefficient of determination 

(r2) between average yield of each genotype and environmental index.The variance of 

genotype (S2i) across environments (Lin et.al.1986) and the coefficient of variability (CV) of 

each genotype (Francis and Kannenberg 1978) were used. The ecovalence stability index 

(W2i) developed by Wricke (1962) and stability variance developed by Shukla (1972) were 

carried out using R statistical software. GGE biplot analysis was done by to graphically 

evaluate the relationship between environments and genotypes  
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Table 9. 1.List of genotypes used in the study 

No Genotypes Code 

1. Accession-214485 G1 

2. ICARDA#382 G2 

3. 2015/16DW/PVLMA-Set-I#17 G3 

4 2015/16DW/LRPL#3 G4 

5 ICARDA#30 G5 

6 Accession-203882 G6 

7 MCD-I-21 G7 

8 2015/16DW/LRPL#31 G8 

9 2015/16DW/IDYT#7 G9 

10 ICARDA#360 G10 

11 2015/16DW/IDON#22 G11 

12 2015/16DW/IDYT#13 G12 

13 ICARDA#46 G13 

14 2015/16DW/PVTLMA-Set-I-#20 G14 

15 Accession-203762 G15 

16 ICARDA#58 G16 

17 ICARDA#354 G17 

18 2015/16DW/IDYT#20 G18 

19 2015/16DW/IDYT#11 G19 

20 ICARDA#346 G20 

21 2015/16DW/IDYT#2 G21 

22 ICARAD#381 G22 

23 2015/16IDON#87 G23 

24 Alemtena (standard check) G24 

25 Tesfaye (standard check) G25 

 

Table 9. 2.Descriptions of test environments 

No Environments Code Altitude (masl) Annual 

rain fall 

Soil texture Annual temperature 

Min. Max. 

1 Alem Tena AT 1200 500 Sandy 10.2 30.1 

2 Minjar MN 1800 800 Vertisol NA NA 

3 Debre-Zeit DZ 1900 800 sandy 10.1 27 
4 Debre-Zeit DB 1900 800 Pellicvertisol 10.1 27 

5 Gimbichu GM 2450 1200 Pellicvertisol 9.8 24 

6 Akaki AK 2200 1100 Pellicvertisol 10.0 25 

NA=Not available 

 

 

 



142 

 

 

 

9.3. Results and Discussion 

9.3.1. Combined analysis of variance 

 

The combined analysis of variance (Table 9.3.1.) revealed that the main effect of genotypes 

(G), for all measured traits of the genotypes varied across the tested environments. These 

results were in agreement with the works of Veselinka et. al. (2009) and Karimizadeha et. al. 

(2012) who reported for TKW, SL, DH, DM. Sonia et. al. (2013) also reported similar results 

for all of these traits. Environment and GEI were also showed highly significant effect on all 

traits except spike length. Spike length was not affected by both environment and G x E 

interactions. This results indicated that selections of genotypes based on spike length is for 

wide environment may be preferable than other traits.  

 

The total sum of squares was partitioned into components to estimate the magnitude of GEI. 

For all measured traits, the explained percentage sum of square for genotypes varied from 8.85 

for NDVI to 84.04 % spike length of the total variance. The partitioning of total sum of 

squares indicated that the genotypes effect was a predominant source of variation for three of 

the seven traits SL, NKPS, and DF variations  (84,04, 52.9, 49.9) respectively. It is clearly 

seen that the contribution of genotypes variation to the sum of squares is considerable on SL, 

NKPS and DF and this means that the environment in which the experiment was undertaken 

did not affect these traits and it is preferable to identify and select stable durum wheat 

genotypes. Knezevic et. al. (2013) reported genetic factor was higher than environmental and 

GEI factors on spike length. 

 

Similarly environment which showed largest variations on TKW (76.9%) followed by NDVI 

(70.9) and days to maturity (46.6%).  Shitaye  et. al. (2012) on durum wheat and Gadisa et. al 

(2019) on bread wheat also indicated that environment and interaction effects are higher than 

the effect of genotypes in most crop variety trial in Ethiopia.  
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Table 9. 3.ANOVA of phenology , NDVI and yield related traits between genotypes (G), 

Environment, and GE interactions for 25 durum wheat genotypes. 
 

 Traits Df            DH          DM        NDVI         TKW 

  MS %  MS %  MS %  MS % 

Environment 

(E) 

5 417.4** 24.3 700.04** 46.6 2802.9** 70.9 6924.8** 76.9 

Genotypes(G) 24 178.8** 49.8 56.6** 18.1 72.9** 8.9 190.5** 10.2 

GxE 

interactions 

120 18.4** 25.7 22.1** 35.3 33.4** 20.3 48.5** 12.9 

          

  Traits Df            SL        SPNPS        NKPS  

MS %  MS % MS % 

Environment 

(E) 

4 1.26NS 1.02 23.9** 21.4 2585.8** 24.2 

Genotypes(G) 24 26.4** 84.04 7.05** 37.9 941.7** 52.9 

GxE 

interactions 

96 1.17NS 14.9 1.88NS 40.6 101.7** 22.9 

 

** Highly significant at 1% level of probability, NS: Non significant, DH: days to heading, 

DM: days to maturity, SL: spike length: SPNPS: spikelet number per spike NKPS:  number of 

kernels per spike, TKW:  thousand kernel weight, NDVI: Normalized Difference Vegetative 

Index 

9.3.2. AMMI analysis 

 

The combined and AMMI analysis of variance on grain yield of 25 durum wheat genotypes 

tested at six environments are given in Table 9.3.  The additive component of analysis showed 

significant effect of genotypes, environments and their interaction on grain yield. 

Environments accounted the largest variations on grain yield (60.6 %) followed by genotypes 

by environments interaction (20.6%) and genotypes (18.2%). This result clearly indicated that 

there is a large variation exhibited in durum wheat yields in multi-environment experiments. 

This could be due to high influence of local environment associated to climate components 

and soil variations on crop yield and explained the need to classify the testing environments in 
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to different mega environments for crop variety evaluations. In line with this result, the 

phenomena of genotype by environment interactions and the maximum share of environment 

from the total variations are commonly reported in different crops by various authors in 

Ethiopia: Shitaye (2017) and Tefaye (2007) on durum wheat; Asrta et. al., (2011) on common 

bean; Kebebew et. al., (2010) on tef; Taddele  et. al.,(2017) on Linseed. Several researchers 

also reported that an environment was the major sources of variations than genotypes and 

genotypes by environment interactions on wheat Taddeseset. al., (2009); Sisay and Sharma 

(2015); Melkamu T. et. al, (2015) ; Alemu W. (2018) and Alemu G. et. al., (2018) on bread 

wheat.  

Table 9. 4.AMMI Analysis on Grain Yield of 25 durum wheat genotypes tested at six 

environments 

Sources of  

Variations 

Degree of 

freedom 

 Sum of 

squares        

  Mean  

squares 

Proportion of  

Explained variances 

Environments 5 32170905 6434181** 60.6 % 

Genotypes(G) 24 9993835 416409.8** 18.2%). 

Env. X  Gen. 120 10926312 91052.6** 20.6%) 

IPCA1 28 4286365 153084.5** 39.2%, 

IPCA2 26 2425674 93295.17** 22.2 %, 

IPCA3 24 1795749 74822.88* 16.4%, 

IPCA4 22 1502319 68287.23* 13.7% 

IPCA5 20 754335.4 37716.77 6.9%. 

Residuals 300 15666023   

** and *  significant at 0.01 and 0.05 probability level respectively 

The average environments grain yield across genotypes ranged 2290.26kg/ha at Debre-Zeit 

clay soil to 6126.02 kg/ha at Gimbichu, while genotypes grain yield across environments 

ranged from 2000.12 kg/ha for G13 to 5590.74 from G8 (Table 9. 4). The magnitude of 

variation between genotypes and genotypes by environment interaction sum of squares were 

comparable and three times less than from sum of squares of environments.  In contrast 

environments showed quite tremendous effect on genotypes performance and classification of 
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environments to screen genotypes at different test environments are need to be considered in 

future multi-location trials of the national durum wheat improvement program. 

The AMMI analysis showed that five interactions of principal components (IPCA1, IPCA2, 

IPCA3, IPCA4, IPCA5, and IPCA6) and the first two were highly significant (p≤0.01) and 

significant (p<0.05) effect was observed on IPCA-3 and IPCA-4. The variations explained by 

IPCA1, IPCA2, IPCA3 and IPCA4 and IPCA5were 39.2%, 22.2 %, 16.4%, 13.7% and 6.9%. 

In the current study except IPCA-5, all IPCAs showed significant variations but the magnitude 

of the first two IPCAs were relatively higher than the remaining IPCAs to explain the GEI and 

GGL biplot. The first principal component sum of square was greater than the second 

suggesting that the existence of variations on grain yield of genotypes due to G x E 

interactions. Similar results were reported by Shitaye (2017) in G x E study using 20 durum 

wheat genotypes tested at seven environments of Ethiopia. Several other authors: Tesfaye 

(2007) on durum wheat; Melkamu et. al. (2015) and Taddese et. al. (2009) on bread wheat 

suggested that the first two IPCAs as the most commonly used predictive model for explaining 

variation on G x E interactions and for further analysis of GGE biplot interpretations. 
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Table 9. 5.Mean grain yield (Kg/ha) of durum wheat genotypes tested across environments, 

1917/18 season. 

