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Abstract

Lavandula x intermedia is an important medicinal plant indigenous to Mediterranean region. �ere is little information

about cultivation of exotic lavender in Azad Kashmir. �e main theme of this research is to investigate growth patterns of L.

x intermedia in di�erent types of soil in local area and to check chemical composition of its essential oil. Few plants were ac-
quired from Bio-resources Conservation Institute (BCI) Islamabad. �ese plants were planted and propagated in Botanical
Repository at Govt. Boys Post Graduate College Abbaspur AJK. Essential oil was distilled from �owers of plants by hydro
distillation method. A�er that essential oil was analyzed by GC-MS assay. Sixteen compounds were identi�ed. �ree major
compounds including Linalool, Bicyclo [2.2.1] heptan-2-one,1,7,7-trimethyle-,and Eucalyptol were observed while other
were also reported in signi�cant quantities. Up till now it is �rst investigation reporting about cultivation and chemical
screening of essential oil of exotic lavender which has been cultivated locally in Azad state of Jammu and Kashmir.
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Introduction

Utilization  of  lavender  oil  in  food  industry  is
prominent due to its aromatic and antimicrobial properties
[1]. About three thousands types of essential oils are current-
ly reported from the world. Among them three hundred are
used in di�erent types of industries like food, cosmetic, sani-
tary, agronomy and pharmaceutical [2]. Essential oils which
are  obtained  from  di�erent  parts  of  plant  like  �owers,
leaves, twigs, buds and seeds by stem distillation, extraction
fermentation and expression are famous for their �avor, per-

fume and preservatives characteristics [3]. L.x intermedia,
commonly called Lavandin, a hybrid lavender is commer-
cially important and is mostly cultivated species [4].

Lavender essential oil is important among all types
of essential oils extracted from di�erent species of lavender

plant.  Lavandula  latifolia,  L.angustifolia,  Lavandula

stoechas and L.x intermedia (a sterile cross between L. lati-

folia and L. angustifolia) are common species of lavender.
In many countries of the world like Spain, China, England,
France and Bulgaria lavender plant is widely cultivated for
essential oil production. Bulgaria has become toper laven-
der producing country leaving France behind. During last
ten years lavender cultivation and processing have great at-
traction in Bulgaria [5]. Several compounds like 1, 8 cineole,
camphor, borneol, fenchol, α-pinene, β-pinene, trans-pino-
carol and linalool were investigated as major ingredients in
lavender essential oil in plants cultivated in Saudi Arabia,
Spain, Algeria, Turkey and Morocco. Compound composi-
tion within lavender oil vary with cultivation and harvesting
time technology [6]. �e main chemical ingredients of �ow-
ers and leaves essential oil of lavender are 1.8-cineole, cam-
phor, borneol, myrtenal and α-terpineol [7]. �e chemical
composition of lavender plant changes with change in sun
radiations and temperature [8]. Lavender essential oil world
widely is used in integrative system of medicine and aro-
matherapy due to its e�ectiveness for treatment of insom-
nia, anxiety and hair loss [9]. Lavender plant is widely used
in pharmaceutical and perfumery industries as fragrance,
antiseptic,  antidepressant,  antiviral,  antibacterial,  anti-in-
�ammatory and anticonvulsive. In alternative medicine us-
age of lavender essential oil for improvement of central ner-
vous  system  has  been  supported  by  clinical  trials  [10].
Lavender  is  a  versatile  medicinal  and  aromatic  plant  of

great signi�cance in modern pharmaceutical industries and
modern perfumery. Lavender essential oil and extract are
potential natural medicine having antimicrobial, antifungal
and antioxidant activities [11]. Lavender has been common-
ly used in herbal formulations and treatments inhuman his-
tory. Lavender oil is used in perfumes, ointments, cosmet-
ics. Taking internally it is also useful in depression, anxiety,
headaches, insomnia, indigestion, stomach upset, and loss
of appetite and as mouthwash and air fresheners [12]. Local
cultivation, oil extraction and identi�cation of compounds
from lavender will be useful for pharmaceutical and cosmet-
ic industry. Further this work will paved the way for re-
search on more aromatic plants from local area.

