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Abstract

Twenty-four field pea (pisum sativum lggnotypes were evaluated for genotype x environinégrtaction (GEI)
and yield stability across five locations in 2008JZ. ANOVA test showed the main effects due to g
locations and the genotype x location were higigpificant for grain yield and other yield relatadits. Highly
significant (P<0.01) to significant (P<0.05) ran&relation were found among stability parametershsas
ecovalence (Wi); deviation from regression (S2daid AMMI stability value (ASV) implying their close
resemblance and effectiveness in identifying stgkleotypes. As a result, these relationships rebealone of
them could be sufficient to select genotypes ddrigsit in a field pea. On the basis of resultsd fida genotype
‘1G-51980’" in a pipe line was the most suitable atesbirable genotype which showed stable yields \aasl
recommended for commercial cultivation in southhi@ia ,whereas the highest yielding genotype Guas
not stable
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1. Introduction

Field peaPisum sativum L. produced in various regions of Ethiopia and idely grown in north, south, west
and central parts of the country including, pockeias in the rest of the country. Field pea is tpaiultivated in
highland and mid highlands with altitude rangingnfr L800-3000 m.a.s.l. It is one of the major ceason food
legumes cultivated in the country, which occupibsw 205,683.03 hectares of land annually withnestizd
production of 1,548,666.50 gt (CSA, 2003/2004h).addition, this crop also forms a significant coodity
group of export, earning a considerable amounoiifin exchange for the country and cash for pédaemers.
In 2001/2002, between the months of September amgi#, 1,229,336 quintals (qt) of pulses (2.3 %wbich
was field pea) was contributed to foreign currefioyn the southern region (CSA, 2001).

In Southern Nations, Nationalities and Peoples &ajiState (SNNPRS), field pea is cultivated inowas zones
and is commonly grown in Dawaro, Wolayta, Kembatab& Tambaro, Hadiya, Gedio, Gurage, North Omo and
some special woredas and pocket areas of the re@bthe total regional area under pulse crops?.1s
covered by field pea and 2.3 % total grain produrcivas obtained from it. In southern Ethiopia fipkh is the
major pulse, which takes up about 2.63 %, 1.28%8 %, 6.88 %, 7.37%, and 1.20% of the area undsngr
crops of Gurage, Hadiya, Kembata Alba Tambaro, Daywa&/olaita, and Gedio, respectively. In genenalthis
region field pea occupies about 38,290 hectardamaf annually with estimated production of 261,8@ntals
(CSA, 2001/2002). Despite its importance, natiasalvell as regional average yield is low; 7.53a#hd 6.83
gt/ha, respectively. Of the major production caaisiis that contribute for low yield and productyyiare limited
number of improved field pea varieties with widelaptability, giving high yields and being resistémtbiotic
and a biotic stress. Even though field pea is gramv@ wide range of environments, the yield of salve
genotypes tested across locations and over yeffesedi due to high GEI, which indicates that soreeajypes
are adapted to a broad range of environmental tondj while others have their own specific adapiatThus,
the performance of test entries over a series df@mments when analyzed using ANOVA gives inforimaton
GEl, but does not give measurement of stabilitjndfvidual entries (Eberhart and Russell, 1966)n¢¢e plant
breeders use different stability parameters fotdyteials to identify and develop promising genagpover
various environments. GEIs are important to clustatilar environments together, rank varieties adicg to
their performance, and recommend varieties eithesfecific or wider adaptation.

According to Allard and Bradshaw (1964) environtaérfactors which lead to G X E interactions have
categorized as predictable and unpredictable. dhé&ibution of predictable environmental fluctuaisoto GEls
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can be reduced by allocating specific cultivarspecific environments (Allard and Bardshaw, 19Blection
of stable cultivars that perform consistently asresvironments can reduce the magnitude of théseutions.
Although field pea is grown in diverse environmeint&thiopia, there is currently inadequate infotioxa on the
stability and response of different cultivars iffefient agro ecologies. Few research workers liemnaet al
(2000); Tezera (2000), Mulusew et al. (2009), Setegbeyehand Habtu Assefa.2003, Mathewos Ashamo
Getachew Belay (2012) and Solomon Admassu, Mand¢ifyjassie and Habtamu Zelleke, 2008 studied GEI in
Navy bean, field pea, tef and maize crops werdathwut mainly for the environments prevailing e tsouth
and south Eastern Ethiopia. The review of the astbo GEI in different crops revealed that sigmifitG x E
interaction and the need for further studies invagous field pea growing regions of the counirige present
research studies were conducted with objectivesstinates the magnitude of GEI and to identify Istand
high yielding field pea genotypes and genotypes wsipecific adaptation under changing environmeints/
diverse agro ecological regions of southern EtlagBINNPRS) using different stability parameters.

