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Evaluation of Morphological Variation and Path Coefficient Analysis of Oil Content of
Thymus daenensis Celak Populations
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Table 1: Climatic and physicochemical characteristics the studied sites Thymus daenensis Celak

. AT .‘
Oledel o Pl Gl ol sl Olen 315 Sie Luf:
: 2958 Older oB2g) Sl
Isfahan llam Zanjan . Hamedan Habitat Conditions
Semirom Mehran Bijar Ghazvin Hamedan Ghiagh
Shekarnab  Ghateralan
sl g ol bl
Climatic conditions
31°13 32° 477 667 36°05' 36°15' 35°22' 34°58' ‘S’L'g"o S
Latitude (N)
51°46' 47° 347 894 47°54' 50°22' 48°55' 48°39" ‘5“"9 Jsb
Longitude (E)
2360 380 1650 1890 2100 1900 ;La:)l
Altitude (m)
Sal Sal Sal Sal Sal Sal sl ey 42Y
Limon Limon Limon Limon Limon Limon Geological substratum
12.8 24.3 13.26 10.43 9.62 11.2 WL sles (Siles
Mean yearly temperature (°C)
aYlo 5 u—'i’l—w
480 173 311 318 354 340 Mean yea”y Rainfall
(mm.year™)
S Ll
Soil conditions
Y 5 o9 = oY 5 o9 ey e Sl dl
Loam- Sand Loam- Sand Loam- Clay Loam-Sand Loam-Clay Loam- Sand Soil texture
35 33 55 36 41 44 gheil cush 20y
Saturation percentage (%)
0.67 1.81 0.83 0.54 111 1.3 A el
Electrical conductivity (dS/m)
7.8 8.2 75 7.8 7.6 7.6 gl 5 5y
pH
15.0 37.0 465 145 375 22.0 Pigd (5 Slge o)
Total neutralizing value (%)
0.86 0.13 0.43 0.44 095 0.78 ‘_5H oS
Organic carbon (%)
0.7 0.01 0.07 0.05 0.1 0.09 JS =)
Total nitrogen (%)
10 5.0 182 3.0 11 13 Bt e
Auvailable phosphorus (ppm)
460 50 145 120 310 210 w3z HE ety

Available potassium (ppm)
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Table 2: Variation morphological traits among Thymus daenensis Celak populations

i . e Sl o . . . . ol
C);U(%);@ M;xfn:;m Mﬁi);nim It/iaﬁ Unii Morphological traits S3slsd g0 lio lilo.
67.27 8.5 0.5 2.4653 cm Inflorescence length Sl S Jobo 1
91.98 12.67 0.37 2.5644 mm Inflorescence internode length 1S 05 ol Jsb 2
25.65 17.2 55 9.42 mm Bract length a5y Job 3
24.89 5.7 1.8 3.3383 mm Bract width S oy 4
20.91 25 1 1.6533 mm Bracteole length SEy Job 5
26.11 1 0.2 0.4692 mm Bracteole width SS s oye 6
14.61 7.7 4 5.4783 mm Corolla length Felx Jsb 7
14.83 2 1 1.695 mm Corolla diameter B ol 8
21.67 1 0.5 0.6917 mm Corolla tube diameter B el adg) jlad 9
52.77 4 1 2.0333 - Corolla color Fel> X, 10
34.34 3 1 1.1333 - Corolla tube color Fol> g X5, 11
52.13 7 1 3.3 - Anther color PSR <) 12
45.50 5.5 0 2.9784 mm Anther length oz n Jsb 13
58.71 5 1 2.9833 - Stigma color DS X, 14
37.37 9.8 15 5.7167 mm Stigma length N Jsb 15
72.50 5 1 2.0833 - Calyx color Il K, 16
35.21 2 1 1.2667 - Toothed color JF auls ailass S, 17
36.14 4 1 2.2833 - Calyx hairs IS 4l S5 cunsy 18
13.18 6.3 35 4.5817 mm Calyx length 8 auls Job 19
13.14 2.5 1.5 1.9117 mm Calyx diameter I anls s 20
21.63 4 15 2.4217 mm Large toothed calyx Length IS auls S5 wlss Jobo 21
66.05 25 0.1 0.555 mm Small toothed calyx Length B auls S>o5 wlass Job 22
10.78 14 8 10.1167  Number Number of calyx nerves IS auls S5, olows 23
99.48 6.5 0.2 1.3775 mm Length peduncle of flower Jes Jsb 24
35.79 6.35 12 28175  mm Length pedunce of ST Sas s 25
20.66 24 8.2 15.4283 mm Leaf length S sk 26
21.65 6.9 2.3 4.05 mm Leaf width Sy ee 27
63.65 4 1 1.5167 - Upper surface color of leaf Sy SBs8 mhw K, 28
56.38 4 1 1.3333 - Lower surface color of leaf Sy Sl mhe K, 29
46.49 6 1 2.9333 - State of leaf hairs S 5SS Carsy 30
36.77 11 2 5.31 mm Leaflet length a5y Jsb 31
25.78 2 0.7 1.2317 mm Leaflet width x5 oue 32
53.52 2.6 0.2 0.8428 cm Internodes length Al 0,5l Jobo 33
31.00 32 8.5 18.5083 cm Plant height oS glas )| 34
32.65 4 1 1.865 mm Shoot diameter a8l ,had 35
52.65 14 1 5.2667  Number Number of nerves in shoot adlo L olass 36
26.47 6 1 3.7 - Flowering shoot color oasas 5 adle K, 37
26.24 75 1.8 3.6819 Ratio Bract length/width ratio &S p oy Jsb s 38
14.54 3.33 1.8 2.4222 Ratio Calyx length/calyx diameter I anls s 4 Job cons 39
28.90 6.92 1.74 4.0791 Ratio Leaf length/width ratio S e 4 Job cad 40
51.20 5.84 0.33 2.6452 % Oil content bl 033 41
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Table 3: Factor analysis of morphological traits Thymus daenensis Celak populations

