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GGE BIPLOT ANALYSIS OF YIELD PERFOMANCE AND STABILITY OF DURUM
WHEAT GENOTYPES IN MULTI ENVIRONMENT TRIALS IN ALGERIA
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We evaluated the phenotypic stability and adaptability of durum wheat genotypes using
the GGE (Genotype main effect (G) plus Genotype-Environment (GE) interaction) biplot model.
The research was conducted in four locations by randomized complete block design with four
replications in each location in during the 2008-09 and 2009-10 cropping seasons. The grain
yields of all genotypes were significantly affected by environment, which accounted for 88.2% of
the total variation, whereas genotype and genotype-environment interaction accounted for 2.9%
and 8.9%, respectively. GGE biplot reflected most of the variation caused by genotype and geno-
type-environment interaction effects in the first two principal components — 69.9%. GGE biplot
"which-won-where" showed that eight environments used for the study belonged to three mega-
environments with winning genotypes G20, G19 and G9. According to the ideal genotype biplot,
genotypes G19, G20 and G12 were the best genotypes demonstrating high average yields and
high stability of performance across the test locations. Based on the GGE biplot analysis, envi-
ronment E4 (Kroub09/10) was the ideal test environment in terms of being the most representa-
tive of the overall environment and was chosen to select superior genotypes. Environments E2
(Guelma09/10) and E8 (Tiaret08/09) provide little or no information about the genotypic differ-
ences. The GGE biplot analysis permitted a meaningful and useful summary of GE interaction
data and assisted in examining the natural relationships and variations in genotypes performance
across the test locations.
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Introduction. In dry areas, rainfed durum wheat yield is limited by biotic and abiotic stress-
es. Grain yield reductions were caused, mainly, by the combined effect of winter low temperatures,
spring frosts, summer high temperatures and water shortage [1, 2]. Grain yield variations, ranging
from as low as 1.8 to 3.6 t/ha, at the same site in successive cropping seasons, were reported by
Bahlouli et al. (2005) and Nouar et al. (2012) [3, 4] for durum wheat and by Kadi et al. (2010) and
Meziani et al. (2011) for barley [5, 6]. Under such variable growth conditions, genotype x environ-
ments interaction is large enough to hinder selection progress, making prediction and genotype rec-
ommendation difficult. This is a particular problem where genotypes are tested and selected in one
environment and targeted to other environments [7, 8]. Differential yield responses of genotypes
can be caused by differences in phenology, growth habit, vernalization and/or photoperiodic re-
sponses [8]. In breeding programs, significant genotype x environment interaction can be ignored
or properly exploited to advantage through various approaches [9].

Multi Environment Trials (METS) are important for studying yield stability, adaptation
and as well for prediction of yield performance of genotypes across environments [10, 11]. Typi-
cally, environment causes most of the total yield variations, while genotype and genotype-
environment interaction (GEI) are usually less effective [12, 13]. A large GEI variation usually
hinders the accuracy of yield estimation and reduces correlation between genotypic and pheno-
typic values.
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GEl is a universal phenomenon when different genotypes are tested in a number of environ-
ments, and is an important issue for plant breeders and agronomists to predict cultivar behavior in
different locations across different years prior to any recommendation concerning varieties [14-16]. In
this context the joint regression and the additive main effects and multiplicative interaction (AMMI)
models are helpful analytical tools [17, 18]. These methods help understanding the magnitude of the
interaction to be able to exploit its effects through appropriate selection strategies.

Yan et al. (2000) [19] proposed a modification of the conventional AMMI analysis called
GGE (genotype and genotype-environment interaction), which is used for GEI analysis. The
GGE analysis pools the genotype effect (G) with GE (multiplicative effect) and submits these
effects to principal component analysis. According to Yan et al. (2000) [19], this biplot is identi-
fied as a GGE biplot. GGE biplot has some graphical visualization functions such as visualization
of genotypes performance in a specific environment, visualization of relative adaptability of a
genotype in a varying environment, visualization of comparison of two genotypes in different
environments, visualization of identifying the best genotypes in each environment, visualization
of an environmental group for a specific genotype(s), visualization of genotype average perfor-
mance and stability, and visualization of discrimination and representation of environment [20].

This objective of our study was to evaluate the adaptability and yield stability of durum
wheat genotypes using GGE biplot analysis to select genotypes that have both high performance
and phenotypic stability.

Material and methods. The field trials were carried out during the 2008-09 and 2009-
2010 cropping seasons at four locations in Algeria. The experimental sites characterized by a
climate varying from subhumid to arid, are those of the experimental stations of the Technical
Institute of Field Crops of Khroub (36°26°N, 06°66’E, 713 m), Sétif (36°12°N, 05°24’E, 1023
m), Guelma (36°45°N, 07°47°E, 272 m) and Tiaret (36°05°N, 01°06’E, 1003 m) (Table 1).