2. Materialsand M ethods

Experimental DesigaTwenty-four genotypes of field pea of which twelpemising materials from regional
variety trial, eleven released materials obtaimednfKulumsa Agricultural Research center (KARC) dochl
checks of the respective locations were used im shidy during 2006/07 Meher growing season (T&ble
Those genotypes were evaluated at five test lawatitamely Angacha, Hossana, Freeze, Waka and Areka
representing the field pea growing areas of SNNPR® locations where the experiment conducted were
different in latitude, longitude, annual rain fafiil, altitude and mean annual temperature (TdBleThe
experiment was laid out in a randomized complebelbbesign with three replications. Seeds were sovpiot

size of 4 m long and 1.2 m wide (each plot witho@s). Spacing of 20 cm between rows and 5cm between
plants was used. The distance between plots awm#dleere 1.5m and 2m, respectively. Land prepardtioall
locations was done mid may to June and plantinfielif pea was conducted starting from end of JonEdrly
July. Fertilizer was applied at the time of plagtithe rate of 100 kg DAP per hectare at all lareti Hand
weeding was used to control weeds as per recomrtiend&everal traits were assessed but only dat&ded
yield per hectare was calculated and adjusted % 4i@ndard moisture is reported he3ix rows with plot area

of 4.8nfwere harvested after the crop reach maturity. Taetpvere harvested and threshed manually. Data on
grain yield were recorded on plot basis in gmféthe four central rows, which was latter, conedrto kg ha

! Analysis of variance for each environment wasedfor grain yield and other traits, using the SAnputer
program (Hussein, M.A., A. Bjornstad, and A.H. Aest 2000). Bartlett's test was used to determntime
homogeneity of variances between environments terhine the validity of the combined analysis ofi@ace

on the data (Bartlett, M.S., 1947.). A combinedlgsia of variance was done from the mean data feach
location, to create the means data for the diffestatistical analyses methods.

Stability analysis. The method of Eberhart and BIIg4966) was used to calculate the regressioffficiznt

(b), deviation from regression (8dand coefficient of determination @R It was calculated by regressing mean
grain yield of individual genotypes/environments emvironmental/genotypic index. The phenotypic ifitgb
analysis was conducted using the model suggesteBheyhart and Russell (1996) where genotypes were
considered fixed, while locations were random \@e&a. The model provides two stability paramet@ise first
estimate was linear regression coefficient (b) ehaype mean on the average of all genotypes ih eac
environment; the second estimate was the mean esjedrdeviation from regression®@$ for each genotype.
This method will be used in this study to chardztegenotypic stability. The genotype with valuer@gression
coefficient (h~1) and smaller value deviation from regression’Salue are thus more stable.

Ecovalence (W) suggested by Wricke (1962) measure was also cupo further describe stability. The
ecovalence (Wi) or stability of the i th genotypgeits interaction with the environments, squared smmmed
across environments, and express as: Wi = [Yi.- Y. ] + Y...] 2 Where Yij is the mean perfoance of
genotype i in the j th environment and Yi. and e the genotype and environment mean deviations,
respectively, and Y... is the overall mean. Fos tleiason, genotypes with a low Wi value have smd#eiations
from the mean across environments and are thus steée.

AMMI combines analysis of variance and principaimpmnent analysis into one model with additive and
multiplicative parameters. The results can be gedpim a very informative biplot that shows both maind
interaction effects for genotypes and environméikesg, 1996). The main important feature of AMMIalysis
is its graphical (biplot) representation which alisplays main effect means on the abscissa an@sdor the
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first axis (IPCA1 values) as ordinate of both ggpet and environments simultaneously (Crossa, 1880ch
and Zobelet al., 1988). Genotypes or environments with large PCAsifpe@ or negative) scores have large
interaction, whereas a PCA score near zero had srtexhction effects (Zobedt al, 1988; Crossat al, 1991).
Accordingly, a large genotypic IPCA1 value reflect®re specific adaptation to environments with IRCA
values of the same sign. On the contrary, genotyissIPCA1 values close to zero show wider adagtato
the tested environments. Thus, IPCA scores of atgpa in the AMMI analysis are the key to interptie¢
pattern of genotype responses across environm2otelet al, 1988; Gauch and Zobel, 1988; Crossal,
1991). In general, the greater the IPCA scoresatiggy or positive (as it is a relative value), thwre
specifically adapted a genotype is to certain emvitents. The AMMI stability value (AS)/(Purchase 1997)
based on the AMMI model's IPGAnd IPCA scores for each genotype was also computed.; ASivi effect
the distance from the coordinate point to the arigi a two dimensional scattergram of IPCgcores against
IPCA, scores. The larger the IPCA scores, either negati\positive, the more specifically adapted a ggeis
to a certain environments; the smaller the IPCAegothe more stable the genotype is over all enwmients
studied.

