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Table 1- Meteorological statistics of Maragheh Dryland Agricultural Research Station at 2015-2016
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Table 2- Pedigree of rain-fed wheat genotypes used in the experiment
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93 0 3%
Genotype Pedigree
1 Baran
2 Ohadi
3 87 (CB-R6)/Azar2 //Un known-9/914 Gene Bank Material IRBW 05- 165-0MAR-OMAR-OMAR-3MAR-3MAR
4 88 (CB-R6)/Azar2 //Un known-9/914 Gene Bank Material IRBW 05- 165-0OMAR-OMAR-OMAR-5MAR-2MAR
5 PMF/MAY A/lYACO/3/C0693591/CTK/4/Trakia//Maga"s"74/Mon"s"/3/Shahi  /5/Kohdasht/82 (CB-R5) IRBW 05- 064-
OMAR-0SHI-OMAR-3MAR-3MAR
NGDA146/4/YMH/TOB//MCD/3/LIRA/5/F130L1.12 /6/Azar2
6 [7[Trakia//Maga"s"74/Mon"s"/3/Shahi/4/Khazar/3/Jcam/Emu"s"//Dove" IRBW 05- 013-OMAR-0SHI-OMAR-1MAR-
2MAR
7 Anza/3/Pi//Nar/Hys/4/Sefid /5/Un known /6/Un known-1//Pf 82200/Sardari IRBW 05- 148-0OMAR-OMAR-OMAR-
5MAR-1IMAR
8 Anza/3/Pi//Nar/Hys/4/Sefid /5/Un known /6/Un known-1//Pf 82200/Sardari IRBW 05- 148-0OMAR-OMAR-OMAR-
TMAR-1IMAR
9 NGDA146/4/YMH/TOB//MCD/3/LIRA/5/F130L1.12 /6/Khazar/3/Jcam/Emu"s"//Dove"
[7/Sardari/4/885K4.1//MNG/SDV1/3/1D13.1/MLT IRBW 05- 012-OMAR-0SHI-OMAR-3MAR-2MAR
10 1004 Gene Bank Material/Desconsido-1  /3/Fengkangl5/Sefid//Zagros IRBW 05- 114-0OMAR-OMAR-OMAR-1IMAR-3MAR
1 Fengkang15/Sefid/4/Dari-16/3/Hd2172/Bloudau//Azadi  /5/10 GHAZAGESTAN 98-99/Zagros IRBW 05- 099-OMAR-
0SHI-OMAR-2MAR-1MAR
12 Fengkang15/Sefid/4/Dari-16/3/Hd2172/Bloudau//Azadi  /5/10 GHAZAGESTAN 98-99/Zagros IRBW 05- 099-OMAR-
0SHI-OMAR-5MAR-2MAR
13 Gahar/4/Trakia//Maga"s"74/Mon"s"/3/Shahi/5/Gahar//MOMCHIL/KATYA1 IRBW 05- 201-0OMAR-OMAR-OMAR-
3MAR-2MAR
14 1D800994W/VVEE//FO00K/3/PONY/OPATA/4/4848 Mashad/Tui"s" /5/Un known-2/4/Trakia//Maga"s"74/Mon"s"/3/Shahi
IRBW 05- 004-OMAR-0SHI-OMAR-1MAR-1MAR
15 Azar2/82 (CB-R5)/8/Sabalan/6/Shahi/Kvz/5/Shahi/4/Kal//B/Cj/3/#Horks /7/Unknown-3 IRBW 05- 151-0MAR-OMAR-
OMAR-1MAR-1IMAR
16 CH94878/BLOYKA/3/TX81V6614//SERI*3/BUC  ICWH99-0468-0AP-2AP-2AP-0AP-1AP-0AP
17 RAN/NE701136//C113449/CTK/3/CUPE/4ITAM200/KAUZ/5/BWD  TCl012234-030YE-30E-3E-OE-1E-0E
18 DYBR198283/842ABVD.C50/4/PJ/HN4//GLL/3/SERI  TCI011056
19 SARDARI MORPHOTYPE/CAMPION//SOYER  TCIl032500 -OE-OE-0YA-OE -9E -0E
20 MR Population-14
21 Vorona/Parus//Hatusha/3/Lut112/4/Pehl//Rph8-68//Chrc
22 ERYT783-96/SHARK-1  TCI-001409030YE-030YE-2E-0E-5AP-0AP
23 ANA96/3/RSK/CA8055//CHAM6  TCI 001093-030YE-030YE-7E -0E

