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Abstract

Background and objectives:

Wild wheat species are rich sources of valuable genes, including resistance to various stresses such
as drought and salt stress. Wild species influence livestock feeding by producing green fodder,
preventing soil erosion and sustaining pasture production. In recent years, due to the conversion of
pastures into rain-fed lands and excessive animal grazing, the amount of these valuable reserves has
decreased, and considering their importance, genetic preservation and its scientific and correct
application have contributed significantly to the restoration of pastures and increased fodder
production. This study was conducted to investigate the diversity of Einkorn wheat in the western
rangelands of Iran as the center of origin and diversity of wheat ancestors for use in breeding
programs and fodder production.

Materials and methods:

In order to investigate the phenotypic diversity of einkorn wheat in terms of agromorphological
characteristics, 93 einkorn genotypes from 16 populations were collected from Kermanshah, Ilam
and Kurdistan provinces, along with four varieties of bread wheat and three varieties of durum
wheat using an alpha lattice design in two replications over two cropping years using the Best
Linear Unbiased Predictor (BLUP).

The studied traits include kernel yield, biological yield, number of spikes per m2, spike weight, a
thousand seed weight, spike length, peduncle length, number of seeds per spike, spike length and
plant height. All multivariate analyses were performed using BLUPs.

Findings:

The results of the combined analysis of variance showed significant differences among genotypes in
terms of all the measured traits. The broad sense heritability was high in the studied traits (except
spike length and number of seeds per spike). The study of genetic correlation between traits showed
a positive and significant correlation between kernel yield and biological yield, spike weight, spike
length and the number of seeds per spike. Number of seeds per spike had high heritability in both
years. The highest genetic coefficient of variation was observed in the number of seeds per spike
and the lowest in the thousand kernel weight. Cluster analysis using agromorphological data placed
the genotypes in six groups, which did not agree with the genotypes' geographical origin. However,
bread and durum wheat were placed in separate groups. Among the Einkorn wheat samples, the
genotypes in group 4 had the highest biological yield, spike number, spike weight, plant height,
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peduncle length and grain yield. The principal component analysis (PCA) results showed that the
first three components explained 85.47% of the total variation. Bi-plot analysis groped einkorn
genotypes in three groups. Three bread wheat varieties (Karim, Kohdasht, and Urum) were placed
in the fourth group and three durum wheat varieties (Behrang, Shebarang, and Dehdasht) and one
bread wheat variety (Azar-2) in the fifth group. The results of grouping by bi-plot of PCA were
consistent with the results of cluster analysis.

Conclusion:

The results indicated a high diversity of einkorn genotypes for agro-morphological traits. The high
broad sense heritability in the studied traits (except spike length and the number of seeds per spike)
indicated that phenotypic selection for these traits could be the most crucial breeding strategy in
Eincorn wheat. The results of means comparison for most of the examined traits showed the
superiority of bread and durum wheat cultivars. Regarding most of the traits, the genotypes
collected from Kamiyaran-Sanandaj were superior, and genotype number 29, with the same origin,
showed favorable agro-morphological traits, which were recommended for use in wheat breeding
programs.

Keywords: Agro-morphological traits, Alpha Lattice, Broad sense heritability, Genetic correlation, Wild
wheat.
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Table 1. Characteristics of einkorn wheat populations
Population Sample code Longitude Latitude Height Province Location
A 4 33°54.949N  46°22.674E 1310 llam Shirvan Chardavol
C 3 33°42.655N 46°31.557E 1258 llam Shirvan Chardavol
D 3 33°50.076N  46°43.740E 1245 Kermanshah ~ Kermanshah- 45Km to Islam Abbad
E 4 34°15.106N 46°42.917E 1354 Kermanshah  Islam Abbad road
F 5 34°43.336N  46°53.475E 1408 Kurdistan Kamiaran
G 8 34°59434N  46°57.863E 1381 Kurdistan Kamiaran-Sannandaj road
H 8 34°46.987N  46°47.233E 1591 Kermanshah Ravansar- Kamiaran road
I 6 33°56.434N  46°16.993E 1193 llam Shirvan Chardavol
J 5 33°51.613N 46°15.564E 1113 llam Eyvan
K 7 34°48.013N  46°30.699E 1525 Kermanshah Javanrood
M 4 34°39.089N  46°42.022E 1397 Kermanshah Ravansar road
N 8 34°33.480N 46°47.442E 1302 Kermanshah Ravansar road
P 4 34°26.910N 47°01.006E 1368 Kermanshah Ravansar road
R 4 35°36.480N 46°01.412E 1355 Kurdistan Marivan, near to Iraq border
S 13 35°22.572N 46°16.137E 1283 Kurdistan Sanandaj-15Km to Marivan
T ! 35°17.544N  46°58.45.3 1662  Kurdistan  ganangaj
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Table 2. Analysis of variance for measured agro-morphological traits in the studied wheat species

SOV Biological Number of Spike  Plant Peduncle Spike ~ Awn  Number of Kernel Thousand
T yield Spike/m?  weight height  weight  length length  seed/spike  yield  kernel weight

