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Table 1- Names of cultivars and lines used
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Table 2- The Average of precipitation and temperature in the crop year 2017-2018
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Table 3- Soil test results of the research farm of the Faculty of Agriculture, University of Zanjan
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Table 4- Variance analysis of traits in bread wheat genotypes under rainfed condition
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Days to ba ; . dDa 10 Days to Relative water ~ Canopy temperature Height Spike
booting y_ Y . physiological content difference length
heading anthesis -
mathurity
5
),)SJ . 2 26.05 16.16 2.05 8.43 154.11 5.05 114.04 1.28
Replication
S 23 30.63" 33.18™ 11.38" 7.93™ 74,420 0.82"8 3520 0.47"
Genotype
las
46 541 2.65 1.05 1.51 46.03 0.91 10.43 0.18
Error
S5 Dl ey
Genotypic coefficient - 151 1.61 0.91 0.64 3.79 - 6.28 4.58
of variation
Phenotypic - 2.72 2.43 1.41 1.18 12.09 - 1333 10.94
coefficient of
variation
5o S pdycdly
broad sense - 60.84 79.34 76.63 58.63 17.05 - 44.20 34.94
heritability
- 2.43 2.95 1.64 1.01 3.22 - 8.60 5.57

Percentage of
genetic advance

1Y 970 ool mhas ;o o sme g o smoyud s 5 4 FF g F N
ns** and *: not significant and significant at 5% and 1% probability level, respectively
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Continuation of Table 4- Variance analysis of traits in bread wheat genotypes under rainfed conditions

Slaye (eSiles
mean of squares

&olyl ax o
e ol Degrees of ol dsk Falogmdib e pabiwdls REBUCY) 5 Skec el
SHOAY freedom Peduncle JSolay & Nu.mb)er of arain  Thousand kernel s olog cubls
length Peduncle Number of 09 weight . biomass  Harvest
) ) ) per spike Yield .
extrusion spike per m index
s
’_’S‘ . 2 28.30 10.85 5719.80 2.21 44,53 318.70  2022.46 26.38
Replication
S5 23 10.21™ 5.92™ 1216.96" 14.48™ 21" 172.87° 1765.11"  42.20™
Genotype
Uas
Error 46 3.24 1.70 807.96 4.06 19.31 83.97 417.74 13.99
(S5 Sl 5
Genotypic coefficient of - 9.93 30.95 5.68 22.06 3.30 14.35 9.04 18.79
variation
Phenotypic coefficient - 21.66 42.45 19.49 45.91 22.63 38.51 17.76 41.71
of variation
ogos Sl
broad sense - 41.76 45.28 14.44 46.11 2.83 26.08 51.81 40.20
heritability
Percentage of genetic - 13.23 4291 4.44 30.86 1.15 15.10 13.41 24.54
advance

TN g Jloizl o 1o o pe g o gireyud oS5 4 T g
ns** and *: not significant and significant at 5% and 1% probability level, respectively
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Table 5- The average of different traits for the examined genotypes

