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Abstract

Background and objective: Vitex pseudo-negundo, a member of the Lamiaceae family, is
valued in traditional medicine for its therapeutic properties and has been used to treat
inflammation, pain, and hormonal disorders. Its essential oil contains bioactive compounds such
as a-pinene and limonene, which may contribute to its medicinal properties. To investigate the
variation in essential oil yield and composition of this valuable plant, 50 populations were
collected from natural habitats across 12 provinces of Iran and analyzed.
Methodology: In this study, 50 seed samples of Vitex pseudo-negundo were collected from
diverse geographical regions across Iran. The seeds were thoroughly cleaned and dried under
shade at ambient temperature (approximately 25-30 °C) for two weeks to preserve their volatile
constituents. Essential oils were extracted by hydrodistillation using a Clevenger-type apparatus.
For each extraction, 170 g of dried seed powder was placed in a round-bottom flask and mixed
with 500 mL of distilled water. The essential oil-containing vapor was condensed and collected
in the graduated apparatus tube. The extracted oil was separated from the aqueous phase, dried
over anhydrous sodium sulfate to remove residual moisture, and stored in sealed, dark-colored
vials at 4 °C until further analysis. Essential oil yield was calculated based on the dry weight of
the seeds. For chemical characterization, the essential oil samples were analyzed by gas
chromatography—mass spectrometry (GC/MS) using an Agilent 7890A system equipped with an
HP-5MS capillary column. Helium was used as a carrier gas at a constant flow rate. Individual
compounds were identified by comparing their mass spectra with those in the Wiley and Adams
libraries and by calculating and comparing their retention indices with those of a series of n-alkane
standards. This approach enabled the identification and characterization of the major and minor
volatile constituents in each population.
Results: Essential oil yield varied among the studied populations according to geographical
origin, ranging from 0.29% to 0.59%. The highest essential oil yield (0.59%) was recorded in
populations from Zarful, Dasht-e Mook, Tang-e Pirzal, and Simareh, whereas the lowest yield
(0.29%) was recorded in 13 regions, including Tang-e Abolhayat, Karend, Sardasht, Farashband,
Masjed Soleyman, Zeydun, Zeydun Behbahan, Pol-e Keshkan, Shush, Sheykhan, Gachgaran,
Bouger, and Sorkheh Dizeh. Analysis of the essential oil composition of V. pseudo-negundo seeds
identified eight major compounds, with considerable variation in their relative abundances among
populations. These compounds included a-pinene (11.2-28.6%), limonene (4.6-17.6%), terpinyl
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acetate (1.2-13.2%), a-eudesmol acetate (4.4-10.6%), trans-caryophyllene (2.1-12.6%), B-
eudesmol (1.1-8.2%), geranyl linalool (2.4-6.6%), and verbenene (1.5-4.7%). Overall, a-pinene
and limonene were the predominant compounds across all populations. In addition, a-eudesmol
acetate was consistently detected in most populations at relatively stable concentrations (5-10%).
The highest concentrations of this compound were recorded in Pol-e Dokhtar (10.6%) and
Lashkar Bolouki (10.2%), whereas the lowest concentration was recorded in Karend toward Sar
Pol-e Zahab (4.4%). Trans-caryophyllene was also detected in most samples, with the highest
(12.6%) and lowest (2.1%) concentrations recorded in Ghaemiyeh and Kashkoo Village,
respectively. Cluster and biplot analyses based on essential oil yield and composition classified
the V. pseudo-negundo habitats into five main groups.

Conclusion: The results indicate that both essential oil yield and chemical composition vary
among populations and may be influenced by genetic origin, climatic conditions, and other
environmental characteristics. Given the relatively high proportion of a-pinene in the essential oil
of V. pseudo-negundo, this species may have considerable potential for pharmaceutical, food, and
cosmetic applications.
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Table 1. Geographical and climatic characteristics of the experimental Vitex pseudo-negundo habitats

N Locality Longitude Latitude Temperatur  Precipitatio Altitude
0. e (°C) n (mm) (m)
1 Jam 52°  1412.44" 27° 59 12.46" 23.93 244 695
2 Tang abolhayat 51° 40 56.747" 29° 47 5.866" 20.91 234 1082
3 Fooladi 46° 24 31.274" 34° 45 30.209 " 13.65 649 1314
4 Brojen 51° 01 1782~ 31° 56 41.25" 11.36 274 2238
5 Zeadon daylam 50° 11 36.751" 30° 17 51.070" 24.48 288 228
6 Lashkarblooky 46° 03 2.357" 34° 23 56.146" 15.38 596 1182
7 Haftapeh 48" 20 24147 32° 14 26.323" 23.65 372 57
8 Yasuj 51° 10 55.597" 31° 04 44646” 16.80 251 1591
9 Masan 50° 44 21.251" 31° 40 170.94" 19.78 290 1160
10 Babameadan 51° 29 50.416" 30° 17 33.547” 22.23 240 904
11 Javerdeh 50° 31 29.6~ 31° 06 08.99" 20.58 306 1007
12 Kerand sarpozahab 46° 22 15918~ 34° 10 23.466" 13.90 550 1500
13 Dashtack 51° 30 51.750" 30° 20 28412" 20.61 235 1140
14 Boogar 50° 43 59.338" 31° 40 16.724" 19.78 290 1246
15 Kamarej 51° 29 34.808" 29° 35 5854" 22.96 248 852
16 Behbehan 50° 08 15.443" 30° 42 50" 24.60 327 346
17 Armand 50° 46 15.817" 31° 40 7.505" 20.02 282 1064
18 Sardasht 48° 42 48.924" 32° 29 18.746" 23.85 423 466
19 Roodkhaneh kerand 46° 22 9.79” 34° 10 40.772" 13.96 550 1100
20 Sorkheh dizeh 46° 02 52.194” 34° 24 48.965" 15.20 609 1347
21 Dakaky 51° 21 08.37" 29° 27 16.47" 24.49 247 184
22 Ramhormoz 49° 41 24.594" 31° 22 18.506" 25.07 345 149
23 Tangeram 51° 35 58.594" 29° 05 29.317" 23.06 246 796
24 Dezfool 48° 30 11.85" 32° 28 35.67" 24.19 416 151
25 Farashband 52° 03 29.40” 28° 49 2458" 23.49 234 800
26 Poldokhtar 47° 43 20167 " 33° 08 41916~ 21.46 420 696
27 Masjedsolaiman 49° 17 13.82" 31° 57 5249”" 25.31 423 232
28 Malayer 48° 54 14.069" 34° 13 59.379" 12.24 290 1832
29 Asadabad 48° 30 53.307" 34° 47 53.955" 11.03 338 1821
30 Baraftab 50° 35 04.86" 30° 58 20.69~ 23.13 305 752
31 Nehzatabad 50° 31 9.88" 30° 39 51.532” 22.49 301 764
32 Andika 49° 31 11.05” 320 09 21.99" 22.81 403 652
33 Zaedoon 50° 13 08.28" 30° 18 26.63" 24.48 290 163
34 Khoramabad 48° 08 51.093" 33° 10 54.259" 16.10 448 1481
andimeshk
35 Hagiabad 55° 54 18.565" 28° 18 34.965" 23.35 250 921
36 Pol kashkan 47° 52 54.788" 33° 35 17.878" 19.75 458 996
37 Baladeh 51° 57 34.25" 29° 17 19~ 22.96 231 762
38 Ghaemiyeh 51° 38 47.113" 29° 48 52.462" 21.35 237 907
39 Tang pirazal 52° 47 14.517”" 30° 49 18.853" 20.85 292 1276
40 Gachgaran 51° 32 58.670" 30° 03 36.612" 20.81 236 947
41 Kamyaran 46° 27 52.43" 35° 11 44.127" 10.84 656 1793
42 Dasht mook 52° 39 12.147" 29° 05 22.187" 16.06 233 1908
43 Gachsaran 50° 37 43.245" 28° 18 7.683" 23.73 286 760
44 Zaedon behbehan 50° 19 31.784" 30° 26 41.584" 24.62 308 325
45 Abar] 52° 38 55.07" 30° 10 50.82" 16.38 177 1611
46 Shaykhan 50° 34 1513”7 30° 59 39.30" 22.43 311 742
47 Kashkoo 56° 52 3.568" 27°  2953.734”" 26.77 242 61
48 Seamareh 47° 24 46.06" 33" 112318" 21.88 395 909
49 Jafariyeh 50° 17 49~ 34° 43 10.85” 15.59 229 1013
50 Shoosh 48° 20 5.786" 31° 59 26.045" 24.20 337 46
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Figure 1. Essential oil content of different Vitex pseudo-negundo populations from some habitats of Iran
Means followed by the same letter are not significantly different at 5% probability level (Duncan test).
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Vitex pseudo-negundo c.:&! e oS o 0451 5y bl plend OLS 5 -Y oo

