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Abstract

Environmental conditions and soil properties plays important role to regulate the plant metabolism.
Considering the importance of essential oil of Origanum vulgare L., this study was done to understand
the oil profile with microclimatic conditions and soil properties in wild conditions. The plant materials
were collected from ten sites of Uttarakhand, India with their soil samples. Correlation was established
among essential oil major constituents, micro and macronutrients, microclimatic conditions, physical
properties of soil by using Microsoft Excel XP. Available nitrogen in soil was positively correlated
with linalool, bornyl acetate, (E)-caryophyllene, germacrene D and B-bisabolene while negatively
correlated with thymol. Thymol and caryophyllene oxide were found to be positively correlated with
available potassium. Available Zn was positively correlated with B-bisabolene. Total iron (Fe) present
in the soil was found to be positively correlated with total p-cymene and y-terpinene in the oils. pH of
soil was found to be negatively correlated with thymol and positively correlated with elemol. Percent
organic carbon (OC%) was negatively correlated with p-cymene, (E)-ocimene and caryophyllene
oxide. In our study water holding capacity is positively correlated with caryophyllene oxide. The results
of present study indicate the significant role of macro and micronutrients and other soil properties on
the essential oil composition.

Keywords: Essential oil, microclimatic conditions, macronutrients, micronutrients, Origanum vulgare
L.

Introduction
Origanum vulgare L. (family Labiateae; Lamiaceae), is a multipurpose medicinal plant
commonly known as Bantulsi, oregano or Himalayan marjoram in India Bl It is widely
distributed in the mild and temperate climate of Eurasia, North Africa and America from
7000 to 12,000 ft. 21, It is 20-80 cm high, erect, perennial and aromatic herb with ovate,
entire, stalked leaves 1-4 cm and small pale pink flowers ™. Origanum vulgare L. is the only
species of the genus Origanum which is found in India Bl. Origanum is used as herbal tea
spices salads, sausages olives in meat by local people. Since ancient times, O. vulgare L. has
been used as stimulant, stomachic, analgesic, expectorant, sedative, antiparasitic, carminative
and diaphoretic €, A number of reports have been published on the antimicrobial,
antifungal, antiviral, analgesic, antioxidant and anti-inflammatory activities of Origanum
vulgare L. 131, The essential oil of O. vulgare has been widely studied from many countries
[14-16]
The most important biologically active compounds reported to be present in O. vulgare are
carvacrol and thymol followed by y-terpinene, p-cymene, linalool and terpinen-4-ol. Among
these, y-terpinene and p-cymene are supposed to be the biological precursors of the phenolic
monoterpenes ™. Four chemotypes carvacrol, (Z)-a-bisabolene, linalyl acetate and
caryophyllene oxide/germacrene D/(E)-p-caryophyllene were investigated from Iranian
Origanum vulgare L. grown under similar conditions 1. De Martino et al. in 2009 reported
three chemotypes of O. vulgare L. growing wild in Campania (Southern Italy) which were
rich in carvacrol/thymol, thymol/a-terpineol and linalyl acetate/linalool 18], The essential oil
composition of aromatic plants depends upon various environmental factors like nature of
soil, climatic conditions, altitude, temperature, moisture and harvesting conditions *°2%, The
content of macro and micronutrients in the soil as well as in the plants are the one of the
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important  factors, which affects the essential oil
composition of aromatic and medicinal plants. They play a
very important role in the biogenetic pathways of different
secondary metabolites of the oil. Kanias et al. (1998) 24
reported that iron, chromium, and scandium showed a
negative significant correlation with carvacrol and positive
one with thymol. Application of phosphorus in nutrient
solution was found to increases the percentage of p-cymene
accompanied by a decrease in the percentage of carvacrol in
the case of leaves of O. dictamnus 2. Effect of nitrogen
fertilization on the essential oil of O. vulgare L. has been
reported by Said-Al Ahl et al. (2009) 231,

To the best our knowledge no work has been reported on the
effect of soil and geographic conditions on the essential oil
composition of the wild O. vulgare L. in Uttarakhand.
Therefore, the aim of present study is to explore the effect of
soil and microclimatic conditions on this important genus.