o2 90 Slacaiel gl it Slae (1SSl -0 Jgox

) ) " 5 55, ol g'aﬂm slos s

B sey ol gyl ) olaw . Sl amye) el s, alos Jsb

N s e g Sy Ol (oo GRS
Genotype Daysto L. el 5997 Relative Canopy :;vht Spike
booting Daysto Daysto phg?glsogoical water temperature (i:%) length
heading  anthesis mathurity content diff(efrce)nce (cm)
VoY 195.00 201.33  203.33 227.67 84.02 0.32 48.06 7.20
Y oY 187.33 197.33  202.33 225.33 85.15 0.90 52.80 7.21
YooY 193.67 201.00 203.67 228.33 80.22 0.12 50.27 6.60
£ oY 193.67 200.00 203.33 227.33 83.41 1.02 49.83 7.39
o Y 191.00 197.00 204.67 225.33 78.43 0.15 44,96 7.48
£ oY 19433 201.00 205.67 226.33 82.19 0.32 42.83 6.98
YooY 183.33  186.67 197.67 225.00 81.20 0.30 44,22 6.11
Aoy 187.67 192.67 201.00 225.00 85.19 0.20 45.04 6.87
Y 187.33 197.33  205.33 228.67 90.17 0.57 49.42 6.95
Ve oY 187.33  195.33  203.00 227.00 78.14 1.40 49.85 6.88
VoY 186.67 197.00 202.33 226.67 84.82 1.83 48.16 6.22
YooY 193.33 199.00 204.67 227.00 87.27 0.88 41.68 7.34
Sy 195.00 200.33  205.00 227.00 73.83 1.18 43.18 6.51
Lo 190.67 200.33  203.33 225.67 79.18 1.07 45.35 6.54
Y 3l 191.00 197.67 201.33 227.33 81.52 1.65 45.09 6.43
oSS 193.33 199.67 202.33 228.67 81.86 0.77 41.44 6.81
R 193.67 199.67  205.33 227.67 78.67 0.93 44.59 6.53
2o, 193.00 201.67 206.00 229.33 79.66 1.03 50.78 6.33
RPN 192.33  200.00 202.67 227.00 80.53 1.67 44,95 6.40
ohb 193.33 199.33  204.67 229.33 81.43 1.40 44.62 6.92
ol 193.00 198.33  203.67 230.00 83.75 0.62 47.39 6.86
Jrws 193.67 200.00 204.00 228.00 63.93 0.28 41.88 6.42
oIy 192.00 201.67 206.67 231.33 82.93 0.58 40.47 7.41
WAZ 194.67 200.67  205.33 226.33 82.21 1.43 42.09 6.71

o 050 Slcaiss sl el Slae (1 1SShe -0 Jgaz asldl
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Continuation of Table 5- The average of different traits for the examined genotypes

. 09 Job . I o5 L L
B ﬁ;ﬁ Sl ):"::M pabalas sl Wb fg_L,,; :; ;;) :‘j ::
S ISy alo Thousand  »° 555 ]
Genotype Pfd””‘:'e (ol &P Numberof  Kernel (eopesio » o
ength L™ Number coiiber  weight : (gyore  Harvest
(cm) Peduncle spike grain p Ylelql Biomass  index
extrusion 2 spike @ (kg.m™) 3 o
m) per m (kg.m?) (%)
VoY 17.29 4.77 227.22 6.59 23.35 35.17 275.00 12.63
VY 18.89 5.40 213.61 10.14 18.63 40.64 245.83 16.42
AT 16.59 5.61 189.44 10.57 21.63 43.89 233.33 18.42
f oy 18.47 6.09 226.39 5.20 29.75 28.26 245.83 11.67
O Y 12.29 1.27 208.61 4.66 22.26 21.09 212.50 9.91
7oy 15.27 2.87 163.33 9.02 20.99 30.61 218.89 13.90
VY 14.99 3.63 222.22 9.18 22.10 45.32 233.33 19.20
Ay 13.96 2.85 206.11 6.03 24.36 30.43 209.72 14.35
Y 17.29 6.12 224.44 7.75 22.53 39.23 245.83 15.95
Ve onY 17.16 5.70 229.17 5.20 22.69 26.90 273.61 9.84
VoY 17.07 4.23 182.78 9.81 21.20 36.89 273.61 13.36
WY 16.48 3.34 173.89 12.05 23.11 47.27 229.17 21.17
Sl 13.05 3.14 206.39 6.51 26.49 35.14 231.94 15.04
Lo 14.73 4.16 239.72 6.97 24.92 41.54 231.94 17.97
¥ 15.17 4.28 171.67 9.24 23.14 36.79 201.39 18.21
< 13.15 2.21 210.83 9.70 20.53 41.39 220.83 18.75
ol 13.04 2.67 224.17 5.77 25.80 33.12 213.89 15.50
o) 17.27 5.40 217.78 8.06 25.69 45.13 287.50 15.75
B9 it 14.73 3.93 207.50 11.50 22.43 53.58 206.94 26.00
ol 14.53 3.55 201.39 10.20 22.64 45.87 208.33 21.86
ol 15.35 4.16 211.11 10.83 18.44 41.62 223.61 18.66
Iyso 14.30 2.49 205.00 7.73 24.07 38.01 227.78 16.68
sln 13.79 2.62 186.11 8.65 18.97 29.66 215.28 13.95
WAZ 13.37 1.48 187.50 11.40 19.89 42.72 258.33 16.50

