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ABSTRACT

This experiment was done to identify the most staftirum wheat genotype(s) as well as desirable
environment(s) for durum wheatr{ticum turgidum var. durum Desf.) research in north western Ethiopia.
Grain yield performance of the tested genotypegwealuated at four locations (Adet, DebretaboimnGand
Simada) using randomized complete block design thitbe replication for two consecutive years (2ah€
2011). Combined analysis of variance showed thaihgrield was significantly affected by environme(E),
genotypes (G) and GE interactions. The first twiagypal components (PC1 and PC2) were used toecigeat
two-dimensional GGE biplot and explained 45.67% &ad71 % of the total sums of squares of GE
interaction, respectively. The ‘which-won-whereatere of the GGE biplot suggested that the existeyic
three durum wheat mega-environments in north weskthiopia. Among the testing environments, six
environments such as E1, E2, E4, E5, E6 and E8 ineheded inside mega-environment one (ME1) while
the remaining two testing environments, E3 and Evevincluded inside mega—environment two (ME2) and
mega-environment three (ME3), respectively. The Qgitot also identified G7, G5 and G10 as winning
genotypes at ME[lIllli€feas G11 was identified aglayielding genotype in both ME2 and ME3. According
to the average environment coordination (AEC) vieivthe GGE-biplot, genotype G10 was identifiedlras
most stable and high yielding genotype. In addijti@il and G6 also showed better stability performanc
among the high yielding genotyp-reas gendBlizwas identified as the least stable and lowdirie|
genotype. Therefore, genotypes G10, G1 and G6 wer@mmended for commercial production in most

wheat growing areas of north western Ethiopia.
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INTRODUCTION

Durum wheat Triticum turgidum var. durum Desf.) is one of the most important cereal crops
which is grown in the high lands of Central, SolEastern and North Western part of
Ethiopia. In Amhara region, particularly in westj&@o and South Gondar zones of North
Western Ethiopia, Small scale farmers had tradiigngrown the crop mainly on heavy
black clay soils (Vertisols) under rain fed cormtig. While following the introduction of
improved bread wheat varieties in the two zonesadmwheat is being a dominant crop and
replaces almost all the durum wheat landraces whéchbeen grown before (Tesfasteal.,
2001). This is because durum wheat landraces ltadsilisy in performance and showed
inconsistent behavior (GEI) when grown in areas cWwhhave variable environmental
conditions as in north western Ethiopia. Therefd?@nt breeders should perform multi-
environment trials (MET) to evaluate improved gepets across test environments (several
locations and over years), before a specific ggreotis recommended to growers for
commercial production. Improving the prediction génotype performance requires a
thorough understanding of the interaction betweemotype and environment since genetic
effects are not independent of environmental effechost genotypes do not perform
satisfactorily in all environments, one genotypeynfaave the highest yield in some
environments and second genotype may be exceltenthier environments (Firew, 2003;
Inamullahet al., 2006; Moraguest al., 2006; Akcuraet al., 2009; Kadiet al., 2010). Yan
and Tinker (2006) pointed out that it is often idifilt to determine the pattern of genotypic
responses across environments without the usembppate analytical tools such as GGE
biplot for graphical display of data. GGE biplotafysis allows visual examination of the
relationships among the test environments, genetyme the GE interactions. Therefore,
even though several multivariate statistical meshbdve been developed to measure the

response of genotypes in various environmental ifond, GGE biplot analysis had been



used for this study. GGE is an effective tool usad (i) mega-environment analysis (e.g.
“which-Won-where” pattern), where by specific geypes can be recommended to specific
mega-environments (Yan and Kang, 2003; Yan and€rinR006), (ii) genotype evaluation
(the mean performance and stability), and (iii) issrumental evaluation (the power to
discriminate among genotypes in target environme(isng et al., 2007). Hence, the
objectives of this investigation were (1) to evadushe yielding performance of thirteen
durum wheat genotypes across four locations overcmnsecutive years; (2) to examine the
possible existence of different mega environmenmthé durum wheat growing areas of north
west Ethiopia; (3) to identify the winning genotyger each mega environment and
determine the discriminating ability and represtwaess of the environments.