24
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Table 3- Analysis of variance of measured traits in rain-fed wheat genotypes
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Sl L el CTO® 0 039 apliw  Jb 5, las esLs
cS"')‘ : &l M" . o . X DR
Source of df &0y 1000 No. of * b * - 23! o s
Variation No. of grains grain in Spike No. of Spike Biological Harvest
spike per weight spike weight spikelet length yield index
m? per spike
Sob " o "
3 92236 0.776" 32.512™ 0.119™ 1.662" 4318 8351701.389 15.197™
Block
T 23 44903™ 33.917 135.926™ 0.296™ 7.748™ 27797 2069941.12" 7.244"™
Genotype
Uas-
69 14046 6.488" 17.955™ 0.087" 0.787" 0.404™  1957371.67™ 9.263"™
Error
s
R 15.1 6.2 125 15.3 5.8 7 18.1 7.7
CV (%)

£
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*, **: Probability level of significantly in 0.05 and 0.01 respectively; " non-significant
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Table 3 (continued)
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Variation df oS ) als _') ] Plant wls oy 35909 jud alow H5eb ”_S""’
Straw yield Grain yield height Grain filling Days to Days to spike Vigor
period physiological emergence
maturity
Sob o o o " . o
3 4739375 650874.180 58.046 23.288 6.705 6.486 0.094"
Block
S5 23 1447880.435"  274269.806™  336.048™ 11.344™ 7.391™ 9.216™ 2.119™
Genotype
Uas- 2.24
69 864646.739" 59539.398" 14.545" 1.622m s 1.269™ 0.181™
Error 082
Ol s g g
S 16.8 8.8 43 36 08 08 96
CV (%)
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*, **: Probability level of significantly in 0.05 and 0.01 respectively; "™ non-significant
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Table 4- Mean comparison of measured traits for rain-fed wheat genotypes

i slass Slawy ol
e‘ﬁ ;’: FITYSTRRNOUR L el Jsb . .
s} g ails o e 039 . alduw S s 0;5-1.-0-9
No. of Spike s o ; RIFe Straw yield
Genotype spike per 10(.)0 N. of weight Spike Biological h
2 grains — grain M@ N ength o eghay O
weight (g) per grainin (cm) y g
spike spike
1 778.57 40.97 30.7 1.73 13.20 8.35 7537.5 5900
2 1081.42 42.07 19.9 117 118 8.45 7975 6262.5
3 842.85 41.21 31.05 1.84 14.1 8.92 7812.5 5687.5
4 671.42 40.75 37.15 2.13 14.4 8.87 7287.5 4187.5
5 698.57 34.56 394 1.86 15.6 9.67 6812.5 4925
6 731.42 40.56 33.6 1.81 16.55 9.62 8100 6225
7 831.42 44,13 26.3 1.65 14.45 9.22 7562.5 5712.5
8 688.57 45.22 28.2 1.74 14.6 9.22 8137.5 5400
9 817.14 41.76 32.95 1.96 14.95 8.65 8575 5062.5
10 825.71 43.25 33.15 1.96 13.95 8.55 8300 5437.5
11 852.85 42.72 27.95 1.63 15 8.4 8337.5 5975
12 860 42.83 35.1 2.07 15.65 11.17 6150 5237.5
13 697.14 40.72 32.45 1.87 15 8.15 7675 5950
14 628.57 42.88 39.4 2.34 15.75 10 8362.5 4762.5
15 904.28 36.93 33 1.67 14.15 8.25 74125 6012.5
16 875.71 37.17 34.45 1.74 16.65 9.15 8150 5212.5
17 750 40.79 40.5 2.29 17.35 10.2 8037.5 5887.5
18 784.28 38.38 40.2 2.16 17.25 8.8 8500 5162.5
19 785.71 45.45 28.7 1.8 14.25 9.32 8412.5 5950
20 825.71 43.91 28.9 1.8 14.15 8.4 8175 6537.5
21 687.14 43.18 35.1 2.23 15.75 747 7975 5725
22 910 36.1 41.3 2.13 17 10.42 72125 5700
23 658.57 37.28 46.65 233 17 9.37 5737.5 42125
24 641.42 41.21 37.1 2.06 16.3 9.57 7287.5 5775
S
784.52 41 33.88 1.91 15.2 9.09 7730.2083 5537.5
Mean
LSD 167.2 3.59 5.97 0.41 1.25 0.89 1973.6 1311.7