- 4Componegt shle <! ; . Traits i l\)IL:
0.032 0.223 0.054 0.707 0.285 Inflorescence length oSS Jsb 1
0.316 0.082 0.319 0.440 0.401 Inflorescence Internode length S 0,5 les Jobo 2
-0.112 0.103 -0.071 0.722 0.190 Bract length a5, Job 3
0.008 0.194  -0.120 0.325 0.579 Bract width Sy oy 4
-0.221 0.249 0.400 0.225 -0.115 Bracteole length SE 5 Job 5
0.241 0.604 0.272 -0.139 -0.307 Bracteole width SE o 6
0.075 -0.060  -0.189 0.233 0.815 Corolla length I el Jobo 7
0.035 0.150 0.493  -0.102 0.483 Corolla diameter I el b 8
0.189 -0.014 -0330 0.135 0.760 Corolla tube diameter S5 plr dg) s 9
0.027 -0.164  -0.074  -0.227 0.389 Corolla color B o> K, 10
-0.095 0.163 -0.528  0.374 0.349 Corolla tube color 8 el dg) S, 11
-0.210  -0.118  0.246 0.076 0.586 Anther color oz SO, 12
0.099 -0.470  0.052 -0.145 0.367 Anther length oz Job 13
-0.100 -0.100  0.152 0.649 -0.356 Stigma color IS X, 14
0.177 0.478 0.361 0.038 0.166 Stigma length s Jsb 15
0.040 0.301 -0.279 0.773 -0.121 Calyx color F ek X, 16
0.445 0.476 -0.263  0.369 0.132 Toothed color I anls wlais X, 17
0.153 -0.367  0.502 0.199 -0.125 Calyx hairs IS auls S5 consg 18
0.240 -0.074  0.013 0.298 -0.629 Calyx length IS auls Jobo 19
-0.063 -0.046  0.510 0.708 0.016 Calyx diameter J5 auls b 20
0.032 -0.133 0.009 -0.146 0.569 Large toothed calyx Length F auls &5 alass Job 21
0.503 -0.399  0.023  -0.286 -0.026 Small toothed calyx Length Fanls S8 alais Job 22
-0.016 -0.214 0.144 -0.101 0.686 Number of calyx nerves F s 5,5, olaws 23
-0.102 0.058 0.432 0.109 0.522 Length peduncle of flower Fes Job 24
0254 0158 0346 0078  0.626 Length peduncle of 1 Ses s 25
0.124 0.003 -0.677  -0.238 0.205 Leaf length Sy Jsb 26
0.169 -0.114 -0.154 0.115 -0.742 Leaf width Sp e 27
0.306 -0.212  -0.066 0.073 -0.210 Upper surface color of leaf Sy SBst v K, 28
-0.245 0.415 0.218 -0.489 0.084 Lower surface color of leaf S S phaw K 29
-0.219 0.472 0.042 -0.495 0.146 State of leaf hairs Sy S8 Cunsg 30
0.138 -0.040 -0.274  -0.586 0.153 Leaflet length axS y Job 31
0.641 -0.107 0.333 0.138 0.245 Leaflet width 45, o, 32
0.080 0.055 0.043 0.051 -0.571 Internodes length a8l 0,8 b Job 33
-0.017 0.254  -0.075  0.062 -0.421 Plant height oS elis )| 34
-0.067 0.238 -0.245  -0.118 -0.352 Shoot diameter alo ,hs 35
-0.437 -0.466  -0.043 0.304 0.213 Number of nerves in shoot a8lu ,Les olaas 36
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-0.337  -0.322  -0.133  0.542 -0.478 Bract length/width ratio Sy 2y @ Job S 38
0.216 -0.164 0.800 -0.024 -0.051 Calyx length/calyx diameter I anls ks 4 Jgb cons 39
-0.182  -0.237 0.477 -0.127 -0.389 Leaf length/width ratio Sy oyt Jsb s 40