Table 1
Weather conditions in the test sites
Cod Mean temperature (C°)
site 2008/2009
site sep oct nov dec jan feb mar apr may
E7 Khroub 21.7 16.9 10.3 6.8 7.1 6.5 94 10.9 17.7
E5  Sétif 21.0 15.2 8.2 4.9 5.2 4.8 8.1 9.1 17.1
E3 Guelma 24.9 208 143 107 111 123 13.3 165 18.1
E8 Tiaret 21.7 15.5 8.0 5.1 5.6 6.0 9.9 9.4 17.8
2009/2010
site sep oct nov dec jan feb mar apr may
E4  Khroub 19.9 153 110 9.0 7.8 9.1 10.5 136 153
E1  Sétif 195 149  10.7 7.8 6.3 7.5 9.6 127 136

E2 Guelma  23.1 187 148 134 111 123 13.3 16,5 18.1
E6 Tiaret 19.5 16.4 122 9.4 7.6 8.9 10.3 13.0 148
Average rainfall (mm)

2008/2009
site sep oct nov dec jan feb mar apr may
E7 Khroub 388 210 376 270 764 486 81.1 113.3 434
E5  Sétif 45.2 555 230 383 66.6 383 31.6 79.4 5.0

E3 Guelma  29.7 254 706 358 1604 674 98.0 134.2 Sé.9
E8 Tiaret 33.6 789 503 79.7 100.2 326 80.4 641 212

2009/2010
site sep oct nov dec jan feb mar apr may
E4 Khroub 1039 494 249 471 740 305 46.9 67.2  50.0
E1  Sétif 63.8 9.0 282 262 311 385 38.6 554 735

E2 Guelma 1403 587 236 626 1026 27.1 60.7 46.4  53.5
E6 Tiaret 90.4 114 510 799 574 138.6 66.6 146  38.9




Twenty three durum wheat genotypes were tested, including commercial cultivars and ad-
vanced breeding lines from the national and Cimmyt—Icarda breeding programs (Table 2).

Table 2
Code and pedigree of 23 genotypes tested at the four locations during the 2008-09 and 2009-
10 cropping seasons

Code Pedigree

Gl Hoggar check

G2 MBB check

G3 Boussellem check

G4 Ter-2/3/HFN94-8/Mrb5/Zna-1 ICD00-1090-T-2AP-AP-2AP-TR
G5 Mgnl3/Aghrass2 ICD99-0015-C-9AP-AP-21AP-AP

G6 Adnan-1 ICD00-0866-C-0AP-5AP-AP-8AP-AP

G7 Ter-1/Mrf1/Stj2

G8 Aghrass-1/HFN94N-8/Mrb5/Zna-1 ICD00-1085-T-2AP-AP-2AP-TR
G9 Aghrass-1/3/Mrfl/Mrb16/Ru ICD00-0834-C-32AP-AP-6AP-TR
G10 Amedakul-1 ICD96-0242-T-2AP-0AP-1AP-AP

G1l1 Bigost-1 ICD96-0887-C-2AP-0AP-5AP-0AP

G12 Mrf1/Stj2/Bcrchl 1ICD99-0027-C-0AP-14AP-AP-9AP-AP

G13 Aghrass-1/HFN94N-8/Mrb5/Zna-1 ICD00-1085-T-10AP-AP-10AP-AP
Gl4 Stj2/Dra-2/Bcr/3/Ter-3

G15 Beltagy-2 ICD97-0396-T-1AP-AP-5AP-0AP-16AP-AP

G16 Icasyr-1 ICD95-0169-C-0AP-3AP-0AP-5AP-0AP

G17 Azeghar-2/Ch1/F1 13 ICD98-0493-W-AP-2AP-0AP-11AP-AP
G18 Azeghar-1/Blm//Mrf-2 ICD00-0818-C-18AP-AP-9AP-TR

G19 Miki-3 ICD94-0994-C-10AP-0AP-2AP-0AP-9AP-0TR

G20 Azeghar-1/3/Mrf-2/Bcr/Gro-1 1ICD00-0904-H-9AP-AP-1AP-TR
G21 Ter-1/3/Stj3/Bcr/Lks-4 ICD99-1036-T-0AP-7AP-AP-3AP-AP
G22 Ammar-2 ICD94-0918-C-12AP-0AP-6AP-0AP-3AP-0AP

G23 Aghrass-1/3/HFN94N-8/Mrb5/Zna-1 ICD00-1065-T-4AP-AP

These genotypes were sown in a randomized complete block design in four replications.
The experiments were conducted under rainfed conditions. Sowing was done in November with
an experimental drill, in 1.2 m wide x 05 m long plots, at a seeding rate of 300 seeds/m?. The
grain yields were determined by mechanical harvesting all 6 rows per plot.

ANOVA. Combined analysis of variance was performed for all the environments and in-
cluded four locations and two cropping seasons. The treatment sum of squares was partitioned into
its three components: genotype (G), environment (E) and genotype-environment interaction (GEI).

GGE biplot analysis. The GGE biplot methodology, which is composed of two concepts,
the biplot concept [21] and the GGE concept [19], was used to visually analyze the multi-
environment yield trials (METSs) data. This methodology uses a biplot to show the factors (G and
GE) that are important in genotype evaluation and that are also sources of variation in GEI analy-
sis of METSs data [12, 13].