Genotypes DZSLS DZCVS Alemtena Minjar Akaki Gimbichu Mean 

G1 1434.23 1059.39 2123.94 3852.86 4297.48 5082.17 2975.01 

G2 4607.65 1519.30 4126.03 2999.00 5897.91 6672.39 4303.72 

G3 3192.36 1750.89 4873.07 3846.54 4854.90 6881.94 4233.28 

G4 3288.48 1506.56 3720.85 3499.94 4767.11 6476.55 3876.58 

G5 1428.39 833.26 1827.15 5259.96 5225.84 6261.37 3472.66 

G6 1407.87 895.95 2048.65 4307.99 5389.37 4504.08 3092.32 

G7 3909.83 1468.58 2564.85 3653.00 5450.80 6182.37 3871.57 

G8 6154.47 4479.83 6007.09 5062.82 5807.75 6032.46 5590.74 

G9 2607.53 1659.07 3924.36 5227.31 6073.99 5353.68 4140.99 

G10 3149.30 1707.19 3437.61 3168.33 4280.12 5174.68 3486.21 

G11 1503.59 733.10 1684.87 3788.72 5609.85 7472.44 3465.43 

G12 2052.32 825.06 2185.70 4579.60 5151.20 6622.86 3569.46 

G13 1544.20 897.78 1410.85 2026.53 2375.65 3745.70 2000.12 

G14 2239.45 4654.73 3916.87 4844.42 5645.91 6916.67 4703.01 

G15 3685.07 3716.19 4548.88 5128.28 5031.15 6028.76 4689.72 

G16 3422.17 1337.34 3076.45 4180.07 4589.80 4894.01 3583.31 

G17 3664.71 2337.33 2860.35 3975.26 6376.65 6837.84 4342.02 

G18 2894.22 3966.32 3795.34 4555.71 6001.42 4892.09 4350.85 

G19 3209.97 4499.94 4501.20 3628.46 4439.99 7683.54 4660.52 

G20 3019.56 2318.05 4068.66 2692.40 7211.54 6079.47 4231.61 

G21 2670.59 1373.98 2725.87 4705.20 5842.69 5856.87 3862.53 

G22 1444.78 1551.14 3852.40 4153.53 5805.53 6553.73 3893.52 

G23 3280.23 3739.28 3629.51 3592.51 5459.32 6607.32 4384.69 

G24 3051.62 3420.53 3339.95 4096.83 6353.43 6512.83 4462.53 

G25 5099.44 5005.82 4296.66 4553.63 5739.38 7824.69 5419.94 

Mean 2958.48 2290.26 3381.89 4055.16 5347.15 6126.02 4026.49 

 

9. 3.3. Stability analysis 

The stability parameters are useful in characterizing and indicating genotypes performance 

across various environments. Based on Eberhart and Russel (1966), a genotype whose 

regression coefficient value is close to one regarded as the most stable genotypes and the vice 

versa. Accordingly, Genotype 24, genotype 9, genotype 3 and genotype 2 found to be the most 

stable in their respective order whereas Genotype 8 followed by genotype 18 showed 

regression value close to zero (Table 9. 5) were most sensitive to environmental variations. 

Coefficient of determination (r2) between average grain yield of each genotype and location 

index were in the range of 0.21-0.98 suggesting large stability differences among genotypes. 

Accordingly to r2, G8 which showed the highest grain yield was the least stable genotype. R2 is 
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the better index than stability variance for measuring the validity of the linear regression 

because its value always ranges between zero and one (Metin Kara, 1997).  

According to cultivar superiority measures, a small value indicates high stability of genotype 

and better genotypes performance (Martin, 2004).  Based on the current result, G8 followed by 

G25 had small Pi values and identified as the most stable genotypes (Table 9.3). On the 

contrary, the highest cultivar superiority measures were observed by G13 followed by G1 and 

thus found to be the most unstable genotypes. The most stable genotypes had the maximum 

yielding records. Cultivar superiority measures identified the highest yielding ones as the most 

stable genotypes and the lowest yielding genotypes as the most unstable genotypes and hence, 

cultivar superiority measures simultaneously identified both stable and high yielding 

genotypes and the vice versa and could be used for identification of both superior and stable 

genotypes in crop performance evaluations.  

The stability of genotypes is inversely proportional to Wricke’ ecovalence, Shukula stability 

parameters, variance of genotypes across environment and coefficient of variations, stable 

genotypes should have low values for these stability parameters. Accordingly, the most stable 

genotypes would be identified as G1for Wricke’ ecovalence and Shukula stability and G13 

and G8 for variance of genotypes across environment and coefficient of variations. Similarly, 

Shitaye (2012) reported that genotypes that showed relatively stable performance gave below 

average yield on the evaluation of 20 durum wheat genotypes across environments using 

Wricke’ ecovalence stability parameters. 

9.3.4. AMMI stability value (ASV) 

The interaction principal component one (IPCA 1) scores and the interaction principal 

component two (IPCA 2) scores in the AMMI model are indicators of stability. The genotypes 

with lower ASV value are considered more stable and genotypes with higher ASV are 

unstable. According to ASV (Table 9.5), G-8 was the most stable with ASV value of (0.14) 

followed by G-17 (0.19) and G-9 (0.30). The genotypes G-3(1.14) and G-24(1.136) were the 

most unstable for grain yield. The stable genotypes (G-8, G-17and _G-9) showed mean grain 

yield above grand mean. This result was in line with Shitaye (2012) on durum wheat and 
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Gadisa et. al (2019) on bread wheat who used ASV  as one methods for evaluating grain yield 

stability analysis of genotypes in G x E study.   
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Table 9. 6.Mean grain yield (Kg/ha), AMMI stability value ( ASV) , stability parameters and their rank for 25 durum wheat genotypes tested at six 

environments in2017/18. 

Geno Mean ASV Pi Rank Wi Rank bi ri2 Rank R2 Rank Si(1) Rank CV (%) Rank 

G1 2975.01 0.31 236422.8  24 39710.1  1 1.089 7308.4 1 0.93 3 1.33 5 55.70 20 

G10 3486.21 0.67 155016.3  19 59394.2  4 0.749 11587.6 4 0.88 9 1.07 2 33.61 6 

G11 3465.43 0.84 211408.5  21 295442.9  24 1.787 62902.5 24 0.98 1 1.73 9 76.61 24 

G12 3569.46 1.05 183539.3  20 145114.0  16 1.469 30222.3 16 0.95 2 2.73 20 62.13 22 

G13 2000.12 0.61 346533.5  25 84196.2  8 0.758 16979.3 8 0.91 7 0.33 1 49.79 18 

G14 4703.01 0.49 77560.2  7 198850.4  19 0.848 41904.1 19 0.62 20 2.67 17 33.62 7 

G15 4689.72 0.55 59614.2 3  102395.5  11 0.570 20935.7 11 0.86 10 1.47 8 19.26 2 

G16 3583.31 0.58 153801.3  18 86616.0  9 0.789 17505.3 9 0.80 15 2.07 15 36.20 10 

G17 4342.02 0.19 88477.0  9 70016.5  5 1.213 13896.7 5 0.93 3 2.00 13 42.69 1 

G18 4350.85 0.79 90540.4  10 185473.8  18 0.546 38996.2 18 0.58 22 2.67 17 24.41 4 

G19 4660.52 0.36 71856.3  4 287303.7  23 0.742 61133.1 23 0.48 23 3.07 23 33.80 8 

G2 4303.72 0.46 87507.2  8 206274.3  20 1.081 43518.0 20 0.72 19 3.73 24 43.76 14 

G20 4231.61 0.42 101491.6  12 225819.1  21 1.155 47766.9 21 0.73 18 4.07 25 47.05 16 

G21 3862.53 1.08 140493.0  16 76850.8 6 1.221 15382.5 6 0.92 5 1.73 9 48.45 17 

G22 3893.52 0.76 145250.4  17 133080.5 14 1.376 27606.3 14 0.92 5 1.2 3 54.22 19 

G23 4384.69 0.45 76170.0  5 78804.1  7 0.822 15807.1 7 0.82 13 1.87 11 30.48 5 

G24 4462.53 1.13 76882.1  6 53390.3  2 1.004 10282.4 2 0.89 9 2.13 16 35.07 9 

G25 5419.94 0.51 22349.5  2 177287.8  17 0.673 37216.6 17 0.60 21 1.27 4 23.59 3 

G3 4233.28 1.14 96983.3  11 125815.3  12 1.057 26026.9 12 0.79 16 2.67 17 41.20 11 

G4 3876.58 0.82 121920.1  14 58081.7  3 1.065 11302.2 3 0.90 8 2 13 42.67 13 

G5 3472.66 0.37 212016.7  22 257562.3  22 1.492 54667.6 22 0.86 10 2.73 20 68.02 23 

G6 3092.32 0.79 234478.4  23 143955.5  15 1.142 29970.4 15 0.81 14 1.93 12 60.50 21 

G7 3871.57 0.66 125930.8  15 91213.1  10 1.105 18504.7 10 0.86 10 1.33 5 45.28 15 

G8 5590.74 0.14 18327.4  1 341905.2  25 0.209 73003.0 25 0.21 24 1.4 7 11.99 1 

G9 4140.99 0.29 118400.8  13 130335.2  13 1.040 27009.5 13 0.79 16 2.13 15 41.75 12 

ASV= AMMI Stability Values  Pi=Superiority measure; Wi= Wricke’s E; ri2=Shukla; bi=Eberhart, R2  coefficient of determination, Si(1) variance of 

genotypes across environments , CV% coefficient of variations G1-25 refers to genotypes code and R=rank
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9. 3.5 AMMI biplot 

 

The genotypes more stable are the nearest to the origin(x and y) in consequence their yield 

across all environments are similar (Figure9.1).The  AMMI biplot indicate that G24 gave the 

highest average grain yield (4462.5 kg/ha) and had an IPCA-1value relatively close to zero 

(0.02889) indicating that it was stable and widely adapted genotypes (Figure 9.1). Beyond 

grain yield, high stability is an important objective for selection of genotypes in any crop 

breeding program. Hence, genotype 20 had the lowest IPCA-1 (0.01629) and medium grain 

yield of 4231.6 kg/ha. This was followed by genotype G4, G16, and G7 relatively showed low 

average yield of 3876.6kg/ha, 3583.3kg/ha and 3871.6 kg/ha with IPCA-1 of 0.0589, 0.09448, 

and 0.07172 respectively. Genotypes 8 and 25 showed better yield compared to average grain 

yield but had relatively high IPCA-1 scores of 0.83468 and 0.57775, respectively. These 

genotypes would be more adapted to specific environments than the other genotypes. On the 

contrary,Genotypes 13, 1 and 6 were among the lowest yielding ones with the highest IPCA-1 

score of 0.34811, 0.214352 and 0.540224 considered as both low yielders with relatively less 

stable genotypes. The performance of genotypes in each location, for instance, the Genotypes 

19, 8, 14 and 25 have better yield than G12, G11, G6 and G5 at Debre-Zeit clay soil. The 

environments categorized as similar were Gimbich with Akaki; Debre-Zeit sandy loam soil, 

Alemtenaand Debre-Zeit clay soil. 