Materials and methods

1. Plant material and soil samples

Collection of plant material (at full blooming stage) along
with its soil samples (0-20 cm) were done from ten sites of
Kumaun Himalayan region. The plants specimens were
authenticated at Botany Department, Kumaun University,
Nainital (MVoucher no.-2036). The geographical and climatic
conditions are given in Table 1.

2. Determination of physicochemical properties of soil
Soil texture was determined by using International
hydrometer method using sodium meta phosphate (5%) as
dispersing agent (Kilmer and Alexander, 1949) [24,
Measurement of the soil pH and electrical conductivity (EC)
of the soil suspension (1:2 soil and water ratio) was done by
using pH meter and EC meter (Jackson, 1958) 2. Soil
organic-carbon (%OC) content was determined by using
Walkley and Black method described by Jackson (1958) [?°]
Cation exchange capacity (CEC) was determined by the
NH4* saturation method given by Chapman. Water holding
capacity (WHC) of the soils was determined by using
Hilgard apparatus (Black, 1965) [?1, Total nitrogen (N),
available phosphorus (P2Os) and available potassium (K)
were determined by using Kjeldahl method, Olsen’s method
and flame photometer respectively.

3. Soil sample preparation for micronutrient analysis.
Sample for the analysis of total metal content (Piper, 1942)
271 in soil were prepared by digestion with HCIO4-HF
method. 1.0g of soil wetted with 5ml distilled water. 2ml of
HCIO, and 12 mL of HF added and heated till dryness. Now
2 mL of HCIO4 and 5 mL of distilled water were added and
heated to dryness residue was dissolved in 8 mL of HCI and
20 mL of water and distilled water was added to make up
the volume 50 mL.

The procedure developed by Lindsay and Norvell (1978)
128 was followed to prepare soil samples for available metal
content. 20 mL extracting solution (0.005M DTPA + 0.1M
triethanolamine + 0.01M CacCl,) was added to 10g soil taken
in a conical flask. Suspention in flasks was shaken for two
hours at a speed of 120 cycles per minute on a horizontal
shaker. After shaking, the suspension was filtered through a
Whatman no. 42 filter paper.

4. Heavy metal analysis in soil samples

Atomic absorption spectrophotometer (GBC-902 and
Avanta sigma Models) was used to analyze the Zn, Cu, Mn,
and Fe.
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5. Statistical analysis

Experimental data were processed using Microsoft Excel
XP. Correlation coefficients were calculated among oil
major constituents, micro and macronutrients, microclimatic
conditions and physical properties of soil. Significance level
of correlation coefficient was checked on probability level
of p<0.05 and p<0.01.

Results and discussion

1. Physicochemical parameters of the soil samples

The soil samples were analysed for their physicochemical
properties (Table 2). The analysis was done in triplicate and
represented as the mean value + standard deviation (xSD).
The soils were loamy sand and sandy loam. They were
acidic to neutral in nature (pH 5.31 to 7.41). The EC, OC %,
CEC and WHC values of most of the soil samples were
observed to be within the limits. Furthermore, macro and
micronutrients content also falls within the permissible
limits.

2. Essential oil components

The major components in the essential oils of the O. vulgare
L. collected from ten sites have already been reported in our
previous studies (Pande et al., 2012; Singh et al., 2013)t2%-%
Mukteshwer, Rushi village and Kilbury, Nanital, Mussoorie
collections were found to be rich in linalool (5.1%-9.7%),
germacrene D (6.3%-18.00%), (E)-caryophyllene (9.2%-
16%) and bornyl acetate (12.6-18.6%). Thymol (5.1%),
germacrene D (5.7%). carvacrol (7.5%), a-cadinol
(9.3%),(E)- caryophyllene (10.4%) and linalool(10.9%)
were the major components obtained from the oil of
Ramgarh. The oil collected from Dhoulchina and
Champawat were rich in p-cymene (6.7-9.8%), y-terpinene
(12.4-14.0%), carvacrol (12.4%-20.9%) and thymol (29.7-
35.1%). The composition of oil from Dharchula and
Munsiyari showed the remarkable presence of thymol (30.2-
55.1%) followed by aliphatic hydrocarbons (12.8-35.1%)
and caryophyllene oxide (7.5-7.6%).

