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Assessment of Genetic Diversity and Its Relationship with Geographical Factors
in Populations of Wild Diploid Wheat (Triticum boeoticum) Based on
Morphological Characteristics
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Table 1. Geographical features and location of the collection of studied wild diploid populations
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L) plaw Bl bl S5 Comezr
Location Province Above Longitude Latitude Number of  Populations
sea level genotype
Taleghan-Dasht Village s by, ~0WE Ghazvin N 1709.2 50-40-32 34-23-27 10 Tb-114
Harsin-Tamerg Road & ji=eep o3 Kermanshah olaile 57 1936.0 47-32-32  34-19-33 9 Tb-12
Javanrood-Kozaran Road 0555 35 o3l Il Kordestan Olws S 2267.6 46-35-43  34-51-41 4 Tb-4
Asadabad LTl Hamedan Oldas 1270.2 48-8-38 33-11-27 9 Tb-126
Suburb of Saghez Fe s~ Kordestan Obws 87 1588.2 46-28-27 36-19-31 11 Tb-10
FarrokhShahr A% ¢#  Chaharmahal va Bakhtiari ok 5 Jmasler 1988.2 50-51-40  35-17-26 7 Tb-163
Khoramabad-Aleshtar A=W e 4 Lorestan ol S 2249.4 48-13-32  30-44-25 7 Tb-171
Songhor A~ Kermanshah oliile 57 1522.2 47-33-21  33-24-25 9 Tb-257
Kermanshah-Kamyaran Road OLkels el STesl=  Kermanshah oliile S 1586.6  46-57-26  33-32-19 9 Tb-19
Ahar-Kaleibar,30 km to Kaleibar FlSTG meskSTY IS - 8l East Azarbaijan B Ol 3T 1706.8  47-33-17  40-40-25 3 Tb-216
Mahabad-Sardasht Road b2 4 0blge o3l Western Azarbaijan @A O3] 1649.2 45-45-28  36-39-20 8 Tb-3

Between Chaghalvandi-Khoramabad kT e 5 disk o Lorestan ok ) 2431.8 48-26-35  34-53-16 4 Tb-18
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Table 2. Analysis of variance of studied traits in accessions of T. boeoticum

MS e L

) sl 055 obes Jsb 3 Sas ¢! Jdsb P
5T oy i ool alw <l g &£, g
low o dF Number of ~ Weight of ~ Biomass Main spike  Grain Plant Leaf Leaf
S.0.V. e tiller spikes length yield height length width
Replications FEC 46.28" 25.11™ 18.23™ 2.01™ 2,63 90.32™  17.177 231
Genotypes s 89 119577 69.63"  284.29" 8.03" 7317 327847 16.197  2.727
- Within 0952 - 78 97.11 58.18 223.30 4.97 6.10 319.78 5.81 1.60
- Between o= 1278927 150.75"  716.74" 29.687 1582 38498  89.80" 10.67"
Error o> 89 35.86 19.14 69.76 1.64 2.01 102.19 2.15 0.56
C.V. (%) e 41.47 51.79 47.51 13.96 52.23 20.22 15.04 11.25
ns,* and **: Not significant, significant at 5% and 1% probability levels, respectively. Aoy G g el a3 s gme 5 )l gme b 5 4 1k 5 2eaniS
Table 2. Continued Y Jsd aelsl
MS Sl oSl
a>y3 BT sl sldses O Sl YY) ool
&7 ol dl alin &ls THE BYSIE Ak Cls
) df. Weight of  Number of  Number of  Weight of = Number of Days to Harvest
S.0.V. el che main spike spikelets grains grains fertile tiller heading index
Replications NS 1 0.05™ 9.41™ 97.81™ 0.006™ 29.38™ 1.09™ 35.53"
Genotypes <555 89 0.23" 23.91" 139.45"  0.036” 87.52" 76777 19.357
- Within 0955- 78 0.19 17.41 140.99 0.036 69.41 51.79 15.53
- Between - 11 0.45" 70.06 128.52™  0.036™ 215907 25386 4638
Error o 89 0.06 6.24 62.98 0.014 27.23 13.94 5.25
C.V. (%) Sl ed o o Ao - 23.46 11.82 23.34 36.52 43.37 5.76 14.55
ns,* and **: Not significant, significant at 5% and 1% probability levels, respectively.
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Table 3. Genetic and phenotypic variance, genetic and phenotypic coefficients of variation and heritability separated
within and between populations of T. boeoticum for the studied traits

