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Evaluation of genetic diversity of Anethum graveolens L. different ecotypes based
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ABSTRACT

Dill (Anethum graveolens L.) is one of the most important vegetables that has valuable medicinal properties, including anti-flatulence,
stomach acid, and difficulty removing. Identification of dill native ecotypes is considered as one of the most important steps in the field of
cultivation improvement and breed of this product. In order to evaluate the genetic diversity in different ecotypes of dill based on
morphological traits, an experiment was conducted in a randomized complete block design with three replications. Based on the results of
analysis of variance, the studied ecotypes were significantly different in most traits. According to the comparison of mean results, the average
maximum plant height (80.02 cm), stem length (69.55 cm), stem diameter (2.95 mm), shoot fresh weight (6.36 g) and shoot dry weight (1.78
g) was belonged to Urmia ecotype. The correlation results showed that there was a significant correlation between most of the studied traits.
Based on factor analysis, the first factor explained 33.95% of the variance in which most of the vegetative traits included. Based on cluster
analysis, 30 ecotypes were divided into four different groups and there were significant differences, especially for the shoot yield between the
groups. According to the results of stepwise regression, internode spacing and leaf length were entered into the model. In general, the results
of this study showed that dill ecotypes collected from different parts of Iran have a high diversity in most of the studied traits and valuable
ecotypes can be found among them.
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Table 1. Name and geographical location of the collection of different Dill ecotypes.
Ecotype Longitude Latitude Altitude (m) Ecotype Longitude Latitude Altitude (m)
Jokar 48°41'E 34°25'N 1694 Kerman S7T°4’E 30°17'N 1764
Andimeshk 4821'E 32°27'N 146 Jolfa 45°37°E 38°56'N 707
Malayer 48°49'E 34°17'N 1748 Mashhad 59°32°E 36°19'N 1027
Meshkin shahr village 47°40'E 38°23'N 1418 Esfahan S1°40'E 32°40'N 1575
Tabriz 46°18'E 38°4'N 1402 Gorgan 54°25'E 36°50'N 133
Jahrom 53°33'E 28°30'N 1043 Kashmar 5827E 35°14'N 1051
Eslam shahr S1°13'E 35°32°'N 1052 Urmia 45°4’E 37°33'N 1348
Hamedan 48°30'E 34°47'N 1818 Shiraz 52°32°E 29°35'N 1519
Ardabil 36°36'E 43°13'N 203 Astara 48°52'E 38°25'N -24
Ahvaz 48°43'E 31°20'N 20 Soumae sara 49°18'E 37°18'N 6
Sarab 47°32'E 37°56'N 1683 Dezful 48°24'E 32°23'N 142
Varamin 51°38°E 35°19'N 920 Gazvin 50°0'E 36°16'N 1310
Meshkin shahr 47°40'E 38°23'N 1418 Bushehr 50°50'E 28°57'N 11
Tehran 51°22°E 35°42°'N 1214 Rezvanshahr 51°5'E 32°42°'N 1889
Damghan 54°20'E 36°9'N 1154 Hamedan2 48°30'E 34°47'N 1818
9d cigSTTe (So3els8 50 Dlhe by 4o s ¥ Jguo
Table 2. Results of variance analysis of morphological traits in 30 Dill ecotypes.
Mean of squares
. 2 = 5 . £ 25 8
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Block 2 335797 180.8™ 8917 0.66™  2.797™ 4™ 2.05™ 2.10™ 121"
Ecotype 29 384.72" 361277 570" 0.41* 1.42%  2.86™ 385" 3.35" 112"
Error 58 55.8 70.62 1.94 0.24 0.93 2.53 2.24 0.75 0.51
CV (%) - 12.70 16.88 16.54 21.67 35.57 27.61 20.39 17.32 31.59
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ns, *, **: Non significantly difference, significantly difference 5 and 1 % probability levels, respectively.
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Continue the table 2. Results of variance analysis of morphological traits in 30 Dill ecotypes.
Mean of squares
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Block 2 1606 0997  0.05° 0.00I™ 0.06  0.006  388250™ 583.42° 153.97™  0.01™
Ecotype 29 5607 028" 0017 0002 002" 0.003 477669 385.9™ 150.33™  0.02”
Error 58 237 0.09 0.006  0.001 0.01 0.002 243576 187.06 122.77 0.009
CV (%) - 4324 3225 4076  63.24 8.19 55.90 48.34 21.65 42.01 43.12
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ns, *, **: Non significantly difference, significantly difference 5 and 1 % probability levels, respectively.
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Table 3. Mean comparison of morphological traits in 30 Dill ecotypes.