3. Resaults and Discussions

Combined analysis of variance were performed faingyield to see the nature of main effect and &dthat it
may help to recognize its influence on varietalect®n for general and or/ specific adaptatiortse Tesults for
combined analysis of variance (ANOVA) and AMMI ayst of grain yield across locations is indicated i
(Table 3). Overall, 68.61 % of the total sum sqaai®S) was attributed to environment effects; d§6%
genotype and 14.4 % were contributed to GXE intemac7.46 % error and 1.09 % replication with acations
effects, respectively. The large influence of eowiment on yield performance was reported by Muluken
Bantayehu 2009 study.

The results from the AMMI analysis for grain yietie GEI components composed of five componentSA)P
along with their contribution of sum of squareshndecreasing importance-test used to measuregh#dicance
of these components at the 0.05 probability leeebmmended inclusion of the first three interactRfA axis
in the model. Among these IPCA axes the firstehrave statistically significant variance of GERCIA 1 score
explained 49.6% and IPCA 2 another 26.12% of thi@mkdity, with the IPCA3 was also significant féeld pea
genotypes it contributed 17.2 % of the genotypeyironment interaction (GEI) sum of squares. Tiwees as
indicated by the F-test, inclusion of the first timteractions PCA axes (IPCA 1 & IPCA 2) that captu75.7 %
of total portion of GEI variance was recommendedhi® model. Thus the best-fit model for this trads the
AMMI 2 model.

.Sability analysis for genotypes. According to Purchase, 1997 the interaction ppaccomponent axis (IPCA)
scores of a genotype provide indicators of theilitalof a genotype across environments. From fegarit is
clear that genotypes G18 and G 10 are similar fminraffect and not on interaction effect, while ggmpes G 11
and G 13 similar for GEI effect and not similar foain effect. Genotypes G2 , G 17, G 15, G 9 anfd &l
shows relatively little GEI on IPCAL and groupedéther along the abscissa, although they diffemdteally

on main effect. Genotype G18 interaction is cledtby highest of all genotypes, as it is farthesinfthe abscissa.
High variability among environments, both in maimdainteraction effects, was demonstrated with &indits
pattern as indicated in Fig 1 (biplot). High potehenvironments were evenly distributed in tiequadrants
Angacha, Medium potential environment which hasualower all mean close to y-axis iff uadrant while low
yielding environments (Areka, Waka, Freeze) wemrsgly scattered in the fourth and @uadrants. In figure 1
IPCAL score for each environment is plotted ondfwnate and the mean yield in kg/ha, on the abaciGlear
grouping of environment is evident. The informatioom this figure needs to consider IPCA1 axes. this
figure the grouping of environments are clearethwiVaka and Angacha farthest from abscissas whieh ar
highest discriminating, Freeze and Areka are meddistriminating environment with Hosanna the least
discriminating location than others .

Based on mean performance (main effects) and ttteraprincipal component axis (IPCA1), five groupk
field pea genotypes were evident from this biptatoup one (G-1) consisted of field pea genotypes G46, ,
G18, G19 and G23 which had mean yields greatan tirand mean and with positive interaction priaktip
component axis (IPCA1) scores. Group two (G-Il) sisted of field pea genotypes G10, G11, G13 ,G2Z4) G
and G17 which had mean yields greater than graaehrand with negative interaction principal comparais
(IPCA1) scores. Group three (G-Ill) consisted efdipea genotypes G3,G6,G8 and G14 had mean yasdrc
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to the grand mean with negative interaction priatipomponent axis (IPCA1l) scores. Group four (G-IV
consisted of only one field pea genotypes G21 hadmyield closer to the grand mean with positieraction
principal component axis (IPCA1) scores. Group fi@&V) consisted of field pea genotypes G1, G2, G8,
G7, G15, G12 and G24 had mean yield below thedynaan but varied in interaction (IPCA1) scoregufé 1
show that Genotypes G23, G21 and G6 show little G&tause of the relatively small distance from the
coordinate to the abscissa.