ué/f Jﬁb gLl \ S b s 3T sl ) sl {M 'o.)'; dony Sles G55 el
<&, <&, e Al ki aoy k! el 4ls 4l BTl XY™ Csls
. . . . Number
Lt el P Gmn kG momss ob Nmheroofman o P MOt ol T Paie Himes
ength spikes spike spikelets  grains grains tiller

ng S5 byl 1.07 7.02 112.83 2.65 13.92 107.27 25.24 41.85 0.083 8.83 38.23 0.011 25.64 31.41 7.04
-Within R 0.51 1.83 108.76 2.04 1.66 76.77 19.51 30.62 0.067 5.58 39.00 0.010 21.08 18.92 5.13
-Between o 5.05 43.82 141.02 6.90 14.01 323.49 65.80 121.53 0.193 31.90 32.77 0.011 94.33 119.9 20.56
czph PP o PR 1.36 8.09 163.92 3.65 4.01 142.15 34.81 59.78 0.115 11.95 69.72 0.018 39.26 38.38 9.67
-Within R 0.80 2.90 159.89 3.05 2.48 111.65 29.09 48.55 0.099 8.70 70.49 0.017 34.70 25.89 7.76
-Between o 5.33 44.90 192.49 7.91 14.84 358.38 75.37 139.46 0.224 35.03 64.26 0.018 1079 126.92 23.19
CV, S5 Sk e 1557 27.20 21.24 59.97 19.44 58.91 59.47 44.80 27.01 14.06 18.19 32.37 42.08 8.64 16.85
-Within asys— 10.79 13.90 20.86 52.73 14.04 49.84 52.29 38.32 24.34 11.17 18.37 31.93 38.16 6.71 14.39
-Between - 33.69 67.95 23.78 96.82 40.74 102.31 96.01 76.34  41.06 26.72 16.84 32.48 80.72 16.90 28.79
CVph g ek e 1748 29.21 25.61 70.43 21.80 67.82 69.84 53.54 31.70 16.35 24.56 41.41 52.07 9.56 19.74
-Within sy - 1341 17.50 25.29 64.38 17.16 60.10 63.84 48.25 29.45 13.95 24.70 41.02 48.96 7.85 17.69
-Between - 34.62 68.77 27.75 103.63 4191 107.68 102.76 81.78 44.28 27.99 23.58 41.45 86.35 17.38 30.57
h? Gadoilyy 7928 86.74 68.82 72.50 79.50 75.46 72.49 70.00 72.60 73.87 54.83 61.11 65.31 81.83 72.84

Y(Sg, Gzph, CV,, CV,, and h? : Genetic variance, phenotypic variance, genetic coefficient of variation, phenotypic coefficient of variation and broad-sense heritability
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Table 4. Correlations among studied morphological traits and geographical factors in accessions of T. boeoticum
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1 _ 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
2 0.603

3 0.475" 0.358"

4 0.774" 0.654" 0.610™

5 0.546™ 03117 0.633" 0.578"

6 0.446™ 0.204 0.605™ 0.487"  0.9417

7 0.548" 0.428" 0.568" 0.618" 05877  0.559”

8 0.282" 0.021 0.556" 0372 08367  0.907" 0.359"

9 0.522" 0.449™ 0.556™ 0.754"  0.600"  0.476" 0.574" 0.407"

10 04377 0.346™ 0.613” 0.602"  0.542™  0.494” 0.684" 0.428"  0.736"

11 03547 0211 0.578" 0427 05177 0.549” 0.784" 0.458"  0.474" 0.6717

12 029" 0.009 0.549™ 0.359"  0.833" 0916”7 0.369" 0.987"  0.388" 0.425" 0.492"

13 0.067 -0.124 -0.476"  -0.065 -0.139 -0.233°  -0.183 -0.240 0.014 0276 -0276"  -0.243"

14 -0251° -0.345" -0.010 -0.250°  -0.117 0.141 0.023 0.174 -0.237" -0.035 0.159 0.209" -0.267

15 0446 0.204" 0.605™ 0.487"  0.9417 1.000™ 0.559" 0.907"  0.476" 0.494™ 0.549"  0916"  -0.233" 0.141