Plant Stem Root Stem Number The n];) de Number Internod
Ecotypes height length length diameter of sub- fumber of space
(cm) (cm) (cm) (mm) leaf before the internode (cm)
first flower
Jokar 64.56™ 54.90™¢ 9.66"° 2.22%¢ 7.66°T 5.65™ 6.32" 833"
Andimeshk 4875 42.31%" 6.44"% 1.95%¢ 6.61°" 4.14% 6.51" 6.16"
Malayer 64.73>¢ 55.28*¢ 9.45%¢ 2.95%e 6.90"" 495> 6.56™ 7.30%¢
Meshkin shahr village 63.64™ 54,38 %4 9.26"° 2.60™ 8.13%¢ 7.04° 7.09 ® 8.20 ™
Tabriz 46.35%" 38.74 % 7.61¢¢ 1.89%¢ 6.61°" 481 6.37% 5.36 "
Jahrom 42.88 ¢ 36.09 7.354¢ 2.33%° 5.04 " 3.361 5234 4961
Eslam shahr 36.82" 3045 F 637 % 1.73%% 6.04 3.42M 452¢ 4917
Hamedan 58.68°" 46.95 * 9.33 ¢ 2.07*¢ 5.85¢ 6.13 4 6.42% 6.78 41
Ardebil 50.80%" 43.07 7.73 ¢ 2.26%° 8.42 ¢ 4564 6.55 6.11%
Ahvaz 57.26¢ 30.86 7.04 2.59°% 7.56" 6.23 40 6.61" 7.42 ¢
Sarab 75.13 66.81 8.28 "¢ 2.35%¢ 9.09 ** 6.16 4 7.04 % 9.19°
Varamin 58.92 ¢f 51.76 >° 7.16 ¢ 2.39%¢ 7.47 %" 433 5.80%4 7.29 ¢
Meshkin shahr 46.33f" 4220 %f 6.15¢ 1.40° 62" 4.14 ¢ 5.52¢ 5.86 &
Tehran 56.09°¢ 47.93%% 8.16 > 2.15*¢ 9.66* 4.13 ¢ 6.61" 6.43 ¢
Damghan 4778 40.29 7.49 ¢ 1.47% 6.61°" 3.99 H 6.09% 5.98
Kerman 55.18¢ 47.57%% 7.61 ¢ 2.01%° 8.23 % 432¢ 6.66" 6.76 41
Jolfa 63.13%¢ 54.02 *¢ 9.11°%f 2.43*4 7.18*F 575 6.47% 7.67%
Mashhad 52.90%¢ 4576 %" 7.14 % 2.11* 8.99 *4 3.80 & 6.23% 6.61 %
Esffahan 51.68%¢ 43.43 8.25 ¢ 2.09%° 6.99 ** 3.85 & 5.80%4 625"
Gorgan 76.85% 67.91® 8.94 ¢ 2.47%¢ 737 6.28 * 6.61% 9.27°
Kashmar 55.18%¢ 47t 8.18 > 2.40™ 6.99 *f 4.18 ¢ 6.13% 6.79 ¢
Urmia 80.02° 69.55° 10.47% 2.95° 8.90 ¢ 6.04 4 7.19 % 8.66
Shiraz 53.63%¢ 45.86 7.78 b¢ 2.10% 933 433 557 6.50
Astara 74.85% 64.69 * 10.16™ 2.75% 7.13 % 5.66*" 6.61" 8.36 "¢
Soumae sara 51.68%¢ 44.14 & 7.54 < 2.06™¢ 5.66 < 433 ¢ 5.37cd 6.47 ¢
Dezful 75.96% 66.07 ®© 9.90 *¢ 2.75% 7.47 %" 6.52*¢ 5.75%d 9.08
Gazvin 57.61°¢ 47.07 * 11.78¢ 2.28%° 6.52 5" 5.16%" 6.56" 6.614
Bushehr 50.73% 4278 & 7.95%¢ 1.96*° 6.99 *f 4.61 ¢ 6.14™ 6.09
Rezvanshahr 76.47" 66.07 ® 10.40 * 2.70* 7.94 6.51"° 7.23% 8.37%4
Hamedan2 68.92% 62.33% 9.94 >4 268" 6.71°*" 5.28 ¢ 6.28" 7.71°%"

