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Table 1- Anovafor grain yield in Maragheh and Sararood under rainfed and supplementary
irrigation conditions

a0 (Mean of Squares) wix yo il
Sour C’;“:f \C;;ation solsT | ™M arafghem aéf e | (Sararciod) 39, B
df drrigated) .5 ,Lyf (Rainfed) po drrigated) ;L] (Rainfed) w0
Year) Juw 19831805* 44751873** 72032649** 81186964*
€ V-l 1489256 410807 1283071 113881
(Genotype) cwigi; 15 2143859* 1710291 ™ 202116 ™ 508884*
G XY) Jlwx i 30 994370** 958257** 416424** 202575**
(€) V- 90 153844 139838 202972 48876
(Total) Js 143
CV (%) (/)| yuuii s 6 14 15 18 14
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Table 2- Grain yield mean of genotypesin 5 locationsin 3 years (2012-15)

Grainyield mean (kg/ha) ails s Sdos (Sl

#  Genotype cuisi; Maragheh 4l ye Sararood og ! yw ol
olols Jwy! 409! oy

s ol s &% Qamloo  Ardabil  Urmia All
Rainfed Irrigated Rainfed Irrigated locations

1 Sqji (Check) 2280cd 2492df 1770a 2713ab 1953bc  798.3a¢ 1179cd  1547ce
2 G-1252 (Check) 3491a 4081a 1832a 27158b 2387a  8334ae  1508b 1905a
3 61-130/414-4.. 3644a 4248a 1960a 2685ab 2561a 875ac  1375hbc 1971a
4 BCRISBICUM/.  2429cd 2204f 1519b 2693ab 1804be 686.3be 1209bc  1465€f
5 D94528/3/2* .. 2976b 3165bc 1467bc 2337ab 1899bd 753.6ae  1803a 1694b
6 CBCS09HILE/..  2402cd 2397df 1812a 2565ab 1987b  779.7ae 1319bc  1607hd
7 MINIMUS.. 2695bc 2889cd 1445hc 2552ab 1862hd 800ae  1280bc  1539de
8 MINIMUS.. 2173d 2563df 1284hc 2404ab 1660cf  838.9ae  872d 1308g
9 CF4-21//RAS.. 2747bc 2666df 1272c 2492ab 1531ef 631e 1085cd  1361fg
10 PNE/2*RAS.. 2024d 2645df 1301bc 2438ab 1601df 933.3a 1133cd  1354fg
11 SORA/2*PLAT.. 2270cd 2555df 1286hc 2580ab 1856bd 664.9be 1129cd  1382fg
12 1A.1D5+106/2. 2332cd 2595df 1396hc 2654ab 1430f 875.1ab 116lcd  1375fg
13 INTER_16/SNI..  2283cd 3396b 1737a 2600ab 1988b 960.1a 1196bc  1586be
14  CFAJSA0/10/P.. 1562e 2334ef 1324bc 2283b 1089g 868.4ad 1197bc 1183h
15  P91.272.3.1/3* 2972b 3295hc 1748a 2809a 1875hd 808ae  1375bc  1669bc

16 SORA/2*PLAT.. 2276cd 2829ce 1347bc 2690ab 1829bd  783.4ae 1336bc  1460ef

Mean 2535 2897 1531 2576 1832 806 1260 1525
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Table 3- Simple correlation of the studied traitsin Maragheh under rainfed conditions

Sy G

Trait cio Growth  GC \4'Iﬂ DHE  DMA F?I'I AS  PLH TKW
habit '
Green Coverage (GC) 0.29
o pieigy o yd '
Vigoureat Till. (Vig. Till. -
g . ( g, ) 0.30 0.97
amiy dlo 50 50 59509
Days to heading (DHE
& e g( ) 0.12 -0.22 -0.23
(pOigS U 39,
Days to maturity (DMA - .
& & y( ) 0.03 -0.81 -0.82 0.13
Sy U39,

Grain Filling Period (G. Fill.)