Material and Methods

Plant Material

Potted  plants  were  acquired  from  Bio-resources
Conservation Institute (BCI) Islamabad and identi�ed with
help of  Flora of  Pakistan.  Specimen was deposited at  Azad
Jammu Kashmir Medicinal and Aromatic Plant Herbarium
(AJKMAPH)  with  issued  Voucher  no  AJKH  7420  which
can be accessed at https://www.kashmirmedicinal�ora.com.

Cultivation

Four  types  of  soils  clay,  loamy,  sandy  and  gravel
were selected to check cultivation pattern of lavender plant.
Each type of soil was �lled in 12 inch deep well. In Feb.2021
plants  were  planted  in  wells  having  speci�c  soil  types  and
were  labeled  properly  i.e.  clay  soil  (CS),  gravel  soil  (GS),
sandy soil (SS) and loamy soil (LS) respectively. Plants were
grown and maintained at Botanical repository of Govt. Col-
lege Abbaspur AJK. Plant height was measured in Sep.2021.
Whole  plants  which  raised  on  di�erent  types  of  soil  were
harvested  and  their  fresh  and  dry  weights  were  measured
following the previous reported protocol [13].

Automatic weather system installed at regional of-
�ce of Agricultural Department AJK was used to record val-
ues  of  climatic  factors  including temperature,  sunlight  and
relative humidity. Minimum and maximum values of all th-
ese factors were taken from February-July 2021. Experiment
was done in triplicate and average values of all climatic fac-
tors  were calculated to investigate  their  e�ects  on lavender
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growth in di�erent types of soil.

Essential Oil Distillation

For  oil  extraction  fresh  �owers  were  collected  in
June  2021.  Hydro  distillation  which  is  a  certi�ed  method
was used for extraction of essential oil [14, 15]. �e �owers
were shade dried at 30°C for 5 days keeping in wooden tray.
Dried �owers were put into a cotton box and kept in a dark
glass  bottle  at  20°C.  Finally  aromatic  oil  was  distilled from
�owers using Clevenger distillation equipment at Govt. Col-
lege Laboratory. 25 grams of dried �owers were put into Cle-
venger  equipment  and  0.5L  distilled  water  was  also  added
one by one and aromatic  oil  was isolated for  1  hour.  A�er
one hour no more essential oil was obtained.

Gc-Ms Assay

Biochemical pro�ling of lavender oil was done by
using  GC-MS  protocol  with  GCMS-QP2010  Plus,  Shi-
madzu Company, Japan, Cat. No. C184-E019 with speci�ca-
tion  of  �ame  ionization  detector  (FID)  and  capillary  col-
umn. Stainless  steel  column consist  of  two parts  stationary
phase and tubling with 0.25 µm �lm width and DB-5 MS 30
m × 0.25 mm inner diameter (ID) were utilized during GC-
MS operation. Flame ionization detector FID-2010 Plus hav-
ing  digital  pressure  controller  with  following  speci�cation
electrode:  cylindrical,  electrode  voltage:  ±200V,  dynamic
range:  107  minimum  detected  quantity:  GC-2010/2010
Plus: 1.5pgC/s, maximum operating temp: GC-2010: 450°C
and  nozzle:  made  of  quartz  was  used  during  experiment
[16]. At initial stage temperature of column oven was main-
tained at 40-90°C with rate of 2°C/min. A�er that tempera-
ture was raised from 90°C-240°C at rate of  3°C/min. For 5
minutes �nal temperature was set constant. Detector and in-
jector temperatures were sustained at 280°C and 240°C, re-
spectively. 100% pure extracted lavender oil was used with-
out  dilution.  Split  mode ratio  1:5  was  used for  injection of
0.5 µl lavender oil. Helium gas was utilized as carrier gas at
rate of 1ml /minute. Electron ionization mode at 70eV was
applied  for  GC-MS  operation.  Mass  units  were  checked
from 35 to 500 AMU. Quantity of oil ingredients was mea-
sured by uni�cation of  peak areas.  Correction factors were

not  used.  Samples  of  oil  were  run  in  triplicate  pattern.  Li-
nalool 97%Sigma Aldrich was used as standard curves. Re-
tention  time  for  compound  of  interest  along  x-axis  and
abundance  area  under  peaks  which  showed  concentration
of  sample  ingredients  along  y-axis  were  used  to  construct
standard curve. Curves were constructed by running laven-
der  oil  then  plotting  retention  time  of  its  each  compound
against  its  concentration.  �ese  points  indicated  standard
curves. Two compounds did not share same standard curve.
Retention times and peaks areas were automatically record-
ed  through  data  system.  Lavender  volatile  oil  ingredients
were  analyzed  by  computerized  searching  tools  by  utiliza-
tion  mass  spectra  with  already  investigated  chemical  con-
stituents [17].  It  was carried out by comparing of the mass
spectra  of  identi�ed compounds  and Wiley/NIST database
mass-spectrum library [18].