 

 



151 

 

 

 

 

Grain yield 

Figure 9.  1.AMMI biplot for grain yield of durum wheat genotypes versus IPCA-1 for 25 

genotypes tested across six environments. 

 

9.3.6. Genotype and genotype by environment interaction (GGE) biplot 

 

GGE biplot of 25 durum wheat genotypes evaluated at six environments are given in Figure 

(9.2). In the GGE analysis polygon view of biplot is been used to identify “which wins where” 

in mega environment trial data analysis. As per this study, four vertex genotypes identified as 

superior among the genotypes grouped together in the each environment. According to Yan 

(2002) vertex genotypes has higher yield than the other genotypes which are in the same 

environments. Stable genotypes and environments were found close to the origin with IPCA-1 

and IPCA-2 values showed almost zero. Accordingly, G2 followed by G3were closer to the 

origin and their average grain yield was higher than the mean average yield of genotypes. In 

contrast, G13, G11, G8, G25 and G16 were found far from origin indicating that they perform 

differently across testing environments and could be categorized as unstable genotypes. The 
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GGE biplot grouped the testing environments in to two broad category (mega environments) 

suggesting that testing the genotypes in limited number of environments resulted in similar 

findings without losing the precisions of G x E study.  Akaki with Gimbichu and Alemtena, 

Debre-Zeit sandy soil and Debre-Zeit clay soil grouped together. Debre-Zeit clay soil 

environment could be used as the most discriminating testing site where as Minjar was lowest 

as they had long and short vector from the origin respectively. 

 

 

IPCA 1 (56.24 %) 

Figure 9.  2.GGE biplot for identification of winning genotypes and their mega environments. 

twenty five durum wheat genotypes at six  environments. 

9.4. Conclusions 

In conclusion the genotype by environment study on durum wheat indicated the existence of 

highly significant vartions on environments, genotypes and their interactions. The largest 

variation accounted by environments, followed by GEI and then genotypes. The stability 

analysis parameteric measures identified G-24 as the most stable genotype followed by G-3 
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with above avaerge grain yield. Some stability parameters (Wricle’s and Shukla) showed 

similar rankings of genotypes with different magnitudes and identified Genotypes 1, 24, 4. 10 

and 17 as the most stable genotypes. GGE biplot analysis categorized the environments in to 

two mega environments where Akaki and Gimbichu grouped together and that of Debre-Zeit 

light textured and black soil and Alemtena in the second mega environment and Minjar 

remained alone. 
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10. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

 

10.1. Summary and Conclusions 

Durum wheat is among the cereal crop grown in Ethiopia. However, its production and 

productivity is very low due to drought and genotype by environment interactions. The genetic 

diversity of tetraploid wheat is also affected by continuous replacement of landraces by 

modern wheat varieties. The objectives of the study were to assess and estimate genetic 

erosion, drought tolerance and genotype by environment interactions of durumwheat in 

Ethiopia. The present studies were carried out based on field survey and experimental 

evaluation of various durum wheat genotypes obtained from both national and international 

sources. Data were analyised using different statistical packages. 

 

In general, the approaches used to estimate genetic erosion revealed that high loss of 

genotypes has occurred in all the study districts. Based on farm visit survey, the loss of 

genotypes was found to be 87.5% in Dukem-Akaki followed by 80% in Lume and 60% in 

Gimbichu districts. Out of 16 local varieties in Ada and 15 in Lume and Gimbichu that existed 

in 1990, no local variety in Ada, only one in Lume and 5 local varieties were grown in 

Gimbichu during the 2017 cropping season. Similarly, based on the information from the 

famers interviewed, the loss of diversity in the study districts was estimated to be 100 in Ada 

district, where all farmers’ and old improved durum wheat varieties were lost followed by 

Lume (93.3%) and Gimbichu (66.7%). The total loss in Ada could be mainly due to agro-

ecological similarity and proximity to Debre-Zeit Agricultural Research Center where 

improved durum wheat varieties are developed and promoted aggressively. In Gimbichu 

district, still many cultivated areas are covered by landraces, but the number of landraces and 

level of diversity need to be investigated using phenotypic and molecular analysis. The most 

important reason for loss of landraces in Ada, Lume and Gimbichu districts is disease mainly 

stem rust followed by terminal drought associated with short growing seasons. The availability 

of better yielding improved bread and durum varieties were also among the causes why 

farmers in these districts stopped or reduced growing local durum wheat varieties. Overall, 

genetic erosion on durum wheat was observed in the three districts, although the rates of 

erosion differ between districts depending on proximity to research centers and accessibility to 
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seeds of improved varieties. The reductions in the number of farmers growing and area 

coverage by landraces in the study districts could be used as good indicator for the existence 

of genetic erosion.  

 

Based on the result of the study, there should be immediate in-situ conservation and utilization 

intervention should be made on tetraploid wheat landraces particularly at Ada and Lume 

districts. At Gimbichu district because of better diversity and utilization especial emphasis 

should be given for in-situ conservation.  

 

Terminal drought is the main factor limiting the yield of cereals in rain-fed crop production 

systems of Ethiopia. Terminal drought had highly significant effect on grain yield per plot, 

aboveground biomass, spike length, days to heading and grain filling period. Grain yield and 

straw yield showed the highest phenotypic coefficients of variations and genetic advance, 

whereas days to maturity and harvest index had the lowest values in that order. Across traits, 

the broad sense heritability was lowest (12 %) for harvest index and highest for days to 

heading (91%) followed by grain filling period (73%).None of the traits had high GCV 

values indicating that the effect of drought was severe for trait expressions. The existence of 

high heritability for days to heading and grain filling period along with low genetic advance 

of 5.15 and 3.01 suggested that the variation observed may not indicate the expression of 

additive gene action. Five principal components (PCs) with eigenvalue between 1.1 and 3.73 

explained a cumulative of about 78.6% of the total phenotypic variability observed among 

the durum wheat genotypes. Cluster analysis also classified the 64 durum wheat genotypes 

into five groups. Overall, the present study revealed that there is sufficient variability existed 

in durum wheat genotypes tested under terminal drought environment. 

 

Normalized difference vegetative index (NDVI) is considered as potential screening tool for 

complementing visual selection of genotypes through detecting stay green traits under 

moisture stress. Measurements of NDVI were made five times on sunny days between booting 

to physiological maturity and associated with final grain yield. The results suggested that 

Genotype 63 on the light textured soils and genotype 33 on black clay soil scored the 

maximum NDVI value (0.84) at booting stage, and started to decline from this onwards. NDVI 
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allowed better yielding lines to be identified. For instance, Genotypes 29, 30, 31 21 and 16 

were among the top yielding lines and showed consistently high NDVI values at different 

growth stages in both types of soils. The NDVI scores highly significantly and consistently 

associated with yield were at grain filling and anthesis stages on both soil environments. 

NDVI at maturity showed non-significant and very weak correlations in both soil types. 

 

Drought tolerance screening and identification of durum wheat genotypes using indices were 

performed. The results of the combined analysis of variance showed that moisture, genotypes 

and their interaction had highly significant (p≤0.01) effects on grain yield. Significant and 

positive phenotypic and genotypic correlation coefficient were found between grain yield 

under low moisture stress condition with indices DRI, REI, GMP, MP and STI suggesting that 

these indices would enable to identify drought tolerant genotypes.Similarly under stressed 

environment. Principal component analysis (PCA) classified the indices and yield under low 

moisture and non-stress conditions into two major components which explained about 98% of 

the total variation. Cluster analysis also grouped the germplasm into five different clusters 

having various characteristics. Overall, characterization of durum wheat germplasm for low 

moisture stress using different analyses identified G-16, G-763, G-31, G-119, G-63 and G-30 

as drought tolerant genotypes. Drought resistance indices (DRI) and Yield stability indices 

(YSI) could be regarded as good indices for identification of drought tolerant lines. Mean 

productivity (MP), Geometric mean productivity (GMP), and Relative efficiency indices (REI) 

were the best indices to identify suitable genotypes to both low moisture stress and non 

moisture stressed environments. 

 

In similar drought study of durum wheat genotypes  screened under well watered and drought 

stressed conditions, induced at heading-anthesis stage variations were observed for all the 

traits except days to heading and anthesis and between normal and stress condition and also 

among studied genotypes as well as interaction effects of moisture environment and 

genotypes. The finding of this study also showed that moisture stress had significant 

diminishing effect on all traits, except days to heading and spikelet number. Drought stress 

reduced grain yield (48.3%), grain filling period (41.7%), grain weight per spike (29.6%) and 

1000 grain weight (18.3%) and number of kernels per spike (16.3%). The correlation of grain 
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filling with grain yield was strongly positive and highly significant under moisture stress 

(0.83) than under non-moisture stress (0.41) condition, indicating that indirect selection for 

improving grain yield through this trait would be effective under terminal moisture stress 

environment.The path coefficient analysis also identified the direct effect of grain filling rate 

on grain yield under both non-stress and stress condition. Thousand kernel weight, kernel 

number, above ground biomass, harvest index, kernel number per spikelet and grain weight 

per spike had similar trend and they were positively and significantly correlated with grain 

yield under both moisture stress and non-moisture stress conditions. Grain yield was 

negatively correlated with days to heading, days to anthesis, and days to maturity, but it 

showed a non-significant and positive association with grain filling duration, although the 

association was weak under moisture stress. Based on the finding of the study, the best 

identified genotypes as drought tolerant under moisture stress environment were genotypes 31 

and 30 with yield reduction of 23.9% and 38.6%, respectively..  Six genotypes (55, 30, 31, 91, 

15 and 58) were found among the top 10% high yielding genotypes and showed superior 

performance in both drought stress and well-watered non-moisture stress conditions. 