&1 (gl p 0590

*x

-0.04 -069" -068" -028 091

Agronomic Score (AS) - - o o
. 0.25 0.87 0.87 -0.18 -0.85 -0.74
b pesls
Plant height (PLH) oLS gl 0.33 0927 093" -018 -082" 071" 092"
Thosands Kernel Weight (TKW) . . - - . .
e 0.25 -0.44 -0.40 -0.06 0.55 0.54 -0.43 -0.36
&l 158 ¢y 59
GrianYield  &ils o Slos 038" 094" 0917 014 0797 -070" 089" 093" 043
s e Vi G
Trait o Growth  GC 'd DHE DMA _> AS  PLH TKW
v Till Filling
habit
Green Coverage (GC) 0.32
e Gy 050 '
Vigoure at Till. (Vig. Till. -
g . ( g, ) 0.15 0.76
Ay Al 50 53 5589
Days to heading (DHE -
& . s g( ) 0.14 0.64 0.31
poabgs U 59,
Days to maturity (DMA . - -
& & y ( ) 0.37 -0.47 -0.32 -0.54
Sy U39,

Grain Filling Period (G. Fill.)

15 o 1 0y9 001 -0677 036 095 076

Agronomic Score (AS) - o .
. 0.62 0.66 0.50 020 -0.02 -0.17
=y el
Plant height (PLH) oLs gl 035" 093" 063 0577 -050" -063"° 0717
Thosands Kernel Weight (TKW) - . - -
o 0.48 025 -0.17 -044" 074 0.60 017  -0.27
il 5158 039

% ** * * **

GrianYidd  als s,5kes 053" 083 0.65 0.42 018 -040° 081" 0.82 0.10
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Table 8- Combined ANOVA table for grain yield in 14 environments under rainfed
conditionsin 3 years

(SOV) yuis olio CORERIEESE MS) las 3o (Sl
(Environment) o 13 38607712**
€ V-l 28 316802
(GENOtYPe) usisi} 15 1890524**
(G X E) buzxo x g3 195 328021**
(©) Y-tz 420 72858
(Tota) Js 671
18

CV) Ol s p6

: Vg 0 Jlisl gl o o e ol me pé i 5 4 FF 4 *0NS
ns,“ and **: non significant and significant at a=0/05 & a=0/01, respectively

Table5- AMMIanalysis variance for grain yield in 14 environments under rainfed
conditionsin 3 years

(SOV) s’ 250 (df) o137 a0 (MS) wilzy yo cyuSileo
(Genotype) g 15 1890524+ *
(Environment) lsxeo 13 38607712**

Block) s'sls 28 316802**
dnteractions) Jslize ol 5! 195 328921**

IPCA; 27 1302047**

IPCA, 25 425760**

IPCA; 23 259844+

IPCA, 21 158312**
(Residuals) susbo 3l 99 91308 ™
(Error)y Ws 420 72858
(Total) Js 671 944663

Vg 0 Jisl gl o o e ol me pé iS4 FF 4 *ONS
ns,“ and **: non significant and significant at a=0/05 & a=0/01, respectively
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Table 6- Interaction Principle Component Axes and AMMI stability value (ASV) in
durum genotypesin 5 locations in 3 years
RSN o)l
gl oS 8 ySdos ol ol
Genotype ) (Pedigree) o yxi Grain) IPCA1  IPCA2 AMMI )
(Code yield stability
(mean value
Gl Saji (check) 1547 10.1 -9.6 35
G2 G-1252 (check) 1905 -25.1 33 83
3 61-130/414-44//377-2/4/Df21-72//61-130/Uvy/3/128-
13y205509 1971 367  -119 122
G4 BCRIS/BICUM//LLARETAINIA/3/DUKEM_12/2*RAS
CON_21 1465 0.6 4.7 5
G5 D94528/3/2* STOT//ALTAR 84/ALD 1694 i121 225 46
6 CBC509HILE/SOMAT_3.1/3/RASCON_37/TARRO_2//
RASCON_37 1607 16 9.4 11
o7 MINIMUS/COMBDUCK_2//CHAM_3/3/FICHE_6/4/M
OJO/AIRON/S/SOMAT 3.1 1539 0.7 2.7 3
MINIMUS/COMBDUCK_2//CHAM_3/3/CANELO_9/9
G8 JUSDAB95/3/D67.3/RABI//ICRA/A/ALO/S/HUINY AV_1/ 1308 43 101 17
6/ARDENTE/7/HUI/Y AV79/8/POD_9
G9 CF4-JS 21//RASCON_39/TILO_1 1361 52 12.1 21
610 PNE/2*RASCON_37/3/ARTICO/AJAIA_3//HUALITA/
AIGUANAY 1354 131 0.8 43
- SORA/2*PLATA_12//SOMAT_3/4/STORLOM/3/RAS
CON_37/TARRO_2//RASCON_37/5/CADO/BOOMER 1382 33 -10.6 15
G2 1A.1D5+106/2* WB88L//1A.1D5+106/3 MOJO/3/SOOT
Y_9/RASCON 1375 13.0 8.8 a4
INTER_16/SNITAN/9/USDA595/3/D67.3/RABI//CRA/
G13 4/ALO/5/HUIIY AV_1/6/ARDENTE/7/HUI/Y AV79/8/P 1586 58 171 26
oD
- CF4JS40/10/PLATA_10/6/M QUE/4/USDAST73//QFN/A
A_7/3/ALBAD/5/AVO/HUI/7/PLATA_13/8/THKNEE 1183 27.1 8.2 90
G15 P91.272.3.1/3* MEXI75/3/2* STOT//ALTAR 84/ALD 1669 35 129 17
G16 SORA/2*PLATA_12/3/SORA/2*PLATA_12//SOMAT _
3/4/AJAIA_13/YAZI//DIPPER 2/BUSHEN 3 1460 4.5 7.2 16
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450
400
A
350 -
13
£ 300 4
s
.‘g 250 O Maragheh
:‘g_ @ Sararood
g 200 1 B Qamloo
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Figure 1- Precipitation, number of days below 0, and minimum temperaturein 5
locations (Maragheh, Sararood, Qamloo, Ardabil amd Urmia) in 3 years (2012-15)
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Figure 2- Polygon views of the GGE-biplot based on symmetrical scaling for the which-