Table2. Chemical components of the essential oils from 50 populations of Vitex pseudo-negundo

No Compound Rlc RIr 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 a-thujene 921 924 - 0.4 - - 0.5 0.3 - 0.5 0.3 0.3 0.4 - - - - 0.3 - -

2 a-pinene 928 932 204 208 201 170 119 195 206 123 207 186 231 267 194 204 183 225 19.2 159
3 camphene 944 946 0.3 03 03 0.2 0.1 0.2 0.2 0.1 0.2 0.2 03 04 02 0.2 0.2 0.3 0.2 0.2
4 thuja-2,4(10)-diene 952 953 0.2 02 02 0.1 0.2 0.1 0.2 0.1 0.1 0.1 01 02 01 - 0.1 0.2 - 0.1
5 verbenene 957 961 32 33 3.5 25 47 2.8 34 44 3.3 31 37 40 34 32 3.0 3.9 3.2 2.6
6 B-pinene 970 974 11 1.1 0.9 0.8 0.9 0.8 0.9 0.8 1.0 0.9 11 14 09 1.0 0.9 1.2 1.0 038
7 myrcene 987 988 2.0 1.9 2.0 1.7 1.0 1.9 2.0 13 2.2 21 25 24 21 2.0 1.7 23 1.8 1.7
8 a-phellandrene 1001 1002 1.1 1.0 1.4 0.9 0.3 0.9 14 03 1.2 0.9 11 11 13 1.3 09 09 1.0 0.9
9 a-terpinene 1012 1014 0.3 03 02 0.3 04 03 0.2 0.4 0.2 0.2 03 03 02 0.3 0.2 0.3 0.2 0.2
10 limonene 1022 1024 109 135 108 9.2 68 100 110 72 124 104 121 142 126 136 121 163 9.1 101
11 1,8-cineole 1025 1026 21 0.1 2.7 2.3 6.4 2.4 28 57 - 24 2.8 - - - - 0.2 2.5 -

12 (2)-B-ocimene 1029 1032 0.3 - 0.3 0.2 - - 0.3 - 0.2 0.2 - - 04 03 0.2 - 0.2 -

13 y-terpinene 1053 1054 0.5 0.5 0.3 0.4 0.6 0.4 0.3 0.6 0.3 0.3 0.4 0.3 0.3 0.4 0.3 0.4 0.4 0.3
14 a-terpinolene 1084 1086 0.4 0.4 0.6 0.4 0.4 0.4 0.5 0.2 0.4 0.3 0.4 0.4 0.6 0.4 0.4 0.3 0.4 0.4
15 linalool 1094 1095 0.7 0.8 0.6 0.6 0.4 0.7 0.5 0.5 0.7 0.6 0.7 0.8 0.5 0.6 0.7 0.5 0.6 0.4
16 isopentyl isovalerate 1100 1102 - 0.2 - - - - - - 0.2 - - - - - 0.2 - - -

17 a-campholenal 1118 1122 0.4 0.3 0.4 0.2 0.7 0.2 0.3 0.3 0.2 0.2 0.3 0.4 0.3 - 0.3 0.3 - 0.2
18 trans-pinocarveol 1133 1135 0.5 0.6 0.6 0.3 0.5 0.4 0.5 0.3 0.3 0.3 0.5 1.0 0.4 0.2 0.4 0.4 0.2 0.3
19 cis-verbenol 1136 1137 0.3 0.6 0.8 0.2 0.7 0.2 0.4 0.2 0.2 0.2 0.4 0.6 0.3 0.1 0.3 0.3 - 0.2
20 pinocarvone 1157 1160 0.3 0.4 0.3 0.2 0.4 0.2 0.2 0.1 0.1 0.1 0.3 0.4 0.2 0.2 0.2 - 0.1
21 p-mentha-1,5-dien-8-ol 1160 1166 0.4 0.4 0.5 0.4 0.9 0.5 0.4 0.5 0.4 0.3 0.4 0.5 0.3 0.3 0.4 0.4 - 0.3
22 4-terpineol 1171 1175 1.2 13 1.0 0.9 15 1.0 0.9 13 1.0 0.8 1.0 1.2 0.8 1.0 1.0 1.0 1.0 0.8
23 a-terpineol 1182 1186 - 0.3 - 0.3 - 0.5 - - 0.6 - 13 - - 0.4 0.4 0.2 0.4 0.3
24 myrtenal 1194 1195 - 0.5 0.5 - 0.3 - - - 0.4 - - - 0.4 0.4 - - 0.3 -

25 verbenone 1201 1204 0.8 1.0 0.8 0.7 1.8 0.9 0.7 1.2 0.8 0.4 1.3 1.3 0.6 0.7 0.9 1.0 0.7 0.5




Continued Table 2. Chemical components of the essential oils from 50 populations of...
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No Compound Rlc Rl¢ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
26 trans-carveol 1211 1215 - 0.2 0.3 - 0.3 - 0.2 0.0 - - - 0.3 - - - - - -
27 B-citronellol 1220 1223 0.8 0.4 0.4 0.7 0.6 0.5 0.5 0.3 0.6 0.7 0.4 0.7 0.5 0.5 1.0 0.4 0.5 0.4
28 carvone 1235 1239 - 0.3 0.3 0.2 0.3 0.2 0.2 0.2 0.2 0.2 - 0.3 0.2 - 0.2 0.3 - 0.2
29 geraniol 1246 1249 - - 0.3 - 23 0.3 - 1.1 - - - - - - - - - -
30 bornyl acetate 1281 1284 1.0 0.7 0.8 0.8 0.5 0.3 0.9 0.4 0.4 0.7 0.5 0.7 0.9 0.6 0.7 0.7 0.6 0.8
31 thymol 1288 1289