v



Table 4: The Eigenvalues of Factor analysis of morphological traits
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17.236 17.236 6.894 1
29.834 12.598 5.039 2
40.499 10.665 4.266 3
47.589 7.090 2.836 4
52.728 5.139 2.056 5
57.385 4.657 1.863 6
61.720 4.335 1.734 7
65.384 3.664 1.466 8
68.958 3.574 1.430 9
72.403 3.445 1.378 10
75.350 2.947 1.179 11
77.880 2.530 1.012 12
80.382 2.502 1.001 13
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Table 5: Correlation between morphological traits and oil content Thymus daenensis Celak
: -o33L
T T R R S N R L
Plant Shoot Leaf > - © Bract Inflorescence <~
height ~ diameter  width Leaf  Calyx  Bract jgpgih length oil
length length width content
1 omileol 0030
oil content
L ols Jsk
1 0511  Inflorescence
length
1 0645" 035" I
Bract length
1 0489  0.299° 02385 ~ CroF
Bract width
1 04807  0.178 0.305" 0.365" sk
Calyx length
1 -0.063 -0.126  0.312 0.248 0.315 <r Jsk
Leaf length
1 0194 0.056 0128  -0.009 0.170 0.042 SroRE
Leaf width
a8l Had
1 0.133  -0.107 0.288" 0.144  0.108 0.387" 0.347" Shoot
diameter
1 0363 0160  0.598" - - v e
. . 598 0.048 0.120  0.444 0.450 0.457 .
Plant height

doy Y 90w (o ls gme (Ses caimolis cod 5 4 T g*

*and ** indicate significant correlations with p<0.05 and p<0.01, respectively
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A Ghaté 36 - | |
Ghat5 35 — | |
Bija3 3 | [ |
Bijal 1 — | |
Ghat9 39— | | .
Ghat4 34— | |
Ghat?7 37— | |
Ghatlo 40 —— | |
Ghat8 8 - 4 | |
Ilam9 29 — 7 -"1 —
Ghat3 3z — | |
Ghaz2 52— | [
Ghazi 54 — 1 | [ |
Ghaz5 55 T | | |
Ghaz6 56— | 7 J [
Ghia2 1z — | || |
Ghazl0 60 — | ] [
B Ghia6 16 —1 || |
Ghia7 17— - [
Ghaz9 59 — ] | | |
Ghaz7 57— = [ |
Ghaz8 58 —— | || [ |
Ghaz3 53 — H | |
Ghazl 51— | [ |
Semi3 43 _ | |
Ilam3 23 - | |
Tlam7 27 — | |
Tlam5 25 — } 1 |
C IlamZ 22 —0 | [
Ilamé 26 — — |
Ilaml 21— | |
Ilamd 28 — |
Ilamg 28  ——| |
Ilamio 30 — | |
Bijal — |
GhiaB 18  — |
Ghias 19 - |
Ghia3 13 — |
Ghiad 14— | |
Semi7 17 04— | |
Semi® 19 — | | 1
Semil a1 —_ ] |
Semis a8 | |1 |
D Semi2 a2 — | |
Semis 15 — I ——
Ghial 11— |
Ghial0 20 — |—
Ghiab 15 — |
Semi6 6 —¥ |
Semilo 50 — -
Semid a4 _