3. Correlation of soil properties with essential oil
components

Simple correlation coefficients (r?) shown in Table 3 the soil
pH was found to be negatively correlated with thymol (r?=-
0.671, P<0.05) and positively correlated with elemole (r?=-
0.647, P<0.05). Percent organic carbon represent negative
correlation with p-cymene (r?=-0.759, P<0.05), y-terpinene
(r>=-0.692, P<0.05) and caryophyllene oxide (r?=-0.698,
P<0.05). The study done by Dunford Vazquez (2005) B4 to
correlate the effect of moisture on Maxican oregano showed
that amount of water received by the plant did not have any
significant effect on thymol and carvacrol of the oil. In our
study, water holding capacity was positively correlated with
caryophyllene oxide (r>=0.633, P<0.05).

4. Correlation of macronutrients with essential oil
components

According to simple correlation coefficients (r?) shown in
Table 4 the available nitrogen was positively correlated with
linalool (r?=0.672, P<0.05), bornyl acetate (r?=0.642,
P<0.05), (E)-caryophyllene (r>=0.684, P<0.05), germacrene
D (r>=0.674, P<0.05) and pB-bisabolene (r>=0.649, P <0.05)
while negatively correlated with thymol (r’= -0.842,
P<0.01). Arabaci et al. (2007) B2 reported that nitrogen
fertilizer increased the linalool content in the essential oil of
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Lavandula hybrid which also support our result in natural
conditions. Omer (1999) [ reported that nitrogen
fertilization increased the biosynthesis of thymol and
carvacrol while in our result, natural nitrogen concentration
was negatively correlated with thymol. Available potassium
was found to be positively correlated with thymol (r>=0.709,
P<0.05) and caryophyllene oxide (r?=0.642, P<0.05) (Table
4).

5. Correlation of micronutrients with essential oil
components

Available Zn in soil was positively correlated with (-
bisabolene (r>=0.644, P<0.05). (Table 5). Kanias, et al.
(1998) [ reported that chromium, iron and zinc are
responsible for variation of the concentration of thymol,
carvacrol and 6-cadinene. As zinc participates in
photosynthesis and saccharide metabolism, and as CO- and
glucose is the most likely sources of carbon utilized in
terpene biosynthesis, the role of zinc becomes very
important in the terpenoid biosynthesis B4, Total iron (Fe)
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present in the soil was found to be positively correlated with
total p-cymene (r?>=0.693, P<0.05) and y-terpinene
(r*=0.736, P<0.05). (Table 6). Kanias et al. (1998) 21! found
positive correlation between iron and carvacrol in O.
vulgare collected from Greece. Available Iron is positively
correlated with germacrene D (1=0.636, P<0.05) and elemol
(r=0.759, P<0.05) (Table 7). Iron plays a very important role
in plant metabolism [BS1 It activates catalase enzymes
associated with superoxide dismutase, photorespiration and
the glycolate pathway. Role of micronutrients, altitude on
essential oil composition has been studied by Singh et al.
(2013) In this study essential oil of Craniotome furcata
altitude seems one of the important factors influencing the
percent variation of germacrene D B8l Under warm
conditions the percentage of (E)-caryophyllene found more
in essential oil composition of Ocimum ammericanum 71, In
present study, no significant correlations were found
between concentration of Mn (Table 7), Cu (Table 8),
altitude of site and temperature (Table 9) with essential oil
components.