In each column, the maximum and minimum values are underlined.
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Table 4 (continued)
. 92 5% Sy U jgy slass - .
sl w15 5 ,Shos gy el gad Sl 254 B 59, Sluss )
XD (%0) cublo y o Plant &l it alow 3959
Grain yield . Days to . :
Genotype Harvest (Kg/ha height Grain physiological Days to spike Vigor
index (%) €m) filling maturity emergence
period
1 42.31 3327.5 92.75 35.75 181.75 146 55
2 38.51 2980.83 83.91 34.75 179.75 145 5
3 39.15 2675 87 35 180.75 145.75 45
4 37.61 2390.83 81.25 37.25 183 145.75 35
5 38.73 2555.83 99.58 35.75 182 146.25 4.75
6 40.90 3053.33 99.41 38 184.25 146.25 5
7 37.53 2796.66 93.91 375 183.5 146 5
8 39.35 2609.16 93.08 40 185 145 5
9 38.83 2444.16 93.33 33 182.5 149.5 4
10 41.61 3115.83 94.5 37.25 182.75 145.5 45
11 40.82 2761.66 99.16 355 184.25 148.75 5
12 38.76 2540 96.5 35 183.5 148.5 4,75
13 40.39 2859.16 84.58 37.25 184.75 1475 45
14 39.49 2707.5 96 37 184.25 147.25 4.25
15 40.98 3015 90.58 36.75 183.75 147 45
16 37.86 2615 86.16 345 183.75 149.25 3.75
17 38.96 2710.83 87.5 35 184 149 4
18 39.43 2438.33 74.5 345 183 148.5 3
19 39.75 3159.16 88.16 36.5 183 146.5 5
20 38.08 2897.08 86.5 34 183 149 5
21 39.07 2647.5 69.5 34.25 184.25 150 3.25
22 41.57 2965.83 70.41 32.75 180.75 148 4
23 40.46 2375.83 69.75 37 184.75 147.75 3
24 41.06 3000 87.58 36 182.5 146.5 55
eSls
39.63 2776.75 87.73 35.84 183.11 147.27 4.42
Mean
LSD 4.3 344.2 5.380 1.796 2.035 1.589 0.5997

In each column, the maximum and minimum values are underlined.
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Table 5- Correlation of studied traits for tested rain-fed wheat genotypes

0399 sl Ugyoluai g, 0l
el y ols aild ag &ls RN W STt
Harvest Straw Grain Plant Grain Days to Days to Vigor
index yield yield height filling  physiologic spike
period maturity  emergence
- - - . 25523
0.237™ 0.606 0.677 0.692 0.265™ -0.219"™ -0.49 1 .
Vigor
Al ;50 b 59, olaes
-0.158" -0.008"™ -0.365" -0.304" -0.644™ 0.319" 1 .
Days to spike emergence
3058 (Soem) U 5o, Slaes
-0.023°  -0.189®  -0.279®  0.101™ 052 1 ’ T
Days to physiological maturity
als Had  0y93 Job
0.124" -0.146" 0.104" 0.355"™ 1 Grain filling period
g glas)
0.017™ 0.184"™ 0.244" 1 € _)
Plant height
&l o Slos
0.596™ 0.723" 1 L
Grain yield
oS o ;LQ.C
0.231" 1 )
Straw yield
1
Harvest index

"

o sire ™ o 0wy 9 SO e 0 b e iS4 g "
*, **: Probability level of significantly in 0.05 and 0.01 respectively; " non-significant
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Table 5 (continued)

39 alcew olaxy 30 &l dlawy 3 dazelow ol Job S ySlos
als 5l 39 ) alsow o359 . .
) 1000 grains . Spike . ) o
No. of spike weight No. of g-ram weight No. of sp-lkelet Spike quloglc
per m? per spike per spike length yield
o5 5 ,Slos
0.145" 0.435" -0.442" -0.24" -0.19™ -0.407" 1 . “”J}_ﬁ .
Biological yield
alw Jsb
-0.09™ -0.159™ 0.428" 0.363™ 0.493" 1 Spike length
Al o dols olass
-0.439" -0.446" 0.81™ 0.717™ 1 No. of spikelet per spike
o " aleew (335
-0.663 -0.167™ 0.874 1 . .
Spike weight
Al o als olass
-0.549™ -0.598™ 1 . .
No. of grain per spike
als i oy
-0.044m 1 B) )ﬁ u)ﬁ-
1000 grains weight
e e s b olass
1
No. of spike per m?