MATERIALSAND METHODS

Experimental design and methods: Thirteen durum wheat genotypes were evaluated ficros
four wheat growing areas of north western Ethiopiamely Adet, Debretabor, Gaint and
Simada. Among these thirteen genotypes, twelvereleased varieties by regional and
federal agricultural research centers of Ethiopighsas Adet, Debrezeit, Sinana, and Sirinka
Agricultural Research Centers and one local varesgynmonly grown by farmers. The
experiment was conducted using randomized completk design with three replications in
the two main cropping seasons in the years of 20002011. The size of experimental plot is
1.2 m x 2.5 m (3 fA), with six rows which are 20cm apart each otHee,dpacing between the
two adjacent blocks is 1 meter. Recommended seeqX80 kg/ha) and fertilizer rate (92/46
kg/ha N and FOs) were used in the experiment. The whole amour@A®P was applied at
planting while Urea was split in to half at plagfiand the remaining half at tillering stage.
All agronomic managements were applied equally estipe recommendation. Finally, in
order to avoid border effect grain yield data waleeh from the central four rows and was

considered for statistical analysis.



Tablel. Code, pedigree, origin, area of adaptation and yield mean (t /ha) of genotypes.

Code Genotypes Pedigree rgi Area of adaptation ~ Mean yield
(masl) (t/ha)
G1 Bakalcha 98-OFN-Gedilfa/Guerou/15patho SARC/ORAR 2300-2600 3.49
G2 Ejersa LABUD/NIGRIS-3//Gan-CD98206 SARC/ORARI ®E2600 3.44
G3  Flakit EN-25 SARC/ARARI 2400-3000 2.61
G4 Leliso Cit-71/3/Gerado//61- 130/G3I"/4] SARC/ORARI 2300-2800 3.30
Boohai//Hora//Gerado/3/Bohai
G5 Megenagna DZ-2023 ADARC/ARARI 1900-2800 3.60
G6 Metaya Dz-2212 ADARC/ARARI 2000-2800 3.50
G7 Mosobo Dz-2178 ADARC/ARARI 1900-2800 3.63
G8 Obsa ALTAR84//ALTAR84/SERI/3/6*ALTAR84  SARC/ORAR 2300-2600 3.23
G9 Oda DZz046881/imlo/cit71/3/RCHI/LD357//imlo/4ISARC/ORARI 2300-2600 3.32
Yemen/cit'5'/plc’5’/3/Taganroy
G10 Selam DZ-1666-2 ADARC/ARARI 1900-2800 3.57
G1l1 Ude CHEN/ALTARS84//3069 DZARC/EARO 1800-2700 3.4
G12 Yegibrsinde - FARMERS - 2.55
G13 Yerer CHEN/TEZ/GVIL//C11 DZARC/EARO 1800-2700 .13

Note that: ADARC = Adet Agricultural Reselai€enter, DZARC = DebreZeit Agricultural Resear@n@r, SRARC = Sirinka
Agricultural Research Center, SARC = Sinagsdcultural Research Center, ARARI=Amhara Reghgricultural Research Institute,
EARO= Ethiopian Agricultural Research Orgation, ORARI= Oromiya Region Agricultural Resdatastitute, masl = meter above sea

Level.



Statistical analysis

Before doing combined analysis variance, both Baitl homogeneity test and normality test
were conducted in order to know the homogeneitthefdata and to check whether the date
was normally distributed or not, respectively. Tlrehomogeneous and normally distributed
data was obtained, which allowed pooling the gyahd data of the testing environments for
further combined analysis variance. Combined aimalysriance across the testing
environments and the GGE biplot pattern explorefopmed using Gen Stat 12th (Gen Stat,
2009) statistical software. The most recent mettivel GGE (genotype main effect (G) plus
G x E interaction) biplot model, provides breed@mnore complete and visual evaluation of
all aspects of the data by creating a biplot tiraukaneously represents mean performance
and stability, as well as identifying mega-envir@nts (Dinget al., 2007; Yan and Kang,
2003). The GGE biplot can be useful to displaywich-won-where pattern of the data that
may lead to identify high-yielding and stable gemets and discriminating and representative
test environments (Yaet al., 2001).

Table 2. Environmental code, L ocations, Cropping season, Altitude, Soil type, Latitude and
Longitude of the Experimental sites.

Environmental Location Cropping Altitude  Soil type Global Position
code season (meter) Latitude Longitude
E1l Adet 2010 2216 Nitosol 11°16N  37°29E

E2 Debretabor 2010 2706 Luvisol 1951N  3801E

E3 Gaint 2010 3120 Luvisol 1944N  3828E

E4 Simada 2010 2460 Luvisol 1903N  3703E

E5 Adet 2011 2216 Nitosol 16N 3729E

E6 Debretabor 2011 2706 Luvisol 1951N  3901E

E7 Gaint 2011 3120 Luvisol 1944N  3828E

ES Simada 2011 2460 Luvisol 1903N  3703E

Sources: Jembest al. (2009); Mulken (2007); Walle (2006)



