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Table 1. Pedigree of studied promising wheat lines
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ER-N-99 Pedigree ER-N-99 Pedigree

No. 05 No. 0 o
1 Tirgan 13 MUCUY/3/PBW343*2/KUKUNA*2//FRTL/PIFED
2 Kalate 14 KFA/2*KACHU/3/PBW343*2/KUKUNA*2//FRTL/PIFED/4/KFA
3 Morvarid/Yang//VOROBEY 15 NELOKI//SOKOLL/EXCALIBUR

4 KACHU//WBLL1*2/BRAMBLING/3/KACHU/KIRITATI 16 MUCUY
5 KACHU//WBLL1*2/BRAMBLING*2/3/KACHU/KIRITATI 17 NELOKI//SOKOLL/EXCALIBUR
6 KACHU//WBLL1*2/BRAMBLING*2/3/KACHU/KIRITATI 18 BAJ #1*2/PREMIO
7 KACHU//WBLL1*2/BRAMBLING*2/3/KACHU/KIRITATI 19 KACHU #1/3/C80.1/3*BATAVIA//2*WBLL1/4/KACHU/8/TACUPE
8 ONIX/KBIRD*2//KFA/2*KACHU 20 SAUAL/MUTUS/4/KACHU #1//WBLL1*2/KUKUNA/3/BRBT1*2/K
9 KACHU/SAUAL*2/3/KINGBIRD #1//INQALAB 91*2/TUKURU 21 BABAX/LR42//BABAX/3/ER2000/7/CNO79//PF70354/MUS/3/PAS
10 KACHU/SAUAL*2/3/KINGBIRD #1//INQALAB 91*2/TUKURU 22 BAJ #1*2/PREMIO

11 UP2338*2/SHAMA/3/MILAN/KAUZ//CHIL/CHUM18/4/UP2338*2 23 BAVIS #1*2/PREMIO

" MUTUS*2/TECUE #1/3/KINGBIRD #1//INQALAB

91*2/TUKURU
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Table 2. Analysis of variance of studied 21 promising wheat lines of along with two cultivars as a control in terms of
evaluated traits in the experiment

V.0.A
NGS NS SL PL NFT NT PLH Df Sl gilie
Genotype
89.5™ 4* 3.85* 7.7 0.10* 0.14* 343* 22 s
5 9)
148.6™ 1.63™ 2.02™ 202.2* 1.09** 0.18™ 257.7™ 2 1,55 Block
138.8 2.37 40.65 40.65 0.05 0.07 213.4 44 s Error
CV%
29.07 9.51 16.41 16.41 13.69 14.24 16.13 Ol s
V.0.A
YLD TKW DMA DHE TPW GWP GWS Df Ol ailio
Genotype
1.19* 75.3%* 68.8** 83.77** 7.36** 0.96** 0.55* 22 e
5 9)
26.6* 699.8* 3562.1* 2321.3* 12.4* 1.25* 1.14* 2 1,55 Block
0.59 21.91 28.1 23.77 2.12 0.46 0.33 44 L3 Error
CV%
13.44 11.79 2.95 3.53 22.25 285 24.8 s .
Yttt

) o ) Sgme pas g o[+0 g /o) Jlanl o )3 I3 e WS g ey S 5 e i
** * and ns: respectively, significant difference at the probability level of 0.01 and 0.05 and non-significance
GWS s > &l 59 NGS aliw jd &l dlasd NS cazdiw sy SL :aliww Job PL 2 ISy Jobo NFT )9l asey sl NT ey dlasi PLH a5y gl

YLD 4l 5 Slos TKW iy i 59 DMA 2 (Si5900 508 (Sdwwy b 595 DHE 1 adaliaw U jo, TPW &gy IS 59 GWP :a5g JS )3 &b (459
Plant height: PLH, number of tillers: NT, number of fertile tillers: NFT,_EeduncIe length: PL, spike length: SL,
number of spikes: NS, number of seeds per spike: NGS, seed weight per spike: GWS, seed weight per plant : GWP,
total pl'aT(tj vaell_gSt: TPW, days to spike: DHE, days to physiological maturity: DMA, thousand seed weight: TKW,
grain yield:
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G17> G13> G7> G15> G10> G2> G18> G14>
G2> G4> G9> G12> G16> G1> G11> G5> G8>
G23> G22> G6> G20> G19> G3.
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Table 3. Mean comparison of the promising wheat lines by Duncan method in terms of evaluated traits in the