The data on yields were mathematically processed using Genstat12 software.

Results and discussion. Combined analysis of variance showed that there were highly
significant differences for the environments, genotypes and their interactions. The results of com-
bined analysis of variance are shown in Table 3. In our study, the durum wheat grain yields were
significantly affected by the environment, which accounted for 88.2 % of the total (G+E+GE)
variation, whereas genotype and genotype-environment interaction accounted for 2.9 % and 8.9
%, respectively. A large sum of squares for environments indicated that the environments were
diverse, with large differences between environmental means causing variation in the grain
yields. In most multi-environment trials the environment accounts for over 80 % of the total vari-
ation [12, 22, 23].
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Table 3
Analyses of variance of the grain yield of 23 durum wheat genotypes in 8 environments

Source DF SS MS G+E+GE SS (%)
Genotypes (G) 22 55,3 2,51 2.9
Environments (E) 7 1640.9 23441 88.2
Block 24 27.9 1.16
Interactions (GE) 154 167.6 1.09 8.9
Residuals 54 18.4 0.34
Error 528 288.5 0.55
Total 735 2180.1 2.97

DF = degree of freedom; SS = sum of squares; MS = mean square

The mean performance of the tested genotypes across the testing years and locations
ranged from 3.12 t/ha for G2 to 4.53 t/ha for G19 (Table 4). The mean yield of the testing envi-
ronments varied from 1.73 t/ha for E8 (Tiaret 2008/09) to 6.55 t/ha for E7 (Khroub 2008/09),
indicating the influence of soil, temperature, precipitation, etc. on yield.

Table 4
Mean grain yield (tha™) of 23 durum wheat genotypes in 8 environments

Genotype El E2 E3 E4 ES E6 E7 E8 Mean
Gl 3.4 2.9 53 5.6 3.4 3.0 6.2 1.7 3.925
G2 3.1 2.3 4.8 2.9 2.5 4.0 3.6 1.8 3.121
G3 5.0 2.9 5.2 5.8 3.3 3.9 6.7 2.0 4.338
G4 3.4 3.0 4.2 4.6 3.2 3.1 6.6 1.8 3.747
G5 34 2.8 53 6.0 3.5 3.3 7.2 1.6 4.149
G6 3.7 2.5 4.9 5.8 3.6 4.1 7.1 1.3 4.123
G7 3.8 2.7 4.6 53 3.6 2.9 7.1 15 3.934
G8 3.3 3.2 51 5.2 3.4 3.2 6.2 1.8 3.911
G9 2.7 2.2 5.2 6.3 3.8 3.5 7.6 1.9 4.149
G10 4.0 2.8 5.6 55 3.9 2.9 6.6 1.8 4.152
G11 4.1 2.8 4.3 6.1 3.5 2.9 6.9 1.6 4.030
G12 3.6 2.9 5.7 6.5 3.7 3.6 7.1 1.5 4.333
G13 3.7 2.7 5.0 5.7 3.5 3.0 7.1 1.7 4.039
Gl14 3.7 2.2 4.9 5.7 3.6 3.2 6.0 1.8 3.888
G15 3.9 2.9 4.8 6.0 3.5 3.6 6.8 1.4 4.114
G16 3.7 2.5 4.9 55 35 3.8 7.4 2.0 4.174
G17 4.2 2.5 3.6 6.1 3.2 3.7 6.9 2.2 4.030
G18 4.0 2.4 55 5.7 3.2 4.6 6.6 1.7 4.208
G19 4.6 3.3 4.9 7.1 3.9 4.0 6.6 1.9 4.526
G20 4.3 2.6 5.8 6.2 3.9 3.3 7.1 1.7 4.358
G21 4.7 2.2 6.1 5.7 3.8 4.6 5.6 1.7 4.282
G22 4.1 2.8 4.5 6.3 3.3 2.8 7.0 1.7 4.069
G23 3.7 2.2 51 5.8 3.6 3.3 4.7 1.8 3.766

Mean 3.838 2666 4999 5708 3495 3490 6.547 1.733

According to Yan et al. (2007) [24], due to the discriminative ability and representative-
ness of GGE view, the biplot was an effective tool for environment evaluation, which was not
possible with the AMMI model. In environment focusing scaled vector view of GGE biplot, the
cosine of the angles between environment vectors shows relationships between test environ-
ments: with acute angles indicating strong positive correlation, obtuse angles — strong negative
correlation or cross over GEI of genotypes, and right angle showing no correlation [25]. Hence,
environment E5 highly correlated with E4, E2 — with E7 and E6 — with E3 (Figure 1).