RESULTSAND DISCUSSION
Combined analysis of variance indicated the preseoic highly significant differences
(p<0.001) on G, GEI and E (Location, Year and lmsak Year interaction) in the grain yield
performance of the tested durum wheat genotypes.rdlative contribution of G, E and GEI
were 8.38%, 71.24% and 20.38% of the total vamatiespectively (Table 3). From the total
environmental variation (71.24), a larger portid@#.89) was explained by L, whereas a
smaller portion was explained by YxL (0.33) and ¥.46). Whereas in the case of GE
interaction, it's effect is 2.4 times more thanttbfithe genotypes effect, this high value of
GE interaction showed that a particular genotypesdnot necessarily exhibit the same
phenotypic performance in different environmentahditions or different genotypes may
respond differently to a specific environment sinG& interaction is confounding the
performance of genotypes. This result is similah®previous findings of various authors on
wheat genotypes (Tarakanovas, P. and Ruzgas, Fad3hadfar,2008; Ahmaet al.,2011;
Nsarellahet al.,2011 ; Sakiret al.,2011 ). From the total GEI, only very small portiof the
interaction variance, 1.40% and 1.43% were corteithlby GxY and GxLxY respectively.
These values were collectively less than the doumtion of GXL (12.44 %).

Table 3. Combined analysis of variance for grain yield data (t/ha) of durum wheat
genotypes at four Locations during 2010 and 2011 cr opping seasons.

Source df Total sum of Mean sum of % of total sum of
squares squares squares
Environments(E) - - 71.24
Locations(L) 3 271.20 90.40** 64.39
Years(Y) 1 14.56 14.56** 3.46
Location*Year 3 1.39 0.46* 0.33
Reps within E 16 12.90 0.81** 3.06
Genotypes(G) 12 35.28 2.94** 8.38
G*E - - - 20.38
Genotype*Year 12 5.90 0.49** 1.40
Genotype *Location 36 52.40 1.46** AL
Genotype*Year*Location 36 6.02 0.17** 1.43

Error 192 21.51 0.11 511




Which-Won-Where Pattern of Genotypes and Environments: GGE biplot analysis is a
multivariate analytical technique that graphicathsplays a two way table and allows
visualizing the relation among genotypes, envirom®iend their interactions (Yeaat al.,
2001). In the present investigation, the GGE biglaiphic analysis of thirteen durum wheat
genotypes revealed that the first two principal porents explained 78.38% of the total GEI
variance (Figl). The polygon view of a GGE-bipléearly displays the which-won-where
pattern, and hence it arranged the genotypes in susay that some of them were on the

vertexes while the rest were inside the polygon.

Scatter plot (Total - 78.38%)
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The vertex genotypes such as G3, G4, G7, G8, G10,aAad G12 were the most responsive
genotypes since they are located far away frombtht origin as compared to the other
genotypes that are located on similar sectors efpislygon. There is not any environment
which fell inside the sectors of the vertex genet/&3, G4 and G12 which indicated those

vertex genotypes were not the best in any of thiegievironments.



Yan and Rajcan (2002) reported that responsivetgpaes were those having either best or
the poorest performance in one or all environme#tscordingly, among the vertex

genotypes G10 and G7 were identified as the higidiyig genotypes while G3 and G12
were considered as the low yielding genotypes &cthe testing environments. Another
interesting feature of the GGE biplot is the idicaition of mega-environments as well as
their winning genotypes. The present investigatsmggested that the existence of three
durum wheat growing mega-environments (ME1, ME2 &hd3) in the north western

Ethiopia as shown in the Fig 1. Among the testingirenments, E1, E2, E4, E5, E6 and E8
fell inside mega-environment one (ME1) while E3 &Wfell inside mega—environment two

(ME2) and mega-environment three (ME3) respectivel@n the other hand, genotypes
G7,G5 and G10 were suggested as high yielding gpestin the mega environment one
(ME1) while G11 was also identified as a high yietdgenotype in both mega environment

two (ME2) and mega-environment three (MES3).

Average Yield and Stability of Durum Wheat Genotypes: In the present study the stability
and yielding performance of thirteen durum wheataggpes were evaluated using average
environment coordination (AEC) method as shownhim Figure 2. This method stated that
the abscissa of the average environment coordmé&i&C) is a line that passes through the
average environment which represented by a smaledimean PC1 and PC2 scores) and the
biplot origin while the ordinate of the AEC is adi that passes through the origin and
perpendicular to the abscissa of AEC. Yan and KR@®2) reported that AEC abscissa has a
one directional arrow which is important for appro&ting the mean yield performance of
the genotypes. Therefore, in this investigatiomoggoe G10, G7 and G5 had showed highest
average Yyielding performance, which were followeg deenotypes G6, G1 and G11
respectively (Fig 2). On the other hand, besidethégenotypic grain yield performance,

stability of genotypes across the testing enviromsés very important. A genotype which



has shorter absolute length of projection in eithiethe two directions of AEC ordinate

(located closer to AEC abscissa), represents desmi@hdency of GEI, which means it is the
most stable genotype across different environmentéce versa. Hence, genotype G10 was
identified as the most stable and high yielding aj@pes across the eight environments.