Al e Dglds wsy0 O Jlio ] mdas jo S i B> G Blas glls sl (Sl
In each column, means with at least one letter in common are not significantly different at the 5% probability level.
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Continue the Table 3. Comparision of the average of morphological traits in 30 Dill ecotypes.

Shoot Shoot Leaf Leaf Root Root Leaf Leaf Essential
Ecotypes fresh weight dry weight fresh weight dry weigh fresh weight dry weight area length oil
[€9) © © (g () (9] (mm) (mm) percentage
Jokar 496" 1.01°" 0.23*° 0.04> 0.82™ 0.12™ 1816.09™  68.22°" 0.068
Andimeshk 2.32°F 0.71°" 0.12% 0.05> 0.56™ 0.05 942,764 59.25"F 0.31%4
Malayer 471 1.02°" 027+ 0.04>4 0.75™ 0.10™ 1403.99"¢  65.66"" 0.32%4
Meshkin shahr village 4.78* 1.15%¢ 0.29%¢ 0.07® 0.78™¢ 0.10* 694.99¢ 97.33° 0.154¢
Tabriz 1.74 0.52¢" 0.16> 0.05%¢ 0.84%° 0.06™ 746.59¢ 49.17 026>
Jahrom 3.30* 1.11°¢ 0.21%¢ 0.05%4 0.70* 0.09* 845.08% 63.86™" 0.11°%
Eslam shahr 137" 0.40" 0.10° 0.01¢ 0.13° 0.04¢ 520.33¢ 41.32" 0.24°¢
Hamedan 2,75 0.75%" 0.12% 0.05™ 0.69™ 0.07* 807.56% 58.07°" 0.324
Ardebil 2,71 0.89°" 0.18* 0.04>4 0.59¢ 0.04 1071.80°¢ 6321 0.23°¢
Ahvaz 345+ 0.88°" 0.20** 0.05> 0.69™ 0.07* 1201.18"¢ 65°F 0.22°¢
Sarab 5.99% 1.49% 0.34° 0.09" Lor® 0.14° 1982.40°  76.89™ 0.14¢
Varamin 431+ 1.14¢ 0.20** 0.07" 0.74 0.084 797.42¢ 65.24>" 0.08'
Meshkin shahr 2.69° 0.774" 0.15%% 0.06™ 0.59*4 0.05%¢ 902.09% 56.01°" 027>
Tehran 2.59%f 0.80%" 0.14% 0.05%¢ 0.64* 0.07*4 756.08d 53.13°f 0.28"
Damghan 238 0.79%" 0.15%% 0.05%4 0.45% 0.06>¢ 965.184 54,541 0.12°%
Kerman 2.47%f 0.774" 0.15%% 0.03%4 0.45°% 0.05%4 795.09¢ 55.67°" 0.46°
Jolfa 4.78* 1.14°¢ 0.23* 0.06™ 0.75™¢ 0.09* 1222379 69.05™ 0.25"¢
Mashhad 2.40°° 0.59%" 0.13% 0.06™ 0.52°¢ 0.06>4 715.34¢ 61.36™" 0.12°%
Esffahan 2,93 0.59%" 0.12% 0.05%4 0.59* 0.07*4 779.09¢ 52,53 0.23°¢
Gorgan 438+ 1.05%¢ 0.15% 0.07" 0.724 0.114 790.90¢ 68.60°" 0.11°%
Kashmar 2.98>F 0.67°" 0.18" 0.04%4 0.624 0.10* 98599 57.91°F 0.34%¢
Urmia 6.36" 1.78 031% 0.03%4 0.97® 0.13® 512.50¢ 81.29™ 021
Shiraz 2.80° 0.78%" 0.12% 0.06™ 0.58 0.07*4 2057.100  57.62°" 0.16%¢
Astara 5.80" 1.55® 0.2+ 0.85™ 0.85™° 0.14° 191537 7429* 0238
Soumae sara 2.63%F 0.73°" 0.16> 0.51°¢ 010 0.06>4 787.23¢ 55.93>" 0.42%
Dezful 5.57+ 1.39%4 0.37° 0.92 0.92° 0.12%¢ 1263.66°  78.60™ 0.18%g