Statistical Analysis

�e degree of co-variation in the studied data was
determined  by  looking  at  correlations.  �e  Simple  Linear
Regression (SLR) equation was used to display the associat-
ed data as dispersed plot graphs [19].

Results

�e e�ect of soil types in local environmental con-
ditions was examined during this  research work.  Measure-
ment  of  plant  height  in  four  selected  soil  types  including
gravel,  loamy  clay  and  sandy  revealed  that  in  gravel  soil
plant  showed  maximum  increase  in  height  GS:32,  LS:20,
SS:16 and CS:12 cm followed by loamy, sandy and clay soil
respectively.  Results  showed  that  gravel  soil  was  a  suitable
medium  for  lavender  growth.  However,  plant  growth  was
slow  in  clay  soil  as  shown  in  (Figure.1).  Results  revealed
that  constant  average  climatic  conditions  favor  maximum
fresh and dry weight in gravel soil followed by loamy, sandy
and clay  soil.  Similarly  more  number  of  bunches  were  ob-
served  in  gravel  soil  (30)  followed  by  loamy  (20)  in  sandy
(13) and in clay soil (6) respectively under moderate climate
conditions  in  study  area.  Findings  are  summarized  in
(Table  1  and  Figure.2).
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Figure 1: Cultivation of Lavander in Di�erent Soil Types

GS (Gravel soil) SS (Sandy soil) LS (Loamy soil) CS (Clay soil)

Figure 2: Graphical Representation of E�ect of Soil Types on Growth of Lavender Plant in Study Area

Table 1: E�ect of Di�erent Soil Types on Lavender Growth in Local Environmental Conditions

Factors Parameters Average temperature Average sunshine Average relative

(20
0

C-30
0

C) (6-7 hours per day W/m
2

) Humidity (20-25 %)

Fresh weight (g) Dry weight (g) Plant height (cm) Number of Bunches

Clay soil 6 4 12 6

Gravel soil 25 12 32 30

Loamy soil 16 8 20 20

Sandy soil 10 6 6 13
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Gc-Ms Assay

Gas  Chromatography  and  Mass  Spectrometry  in-
vestigations  of  tested  lavender  oil  showed  sixteen  com-
pounds  in  lavender  essential  oil.  Peak  number,  retention
time and percentage of each identi�ed compound were re-
corded.  GC-MS  analysis  showed  that  among  these  com-
pounds  Linalool  is  present  with  highest  percentage  (35  %)
followed by Bicyclo [2.2.1] heptan-2-one, 1, 7, 7-trimethyle-
, (IS)-(23%) and Eucalyptol (19.9%) respectively elaborated
in (Table  2).  Major  component  reported from lavender  oil
is Linalool which has good antibacterial, anti-in�ammatory
and  wound  healing  characteristics.  Furthermore,  Bicyclo

[2.2.1] heptan-2-one, 1, 7, 7-trimethyle-, (IS)-(23%) possess
good  antifungal,  antibacterial  and  antioxidant  properties.
�ird major component of oil is Eucalyptol which also has
antimicrobial, antiseptic, anti-in�ammatory, fungicidal and
expectorant properties.

All  these  compounds  have  antimicrobial  proper-
ties  due to  presence of  phenol  groups.  Sixteen curves  were
generated for sixteen compounds which were detected in es-
sential oil of lavender. Chromatogram of essential oil is illus-
trated  in  (Figure.3).  Presence  of  higher  percentage  of  Li-
nalool  and  Eucalyptol  in  lavender  oil  indicated  that  laven-
der essential oil has signi�cant value for pharmaceutical in-
dustry.