The most important type of GEI effects for selectaf materials are the crossover type that causeaage of
ranks between environments rather than a simplatiar in the extent of the difference between dggpes in
this study, which is in line with the findings dBdker, 1988). Based on Wricke ecovalence methodrthst
stable genotypes were G17, G2, G22, G5 and G7.seThenotypes were not the best ranked for mead, yiel
being 10", 8", 6th, 21st and 2% respectively. The most unstable genotypes acugrifie ecovalence method
were G18, G9, G12, G11 and G16 these cultivars wanked 2° 8" 19" 7th and # for mean vyield
respectively (Table 5)

Jain and Pandya (1988) also suggested that theedegginotype in any practical situation is one vaitth mean
performance, desired linear response (bi) and lom:lmear sensitivity coefficients {&). The simultaneous
consideration of two parameters of stability andld/i(Table 5)for the individual genotype revealed that the
genotypes G10, G18, G11, G13, G16,G19, G20 andw&28 high yielder (between 2100-2700Kg/ha) and had
high values of &li showing the performance of the varieties wergretictable. The genotype ‘G21’ produced
almost average grain yield. This genotype had hilgviation from regression revealing sensitivity to
environmental fluctuations. Whereas, the genoty@&s, which also produced nearly average graindji¢dad
non-significant deviation from regression, therelxhibiting less sensitivity to environmental chasigéhe yield
performance of the genotypes; ‘G4, ‘G5’, ‘G7’ arfall5’ were poor. They produced below average graldy
All these varieties had low deviation from regressindicating non-sensitivity to environmental chgas. These
varieties cannot be recommended due to their pedbopnance. The deviation from regression for mgjasf
the genotypes were highly significant that revediedresponse of these genotypes were unpreliiciad that
they were more suitable for sites with better emvinents. On the other hand among test genotypésnwit-
significant deviation from regression, three gepety ‘G22' (ICARDA), G9 (Australia origin) and ‘G17’
(Australia origin) had also promising average grgigld i. e., 2349, 2260 and 2113 kg/ha and theesgion
value of (1.26, 1.12, 0.907) with non-significatdrelard deviation, thereby revealing stable perémre across
the environments. Therefore, these three genoypesared to be the best varieties with regardatuilgy.

The IPCA1 score for Hossana, Areka and Angachaiangar in their sign (negative) and their magneéador
the first two close each other relatively to theesttest environment (Fig 1). Therefore, these renwents
could belong to the same interaction groups. Adogrtb personal observation, these environmentsigte in
same ways agro-ecology and agro climate, like aflidistributions; and their altitudinal range ipse to each
other compared to the other test environments. |&ilpipositive IPCA1 score for Freeze and Waka datéd
that their altitudinal range is close to each otecompared to the other test environments andiadse might
be little similarity in agro ecology and agro climdeature of these test environments. Groupingnefronment
based on interaction has been also done by Tirgh889). He found that environments, which had simil
altitudinal range, rainfall distribution and soiylpes, exhibited the same sign for IPCA score amy tiere
grouped into one category. Tezera (2000) also ifiledsome testing environments according to sintifaof
their interaction with a set of genotype using emvinental indices and categorized as favorablejageeand
unfavorable environment for grain yield. Groupingeavironment based on interaction has been alse dy
Mathewos Ashamand Getachew Belay (2012) on tef and Giehal (2000) on field pea.

Comparison of the stability procedures. Table 5 indicates the values and ranking ordersthility of the 24
field pea genotypes according the different stgbitiarameters. According to Wricke's (1962) econate
Eberhart and Russell's (1966) deviation from regjmesand ASV of ranks the most stable genotypes &7
and G22. Spearman’s coefficient of rank correlafisteel & Torrie, 1980) was then determined forheatthe
possible pair wise comparisons of the ranks ofdifferent stability statistics (Table 5). Mean ylelas non-
significantly negatively correlated with all stahyjlparameters. High significance (P<0.01) for sp&m’s rank
correlation coefficients were noted between EbérddRussell’s deviation from regression, Wricketogalence
parameter and significant (P<0.05) with the ASVaeaure from the AMMI model. The Eberhart and Russel
procedure showed highly significant corresponddfe®.01) to significant (P<0.05) with the proceduoé WI
and ASV respectively. It showed non-significantlggative correlation with mean yield and signifidant
positive correlation with ASV procedures. Purchas@MMI stability value was positively significantly
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correlated with &li and Wi and positively non significant correlateith bi. Similarly, Albert (2004) reported
high rank correlation between Sdi2, Wi and ASV tiniplies their strong relationship in detecting gtable
genotype. Spearman rank correlation between yield the three stability parameters were negative non
significant this is in line with Albert (2004) die the reversed ranking system for yield and stgtpbhrameters

i.e the ranking of yield was from high yielding lmw yielding whereas, all the stability parameteanks the
smallest value *land the largest value last. In addition spearraak correlation shows the relation between the
regression from deviation and the regression agefft were non significantly negative implies theiiference.
Actually the linear regression could simply be relgal as a measure of response of a particular g@sowhich
depends largely upon a number of environments, egdsethe deviation from regression line was consitles a
measure of stability, genotype with the lowest @n-significant standard deviation being the mosilst

