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1- Best linear unbiased prediction (BLUP)

2- SPAD-reading
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1- Intial growth rate  2- Days to booting
6- relative chlorophyll content (SPAD-reading)
difference vegetation index

10- Days to physiological maturity

3- relat ive water loss 4- Days to heading 5- Relative water content
7- Canopy temperature

8- Stomatal conductance 9- Normalized
11- Plant height 12- Spike length 13- Peduncle

length 14- Peduncle extrusion 15- Flag-leaf length  16- Thousand kernel weight 17- Number of spikes per meter square
18- Number of fertile spikes per meter square  19- Number of seed per spike 20- Biological yield (Biomass) 21- Grain yield

22- Harvest index
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Table 1. List of studied genotypes

o 290 Sl Cunppd =Y Jgi>

s 95 Ol ao )b Lide
T Saji Check Tran

2 Zahab Check Iran

3 SRN- l/KILL/l2*FOLTA 1 Check CIMMYT
4 Check Turkey
5 PLATA 7/ILBOR 1//SOMAT 3/3ICABECA 2/PATKA 4//.. CDSS09Y00762T-099Y-024M-20Y-0M-04Y-0B CIMMYT
6 CBC 509 CHILE/6/ECO/CMHT76A.722//BIT/3/ALTAR.. CDSS10Y00498T-099Y-018M-12Y-1M-06Y-0B CIMMYT
7 CBC 509 CHILE/6/ECO/CMH76A.722//BIT/3/ALTARS4/4/AJAIA 2/5/... CDSS10Y00498T-099Y-018M-18Y-1M-06Y-0B CIMMYT
8 GUAYACAN INIA/GUANAY//PORRON 4/BEJAH_7/7/ICAMAYO//... CDSS10Y00504T-099Y-037M-10Y-1M-06Y-0B CIMMYT
9 CNDO/VEE//PLATA _8/3/6*PLATA_11/6/PLATA_8/4/GARZAJAFN//.... CDSS09B00165S-099Y-010M-4Y-3M-06Y-0B CIMMYT
10 RANCO//CIT71/CITI3/COMDK/4/TCHO//SHWAIMALD/3/CREX/5/.. CDSS09B00171S-099Y-041M-1Y-3M-06Y-0B CIMMYT
11 CIRNO C 2008 CGSS02Y00004S-2F1-6Y-0B-1Y-0B CIMMYT
12 CBC 509 CHILE/5/2*AJAIA_16//HORA/JRO/3/GAN/4/ZAR/B/AJAIA. .. CDSS09Y00310S-099Y-034M-12Y-0M-04Y-0B CIMMYT
13 CBC 509 CHILE/6/ECO/CMH76A.722//BIT/3/ALTAR 84/4/AJAIA_2/5/... CDSS09Y00318S-099Y-014M-27Y-0M-04Y-0B CIMMYT
14 GEN/4/D68.1.93A.1A//RUFF/FGO/3/MTL_5/5/TARRO_1/2*YUAN_1//... CDSS09Y00843T-099Y-034M-9Y-0M-04Y-0B CIMMYT
15 CBC 509 CHILE/6/ECO/CMH76A.722//BIT/3/ALTAR 84/4/AJAIA_2/5/... CDSS09Y00211S-099Y-041M-11Y-0M-04Y-0B CIMMYT
16 CBC 509 CHILE/6/ECO/CMH76A.722//BIT/3/ALTAR 84/4/AJAIA_2/5/.... CDSS09Y00211S-099Y-041M-16Y-0M-04Y-0B CIMMYT
17 CBC 514 CHILE/3/AUK/GUIL//GREEN/10/CHEN_1/TEZ/3/GUIL//CIT71/... CDSS09Y00314S-099Y-029M-24Y-0M-04Y-0B CIMMYT
18 GUAYACAN INIA/2*SNITAN/5/CMH85.797//CADO/BOOMER _33/4/.. CDSS09Y00327S-099Y-041M-19Y-0M-04Y-0B CIMMYT
19 PLATA _7/ILBOR_1//SOMAT 3/3/CABECA 2/PATKA 4//[BEHRANG/... CDSS09Y00762T-099Y-024M-19Y-0M-04Y-0B CIMMYT
20 GUAYACAN INIA/POMA_2/T[SNITAN/4/D86135/ACO89//PORRON_4.. CDSS09Y00805T-099Y-09M-5Y-0M-04Y-0B CIMMYT
21 CAMAYO/2*KUCUK/3/SOOTY_9/RASCON_37//GUAYACAN INIAT5/... CDSS08B00131T-099Y-027M-6Y-0M-04Y-0B CIMMYT
22 STORLOM/3/RASCON_37/TARRO_2//RASCON_37/4/D00003A/5/1A.1D.. CDSS09Y00970T-099Y-063M-4Y-0M-04Y-0B CIMMYT
23 AINZEN 1//PLATA 6/GREEN_17/5/TATLER 1/TARRO_1/3/CANELO_8//.. CDSS05B00007S-6Y-0M-1Y-4M-0Y CIMMYT
24 DACK/KIWI//OSTE/3/CHEN84_1/4/MEXI75/5/NIGRIS_4/6/CANELO 8//.. CDSS06Y00326S-44Y-0M-5Y-1M-0Y CIMMYT
25 SELIM/6/AJAIA_12/F3LOCAL(SEL.ETHIO.135.85)//PLATA 13/3/SOMBRA.. CDSS07Y00768D-3B-01Y-03M-6Y-1B-04Y-0B CIMMYT
26 SELIM/3/CF4-JS 21//ITECA96/TILO 1/4/SORA/2*PLATA_12/]SRN_3/NIGRIS_: 4 CDSS08Y00760T-0TOPB-099Y-08M-12Y-1M-0Y CIMMYT
27 ARMENT//SRN_3/NIGRIS_4/3/CANELO_9.1/4/TOSKA_26/RASCON_37//.. CDSS04B00362T-0TOPY-16Y-0M-1Y-0M-2Y-0B CIMMYT
28 WI1D22241/4/ARMENT//SRN_3/NIGRIS "4/3/CANELO _9.1/5/TARRO_1/2.. CDSS06Y00646T-0TOPB-24Y-0M-4Y-1M-0Y CIMMYT
29 ALAMO:DR/4/ARMENT//SRN_3/NIGRIS_4/3/CANELO_9.1/5/PLATA 6/... CDSS06Y00625T-0TOPB-34Y-0M-2Y-1M-0Y CIMMYT
30 E90040/MFOWL _13//LOTAIL_6/3/PROZANA/ARLIN//MUSK_6/9/USDA.. CDSS06Y00497S-28Y-0M-4Y-4M-0Y CIMMYT
31 ALTAR 84/STINT//SILVER_45/3/GUANAY/4/GREEN_14//YAV 10/AUK.. CDSS06Y00816T-0TOPB-61Y-0M-8Y-1M-0Y CIMMYT