Discriminating ability and representativeness of testing environments are an important
measure in the GGE biplot. An environment is more desirable if it is located closer to the ideal envi-
ronment. Thus, using the ideal environment as the centre, concentric circles were drawn to help visu-
alize the distance between each environment and the ideal environment [26]. Figure 2 shows that
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environment E4 (Khroub09/10) was the ideal testing environment in terms of being the most repre-
sentative of the overall environment and was chosen to select superior genotypes. Environments E2
(Guelma09/10) and E8 (Tiaret08/09), closer to the biplot origin, are characterized by similar perfor-
mance of all genotypes; hence they provide little or no information about the genotypic differences,
therefore, similar environments should not be considered as testing environments for yield trials. En-
vironment E7 (Khroub08/09) has a long vector and a large angle with the abscissa, hence, should not
be used for selecting superior genotypes, but useful for culling unsuitable genotypes.

PC1 = 50.04%; PC2=19.86%; Sum= | PC1=50.04%; PC2=19.86%; Sum=

Figure 1. GGE biplot showing relationships  Figure 2. Ranking of environments based on
among the test environments. discriminating ability and representative-
ness

Visualization of the “which-won-where” pattern of MET data is important for studying
possible existence of different mega-environments (ME) in a region. The polygon view of a GGE
biplot explicitly displays the “which-won-where” pattern and, hence, is a succinct summary of
the GEI pattern of a MET data set (Figure 5). By connecting the genotype markers and the rays as
depicted, the rays in Figure 3 are lines that are perpendicular to the sides of the polygon or their
extensions. These rays divide the biplot into five sectors, but environments fall into three of them,
so the genotypes vertex in these sectors may indicate higher or the highest yield compared to oth-
er parts in all environments.

Another important feature of this biplot is that it indicates environmental groupings,
which suggests a possible existence of different mega-environments. Thus, in our studies the first
mega-environment consists of environments E6, E3 and E1 with genotype G21 being the winner.
The environments E5 and E4 makes up the second mega-environment, where genotype G19 is
the winner. The last mega-environment consists of environments E2 and E7, where genotype G9
has the highest yield capacity.

The yield stability of genotypes was evaluated by the average environment coordination
(AEC) method. In this method, the average principal components will be used in all environ-
ments, as depicted in Figure 4. A line is then drawn through this average environment and the
biplot origin; this line is called the average environment axis and serves as the abscissa of the
AEC. Unlike the AEC abscissa, having one direction, with the arrow pointing to a greater geno-
type main effect; the AEC ordinate in either direction away from the biplot origin indicates a
greater GEI effect and reduced stability. The AEC ordinate separates genotypes with below-
average means from those with above-average means. Genotypes G19, G3, G12, G20 and G21
had the highest mean yields, but yield of genotype G21 was the most variable, while genotypes
G20 and G12 were noticeable for their high stability and productivity.
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PC1 = 50.04%; PC2=19.86%; Sum=69.90% PC1 = 50.04%; PC2=19.86%; Sum= 69.90%

- -

Figure 3. Polygon views of the GGE biplot  Figure 4. Average environment coordination

based on symmetrical scaling for the (AEC) views of the GGE biplot based on
«which-won where» pattern for genotypes environment-focused scaling for the mean
and environments. performance and stability of genotypes

An “ideal” genotype is one that has both high mean yield capacity and high stability. The
centre of concentric circles (Fig. 5) represents the position of an “ideal” genotype, which is de-
fined by a projection onto the mean-environment axis that equals the longest vector of the geno-
types that had above-average mean yields and by a zero projection onto the perpendicular line
(zero variability across all environments). The closer a genotype to the ideal one is, the more val-
uable it is. Although such an “ideal” genotype may not exist in reality, it can be used as a refer-
ence for genotype evaluation [25].

e PR

PC1 = 50.04%; PC2=19.86%); Sum=

Figure 5. The average-environment coordination (AEC) view to rank genotypes
relative to an ideal genotype
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The ranking based on the genotype-focused scaling assumes that stability and mean yield
are equally important. Thus, genotypes G19, G12 and G 20, which are close to the centre of con-
centric circles, were “ideal” genotypes in terms of yield capacity and stability compared with the
other genotypes.

Conclusion. The result ANOVA showed that the magnitude of the environmental effect
was by far higher than the genotype effect and genotype-environment interaction effect. Durum
wheat genotypes evaluated in this study had highly significant genetic differences in the grain
yields across the environments.

The GGE biplot results indicated that yields of durum wheat genotypes were highly influ-
enced by locations and growing season conditions. Genotypes G12, G19, G20 and G3 demon-
strated best performance among the testing environments, while G2 had the lowest grain yield
and adaptability. The study results distinguished genotype G19, which was the closest to the
“ideal” genotype in terms of yield capacity and stability. Genotypes G12 and G20 were also re-
markable for combination of yield capacity and stability.