 

Genotype x environment interaction is of great interest in breeding plant cultivars for variable 

environments. In this study, the protein contents of 25 selected durum wheat genotypes tested 

over six environments during the 2017 main rainy season were used with the objectives of 

evaluating the presence of genotype by environment interactions and identifying stable 

genotypes using different stability parameters. Protein content was determined based on 

MininfraSmartT Grain Analyzer.  The combined analysis of variance indicated highly 

significant effects of genotypes, environments and their interactions on grain protein content. 

The largest variation was accounted for by environments (81.1%), followed by GEI (13.6 %) 

and then genotypes (5.3%). The stability analysis using parametric measures identified 

genotype G23 as the most stable followed by G1 with above average grain protein content of 

14.47 % and 15.09 %, respectively. Some stability parameters (Wricle’s and Shukla) showed 

similar rankings of genotypes with different magnitudes and identified genotypes G19 and G9 

as the most stable ones. The AMMI analysis also showed that the first two IPCAs explained 

about 70% of the variations in GEI. GGE biplot analysis categorized the environments into 

three, where Akaki and Gimbichu which attained the lowest protein content below the 
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standard protein content of 13%, grouped together,  while  Debre-Zeit light soil and Alemtena 

with maximum protein content percent grouped in the second group of  environment, and 

Minjar and Debre-Zeit clay soil in the third group of environments. Overall, G1 was identified 

as the most superior protein content genotype with high stability based on stability parameters 

and AMMI biplot analysis. 

 

Genotype x environment interaction analysis of 25 selected durum wheat genotypes showed 

highly significant effects of genotypes, environments and their interactions on grain yield. The 

largest variation accounted by environments (60.6%), followed by GEI (20.6%) and then 

genotypes (18.2%). The stability analysis using parametric measures identified G-24 as the 

most stable genotype followed by G-23 with above average grain yield. Some stability 

parameters showed similar rankings of genotypes with different magnitudes and identified 

genotypes 1, 24, 4, 10 and 17 as the most stable genotypes. The AMMI analysis also showed 

that the first two IPCAs showed significant variations and explained about 61% of GEI. GGE 

biplot analysis categorized the environments in to two mega-environments, where Akaki and 

Gimbichu grouped together and Debre-Zeit light and black soil, and Alemtena in the second 

mega environment, and Minjar remained alone. 

 

10.2. Recommendations 

 

 In-situ conservation and utilization of tetraploid wheat need to be strengthened to save 

the rapid replacement of landraces particularly at Gimbichu district where sufficient 

variability is still existed.  

 The breeding program needs to exploit the existing variability through direct selection 

and/or hybridization. 

 Normalized difference vegetative index (NDVI) would be considered as potential 

screening tool through detecting stay green traits under moisture stress. 

 DRI, REI, GMP, MP and STI  could be used to identify drought tolerant genotypes 

 Genotypes 30 and 31 with yield reduction 23.9 and 38.6 % of identified as drought 

tolerant genotypes and  need to promote for further evaluation 
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 At Akaki and Gimbichu and similar highland vertisols environments, it is not possible 

to produce high quality durum wheat grain that meet the minimum standard. 

 In general, durum wheat production should be extended from traditional highland 

vertisols to non-traditional lowland environments of Ethiopia to meet the industrial 

quality. 

 

THE WAY FORWARD 

 

 The study of genetic erosion need to be complemented by molecular data. 

 It would be important to classify tetraploid wheat in to different subspecies and 

evaluate as well as utilize for different stresses (emerging constraints) in order to 

maintain for future generation. 

 Conventional screening need to be complemented by molecular and in-vitro techniques 

on drought tolerance in order to exploit and conserve the existing diversity. 

 Works on root imaging and scanning need to be conducted in order to generate 

complete information in drought tolerant. 

 Eco-physiological studies would be required to complement drought tolerance study. 

 Screening for heat stress that may confound with drought and therefore would be 

required in the future work. 

 NDVI as stay green trait and other physiological traits need to be used in future 

drought screening breeding and other related work.  
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11. APPENDICES 

 

Appendix Table 11. 1. Questionnaire for genetic erosion for field survey in Durum Wheat 
 

Crop _______ 

Interview no_____ 

Interviewer________________ 

Identification of personal interviewed 

Name___________________ 

Sex_____ 

Address_____ 

Age_____ 

Length of residence 

Cell phone_________ 

Notes_____ 

General information about landholding 

Location of landholding_____ 

Agro ecology zone/climate_____ 

Soil type_____ 

Proximity to central town 

Size of land holding total____ 

  1.____ 

  2,____ 

  3.____ 

  4.____ 

Do you use inorganic fertilizer? _____ 

Do you use herbicides? _____ 

Do you access to improved varieties? _____ 

Do you own animals? What and how many? _____ 

How many times did an extension agent visit the villages in the past? 

Notes______________________ 
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3, How many varieties of the crop (DW) do you Know? 

 

 Local name Land race or 

modern? 

L or M 

Translation 

of name 

Do you 

grow it? 

(Y/N) 

If not, did 

you use 

to grow 

it?  

Does ant 

one else 

grow it in 

the area? 

If not, does anyone 

use to grow it in 

the village? 

(Y/N) 

1        

2        

3        

4        

5        

6        

 

 4. Information on the crop variety grown by farmers 

 

Variety Principal 

characteristics 

Name Uses Reason why 

farmers 

grow the 

variety 

Trend in the area cultivated 

 

By 

farmers 

In the area 

      

      

      

      

 

1) Decreasing____ 

2) Increasing____ 

3) Stable_____ 

5. In the past 5-10 years, the number of local varieties has 

On your farm                                                                                    In your villages 

1) Increased ___                                                                                     1. Increased____ 

2) Decreased ___                                                                                    2.Decreased____ 

3) Stayed same ____                                                                               3.Stayed same_____   

6. If the number has decreased, why have you or others stopped growing some local varieties 

in the last few years? 

 

Which varieties? When did it happen? Why did it happen? 

   

   

   

   

 

7. Does it matter to you that these varieties are no longer being grown in the village? If so 

Why? Do you think it would be possible to find them elsewhere? 
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8. Would you like to grow more varieties? 

 

Which one? Why? 

  

  

  

  

 

9. What are the main problems in the farming of this crop? 

Appendix Table  11. 2. Local durum wheat varieties grown by farmers in Gimbichu, Lume 

and Ada districts of central highland of Ethiopia, 1991 

 

No Gimbichu No Lume No Ada 

1 TikurSinde(loko) 1 Selale 1 Kore 

2 Bokakie 2 Hottosali 2 Gelano 

3 Mate 3 Bokakie 3 Selalie 

4 Gelano 4 Ofene 4 Gojamie 

5 Kulubo 5 mate 5 ofene 

6 Selale 6 Loko 6 Gebre 

7 Hottosali 7 Abesha Sinde 7 Bukakie 

8 Ofene 8 Giru 8 Geja 

9 Aybo(Serto) 9 Gnaran Kulae 9 Azazie 

10 Gelalie 10 Kulubo 10 Baundie 

11 Jerufe 11 Gelano 11 Gufare 

12 KindbeTikur 12 Mamba 12 Kinfeno 

13 Set akurie 13 Azazie  13 Aybo 

14 Koker   14 Loko 

15 AbeshaSinde     

16 Giru     

17 GnaranKulae     

 

Sources: Workneh et. al. 1992 
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Appendix  Table 11. 3. Mean grain yield, above biomass, and straw and yield componemts on durum wheat genotypes tested at Debre-

Zeit light textured soil in 2016 

Geno GY AGY Pro TKW AGBM SYD KWPS SLA NSPIPS NKPSA PTHT GYPSA 

1 209.85 254.5532 17.4 29.85 962.35 752.5 0.74 6.495 15 24.5 79 0.72667 

2 135.3 161.4824 18.25 26.4 677.8 542.5 0.595 5.49 12.9 22.5 68.3 0.59495 

3 185.4 229.4289 20.6 31.7 860.4 675 0.805 4.745 14.585 29.035 82 0.918212 

4 209.75 259.3824 19.25 25.75 729.75 520 0.665 4.93 14.3 28.95 82 0.7462 

5 239.3 292.8611 17.1 31.75 899.3 660 0.88 5.61 15.475 27.61 75.3 0.877365 

6 164.3 203.0061 18 27.9 616.8 452.5 0.815 5.24 14.33 29.72 83.1 0.818928 

7 162.85 201.547 20.1 29.5 638.35 475.5 0.765 4.335 11.1 24.95 63.3 0.7352 

8 243.45 296.3622 19.6 29.95 728.45 485 0.92 4.85 13.2 33.325 65.7 1.014505 

9 215.2 265.6912 20.1 26 647.7 432.5 0.8 5.275 14.95 30.7 69 0.79868 

10 200.8 247.0449 20.05 29.4 628.3 427.5 1.015 5.15 17.6 27.75 72.8 0.81565 

11 227.6 284.5 17.65 34.7 757.6 530 0.91 4.345 14.06 26.455 69.1 0.924774 

12 300 360.6496 18.05 30.7 967.5 667.5 0.995 5.905 15.855 31.3 87.2 0.98953 

13 212.55 261.2404 18.35 40.1 730.05 517.5 1.36 5.39 15.7 35.1 89.85 1.43325 

14 266.05 321.2185 18.55 29.35 723.55 457.5 0.805 5.255 15.45 31.9 90.3 0.93586 

15 164.45 201.5927 16.15 25.85 609.45 445 0.655 5.42 14.95 27.85 59.9 0.697505 

16 256.9 316.6214 18.85 29.45 726.9 470 0.965 5.425 16.4 39.83 69.5 1.187797 

17 275.45 339.2842 18.95 31.8 940.45 665 1.13 6.685 15.55 37.25 75.5 1.13005 

18 246.55 310.912 19.15 23.7 764.05 517.5 0.915 5.23 15.8 38.25 66.6 0.90825 

19 260 318.7188 19.9 35.4 957.5 697.5 1.115 4.74 14 31.55 83.4 1.11412 

20 210.3 254.3089 19.55 33.05 767.8 557.5 0.775 4.7 13.7 26.375 85.5 0.87067 

21 300.8 361.9367 16.85 30.9 870.8 570 0.87 5.75 14.55 27.95 70.8 0.869655 

22 202.2 242.9677 17.35 30.7 872.2 670 0.96 5.035 15.04 33.87 76.7 0.998553 

23 220.75 270.4046 18.75 30.25 903.25 682.5 0.825 6.34 14.7 26.45 83.6 0.81094 

24 230.35 276.9897 20.45 29.8 1097.85 867.5 0.81 7.535 15.55 27.15 78.1 0.808875 

25 235.9 286.9573 19.6 23.7 1003.4 767.5 0.665 6.06 15.45 27.95 75.7 0.664515 

26 221.05 271.1736 19.15 25 963.55 742.5 0.645 6.075 16 27.05 74.2 0.68111 
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27 159.45 181.9193 20.3 28.15 796.95 637.5 0.69 5.575 14.865 28.2 76.6 0.79455 

