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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%), gerany!l 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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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 13 13 0.6 0.7 0.9 1.0 0.7 0.5
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 2.3 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



No Compound Rlc Rl 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
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 34 1.5 35 1.2 1.2 3.0 2.0 2.3 1.4 23 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 1.1 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 58 42 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 13 2.4 2.7 2.5 2.7 1.9 1.8 2.5 1.9 2.1 3.1
41 (2)-p-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 29 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 0.6 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.5 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 8-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
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
caryophyllenyl
52 alcohol 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 22 15 23 1.6 1.4 3.1 1.7 2.7
55 ledol 1598 1602 0.2 11 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 11 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
g1 LANydroxy-(2)- 1661 1666 0.2 0.2
caryophyllene
62 epi-a-bisabolol 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



No Compound Rlc Rlr 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
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 35 3.2 2.4 4.4 4.1 4.0 33 4.2 3.2
68 (E,Z)-geranyl linalool 1984 1987 0.4 0.2 0.8 0.9 0.6 1.7 1.1 0.5 0.3 0.7 0.4 1.0 0.7 1.8 0.6 0.4
69 ;iii?z) pseudo 1986 1988 02 02 02 03 03 03 02 02 02 02 02 02 02 02
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 1.4 0.8 0.5 0.4 0.4 1.0 0.8 0.4 11
73 13-epi-manool 2057 2059 13 1.8 15 2.2 2.0 2.9 2.3 31 2.1 2.3 15 12 23 24 2.4 1.1 2.4 1.8
74 methyl linoleate 2091 2095 0.9 1.0 0.8 1.6 1.3 1.3 1.0 1.7 1.4 19 10 08 1.0 1.0 1.8 1.5 1.0 1.2
Total 100.0 994 996 994 990 998 998 983 994 9852 998 998 998 998 99.2 993 99.7 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.
RIc and Rl are the calculated retention index and literature retention index, respectively.
No Compound Rlc Rlr 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 20.0 231 189 185 219 201 23.6 225 227 232 217 217
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 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1
5 verbenene 957 961 4.7 3.6 3.6 3.7 4.6 3.6 3.8 2.9 2.8 3.4 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 11 1.0
7 myrcene 987 988 1.6 2.0 2.0 23 1.6 2.0 2.6 1.8 1.8 2.2 2.0 2.4 2.2 2.4 2.7 2.4 23
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 11.6 146 163 4.6 11.7
11 1,8-cineole 1025 1026 5.4 2.8 2.8 5.8 34 2.7 2.9 29 3.0
12 (2)-p-ocimene 1029 1032 0.5 0.2 0.7 0.6 0.4 0.3 0.4 0.3 0.4 0.4 0.5 0.4 0.5 0.3
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



No Compound Rlc RIr 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
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 04 05 0.3 0.7 0.3 0.3 0.3 0.3 0.4 0.3 04 03 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 1.1 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 1.3 2.0 2.1 4.0 3.4 2.5 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 13 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
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 2.1 2.2 1.8 2.0 1.5 2.3 1.6 2.1 3.0 1.9 2.0 1.8 2.5 2.7 3.3 2.1 2.7
41 (2)-p-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)-B-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 23 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 11 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 §-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 1.1 0.9 09 09 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 15 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 03 03 0.3 0.4

61 La-hydroxy-(2)- 1661 1666

caryophyllene



No Compound Rlc RIr 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
62 epi-a-bisabolol 1680 1683 1.1 0.3 0.4 1.1 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 59 106 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 (62,10Z)-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 0.5 0.5 0.6 0.7 0.6 0.5 0.4 0.9 0.7 0.4 0.4 0.4 0.5 0.3 0.3
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 06 06 06 06 09 05 06 05 05 07 04 05 05 05
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 i0 08 06 11 09 11 11 22 10 10 10 10 13 08 09 08 11
Total 99.6 998 99.8 99.7 99.8 99.7 99.7 985 99.7 99.7 99.7 99.7 996 998 99.8 89.7 99.7
No Compound Rlc RIy 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 23.9 211 19.2 21.0 28.6 25.9 19.8 19.4 22.1 20.3 21.7 22.3
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 15 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 1.5 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 14 2.5 1.5 11 1.4 1.0 1.0 1.3 0.3 0.5 1.2 14 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 0.5 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 11 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 1.3 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