GGE biplot analysis permitted a meaningful and useful summary of the GE interaction
data and assisted in examining the natural relationships and variations in the genotypes perfor-
mance across the test locations.
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GGE BIPLOT AHAJII3 YPOXKAHHOCTI TA CTAFL/IBHOCTI TEHOTHIIIB
IIITEHUIII TBEP/JOI B EKOJIOTTYHOMY COPTOBHIIPOEYBAHHI Y AJLKHPI

1BeHz[)KaMa A., 2Cononeunuii II.
"Texniunnii IHCTUTYT MOJBOBHUX KYJIbTYP, AJDKUD

’In

cTuTyT pocnuHHUNTBA iM. B.S. FOp’eBa HAAH, Ykpaina

Beryn. ¥V nocynummBux ymMoBax AJDKHPY BpOXKalHUN MOTEHIIAN COPTIB MIIEHUIII TBEPIOI peati-

3YEThCSI HE MOBHOIO Mipol0. 3a TakuX HECHPHUATIMBUX YMOB J00i1p KpallMX T'€HOTHIIB €
YCKJIQJIHEHUM, O0COOJMBO SIKIIIO BOHH OLIHIOIOTHCS JIMILE B OJHOMY cepefoBuii. Tomy s
OLThII €(PEKTUBHOI OIIIHKHM MPOAYKTHBHOCTI Ta aJaliTUBHOTO MOTEHITIATy MEPCIICKTUBHHUX Te-
HOTHUIIB OYyJI0 MIPOBEICHO €KOJIOT1UHE COPTOBUIPOOYBAHHS HA YOTHPHOX EKCIEPUMEHTATBHUX
CTaHIIAX TeXHIYHOTO IHCTUTYTY MOJIBOBUX KYJIBTYD (AJKUD).

15


http://dx.doi.org/10.1071/AR9630742

MeToro 1aHOro JOCHIKEHHS! OyJI0 OLIHWUTH BpPOXKaHICTH Ta CTaOUIbHICTh T€HOTHIIB TBEPIOL
nmeHuIll 3 BukopuctanusaM GGE 6imior ananisy ajs 1000py reHOTHIIIB 3 BUCOKOIO MPOIYK-
TUBHICTIO Ta ()EHOTHIIOBOIO CTaO1IBHICTIO.

Marepiaau Ta meroau. Jlocmimkenns nposeaeHo y 2008—09 ta 2009-10 pokax y 4OTHPbOX
NyHKTaX BUMPOOYBAaHHS 3 MOBHOIO PaHOMI3Ali€l0 3 YOTHPMA MOBTOPEHHSAMH. 32 BHUXITHHUN
Marepian O0yja0 BUKOPUCTAHO 23 TEHOTHIM TBEPIOi MIICHHIII — KOMEPIIHI COPTH Ta CEJieK-
iiiHi minii Big HarioHamsHUX Ta CIMMY T-ICARDA cenekuiifHUX mporpam.

Oo0roBopenHnsi pe3yabTaTiB. Ha BpokaiHICTh yCiX T€HOTHITIB 3HAYHO BIUIMHYJIHM YMOBH BHPO-
HIyBaHHs, el pakrop oOymoBioBaB 88,2 % Bix 3araibHOI qucnepcii BPOXKAMHOCTI, TO1 K
BIUTMB TCHOTHUITY Ta B3a€EMO/IISI MK T€HOTHUIIOM Ta CepeloBHUIeM cTaHoBuaa 2,9 % Ta 8,9 %
BinnoBiHo. GGE 6imuioT BimoOpaxas OUTbITY YacTUHY Bapiallii, BUKINKaHy e(heKTaMu B3ae-
MOJIi1 TEHOTHITY Ta T€HOTHITY-CEpEIOBHUIIA B MEPIIUX ABOX OCHOBHUX KoMIOHeHTax — 69,9 %.
GGE 6imnor "skuii TeHOTUN Jie BUTpae" MOKa3as, 10 BiCIM JOCITIHKEHUX cepenoBull chop-
MYBaJIM TPU METa-CEPEIOBHINA, B SKUX HAMOUTHII MpoyKTUBHUMH Oyiu renotunu G20, G19 i
G9. I'enorunu G19, G3, G12, G20 ta G21 Manm HalOUIBIIY CepeHIO BpoKaiHicTh. [Ipu
IbOMY BpoxKaifHicTh reHotuny G21 Oyna HaliOuIbII BapiabenbHOO, ToAl sk reHotunu G20 i
G12 xapakTepu3yBalHCs BUCOKOIO Ta CTaOUTFHOIO MPOAYKTUBHICTIO. [IOpiBHAHHS 3 «iealb-
HUM)» T€HOTHIIOM BHSBUIIO, III0 HAWKPALIUMHU 32 MOEIHAHHAM BHUCOKOI BpOXKaltHOCTI Ta 11 cTa-
6inpHOTO TIposiBy Oyiu reHotunu G19, G20 1 G12. Anani3 qudepeHmirodoi 31aTHOCTI Ta pe-
NPE3EHTaTUBHOCTI CepeIOBUIN BUSBUB, 110 cepenosuine E4 (Khroub09/10) Oymo izeansHuM
JUIS TECTYBAaHHS T€HOTHIIIB, TaK SIK BOHO Oysi0 HaiOL1bII iHQOPMAaTHBHUM Ta PENpPE3CHTATHB-
HUM, TOOTO € ONTUMANBHUM [T BUOOpPY Kpamux renotumniB. Cepenosuia E2 (Guelma 09/10)
ta E8 (Tiaret 08/09) 6ynu He iHpopMaTHBHIMY 111010 TUEpEHITialii FTeHOTHITIB.