Discussions. Twenty-four field pea genotypes were evaluatedgifiandomized complete plot design (RCBD)
with three replications during 2006/07 cropping ssega The experiments were carried out to estimttes
magnitude of GEI for grain yield and vyield relatgdits, determine stability performance among fipkha
genotypes. The result of the study shows that theme significant difference among genotype, laaiand
GEl, indicating the need to assess the stabilitgesfotypes across locations. The GXE was signifishowing
variable performance of the genotypes in the vareavironments. The grand mean yield was 2094.38akg
Eleven field pea genotypes were above grand mesa. yithe highest genotype yield was produced bytype
G10 followed by G 18 with their mean grain yield 2658.8 and 2625 kg/ha, respectively. In this sty
AMMI analysis of grain yield of the 24 genotypesfive locations is indicated that overall, 68.61o0%he total
sum squares (SS) was attributed to environmenttsffenly 8.46% genotype and 14.4 % were contribtibe
GXE interaction, 7.46 % error and 1.09 % repligatidth in locations effects, respectively. Signdfit effect of
environment on yield performance was reported &igoAlbert 2004 study. The large sum of squares for
environments indicated that the environments wérerse, with large differences among environmentahns
causing most of the variation in grain yield penfiance of field pea genotypes. The magnitude of3kieé sum

of squares was 1.7 times larger than that of tltyees, indicating, that there were substantiiédinces in
genotype response across environments. Hencehaar® be taken in selection of environments. Tigh GEI
variance as compared genotype main effect indicdesoresence of high interaction. Therefore depiatp
genotypes that would have low GEI could resultientification of varieties suitable for the targeta.

Sability analysis and rank correlation. Because the GXE mean square was significant fughalysis was
done to disaggregate the kg'teauses responsible for the variation. The threestyf stability statistics the
Eberhart and Russell procedure showed highly sagmif correspondence (P<0.01) to significant (PSPwith
the procedures of WI, and ASV (r = 0.707**), (r 483*) respectively (Table 4). This was in agreemeith
the results of Girmeetal2000 and Mulusewetal2009. Purchase’'s AMMI stability value was posilye
significantly correlated with %8l and Wi and positively non significant correlateith bi. This was in line to the
findings of Muluken Bantayeh(®009). Different stability parameters were usediétermine stable yields, this
aided in enhancing the prediction of genotype perémce. The results from the AMMI analysis for grgield,
the GEI components composed of five componentsA)RIbng with their contribution of sum of squanggh
decreasing importance-test used to measure thdicgee of these components at the 0.05 probgdéivel
recommended inclusion of the first three interatRCA axis in the model. According to Crostaal (1990),
AMMI with two, three or four IPCA axes is the bgstedictive model. Similarly, in this study, the AMM
analysis further revealed that the first two intdian principal component axes (IPCA 1 (49.6%) &KW 2
(26.12%)) explained 75.7 % of the GXE sum of sgaiafée third interaction principal component axidJA 3)
was also significant variance of GEI with the IPCAB2% of the variability. This was in agreementhwhsfaw
Adugna (2007), who suggested that GXE patternlisated in the first two interaction principal coonent axes
(IPCA 1 & IPCA 2) explained 68.7% principal compoi® of analysis. Similarly Zobedt al. (1988), who
reported that the first two IPCA axes best expthas GXE sum of squares and the remaining, can bh&idered
as noise. Therefore, as indicated by the F-teslysion of the first two interactions PCA axes wasommended
in the model for the present study in which 24.30the GxXE sum of squares was considered as nois®aSis
of the result, for the main interpretation we usieg first two IPCA thus the best-fit model for thigal was the
AMMI 2 model.