ladg a5z 5l ol (uieg S Coo (ow)p sln oAt @b S @l 7 Jue
Table 6- Discrimination function analysis for evaluating the accuracy grouping of cluster analysis

oo dwoyo

RFS 3 oS _
sy ads,  Sukm gl ol il “ e s aog,S ol
907 - - RV the yo5wl I8
Roy's Hotelling's  Pillais o &)l siro Chi-sauare Number
Largest Trace Trace ~ Wilks accuracy 5 obability a of groups
lambda  grouping
Root
percentage
30.248 52.961 3.405 0 90.3 0.000 34.367 3
12.440 18.687 1.788 0.010 71.6 0.019 3.958 4
4.521 6.255 0.862 0.138 49.8 0.872 0.048 6
el 5l cue Bl il g YL L SSlee sl o 09,0 fre do o i Jleisl e jo als i
Aoy (+/F) Slidlos S U 59, olaws s gl JS 09,5 o ad,s 18 Cigis A (Jol mls ulal
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Table 7- Mean and percentage deviation from the mean of each group of wheat genotyps in cluster analysis
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3 _ =
igit ol . . > 8 S o
. ag dg dg g 1f 33 c
09,5 5 > B B ‘3% ’—"’\C—OD> TOS ‘) T3 - %\‘C_'S)
05,5 Number 28 o2 € } "Z’;E 18 ) E‘@ - % 35
of L 9 ) Y o = }3 g 528 33 B
Growp .s  §s s 482 SE 55 4§
genotypes ‘'3 & R - 2 9, o E )2 \_3\ 2= =
inte Y & ;j-S %8 xe  SE v E @
group ; 8 e S
1 8 192.25° 199.08° 204.46° 227.04° 78047 0597 4354°  6.84°
J5 Siles 51 Gl
Deviation from the 0.38 0.27 0.40 -0.15 -3.93 -31.37 -4.92 0.68
total mean
2 4 192.25% 199.582 203.92@ 227.83% 81.31¢% 0.944 49.63% 6.9542
J5 Siles 51 Gl il
Deviation from the  0.38 0.52 0.14 0.20 0.09 9.62 8.39 2.27
total mean
3 12 190.422 197.582 202.79% 227.588 83.45% 0972 46.37° 6.712
J5 Silee 51 Gl
Deviation from the ~ -0.57 049  -042 0.08 272 1324 126 -1.20
total mean
S ol 19151 19854 20364 22739 8124 086 4579  6.80
Total mean

Slasiys 4525 5o i slacaisis Sl 09,5 58 IS nSile 5| Bzl aoys 5 eSiles -V Jgar sl
Continuation of table 7- Mean and percentage deviation from the mean of each group of wheat genotyps in
cluster analysis

09,5 =X % 3 s 2 £ o = 33
_%\ c a5 . 72 :)) o D N S ® N ©
b mer 32 3% JSt 45E JSeds oy AE
Gop _Of g% J& Bz nEg N§e 2% s ¢
genotypes %g " s 4 € ; E2S 2 3 3 < 18
in the & 335 3, = ' 2 = T
group
1 8 13.80¢  2.76°P 201;93 6.92b  23.48% 3245 220.24% 14.66"
JS 5eSbes 51 Sl
Deviation fromthe ~ -10.03 2801  -037  -1812 329  -1444  -6.02  -10.17
total mean
2 4 17552 5492 225142 6.26P 2537@ 33.87° 270.49@ 12.47°
I eSilee 51 Gyl
Deviation from the 14.40 43.28 9.46 -25.86  11.60 -10.71 15.42 -23.57
total mean
3 12 15.84% 422 200.81® 10.092 21.49b 4209528 229.29P 18912
JS 5eSiles 51 Bl ol
Deviation from the 3.25 10.21 -2.37 19.41 -5.47 13.25 -2.16 15.87
total mean
Sl
&5 o 15.34 3.83 205.68 8.45 22.73 37.93 23435 16.32
Total mean