Table 1: Geographic and climatic conditions of collection sites

Districts Dehradun Nainital Pithoragarh Almora |Champawat
Geographic and |Mussoori|Mukteshwa| . . ... |Ramgar . R .
climatic conditions e r Kilbury | Nainital h Rushi | Munsiyari | Dharchula | Dhoulchina [Champawat
Altitude (m) 2333 2286 2134 2100 1789 1600 2235 2183 1800 1650
Temperature (°C) 20 18 23 22 23 28 25 22 24 26
Latitude/lonaitude 30°27'N:| 29°28'N: | 29°23'N: |29°23'N:|29°23'N:[29°23'N:| 30°04'37"N: | 29°51'00"N: [29°37'N:79°4| 29°36'N:79°
9 78°06'E | 79°39E 79°30'E | 79°30'E | 79°30'E | 79°30'E | 80°23'04"E | 80°31'60"E 0'E 30E
Sun/Shady side Sunny Shady Sunny | Sunny | Shady | Shady Sunny Sunny Shady Sunny
Table 2: Physicochemical properties of collected soil samples
Districts Dehradun Nainital Pithoragarh Almora |Champawat
Soil Properties Mussoorie MuithhW Kilbury | Nainital | Ramgarh Rushi [ Munsiyari |Dharchula|Dhoulchina|[Champawat
Soil Texture Sandy Loamy Loamy Loamy Sandy Loamy Sandy Sandy sandy loam|Loamy sand
loam sand sand sand loam sand loam loam
Soil pH (1:2) 7.40+0.11 | 7.41+0.10 | 7.324£0.11 | 5.60+0.61 | 6.62+1.00 | 6.22+0.61 | 5.41+0.20 | 5.31+0.40 | 5.81+0.20 | 6.30+0.30
Organic carbon (%) 3.00+0.70 | 2.65+0.35 | 1.21+0.30 | 3.23+0.07 | 3.15+0.04 | 3.90+0.61 | 4.20+0.40 | 4.10+0.71 | 1.70+£0.40 | 0.60+0.30
Electrical conductivity (dS cm™)| 0.18+0.01 | 0.34+0.02 | 0.10+0.00 | 0.07+0.00 | 0.19+0.01 | 0.10+0.00 | 0.11+0.02 | 0.20+0.00 | 0.12+0.02 0.05
Cation eXChanlf;f)apac'ty (€moll g 1140.21(38.11£0.30|19.72+0.20|25.83+0.51| 15.12+1.38| 16.31+1.21|27.302.01|10.3040.20| 10.310.29 | 27.36+0.79
Water holding capacity (%) |58.31+0.60(46.10+1.50{49.71+2.19(39.61+1.56|35.10+0.19|38.21+1.65|54.59+1.68|56.00+2.50| 37.87+2.26 | 39.69+0.47
Available nitrogen(kg/hc)  |0.01240.29 0'0133?1'0'0 0.0110.09|0.009+0.25(0.012+1.54|0.012+0.670.008+0.50{ 0.004+0.01| 0.005+1.34 | 0.009+0.78
Total nitrogen(kg/hc) 0.250+0.01/0.350+0.03{0.210+0.01|0.180+0.02(0.300+0.03{0.240+0.05|0.280+0.06|0.300+0.05| 0.200+0.00 | 0.280+0.01
Available phosphorus(kg/hc) 0.000(?i0.0 0.002(;110.0 0.008110.0 0.0010410.0 0.0030310.0 0.00007450.0 0.0010110.0 0.0030010.0 0.0026+0.00/0.0009+0.00
Available potassium(kg/hc)  |0.02+0.001 0.010110.00 0.03+0.010{0.01+0.001 0'020010'01 0.00+0.002|0.02+0.010|0.240.030| 0.02+0.020 {0.020+0.001
Total Zn content (mg kg™) 54.287010.5 91.68??10.4 45.282011.4 40.503(?12.1 35.287010.6 26.8870i1.1 38.6780t0.0 35.051()¢0.9 32 1500.48|43.6200.63
Total Fe content (mg kg™) 522.060+1.|559.250+2.(528.870+6.|536.480+0.|526.470+8.|516.860+4.|519.330+1. 525.63045. |543.640+14.|564.450+12.
gKg 79 94 99 49 85 09 03 03 00 87
Total Mn content (mg kg™) 220.900+0.348.020+1.(252.010+0.| 264.400+0.|219.350+0.|84.150+1.8165.000+0. | 160.100+1. [ 194.620+0.5(185.810+2.1
9xg 59 42 62 59 04 2 85 63 0 8
Total Cu content (mg kg™) 19.83;)10.8 15.552010.0 34.687010.2 15.30;)10.5 10.83£¢0.8 10.705011.7 24.6380t0.6 23.4050¢0.3 15.500+1.15/12.90020.71
Available Zn content (mg kg™) [4.980+2.35 10'2670)"0'6 9.450+1.18(7.370+0.99|0.800+0.40|0.650+0.24|0.950+0.32(0.780+0.05| 0.610+0.32 | 1.240+0.28
Available Fe content (mg kg™) 91.7090:1.3 57.9870:0.3 29.941010.8 28.772012.4 33.281010.7 29.004010.0 30.0050¢0.9 36.6850t2.3 22 650+1.98|35.380+0.55
Available Mn content (mg kg™) 17'1120)—'0'4 17'40:i°'0 14'561010'5 15'432()i°'4 10'°°fi°'1 3.000+0.91|6.200+0.63 14'288()*0'4 7.080+0.43 | 6.680+0.23
Available Cu content (mg kg™) |1.820+0.01|7.330+0.25|2.260+0.01|1.830+0.60|0.400+0.28 00'32201'0'0 0.900+0.06/1.120+0.01| 0.150+0.09 | 0.530+0.50
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Table 3. Correlation matrix (r?) between physical properties of soil and major constituents of essential oil