experiment
Nl e «5, Total PLH R NT R NFT R PL R sL R NS R NGS R
Genotype Rank
Gl 14 965500 7 192% 18 177 9 41.06%° 9.9 5 16.9% 7 345w ]
G2 6 107.2 2 2b 11 171 15 4228 4 9ot 13 1e7Mc 9 436%c 7
G3 23 69.33% 22 123 23 123 23 25.67 23 6.3¢ 23 137¢ 23 2099 23
G4 10 9011 12 199% 12 183  §  389% 14 93 11 1635%c 13 3pg« 18
G5 16 9001 13 198® 15 176 10  4L1% 7 71 21 1g75%¢ g 3gged 13
G6 20 87.5%¢ 17 169° 22 175 11  37.6% 16 88" 17  17.06® 6 429%™ g
G7 3 1026° 4 217 3 18® 7 401% 11 10.6° 2 149%™ 19 351% 19
G8 17 89.32% 15  201% 10 195 4 404%™ 10 969 7 164% 12 351% 20
G9 11 90.36™% 11  1.86® 19 174" 13 3™ 18  1022% 3 16.2% 14 42600 9
G10 5 9227 9 206 8 174" 14 34% 20 97 ¢ 17.49° 3 457abc 5
GlL 15 8138 19 176 20 179%b 8 3339 21 96® 9 1713 5  415%@ 10
G12 12 81.3%¢ 20  197% 16  1.86® 5 344 19 93 12 17.47° 4 4311
G13 2 68.67 23 212 7 199% 3 374% 17 102% 4  17.67a 1 48.4% 2
Gl4 8 80.74% 14 2272 1 17 17 4abe 5 go®d 19 1643%c 11 411« 1D
G15 4 9893 5 214 4 210 2 47.4° 1 95® 10 147%c 0 37 17
G16 13 91.96™% 10  214* 5 1L7% 18 39.4% 12 gg®d 16 165% 10  443% 6
G17 1 1103 1 2020 9 2110 1 47.1% 2 1.3 1 17.62° 2 46.6 4
G18 7 g82® 6  213% 6 174 12 4122% g 9pl® g  1599%c 17 374 1
G19 22 gge g 222 2 157 21 378%™ 15  7.03¢ 22 157 18 309 22
G20 21 8413 18  199% 13 161 20  40.7% 9  g2%d 14 16 16 388@ 15
G2l 9 1036° 3 199® 14 165" 19 3159 22 91d@ 15 140 21 475 3
G22 19 gg2bd 1§  197% 17  171® 16  394% 13 g7@«  1g  1gimc 15 390 14
G23 18 7685 21 174% 21 151 22 437% 3 83w 20 140 2 5088 1
Sdgme pis g o0 g /) Jlais] pdaw )0 )3 dme BWB] s iy NS g 5 s

NGS :aliwo ;> &l sl 9 NS ol sl SL zaliw Job PL : ISy Jobo NFT gL doxiy olaws NT taoxsy dlaws PLH 459y gl
** *and ns: significant difference at the probability level of 0.01 and 0.05 and non-significance, res ectivelg/.
Plant height: PLH, number of tillers: NT, number of fertile tillers: NFT, peduncle length: PL, spike length: SL, number of spikelets: NS and number of

seeds per spike: NGS
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Continuated of Table 3. Mean comparison of the promising wheat lines by Duncan method in terms of evaluated

