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ABSTRACT

This study was performed to evaluate the morphological diversity in 16 Plantago ovata ecotypes in a randomized
complete block design with three replications using 22 morphological traits. In cluster analysis using standardized
data, the distances between the ecotypes were estimated with the square Euclidean distance method and the
dendrogram was plotted by Ward’s method. Factor analysis was performed by Verimax method. The mean squares of
ecotypes were significant for all traits, except the amount and percentage of mucilage. The results of cluster analysis
grouped the ecotypes into three clusters. The accuracy of the results of clustering was confirmed by discriminant
function analysis. In factor analysis, five factors were extracted that explained 86.77% of the variance among traits.
The most important effective traits in determining the variance were plant height, inflorescence tail length, spike
length, harvest index and 1000-seed weight, which were in the first factor. Morphological diversity among the
ecotypes was significant for most traits and PO12, PO15, and PO6 ecotypes were superior to the other ecotypes in
terms of mean grain yield and mucilage content.
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Table 1. Names and origins of studied plantago ovata ecotypes.

Number Code Origins Number  Code Origins
1 PO1 Damavand 9 PO9  Herat-Afghanistan
2 PO2 North Khorasan 10 PO10 Khansar
3 PO3 Razavi Khorasan 11 PO11 South Khorasan
4 PO4 Abadeh 12 PO12  Razavi Khorasan
5 PO5 Unknown 13 PO13 Tehran
6 PO6 Qom 14 PO14  Razavi Khorasan
7 PO7 Yazd 15 PO15 Isfahan
8 PO8 Shiraz 16 PO16 Kashan
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Table 2. Results of variance analysis of traits in the studied plantago ovata ecotypes.

Mean of squares

Kruskal-Wallis H

Coefficient of variation

Traits Block Ecotype Error Sampling Error (%)

Days to germination 3.882™ 1275117 1.941™ 1.715 - 4.757
Days to spikeing 3.011™ 4721317 1.726™ 0.896 414" 2.527
Day to 50% spike 10.549"  56.737"  2.023" 0.771 38.22" 2.541
Days to flowering 1.694™  84.724™  4.480" 1.438 38.43" 3.507
Days to maturity 4938"  144.329" 1338 0.708 38.57 1.134
Plant height 4.460™ 337877  6.575" 3.361 33.37 15.170
Inflorescence tail length 4.000™ 28324  6.013" 2.990 32.9” 16.527
Spike length 0.064™ 0.576" 02517 0.130 22.56™ 24.209
Number of fertile spikes 8.313™ 3.785" 1.646™ 2.757 - 23.064
Number of infertile spikes 2.090™ 5.346" 2.209" 1.931 23.5™ 66.467
Total number of spikes 2.382" 12.425"  3.700™ 5.222 - 26.506
Number of grains per spike ~ 3.382™  379.126™  113.2" 55.993 30.55" 24.310
Leaf length 5.444% 257677 6.38™ 4.405 - 22913
Number of leaves 14.083™ 15.774™ 5.15™ 5.694 - 11.827
Grain Yield 0.027"™ 0.061"  0.011™ 0.015 - 24.771
Biological Yield 0.207™ 0.528"  0.113™ 0.113 - 32.676
Harvest index 32474 186.802"  51.38™ 50.913 - 16.758
1000-seed weight 0.009"™ 0.154™  0.005" 0.001 4321 3.6779
Inflation factor 1.822™  21.904™  3.494" 0.019 32.25" 17.273
Inflation rate 478.53™  870.360°  331.58" 0.124 26.34" 29.784
Mucilage (%) 121.930™  103.334™  146.7" 0.010 23.82™ 63.638
The amount of mucilage 0.012" 0.010™ 0.015" 0.00009 23.82"™ 64.341
Degree of freedom 2 15 30 96 -

Sl g Dolas 9905 g do 0 0 ) Jlaol prhans 5ol pe Sglds oS 4y ms, K, HE
** % ns: Significantly difference at 1% and 5% probability level and no significantly difference, respectively.
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Table 3. Mean comparison of some traits in 16 Plantago ovata ecotypes

Ecotynes Days to germination Number of ~ Number of grains Number of Grainyield Biological yield  1000-seed weight
¥p (day) infertile spikes per spike leaves (g) (g) (g)
PO1 28.77e 1.16b 41.22abed 17.44bc 0.26¢c 0.51d 1.96def
PO2 24.33f 3.05ab 32.55d 18.11bc 0.30bc 0.83bcd 1.92fg
PO3 23.66f 3.16ab 50.44ab 21.22ab 0.46ab 1.27ab 1.751
PO4 32bc 3.16ab 45.66abc 20.33abc 0.46ab 1.11abc 1.74i
POS5 22.88f 3.72a 45.33abc 22.33a 0.48ab 1.51a 1.96ef
PO6 23.77f 2.27ab 41.88abcd 19abc 0.47ab 1.13abc 1.78hi
PO7 35.33a 2.83ab 35.44cd 18.88abc 0.35abc 0.82bcd 1.73i
PO8 29.66de 1.27b 46.11abc 19abc 0.51a 1.02abc 1.9¢
PO9 28.77e 2.16ab 52.66a 19.22abc 0.47ab 1.15abc 191g
PO10 31.66bcd 2.5ab 39.78bcd 18bc 0.39abc 0.88bcd 2.08b
PO11 32.11bc 1.72ab 53.33a 19.22abc 0.4abc 1.04abcd 1.81h
PO12 31.55bced 2.16ab 47.88ab 19.22abc 0.53a 1.19abc 2.02¢
PO13 30.66cde 1.72ab 38.33bed 19.22abc 0.37abc 0.96abced 1.92fg
PO14 33b 1.83ab 44.77abed 19.77abc 0.43abc 0.94bcd 2cde
PO15 28.66¢ 1.61ab 50.66ab 19abc 0.5a 1.15abc 2.0lcd
PO16 31.66bcd 1.38b 34.33cd 17¢ 0.34abc 0.71cd 2.19a

Means in each each column followed by the same letters are not significantly difference at 5% probability level.
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Figure 1. Demonstration the studied plantago ovata ecotypes for the first two factors of factor analysis.
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Table 4. Factor analysis for the studied traits in plantago ovata ecotypes.