11213 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Mois Borny,| (E)- . . .
ocC ture | . P ” Linalo| | |Thym|Carvacr|Caryo |Germacre Bicycle - B- Elem | Caryophylle Aliphatic
pH|EC CEC Cymen|Terpinen germacre [Bisabolen - hydrocarbo
% conte ol [|acetat| ol ol |phyllen| neD ol ne oxide
e e ne e ns
nt e e
11(')O 0'8390422 0.311 |0.094(-0.100| -0.116 | 0.544 [0.509|-0.671*| -0.233 | 0.470 | 0.578 0.045 0.521 [0.6477 -0.541 -0.562
2 |1.00/0.406| 0.137 |0.305/-0.611 | -0.524 | 0.218 |0.259|-0.241| -0.377 | 0.177 | 0.391 0.167 0.283 [0.472| 0.254 -0.058
3 1.00]-0.151(0.299|-0.759"| -0.692" | -0.097 | 0.048| 0.047 | -0.527 | 0.023 0.190 0.212 0.108 [0.159 0.698" 0.542
4 1.00 ]0.036{-0.001| 0.031 |-0.017|0.370{-0.313| -0.348 | 0.180 0.180 0.093 0.347 [0.253 0.006 0.077
5 1.00[-0.392| -0.546 |-0.482|-0.070{ 0.233 | -0.508 | -0.308 0.067 -0.283 0.025 [0.259 0.633" 0.528
6 0.151 | 0.130 | 0.406 |0.614[-0.446| -0.279 | 0.541 0.184 0.010 0.499 [0.135 -0.449 -0.369
7 -0.209 | -0.304 |-0.440|-0.508/0.325| 0.033 |-0.575| -0.100 -0.228 -0.412 |0.085 0.495 0.558
8 -0.035| 0.037 |-0.393|-0.510(0.586| 0.392 |-0.480| -0.372 -0.066 -0.483 |-0.369 0.441 0.269
* Correlation is significant at the 0.05 level.
** Correlation is significant at the 0.01 level.
Table 4. Correlation matrix (r?) between macronutrients and major constituents of essential oil
1 2 3 14| 5 6 7 8 9 10 11 12 13 14 15 16 17
P.0s5|K20| p- - Born (E)- Bicycle B- Aliphatic
N(tota %(a| % | Cyme | Terpine Linalo| yl [Thym|Carvacr|Caryo|Germacre ermacre | Bisabole Elem|Caryophylle hvdrocarbo
N (av) )9 | 70\ 7o | &Y p ol l|acetat| ol ol |phylle| nep |9 ol | neoxide |
v) |(av)| ne ne o he ne ne ns
1 1.00 0.270 01'460.62 -0.329| -0.275 |0.672"(0.6427 8;12** -0.488 |0.684"| 0.674" 0.344 | 0.649" [0.628| -0.424 -0.389
. 6 .
2 1.00 0.0970'56 -0.117| -0.189 |-0.233-0.068|0.217 | -0.167 |-0.341| -0.159 | -0.291 | -0.160 |0.140| 0.378 0.245
3 1.00 0'836 -0.158| -0.218 | 0.323 -0.121{ 0.067 | 0.133 | 0.040 | -0320 -0.068 | -0.267 [-0.381| 0.021 -0.143
4 1.00|-0.158| -0.262 |-0.488 |-0.359|0.709"| -0.089 |-0.470| -0.425 -0.267 | -0.383 |-0.304| 0.642" 0.314
* Correlation is significant at the 0.05 level.