32 methyl geranate 1319 1322 0.2 0.7 0.2 0.4 0.1 0.3 0.3 0.2 - 0.3 0.2 0.2 0.3 0.2 0.3 0.6 0.3 0.4
33 5-elemene 1331 1335 1.1 0.6 1.4 0.3 0.3 0.5 1.4 - 0.5 0.4 0.9 0.3 1.4 0.5 0.3 0.5 0.3 0.3
34 a-terpinyl acetate 1340 1346 2.9 2.5 3.1 35 4.1 1.8 3.0 3.4 1.5 3.5 1.2 1.2 3.0 2.0 2.3 1.4 2.3 4.1
35 citronellyl acetate 1349 1350 - - 0.2 0.3 - - - - - - - - 0.2 - - - 0.2 0.3
36 B-bourbonene 1386 1387 1.1 1.2 0.7 11 0.7 1.0 0.5 0.4 1.0 1.0 1.6 1.5 0.6 0.5 1.0 0.9 0.6 1.0
37 B-elemene 1385 1389 0.3 0.3 0.3 0.2 0.2 0.3 0.3 0.2 0.3 0.3 0.5 0.3 0.3 - 0.2 0.2 - 0.2
38 a-gurjunene 1405 1409 - - 0.4 - - - 0.3 - - - - - 0.3 - - - - -
39 trans-caryophyllene 1416 1417 6.0 6.8 53 5.0 3.2 3.4 5.7 3.6 5.7 4.5 5.8 4.2 6.5 7.6 3.6 7.1 8.4 5.9
40 a-trans-bergamotene 1429 1432 2.4 1.7 1.7 2.9 1.7 2.3 1.8 1.3 2.4 2.7 2.5 2.7 1.9 1.8 2.5 19 2.1 3.1
41 (2)-B-farnesene 1439 1440 3.2 2.5 1.3 5.7 3.0 3.0 0.7 2.9 3.5 4.7 0.9 5.4 1.1 3.9 4.6 3.4 5.0 6.9
42 a-humulene 1447 1452 0.4 0.4 0.3 0.4 0.2 0.2 0.3 0.2 0.4 0.3 0.3 0.3 0.4 0.5 0.2 0.4 0.6 0.6
43 (E)-B-farnesene 1451 1454 0.3 - 0.7 - 0.2 - 0.6 0.3 - - - - 0.5 - - - - -
44 y-curcumene 1477 1481 0.3 0.2 - 0.4 0.2 0.2 - 0.2 0.2 0.2 - 0.2 - 0.2 0.3 0.2 0.3 0.4
45 germacrene D 1483 1484 2.7 1.9 2.6 2.4 1.4 2.7 2.8 0.6 2.9 3.0 4.4 1.8 3.1 11 2.2 1.7 0.9 2.5
46 B-selinene 1487 1489 1.5 0.9 2.4 0.4 0.6 1.1 2.2 0.8 0.5 0.2 0.9 0.5 1.9 1.2 0.4 0.2 1.0 0.4
47 bicyclogermacrene 1497 1500 0.4 0.3 - 06 03 0.3 - 0.3 0.4 0.4 - 0.4 - 04 05 0.3 0.5 0.8
48 B-bisabolene 1503 1505 0.5 0.4 0.1 1.0 0.4 0.4 - 0.4 0.5 0.8 - 0.8 0.1 0.6 0.8 0.4 0.7 14
49 §-cadinene 1519 1522 - - 0.1 - - - - - - - 0.1 - - - - - - -
50 germacrene B 1555 1559 0.5 0.4 0.2 1.2 0.4 0.5 0.5 0.7 0.9 0.6 0.2 0.8 0.9 0.5 0.9 1.6
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Continued Table 2. Chemical components of the essential oils from 50 populations of...

No Compound Rlc RIr 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
51 (E)-nerolidol 1559 1561 0.5 0.4 - 0.9 0.5 0.5 - 0.4 0.5 0.8 0.4 0.6 - 0.5 0.7 0.4 0.5 14
52 :T:Zﬁsry“enyl 1566 1570 1.0 0.8 1.0 11 0.8 0.8 11 0.3 0.9 1.0 1.0 0.9 1.0 0.7 1.2 0.9 0.5 1.2
53 spathulenol 1574 1577 1.6 0.7 2.5 0.6 0.3 0.3 2.9 0.6 0.4 0.8 0.4 0.4 2.3 0.8 0.5 0.3 0.4 0.9
54 caryophyllene oxide 1580 1582 2.6 2.9 2.2 1.8 2.6 1.2 2.4 1.7 2.3 1.8 2.2 1.5 2.3 1.6 1.4 3.1 1.7 2.7
55 ledol 1598 1602 - 0.2 1.1 - 4.9 - - 7.1 - - - - - - - - 0.2 -
56 2-acetyl-naphthalene 1606 1608 - - 0.7 - 0.3 - 0.8 0.6 - - - - 0.6 - - - - -
57 y-eudesmol 1627 1630 0.8 0.5 0.9 0.8 0.8 0.8 1.2 0.4 1.1 13 1.2 0.3 1.0 0.3 1.0 0.6 0.3 0.8
58 a-muurolol 1642 1644 0.5 0.4 0.3 0.8 - - 0.3 0.3 0.4 0.7 0.3 0.0 0.4 0.3 0.7 0.3 0.5 1.0
59 B-eudesmol 1645 1649 1.6 2.1 2.1 2.4 2.6 4.4 2.2 3.4 2.4 1.8 3.7 2.2 2.1 3.6 3.2 1.1 4.2 2.4
60 a-cadinol 1651 1653 - 0.2 - 0.6 0.3 - - 0.3 0.3 0.5 - - - 0.3 0.6 - 0.5 0.8
gr  LAdroxy-(2)- 1661 1666 - 02 - - 02 - - - - - - - - - - - - -
caryophyllene
62 epi-a-hisabolol 1680 1683 1.2 0.6 0.4 2.0 0.9 0.8 0.3 11 1.1 2.0 0.2 1.2 0.3 13 1.8 0.8 1.6 2.8
63 a-bisabolol 1684 1685 0.4 0.4 - - 0.2 0.2 - 0.2 - - 0.3 0.5 - - - 0.3 - 0.2
64 caryophyllene acetate 1697 1701 0.4 0.3 0.2 0.2 - 0.6 0.2 0.2 0.3 - 0.2 - 0.3 0.4 - - 0.4 0.2
65 a-eudesmol acetate 1790 1794 6.6 6.3 6.5 6.8 8.6 10.2 7.2 9.5 7.6 5.9 5.2 4.4 8.0 8.6 6.9 6.2 9.1 6.1
66 epi-laurenene 1897 1901 2.4 2.9 2.3 3.6 3.7 3.5 2.3 4.0 3.5 3.5 2.9 2.6 2.7 2.8 3.7 3.4 3.0 3.1
67 (Z,2)-geranyl linalool 1956 1960 3.9 3.5 3.4 3.8 4.6 5.4 4.1 5.4 4.3 3.5 3.2 2.4 4.4 4.1 4.0 3.3 4.2 3.2
68 (E,Z)-geranyl linalool 1984 1987 0.4 0.2 0.8 0.9 0.6 1.7 11 0.5 0.3 0.7 0.4 - 1.0 0.7 1.8 - 0.6 0.4
(62,10Z)-pseudo
69 ohytol 1986 1988 - 0.2 0.2 0.2 0.3 0.3 - 0.3 0.2 0.2 - - 0.2 0.2 0.2 0.2 0.2 0.2
70 (Z,E)-geranyl linalool 1994 1998 0.7 0.6 0.6 0.6 0.7 0.8 0.8 0.8 0.6 0.7 0.6 0.5 0.7 0.5 0.8 0.6 0.5 0.5
71 (E,E)-geranyl linalool 2021 2026 - - - 0.4 - - - 0.3 0.2 0.5 - - 0.2 0.2 0.3 0.2 0.4
72 abietatriene 2052 2055 0.5 0.5 0.5 1.2 0.9 0.7 0.4 1.0 0.8 14 0.8 0.5 0.4 0.4 1.0 0.8 0.4 11
73 13-epi-manool 2057 2059 1.3 1.8 15 22 20 29 23 31 2.1 2.3 15 12 23 24 24 1.1 2.4 1.8
74 methyl linoleate 2091 2095 0.9 1.0 038 1.6 1.3 1.3 1.0 17 1.4 1.9 1.0 08 1.0 1.0 1.8 1.5 1.0 1.2
Total 100.0 994 996 994 99.0 998 99.8 983 994 9852 998 998 998 998 99.2 99.3 99.7 99.7
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Continued Table 2. Chemical components of the essential oils from 50 populations of...