28 224.25 280.39 18.5 29.8 844.25 620 0.785 6.29 15.45 27.8 85.4 0.82628 

29 244 293.1003 17.55 32.1 816.5 572.5 0.85 5.395 14.3 27.2 83.2 0.88368 

30 323.6 388.5333 16.6 34.8 1036.1 712.5 1.19 5.05 15.5 33.4 89.1 1.16169 

31 246.5 294.7951 19.1 29 869 622.5 0.795 6.25 14.76 27.635 77.1 0.795125 

32 313 370.5534 18.05 33.7 1003 690 1.06 7.79 16 28.65 85.9 0.96566 

33 220.75 263.1182 16.8 35.55 755.75 535 0.8 4.055 12.2 24.015 66.3 0.837876 

34 271.45 339.3125 15.35 38.55 793.95 522.5 1.19 4.49 14.06 29.705 66.9 1.144729 

35 195 248.0156 18.45 32.05 652.5 457.5 1.06 4.98 14.81 33.16 78.5 1.061014 

36 257.45 318.6299 18.2 37.05 679.95 422.5 1.13 5.295 15.45 28.8 67.7 1.100205 

37 183.35 220.844 17.85 23.6 690.85 507.5 1.305 5.105 15.45 34.4 67.1 0.80612 

38 218.55 270.625 13.6 32.25 751.05 532.5 0.86 5.33 14.68 28.285 71.8 0.910623 

39 257.25 321.5625 18.55 26.9 892.25 635 0.865 4.54 14 32.1 70.6 0.86469 

40 178.7 214.9685 18.8 23.8 746.2 567.5 0.63 5.525 13.85 27.45 64.7 0.64047 

41 247.75 303.7099 14.65 32.25 820.25 572.5 0.855 4.89 14.35 26.7 67.6 0.85596 

42 105.7 127.4017 19.85 25.3 653.2 547.5 0.725 4.885 14.8 32.05 69.6 0.81067 

43 176 220.722 19.7 26.85 721 545 0.785 4.79 13.54 29.155 64.2 0.779938 

44 195.45 244.3125 19.5 27.65 715.45 520 0.99 5.44 15.75 36.7 63.3 0.990755 

45 144.45 181.9738 18.55 31.85 694.45 550 0.775 5.385 15.5 24.9 66.3 0.761335 

46 209 259.7754 20.55 28.6 801.5 592.5 0.795 5.195 14.9 27.85 65.7 0.7953 

47 198.85 245.7892 19.05 25.4 681.35 482.5 0.57 5.01 14.6 29.95 66.1 0.77048 

48 238 293.0299 16.95 36.95 850.5 612.5 1.02 5.065 14.85 32.1 84.1 1.19018 

49 211.95 263.5829 18.25 32.65 658.95 447 0.945 4.575 13.65 29.05 62 0.94528 

50 201.95 239.1842 16.4 44.05 636.95 435 1.31 4.66 13.85 31.8 62.9 1.400495 

51 207.5 249.5943 15.95 29.75 727.5 520 0.96 5.18 15.75 34.3 64.2 1.00328 

52 204.4 255.5 14.7 35.85 809.4 605 1.045 4.975 14.3 27.9 79.2 1.03081 

53 214.25 258.7014 17.6 27.8 739.25 525 0.84 6.175 15 31.3 73.6 0.84038 

54 173.8 223.5332 17.9 35.8 583.8 410 0.85 4.915 12.75 24.15 72.6 0.864135 

55 160.9 183.6024 19.65 21.75 585.9 425 0.8 5.23 15.65 37.2 60.3 0.801515 

56 209.8 257.0288 18.75 33.1 787.3 577.5 0.995 4.585 15.45 30.4 63.5 0.9944 
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57 184.6 219.9383 18.4 33.65 609.6 425 0.81 5.05 13.05 24.6 65.2 0.82194 

58 204.15 256.4609 18.45 38.9 654.15 450 0.99 4.52 13.4 25.4 78.2 0.98986 

59 208.15 250.0057 17.4 38.7 703.15 495 1.3 4.94 14.2 33.35 69.7 1.28685 

60 166.8 196.739 17.4 31.1 546.8 380 0.945 5.04 14 30.95 60.2 0.955835 

61 152.95 187.062 19.05 26.15 457.95 305 0.805 5.055 14.1 30.45 58 0.800615 

62 160.95 203.7432 18.95 34 483.45 322.5 0.92 4.765 12.85 27.1 63 0.91942 

63 163.15 198.0023 18.5 31.8 580.65 417.5 0.9 4.655 13.3 28.3 66 0.89978 

64 170.95 220.7386 17.7 34 553.45 382.5 0.835 4.225 12.835 25.685 59 0.874848 
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Appendix 11. 4. Mean NDVI values recorded on durum wheat at different developmental 

stages, Debre-Zeit black soil, 2016 

 

Genotypes 

Boot 

 

Head 

 

Anthesis 

 

Grainfill 

 

Mature 

 

1 0.82 0.75 0.69 0.60 0.14 

2 0.78 0.77 0.69 0.56 0.15 

3 0.79 0.72 0.63 0.55 0.15 

4 0.72 0.70 0.59 0.46 0.17 

5 0.79 0.69 0.66 0.54 0.14 

6 0.78 0.68 0.61 0.46 0.15 

7 0.78 0.71 0.67 0.55 0.15 

8 0.72 0.73 0.69 0.64 0.18 

9 0.79 0.73 0.66 0.53 0.15 

10 0.77 0.74 0.67 0.60 0.15 

11 0.76 0.75 0.68 0.59 0.19 

12 0.75 0.67 0.57 0.51 0.15 

13 0.73 0.61 0.57 0.49 0.14 

14 0.68 0.62 0.56 0.48 0.13 

15 0.80 0.78 0.70 0.60 0.16 

16 0.73 0.69 0.66 0.61 0.15 

17 0.70 0.66 0.65 0.58 0.16 

18 0.79 0.74 0.71 0.60 0.16 

19 0.76 0.71 0.57 0.44 0.12 

20 0.80 0.68 0.64 0.49 0.15 

21 0.80 0.64 0.62 0.52 0.14 

22 0.84 0.81 0.70 0.56 0.15 

23 0.82 0.75 0.69 0.57 0.14 

24 0.79 0.75 0.75 0.56 0.15 

25 0.80 0.77 0.66 0.48 0.17 

26 0.82 0.77 0.70 0.55 0.14 

27 0.82 0.80 0.69 0.57 0.15 

28 0.83 0.79 0.68 0.56 0.15 

29 0.79 0.77 0.70 0.55 0.16 

30 0.83 0.81 0.75 0.66 0.16 

31 0.79 0.80 0.73 0.65 0.15 

32 0.81 0.73 0.67 0.56 0.16 

33 0.61 0.52 0.51 0.39 0.15 

34 0.61 0.57 0.49 0.43 0.13 

35 0.74 0.63 0.50 0.43 0.14 

36 0.71 0.60 0.56 0.37 0.14 

37 0.75 0.62 0.56 0.45 0.14 

38 0.77 0.66 0.67 0.43 0.14 

39 0.70 0.67 0.57 0.35 0.14 

40 0.72 0.66 0.59 0.43 0.16 

41 0.75 0.65 0.59 0.53 0.15 
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42 0.71 0.63 0.55 0.46 0.16 

43 0.72 0.64 0.64 0.48 0.16 

44 0.78 0.70 0.62 0.49 0.15 

45 0.68 0.63 0.61 0.45 0.15 

46 0.69 0.64 0.56 0.51 0.17 

47 0.77 0.70 0.64 0.50 0.17 

48 0.78 0.68 0.56 0.48 0.14 

49 0.72 0.67 0.56 0.53 0.15 

50 0.73 0.68 0.62 0.50 0.15 

51 0.74 0.67 0.62 0.51 0.14 

52 0.72 0.69 0.67 0.52 0.14 

53 0.82 0.75 0.66 0.59 0.14 

54 0.80 0.73 0.69 0.51 0.16 

55 0.77 0.71 0.64 0.58 0.17 

56 0.75 0.70 0.65 0.51 0.15 

57 0.83 0.74 0.68 0.56 0.15 

58 0.82 0.73 0.64 0.56 0.14 

59 0.79 0.70 0.65 0.53 0.14 

60 0.83 0.74 0.72 0.63 0.16 

61 0.78 0.75 0.68 0.56 0.14 

62 0.79 0.73 0.72 0.59 0.13 

63 0.79 0.73 0.69 0.54 0.15 

64 0.82 0.71 0.64 0.57 0.16 

 

Appendix  Table 11. 5. Mean NDVI values recorded on durum wheat at different 

developmental stages, Debre-Zeit sandy clay, 2016 

 
 

Genotype

s 

 

Boot 

 

 

Head 

 

Anthesis 

 

Grain filling 

 

 