Gazvin 327> 0.83%" 0.16> 0.79" 0.79"¢ 0.114 887.80% 62.60°" 0.16°¢
Bushehr 1.78° 0.51¢" 0.09° 0.28% 0.28% 0.03¢ 644719 49.876%F 0.16°¢
Rezvanshahr 5.60™ 127+ 0.21% 0.82%¢ 0.82%¢ 0.10™ 1469704 7537* 0.19°¢
Hamedan2 3.90*F 1.18>" 0.18> 0.81™ 0.81™ 0.09* 661.30° 57.67°" 0.25"¢
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In each column, means with at least one letter in common are not significantly different at the 5% probability level.
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Table 4. Correlation coefficients between morphological traits in 30 Dill ecotypes.
Traits | 2 3 4 5 6 7 3 9 10 11 12 13 14 15 16 17 18 19
2 094"
3 073" 070
4 079" 068" 066"
5 025 034 038" 035
6 047" 0467 038 057" 038
7 040" 038 012 029 -005 0.18
8 0807 0667 068" 064" 005 033 024
9 064" 0557 0537 0507 010 044" 0517 067
10 0957 0887 0627 0727 007 036 043" 082" 0.60™
11 088** 0.84" 0.64” 078** 031 058" 028 070" 047" 087"
120787 0757 0627 064" 022 048" 026 067" 043 080" 090
13 069" 065" 0477 069" 032 053" 025 060" 038 070" 085" 082"
14 0827 0797 0537 073" 039" 0557 029 060" 044" 0797 093" 088" 085"
15 083" 0807 073" 074" 034 0617 020 065" 045 080" 090" 089" 080" 085~
16 023 026 -001 004 -015 021 017 023 022 031 024 039" 020 031 028
17 0677 0597 053" 057" 031 043" 017 0517 038" 063" 076" 066" 075 067" 070" -0.13
18 0747 0687 0537 072" 025 0567 035 075" 059" 0777 083" 074" 082" 0797 073" 032 058"
19 049 040" 030 051" 018 042" 022 035 028 047" 0627 047‘* 068" 055" 0547 -0.04 083" 058"
20 019 -0.18 -0.14 -0.13 -0.08 -0.I5 -0.19 -0.18 001 025 029 -038 019 028 -031 037 -0.11 -033 -0.14

Saws A gl U5 B oyF oo A o8 s olawi Y Lol 5y olaw 8 ile asls slaw 0 ails i F azy, Job ¥ ails Job ¥ @y glis)l )

SS9 NP Ay, Sis 59 V0wl plal Sas 5 VF S 5 5 Y Ay, 5 05s Y ales plal 5 5e ) 6,k alsld Y -

0,55k
R W IRVESR S):ué)c.\‘\g_?))kjy!o.\/\;?))cla.».\\ljﬁ
2o, 0 5 ) Jloisl o )8 ls e Dglds ol 5 4y e g x

1. Plant height 2. Stem length 3. Root length 4. Stem diametric 5. Number of lateral branches 6 Number of main leaf 7. Number of sub-leaf 8. The node
number before the first flower 9. Number of internod 10. Internod space 11. Shoot fresh weight 12. Root fresh weight 13. Leaf fresh weight 14. Shoot
dry weight 15. Root dry weight 16. Leaf dry weight 17. Leaf area 18. Leaf length 19. Leaf width 20. Essential oil percentage.