No Compound Rlc RIr 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
1 a-thujene 921 924 0.6 - - 0.4 0.4 - - - - - - - - - - - 0.3
2 a-pinene 928 932 154 20.7 219 228 176 20.0 231 189 185 219 20.1 23.6 225 227 232 217 21.7
3 camphene 944 946 0.2 0.2 0.3 0.3 0.2 0.2 0.3 0.2 0.2 0.2 0.2 0.3 0.2 0.2 0.3 0.3 0.3
4 thuja-2,4(10)-diene 952 953 01 01 02 01 01 - - - - - 0.1 - 0.1 - - 01 01
5 verbenene 957 961 4.7 3.6 3.6 3.7 4.6 3.6 3.8 29 2.8 34 2.8 3.7 3.5 3.7 4.2 3.4 3.4
6 B-pinene 970 974 1.1 1.0 0.9 1.2 1.0 0.9 1.1 0.7 0.8 1.0 0.8 1.0 0.9 1.0 11 1.1 1.0
7 myrcene 987 988 1.6 2.0 2.0 2.3 1.6 2.0 2.6 1.8 1.8 2.2 2.0 2.4 2.2 2.4 2.7 2.4 2.3
8 a-phellandrene 1001 1002 0.4 1.4 1.3 0.9 0.5 1.4 1.6 1.2 1.2 1.2 13 1.5 1.0 13 1.2 1.5 13
9 a-terpinene 1012 1014 0.4 0.2 0.2 0.2 0.3 0.2 0.3 0.2 0.2 0.2 0.3 0.2 0.2 0.2 0.2 0.4 0.3
10 limonene 1022 1024 9.7 13.2 111 10.6 9.8 104 152 120 11.8 145 110 121 116 146 16.3 4.6 11.7
11 1,8-cineole 1025 1026 5.4 - 2.8 2.8 5.8 3.4 - - - - 2.7 2.9 2.9 - - - 3.0
12 (2)-B-ocimene 1029 1032 - 0.5 - 0.2 - 07 06 04 03 04 03 04 04 05 04 05 03
13 y-terpinene 1053 1054 0.6 0.3 0.3 0.3 0.6 0.4 0.4 0.2 0.3 0.4 0.4 0.4 0.3 0.3 0.3 0.5 0.5
14 a-terpinolene 1084 1086 0.3 0.6 0.5 0.3 0.3 0.7 0.6 0.6 0.6 0.5 0.6 0.6 0.4 0.5 0.4 0.7 0.5
15 linalool 1094 1095 0.5 0.5 0.5 0.5 0.6 0.7 0.7 0.5 0.7 0.7 0.7 0.8 0.9 1.0 0.8 0.7 0.9
16 isopentyl isovalerate 1100 1102 - - - - - - - - - - - - - - - - 0.2
17 a-campholenal 1118 1122 0.5 0.2 0.4 0.3 0.4 0.2 0.2 - 0.2 0.2 0.2 0.2 0.4 0.2 0.2 0.2 0.3
18 trans-pinocarveol 1133 1135 0.4 0.4 0.7 0.4 0.5 0.3 0.4 0.2 0.5 0.4 0.4 0.4 0.5 0.4 0.3 0.5 0.3
19 cis-verbenol 1136 1137 0.6 0.4 0.7 0.3 0.4 0.2 0.2 - 0.2 0.3 0.3 0.3 0.4 0.3 0.2 0.2 0.2
20 pinocarvone 1157 1160 0.3 0.2 0.3 0.2 0.3 - 0.2 - 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.2
21 p-mentha-1,5-dien-8-ol 1160 1166 0.6 0.4 0.5 0.3 0.7 0.3 0.3 - 0.3 0.3 0.4 0.3 0.4 0.3 - 0.3 0.4
22 4-terpineol 1171 1175 1.4 0.8 0.9 1.0 1.7 0.9 1.0 0.8 1.1 1.0 1.2 0.9 0.9 1.1 0.8 1.0 1.0
23 a-terpineol 1182 1186 0.3 - - - 0.3 - 0.4 - 0.2 0.4 0.2 - 0.2 0.2 0.2 0.4 0.6
24 myrtenal 1194 1195 0.4 0.5 0.7 0.4 - - - - - 0.3 0.3 - 0.3 - -

25 verbenone 1201 1204 1.1 0.6 0.8 0.3 1.7 0.6 0.8 0.6 1.2 11 0.7 0.3 0.5 0.8 0.6 0.7 1.2
26 trans-carveol 1211 1215 0.2 0.2 0.3 - 0.2 - - - - - - - 0.2 - - - -

27 B-citronellol 1220 1223 0.5 0.5 0.5 0.6 0.4 0.4 0.5 0.3 0.6 0.4 0.6 0.5 0.5 0.5 0.3 0.4 0.5
28 carvone 1235 1239 0.3 0.2 0.3 - 0.3 - - - - - 0.2 - 0.3 - - - -

29 geraniol 1246 1249 0.7 - 0.2 - 1.5 - - - 1.7 0.2 - - 0.3 - - - -

30 bornyl acetate 1281 1284 0.6 0.8 1.0 0.7 0.7 0.6 0.6 0.3 0.6 0.5 0.6 0.6 0.6 0.6 0.7 0.6 0.5
31 thymol 1288 1289 - - - - - - - - - - - - - - - - -

32 methyl geranate 1319 1322 0.3 0.3 - - 0.2 0.3 0.2 0.5 0.2 0.2 0.4 0.4 0.2 0.4 0.3 0.2 -