No Compound Rlc RI; 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
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 11 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 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
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 5-elemene 1331 1335 11 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 21 1.9 2.2 2.0 1.4 2.6 2.8 1.2 2.2 11 1.7 2.8
41 (2)-p-farnesene 1439 1440 1.8 29 0.7 4.3 33 4.5 2.9 3.2 3.8 4.1 1.1 35 1.5 21 35
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)-B-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 §-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 11 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 1.3 1.2 0.9 4.2 1.9 1.6 1.2
55 ledol 1598 1602 03 03 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 11 0.7 0.4 0.6 0.5 0.6 0.5 0.5 1.2 1.0 0.3 0.5 0.8



No Compound Rlc RI; 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 13 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-(2)- 1661 1666 02 04 0.5

caryophyllene

62 epi-a-bisabolol 1680 1683 0.4 0.9 0.4 13 1.2 1.1 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,Z)-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
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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, 411; 4113 §2d2570 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)-p-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,Z)-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: a-Pinene, L: Limonene, TA: a-Terpinyl acetate, EA: a-Eudesmol acetate, C: trans- Caryophyllene, U: f-
Eudesmol, GL: (Z,Z)-Geranyl linalool, V: Verbenene, B: trans-a-Bergamotene, LU: epi-Laurenene, F: (Z)-p-Farnesene, GD: Germacrene D,
and CO: Caryophyllene oxide.

0350 (kB siss > Foml bl S el
ey s, 5l aSViteX i 3l dilise s S sl
Slzsl 5 ol 5 oolmle S ol s Slgl
203 /PO /0 o latals 5o (ds g sa GJ,T@,?
33 dey o B4, . (Abbas azimi et al., 2008) c.zls )l 3
A6 ks L gl asle e gl iz cadlllas ol
VU ool b ablia |5 eslazals Guilal a3l s ol sins
Joaz) wasls gz 5 J6 ool Jalse ool b 51 els s
SSe3s8 Bal 514 s S ol ol ialy cal 53 0
Solite (2S4S 4z g b dilg e elal 5 Shas
P el (S S g a sl @l
Sl o8 I sl wals pli) 5l st s sb
Jolse cal 28 b (Sl ey 86 Ko 68

gaile.j S eleS s, o aadllas G s el azls f\J

5o adlas 5,5 Glacames ulud (035L) Gl

i (a2l 359) Aoy /08 G /YA 5l Gl gblia
ol 5 Haghighi L g 48 gladlas 55 () [S2) 50
o) Glaosme o Guilud o33b o iy s Sl (YY)
S 5 TR0 4y Lol ol 51 ailate i s 45,8
T S\ E- AN WYL £ NN B RV
5 Sas YL (Y44 #) o, Sea sHadjmomammadi
sl s ay gl s S el woys /A Salaa | il
Jola ) aoss < /08 b +/Y8 o cclosl oS aalllas oyl o
ol 5 Haghighi Law s sas o)) S a3k 51 g o
el b awlis 5o 5 5YL (ao)s +/FO—-/YY) (Y-1Y)
(Y++9) oI, 5 HadjMohammadi Lw 55 sz 3,1 S
I ao)s o /A 2556 &S (Y- \V)AKhlaghi 5 (o5 < /A)