* ** significasion in probability level 1% and 5%, Respectively.
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Table 5. Analysis to factor for morphological traits in 30 Dill ecotypes.

Trait Percentage of subscription I 5 Factors 3 7

Plant height (cm) 0.93 0.85* 041 0.15 0.13
Stem length (cm) 0.83 0.78* 0.33 0.2 0.23
Root length (cm) 0.78 0.74* 0.17 -0.04 0.43
Stem diameter (mm) 0.74 0.66* 0.46 0.03 0.28
Number of lateral branches 0.73 0.08 0.19 -0.04 0.82%*
Number of main leaf 0.46 0.34 0.38 0.21 0.38
Number of sub-leaf 0.46 0.46 0.16 0.12 -0.45
The node number before the first flower 0.77 0.82* 0.27 0.13 -0.08
Number of Internode 0.7 0.82%* 0.1 -0.02 -0.12
Internode space (cm) 0.9 0.80* 0.43 0.25 -0.04
Shoot fresh weight (g) 0.94 0.61* 0.64* 0.3 0.23
Root fresh weight (g) 0.85 0.56* 0.53* 0.46 0.2

Leaf fresh weight (g) 0.85 0.41 0.76* 0.24 0.17
Shoot dry weight (g) 0.87 0.54* 0.59* 0.37 0.27
Root dry weight (g) 0.89 0.60* 0.53* 0.33 0.35
Leaf dry weight (g) 0.78 0.2 -0.12 0.84* -0.15
Leaf area (mm) 0.88 0.35 0.84* -0.1 0.15
Leaf length (mm) 0.79 0.60* 0.54* 0.34 0.07
Leaf width (mm) 0.87 0.14 0.92* -0.04 -0.04
Essential oil percentage 0.57 0.009 -0.16 -0.74* -0.04
Total - 6.79 4.85 2.22 1.8

Precent variance - 33.95 24.29 11.11 9.02
Precent variance cumulative - 33.95 58.25 69.37 78.39
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Figure 1. The dendrogram obtained from claster of 30 Dill ecotypes to wards method.
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Table 6. Path analysis using stepwise and step-by-step regression.

First stage: Analysis of path coefficients using phenotypel correlations for the fresh shoot weights Dill ecotypes.

Indirect effect

Trait Direct effect Internode space (cm) Leaf length (mm)
Internode space (cm) 0.29 - 0.14
Leaf length (mm) 0.18 0.22 -

Lgd GcaisST o Kileo alold gl oigd o Sinon 3l oolaiul b code culypd 4y 5o o590 al> 0
Second stage: Analysis of path coefficients using phenotype correlations for Speace interns Dill ecotypes.

Indirect effect

Trait Direct effect

Plant height (cm) Leaf length (mm) Number of main leaf Root length (cm)
Plant height (cm) 0.89 - 0.14 -0.07 -0.10
Leaf length (mm) 0.19 0.65 - -0.09 -0.08
Number of main leaf -0.16 0.41 0.10 - -0.05
Root length (cm) -0.15 0.64 0.10 -0.06 -
Augd e sST S Job sl p omisid o Siar l oolainl b code ol o a5 ipgus dl> 0

Second stage: Analysis of path coefficients using phenotype correlations for Leaf length Dill ecotypes.

Indirect effect

Trait Direct effect Leaf width (mm) Root fresh weight (g)
Leaf width (mm) 0.57 - 0.24
Root fresh weight (gr) 0.51 0.27 -
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