According to Purchase, 1997 the interaction priacipomponent axis (IPCA) scores of a genotype pivi
indicators of the stability of a genotype acrosgiramments. From figure 1 it is clear that G 1& @& 10 are
similar for main effect and not on interaction effevhile G 11 and G 13 similar for GEI effect amat similar
for main effect. Genotypes G2 ,G 17, G 15, G 9 @ndall shows relatively little GEI on IPCA1 and groube
together along the abscissa, although they diffematically on main effect. Genotype G18 interati®clearly
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the highest of all genotypes, as it is farthesinfrine abscissa. High variability among environmehtgh in
main and interaction effects, was demonstrated wittistinct pattern as indicated in Fig 1 (bipldtligh
potential environments were evenly distributed hie ' quadrants Angacha, Medium potential environment
which has about over all mean close to y-axis"frqdadrant while low yielding environments (Arekaak,
Freeze) were sparsely scattered in the fourth &hguadrants. In figurel IPCA1 score for each envirent is
plotted on the ordinate and the mean yield in kgdmthe abscissa. Clear grouping of environmeetwident.
The information from this figure needs to consitREA1 axes. In this figure the grouping of enviments are
clearer with Waka and Angacha farthest from abasisghich are highest discriminating, Freeze andk#®\a@e
medium discriminating environment with Hosannal#est discriminating location than others.

Clustering of AMMI-estimate values grouped genotyjre to five groups of field pea genotypes weralent
from this biplot. Group one (G-l) consisted of figbea genotypes G9, G16, , G18, G19 and G23 wiach
mean yields greater than grand mean and with pesititeraction principal component axis (IPCA1) reso
Group two (G-Il) consisted of field pea genotyped5G11, G13 ,G22, G20 and G217 which had meddsyie
greater than grand mean and with negative intenagtiincipal component axis (IPCA1) scores. Grdupé (G-
) consisted of field pea genotypes G3, G6, G&8 &14 had mean yield closer to the grand mean nétative
interaction principal component axis (IPCAl) score&roup four (G-1V) consisted of only one field ge
genotypes G21 had mean yield closer to the grarghmeéth positive interaction principal componenisax
(IPCA1) scores. Group five(G-V) consisted of figlda genotypes G1, G2, G4, G5, G7, G15, G12 andhaa4
mean yield below the grand mean with variable pasiinteraction (IPCA1) scores. Figure 1 show that
Genotype G23, G21 and G6 show little GEI becaugheftelatively small distance from the coordinttehe
abscissa.

The genotypes ‘G22’, G9 and ‘G17’ had also prongisiwerage grain yield and non-significant deviafiimm
regression, thereby revealing stable performanoesadhe environments according to Eberhart andgdtughe
most stable genotypes according to the ecovalermtkan of Wricke (1962) were G17, G2 and G22. Actwd
to the ASV ranking, the following field pea geno#gwere the most stable, G17, G9 and G2 all thesetgpes
are Australian origin except G2, which is Ethiopianigin. Wricke's ecovalence was similar to ASV ksligy
measures and AMMI model in selecting the most stgi@notypes, where G17 and @&re ranked first and
third by ASV and second and first respectively byidke’s ecovalence value. Eberhart and Russel tewia
from regression was similar to Wricke’s ecovalemeeasures to decide on the most stable genotypes wer
genotypes G22 and G17. Therre ranked first and third by Eberhart and Rudsglation from regression and
reverse rank by Wricke's ecovalence value. Mosbikty parameters were closely similar in sortingt dhe
relative stability of the genotypes. According talslity parameters, genotype ‘G17’ with a good bamation of
yield and stability can be recommended for releadereas genotypes G10 and G18 are unstable buiighad
yield performance. Therefore ‘G17’proved to be thast stable genotype.

In this study, attempts have been made to comperevdrious stability models and with which to selge
stable field pea genotypes in the major field peaving areas of southern Ethiopia. The stabiligtistics that
have been used in this study quantified stabilitygenotypes with respect to both yield level anab#ity.
Therefore, both yield and its stability should loesidered simultaneously to exploit the usefulatftd GEI and
to make selection of the genotypes more precisdily parameters such as ASV, $dind Wi were found to be
useful in detecting the phenotypic stability of @penotypes in this study. Therefore, field pea tygyes G10
(Gume) and G18 were unstable but had high yieldfopmance indicating adaptability to target areakergas
the genotype G17 (IG-51890) is a pipe line withoanbination of yield above grand mean and stabdéy be
recommended for national release for wider cultbratin southern Ethiopia (SNNPRGSs) for the fieldape
growing areas. In additional stable materials fefdyand yield related traits can be used in bregg@rogram as
a source of genes for stability in future field pesearch work.
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Table 1: Description of the test locations