Mature 

1 0.81 0.73 0.55 0.39 0.16 

2 0.78 0.71 0.61 0.38 0.17 

3 0.81 0.68 0.55 0.39 0.18 

4 0.81 0.64 0.55 0.37 0.17 

5 0.80 0.69 0.61 0.43 0.19 

6 0.74 0.66 0.49 0.37 0.12 

7 0.79 0.70 0.60 0.41 0.20 

8 0.79 0.69 0.58 0.40 0.20 

9 0.83 0.68 0.60 0.44 0.15 

10 0.80 0.67 0.57 0.38 0.14 

11 0.76 0.69 0.57 0.43 0.21 

12 0.81 0.70 0.55 0.41 0.15 

13 0.81 0.66 0.56 0.41 0.15 

14 0.82 0.68 0.51 0.38 0.14 

15 0.82 0.75 0.64 0.49 0.21 



170 

 

 

 

16 0.81 0.74 0.67 0.45 0.21 

17 0.83 0.71 0.62 0.28 0.15 

18 0.83 0.74 0.63 0.45 0.17 

19 0.78 0.69 0.59 0.42 0.16 

20 0.81 0.64 0.59 0.39 0.17 

21 0.79 0.70 0.62 0.43 0.18 

22 0.84 0.74 0.60 0.47 0.16 

23 0.81 0.74 0.64 0.46 0.16 

24 0.84 0.76 0.66 0.49 0.19 

25 0.83 0.75 0.60 0.41 0.17 

26 0.82 0.73 0.64 0.45 0.18 

27 0.80 0.71 0.55 0.41 0.15 

28 0.83 0.71 0.58 0.44 0.20 

29 0.82 0.73 0.61 0.41 0.16 

30 0.83 0.73 0.59 0.46 0.15 

31 0.81 0.74 0.62 0.44 0.15 

32 0.81 0.74 0.64 0.51 0.15 

33 0.61 0.47 0.40 0.31 0.16 

34 0.70 0.58 0.45 0.34 0.15 

35 0.74 0.57 0.46 0.31 0.16 

36 0.79 0.59 0.49 0.33 0.16 

37 0.77 0.63 0.47 0.32 0.16 

38 0.77 0.64 0.51 0.38 0.17 

39 0.81 0.62 0.47 0.32 0.15 

40 0.77 0.62 0.52 0.35 0.15 

41 0.80 0.63 0.52 0.34 0.17 

42 0.79 0.64 0.50 0.32 0.14 

43 0.80 0.62 0.47 0.33 0.15 

44 0.76 0.58 0.46 0.31 0.16 

45 0.77 0.64 0.49 0.32 0.15 

46 0.78 0.60 0.49 0.35 0.17 

47 0.75 0.58 0.45 0.35 0.15 

48 0.68 0.52 0.48 0.38 0.16 

49 0.66 0.50 0.41 0.29 0.15 

50 0.65 0.50 0.41 0.27 0.14 

51 0.78 0.55 0.40 0.27 0.14 

52 0.72 0.53 0.40 0.28 0.13 

53 0.73 0.60 0.43 0.31 0.14 

54 0.70 0.56 0.44 0.31 0.15 

55 0.72 0.52 0.40 0.28 0.14 

56 0.81 0.61 0.50 0.33 0.16 

57 0.67 0.54 0.46 0.33 0.12 

58 0.75 0.51 0.42 0.31 0.16 

59 0.74 0.49 0.39 0.27 0.13 

60 0.69 0.48 0.42 0.30 0.14 

61 0.66 0.47 0.39 0.28 0.14 

62 0.64 0.47 0.38 0.27 0.14 
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63 0.60 0.45 0.41 0.29 0.13 

64 0.63 0.44 0.37 0.31 0.16 

 

Appendix  Table 11. 6. Genotypes and accessions used in durum wheat drought screening 

experiments conducted at Debre-Zeit in 1917 dry season. 

 

No Genotypes names Sources No Genotypes names Source 

1 2015/16IDYT #2  DZARC 73 ICA - 54  GWC 

2 2015/16DW/LRPL #14  Landrace 74 ICA -  382  GWC 

3 238119/c  Landrace 75 ICA - 25  GWC 

4 236985  Landrace 76 MCD 7-9 Landrace  

5 MCD -6-14  Landrace 77 Acc 208474 Landrace 

6 236727  Landrace 78 ICA - 381  GWC 

7 ICA -62  GWC 79 15/16 IDYT #6  DZARC 

8 203882  Landrace 80 FLAKIT  Released 

9 238498  Landrace 81 15/16 DW/LRPL # 4  Landrace 

10 Hitosa  Released 82 ICA - 57  GWC 

11 Acc Chefe -2  Landrace 83 ICA - 378  GWC 

12 ICA- 61  GWC 84 DW/PVTLMA-SET-I-#20  DZARC 

13 15/16DW/LRPL # 9  Landrace 85 ICA - 384  GWC 

14 ICA- 46  GWC 86 ICA- 33  GWC 

15 DW/pvt LMA-SET- i-17  DZARC 87 GERARDO  Released 

16 ICA- 45  GWC 88 ICA- 383  GWC 

17 ICA-357  GWC 89 ICA-358  GWC 

18 Kilinto  Released 90 203762  Landrace 

19 ICA- # 355  GWC 91 ASASSA  Released 

20 ICA- 26  GWC 92 15/16 IDYT #5  DZARC 

21 Bichena  Released 93 15/16 IDYT #9  DZARC 

22 ICA - 48  GWC 94 IDON # 60 DZARC  

23 ICA-# 26  GWC 95 Acc 226803 (Brown purple)  Landrace 

24 ICA-# 34  GWC 96 ICA -58  DZARC 

25 MCD 1-16  Landrace 97 IDON #88  DZARC 

26 ICA- # 346  GWC 98 ICA- 20  GWC 

27 ICA- # 32  GWC 99 ICA-37  GWC 

28 YERER  Released 100 IDON # 95  DZARC 

29 ICA-38  GWC 101 ICA- 55  GWC 

30 ICA-73  GWC 102 13/14 DW/NVTLMA # 58  DZARC 

31 15/16DW/LRPL  31  Landrace 103 ICA - 65  GWC 

32 ICA - 52  GWC 104 GINCHI  Released 

33 238123  Landrace 105 Acc CHEFE -9  Landrace 

34 15/16DW LRPL #11  DZARC 106 MCD 9-16  Landrace 

35 ICA- 64  GWC 107 ICA - 43  GWC 

36 ICA -30  GWC 108 IDON - 20  DZARC 



172 

 

 

 

37 15/16DW/PVTOHMA-SET-I #6  DZARC 109 ICA - 41  GWC 

38 ICA- 353  GWC 110 ICA- 360  GWC 

39 ICA- 51  GWC 111 MUKIYE  Released 

40 TOLETU  Released 112 15/16DW/LRPL #182  Landrace 

41 ICA- 24  GWC 113 IDON #22  DZARC 

42 MCD- 1  Landrace 114 15/16 DW/LRPL #68  Landrace 

43 Acc2368039   Landrace 115 15/16IDYT #7  DZARC 

44 ARENDATO  Released 116 15/16DW/NVTOHMA #4  DZARC 

45 15/16DW/LRPL #1  Landrace 117 15/16IDYT #18  DZARC 

46 15/16 IDYT  #4  DZARC 118 UTUBA  Released 

47 ICA- 56  GWC 119 226804  Landrace 

48 QUAMY  Released 120 15/16IDYT #13  DZARC 

49 ICA- 374  GWC 121 ICA - 44  GWC 

50 13/14 NVTLMA # 13  DZARC 122 15/16IDYT # 16  DZARC 

51 226804  Landrace 123 15/16 IDYT #10  DZARC 

52 ICA-  356  GWC 124 Acc 214485  Landrace 

53 EJERSA  Released 125 IDON-87  DZARC 

54 ICA - 47  GWC 126 ICA -39  GWC 

55 MCD 1-21  Landrace 127 ICA- 74  GWC 

56 15/16DW/ LRPL # 3  Landrace 128 Acc 222321/C  Landrace 

57 ICA- 359  GWC 129 ICA -23  GWC 

58 UDE  Released 130 ICA-60  GWC 

59 ICA -354  GWC 131 ICA -32  GWC 

60 222796  Landrace 132 15/16 IDYT #11  DZARC 

61 15/16 DW/ LRPL #2  DZARC 133 ICA -313  GWC 

62 ICA - 28  GWC 134 Acc- 208746  Landrace 

63 ICA -29  GWC 135 Acc -214486  Landrace 

64 WERER  Released 136 204171/C  DZARC 

65 ICA -77  GWC 137 15/16 IDYT #20  DZARC 

66 236983  Landrace 138 15/16LRPL #231  DZARC 

67 ICA- 49  GWC 139 Acc-214279  Landrace 

68 13/14 DW/NVTLMA # 8  DZARC 140 15/16DWPVTOHMA #11  DZARC 

69 15/16DW/LRPL #7  Landrace 141 15/16DWNVTOHMA #10  DZARC 

70 ICA-50  GWC 142 15/16DWPVTSET-I- #13  DZARC 

71 DENBI  Released 143 15/16DWPVTSET-II- #12  DZARC 

72 ICA-53  GWC 144 Acc 214381  Landrace 
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Appendix 11. 7.Drought tolerance indices for durum wheat genotypes 

 

   

GEN YNS YST SSI RDI TOL MP STI GMP YI YSI ATI DRI SSPI DIN 

1 444.35 278.50 0.68 1.40 165.85 361.43 0.71 351.78 1.49 0.63 26117.19 0.93 19.82 0.37 

2 493.20 226.00 0.98 1.02 267.20 359.60 0.64 333.86 1.21 0.46 39933.55 0.55 31.93 0.54 

3 449.25 226.00 0.90 1.12 223.25 337.63 0.58 318.64 1.21 0.50 31843.84 0.61 26.68 0.50 

4 369.05 135.60 1.15 0.82 233.45 252.33 0.29 223.70 0.72 0.37 23377.71 0.27 27.90 0.63 

5 425.00 167.00 1.10 0.88 258.00 296.00 0.41 266.41 0.89 0.39 30768.63 0.35 30.83 0.61 

6 252.00 168.00 0.60 1.49 84.00 210.00 0.24 205.76 0.90 0.67 7736.95 0.60 10.04 0.33 

7 404.60 132.00 1.22 0.73 272.60 268.30 0.31 231.10 0.70 0.33 28200.80 0.23 32.58 0.67 