traits in the experiment

o8] GWS R GWP R TPW R

¥ DHE R DMA R TKW R YLD R
Genotype
Gl 1.48% 19 1.74% 22 6.55Pcde 12 136°cde 15 179.3% 11 39 12 6.07° 4
G2 1.53% 10 2.430 8 6.60e 10 133 21 1843¢ 4 36.3% 19 5.84° 11
G3 0.87¢ 23 1.319 23 3.8° 23 154.6% 1 192.3a 1 30.6° 23 4.29¢ 23
G4 1.9% 5 2.410 9 6.90 7 135.3¢ 17 177.6 18 41° 5 5.54% 17
G5 1.5% 18 2,320 11 6.8 8 140°d 7 179.3% 12 3g° 17 5.25b¢ 19
G6 1.53% 11 2.26° 13 6.16° 15 131.6% 22 179.3% 13 36.4> 18 5.3v¢ 18
G7 1.820 6 2.79%¢ 5 7.43% 4 139.6° 8 179.6% 7 40.4° 8 5.95 9
G8 1.38% 21 2,210 15 7.5% 3 135 18 177.3% 21 38.3% 16 5.69% 13
G9 1.43% 20 2,370 10 7.02° 6 14004 6 179.3% 14 38.5% 15 5.97° 8
G10 1.93% 4 3.16® 2 7.38d 5 1390 9 175¢ 22 38.7% 14 6.41° 2
G11 1.53% 12 2,290 12 6.120cde 16 137bede 12 179 16 40.6° 7 5.85° 10
G12 1.51b¢ 13 2.89%¢ 4 6.50¢de 13 136.6"4 13 175.3% 20 39,50 11 6.02° 6
G13 2v 3 3.01%° 3 7.77° 2 135.6% 16 178.3% 17 43.4° 3 6.03" 5
G14 1,710 7 2,520 7 6.40cde 14 137.3% 10 180.6% 6 36 20 5.68% 14
G15 1.5 16 2,230 14 6.60e 11 137.30 11 184%¢ 5 44.5° 2 6.16° 3
G16 1.5% 7 1.9°d 21 5,260 20 133.6%% 20 185.6% 2 40.9° 6 5.61% 16
G17 3.15° 1 4122 1 12.132 1 127.6° 23 166¢ 23 58.4? 1 7.7% 1
G18 2.33® 2 1.93bcd 20 6.120cde 17 1415 5 179.6% 8 41.1° 4 4,96 22
G19 1.31% 22 2,110 17 4.6 21 135%e 19 179.3% 15 40.4° 9 5.79% 12
G20 1.61% 8 2.16°4 16 6.754 9 136.30de 14 177.3% 19 350 22 5.2% 20
G21 1.61% 9 2.67° 6 5.80cde 18 145.3° 2 184.6% 3 35.9% 21 6.01° 7
G22 1.5 14 2bed 18 5, 7bede 19 142.6 3 179.6 9 390 13 5.16" 21
G23 1.5% 15 1.98bd 19 4,5% 22 1415 4 179.6" 10 39.8 10 5.65% 15

yhddme pas g o o0 g o[ Jlain] e )5 o dme GBI s Say NS g % e

5 TKW s jlia 59 DMA 1 (S59090 38 Sy U 95 DHE i pddliaw U 59, TPW iy IS 59 GWP i JS ;5 &ild (59 GWS taliaw jd &by (59

YLD :abs 5 Slos

** *and ns: significant difference at the probability level of 0.01 and 0.05 and non-significance, respectively. . .
Seed weight per spike: GWS, seed weight per whole plant: GWP, whole plant weight: TPW, days to spike: DHE, days to physiological maturity:

DMA, thousand seed weight: TKW and grain yield: YLD
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Figure 1. Intensity of the correlation between the evaluated traits in the experiment
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Table 4. Correlation coefficients between the evaluated traits in the experiment

PLH NT NFT PL SL NS NGS GWS GWP TPW DHE DMA TKW

NT 0.13
NFT 0.24*  0.44**
PL 0.5** 0.24* 0.39**
SL 0.35** 0.03 0.31** 0.25*
NS 0.05 0.027 0.15 -0.004  0.35**
NGS -0.06 -0.04 -0.08 -0.07 0.006 0.17
GWS  0.35** -0.01 0.08 0.25* 0.3* 0.32** 0.37*
GWP  0.33** 0.17 0.3* 0.14 0.24* 0.39**  0.39**  0.71**
TPW  0.34** 0.21* 0.43**  0.34**  0.41**  0.31** 0.3* 0.64**  0.75**
DHE -0.001 -0.2 -0.02 -0.01 -0.15 -0.17 011 -0.02 0.02 -0.02
DMA 0.01 -0.01 0.3* 0.15 -0.14 -0.14 0.03 -0.12 -0.04 -0.01 0.73**
TKW 0.27* 0.19 0.48**  0.34**  0.31** 0.25* 0.18 0.45**  0.45**  0.57** 0.3* 0.3*
YLD 0.29* 0.12 0.48** 0.21 0.38** 0.2* 0.22 0.32** 047  0.47** 0.36* 0.3* 0.67**
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GWS :aliw jd by 59 NGS :aliw > aild sl NS aodliw sl SL :aliw Job PL : JSSly Jsbo NFT )9l doxty slaws (NT iazey olis PLH gy glas)l