** Correlation is significant at the 0.01 level.
Table 5. Correlation matrix (r?) among zinc (Zn) in soil with major constituents in oil
1] 2 3 4 5 6 7 8 9 10 11 12 13 14 15
(E)- ) L
Zn| Zn p- Y- . Bornyl Germacrene| Bicycle B- Caryophyllene| Aliphatic
total| DTPA|Cymene(Terpinene Linalool acetate ThymollCarvacrol pﬁjlﬁzze D germacrene|Bisabolene Elemol oxide hydrocarbons
1)1.00/0.732"| -0.122 | -0.073 | 0.075 | 0.416 |-0.335| -0.301 | 0.173 0.353 0.012 0.418 |0.516 -0.045 -0.177
2 1.00 | -0.305 | -0.247 | 0.429 | 0.630 | -0.609 | -0.493 | 0.610 0.494 0.283 0.644" |0.410 -0.211 -0.341
3 -0.136 | -0.200 | -0.097 | 0.187 |-0.197 | -0.424 | 0.033 0.205 0.019 0.228 |0.337 0.118 0.059
* Correlation is significant at the 0.05 level.
** Correlation is significant at the 0.01 level.
Table 6. Correlations matrix (r2) among iron (Fe) in soil with major constituents in oil
1] 2 3 4 5 6 7 8 9 10 11 12 13 14 15
(B)- ; L
Fe | Fe p- Y- . Bornyl Germacrene| Bicycle B- Caryophyllene| Aliphatic
total DTPA|Cymene|Terpinene Linalool acetate ThymoliCarvacrol pﬁ%gge D germacrene(Bisabolene Elemol oxide hydrocarbons
1/1.00/-0.011| 0.693" | 0.736" | -0.157 [-0.034 | 0.121 | 0.449 | -0.163 | -0.223 -0.119 -0.094 |[-0.111 -0.387 -0.380
2 1.00 | -0.244 | -0.236 | -0.027 | 0.180 |-0.300 | -0.352 | 0.090 0.636" 0.140 0.382 [0.759" -0.055 -0.176
3 0538 | 0.621 | -0.059 | 0.040 |-0.136 | 0.319 | 0.036 0.157 0.142 0.134 [0.162 -0.514 -0.502
* Correlation is significant at the 0.05 level.
** Correlation is significant at the 0.01 level.
Table 7. Correlation matrix (r?) among manganese (Mn) in soil with major constituents in oil
1] 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Borny| (E)- . . .
t'\éltr; 3{:_2) C Fr)nen Ter?inen Linalo| | |Thym|Carvacr|Caryo | Germacre eBlerr)]/;(I:?,e Bisa'i)olenElemO Caryophylle hA(;ﬂ]:Ztrlgo
y P ol [|acetat| ol ol |phyllen| neD g | ne oxide Y
1] A e e o o ne e ns
11.000'7*72 -0.118( -0.40 | 0.300 {0.229|-0.405| -0.143 | 0.329 0.255 0.356 0.258 |0,167| -0.204 -0.308
2 1.00 [-0.420| -0.381 | 0.176 |0.216|-0.280| -0.446 | 0.319 0.418 0.398 0.343 |0.328 0.056 -0.237
3 -0.328| -0.258 | 0.424 |0.618|-0.619| -0.598 |0.659"| 0.523 0.450 0.656" |0.392| -0.188 -0.330