33 5-elemene 1331 1335 0.2 1.4 2.0 0.8 0.3 1.2 0.7 0.6 0.7 0.3 2.0 1.7 0.5 0.7 0.7 0.6 0.6
34 a-terpinyl acetate 1340 1346 4.2 2.7 3.1 2.4 4.5 2.5 2.6 13 2.0 2.1 4.0 3.4 25 3.5 3.0 2.6 1.7
35 citronellyl acetate 1349 1350 - 0.3 - - - - 0.2 - 0.3 - 0.3 0.3 0.2 0.3 0.3 0.2 -

36 B-bourbonene 1386 1387 0.8 0.7 0.7 0.8 0.4 0.7 0.7 0.7 0.9 0.7 0.9 0.7 0.9 1.0 1.3 0.9 1.2
37 B-elemene 1385 1389 0.2 0.3 0.3 0.2 - 0.3 0.3 0.2 0.3 - 0.3 0.2 0.3 0.3 0.4 0.3 0.3
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Continued Table 2. Chemical components of the essential oils from 50 populations of...

No Compound Rlc RI¢ 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
38 a-gurjunene 1405 1409 - 0.3 0.5 - - - - - - - 0.5 0.5 - - - - -
39 trans-caryophyllene 1416 1417 4.4 7.8 4.5 5.3 7.2 8.0 7.6 5.4 3.7 8.6 5.1 4.2 4.0 6.2 5.4 9.8 6.6
40 a-trans-bergamotene 1429 1432 21 2.2 1.8 2.0 1.5 23 1.6 21 3.0 1.9 2.0 1.8 25 2.7 33 21 2.7
41 (2)-B-farnesene 1439 1440 4.6 1.6 1.6 2.8 2.8 2.1 1.7 3.3 4.7 3.6 2.6 2.5 3.8 4.0 5.2 3.1 4.1
42 a-humulene 1447 1452 0.3 0.5 0.2 0.3 0.4 0.5 0.5 0.3 0.2 0.6 0.3 0.3 0.2 0.3 0.3 0.6 0.4
43 (E)-p-farnesene 1451 1454 0.2 0.5 1.0 0.2 - - - - - - 0.8 0.7 - - - - -
44 y-curcumene 1477 1481 0.2 - - - - - - - 0.2 0.2 - - - - 0.2 0.2 0.3
45 germacrene D 1483 1484 1.2 3.1 2.6 2.3 1.1 3.5 2.0 2.4 2.8 1.6 2.5 2.2 2.8 3.2 3.8 1.8 33
46 B-selinene 1487 1489 0.2 1.8 3.3 1.2 0.7 0.7 1.1 - 0.4 1.2 3.7 3.2 0.6 0.8 0.4 13 0.9
47 bicyclogermacrene 1497 1500 0.4 - 0.3 0.3 0.2 0.3 - 0.3 0.5 0.3 0.4 0.3 0.3 0.3 0.4 0.4 0.5
48 B-bisabolene 1503 1505 0.7 0.1 0.2 0.4 0.4 0.3 0.2 0.5 0.7 0.5 0.3 0.3 0.5 0.5 0.6 0.4 0.5
49 8-cadinene 1519 1522 - - 0.2 - - - - - - - 0.2 0.2 - - - - -
50 germacrene B 1555 1559 0.6 0.2 0.2 0.4 0.3 0.4 0.3 0.6 1.0 0.5 0.4 0.4 0.6 0.6 0.8 0.6 0.8
51 (E)-nerolidol 1559 1561 0.7 - - 0.4 0.4 0.3 0.3 0.5 0.9 0.4 0.3 0.3 0.5 0.5 0.6 0.3 0.4
52 caryophyllenyl alcohol 1566 1570 0.7 1.0 1.0 0.8 0.6 0.9 0.7 0.9 1.0 0.7 11 0.9 0.9 0.9 0.5 0.8 0.9
53 spathulenol 1574 1577 0.4 2.1 3.0 13 0.5 0.5 0.3 0.4 0.4 0.3 1.8 1.3 0.3 0.3 0.3 0.3 0.3
54 caryophyllene oxide 1580 1582 2.2 2.3 2.1 2.5 3.1 2.0 1.6 1.4 1.0 2.0 1.6 1.2 1.1 1.4 1.2 1.6 2.0
55 ledol 1598 1602 3.4 - - - - 0.8 - - - - - - - - - - -
56 2-acetyl-naphthalene 1606 1608 0.2 0.6 0.8 0.4 - - - - - - 0.7 0.5 - - - - -
57 y-eudesmol 1627 1630 0.4 0.9 0.8 1.0 0.4 0.5 0.5 0.6 0.5 0.3 0.4 0.3 0.8 0.4 0.6 0.3 0.7
58 a-muurolol 1642 1644 0.4 0.4 - 0.5 0.3 0.3 0.4 0.4 - 0.4 - - - - - 0.4 0.3
59 B-eudesmol 1645 1649 1.5 1.9 2.5 1.9 2.6 1.5 4.3 1.4 2.1 4.1 1.8 1.8 3.2 2.4 13 3.5 2.8
60 a-cadinol 1651 1653 0.3 - - 0.3 - - - 0.3 0.4 - - - - - - - -
61 14-hydroxy-(Z)- 1661 1666 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
caryophyllene
62 epi-a-bisabolol 1680 1683 11 0.3 0.4 11 0.8 0.6 0.5 1.4 1.5 0.9 0.6 0.6 1.0 0.9 1.0 0.7 0.7
63 a-bisabolol 1684 1685 0.3 - - 0.3 - - - 0.2 0.3 - - - - - - - -
64 caryophyllene acetate 1697 1701 0.2 0.3 0.3 0.3 0.4 0.4 - 0.3 0.6 0.2 0.2 - - 0.3 - - -
65 a-eudesmol acetate 1790 1794 7.6 7.0 6.2 6.9 7.3 8.6 5.9 10.6 9.5 6.6 6.4 6.0 7.3 6.9 5.4 5.2 6.2
66 epi-laurenene 1897 1901 2.9 2.2 1.9 2.3 2.4 2.8 3.0 5.2 3.3 2.7 2.7 2.8 3.2 2.2 2.4 2.7 2.5
67 (Z,2)-geranyl linalool 1956 1960 3.9 3.6 3.0 4.2 3.8 4.2 3.1 6.6 5.5 33 3.0 3.1 3.6 3.0 2.4 2.7 3.0
68 (E,Z)-geranyl linalool 1984 1987 0.6 0.8 1.1 0.4 0.9 0.4 0.2 - 0.4 0.3 0.3 0.3 0.3 - - 0.4 -
69 (6Z,10Z)-pseudo phytol 1986 1988 0.2 0.2 - - 0.2 0.2 - 0.4 0.3 - - - 0.2 - - - -
70 (Z,E)-geranyl linalool 1994 1998 05 05 06 07 06 05 04 09 07 04 04 04 05 - - 03 03
71 (E,E)-geranyl linalool 2021 2026 - - - - - 0.2 0.3 0.5 - - 0.2 0.2 0.3 - - 0.2 -
72 abietatriene 2052 2055 0.7 0.4 - 0.6 0.6 0.6 0.6 0.9 0.5 0.6 0.5 0.5 0.7 0.4 0.5 0.5 0.5
73 13-epi-manool 2057 2059 1.7 1.8 1.3 2.2 1.7 2.3 2.0 3.8 2.6 1.7 1.6 1.6 1.9 1.6 14 1.5 1.5
74 methyl linoleate 2091 2095 1.0 0.8 0.6 1.1 0.9 1.1 1.1 2.2 1.0 1.0 1.0 1.0 1.3 0.8 0.9 0.8 1.1
Total 99.6 998 99.8 99.7 99.8 99.7 99.7 985 99.7 99.7 99.7 99.7 99.6 998 99.8 89.7 99.7
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Continued Table 2. Chemical components of the essential oils from 50 populations of...