=3

Sl sire 2™ o0 iy g S e o b ses e g g "
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*, **: Probability level of significantly in 0.05 and 0.01 respectively; "™ non-significant
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Figure 1- Grouping of rain-fed wheat genotypes based on Euclidean distance coefficient and Ward’s algorithm
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Table 6- Mean and deviation from the grand mean of four clusters obtained from cluster analysis for the evaluated traits in wheat

genotypes
G 39, olows
L 50399 Job _ U 59y olass
. ailo o ,Slos ag gl PHERER) iy _ )
sl 1 o i RN 2829 Foulls
H Grainyield  Plant height Grain Days to Vigor Cluster
arvest
o V(o/) (Kg/ha) (cm) filling hDa_ySI o spike
I X
> (day) period physio (?glc emergence
maturity
il
5816.667 2888.611 84.8703 35.5833 182.8889 147.3056 45277 M
ean
. 1
e IRV
5.0413 4.0283 -3.2663 -0.7265 -0.1232 0.0236 2.2745 .
Deviation %
il
6190 2970.417 91.4333 35.75 182.85 147.1 5
Mean
. 2
e IRV
11.7832 6.9744 4214 -0.2615 -0.1444 -0.1159 12.9411 o
Deviation %
Sl
5172.917 2655 89.5972 36.0416 183.5417 1475 4.0833 Mean
L 3
EJES IR
-6.5838 -4.3847 21212 0.5521 0.2326 0.1556 -7.7647 .
Deviation %
Sk
4640.625 2465.625 86.7708 36.25 183.3125 147.0625 4 M
ean
. 4
EJES KW
-16.1963 -11.2047 -1.1002 1.1333 0.108 -0.1414 -9.647

Deviation %
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Table 6 (continued)

aliow Slasi 4158 338 Sl
PERHERIREY o9 Jeb yLeres
&0 R o 4ld J° A%IM S ,&Lo.c
AJ.,.LN A.Lu.w AJ.».H» X o5 olls
No. of 1000 ) Al i Se3glem o
. . No. of Spike Spike . Straw
spike per grains . . No. of Biologic ] Cluster
2 weight grain per weight spikelet Length yield (Kg/ha) yield
spike ©) pikel (cm) (Kg/ha)
@ per spike
Sl
782.69 40.587 34.166 1.946 15.255 8.952 76125 40.1181
Mean
1
P IRWESRY
-0.232 -1.02 0.836 1.388 0.352 -1.552 -1.5227 1.2113 L
Deviation %
Sl
855.42 42.945 27.81 1.647 14.35 8.84 8200 39.6145
Mean
2
e IRV
9.037 4,727 -17.924 -14.2188 -5.604 -2.793 6.0773 -0.059 L
Deviation %
Sl
770 41.449 34.725 1.986 15.525 9.062 8337.5 39.4327
Mean
3
e IRV
-1.85 1.079 2.484 3.472 2.124 -0.346 7.856 -0.5178 L
Deviation %
Sl
722.14 38.861 39.575 2.099 15.662 9.775 6496.875 38.8946 M
ean
4
e IRV
-7.95 -5.23 16.797 9.361 3.029 7.488 -15.9547 -1.8751

Deviation %

9 (1 100Y) adls jl5a ()59 Slio 5 S5 Sute oo il
SSog Sy site wlpo Gl (-4 /00Y) Sojean o Shee
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Sl S el 0 e e adlse (nl 1S 686l
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3o, AV 51 e Jsl adlge gy ol slaadlge @y 525
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Table 7- Results of principal components analysis for rain-fed wheat genotypes

adslofrg polie
Initial Eigenvalues g0
(SO oy ol lg a0 Js Component
Cumulative % % of Variance Total
35.914 35.914 5.387 1
52.237 16.324 2.449 2
64.803 12.566 1.885 3
75.445 10.642 1.596 4
83.812 8.367 1.255 5

hol sadlge & a2 5l Jol> slaailge 55 (o) 2 390 Glio calps —A Jguar
Table 8- The coefficients of the studied traits in the components obtained from the principal components analysis