BucHoBku. [leTanbHO OI[IHEHO B3a€EMOJiI0 TeHOTHM-cepeaoBuine 3a aonomororo GGE 6imor
aHaJi3y, Mo J03BOJMIO J00paTH HaHOUTBII MPOAYKTUBHI Ta CTaOUIbHI TEHOTHITH, @ TAKOX T'e-
HOTHUIIY 3 HIMPOKOIO Ta Crieu(iyHOI0 aJanTUBHICTIO.

Knrouoei cnosa: GGE 6innom, nwenuys meepoa, gpooicatinicms, adanmusHicmy, 83a4emo0is
2eHOmMun-cepedosuule, cmadiibHiCMb

GGE BIPLOT AHAJTH3 YPOKAHHOCTH H CTABH/IbHOCTH TEHOTHIIOB
IIITEHUIIBI TBEPJOH B 3KOJIOTHYECKOM COPTOHCIIBITAHHH B A/IUKUPE

"Benmxama A., “Cononeunprii I1.
'Texnndecknii WHCTUTYT MOJIEBBIX KYJIBTYD, AJKUD
2I/IHCTI/ITyT pactenueBozcTtsa uM. B.Sl. FOpeeBa HAAH, Ykpanna

BBenenue. B 3acynuiuBbIxX ycnoBUAX AJDKUpA YpOKalHBIA MOTEHIMAT COPTOB MILEHMIIBI TBEP-
Joi peanu3yercs He MmoyiHoi Mepoi. [Ipu Takux HEOIAronpusATHBIX YCIOBUSAX OTOOP JIyHIIUX
TeHOTHUIIOB YCIIO)KHEH, OCOOEHHO €CIIM OHU OLIEHWBAIOTCSA TOJBKO B onHOU cpene. [Toatomy
st 6omee d(pPEeKTUBHON OIEHKH MPOAYKTUBHOCTH U aJalITUBHOTO MOTEHIMAA TTEPCIIEKTHB-
HBIX TEHOTHUIIOB OBIJIO MPOBEACHO YKOJIOTHUECKOE COPTOUCTIHITAHNE Ha YEThIPEX IKCIIEPHUMEH-
TaJbHBIX CTAHIUAX TEeXHUYECKOTO MHCTUTYTA MOJIEBBIX KYIbTYp (AJDKUD).

Lenpio qaHHOTO MCCIeI0BaHMs ObUTa OIIEHKA YPOKaWHHOCTH U CTAOMIBHOCTh TEHOTUIIOB TBEPAOH
nIeHuIsl ¢ ucnonb3oBanneM GGE Oumior ananusa st 0TOOpa TEHOTUIIOB C BBICOKOW TIPO-
TYKTUBHOCTBIO U (DEHOTUITUYECKON CTAOMIBHOCTBIO.

Marepuanabl u Metoabl. VMccienoBanusa nposeneHsl B 2008—09 u 2009—10 rogax B yeThIpex
MYHKTaX UCHBITAHMS C MOJHOM paHIOMU3ALMEN ¢ YeThIpbMsI OBTOPEHUsIMU. MIcXOqHBIM Ma-
TepUaIoM ObUTHM 23 TEHOTHUIIa TBEPAOW MIICHHUIBI — KOMMEPUYECKHE COpPTa U CEJICKIIMOHHBIE
nuHun u3 HaunoHaubHbIX U CIMMYT-ICARDA cenekimoHHBIX TPOrpaMm.

Oo0cy:xnenne pe3yabTaroB. Ha ypoxailHOCTh BCEX F€HOTHUIIOB 3HAYUTEIBHO MOBIUSIIA YCIOBUS
BBIpaIlMBaHus, 3TOT (pakrop oOyciaBnuBan 88,2 % oT o0mieil 1ucnepcuu ypoxaiHOCTH, TO-
rJa KaK BIMSHUE T€HOTHUIIA U B3aMMOAEHCTBUS MEK1y TEHOTUIIOM U Cpeslol cocTaBisuio 2,9 %
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u 8,9 % coorBerctBeHHO. GGE OuIUIIOT 0oTOOpa)an OONBIIYI0 YacTh BapHAallli, BHI3BAHHYIO
s dexTamMu B3auMOJEHCTBUS F€HOTHUIIA ¥ T€HOTHUIA-CPEbl B MEPBBIX ABYX OCHOBHBIX KOMIIO-
HeHTax — 69,9 %. GGE 6umior "kakoil reHOTHII TJIe BHIUTPBIBACT" MOKa3aj, YTO BOCEMb HC-
CJIEZIOBAaHHBIX cpell c(HOPMUPOBAIN TPU Mera-cpelbl, B KOTOPbIX Haubosee MpoAyKTUBHBIMU
obutn reHoTUTIBI G20, G19 u GY. T'enoruner G19, G3, G12, G20 u G21 xapakTepu30BAIKUCH
HauOoJIBIIICH CpeHel ypokaiHOCThIO. [Ipu 3TOM ypoxkaiiHocTh reHotuna G21 O6wu1a Hanobo-
nee BapuabenbHa, Torga kak reHoTunsl G20 u G12 xapakTepu30BauCh BHICOKOM U CTAOWIIb-
HOW MPOJYKTUBHOCTHIO0. CpaBHEHHE C «MJ€aIbHBIM» T'€HOTUIIOM IOKa3aJlo, YTO JIyYIIUMU 10
YPOBHIO YPOXKAHHOCTH M €ro cTabMiabHOrO mposiBieHus O0bumn reHotunsl G19, G20 u GI12.
Ananuz muddepeHupyomneil CnocOOHOCTH M PeNPe3eHTaTUBHOCTH CpeJl ITOKa3all, YTo cpela
E4 (Khroub(09/10) 6puta naeabHOM A1 TECTUPOBAHMS TEHOTUIIOB. JTa cpea Obuta Hauboee
MHGOPMATUBHOM M PENPE3EHTATUBHOM, TO €CTh OHA SIBJIIETCSI ONTUMAIILHOM Ul 0TOOpA JIyd-
mmx reHotunoB. Cpenst E2 (Guelma 09/10) u E8 (Tiaret 08/09) 6but1 He MHPOPMATUBHBIMU
OTHOCHUTEJIbHO JU(PepeHIraui reHOTHIIOB.