No Compound Rlc RIr 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
1 a-thujene 921 924 - 0.9 - 0.6 - - 0.4 1.1 0.6 0.4 0.5 0.3 - - -
2 a-pinene 928 932 21.0 11.2 18.3 23.9 21.1 19.2 21.0 28.6 25.9 19.8 19.4 22.1 20.3 21.7 223
3 camphene 944 946 0.3 0.2 0.2 0.3 0.2 0.2 0.2 0.4 0.4 0.2 0.3 0.3 0.2 0.2 0.2
4 thuja-2,4(10)-diene 952 953 0.1 0.2 - - - - 0.1 0.2 0.2 - 0.3 0.3 - 0.1 0.1
5 verbenene 957 961 3.4 1.5 2.8 4.2 3.7 3.0 3.3 4.5 4.3 3.2 2.8 3.1 3.6 3.4 33
6 B-pinene 970 974 1.0 0.7 0.9 1.2 1.0 0.9 1.0 1.3 1.2 1.0 1.0 1.0 0.9 1.0 0.9
7 myrcene 987 988 2.2 15 2.0 2.7 2.5 1.8 2.2 2.7 2.8 2.3 14 1.9 2.3 2.1 2.3
8 a-phellandrene 1001 1002 13 11 1.4 2.5 15 11 1.4 1.0 1.0 1.3 0.3 0.5 1.2 1.4 1.5
9 a-terpinene 1012 1014 0.3 0.3 0.2 0.3 0.2 0.3 0.3 0.4 0.3 0.3 0.3 0.3 0.4 0.2 0.3
10 limonene 1022 1024 11.1 8.8 9.8 16.0 11.1 9.8 11.2 15.7 17.6 135 9.6 14.8 10.6 13.8 13.8
11 1,8-cineole 1025 1026 2.6 - 2.6 0.1 3.1 2.6 2.9 - - - 2.2 - 2.8 - -
12 (2)-B-ocimene 1029 1032 05 0.4 0.3 - 0.5 0.3 0.3 - - - - - 0.3 0.4 0.5
13 y-terpinene 1053 1054 0.4 0.5 0.4 0.4 0.3 0.3 0.4 0.5 0.5 0.3 0.4 0.4 0.5 0.3 0.4
14 a-terpinolene 1084 1086 0.5 0.8 0.6 11 0.6 0.4 0.6 0.3 0.4 0.4 0.4 0.5 0.5 0.5 0.6
15 linalool 1094 1095 0.6 0.8 0.7 0.9 0.7 0.6 0.7 0.8 0.9 0.7 0.6 0.8 0.6 0.6 0.9
16 isopentyl isovalerate 1100 1102 - 0.1 0.2 0.3 - - - - - - 0.1 - - - -
17 a-campholenal 1118 1122 0.3 0.3 - - - - 0.3 0.4 0.6 0.1 0.6 1.1 0.2 0.2 0.3
18 trans-pinocarveol 1133 1135 0.4 0.3 0.5 0.3 0.3 0.3 0.4 0.8 0.6 0.2 1.3 0.9 0.4 0.4 0.5
19 cis-verbenol 1136 1137 0.4 0.3 0.2 0.3 0.2 0.2 0.3 0.4 0.5 0.2 1.0 13 0.2 0.3 0.3
20 pinocarvone 1157 1160 0.2 0.1 0.3 - - 0.2 - 0.5 0.3 - 0.9 0.4 0.2 0.3 0.2
21 p-mentha-1,5-dien-8-ol 1160 1166 0.4 0.5 0.3 - - 0.3 0.4 0.4 0.4 0.2 0.6 0.9 0.3 0.4 0.4
22 4-terpineol 1171 1175 1.0 1.2 1.0 0.9 0.7 0.9 0.9 1.5 1.2 0.8 1.2 0.9 1.4 1.0 1.1
23 a-terpineol 1182 1186 0.9 1.0 0.6 0.2 0.3 0.4 0.4 0.3 0.3 0.3 - - 0.3 0.4
24 myrtenal 1194 1195 0.5 0.2 0.3 - - - - 0.6 - - 0.6 0.4 - - -
25 verbenone 1201 1204 0.7 1.2 1.0 0.6 0.7 0.8 0.7 0.5 0.7 0.9 11 1.1 1.5 0.8 0.9
26 trans-carveol 1211 1215 0.2 0.1 - - - - - - - - 0.3 0.3 - - -
27 B-citronellol 1220 1223 0.6 0.7 0.3 0.3 0.4 0.6 0.5 0.4 0.4 0.4 0.6 0.7 0.5 0.5 0.7
28 carvone 1235 1239 0.2 0.2 - - - - 0.2 0.3 0.3 - 0.4 0.5 0.3 0.2 0.2
29 geraniol 1246 1249 v - - - - - - - 0.5 0.7 - 0.2 - - 0.7
30 bornyl acetate 1281 1284 0.7 0.8 0.5 0.5 0.5 0.5 0.5 0.9 0.7 0.5 1.0 0.7 0.7 0.6 0.6
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Continued Table 2. Chemical components of the essential oils from 50 populations of...

No Compound Rlc RIr 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
31 thymol 1288 1289 - 0.6 - - - - - - - - - - - - -

32 methyl geranate 1319 1322 0.3 0.3 0.2 0.5 0.2 0.5 0.4 0.5 0.2 0.4 0.3 0.3 0.5 0.3 0.2
33 S-elemene 1331 1335 1.1 1.7 0.6 0.5 0.6 0.5 1.5 - 0.5 0.8 0.3 0.3 13 1.0 0.8
34 a-terpinyl acetate 1340 1346 2.8 2.0 1.2 2.3 2.0 13 2.4 7.8 2.9 1.7 2.2 2.1 13.2 2.0 2.1
35 citronellyl acetate 1349 1350 0.2 0.3 - 0.2 0.2 - 0.2 - - 0.2 - - - 0.2 0.3
36 B-bourbonene 1386 1387 0.7 1.2 0.3 0.7 0.9 0.9 0.7 0.4 1.4 0.9 13 11 0.4 0.7 1.0
37 B-elemene 1385 1389 0.3 0.4 0.2 - 0.2 0.2 0.2 - 0.3 0.3 0.3 0.3 0.2 0.2 0.3
38 a-gurjunene 1405 1409 - - - - - - 0.3 - - - - - 0.2 0.2 -