8 653.40 139.55 1.42 0.48 513.85 396.48 0.52 301.96 0.75 0.21 69458.69 0.16 61.41 0.79 

9 483.15 149.85 1.25 0.69 333.30 316.50 0.41 269.07 0.80 0.31 40145.83 0.25 39.83 0.69 

10 423.95 234.00 0.81 1.23 189.95 328.98 0.57 314.97 1.25 0.55 26781.83 0.69 22.70 0.45 

11 301.25 144.50 0.94 1.07 156.75 222.88 0.25 208.64 0.77 0.48 14639.99 0.37 18.73 0.52 

13 451.45 260.85 0.76 1.29 190.60 356.15 0.67 343.16 1.39 0.58 29279.18 0.80 22.78 0.42 

14 320.95 196.00 0.70 1.36 124.95 258.48 0.36 250.81 1.05 0.61 14028.74 0.64 14.93 0.39 

15 671.05 256.00 1.12 0.85 415.05 463.53 0.98 414.47 1.37 0.38 77007.60 0.52 49.60 0.62 

16 374.40 305.50 0.33 1.82 68.90 339.95 0.65 338.20 1.63 0.82 10431.06 1.33 8.23 0.18 
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17 425.35 186.00 1.02 0.98 239.35 305.68 0.45 281.27 0.99 0.44 30136.92 0.43 28.60 0.56 

18 472.85 254.50 0.84 1.20 218.35 363.68 0.69 346.90 1.36 0.54 33907.40 0.73 26.09 0.46 

19 157.50 68.20 1.03 0.97 89.30 112.85 0.06 103.64 0.36 0.43 4143.04 0.16 10.67 0.57 

20 235.25 42.00 1.49 0.40 193.25 138.63 0.06 99.40 0.22 0.18 8598.94 0.04 23.09 0.82 

21 389.55 240.00 0.70 1.38 149.55 314.78 0.53 305.76 1.28 0.62 20469.60 0.79 17.87 0.38 

22 276.65 153.50 0.81 1.24 123.15 215.08 0.24 206.07 0.82 0.55 11360.30 0.45 14.72 0.45 

23 415.40 94.00 1.40 0.51 321.40 254.70 0.22 197.60 0.50 0.23 28430.12 0.11 38.41 0.77 

24 220.30 96.00 1.02 0.97 124.30 158.15 0.12 145.43 0.51 0.44 8091.89 0.22 14.85 0.56 

25 667.00 209.00 1.24 0.70 458.00 438.00 0.80 373.37 1.12 0.31 76548.60 0.35 54.73 0.69 

26 477.75 294.50 0.69 1.38 183.25 386.13 0.80 375.10 1.57 0.62 30769.66 0.97 21.90 0.38 

27 486.00 298.00 0.70 1.37 188.00 392.00 0.83 380.56 1.59 0.61 32027.26 0.98 22.47 0.39 

28 112.95 65.00 0.77 1.29 47.95 88.98 0.04 85.68 0.35 0.58 1839.18 0.20 5.73 0.42 

29 374.35 303.00 0.35 1.81 71.35 338.68 0.65 336.79 1.62 0.81 10756.97 1.31 8.53 0.19 

30 670.60 384.50 0.77 1.28 286.10 527.55 1.47 507.79 2.05 0.57 65032.96 1.18 34.19 0.43 

31 563.65 334.50 0.74 1.33 229.15 449.08 1.08 434.21 1.79 0.59 44540.84 1.06 27.38 0.41 

32 454.15 263.00 0.76 1.29 191.15 358.58 0.68 345.60 1.40 0.58 29572.47 0.81 22.84 0.42 

33 483.10 279.60 0.76 1.29 203.50 381.35 0.77 367.53 1.49 0.58 33480.14 0.86 24.32 0.42 

34 382.95 240.00 0.68 1.40 142.95 311.48 0.52 303.16 1.28 0.63 19399.77 0.80 17.08 0.37 

35 237.85 174.00 0.49 1.63 63.85 205.93 0.24 203.44 0.93 0.73 5814.64 0.68 7.63 0.27 
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36 373.10 122.00 1.22 0.73 251.10 247.55 0.26 213.35 0.65 0.33 23981.42 0.21 30.01 0.67 

37 505.00 198.50 1.10 0.88 306.50 351.75 0.57 316.61 1.06 0.39 43440.23 0.42 36.63 0.61 

38 418.50 223.50 0.84 1.19 195.00 321.00 0.53 305.83 1.19 0.53 26696.65 0.64 23.30 0.47 

39 469.05 212.50 0.99 1.01 256.55 340.78 0.57 315.71 1.13 0.45 36257.41 0.51 30.66 0.55 

40 581.50 66.00 1.60 0.25 515.50 323.75 0.22 195.91 0.35 0.11 45207.58 0.04 61.60 0.89 

41 219.45 156.00 0.52 1.59 63.45 187.73 0.20 185.02 0.83 0.71 5255.30 0.59 7.58 0.29 

42 559.00 105.00 1.47 0.42 454.00 332.00 0.34 242.27 0.56 0.19 49237.06 0.11 54.25 0.81 

43 463.60 147.00 1.24 0.71 316.60 305.30 0.39 261.05 0.78 0.32 36997.89 0.25 37.83 0.68 

44 526.35 269.65 0.88 1.14 256.70 398.00 0.81 376.74 1.44 0.51 43291.15 0.74 30.68 0.49 

45 306.80 65.00 1.43 0.47 241.80 185.90 0.11 141.22 0.35 0.21 15285.38 0.07 28.90 0.79 

46 465.50 79.00 1.50 0.38 386.50 272.25 0.21 191.77 0.42 0.17 33178.64 0.07 46.19 0.83 

47 409.10 89.50 1.41 0.49 319.60 249.30 0.21 191.35 0.48 0.22 27375.92 0.10 38.19 0.78 

48 264.65 173.25 0.63 1.46 91.40 218.95 0.26 214.13 0.92 0.65 8761.02 0.61 10.92 0.35 

49 340.70 246.50 0.50 1.62 94.20 293.60 0.48 289.80 1.32 0.72 12220.28 0.95 11.26 0.28 

50 497.40 205.55 1.06 0.92 291.85 351.48 0.58 319.75 1.10 0.41 41774.10 0.45 34.88 0.59 

51 491.75 138.50 1.30 0.63 353.25 315.13 0.39 260.97 0.74 0.28 41268.15 0.21 42.21 0.72 

52 377.60 244.00 0.64 1.44 133.60 310.80 0.53 303.54 1.30 0.65 18153.20 0.84 15.97 0.35 

53 480.85 206.00 1.03 0.96 274.85 343.43 0.57 314.73 1.10 0.43 38723.08 0.47 32.84 0.57 

54 236.15 76.00 1.23 0.72 160.15 156.08 0.10 133.97 0.41 0.32 9604.25 0.13 19.14 0.68 
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55 639.30 366.00 0.77 1.28 273.30 502.65 1.34 483.72 1.95 0.57 59179.09 1.12 32.66 0.43 

56 699.35 291.50 1.06 0.93 407.85 495.43 1.16 451.51 1.56 0.42 82433.31 0.65 48.74 0.58 

57 389.15 200.50 0.88 1.15 188.65 294.83 0.45 279.33 1.07 0.52 23588.93 0.55 22.54 0.48 

58 638.90 316.00 0.91 1.10 322.90 477.45 1.15 449.32 1.69 0.49 64947.70 0.83 38.59 0.51 

59 464.95 195.50 1.05 0.94 269.45 330.23 0.52 301.49 1.04 0.42 36365.57 0.44 32.20 0.58 

60 502.80 195.50 1.11 0.87 307.30 349.15 0.56 313.52 1.04 0.39 43128.99 0.41 36.72 0.61 

61 509.10 222.50 1.02 0.98 286.60 365.80 0.65 336.56 1.19 0.44 43179.58 0.52 34.25 0.56 

62 233.60 86.50 1.14 0.83 147.10 160.05 0.12 142.15 0.46 0.37 9360.37 0.17 17.58 0.63 

63 329.00 354.50 -0,14 2.41 -25.50 341.75 0.67 341.51 1.89 1.08 -3898.36 2.04 -3.05 -0.08 

64 253.50 141.00 0.80 1.24 112.50 197.25 0.20 189.06 0.75 0.56 9521.09 0.42 13.44 0.44 

65 245.75 126.00 0.88 1.15 119.75 185.88 0.18 175.97 0.67 0.51 9432.86 0.34 14.31 0.49 

66 447.90 106.00 1.38 0.53 341.90 276.95 0.27 217.89 0.57 0.24 33348.65 0.13 40.86 0.76 

67 311.10 31.50 1.63 0.23 279.60 171.30 0.06 98.99 0.17 0.10 12390.20 0.02 33.41 0.90 

68 410.85 194.00 0.96 1.05 216.85 302.43 0.46 282.32 1.04 0.47 27405.50 0.49 25.91 0.53 

69 483.75 186.00 1.11 0.86 297.75 334.88 0.51 299.96 0.99 0.38 39981.07 0.38 35.58 0.62 

70 270.25 164.00 0.71 1.36 106.25 217.13 0.25 210.53 0.88 0.61 10013.12 0.53 12.70 0.39 

71 327.00 201.00 0.70 1.37 126.00 264.00 0.38 256.37 1.07 0.61 14460.33 0.66 15.06 0.39 

72 269.65 184.30 0.57 1.53 85.35 226.98 0.28 222.93 0.98 0.68 8517.30 0.67 10.20 0.32 

73 371.45 158.50 1.04 0.95 212.95 264.98 0.34 242.64 0.85 0.43 23130.14 0.36 25.45 0.57 
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74 604.50 200.50 1.21 0.74 404.00 402.50 0.69 348.14 1.07 0.33 62961.12 0.36 48.28 0.67 

75 206.65 129.95 0.67 1.40 76.70 168.30 0.15 163.87 0.69 0.63 5626.48 0.44 9.17 0.37 

76 313.90 281.00 0.19 2.00 32.90 297.45 0.50 296.99 1.50 0.90 4374.02 1.34 3.93 0.10 