Table 2: Chemical Composition of Volatile Compounds of Lavender Oil

Peak
No. Compounds identi�ed from oil Retention Concentration

(%)

Time (min)

1 1 R-α-Pinene 4.14 1.12

2 1,7,7-Trimethylbicyclo[2.2.1]heptan-2-one (Camphor) 4.52 1.32

3 β-pinene 5.02 0.94

4 1,3,3-Trimethyl-2-oxabicyclo[2.2.2]octane (Eucalyptol) 6.3 19.9

5 3,7-Dimethyl-1,6-octadien-3-ol (linalool) 7.75 35.58

6 Bicyclo [2.2.1] heptan-2-one,1,7,7-trimethyle-, (IS)- 9.96 23.59

7 1,6-Octadien-3-ol, 3,7-dimethyle-,2-aminobenzoate- 10.23 4.95

8 2-Cyclohexane-1-one,4-methyle-, (R) 10.41 1.93

9 4-hexane-1-o’1, methyl-2-1-methylethyl-acetate 10.75 2.7

10 Allyl o-tolyl ether 11.41 1.17

11 2-6 Octatien-1-o1-, 3.7 dimethyl acetate [Z]- 11.72 0.8

12 2-6 Octatien-1-o1-,3.7 dimethyl acetate [E] 12.07 0.75

13 1, 6, 10-Dodecatriene,7, 11-dimethyle-3-methylene-, (E)- 12.81 1.56

14 Butanoic acid.3 methyle.1.ethyle-1.5.dimethyle-4-hexanenyeaster 13.91 1.84

15 9.12.15 decatriene acid 2-1-acetyloxyl-1-1 [acetyloxy] methyl
ethylester [Z.Z.Z] 13.58 0.72

16 Caryophyllene oxide 14.58 1.17

Statistical Analysis

Pearson’s  correlation  coe�cient  analysis  ex-
pressed  the  highest  correlated  data  between  Gravel  and

Loamy soils on the contrary, clay and sandy soils exhibited
the  less  correlation.  In  terms  of  Simple  Linear  Regression
equations, clay was positive regressed among all other types
of soil except sandy one (Table 3, Figure. 4).
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Figure 3: Chromatogram of Lavender Essential Oil

Table 3: Pearson’s Correlation Coe�cient Analysis of All Studied Soil Types.

 Clay Gravel Loamy Sandy

Clay  0.74 0.68 -0.31

Gravel 0.74  0.99 0.41

Loamy 0.68 0.99  0.48

Sandy -0.31 0.41 0.48  

Figure 4: Simple Linear Regression Scattered Plot Graphs between Two Studied Soil Types
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Discussion

Soil  type  and  local  climate  are  main  sources  for
global  distribution and adaption of  plant  species  from one
part  of  world  to  other  part.  Similar  studies  found  that  soil
properties  and  climatic  factors  are  signi�cant  for  lavender
cultivation,  survival  and  its  adaptability  in  new  regions  of
the  world.  Jammu  Kashmir  state  with  various  ecological
zones  is  a  suitable  place  for  lavender  cultivation  [20].  Ac-
cording to previous studies lavender is an ideal cash crop in
gravel and sandy soil with little irrigation [21]. In our study
area, clay soil exhibited higher a�nity than any other types
of  soil  to con�rm that  it  is  the best  choice for  high quality
biochemical  products.  Moderate  climatic  factors  including
average temperature, humidity and photoperiod favored for
lavender  cultivation.  �ese  factors  are  potent  indicators  of
lavender adaptation to local climate. Average climatic condi-
tions temperature (200C-300C),  sun shine (6-7 hours per
day W/m2) and relative humidity (20-25%) of study area
support lavender growth for all types of soils. But maximum
plant height, fresh and dry weights and number of bunches
were observed in gravel soil. It was revealed that selected av-
erage climatic conditions of study area along with gravel
type soil is suitable for cultivation of lavender.

Present  investigations  are  in  agreement  to  several
studies  based  on local  adaptation  of  lavender  plant  in  new
regions indicating that plant population have potential of lo-
cal adaptation [22]. Growth of a plant is a�ected directly or
indirectly by soil type [23]. Results that soil types and climat-
ic conditions a�ect lavender growth and propagation. Grav-
el  soil  promoted  lavender  cultivation  followed  by  loamy
soil.  In  sandy  and  compact  clay  soil  plant  growth  is  slow.
Gravel soil having higher calcium content due to its chalky
and pours nature might be the reasons for better growth of
this  plant.  Calcium content  cause  increase  in  plant  growth
reported by [24]. Gravel soil due to drainage ability is con-
sidered  good  for  lavender  cultivation  [25].  Similar  studies
were  conducted  showing  that  lavender  thrives  well  in
drained soils. Poor drainage of soil kills lavender plant [26].