YYY

NN/0) ciond 5 (VE/0) o Sley5 e g YY) i
ol Gl sacanan 53 =Wl olie gy 4 ool
Sbcarar 53 i a4 S5 ol Ol cr S oS 0l
T S VARVAVIN RN RS SRR VARVA DRFFYLE
23 ol e YL S J s sas saslas (AVY/Y)
ol Il b ids o 4 (IYA/P) oS Coman
Sl ol 1 oSt Gl bilaras e s o=l
3 el bt SLS 5 a8 s hs o] 5l eyl S s
b DlS5 g A 5] adllas )50 il bl
o o e LSas il ass as el alis
s Bamoniri gbiasl, cul ash Lo w begmas
o oSl s B sl s 5o (Y4N0) ol
Sl Jo s-W b Ghaee olS5 55 e
(IMA) ks Sl 5 (A7) =W LTV /Y)
NEWSTIN 720 BNV W BRvA 974 o BRIV PR EPRN
253 S S 1 UYIA) iged 5 UX7F) & Sboy S o
ALt R W RO PRGNS F I PUS Y
S 5 8 laddlas s asls ssmy Gl adlas o)
Ol @iz 50 85l Comem ity 2lon slaplail il
w8 Sl S5 PN 5 as ey 2 Al e o
sls e s 1, uled JS 5l as s AA/0 5 A0/A S
Wl Jols o 55 Sl Sooe G ol o
olsie 4 (IV/AR=A/AD)  hsed 5 (AYO/Y—YA/Y)
ol olSy ol wae asle olS 5 ol
b NY/YANVYY) o5 e (G-l Jels
Kog (LO/V=F) Jgawssh-Ly 5 (LY/V=2/A) b5 8
.(Salehpour et al., 2018)
Abbas Vitex > calise L;Lanujf Sy adlas s
&8 Ll js aS s S 518 (Y2 A) oL, 5 azimi
5 Koy A (Zo-/VY) ucx}@:f}* 505555 53 5
oS5 WNVE/Y) ol S-Wl fele Wl o sedas
(1378 o St ,5 08 g 5 (1)) JssS=Wl (ZF/\Y)
(LFF/8) bag s 5 ggn sh55 455 53« hlie L5 . Kisy
5 AY/A) Jstmm AN &S bisls LS5 |, e olS 5

Y ooles FY sl ol o s psols oLS Slides asllas

R tu:)\ o i 4l (Thymus caramanicus)
(Y-\V) oL 5 Bigdeloo L.y ol s Se
siedl anb ey, Gilise b Sy as o)l S
505 a0l HLLS M5 S 5SS e L3 o
gleel oled o «Zasb, e KPR ol g (S
ssba S s S Sl sy 5 S IR
55 o SNes 5 g2 5B Ol ew Cel Kl e ol
Hejaz et al., ) sse Slel 5o Jb cay ol cuas
olS o 1) e gs e YU gl 5 Sas (2015
Shelde olse Ol ol 5o e b s e e saoe
olas Sl 1) a5 el claaeal (T ol a5 S
a1y ea sl gole e Ol i oS ) 5o 45 08 s
slas > el was byl Lyl o L ablie gl 5 500 S
el ool 2l ] ) sbodsbe Mg 4 by
spie 4l odple Wy b s Hludle
.(Rahmati & Behbahani, 2021)

S ol 5o a8 b plas Lull) ghal v
VA0 o [ TN TEO W ool OLS 5 candlas 5 50
/YY) ol o3 (AV/EX/E) aad (LYA/S
AVARVESRPAD :;L:MU,M;,\—L}J\ AVANZAT
S VAD RN PO TN VAR F5 e /AT I VPV UIgON I
NVAZAGRVIN IRESPRR VAL S VA SENIN AN WSS SR VIVA |
“V/Y Y s (dos YY) 558 sl -
63055 ddoys F/A¥—/FV) i b (a3 O/\V
VATARSIVZN') IR RN WAL SENN GWSNNE JLERY 4 §
o 3 oWl b isise LS5 ol ol ) ins
seam OS5 ol g olse 4 bias ol )
&S ams e ol i O | el el sl
oLes 5 Abbas azimi mls b gdos o) laasly
5 UYE/0-Y /%) =W 55 U1 ls e (Y44 A)
oS Luild Jol US55 plsiea | N Y/A=F/F) s
SN emar s S e ol e S gy
ol 5 AS W el ol 5 (Y-\V)Akhlaghi
—WT Jels w58 ol o g Ll 61.4\ OS5 a8 5l o