won where pattern for 16 genotypesin 14 environments (Marl, Mar3, Sarl, Sar2, Sar3,

Qaml, Qam2, Qam3, Ardl, Ard2, Ard3, Urml, Urm2, Urm3). Green and blue numbers

stand for aenotvpes and environments, respectivelv.
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Figure 3- GGE-biplot based on environment-focused scaling for 14 environments (Marl,

Mar3, Sarl, Sar2, Sar3, Qaml, Qam2, Qam3, Ardl, Ard2, Ard3, Urml, Urm2, Urm3).
Green and blue numbers stand for genotypes and environments, respectively.
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Figure 4- GGE-biplot based on genotype-focused scaling for comparison 16 genotypes
with the ideal genotypein 14 environments (Marl, Mar3, Sarl, Sar2, Sar3, Qaml, Qam2,

Qam3, Ardl, Ard2, Ard3, Urm1, Urm2, Urm3). Green and blue numbers stand for
genotypes and environments, respectively.
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Figure 5- Average environment coordination (AEC) views of the GGE-biplot based on
environment-focused scaling for the means performance and stability of genotypesin 14
environments (Marl, Mar3, Sarl, Sar2, Sar3, Qaml, Qam2, Qam3, Ardl, Ard2, Ard3,
Urml, Urm2, Urm3). Green and blue numbers stand for genotypes and environments,
respectively.
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Abstract

Genotype x environment interactions make it difficult to release high yielding
durum varieties for diverse environmental conditions. The main purpose of this study
was to achieve high yielding durum wheat genotypes with higher yield stability in
different environmental conditions, tolerance to environmental stresses such as cold
damage, termina drought, and heat stresses. Hence, 16 durum wheat lines were
evaluated for grain yield stability and morphological traits in Maragheh, Sararood,
Qamloo, Ardabil and Urmia Agricultural Research Stations in 2012-15. In each
location, the experiments were conducted in a randomized complete block design with
three replications. Based on combined ANOVA, there were significant differences
among the environments (E), genotypes (G) and GxE. GGE-biplot analysis showed that
the 14 environments belonged to 3 mega-environments, and different genotypes had
higher yield in each mega-environments. The AMMI and GGE results also confirmed
that genotypes 2 (G-1252) and 3 (61-130/414-44//...) were the most high-yielding
durum lines with reasonable yield stability across environments. Also, genotype 10 was
the most adapted genotype to Ardabil. Line 61-130/414-44//... had 60, 11, 31, 10 and
17% more yield than check line (Sgji) in Maragheh, Sararood, Qamloo, Ardabil and
Urmia under rainfed conditions, respectively. Hence, these lines can be candiates to
release as new durum varieties for cold and moderate rainfed areas. Complementary
irrigation could increase grain yield up to 14 and 68% in Maragheh and Sararood,
respectively. It can be concluded that finding new stable high-yielding durum lines,
with better performances, as compared to the existed varieties, is a great progress in
durum breeding programs in cold rainfed areas. Moreover, the GGE biplot and AMMI
analysis had good performance in adaptability and yield stability analysis in durum
genotypes and could be used to evaluate durum genotypes at different locations over the
years in durum breeding programs.

Key words. Stability, Adaptability, Genotype x Environment, Durum, Cold
rainfed.
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