Locations  Altitude Annual rain fallmm  Soil type (units) Mean Pc Latitude Longitude
Hosanna 2290 masl ~ 1592.1 mm Profondic Luvisols ~ 17.02  7°5 N 37”5 E
Angecha  2381masl 1759mm Luvic phaeozems 18.27 7°03'N 3829'E
Freeze 2884 masl 1860.7 mm Dystric Luvisols 18c 7°52'N 38°00'E
Waka 2440 masl 817.7mm Haplic alisol 16.54C 7°03'08.3", N 37°11' 36.0"E
Areka 1830 masl 1659.1mm Haplic alisols 20.3C 7 4'24"N 37° 41'30"E
Source: Abayneh Esayas . 2003.
Table 2: Description of field pea genotypes usedtfe study

No  Genotype name Origin Status No. Genotype name Status Origin

1 Fp. Coll.37/99 Ethiopia P 13 Dadimos R Brundi

2 Fp. Coll.40/99 Ethiopia P 14 Tulu dimtu R Ethiopia

3 Fp. Coll.51/99 Ethiopia P 15 Hassabe R UK

4 Fp. Coll.199/99  Ethiopia P 16 Woyyetu R USA xigfha

5 IG. -49563 ICARDA/ Australia P 17 IG- 51890 P ICARDAustralia

6 IG -50936 ICARDA/ Australia P 18 Milky R NEP 634 xA8JSA)

7 IG- 50547 ICARDA/ Australia P 19 FPEX-DZ P Ethiopia

8 IG- 51664 ICARDA/ Australia P 20 SAR-Fp-61 P ICARDAUstralia

9 1G-51700 ICARDA/ Australia P 21 SAR-Fp-13 P ICARDAUstralia

10 Gume Brundi X ICARDA R 22 Markos(R) R ICARDA

11 Megeri Australia R 23 Tegegnech(R) R Brundi

12 Holletta-90 Ethiopia R 24 Local check Ethiopia

Note: - P =Promising material in pipelineda¢ka Agricultural Research Center (ARC), SNNPRS
R- Released varieties by various reseegcier of Ethiopia

Table 3. Mean squares of yield of 24 field pea ¢ygres from AMMI analysis of variance including thiest

four IPCA
Source df SS MS % SS
Total 359 137980729.2
Environments 4 94680485.9 71010364.4** 68.61
Reps within Env. 10 1511929.467 453578.8 1.09
Genotype 23 11683445.67 1523927.7** 8.46
Genotype x Env. 92 19804787.38 645808.3** 14.4
IPCA1 26 9823398 1133469.0** 49.6
IPCA2 24 5172403.08 646550.4** 26.11
IPCA3 22 3407217.24 464620.5** 17.2
IPCA4 20 1401769.06 2102654 7.08
IPCAS 18 0 0.0 0
Residual 230 100300080.74 134348.879 7.46
C.V. 17.50
Table 4 Spearman’s rank correlation for stabiliéygmeters for field pea genotypes
Mean Yield Wi bi Sadi ASV

Mean Yield *

Wi -0.4217 *

bi -0.4078 -0.054 *

Sii -0.3869 0.707** -0.774 *

ASV -0.230 0.776** 0.0217 0.443* *

Note: W i = Wricke’s (1962) ecovalence; b i =reggien coefficient; & i = Eberhart &
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Russell’'s (1966) deviation from regression paramé&t8V = AMMI stability value.

n
II

IPCAL

¢E

EET
1000 1500 2000 2500 3000 3500 4000

Mean yield {kg/ha)

Figure 1: Biplot of IPCA1 against both varietal aam/ironmental mean yield

Note G1-G24 name of genotypes. G1 = Fp. Coll.37/99,G2= Fp. Coll.40/99, G3= FmIIG1/99, G4= Fp.
Coll.199/99, G5= IG. -49563, G6= IG -50936,G7= BB547,G8= IG- 51664,G9= 1G-51700,G10= Gume,G11=
Megeri,G12= Holletta-90 ,G13= Dadimos ,G14=uldimtu,G15= Hassabe ,G16= Woyyetu,G17= IG-
51890,G18=  Milky,G19= FPEX-DZ,G20= SAR-Fp-61, G21=SAR-Fp-13,G22=  Markos,G23=
Tegegnech,G24=Local checkA-E name of test environment, A=Angacha (-27.02),B=Hosanna(-14.89),
C=Areka (-17.8),D=Freeze((23.42) &E=Waka (36.2901)
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Table 5. Mean yield (kg / ha),joint regression geis, Additive main effects and multiplicative irdetion
(AMMI) and wrick ecovalence stability measuremeatsd their ranking orders of 24 field pea genotypes
evaluated in five locations in 2006/07