RS /"cif, oS 50 sl bt 5 &l

48 K oonlzl .(Bigdelo et al., 2017: al., 2016
b bl g esline s Tl 2 4 sz 57 b (LS
55 a5 el 51 S g 08U Ll Sl
SSUS 5l Q5L olgea ol plmns OS5

(Allietal., 2017) c6 8 L ;s S5 5 Jawms

S S dns
S Gilitn slamn o 4 313 LS G ) s
sy bl dons 5l b e ol K] )
ol 033l op i s e sble Gl Lo b
K5 Spe s Jd3s $bwmar & bg e (£0/09)
035 ol n i ol b sl nl 5 0 e 5 J15 0
s > sz ol 31 ool SLS 5 YL i
ol 655 ol (Sas S bas 5 o0l ol e e
sads S gl aons 5 slaw Bld 51 s)ls, e
At sanlis oad 5”16"” slacurasr )5 5 B <a
0l gy Sl 5y Gt S5 VO G oame o
Shae,s Voo B AV/Y G Eoame 52 S ae gluls
s e JSas 1 bl S S
5SS oll wﬁ)‘@ LS Mgl 45w 5 glad s>
5 Ol B 1L elS sl ey, (il cS
g5 ol and e Jol 05 8 i 4 uilid OS5
Jelss 5 bilumanr o S5 sy 5l ol Wiy
Pyl 5 S g 55l Tl a5l o 5 il
WIS 5 93 cadlllas 5550 blis plas 3 ol s Jome
olsea UNV/E G ¥/8) sad 5 UYA/E B ANV/Y) 2o
ola s ss a8 s plolis Lull G LS 5
S e S CAP NPT SR e A KWy
ooy ol @l ames ilig sl s s
S o3 B pe DS (B oS ans e 0L ian

J».J‘\.J eMJuL....: 4SS Wloos sualiw u’\"' ailate —y L

bt oS5 S ghw 5 el L (rsfiens
S olsiea g e 5 el opl 2l il oS sl

pleo dmg 355e Gisad 5 o Wl 2 b s

YYY

V) 6,8 Guslad o sy ol hsal (NA/A) o=l
sdas sy (AY/A) uldss 5450 50 (AQnus-castus
VA/0) Jstim— A ile LS 5 5 eols JSas |, Ll
VE/) il 5 (1VO/Y) cigad ((AV/A) =T (2
Vo) 5585 Sulal s piman amals | P
el 5 e A (1PV/Y) bad s 5 gse (trifolia
s JSas ol l) (1YY/8) =Wl 5 (1YF/9)
by Josln oS a5 0 Koo ladllas s sy ol
OS5 S &S as jasis (Y- YY) Firozeh , Arvin
sy By, K s L solas O pon il
olE bl s Las N/ L cgad cigad gl il
Wl GLS5 (omimer s saalie oS5 S e
5 YO/N) Jglaalsl (ZY /) a5 sS e SSnn
e e 5 S sS alate 5o i (AY/V) et 50
Js5 s3] 5 UVV/0) 5Lus) 5l 5,08 (4YV/Y) ol
Ol S d deis aibie LS Wl s Lis (JOA/O)
oLS e o Luiled plasd S5 s b
om0 @l dos 5 e LS s g5 < sl plas Vitex
2ol Sl & S Kl it gacuans > 5 A S
by e 5 o SU S Jalse 51 ol wl5 o oslis )
SblS Ly agl bedale 4S5 WS ol &S
& o5 e Jolse ol on e 3 iz IS 5L )l
ok ol 5 ad Az ) alsa ol 5 il Lyl e
5wl (3l asle) S b S5y L 255 5 Lo
p 3 i) a5l B Jle 5 (2136 olie ol
(Omidbaigi, 1995) 5 5 ol o] cgr 5 i Lo
FEror b bl pled (S5 s Ol s
Ly e ol L 51 LWk wlpe 5 cwl Jolae