77 283.25 240.50 0.27 1.90 42.75 261.88 0.39 261.00 1.28 0.85 4994.76 1.09 5.11 0.15 

78 385.50 238.05 0.69 1.38 147.45 311.78 0.52 302.93 1.27 0.62 19995.25 0.78 17.62 0.38 

79 427.05 222.50 0.87 1.16 204.55 324.78 0.54 308.25 1.19 0.52 28225.37 0.62 24.44 0.48 

80 295.15 203.00 0.57 1.54 92.15 249.08 0.34 244.78 1.08 0.69 10097.19 0.75 11.01 0.31 

81 326.65 231.00 0.53 1.58 95.65 278.83 0.43 274.69 1.23 0.71 11761.64 0.87 11.43 0.29 

82 297.05 131.00 1.01 0.99 166.05 214.03 0.22 197.27 0.70 0.44 14663.07 0.31 19.84 0.56 

83 420.50 190.50 0.99 1.01 230.00 305.50 0.46 283.03 1.02 0.45 29140.30 0.46 27.49 0.55 

84 514.20 203.33 1.09 0.88 310.87 358.77 0.60 323.35 1.09 0.40 44996.65 0.43 37.15 0.60 

85 401.50 171.00 1.04 0.95 230.50 286.25 0.39 262.02 0.91 0.43 27036.31 0.39 27.54 0.57 

86 346.60 196.55 0.78 1.27 150.05 271.58 0.39 261.01 1.05 0.57 17531.64 0.60 17.93 0.43 

87 440.05 306.00 0.55 1.55 134.05 373.03 0.77 366.95 1.63 0.70 22019.85 1.14 16.02 0.30 

88 490.80 114.00 1.39 0.52 376.80 302.40 0.32 236.54 0.61 0.23 39898.02 0.14 45.03 0.77 

89 387.05 167.50 1.03 0.97 219.55 277.28 0.37 254.62 0.89 0.43 25024.19 0.39 26.24 0.57 

90 502.80 248.50 0.92 1.10 254.30 375.65 0.71 353.48 1.33 0.49 40238.60 0.66 30.39 0.51 

91 572.85 332.50 0.76 1.30 240.35 452.68 1.09 436.43 1.78 0.58 46956.54 1.03 28.72 0.42 

92 196.05 138.15 0.53 1.57 57.90 167.10 0.15 164.57 0.74 0.70 4265.53 0.52 6.92 0.30 
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93 232.70 214.50 0.14 2.06 18.20 223.60 0.29 223.41 1.15 0.92 1820.20 1.06 2.17 0.08 

94 475.85 185.00 1.11 0.87 290.85 330.43 0.50 296.70 0.99 0.39 38630.09 0.38 34.76 0.61 

95 431.20 130.80 1.26 0.68 300.40 281.00 0.32 237.49 0.70 0.30 31935.88 0.21 35.90 0.70 

96 685.10 145.50 1.43 0.47 539.60 415.30 0.57 315.72 0.78 0.21 76263.40 0.16 64.48 0.79 

97 505.10 278.00 0.81 1.23 227.10 391.55 0.80 374.72 1.48 0.55 38094.65 0.82 27.14 0.45 

98 371.80 187.50 0.90 1.13 184.30 279.65 0.40 264.03 1.00 0.50 21782.93 0.50 22.02 0.50 

99 374.35 90.50 1.37 0.54 283.85 232.43 0.19 184.06 0.48 0.24 23387.72 0.12 33.92 0.76 

100 208.00 132.00 0.66 1.42 76.00 170.00 0.16 165.70 0.70 0.63 5637.26 0.45 9.08 0.37 

101 323.15 71.50 1.41 0.49 251.65 197.33 0.13 152.00 0.38 0.22 17123.31 0.08 30.07 0.78 

102 407.00 155.20 1.12 0.85 251.80 281.10 0.36 251.33 0.83 0.38 28329.21 0.32 30.09 0.62 

103 369.60 199.00 0.84 1.20 170.60 284.30 0.42 271.20 1.06 0.54 20711.30 0.57 20.39 0.46 

104 365.50 143.00 1.10 0.87 222.50 254.25 0.30 228.62 0.76 0.39 22770.76 0.30 26.59 0.61 

105 395.80 119.00 1.27 0.67 276.80 257.40 0.27 217.03 0.64 0.30 26891.39 0.19 33.08 0.70 

106 425.60 39.00 1.64 0.20 386.60 232.30 0.09 128.83 0.21 0.09 22296.19 0.02 46.20 0.91 

107 317.45 131.00 1.06 0.92 186.45 224.23 0.24 203.93 0.70 0.41 17020.47 0.29 22.28 0.59 

108 359.85 91.00 1.35 0.56 268.85 225.43 0.19 180.96 0.49 0.25 21778.46 0.12 32.13 0.75 

109 401.75 61.00 1.54 0.34 340.75 231.38 0.14 156.55 0.33 0.15 23878.91 0.05 40.72 0.85 

110 534.80 303.50 0.78 1.27 231.30 419.15 0.93 402.88 1.62 0.57 41714.44 0.92 27.64 0.43 

111 278.50 132.50 0.95 1.06 146.00 205.50 0.21 192.10 0.71 0.48 12554.78 0.34 17.45 0.52 



179 

 

 

 

112 510.75 312.50 0.70 1.37 198.25 411.63 0.91 399.51 1.67 0.61 35455.05 1.02 23.69 0.39 

113 528.85 164.00 1.25 0.69 364.85 346.43 0.50 294.50 0.88 0.31 48099.24 0.27 43.60 0.69 

114 408.15 181.50 1.01 0.99 226.65 294.83 0.42 272.17 0.97 0.44 27614.66 0.43 27.08 0.56 

115 516.80 265.00 0.88 1.15 251.80 390.90 0.78 370.07 1.41 0.51 41713.40 0.73 30.09 0.49 

116 395.05 166.25 1.05 0.94 228.80 280.65 0.38 256.28 0.89 0.42 26248.14 0.37 27.34 0.58 

117 324.00 160.50 0.91 1.11 163.50 242.25 0.30 228.04 0.86 0.50 16690.28 0.42 19.54 0.50 

118 391.75 208.00 0.85 1.19 183.75 299.88 0.47 285.45 1.11 0.53 23480.06 0.59 21.96 0.47 

119 472.70 374.00 0.38 1.77 98.70 423.35 1.01 420.46 2.00 0.79 18577.25 1.58 11.79 0.21 

120 521.30 224.50 1.03 0.96 296.80 372.90 0.67 342.10 1.20 0.43 45451.86 0.52 35.47 0.57 

121 405.30 118.50 1.28 0.65 286.80 261.90 0.27 219.15 0.63 0.29 28136.00 0.18 34.27 0.71 

122 385.15 244.50 0.66 1.42 140.65 314.83 0.54 306.87 1.31 0.63 19321.01 0.83 16.81 0.37 

123 527.40 223.00 1.04 0.94 304.40 375.20 0.67 342.94 1.19 0.42 46730.76 0.50 36.38 0.58 

124 801.20 230.50 1.29 0.64 570.70 515.85 1.05 429.74 1.23 0.29 109786.65 0.35 68.20 0.71 

125 561.10 210.50 1.13 0.84 350.60 385.80 0.67 343.67 1.12 0.38 53937.87 0.42 41.90 0.62 

126 394.00 205.00 0.87 1.16 189.00 299.50 0.46 284.20 1.09 0.52 24044.88 0.57 22.59 0.48 

127 456.90 207.50 0.99 1.01 249.40 332.20 0.54 307.91 1.11 0.45 34375.72 0.50 29.80 0.55 

128 593.00 117.50 1.45 0.44 475.50 355.25 0.40 263.96 0.63 0.20 56186.57 0.12 56.82 0.80 

129 294.65 118.00 1.09 0.89 176.65 206.33 0.20 186.46 0.63 0.40 14744.96 0.25 21.11 0.60 

130 533.60 243.00 0.99 1.02 290.60 388.30 0.74 360.09 1.30 0.46 46842.75 0.59 34.73 0.54 
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131 515.95 148.50 1.29 0.64 367.45 332.23 0.44 276.80 0.79 0.29 45530.35 0.23 43.91 0.71 

132 487.15 280.50 0.77 1.29 206.65 383.83 0.78 369.66 1.50 0.58 34195.50 0.86 24.69 0.42 

133 310.00 162.50 0.86 1.17 147.50 236.25 0.29 224.44 0.87 0.52 14819.56 0.45 17.63 0.48 

134 495.95 173.00 1.18 0.78 322.95 334.48 0.49 292.92 0.92 0.35 42346.06 0.32 38.59 0.65 

135 376.90 112.50 1.27 0.67 264.40 244.70 0.24 205.92 0.60 0.30 24371.74 0.18 31.60 0.70 

136 392.20 201.00 0.88 1.14 191.20 296.60 0.45 280.77 1.07 0.51 24031.20 0.55 22.85 0.49 

137 487.30 282.85 0.76 1.30 204.45 385.08 0.79 371.26 1.51 0.58 33978.10 0.88 24.43 0.42 

138 443.10 175.50 1.09 0.88 267.60 309.30 0.44 278.86 0.94 0.40 33404.98 0.37 31.98 0.60 

139 433.30 42.50 1.63 0.22 390.80 237.90 0.11 135.70 0.23 0.10 23739.91 0.02 46.70 0.90 

140 418.60 160.50 1.12 0.86 258.10 289.55 0.38 259.20 0.86 0.38 29947.52 0.33 30.84 0.62 

141 359.65 144.00 1.09 0.89 215.65 251.83 0.30 227.57 0.77 0.40 21968.81 0.31 25.77 0.60 

142 471.15 197.00 1.05 0.93 274.15 334.08 0.53 304.66 1.05 0.42 37388.38 0.44 32.76 0.58 

143 506.45 82.00 1.52 0.36 424.45 294.23 0.24 203.79 0.44 0.16 38720.19 0.07 50.72 0.84 

144 434.60 149.50 1.19 0.77 285.10 292.05 0.37 254.90 0.80 0.34 32531.07 0.27 34.07 0.66 
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