16 -0.113 -0.139 -0.201 0.002 -0.160 -0.128 -0.025 -0.064 -0.078 -0.013 -0.150 -0.058 0.109 -0.029  -0.128

17 0579 0.435" -0.002 0.504™ 03227  0212° 0.244" 0.070 0.436™ 0.216" 0.067 0.087 03127  -0264" 0212 -0.128

18 -0.224" -0.351" -0.016 -0.176 -0.069 -0.054 -0.287" 0.165 -0.044 -0.061 -0.083 -0.139 -0.004 0.145  -0.054 -0.196  -0.221"

(otdakan U 5ay sldas g5l amy slaw ails O3 cails sl camlin sl sy sl Lol i 059 dbaalaw O35 ¢ wbe g calin Jsb a5 g t\.&SJ\ cgj{ Jsb cg‘_?‘){ P S S ALY el
.L;_L:élj'qJ_,la)@_l:é\jl?uplf—dijscla.nj\tusﬂmbsﬁlw«ubjubu
))&}c&dw‘chﬁ)))bg&wjzb e

1-18: Leaf width, leaf length, plant height, length of main spike, biomass, weight of total spikes, weight of main spike, number of total tiller, number of spikelets,
number and welght of grains in the main spike, number of fertile tiller, number of days to heading, harvest index, grain yield per plant, above sea level, latitude and
longitude.

* and **: Significant at 5% and 1% probability levels, respectively.
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sl Jelse 5 oy Sliw S5 Lyl s -0 Jsd
T. boeoticum a5 5>

Table 5. Canonical coefficients of agronomic traits and geographical
factors in T. boeoticum

Jsl &S5 b £33 SS S nl oo S5 b
L First canonical ~ Second canonical  Third canonical
Traits Sl function function function
Leaf width B 0.729 0.146 0.342
Leaf length KL dsb 0.578 0.448 0.135
Plant height gl -0.064 0.187 0.389
Length of main spike dw J b 0.663 0.017 0.116
Biomass lese 0.359 0.068 0.457
Weight of main spike kol dhin 03 0.304 0.498 0.221
Number of total tiller dly 3ldss 0.021 -0.253 0.387
Number of spikelets ol sl 0.518 -0.096 0.399
Number of grains 4l sl 0.257 -0.003 0.094
Weight of grains $15 0 0.051 0.218 0.248
Number of fertile tiller 290k 4oy 0.051 -0.224 0.353
Days to heading 2> i b 5 0.418 -0.243 -0.015
Harvest index Cils el -0.369 0.072 0.062
Grain yield 613> Slas 0.230 0.076 0.338
Above sea level Ly cla.»j\ Cu:)t 0.096 -0.555 -0.825
Latitude Wl o 0.956 -0.034 0.290
Longitude bl b -0.359 -0.879 0.311

sl Jolse b (S35 ¢ 55 bl o
3o 08l et oy alamer o
0P 30 e S48 o8 dled
23—t J—lse Ol mea | oL e
Qlfsﬂ\.? 05 S Ol e b umes ‘_;.x.{ojjf
o ol be,ﬂb;; oS dzils bl
L o n 205 Sl bl o glais =
pdeaT s a4 (K55 855 S sutes £
gl S gL s Wl B e plul
LS 5 0y ol Ol 1y pols o 2iw (b ys
S35 g5 2 0> (Ren et al, 2013)
3SNP 3l eslawl L emmer —i> C.x_'f

e S5 sST sla)sS6 L 0T  Soan

ovy

S w5 53550 sla e sl b g
a & L s ls me /0 51 YL ol
ol bdaalllas Oliw (ol b 44 g LU
dfj_gd}—bt('/‘/\'ﬂ)df)_gué)_c&u_p
doeli sluas 5 (+/59Y) diw Jsb (4 /OVA)
Olseds 5055 5L ul b shyls (+/0VA)
Slabas ;50 G 5t 4 ST Jliw
L s 4 S b s cdn s oLl ke
P 5 2B sk o
Sbre LS Olgea /807 o o b (oLl 2
o S Sl £ e S M 5
OHLSan gojld B gl ol b asl