Sl ((N3H 55 e e 5 (S35 Sl (S350
033b o3 Jlade 5o ¢ 55 (Vermaetal., 2013) asly oS
Ll o ol Ss 4 by o dlg e pols oS Ll

oS el ol s e Sl () o (oodd]
(S5 90 g 5 Jol s ‘C|J,$¢:M| Sao 00 S Kax g,
Fatahi et ) asl, Jelse cpl bz 1 5 ol JulSs al s



YYo

d;‘)fw\f:“

Ol g o&ls o e oY s ) Al o8y 5
ooles 03 8 B s g 5l sle colem s 4 51l
Al o glo,08 5 Sy SCU.AH1404.775

References

- Abbas azimi, R., Jamzad, Z., Sefidkon, F. and Bakhshi-
Khaniki, Gh., 2008. The potencial value of
phytochemical and micromorphological characters in
taxonomic treatment of genus Vitex L. The Iranian
Journal of Botany, 12(1): 15-35. (In Persian.
https://doi.org/20.1001.1.1029788.1385.12.1.2.3

- Adams, R.P., 2017. Identification of essential oil
components by Gas  Chromatography/Mass
Spectrometry. (Ed. 4.1). Allured Publishing
Corporation,  Carol  Stream, USA,  804p.
https://www.cabidigitallibrary.org/doi/full/10.5555/2
0083116584

- Akhlaghi, H., 2017. Chemical composition of the
essential oil, total phenolic contents and antioxidant
activity of Vitex pseudo-negundo seeds collected
from northeastern Iran. Trends in Phytochemical
Research, 1(1): 27-32.
https://journals.iau.ir/article_530401.html

- Aali, E., Mahmoudi, R., Kazeminia, M., Hazrati, R. and
Azarpey, F., 2017. Essential oils as natural medicinal
substances: review article. Tehran University
Medical Journal, 75(7): 480-489.
https://tumj.tums.ac.ir/browse.php?a_id=8333&slc_|I
ang=en&sid=1&printcase=1&hbnr=1&hmb=1

- Arianfar, A., Mehraban Sang Atash, M. and Salhe
Abadi, S., 2017. Identification of chemical
constituents of essential oil from aerial parts of
Florida rubia. Journal of North Khorasan University
of Medical Sciences, 9(1): 15-26.
https://doi.org/10.18869/acadpub.jnkums.9.1.15

- Arvin, P. and Firouzeh, R., 2023. Study of phenolic and
flavonoid compounds and essential oil content of
medicinal plant of Proveskia abrotanoides Karel in
three natural habitats of Raz and Jargalan County.
Journal of Plant Process and Function, 11(47): 69-
82. https://doi.org/20.1001.1.23222727.1401.11.47.2
0.9

- Bamoniri, A., Monfared, A., Batoli, H. and Amini, M.,
2015. Investigation of the essential oil components of
the flower and seed of Vitex pseudo-negundo from the
Kashan region. The First International and the Fourth
Conference of Medical Herbs and Stable Agriculture.

Y ooles FY sl ol o s psols oLS Slides asllas

D5 el s i s il wilsols oppa Cilise
snlin sl 5 SleS 5 o) ol 4 ax 5 | LS
5 sl Olla pll ilib Sbacpms gl sas

""““Sj S5 6\-"))15\-‘5 88 k5—:‘-«4\-«»« )‘,EJ.M{ JJ».:J';...f
s B Ay S0 dmd 3l w58 ol uiled i

Hamedan, 16 December: 36-40. (In Persian)
https://civilica.com/doc/453676/

- Bigdeloo, M., Hadian, J. and Nazeri, V., 2017.

Composition of essential oil compounds from

different populations of Thymus caramanicus Jalas.