|
32 ZENIT/5/SORA/2*PLATA_12//RASCON_37/4/ARMENT//SRN_3/NIGRIS 4/3/ CDSS06B00472T-099Y-099M-11Y-4M-04Y-0B CIMMYT
|

33 SIMETO/3/SORA/2 PLATA712//SRN73/NIGRI574/5/TOSKA726/RASCON737 CDSS06B00488T-099Y-099M-5Y-3M-04Y-0B CIMMYT
34 P91.272.3.1/3*MEXI75//2*JUPARE C 2001/5/ARTICO/AJAIA_3//[HUALITA/3/... CDSS07Y00544T-099Y-099M-15Y-0M-04Y-0B CIMMYT
35 P91.272.3.1/3*MEXI75//2*JUPARE C 2001/5/ARTICO/AJAIA_3//HUALITA/3/.. CDSS07Y00544T-099Y-099M-24Y-3M-04Y-0B CIMMYT
36 ALTAR 84/STINT//SILVER_45/3/GUANAY/4/GREEN_14//YAV_10/AUK/10/... CDSS06Y00816T-0TOPB-61Y-0M-1Y-4M-0Y CIMMYT
37 ARMENT//SRN_3/NIGRIS_4/3/CANELO_9.1/4/STOT//ALTAR84/ALD/3/... CDSS06Y00674T-0TOPB-4Y-0M-3Y-4M-0Y CIMMYT
38 ODIN_15/WITNEK_1//ISLOM_1/6/MINIMUS/COMB DUCK_2//CHAM_3/... CDSS07B00338S-099Y-013M-4Y-1M-0Y CIMMYT
39 TRIDENT/3*KUCUK CDIB02Y00011T-B-4B-3Y-3B-3Y-2B-1Y-2B-2Y-1B-0Y CIMMYT
40 PLANETA/AMIC//BERGAND/TRILE/3/KNIPA CDSS09Y00415S-099Y-021M-2Y-0M-04Y-0B CIMMYT
41 ATIL/3/KNIPA/ITAGUA//PLANETA/TRILE CMSS08B01003S-099B-099Y-45B-0Y CIMMYT
42 ATIL/HELLER #1 CMSS08B00996S-099B-099Y-36B-0Y CIMMYT
43 ATIL/BAIRDS CMSS08B01001S-099B-099Y-20B-0Y CIMMYT
44 ATIL/BAIRDS CMSS08B01001S-099B-099Y-38B-0Y CIMMYT
45 ATIL/BAIRDS CMSS08B01001S-099B-099Y-40B-0Y CIMMYT
46 ATIL/3/KNIPA/TAGUA//PLANETA/TRILE CMSS08B01003S-099B-099Y-45B-0Y CIMMYT
47 CIRNO C 2008/HELLER #1 CMSS08B01004S-099B-099Y-29B-0Y CIMMYT
48 CIRNO C 2008/BAIRDS CMSS08B01009S-099B-099Y-2B-0Y CIMMYT
49 CIRNO C 2008/BAIRDS CMSS08B01009S-099B-099Y-7B-0Y CIMMYT
50 CIRNO C 2008/3/KNIPA/TAGUA//PLANETA/TRILE CMSS08B01011S-099B-099Y-20B-0Y CIMMYT
51 CIRNO C 2008/3/KNIPA/TAGUA//PLANETA/TRILE CMSS08B01011S-099B-099Y-25B-0Y CIMMYT
52 CIRNO C 2008/3/KNIPA/TAGUA//PLANETA/TRILE CMSS08B01011S-099B-099Y-30B-0Y CIMMYT
53 CIRNO C 2008/3/KNIPA/TAGUA//PLANETA/TRILE CMSS08B01011S-099B-099Y-41B-0Y CIMMYT
54 ATIL*2/HELLER #1 CMSS09Y01198T-099TOPB-099Y-099B-108Y-0Y CIMMYT
55 ATIL*2/BAIRDS CMSS09Y01199T-099TOPB-099Y-099B-45Y-0Y CIMMYT
56 ATIL*2/DUNKER CMSS09Y01200T-099TOPB-099Y-099B-57Y-0Y CIMMYT
57 ATIL*2/3/KNIPA/TAGUA//PLANETA/TRILE CMSS09Y01201T-099TOPB-099Y-099B-18Y-0Y CIMMYT
58 ATIL*2/3/KNIPA/TAGUA//PLANETA/TRILE CMSS09Y01201T-099TOPB-099Y-099B-27Y-0Y CIMMYT
59 ATIL*2/3/KNIPA/TAGUA//PLANETA/TRILE CMSS09Y01201T-099TOPB-099Y-099B-49Y-0Y CIMMYT