Genotype (G) * %k *% k% *% * k% *% *k k%

Year (Y) ns ns * * ns ns ns ns *

GxY ns ns *E ns ns ns ok o ns

CV(%) 26.77 26.50 3242 11.90 12.11 29.83 11.36 18.81 36.61 8.95

non-significant, significant at 5% and 1% probability levels, respectively ns, *, **=
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Table 3. Some statistics calculated in the studied wheat populations

Trait Biological Number Spike Plant  Peduncle  Spike Awn Number Kernel  Thousand
Yield of Weight  Height Length Length  length of Yield kernel
(g/m?) Spike/m? (9) (cm) (cm) (cm) (cm)  seed/spike  (g/m?)  weight (g)
Mean 488.69 322.53 19.54 73.67 40.38 6.63 8.72 14.58 105.52 36.43
Minimum 288.34 269.02 11.02 57.67 30.16 5.93 6.75 9.21 50.58 30.12
Maximum 948.93 388.76 61.29 94.25 50.08 8.92 11.89 58.25 343.96 48.29
GCV 0.31 0.12 0.55 0.12 0.12 0.11 0.15 0.70 0.59 0.09
h?2 yearl 0.81 0.29 0.96 0.75 0.79 0.28 0.84 0.98 0.96 0.72
h2 year2 0.67 0.26 0.67 0.59 0.55 0.38 0.70 0.93 0.65 0.69
h?2 2 years 0.82 0.46 0.82 0.80 0.76 0.35 0.83 0.95 0.76 0.79

GCV=genotypic coefficients of variances, hZ=heritability
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Table 4. Genetic correlation between investigated traits in einkorn wheat genotypes
Trait Biological Number Spike Plant  Peduncle  Spike ~ Awn  Number of  Kernel
yield of Spike/m?>  weight  height length length  length  seed/spike yield
Number of Spike/m? 0.01
Spike weight 0.9™ 0.30™
Plant height 0.21" 0.61"" -0.14
Peduncle length -0.04 0.65™ -0.38"  0.95™
Spike length 0.64™ 0.19 0.79”  -0.69™ -0.92™
Awn length 0.27" -0.08 0.12 0.38™ 0.31™ -0.22"
Number of seed/spike 0.84™ -0.42™ 0.99"  -0.25 -0.48™  0.87"  0.05
Kernel yield 0.93™ -0.22" 0.99™  -0.12 -0.36™  0.84™ o011 0.99™
Thousand kernel weight 0.78" -0.17 0.65™  0.44™ 0.32" 0.34™ 0.61™ 0.54™ 0.69"

*, **=gignificant at 5% and 1% probability levels, respectively
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Figure 1. UPGMA cluster based on square coefficient of Euclidean distance obtained from agro-morphological
traits.
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Figure 1. Pseudo-F statistic chart to determine the number of groups in cluster analysis.
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Table 5 — Mean of agromorphological traits measured in different clusters in wheat samples
Cluster Genotypes Biological — Spike/m? Spike Plant Peduncle  Spike Awn  seed/spike  Kernel Thousand
number yield Number weight height length length  length Number yield kernel weight
1 n=232 438.98ed  326.32b  172.00dc  71.75bc  39.81c 6.42b  8.48ab 12.36¢ 96.51dc 35.32b
2 n=19 490.01d 333.90b  173.70dc  77.07b 41.76b 6.30b 8.97a 11.93c 94.76dc 37.02b
3 n=31 403.98e 305.21c 148.77d  70.71bc 39.56¢ 6.35b  8.55ab 11.50c 77.99d 35.32b
4 n=11 629.90c 360.60a  202.82c  85.54a 45.85a 6.35h  9.32a 11.74c 115.34c 38.23b
5 n=>5 927.55a 299.86c  554.37a  68.00c 35.00c 7.19a  9.36a 52.95a 307.92a 41.60a
6 n=2 720.59b 269.82d 417.32b 66.58c 32.10c 7.52a 7.53b 42.16b 218.37b 41.69a

515l gl gae BV -/ 0 Jlazs| CE—NJQ ylae Gy >~ | duu&\*‘ O B 3
Means with a common letter in each column don't show significant difference at 5% probability level.
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Table 6 — Principal component analysis of different traits in wheat amples.

Trait Component

PC1 PC2 PC3
Spike weight 0.94 0.24 0.09
Spike length 0.67 -0.07 0.47
Number of seed/spike 0.96 0.09 0.001
Kernel yield 0.93 0.26 0.14
Peduncle length -0.55 0.77 0.10
Plant height -0.36 0.86 0.13
Awn length 0.08 0.63 -0.47
Thousand kernel weight 0.43 0.71 -0.34
Number of Spike/m? -0.31 0.41 0.78
Eigen Value 3.87 2.58 1.23
% of Variance 43.02 28.72 13.72
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Figure 2. Biplot resulting from principal components analysis of agro-morphologic traits in studied
wheat genotypes
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