alllas 590 Slio (oled Gl 2 hol Glaadlge 4325 4 by po gulis — A Jgoor
Table 8- The results of principal component analysis based on all studied traits
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JUET Y adlge Y dilge Y ailse f oailge O ailge
Variable PC1 PC2 PC 3 PC4 PC5
S b jg, slows -0.30 -0.20 0.32 -0.17 0.09
Days to booting
a5 b 59, lows -0.21 -0.17 0.47 -0.12 -0.05
Days to heading
SLadl o0 b 59, olaws -0.19 -0.28 0.39 0.03 -0.09
Days to anthesis
So5e)g0 b (Soany b 59, olows -0.15 -0.03 0.38 0.01 0.26
Days to physiological mathurity
O (o Slgima 0.14 0.18 0.13 0.48 0.04
Relative water content
25 sles s 0.00 0.20 0.14 -0.26 -0.58
Canopy temperature difference
elis )l 0.42 0.07 0.21 0.00 0.06
Height
al Jsb 0.01 -0.27 0.15 0.48 0.22
Spike length
ISl Jsbo 0.38 0.15 0.30 0.10 -0.01
Peduncle length
JSilay Sael g Job 0.39 0.14 0.28 -0.07 0.17
Peduncle extrusion
e s o aliw slass 0.29 -0.10 -0.06 -0.29 0.45
Number of spike per m2
alis ,o &l olaws -0.22 0.45 0.16 0.16 -0.07
Number of grain per spike
als S5 o3 0.14 -0.22 -0.01 -0.47 0.11
Thousand kernel weight
ails o Slos -0.11 0.47 0.14 -0.20 0.21
Yield
Ss5egm o ,Shos 0.31 -0.01 0.24 -0.09 -0.36
Biologycal yield
cls ey -0.23 0.43 0.04 -0.16 0.33
Harvest index
o9 25 3.88 3.23 2.80 1.88 1.03
Eigenvalue
ol lg o y0 24.3 20.2 17.6 11.8 6.4
variance (%)
oS il ly oy 24.3 445 62 73.8 80.2

Cumulative of variance (%)
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Figure 1- The dendrogram of wheat genotyps using cluster analysis by Ward method
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Figure 2- Biplot diagram based on the first and second omponents in bread wheat genotypes under rainfed

conditions
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Extended abstract

Introduction: Wheat is one of the most strategic staple crops globally, including Iran. Enhancing
the production of this crop, considering its genetic potential and environment responses, plays a vital
role in ensuring global food security. Understanding genetic diversity and population structure is
essential for crop improvement, enabling the effective utilization of genetic resources to develop
cultivars with high and stable yields and resistance to environmental stresses. Multivariate statistical
methods are widely employed by plant breeders to estimate genetic diversity, as they allow for the
simultaneous evaluation of multiple traits. The present study aimed to assess the the genetic diversity
of advanced wheat lines and cultivars introduced for cold climates in Iran. Specifically, it focused on
evaluating traits related to the performance of bread wheat cultivars and lines under rainfed
conditions, grouping the genotypes based on these traits, and comparing the resulting clusters.

Materials & Methods: The experiment was conducted in a randomized complete block design with
three replications under full rainfed conditions. The plant materials included 12 advanced lines, the
WAZ line, and 11 autumn rainfed wheat cultivars recommended for the cold rainfed regions of Iran,
namely Sardari, Homa, Azar2, Takab, Ohadi, Rasd, Hashtroud, Baran, Sain, Sadra and Praw. The
trial was carried out at the research farm of the Faculty Agriculture of Zanjan University during the
2016-2017 cropping season. Cluster analysis and principal component analysis (PCA) were used to
explore the genetic diversity among the genotypes and classify them accordingly.

Research findings: The analysis of variance revealed significant genetic diversity among the
genotypes for most of the eavaluated traits. The number of days to physiological maturity exhibited
the lowest phenotypic and genotypic coefficient of variation, whereas the highest values were
recorded for peduncle extrusion and the number of seeds per spike, respectively. Cluster analysis
grouped the genotypes into three clusters. Genotypes in the third group were characterized by a
higher number of seeds per spike, seed yield and a higher harvest index. PCA identified five principal
components explaining 80.2% of the total phenotypic variation. Based on the multivariate analysis,
lines 9, 3, 11, 2, and 7, along with the cultivars Azar 2 and Hashtroud, were identified as promising
genotypes with greater adaptability to rainfed conditions and desirable performance traits.
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