SSishyse Dlao luly (2o sl Copmaz £ LS w35 61,5000 1) IS
Fig. 1: Cluster analysis dendrogram of six populations of Thymus daenensis Celak based on the morphological traits.
Semi: Hana Semirom, Ghia: Ghiagh Hamedan, Bija: Bijar Zanjan, Illam: Mehran llam, Ghaz: Shekarnab Ghazvin, Ghat:
Ghateralan Hamedan
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Table 6: Path analysis Direct and indirect effect morphological traits on oil content. Numbers on the main diameter: traits

Direct effects, Numbers on outside diameter: traits indirect effects
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effect effect height width length length width length length
318 sk
0.309 0.202 0075 0055  -0.021 0057 0066 0025  -0056  0.309 Inflorescence
length
Py
-0.086 0.441 0.074 0.015 0.001 0.072 0.039 0.041 -0.086 0.199 2ok
Bract length
S
0.085 0.150 0.020 0.021 -0.016  -0.029  0.104 0.085  -0.042  0.092 7o
Bract width
Ly
0.218 0.147 0.008 0.041 -0.007 -0.015 0.218 0.041 -0.015 0.094 b sk
Calyx length
S
0.230 0.085 0.099 -0.015 -0.024 0.230 -0.014 -0.011 -0.027 0.077 2 Jsb
Leaf length
-0.125 0.167 0.027 0.019 -0.125 0.044 0.012 0.011 0.001 0.053 = u‘:"';
Leaf width
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olﬁf éLn.:)\
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Fig. 2: Comparison of Average oil content in Thymus daenensis Celak populations

Similar letters in each column indicate not Significant differences
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Fig. 3: chart of Morphological traits Direct and indirect effects on oil content in studied Populations
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Evaluation of Morphological Variation and Path Coefficient Analysis of Oil Content of
Thymus daenensis Celak Populations

Hadian'", J., Karimi?, E., Shouryabi®, M., Nadjafi*, F. and Kanani®, M. R.
Abstract

Thymus daenensis Celak is one of the most important medicinal plants and endemic species in Iran which has a large
dispersion and wide distribution in the highlands of the Zagros Mountains. In this study, diversity of morphological
traits and oil content (w/w) was evaluated among and within six natural habitats with diverse climates (Mehran, Bijar,
Shekarnab, Ghateralan, Ghiagh and Semirom) .Beside, factors affecting on essential oil yield were determined by path
coefficients analysis. The results indicated significant variation among populations for morphological traits. Cluster
analysis divided individual plants into four independent groups corresponding to their geographical origin. The mean oil
content was varied between 1.53-4.28% among populations. Path coefficient analysis showed that, among studied traits,
inflorescences length and leaf length had highest direct effect while, bract length and plant height had highest indirect
effect on the percentage of oil. Finally among the studied populations, population of llamis was suitable to be used in
breeding and domestication programs due to good growth performance, adaptability to stress conditions and within
population variation.

Keywords: Domestication, Natural habitats, Inflorescences length, Plant height

1 and 4. Associate Professors, Department of Agriculture, Medicinal Plants and Drug Research Institute, Shahid
Beheshti University, Tehran, Iran

2. Ph.D. Graduate, Department of Horticulture, Gorgan University of Agricultural Sciences and Natural Resources,
Gorgan, Iran

3. M.Sc. Graduate, Department of Agriculture, Medicinal Plants and Drug Research Institute, Shahid Beheshti
University, Tehran, Iran

5. Assistant Professor, Department of Agriculture, Medicinal Plants and Drug Research Institute, Shahid Beheshti
University, Tehran, Iran

*: Corresponding Author Email: j_hadian@sbu.ac.ir

oF