Journal of Applied Research on Medicinal and

Aromatic Plants, 7: 95-98.

https://doi.org/10.1016/j.jarmap.2017.06.005

Boveiri Dehsheikh, A., Mahmoodi Sourestani, M.,

Boveiri Dehsheikh, P., Vitalini, S., Iriti, M. and

Mottaghipisheh, J., 2019. A comparative study of

essential oil constituents and phenolic compounds of

Arabian lilac (Vitex trifolia var. purpurea): An

evidence of season effects. Foods, 8(2): 52.

https://doi.org/10.3390/foods8020052

- Djouahri, A., Boualem, S., Boudarene, L. and
Baaliouamer, A., 2015. Geographic’s variation
impact on chemical composition, antioxidant and
anti-inflammatory activities of essential oils from
wood and leaves of Tetraclinis articulata (Vahl.)
Masters. Industrial Crops and Products, 63: 138-146.
https://doi.org/10.1016/j.indcrop.2014.10.018

- Ghannadi, A., Bagherinejad, M.R., Abedi, D., Jalali,
M., Absalan, B. and Sadeghi, N., 2012. Antibacterial
activity and composition of essential oils from
Pelargonium graveolens L. and Vitex agnus-castus L.
Iranian Journal of Jicrobiology, 4(4):
171. https://ijm.tums.ac.ir/index.php/ijm/article/view
/681

- Govil, J.N. and Singh, V.K., 2010. Recent Progress in
Medicinal Plants. Studium Press, Texas, 353p.
https://doi.org/10.1016/j.fitote.2006.04.004

- HadjMohammadi, M.R., Afif, A.A. and Rezaee, M.B.,
2006. Chemical composition of leaf, flower and fruit
oil of Vitex pseudo-negundo (Hausskn.) Hand.-Mzt.
from Iran. Journal of Essential Oil Research, 18(3):
308-3009.
https://doi.org/10.1080/10412905.2006.9699098

- Haghighi, T.M., Saharkhiz, M.J., Khosravi, A.R., Fard,
F.R. and Moein, M., 2017. Essential oil content and
composition of Vitex pseudo-negundo in Iran varies
with ecotype and plant organ. Industrial Crops and
Products, 109: 53-59.


https://dor.isc.ac/dor/20.1001.1.1029788.1385.12.1.2.3
https://journals.iau.ir/article_530401.html
http://dx.doi.org/10.18869/acadpub.jnkums.9.1.15
http://dorl.net/dor/20.1001.1.23222727.1401.11.47.20.9
http://dorl.net/dor/20.1001.1.23222727.1401.11.47.20.9
https://doi.org/10.1016/j.jarmap.2017.06.005
https://doi.org/10.3390/foods8020052
https://doi.org/10.1016/j.indcrop.2014.10.018
https://doi.org/10.1016/j.fitote.2006.04.004
https://doi.org/10.1080/10412905.2006.9699098

RS /"cif, oS 50 sl bt 5 &l

https://doi.org/10.1016/j.indcrop.2017.08.007

- Hejaz, H., Sabbobeh, R., Al-Jaas, H., Jahajha, A. and

Abu-Lafi, S., 2015. Essential oil secondary
metabolites variation of Salvia palaestina leaves
growing wild from different locations in Palestine.
Journal of Applied Pharmaceutical Science, 5(11):
084-089. https://doi.org/10.7324/JAPS.2015.501114

- Kamal, N., Mio Asni, N.S., Rozlan, I.N.A., Mohd

Azmi, M.AH., Mazlan, N.W., Mediani, A. and
Edrada-Ebel, R.A., 2022. Traditional medicinal uses,
phytochemistry, biological properties, and health
applications of Vitex sp. Plants, 11(15): 1944.
https://doi.org/10.3390/plants11151944

- Mahmoodi, A. and Gholamipourfard, K., 2024.