60 CIRNO C 2008*2/HELLER #1 CMSS09Y01202T-099TOPB-099Y-099B-83Y-0Y CIMMYT
61 CIRNO C 2008*2/HELLER #1 CMSS09Y01202T-099TOPB-099Y-099B-102Y-0Y CIMMYT
62 CIRNO C 2008*2/BAIRDS CMSS09Y01203T-099TOPB-099Y-099B-5Y-0Y CIMMYT
63 CIRNO C 2008*2/BAIRDS CMSS09Y01203T-099TOPB-099Y-099B-10Y-0Y CIMMYT
64 CIRNO C 2008*2/BAIRDS CMSS09Y01203T-099TOPB-099Y-099B-35Y-0Y CIMMYT
65 CIRNO C 2008*2/BAIRDS CMSS09Y01203T-099TOPB-099Y-099B-39Y-0Y CIMMYT
66 CIRNO C 2008*2/BAIRDS CMSS09Y01203T-099TOPB-099Y-099B-49Y-0Y CIMMYT
67 CIRNO C 2008*2/BAIRDS CMSS09Y01203T-099TOPB-099Y-099B-54Y-0Y CIMMYT
68 CIRNO C 2008*2/BAIRDS CMSS09Y01203T-099TOPB-099Y-099B-58Y-0Y CIMMYT
69 CIRNO C 2008*2/BAIRDS CMSS09Y01203T-099TOPB-099Y-099B-72Y-0Y CIMMYT
70 CIRNO C 2008*2/BAIRDS CMSS09Y01203T-099TOPB-099Y-099B-82Y-0Y CIMMYT
71 CIRNO C 2008*2/BAIRDS CMSS09Y01203T-099TOPB-099Y-099B-86Y-0Y CIMMYT
72 CIRNO C 2008*2/BAIRDS CMSS09Y01203T-099TOPB-099Y-099B-104Y-0Y CIMMYT
73 CIRNO C 2008*2/DUNKER CMSS09Y01204T-099TOPB-099Y-099B-21Y-0Y CIMMYT
74 CIRNO C 2008*2/DUNKER CMSS09Y01204T-099TOPB-099Y-099B-42Y-0Y CIMMYT
75 CIRNO C 2008*2/DUNKER CMSS09Y01204T-099TOPB-099Y-099B-50Y-0Y CIMMYT
76 CIRNO C 2008*2/DUNKER CMSS09Y01204T-099TOPB-099Y-099B-61Y-0Y CIMMYT
7 CIRNO C 2008*2/DUNKER CMSS09Y01204T-099TOPB-099Y-099B-63Y-0Y CIMMYT
78 CIRNO C 2008*2/DUNKER CMSS09Y01204T-099TOPB-099Y-099B-65Y-0Y CIMMYT
79 CIRNO C 2008*2/DUNKER CMSS09Y01204T-099TOPB-099Y-099B-91Y-0Y CIMMYT
80 CIRNO C 2008*2/DUNKER CMSS09Y01204T-099TOPB-099Y-099B-92Y-0Y CIMMYT
81 CIRNO C 2008*2/3/KNIPA/TAGUA//PLANETA/TRILE CMSS09Y01205T-099TOPB-099Y-099B-26Y-0Y CIMMYT
82 CIRNO C 2008*2/3/KNIPA/TAGUA//PLANETA/TRILE CMSS09Y01205T-099TOPB-099Y-099B-61Y-0Y CIMMYT
83 CIRNO C 2008*2/3/KNIPA/TAGUA//PLANETA/TRILE CMSS09Y01205T-099TOPB-099Y-099B-65Y-0Y CIMMYT
84 CIRNO C 2008*2/3/KNIPA/TAGUA//PLANETA/TRILE CMSS09Y01205T-099TOPB-099Y-099B-72Y-0Y CIMMYT
85 CIRNO C 2008*2/3/KNIPA/TAGUA//PLANETA/TRILE CMSS09Y01205T-099TOPB-099Y-099B-77Y-0Y CIMMYT
86 CIRNO C 2008*2/3/KNIPA/TAGUA//PLANETA/TRILE CMSS09Y01205T-099TOPB-099Y-099B-89Y-0Y CIMMYT
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Figure 1. Monthly distribution of rainfall and average temperature during 2017-18 cropping season in sararood