WAEIEAs genotypes G4, G8 and G12 was identifi¢ealeast stable low yielding genotypes.

Ranking biplot (Total - 78.38%)

Figure 2: Average environment
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GGE-biplot based on genotype-
focused scaling which shows the
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principal component.
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An ideal genotype is definefll as genotype which rigvhe greatest PC1 score (mean
performance) and with zero GEI, as representedrbgareow pointing to it (Fig 3). Even
though such type of genotype may not exist in tgalt can be used as a reference for
evaluation of genotype. If a genotype is locatedet to the ideal genotype, it becomes more
desirable than other genotypes which are locatedafeay from the ideal genotype.
Therefore, concentric circles were drawn aroundceatral circle which contains the ideal
genotype in order to visualize the distance betwesari genotype and the ideal genotype. In
this study, G10 which fell closest to the ideal @fgpe was identified as the most desirable

genotype as compared to the rest of the testedygm®(Fig 3).



Comparison biplot (Total - 78.38%)
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Discriminating ability and representativeness of environments: Both discriminating
ability and representativeness view of the GGEdbipke the most important measures of
testing environment,which provide not only valuabig also unbiased information about the
tested genotypes (Yan and Kang, 2003). Yan andk&hif2006) also reported that the length
of environmental vector is directly proportional the standard deviation within the
respective environment and help to know the disoatmg ability of this target
environment. i.e. an environment with long enviremtal vector has high discriminating
ability and vice versa. Therefore, as shown in (fig 4), the test location Debretabor (E2
and E6) was identified as the most discriminatingimnment as compared to Adet(E1 and
E5) and Simada(E4 and E8) that were identified fas least discriminating testing

environments.



Scatter plot (Total - 78.38%)
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Another equally important measure of a test enwirent is its representativeness of the
target environments. If a test environment is epresentative of the target environments, it
is not only useless but also misleading since iy mavide biased information about the

tested genotypes (Yan and Kang, 2003). In ordéintmw the representativeness of a test
environment, understanding of some important tesuch as average environment (the small
circle in Figure 5; used as a bench mark for meaguthe representativeness of a test
environment), the average environment coordinais éke line that passes through the
biplot origin and the average environment) and mmwnental vector (the line that connects
the origin of biplot and a testing environment)visry crucial task before measuring the
representativeness of a test environment. Thergdbas the size of the angle between the
vector of an environment (in Fig 5, but not drawnyl the AEC axis, it is possible to measure
the representativeness of a testing environmenta itesting environment which has made
acute angle with AEC axis is considered as a reptative of the other testing environments

while the reverse is true for a testing environnikat has made obtuse angle with AEC axis.



Comparison biplot (Total - 78.38%)
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Hence Debretabor (E2 and E6) was identified asrtbst representative testing environment;
which was able to provide unbiased information &bthe performance of the tested
genotypes whereas Gaint (E3 and E7) was identéiedthe least representative testing

environment.

Ideal test environment is an environment whichrase power to discriminate genotypes in
terms of the genotypic main effect as well as ableepresent the overall environments. But
such type of environment may not existreal conditions. Therefore, by assuming a small
circle which located in center of concentric cigcland an arrow pointing on it as ideal
environment (Fig 5), it is possible to identify @able environments which are found closer
to the ideal environment (Yan and Rajcan, 2002)ndde among the testing environments,
Debretabor (E2 and E7), which fell near to thisaidenvironment were identified as the best
desirable testing environments in terms of being thost representative of the overall

environments and powerful to discriminate genotypes



CONCLUSION
In this investigation, combined analysis of variamedicated that grain yield performance of

the tested genotypes was highly influenced by enwirent and GEI while the contribution of
genotypic effect was very small. This indicatingattha particular genotype does not
necessarily exhibit the same phenotypic performanceler different environmental
conditions or different genotypes may respond difidly to a specific environment.
Furthermore, G10, G1 and G6 were identified agribst stable and high yielding genotypes,
which recommended for commercial production invHheat growing areas of north western
Ethiopia. On the other hand for specific recomméndaG7 and G5 were selected for areas
which belong to in ME1 whereas G11 was selectedafeas which belong to in ME2 and
ME3. Among the testing locations, Debrtabor wasnified as the most desirable
environment which able to provide unbiased infoioratibout the performance of the tested
genotypes. Hence, Adet Agricultural Research Cestteuld use this testing location for its

future durum wheat research works.
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