39 trans-caryophyllene 1416 1417 9.2 6.7 12.6 8.3 5.7 7.4 5.7 4.4 33 4.0 6.4 2.1 5.6 5.5 4.2
40 a-trans-bergamotene 1429 1432 2.3 2.8 - 2.1 1.9 2.2 2.0 1.4 2.6 2.8 1.2 2.2 1.1 1.7 2.8
41 (2)-p-farnesene 1439 1440 1.8 2.9 0.7 4.3 33 4.5 29 3.2 3.8 4.1 11 3.5 1.5 2.1 3.5
42 a-humulene 1447 1452 0.6 0.7 0.8 0.5 0.3 0.5 0.4 0.3 0.2 0.3 0.4 - 0.3 0.3 0.3
43 (E)-p-farnesene 1451 1454 - - - - - - 0.6 - - - - 0.4 0.3 -

44 y-curcumene 1477 1481 - 0.1 - 0.2 - 0.2 - - 0.3 0.3 - 0.3 - - 0.2
45 germacrene D 1483 1484 34 4.9 1.2 1.7 2.4 1.9 2.5 0.9 2.9 2.8 1.7 2.2 13 2.3 3.4
46 B-selinene 1487 1489 0.5 11 2.1 0.3 0.8 0.9 2.8 0.4 0.5 1.2 0.3 0.5 2.2 1.7 0.5
47 bicyclogermacrene 1497 1500 - 0.6 - 0.3 0.3 0.4 0.4 0.3 0.4 0.5 - 0.4 0.4 - 0.4
48 B-bisabolene 1503 1505 0.2 0.5 - 0.6 0.5 0.6 0.4 0.4 0.5 0.6 0.1 0.5 0.2 0.2 0.5
49 8-cadinene 1519 1522 - 0.3 - - - - 0.2 - - 0.1 - - - - -

50 germacrene B 1555 1559 0.3 0.7 0.2 0.8 0.6 0.8 0.5 0.4 0.6 0.9 0.2 0.4 0.3 0.3 0.6
51 (E)-nerolidol 1559 1561 0.3 0.4 - 0.5 0.6 0.6 0.3 0.3 0.4 0.5 0.4 0.4 - 0.3 0.4
52 caryophyllenyl alcohol 1566 1570 1.1 1.3 0.6 0.6 0.8 0.9 1.0 - 0.8 0.8 0.6 0.7 0.5 0.8 1.0
53 spathulenol 1574 1577 0.6 0.4 0.4 0.4 0.4 0.4 1.5 0.3 0.2 0.4 0.6 0.5 13 0.8 0.3
54 caryophyllene oxide 1580 1582 3.0 2.1 2.7 1.0 1.5 1.9 2.1 13 1.2 0.9 4.2 - 1.9 1.6 1.2
55 ledol 1598 1602 - 0.3 0.3 - - - 0.4 - - - 0.4 - - - -

56 2-acetyl-naphthalene 1606 1608 - 0.5 0.3 - - - 0.6 - - - - 1.3 0.3 0.2 -

57 y-eudesmol 1627 1630 0.8 1.1 0.7 0.4 0.6 0.5 0.6 - 0.5 0.5 1.2 1.0 0.3 0.5 0.8
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Continued Table 2. Chemical components of the essential oils from 50 populations of...

No Compound Rlc Rl 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
58 a-muurolol 1642 1644 0.4 0.5 0.9 0.4 0.3 0.4 - 0.4 - - 11 0.2 0.9 0.3
59 B-eudesmol 1645 1649 2.1 3.4 8.2 1.4 3.9 2.8 1.6 1.5 1.3 3.5 2.3 2.3 1.2 3.1 2.2
60 a-cadinol 1651 1653 - 0.3 - - - 0.3 - - - 0.4 - 0.3 - - 0.3
61 L4-hydroxy-(Z)- 1661 1666 - 02 04 - - - - - - - 0.5 - - - -
caryophyllene
62 epi-a-bisabolol 1680 1683 0.4 0.9 0.4 13 1.2 11 0.7 1.0 0.7 1.1 0.4 1.0 0.4 0.5 1.0
63 a-bisabolol 1684 1685 - 0.2 0.2 - - - - - - 0.2 0.6 0.2 - - -
64 caryophyllene acetate 1697 1701 0.3 0.3 - - 0.3 0.3 0.3 0.3 - 0.7 0.5 - 0.3 - 0.2
65 a-eudesmol acetate 1790 1794 6.6 7.1 6.8 5.2 7.6 9.3 6.7 4.8 4.7 9.1 7.9 7.2 5.9 7.6 6.5
66 epi-laurenene 1897 1901 2.3 4.1 33 2.2 33 3.9 2.4 1.3 2.2 2.7 2.7 3.7 2.4 3.8 3.1
67 (Z,2)-geranyl linalool 1956 1960 3.4 3.9 3.8 2.5 4.1 4.5 3.2 2.4 2.4 4.2 6.1 3.6 3.0 4.3 3.4
68 (E,2)-geranyl linalool 1984 1987 0.3 0.3 0.2 - 0.3 - 0.2 - 0.3 1.0 - 0.4 - 0.4 0.2
69 (6Z,10Z)-pseudo phytol 1986 1988 - 0.2 0.2 - 0.2 0.3 - - - 0.2 0.2 0.2 - 0.2 -
70 (Z,E)-geranyl linalool 1994 1998 0.4 0.6 0.4 - 0.5 0.5 0.4 0.4 0.4 0.5 1.3 0.7 0.4 0.6 0.5
71 (E,E)-geranyl linalool 2021 2026 0.2 0.6 0.2 0.2 0.3 0.4 0.2 - - - - - - 0.3 0.3
72 abietatriene 2052 2055 0.5 1.0 0.6 0.4 0.8 0.7 0.5 - 0.4 0.5 0.5 1.0 0.3 0.8 0.7
73 13-epi-manool 2057 2059 1.7 2.9 2.1 15 2.6 2.5 1.8 0.7 1.0 2.2 2.3 1.2 1.4 2.6 2.1
74 methyl linoleate 2091 2095 0.8 1.6 1.2 0.7 1.4 1.2 1.0 0.4 0.8 0.9 0.7 1.6 0.7 1.4 1.3
Total 99.3 97.6 99.5 99.8 99.8 99.6 99.7 100.0 99.8 99.7 99.3 99.2 99.8 99.2 99.7

Populations 1-50 in the order mentioned in the study are Jam, Tang abolhayat, Fooladi, Brojen, Zeadon daylam, Lashkarblooky, Haftapeh, Yasuj, Masan, Babameadan, Javerdeh, Kerand sarpozahab, Dashtack, Boogar, Kamarej,

Behbehan, Armand, Sardasht, Roodkhaneh kerand, Sorkheh dizeh, Dakaky, Ramhormoz, Tangeram, Dezfool, Farashband, Poldokhtar, Masjedsolaiman, Malayer, Asadabad, Baraftab, Nehzatabad, Andika, Zaedoon, Khoramabad

andimeshk, Hagiabad, Pol kashkan, Baladeh, Ghaemiyeh, Tang pirazal, Gachgaran, Kamyaran, Dasht mook, Gachsaran, Zaedon behbehan, Abarj, Shaykhan, Kashkoo, Seamareh, Jafariyeh, Shoosh.