> (Pouraboughaddareh et al., 2016)
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T. boeoticum ("*‘f ol andllas Slac 5 55 OT b ks o Sliwo 5 415 5 Sas Cule 4 j2 =% J gl
Table 6. Path analysis of yield and its related traits in studied accessions of T. boeoticum

.

indirect effect

Jle ooyl Dlio S0 PF dsb el b (S
. (roiene Weifght &, Sy o0k > Slos
Variables added to the model Direct 01 Leaf Leaf  Number of Correlations
effect grams width length  fertile tiller  with yield
Number of fertile tiller sk 0851 0.033 0.030  0.001 - 0.916"
Leaf length Epdk 0119 0014 0.062 - 0.008 0.204"
Leaf width Eek 0103 0.024 - 0.072 0.247 0.446"
Weight of grains <055 0.068 - 0.036  0.025 0.419 0.549"

T. boeoticum ("*‘f ods anfllas (Lo 955 53 oy 2 398 Slheo Jale 4 20 -V Jgd
Table 7. Factor analysis of studied traits in studied accessions of T. boeoticum

ST 20 Ol e V ele Y Jele ¥ el
Traits <Ws  Communality Factor 1  Factor 2  Factor 3
Leaf width Sy b 0.736 0.731 0.309 -0.122
Leaf length & dsk 0.686 0.818  -0.130 0.011
Plant height gl 0.721 0.492 0.472 0.505
Length of main spike i J5b 0.843 0.865 0.308 0.008
Biomass obose 0.927 0.447 0.851 0.048
Weight of main spike e a0 0.722 0.666 0.283 0.445
Number of total tiller by oldas 0.957 0.079 0.964 0.150
Number of spikelets aopli slus 0.732 0.761 0.390 0.025
Number of grains THERIREY 0.705 0.633 0.350 0.459
Weight of grains «ls 05 0.639 0.434 0.363 0.610
Number of fertile tiller 030b ey 0.971 0.062 0.968 0.176
Days to heading Ak U5, 0.602 0.045  -0.022 -0.774
Harvest index Cils el 0.933 -0.497 0.139 0.583
Grain yield > Shes 0.606 0.280 0.904 0.192
Percentage of b Jj:j: i 31.68% 30.81%  14.88%
Percentageof .~ b :; i 31.68% 62.50%  77.38%

oYd
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dole 2 olsgme ol b ol Jsle a5 5 Glacs $5 A Jsdr
Table 8. The best accessions of each factors based on significant coefficients

\ ol

Factor 1

Y Jole

Factor 2

Y e

Factor 3

T. boeoticum126-6 T. boeoticum12-1 T. boeoticum3-16
T. boeoticum10-10 T. boeoticum3-16 T. boeoticum163-3
T. boeoticum3-1 T. boeoticum10-21 T. boeoticum257-14
T. boeoticum12-2 T. boeoticum12-6 T. boeoticum12-11
T. boeoticum12-1 T. boeoticum114-13 T. boeoticum19-8
T. boeoticum19-21 T. boeoticum171-9 T. boeoticum216-13
T. boeoticum126-22 T. boeoticum3-1 T. boeoticum12-1
T. boeoticum3-16 T. boeoticum19-5 T. boeoticum257-18
T. boeoticum114-8 T. boeoticum257-16 T. boeoticum114-8
T. boeoticum19-12 T. boeoticum12-5 T. boeoticum114-4
Average Sk 59.50 42.97 -15.52
Minimum Sl 35.21 6.78 -47.46
Maximum S 89.19 159.41 7.80

sl es, 8 a4 s 0T (sl 55 Slas dhar
ARed Sy
4*.']"}—3/‘(‘)?))“\;-’* Jg_.i).s
Wl 0l 035 5T andllaesy yo (slal ma
ooz sl 5 4 25 3l Joolo o1 8550
33 baey, S Aol o i a5 b
5 s 5 4S8 A s S0y
S gl as S s Sl 3 1) b i
0 by fla e b larer oy S
S8 o 3l ) b dled 5 o L0k
5TH-Y Gl e 4S5y 5b a5 5
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S 03 (B OlambyST 5 (o8 Olamly5T
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Dendrogram using Ward Linkage
Rescaled Distance Cluster Comibne
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Fig. 2. Dendrogram of studied populations of T. boeoticum based on studied
morphological traits using ward method and squared Euclidean distance
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