adgo
Component o
Trait
5 4 3 2 1
05
0.308  0.061 0.275 0325 0.797 .
Vigor
Al b5 b 59, sl
.0332 0418 -0.349 -0.477  -0.506 .
Days to spike emergence
SsIn et (S, U 59, Ol
0.055 0.320 -0.462 0.581 -0.371 . .
Days to physiologic maturity
als Gad  0y98 Jsbo
-0.255 -0.119 -0.058 0.899  0.157 Grain filling period
G gl
0516  -0.09 0.022 0.49 0.486 . .
Plant height \ Plant height
als o Slos
-0.08  0.488 0.407 0.059  0.702 -
Grain yield
cls el
0.179  0.499 0.034 -0.229 0.714 .
Harvest index
oS o ,Sos
-0.293  0.623 0.597 0.178  0.112 .
Straw yield
S5l 0 Shes
0.071  0.383 -0.552 -0.133  0.403 S
Biologic yield
b Jsbo
0.673  -0.209 0.460 0.222  -0.355 .
Spike length
Al ;o axda slass
0.298 0.321 0.103 0.028 -0.823 No. of spikelet per spikes
Al 39
0.028  0.243 0.003 0.154 -0.864 . .
Spike Weigh
Al jo ails slaws
-0.027 0.137 0.306 0.074 -0.923 . .
No. of grain per spike
als )l o359
0.148  0.103 -0.553 0.314  0.482 . .
1000 grains weight
& Sy als olaas
0.144  -0.19 0.143 -0.669  0.535

No. of spike per m2
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Abstract

Introduction: Wheat's economic significance and contribution to human and animal nutrition are
indisputable. This makes it the third most important crop in terms of global production. The rising
global demand for wheat is due to its ability to produce specialized foods. In particular, the unique
properties of the gluten protein allow wheat to be processed into bread. Wheat contains and consists
of numerous healthful components. Therefore, plant breeders should be able to select for both
increased crop yield and improved health benefits. Wheat landrace genotypes are more genetically
diverse than the majority of breeding programs, and this diversity includes adaptation to a variety of
local conditions. Wheat breeders face the challenge of maximizing genetic productivity gains while
minimizing yield gaps and ensuring environmental sustainability.

Wheat's efficiency and utility in plant breeding programs are determined by its genetic diversity.
Improving grain yield is regarded as the most important objective of wheat breeding and the most
efficient method of increasing production. The estimation of genetic variation in crops is
indispensable for breeding programs and the conservation of genetic resources. Hybridization and
subsequent selection is one of the most essential wheat breeding techniques. Selecting the parents is
the first step in a hybridization-based plant breeding program. The purpose of this research is to
identify wheat genotypes with superior agronomic traits, classify them using cluster analysis, and
reduce the measured traits using principal component analysis.

Materials and Methods: To evaluation of genetic diversity of rain-fed wheat genotypes, an
experiment was carried out in a randomized complete block design with 24 genotypes and four
replications in Research Station of Dryland Agricultural Research Institute (Maragheh) at 2015-
2016. This study evaluated plant height, grain filling period, days to physiological maturity, days to
spike emergence, vigor, grain yield, straw yield, number of spikes per m?, weight per 1000 grains,
number of grains per spike, spike weight, number of spikelet per spike, spike length, biological
yield, and harvest index. Before conducting an analysis of variance, assumptions were examined.
Analysis of variance and comparison of means (Least Significant Difference) was performed. The
relationship between the studied traits was determined using Pearson's coefficient of correlation.
Principal component analysis (PCA) was utilized to reduce the data, and cluster analysis based on
the Euclidean distance coefficient and Ward's algorithm was employed to classify the genotypes
under study. The SPSS software was utilized for data analysis.

Results and Discussion: Difference between rain-fed wheat genotypes were significant for the
majority of traits, indicating a high degree of genetic diversity. The genotypes 1 and 23 have the
highest and lowest grain yield values, respectively. Positive and significant correlation exists
between grain yield and vigor, straw yield, harvest index, number of spikelets per spike, spike
weight, and number of grains per spike. Cluster analysis categorizes 24 genotypes into four groups
based on their evaluated traits. The first cluster contains genotypes 22, 24, 1, 15, 7, 13, 3, 21 and 17.
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The second group included genotypes 2, 6, 20, 11, and 19. The third group consisted of the
genotypes 9, 18, 14, 10, 8, and 16. The fourth group consists of extra genotypes. In principal
components analysis, five main components account for 83.80% of the variation. High positive
coefficients were observed for grain yield (0.702), harvest index (0.714), and vigor (0.797) in the
first component. The initial component can be identified as the grain yield component.

Conclusion: Based on the results, the yield component was determined to be the first principal
component. These genotypes are appropriate for selection and breeding programs and objectives in
rain-fed environments, and can be used to boost wheat grain yield.

Keywords: Cluster analysis, Correlation, Grain yield, Morphological traits, Principal components
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