Rlc and Rl are the calculated retention index and literature retention index, respectively.
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Figure 2. Cluster analysis of Vitex pseudo-negundo populations based on essentioal oil content and constituents
Numbers from 1 to 50 were respectively dedicated to Jam, Tang-e Aboalhayat, Foladi, Brojen, Zeadon-Deylam, Lashkarblooky, Haftapeh,
Yasuj, Masan, Babameadan, Javerdeh, Kerand-e Sarpolzahab, Dashtak, Boogar, Kamarej, Behbehan, Armand, Sardasht, Roodkhaneh-e
Kerand, Sorkhe Dizeh, Dalaki, Ramhormoz, Tang-e Eram, Dezful, Farashband, Poldokhtar, MasjedSolayman, Malayer, Asadabad,
Baraftab, Nehzatabad, Andika, Zeadon, Khoramabad-Andimeshk, Hajiabad, Pol-e Kashkan, Baladeh, Qaemeyeh, Tang-e Pirzal,
Gachgaran, Kamyaran, Dasht-e Mook, Gachsaran, Zeadon-Behbehan, Abarj, Sheykhan, Kashkoo, Seamareh, Jafariyeh, and Shoosh.
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Table 3. Characteristics and composition of clusters derived from cluster analysis of Vitex pseudo-negundo
populations based on essentioal oil content and constituents

Cluster Populations Important traits
1 (Green) 4,6,9,10,14,15, i; 4113 zgd2570 31,37, 40,41, 45, Highest values of GL, LU, and B and lowest values of TA and VV
2 (Orange) 12, 33,39, 43, and 44 Highest values of AP, L, and F and lowest values of LU, GL, U, EA, and CO
3 (Violet) 5,8, 19, 23, and 48 Highest values of EA, TA, and V and lowest values of AP, L, C, B, and GD
4 (Red) 2,3,7,13, 16, 20, 25, 28, 36, 38, and 46 Highest values of C, U, and CO and high values of L
5 (Blue) 1,11, 21, 22, 24, 29, 30, 32, 34, 35, and 42 Highest GD and ECO values and relatively high AP values

Numbers from 1 to 50 were respectively dedicated to Jam, Tang-e Aboalhayat, Foladi, Brojen, Zeadon-Deylam, Lashkarblooky, Haftapeh, Yasuj,
Masan, Babameadan, Javerdeh, Kerand-e Sarpolzahab, Dashtak, Boogar, Kamarej, Behbehan, Armand, Sardasht, Roodkhaneh-e Kerand, Sorkhe
Dizeh, Dalaki, Ramhormoz, Tang-e Eram, Dezful, Farashband, Poldokhtar, MasjedSolayman, Malayer, Asadabad, Baraftab, Nehzatabad, Andika,
Zeadon, Khoramabad-Andimeshk, Hajiabad, Pol-e Kashkan, Baladeh, Qaemeyeh, Tang-e Pirzal, Gachgaran, Kamyaran, Dasht-e Mook, Gachsaran,
Zeadon-Behbehan, Abarj, Sheykhan, Kashkoo, Seamareh, Jafariyeh, and Shoosh.
ECO: Essential oil content (%), AP: a-Pinene, L: Limonene, TA: a-Terpinyl acetate, EA: a-Eudesmol acetate, C: trans- Caryophyllene, U: B-Eudesmol, GL: (Z,2)-
Geranyl linalool, V: Verbenene, B: trans-a-Bergamotene, LU: epi-Laurenene, F: (Z)-B-Farnesene, GD: Germacrene D, and CO: Caryophyllene oxide.
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Table 4. Eigenvalues, variance, cumulative variance, and eigenvector coefficients from principal component

analysis of Vitex pseudo-negundo populations based on essentioal oil content and constituents

Trait PC1 PC2 PC3 PC4 PC5 PC6

ECO -0.12 0.17 -0.22 0.30 -0.75 0.33

AP -0.79 0.01 0.21 -0.29 -0.26 -0.17

L -0.65 -0.26 0.17 -0.40 -0.06 -0.38

TA -0.32 0.37 -0.59 0.31 0.09 0.19

EA 0.81 -0.15 -0.25 -0.14 -0.18 -0.21

C 0.11 0.55 0.61 -0.04 0.09 0.25

U 0.46 0.27 0.45 -0.44 -0.14 0.35

GL 0.85 -0.07 -0.20 -0.05 -0.10 -0.38

\Y -0.50 0.33 -0.46 -0.25 0.05 -0.16

B -0.18 -0.90 0.10 0.25 0.13 0.11

LU 0.74 -0.37 -0.08 -0.17 -0.09 0.05

F -0.08 -0.66 -0.22 -0.22 0.39 0.45

GD -0.10 -0.53 0.49 0.55 -0.21 -0.19

(6{0) 0.24 0.58 0.20 0.41 0.44 -0.25

Eigenvalue 3.68 2.73 171 1.32 1.13 1.03

Proportion of variance 26.31 19.51 12.23 9.41 8.10 7.41

Cumulative proportion of 75.57 82.98
26.31 45.82 58.05 67.46

variance

ECO: Essential oil content (%), AP: a-Pinene, L: Limonene, TA: a-Terpinyl acetate, EA: a-Eudesmol acetate, C: trans- Caryophyllene, U: B-Eudesmol,
GL: (Z,2)-Geranyl linalool, V: Verbenene, B: trans-a-Bergamotene, LU: epi-Laurenene, F: (Z)-p-Farnesene, GD: Germacrene D, and CO:

Caryophyllene oxide.
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Figure 3. Principal component analysis of Vitex pseudo-negundo populations based on essentioal oil content and
constituents
Numbers from 1 to 50 were respectively dedicated to Jam, Tang-e Aboalhayat, Foladi, Brojen, Zeadon-Deylam, Lashkarblooky, Haftapeh,
Yasuj, Masan, Babameadan, Javerdeh, Kerand-e Sarpolzahab, Dashtak, Boogar, Kamarej, Behbehan, Armand, Sardasht, Roodkhaneh-e
Kerand, Sorkhe Dizeh, Dalaki, Ramhormoz, Tang-e Eram, Dezful, Farashband, Poldokhtar, MasjedSolayman, Malayer, Asadabad,
Baraftab, Nehzatabad, Andika, Zeadon, Khoramabad-Andimeshk, Hajiabad, Pol-e Kashkan, Baladeh, Qaemeyeh, Tang-e Pirzal,
Gachgaran, Kamyaran, Dasht-e Mook, Gachsaran, Zeadon-Behbehan, Abarj, Sheykhan, Kashkoo, Seamareh, Jafariyeh, and Shoosh.
ECO: Essential oil content (%), AP: o-Pinene, L: Limonene, TA: o-Terpinyl acetate, EA: a-Eudesmol acetate, C: trans- Caryophyllene, U: p-Eudesmol, GL:
(Z,Z)-Geranyl linalool, V: Verbenene, B: trans-o-Bergamotene, LU: epi-Laurenene, F: (Z)-B-Farnesene, GD: Germacrene D, and CO: Caryophyllene oxide.
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