* Correlation is significant at the 0.05 level.
** Correlation is significant at the 0.01 level.
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Table 8. Correlation matrix (r) among copper (Cu) in soil with major constituents in oil

1] 2 4 5 6 7 8 9 10 11 12 13 14 15 16
Borny| (BE)- . . .
Cu| Cu P- ” Linalo| | |Thym Carvacr|Caryo|Germacre Bicycle P Elemo| Caryophylle Aliphatic
tota| DTP |Cymen|Terpinen germacrenBisabolen . hydrocarbo
ol |acetat| ol ol |phyllen| neD | ne oxide
1| A e e o o e e ns
1/1.00/0.050| -0.236 | -0.284 |-0.061|0.021(-0.232| -0.284 | 0.047 | 0.548 0.110 0.255 |0.582| -0.043 0.059
2 1.00|-0.278| -0.201 | 0.170 |0.559|-0.375| -0.419 | 0.301 | 0.366 0.040 0.521 |0.492 0.040 -0.159
3 -0.217| -0.349 | 0.049 |0.115|-0.204| -0.274 | 0.087 | -0.005 -0.176 0.091 |-0.023] 0.133 0.300
* Correlation is significant at the 0.05 level.
** Correlation is significant at the 0.01 level.
Table 9. Correlation matrix (r?) between microclimatic conditions and major constituents of essential oil
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
_ . Born (E)- . ) . .
Altitud_l_em c ?nen Ter? ine Linalo| yl |Thym|Carvacr|Caryo|Germacre eBrIr(':rzl;(I:?’e Bissbole Elem|Caryophylle hA(;IrF())r(]:Ztrllgo
e el P ol |acetat] ol ol |phyllen| neD g ol ne oxide |
e ne e o ne ne ns
1 1.00 |0.7747-0.577| -0.626 |-0.058|0.152|-0.077| -0.567 | 0.153 | 0.321 0.066 0.271 |0.251| 0.397 0.366
2 0.108/-0.194| -0.336 |-0.692"|-0.533/0.706"| -0.085 |-0.693"| -0.607 -0.388 | -0.583 |-0.458 0.915" 0.950"
3 1.00 | 0.393| 0.345 |-0.286]-0.233/0.238| 0.290 |-0.379| -0.471 -0.252 | -0.350 |-0.319] 0.074 0.168
4 -0.087| 0.054 | 0.516 |0.496|-0.623| -0.223 |0.644"| 0.704" 0.540 0.627 |0.562| -0.583 -0.793™

* Correlation is significant at the 0.05 level.
** Correlation is significant at the 0.01 level.

Conclusion

The results of correlation analysis favor that essential oil
composition of plants growing in wild conditions are
affected by variation in soil and environmental conditions.
Nitrogen and zinc in soil positively affect biosynthesis of -
bisabolene while potassium increases the amount of thymol
and caryophyllene oxide and iron p-cymene and y-terpinene
in the collected plant material. Acidic soils, will be more
favorable for the synthesis of elemol as compared to other
essential oil constituents. Organically poor soil, the plant
synthesized more p-cymene, (E)-ocimene and caryophyllene
oxide.
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