BoiBoabl. /leTanbHO OlIEHEHO B3auMOJIeCcTBHE reHoTHI-cpena npu nomomu GGE Oumor ana-
JIM3a, YTO MO3BOJIMIIO OTOOpaTh Haubojee NPOAYKTUBHBIE M CTAOUIIbHBIE T€HOTUIIBI, @ TAKKe
TCHOTHITBI C IUPOKOH U Crienn(pUIEeCKOi aJanTHBHOCTHIO.

Knrwoueewie cnosa: GGE 6unniom, nuenuya meepoas, yporcauHocms, adanmueHoCmo,
83aumooeticmaue ceHomun-cpeoa, CmabduIbHOCMb

GGE BIPLOT ANALYSIS OF YIELD PERFOMANCE AND STABILITY OF DURUM
WHEAT GENOTYPES IN MULTI ENVIRONMENT TRIALS IN ALGERIA

'Bendjama A., “Solonechnyi P.
Technical Institute of Field Crops, Algeria
2Plant Production Institute nd. a VV.Ya. Yuriev NAAS, Ukraine

Introduction. In the arid conditions of Algeria, the productive potential of durum wheat varieties
is not fully fulfilled. Under such unfavorable conditions, selection of the best genotypes is
complicated, especially if they are evaluated only in one environment. Therefore, for a more
effective assessment of the performance and adaptive potential of promising genotypes, an en-
vironmental variety trial was conducted at four experimental stations of the Technical Institute
of Field Crops (Algeria).

The purpose of this study was to evaluate the yield and stability of durum wheat genotypes using
the GGE biplot analysis to select genotypes with a high performance and phenotypic stability.

Materials and Methods. The study was conducted in four testing sites with full randomization in
four replicas in 2008-09 and 2009-10. Twenty durum wheat genotypes, commercial varieties
and breeding lines from national and CIMMYT-ICARDA breeding programs were taken as
the test material.

Results and Discussion. The yields of all the genotypes were significantly influenced by the
growing conditions; this factor accounted for 88.2% of the total variance of yield, while the
genotype effect and the genotype-environment interaction effect accounted for 2.9% and
8.9%, respectively. The GGE biplot represented most of the variation caused by the effects of
genotype and the genotype-environment interaction in the first two principal components -
69.9%. The “which-won-where” GGE biplot showed that the 8 environments under investiga-
tion formed 3 mega-environments in which genotypes G20, G19 and G9 were the most pro-
ductive. Genotypes G19, G3, G12, G20, and G21 gave the highest average yields. The yield of
genotype G21 was the most variable, whereas genotypes G20 and G12 had high and stable
performance. Comparison with the “ideal” genotype showed that genotypes G19, G20 and
G12 were the best in terms of yield and its stability. Analysis of the differentiating ability and
representativeness of the environments demonstrated that environment E4 (Khroub09/10) was
ideal for testing genotypes. This environment was the most informative and representative,
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that is, it is optimal for selecting the best genotypes. Environments E2 (Guelma 09/10) and E8
(Tiaret 08/09) were not informative regarding differentiation of genotypes.

Conclusions. The genotype-environment interaction was evaluated in detail using the GGE blot
analysis, which allowed selecting the most productive and stable genotypes, as well as geno-
types with broad and specific adaptability.