YLD :4ls > Slos TKW iy i 59 DMA 2 (Si5000 508 Sy b 595 DHE 1 adaliaw U jo, TPW &gy IS 59 GWP a5 JS )3 &b (59
** *and ns: significant difference at the probability level of 0.01 and 0.05 and non-significance, resFectlveI

Plant height: PLH, number of tillers: NT, number of fertile tillers: NFT, peduncle length: PL, spike

per spike: NGS, seed weight per spike: GWS, seed weight per plant :
maturity: DMA, thousand seed weight: TKW, grain yield: YLD
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G15> G17> G13> G7> G14> G12> G19> G18>
G4> G11> G10> G6> G8> G9> G20> G1> G3>
G5> G21> G22> G2> G23> G6.
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Figure 2. Graph of specific vector values for the evaluated traits in the experiment
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Figure 3. Grouping of wheat lines based on the first and second components
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Table 5. Analysis of principal components

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PC11 PC12 PC13 PC14

PLH 024 -0.03 -0.25 -0.53 0.14 -0.01 -0.14 0.59 0.09 -0.22 0.26 -0.22 -0.06 0.05
NT 0.13  -0.02 -0.4 0.52 0.35 -0.05 -0.02 0.38 -0.3 0.39 -0.02 0.1 -0.05 0.02
NFT 0.28 0.16 -0.36 0.34 -0.1 -0.01 0.03 -0.18 0.47 -0.28 0.23 0.13 0.23 0.3
PL 0.23 0.07 -0.38 -0.33 0.23 0.34 0.46 -0.24 -0.14 -0.05 -0.42 0.08 0.13 -0.06
SL 025 -017 -0.14 -0.19 -0.55 -0.36 0.29 0.05 0.08 0.5 0.06 0.08 0.15 -0.13
NS 019 -0.26 0.14 0.21 -0.47 0.68 0.04 0.29 -0.08 -0.07 -0.09 -0.06 -0.06 0.11
NGS 0.14  -0.05 0.49 0.16 0.28 -0.17 0.69 0.23 0.08 -0.14 0.12 -0.09 0.06 0.05
GWS 032 -021 0.25 -0.22 0.21 0.12 -0.14 -0.18 -0.12 0.16 0.29 0.61 -0.18 0.25
GWP 036 -0.14 0.22 0.08 0.2 0.03 -0.35 0.06 0.3 0.001 -0.25 0.06 0.49 -0.45
TPW 039 -011 0.06 0.04 0.13 -0.05 -0.1 -0.3 0.21 0.26 -0.18 -0.56 -0.45 0.17
DHE 0.05 0.56 0.27 -0.14 -0.03 0.03 -0.12 0.16 -0.09 0.31 -0.21 -0.08 0.34 0.49

DMA 0.07 0.6 0.04 0.03 -0.01 0.28 0.1 0.06 0.3 0.21 0.22 0.13 -0.35 -0.44
TKW 0.36 0.2 0.03 0.08 -0.09 -0.005 -0.05 -0.27 -0.57 -0.14 0.43 -0.3 0.2 -0.21
YLD 0.34 0.23 0.06 0.07 -0.23 -0.39 -0.07 0.13 -0.18 -0.4 -0.43 0.27 -0.34 -0.44

Eigenvalue  4.51 2.16 1.77 1.13 1.02 0.61 0.59 0.52 0.45 0.38 0.28 0.25 0.14 0.12
Relative 0.32 0.15 0.12 0.08 0.07 0.04 0.04 0.03 0.03 0.02 0.02 0.02 0.01 0.008
Cumulative ~ 0.32 0.47 0.6 0.68 0.75 0.8 0.84 0.88 0.91 0.94 0.96 0.98 0.99 1

GWS :dliwo o by 59 NGS zaliw j> aild slaws (NS azdiw sl SL il Job PL 1 JSShy Jsbo NFT 259l asey dlass NT :doxy liws PLH 145y glis)
YLD s 5,Shos TKW > Jlia 550 DMA 3 Su5olgn3sd (Shuwy b jg) DHE : el b jo) TPW iy JS 359 GWP :aigs JS ) &l ()34
Plant height: PLH, number of tillers: NT, number of fertile tillers: NFT, peduncle length: PL, spike length: SL, number of spikes: NS, number of seeds

per spike: NGS, seed weight per spike: GWS, seed weight Ber plant : GWP, total plant weight: TPW, days to spike: DHE, days to physiological
maturity: DMA, thousand seed weight: TKW, grain yield: YL|
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Figure 4. General ranking diagram of wheat lines based on the evaluated traits in the experiment
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Figure 5. Multidimensional diagram and selection of optimal wheat lines in terms of studied traits in the experiment

sl ) &l s NS taorliw slaws SL il Jsb PL 2SSy Jobo NFT :5g,L doxty sl NT iazey dlass PLH 5 glis)
1 S95eer b (S, b 5oy DHE : 20aliw b 5oy TPW il JS 59 GWP iy JS 15 dild 59 GWS i j5 ails 54 NGS