. Component
Traits 1 5 3 2 B
Days to germination -0.449 0.44 -0.054 -0.007 -0.648
Days to spikeing 0.039 0.936 -0.172 -0.088 0.065
Day to 50% spike 0.168 0.929 0.159 0.023 -0.046
Days to flowering 0.105 0.959 0.061 -0.079 -0.026
Days to maturity 0.068 0.984 -0.075 -0.007 0.059
Plant height 0.820 0.301 0.359 0.155 0.100
Inflorescence tail length 0.776 0.362 0.350 0.188 0.078
Spike length 0.831 -0.027 0.239 -0.143 0.249
Number of fertile spikes 0.087 -0.089 0.920 0.141 0.162
Number of infertile spikes 0.320 0.347 0.313 -0.146 0.755
Total number of spikes 0.263 0.196 0.723 -0.012 0.559
Number of grains per spike 0.479 -0.204 0.624 -0.073 -0.447
Leaf length 0.822 0.023 0.343 0.231 -0.039
Number of leaves 0.597 0.091 0.610 -0.110 0.279
Grain yield 0.240 0.013 0.873 0.286 -0.118
Biological yield 0.515 -0.048 0.789 0.152 0.167
Harvest index -0.689 0.176 -0.144 0.051 -0.523
1000-seed weight -0.720 -0.487 0.067 -0.003 -0.091
Inflation factor 0.037 0.010 0.229 0.675 -0.411
Inflation rate 0.342 0.203 -0.115 0.632 -0.204
Mucilage (%) -0.034 -0.139 0.137 0.931 0.103
The amount of mucilage -0.034 -0.139 0.137 0.931 0.103
Before varimax rotation
Eigenvalues 8.235 4.614 3.056 1.717 1.468
Variance (%) 37.430 20.972 13.889 7.804 6.672
Cumulative variance (%) 37.430 58.402 72.292 80.095 86.767
After varimax rotation
Eigenvalues 5.089 4.613 4.233 2.903 2.251
Variance (%) 23.132 20966 19.243 13.197 10.23
Cumulative variance (%) 23.132 44.098 63.34 76.538 86.767

05 ol gocuisST 1o gladgs a0 gloeg,S )0 Dlas il )lg a5 9 (X £ Sg) [l olaiisl (( Kilo B Jgux
Table 5. Mean, standard error (X + sz) and variance analysis of traits in the groups obtained from cluster analysis in
plantago ovata ecotypes.

Traits Clusters Total Wilks'
1 2 3 lambda

Days to germination 30.018+3.11 27.639+3.68 33.666+2.35 29.285+3.76 702
Days to spikeing 48.944+2.16 50.486+1.17 67.111+14.92 51.986+7.24 325"
Day to 50% spike 54.037+0.69 56.014+1.01 61.555+0.47 55.965+2.51 103"
Days to flowering 58.463+1.38 60.069+1.34 67.111£2.35 60.347+3.06 1977
Days to maturity 99.963+0.75 101.208+0.76 111.444+5.02 102.021+4.01 134
Plant height(cm) 15.102+1.22 17.924+1.57 18.222+0.47 16.903+1.93 445"
Inflorescence tail length 13.194+1.09 15.715+1.45 16.250+0.19 14.837+1.77 442"
Spike length(cm) 1.898+0.25 2.194+0.21 2.083+0.11 2.069+0.25 686
Number of fertile spikes 5.129+0.66 5.958+0.38 5.277+0.7 5.562+0.64 597"
Number of infertile spikes 1.444+0.7 1.764+0.81 2.500+0.23 1.736+0.77 811
Total number of spike 6.518+1.1 7.680+1.1 7.777+0.94 7.257+1.17 147
Number of grains per spike 38.500+4.49 48.542+3.94 40.555+7.22 43.777+6.49 415"
Leaf length(cm) 9.398+0.69 12.292+1.27 10.833+0.54 11.024+1.69 337
Number of leaves 18.259+1.05 19.777£1.27 19.611£1.02 19.187+1.32 684
Grain yield(g) 0.349+0.06 0.482+0.03 0.412+0.07 0.423+0.08 4017
Biological yield(g) 0.809+0.16 1.209+0.13 0.965+0.2 1.029+0.24 364"
Harvest index 44.629+4.96 40.834+4.25 44.955+0.81 42.772+4.55 .806
1000-seed weight(g) 2.016+0.1 1.898+0.1 1.7410.01 1.922+0.13 521
Inflation factor 10.491£1.72 11.171£1.66 10.417+0.47 10.821+1.56 946
Inflation rate 57.703+6.33 63.556+12.49 61.775+6.19 61.139+9.83 918
Mucilage (%) 18.260+2.56 20.053+4.14 17.287+0.91 19.035+3.38 895
The amount of mucilage 0.183+0.02 0.200+0.04 0.172+0.01 0.190+0.03 895
Genotypes number 12,10,13,14,16  3,5,6,89,11,12,15 4,7 - -

*, **: Significantly difference at the 5% and 1% of probability level, respectively. o) 50 Jlaml mdaw 5o o g Sglay oAy
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Figure 2. Dendrogram resulting from cluster analysis in the studied plantago ovata ecotypes.
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