[} o

g2 -

o = i X ¢ ¢ 8 N~ 2 2 <

s |8 |3 S la |5 S sl g g €
O = o o4 o o 3 o o o o <

Gl 2024.7 16| 642969.4 10 0.80 15 1.36* 2 -2287.6 3 -8.81| -10.54 19.77 138
G2 1870.5 18| 281522.6 ? 0.00 23 1.01 (11 48950.0 11 3.83| -8.45 11.15 3
G3 2047.2 14 854715.6 15 0.83 10 1.43* 1 1665.0 514.36| -6.52 28.03 19
G4 1540.6 24 799693.4 13 0.68 12 0/63 |23 40586.8 10 9.13| 10.04 20.04 14
G5 1693.6 21 437959.4 4 0.68 21 073 |21 2359.8 6 97 5.10.13 15.21 ¢
G6 2036.7 15 535074.8 6 0.13 19 0,87 |16 110069.9% 4|1 -2.01| 14.38 14.8¢ 4
G7 1556.6 23 509767.p 5 0.58 20 0[73 |20 26612.0 8 .64 (710.50 17.90 1(
G8 2085.6 12 565121.11 B 0.60 17 129 4 30762.4 9 1811 -5.34 23.06 115
G9 2260.2 8 184009.8 23 0.18 2 0.p1 (15 5404.9 7 1 5.B.68 10.98 2
G10 | 2658.8 1 766675.7 12 0.30 13 124 7 133549.3% 15 -14.00| -3.86 26.87 1B
G11 | 2284.9 7 1556599.8 21 0.00 4 0/99 |13 474025.5% 23 -16.66| 16.75 3581 283
G12 | 1849.3 19 1798028.6 22 0.31 3 062 |24 364072.5% 22 14.76| 6.82 28.84 20
G13 | 2154.7 9 917602.7 16 0.51 9 135 3 104082.7*f 3|1 -16.79| -1.01 3189 21
G14 | 2004.2 17 729995.1 11 0.00 14 1 (12 198541.5*% 7|1 -11.40| 11.34 2448 17
G15 | 1654.9 22 545358.8 7 0.67 18 0.7 |22 15028.9 4 .03513.93 16.89 g
G16 | 2460.3 4 1127915.)7 20 0.01 5 0/96 |14 328748.8% 21 7.63| 7.86 16.49 3
G17 | 2133.3 10 126374.8 1 0.50 24 1/13 8 -23863.8 1-4.19| -4.73 9.25 1
G18 | 2624.9 2 2507844.0 24 0.05 1 0/82 |17 749682.0% 24 25.50| -11.63 4981 24
G19 | 2510.8 3 1127147.p 19 0.18 6 0/77 |19 261523.1% 19 17.73| -4.11 33.92 2p
G20 | 2131.9 11 956295.7 17 0.31 8 1,28 5 17225224 6|1 -8.76| -8.56 18.71 12
G21 | 2072.1 13 10707741 18 0.02 7 1|07 9 304882.9% 20 1.56| -14.84 15.18 5
G22 | 2349.5 6| 366159.11 B 0.76 22 1.27 6 -15116.5 2 9.32- -4.69 18.31] 11
G23 | 2456.1 5 819925.8 14 0.02 11 1/07 |10 221729.5% 18 1.64| -16.13 16.43 v
G24 | 1804.1 20 577257.7 9 0.28 16 0.8 |18 92862.3* 1212.08| -4.00 23.29 16

Note: Negative=0, without *= non significant, **, £ Significant at the 1% and 5% levels, respecyivel
ASV=AMMI stability value, IPCA1&2=Interaction prinpal component, Sdi2=Deviation from regression,
bi=Regression coefficient, Wi=Wrick ecovalence, (R2rkins and Jink) = coefficient of determination

Note: G1-G24 name of genotypes: G1 = Fp. Coll.37/99,&P= Coll.40/99, G3= Fp. Coll.51/99, G4= Fp.
Coll.199/99, G5= IG. -49563, G6= IG -50936,G7= BR547,G8= IG- 51664,G9= 1G-51700,G10= Gume,G11=
Megeri,G12= Holletta-90 ,G13= Dadimos ,G14=uldimtu,G15= Hassabe ,G16= Woyyetu,G17= IG-
51890,G18= Milky,G19= FPEX-DZ,G20= SAR-Fp-61, G21=SAR-Fp-13,G22= Markos,G23=
Tegegnech,G24=Local check
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