YLD :4ily 5, Sloe TKW :4ils jlia 455 DMA

Plant height: PLH, Number of tillers: NT, Number of fertile tillers: NFT, Peduncle length: PL, Spike length: SL,

Number of spikelets: NS, Number of grain per spike: NGS, Grain weight per spike: GWS, total grain weight per ﬁlant
t

: GWP, Total plant weight: TPW, Day to spike: DHE, Day to physiological maturity: DMA, 1000-kernel weig
TKW and Grain yield: YLD
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Figure 6. Ranking diagram of wheat lines based on ideal line in terms of evaluated traits in the experiment

sl ) &b dlass (NS taodlinw slaws SL taliw Jobo PL : Sy Jobo NFT g5l aoey ol NT ez dliss PLH 5y glis)

1 Selenud (S, U 59y DHE : adaliw U o) TPW iigy JS' 59 GWP :5gy S 0 aily 59 GWS el )5 aily (55 NGS
YLD :als 5,Slos TKW :ails 52 59 DMA

Plant height: PLH, Number of tillers: NT, Number of fertile tillers; NFT, Peduncle length: PL, Spike length: SL,
Number of spikelets: NS, Number of grain per spike: NGS, Grain weight per spike: GWS, total grain weight per ﬁlant

t

: GWP, Total plant weight: TPW, Day to spike: DHE, Day to physiological maturity: DMA, 1000-kernel weig
TKW and Grain yield: YLD
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Figure 7. Correlation diagram between the evaluated traits in the experiment
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Figure 8. Grouping of wheat lines in terms of evaluated traits in the experiment
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Extended Abstract

Introduction and Objective: Wheat (Triticum aestivum L.) is the most important crop and
staple food of three quarters of the world's population. Therefore, the study of genetic diversity
of this strategic plant helps breeders to identify the genetic potential and capacity of traits
related to breeding goals, including yield and yield components. Knowing the differences
between different wheat genotypes and how these differences relate to their potential yield is
crucial in improving the yield of new cultivars.

Material and Methods: In order to achieve the desired wheat genotypes, study of genetic
diversity of yield, yield components and interaction of genotype x treat of 21 promising wheat
lines in terms of 14 important agronomic traits in a randomized complete block design (RCBD)
in three replications with important commercials cultivars of the region (Tirgan and Kalateh) as
controls, was performed. The experiment was planted in the Agricultural Research Station of the

Ardabil Agricultural and Natural Resources Research and Education Center (Moghan). Among
the existing methods for evaluating diversity, multivariate analysis is one of the most important
and widely used methods.

Results: The results of analysis of variance at the probability level of 0.01 and 0.05 indicated
that the studied wheat lines had significant differences in all traits except the number of grains
per spike. Comparison of the mean performed by Duncan method also showed that G17 and
G15 lines were selected as desirable lines in terms of all measured traits; while, G3 and G19
lines also had the lowest rank in this analysis. The results of correlation analysis also showed
that the grain yield had a positive and significant correlation with all the evaluated traits except
the number of tillers, peduncle length and number of grains per spike. Based on the principal
component analysis performed on the experimental data, the first 5 components explained more
than 75% of the variance of the data. According to the grouping diagram of the lines in terms of
the first and second components, the lines were grouped into four groups. Based on the
graphical analysis of the line ranking chart, the promising wheat lines G15 and G17 had better
performance in the evaluated traits than the other studied lines, and the G4 line in terms of
stability in the traits, as stable line, was selected. The multidimensional diagram also identified
G15, G17, G18, G23, G6, G10 and G12 lines as desirable genotypes, and in terms of line
ranking diagram based on the ideal line, G15 and G17 lines were also identified as the top
ranking line.

Conclusion: Lines with high yield potential and other desirable agronomic traits identified in
this study can be used to create superior populations and compatible with the characteristics of
hot and humid zone in the north of the country.
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