Key words: GGE biplot, durum wheat, yield, adaptability, genotype-environment interaction,
stability
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CTBOPEHHA CEJIEKIIIHHOT O MATEPIAJTY T'OPOXY 3 IIIBHIIIEHOIO
AKICTIO HACIHHA

Bacunenko A.O., besyrmmii .M., [llepuenko JI.M., llItensma A.M., I'snne A.B., [llenskina T.A.
[acTutyT pocimannnTBa im. B.S. FOp’eBa HAAH, Vkpaina

[IpencraBieHo pe3ynbTaTH CTBOPEHHS BHXIJIHOTO MaTepiaay ropoxy METOAOM OeKpocy i
BUNIPOOYBaHHS OTPUMAHOTO CeNeKIiifHoro matepiany Brpojosxk 2013-2018 pp. Anamni3 ronos-
HUX TOCIOJAPCHKUX O3HAK CTBOPEHOTO MaTepially — BPOXKAWHOCTI 1 BMICTy OUIKa MiATBEPAHB
JIOHOPCBKI BJIACTHBOCTI COpTIB XapkKiBChbKuil sHTapHUil 1 banan. 3po0ieHO BUCHOBOK, IO JJIS
MIIBUIEHHS €(PEKTUBHOCTI CEJIEKIIMHOTO MPOIeCY HEOOXITHO BUKOPUCTOBYBATH JIOHOPH 3a Tie-
BHUMH I'OCIOJITAPCHKUMHU O3HAKaMHU.

Knrwouoei cnosa: 2opox, cenexyis, ypocaiinicms, emicm 0inika, 6ekpoc, OOHOp

Beryn. Ha tenepininiif yac 10 KJIaCHYHUX METO/AIB CTBOPEHHS BHXIJHOTO MaTepialy B
cenekiii pocivH (TiOpuau3aliii, MyTareHe3y Ta iH.) TOJaJIUCh O10TEXHOJIOTIYHI (KyJbTypa MHJIs-
KiB, Ta iH.) Ta MOJIEKYJISIpHI (TpaHCTeHe3, Ta iH.). Aye BUOip METOly CXpellyBaHHsS Ta 0aThKiBCh-
KHX KOMITOHEHTIB JIJIsl CXPEUTyBaHHS 1 JOC1 3aTUIIAE€THCS TPYHTOBHOKO TIPOOIEMOIO.

AHaJi3 JiTepaTypHHX JKepeJl, IOCTAHOBKA NMPodJjeMu. BinmoBiqHIM YMHOM IIpoBeie-
Ha OI[IHKa BHYTPIIIHHOBHUIOBOTO PI3HOMAHITTS CITLCHKOTOCTIONAPCHKUX POCIHH, 10 CKOHIICHT-
pOBaHO y reHOaHKax CBITY, MOXKE 3a0€3MeUUTH BUPIMIEHH 0araTboX TpaJWLiiHUX 1 HOBUX MPO-
OJieM B CeNeKIlii, a TaKOK BUSBUTH 1 CTBOPUTH BHUXIIHUA MaTepian JUisl BHPIMICHHS OYIb-IKO1
npoOJIeMH 3 KO0 MOXKeE 31IITOBXHYTHCS cenekuionepu [1].

Cenexiiisi NUIAXOM TiOpuan3allii Mae OUTbIIE IIAHCIB HAa YCHIX, KO Oy/e BUKOHAHO Ha-
CTYITHI YMOBH: MO-TIEpIIIe, BU3HAYCHO YITKY METY, MO-Ipyre, MmiaiopaHo 0aTbKiBCbKi KOMITIOHEH-
TH, 110 BIAMOBIIAIOTH METI, TO-TPETE, 3aCTOCOBAHO BIAMOBIIHI METOAM T10puau3aIii i, 4eTBepre,
riOpuaHi momyJIsLii OnpanbOBaHO BiAMOBITHUMU METOAaMu [2].

BukopucranHas B SKOCTI 0aTbKIBCHKMX KOMIIOHEHTIB KOMEPIIHHUX COpPTIB € BHIIpaB/a-
HUM, TaK sIK y>K€ CTBOPEHUH T'€HOTHUIT IPOMIIIOB 3HAYHUI NUIAX BiJl CXpEllyBaHHs 10 BU3HAHHSA B
SKOCT1 COPTY, TOOTO Ma€ BENHUKY TepeBary mnepen iHmuMH. B Toif ske yac Taki cXpeuryBaHHS MO-
KYTh MPHU3BECTH 10 TeHeTHuYHoi BpaznuBocTi [1]. 3a manumu BummsskoBoit M.A. Ta iH. cepel
KosekIii ropoxy BUP cepen3zeMHOMOPCHKI 3pa3Kul MPEICTABICHO TOJIOBHUM YUHOM KOMEPIIii-
HUMU COpPTaMHU — 3 HasiBHUX 685 3paskiB 268 copTiB Hamiinuio 3 OpaHiii K OJHOTO 3 CBITOBUX
JigepiB BupoOHHUITBA TOpoxy [3]. B HamioHanmsHOMY LIEHTpI TEHETHYHHX PECYPCiB POCIHH YKpa-
iHu y 6a30Biit konekuii reHoouay Buny Pisum sativum L., sixa Ha 01.01.2014 p. Haniuye 2662
3pa3KiB, epeBakHy YacTuHy (1527 3pa3kiB) CTAaHOBISATH CEJICKINIHHI COPTH, 3 SIKUX 222 — BITYH3-
HSIHOT ceneKii pi3HuX pokiB[4].
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