Phytochemical investigation of the essential oil of
Vitex pseudo-negundo (Hausskn.) grown in natural
habitats by chromatography. Desert Ecosystem
Engineering, 12(39): 61-74.
https://doi.org/10.22052/deej.2024.253422.1017

- Meena, A.K., Niranjan, U.S., Rao, M.M., Padhi, M.M.

and Babu, R., 2011. A review of the important
chemical constituents and medicinal uses of Vitex
genus. Asian Journal of Traditional Medicines, 6(2):
54-60.

https://www.researchgate.net/publication/268347916

- Ni_roumand, M.C., Heydarpour, F. and Farzaei, M.H.,

2018. Pharmacological and therapeutic effects of
Vitex agnus-castus L.: A review. Pharmacognosy
Reviews, 12(23).
https://doi.org/10.4103/phrev.phrev_22 17

- Omidbeigi, R., 1995. Approaches to the Production and

Processing of Medicinal Plants. Fekr-e-Rooz
Publications, Tehran, 283p. (In  Persian)
https://noorlib.ir/book/info/106645

- Padalia, R.C., Verma, R.S., Chauhan, A., Chanotiya,

C.S. and Thul, S., 2016. Phytochemical diversity in
essential oil of Vitex negundo L. populations from
India. Records of Natural Products, 10(4): 452-464.
https://www.acgpubs.org/article/records-of-natural-
products/2016/4-july-august/phytochemical-
diversity-in-essential-oil-of-vitexnegundo-I-
populations-from-india

YYs

- Rahmati-Joneidabad, M. and Alizadeh behbahani,
B., 2021. Evaluation of chemical activity and
antifungal effect of Vitex agnus-castus essential oil on
Penicillium digitatum and Penicillium italicum
causing orange rot. Iranian Journal of Food Science
and Technology, 18(114): 73-82.
https://doi.org/10.52547/fsct.18.114.82

- Safaei-Ghomi, J. and Meshkatalsadat, M.H., 2010.

Nano scale injection for the determination of volatile
organic components of Vitex pseudo-negundo using
various extraction techniques. Digest Journal of
Nanomaterials and Biostructures, 5(1): 207-
213. https://www.researchgate.net/publication/26588
7940

- Salehpour, Z., Jahantab, E., Morshedloo, M.R., Iraji, A.

and Mohamadi, J., 2018. Essential oil composition of
aerial parts of Vitex pseudo-negundo populations
collected from southwest of Iran. Journal of Essential
Oil Bearing Plants, 21(2): 570-
576. https://doi.org/10.1080/0972060X.2018.143892
8

-Verma, R.S., Padalia, R.C., Chauhan, A. and Thul, S.T.,

2013. Phytochemical analysis of the leaf volatile oil
of walnut tree (Juglans regia L.) from western
Himalaya. Industrial Crops and Products, 42: 195-
201. https://doi.org/10.1016/j.indcrop.2012.05.032

- Zaki, F.L.M. and Salleh, W.M.N.H.W., 2020. Essential

oils and biological activities of the genus Vitex
(Lamiaceae)- A review. Natural Volatiles and
Essential Qils, 7(2): 1-9.
https://doi.org/10.37929/nve0.743784

- Zareshahrabadi, Z., Saharkhiz, M.J., lzadpanah, M.,

Iraji, A., Emaminia, M., Motealeh, M. and
Zomorodian, K., 2023. Chemical composition and
antifungal and antibiofilm effects of Vitex pseudo-
negundo essential oil against pathogenic fungal
strains.  Evidence-Based Complementary and
Alternative Medicine, 1: 3423440.
https://doi.org/10.1155/2023/3423440

- Zheng, C.J., Pu, J., Zhang, H., Han, T., Rahman, K. and

Qin, L.P., 2012. Sesquiterpenoids and norterpenoids
from Vitex negundo. Fitoterapia, 83(1): 49-54.
https://doi.org/10.1016/j.fitote.2011.09.012


https://doi.org/10.1016/j.indcrop.2017.08.007
https://doi.org/10.3390/plants11151944
http://dx.doi.org/10.52547/fsct.18.114.82
https://doi.org/10.37929/nveo.743784
https://doi.org/10.1016/j.fitote.2011.09.012