station, Kermanshah, Iran
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Table 2. Analaysis of variance and estimation of genotypic and residual variances, and coefficient of variation of

studied traits for 86 genotypes using BLUIg model
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Table 3. Estimated mean values based on best linear unbialsed prediction (BLUP) for the 30 top-ranking genotypes for each of the studied traits under rainfed condition
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Table 3. continued. Estimated mean values based on best linear unbialsed prediction (BLUP) for the 30 top-ranking genotypes for each of the studied traits under rainfed condition
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Figure 2. Correlation heatmap of BLUP values of studied traits of 124 durum wheat genotypes across years
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Extended Abstract

Introduction and Objective: The primary goal of the plant breeding program is to evaluate the
genotypes based on different traits and select the best genotypes based on the studied traits. The
aim of this study was investigation of durum wheat genotypes diversity based on agro-
physiological traits and study the interrelationships between the traits using the genotype X trait
(GT) biplot technique.

Material and Methods: In this study, 86 durum wheat genotypes, including 82 breeding lines
received from CIMMYT along with four check genotypes were examined as an augmented
design in the Dryland Agricultural Research Sub-Institute (Sararoud Station) during 2017-18
crop season. Genotypes were evaluated based on 22 different agronomic, morphological and
physiological traits. Analysis of variance and comparison of genotypic means were performed
based on the best linear unbias prediction (BLUP) method and then based on the BLUP data, the
GT biplot analysis was performed.

Results: Based on the results, a significant difference was observed between the studied
genotypes in terms of all studied traits except for canopy temperature and spike length, which
indicates a significant genetic diversity between genotypes for the studied traits. Based on the
representation of polygon view of the GT biplot, the genotypes were divided into eight groups
and the traits into six groups. Genotype #17 had the highest value in terms of combination of
grain yield, biological yield, harvest index, 1000-grain weight and relative chlorophyll content
index (SPAD-reading). Genotype #3 had the best combination of plant height, number of grains
per spike, initial growth rate, spike length, relative leaf water content and flag-leaf length.
Genotype #27 had the highest values in terms of canopy temperature and peduncle length and
genotype #76 had the highest value in terms of canopy temperature compared to other
genotypes. Genotype #4 had the highest combination of traits number of days to booting and
external peduncle length. Genotype #10 had high values in terms of number of days to
physiological maturity and number of spikes per square meter, which is a late genotype in this
regard. Based on the results of correlation analysis and GT biplot analysis, biological yield,
harvest index, 1000-kernel weight, SPAD-reading, number of spikes per square meter were
identified as the most important traits affecting grain yield.

Conclusion: Based on selection criteria, genotypes # 75, 17, 72, 13, were identified as ideal
genotypes under rainfed condition and are recommended for further studies in durum wheat
breeding program.
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