During present study we observed proof for region-
al  adaptability  of  lavender  grown  in  gravel  and  loamy  soil
types.  In  contrast,  there  is  little  evidence  for  its  adaptation
in clay and sandy soils. From the results we concluded that

nature of soil  type has important association with lavender
adaptation  in  new  area  under  speci�c  environmental  fac-
tors.  Lavender  growth  response  to  soil  and  climate  factors
has associative e�ect in study area. A detailed investigation
showed that dimethyl vinyl hexenyl butyrate was the major
ingredient  of  lavender  oil  (43.73%),  followed  by  the  octa-
triene  dimethyl  (25.10%),  eucalyptol  (7.32%) and camphor
(3.79%)  [27].  our  study  showed  resemblance  with  earlier
studies  which  reported  that  lavender  oil  was  composed  of
compounds having linalyl acetate and linalool in signi�cant
amount [28]. Results showed that major compounds are pre-
sent in reasonable quantity in tested oil indicating that local-
ly distilled oil is of good quality. High quantity of linalool in
oil be due to moderate climatic condition of study area [29].

�e  variability  in  chemistry  of  lavender  oil  was
low and it might be due to the dissimilarity in geographical
region, microclimate, plant genotype, elevation, growth and
oil extraction procedures. Indeed, present study demonstrat-
ed that (GC-MS) biochemical pro�ling is an important ana-
lytic  technique  to  assess  quality  of  lavender  oil  and  can  be
used  for  commercialization  of  this  lavender  oil  based  on
chemical  analysis  in  local  areas  [30,  31].

Biomedical  Values  for  the  Most  Common  Phyto-
chemical  Ingredients

Pinene  is  reported  as  the  most  pharmacological
factor that includes anticoagulant, antibiotic resistance mod-
ulation, antimicrobial, antitumor, anti-in�ammatory, anti--
malarial, anti-Leishmania, analgesic and antioxidant proper-
ties [32].

Linalool  has  a  positive  activity  on  the  peripheral
and  central  nervous  systems  especially  on  neuroendocrine
and monoaminergic regulations as antidepressant factor. It
has other medicinal agents like oxidative stress, in�ammato-
ry process and neurotrophic mechanisms [33].

Eucalyptol is 1, 8-cineole that has medicinal values
due to presence of array of active components. It has antimi-
crobial,  anti-in�ammatory,  bronchodilatory,  pro-apoptotic
and analgesic properties. It can be used in treatment of varie-
ty of respiratory disorders like rhinosinusitis, asthma, chron-
ic obstructive pulmonary disease and bronchitis.  �ere are
other  systematic  diseases  that  Eucalyptol  includes  in  cure
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dose like diabetes mellitus, diarrhea, peptic, epilepsy, ulcer,
cardiac diseases besides depression and psychological disor-
ders [34].

Caryophyllene oxide possesses  the vital  medicinal
e�ects on the development of cancer proliferation. It can al-
ter the action metabolic keys of several cancer pathways like
STAT3,  PI3K,  S6K1  etc.  by  inhibition  of  gene  expression
and increasing proapoptotic actions [35].

Camphor is regarded the real remedy for di�erent
common diseases  related  to  toxicological  origin.  It  relieves
the toxic e�ects from other poisonous sources [36].

Conclusion

�is is �rst cultivation report of exotic lavender in
Azad  Kashmir.  Investigation  revealed  that  gravel  soil  and
moderate  climate  favor  lavender  cultivation.  Sixteen  com-
pounds  were  identi�ed  from  lavender  oil  through  GC-MS
analysis.  �ree  are  found  in  higher  quantity  including  li-
nalool, Bicyclo [2.2.1] heptan-2-one, 1, 7, 7-trimethyle-, (IS)
- and eucalyptol with 35.58%, 23% and 19% respectively. Fi-
nally, this research work recommends that the agro-climatic
conditions of study area are suitable for cultivation lavender
and  provide  opportunity  for  local  communities  for  indus-
trial exploitation of this plant.
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