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ABSTRACT

Lavendula officinalis plants were grown on puts filed with
perlite substrate culture under unheated plastic greenhouse. Two cuts
were obtamed to investigate the efiect of three nicotmamide
concentrations (0, 75 and 100 mg/L). Foliar spray and addition in
wrigation water were used for nicotinamide application, also two
different wrigation schedulng (10, 15 times/ day) were used to
perform twelve different treatments. The o1l herbage was distilled and
ol volume was measured. The essential o1l compositions were
identified by GLC.

Essential o1l samples were tested for ther antimicrobial
activity agamst 20 microorganisms including five Gram positive
bactenia: micrococcus roseus, Micrococcus luteus, Staphviococcus
aureus, Bacillus subltils, Bacillus cereus, five Gram negative bacteria:
Escherichia coli, Erwinia  carotovora, Serratia  marcines,
Pseudomonas  fluoresceus, Salmonella (yvphimurium, six Fungi:
Fusarium  solani,  Fusarium  oxysporum, Rhizoctonia solani,
Aspergillus flavus, Aspergillus niger, Penicillium sp., four Yeast:
Saccharomyces cerevisiae, Saccharomyces roxii, Candida ufilis,
Candida albicans. The antimicrobial potency was determined by
measuring the mhibition zone (mm) usmg whole plat diffusion
technique.

Irrigation level of 15 times /day gave the highest oil value
(0.31%) m first cut and the lowest o1l value (0.21%) m case of the
second cut. However, irrigation for 10 times/day 1s completely
sufficient for obtaining significant high oil yield in both first cut (0.63
ml/herb) and second cut (0.51 ml/herb). Both o1l percentage and yield
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showed less values mn the second cut compared with the first one for
both mrrigation levels. O1l yield showed significant high values, with
apphcation of 75 ppm (0.68 ml/herb) compared with those of control
(0.50 ml/herb) and 100 ppm (0.48 ml/herb). GC data showed the
superiority of 1, 8 cmneol which varied from one cut to another
according to the rate of mrigation and application of nicotmamide.
Lmalool was the second major constituent i all treatments, and
showed vacillation due to nicotinamide application and the rate of
rrigation from one cut to another. Other constituents (Limonene, o,
pinene, Camphor, Limalyl acetate, Terpinene-4-0l, Lavandulyl acetate,
and geranayl acetate) exhibited comparatively low values.
Chemotypic classification of Lavendula officinalis mvestigated mn this
study under perlite soilless conditions 1s 1, 8 Cineol, Lmalool type.
Antimicrobial mhibitory effect of most of resultant lavender
essential oils mcreased with mcreasmg therr volume from 2 to Sul.
Most strams of fungi, gram positive and negative bacteria showed
high sensitivity and mhibited to great extent. Different strams of yeast
showed high resistance and survived essential oils tested. Neither
wrigation rate frequencies 10 and 15 times/day nor application of
nicotmamide had clear and marked effect on the antimicrobial activity
of the resultant lavender essential oils. Data clearly mdicate the
marked mhibitory effect of lavender crude o1l samples against several
human and plant pathogens and non pathogenic micro organisms.

Kevwords: Nicotinamide, Lavendula officinalis, essential oil, antimicrobial
activily.
INTRODUCTION

Essential oils have been used m perfumeries flavormg, food
preservation, traditional medicine, anti-oxidant, anti mflammatory,
anthelmintic, ant1 carcmogenesis, anti-bacterial, anti-fungal and anti-
viral agents. Also it raises the immunity of human by increasing the
ant1 body production (Tzakau ef af., 2001; Kitic ef a/., 2002).Thus
essential oils are favored because they are natural, mexpensive when
produced 1 large scale, possess low mammalian toxicity,
biodegradable, and can simultaneously fulfill the roles of more than
on¢ synthetic alternative (Hay and Waterman, 1993). Also they may
offer solution for controllmg various environmental problems
assoclated with livestock wastes (Varel er al., 2004). Many studies
have proved the growth regulatory mmpact of several vitamins,
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especlally through foliar spraying with micro concentrations (ppm).
However this technique has been used m several studies dealing both
medicmal and aromatic plants amming to increase essential oil
concentration and quality. Nicotmamide (vit.B5) may be more softy
than the known hormonal regulators which recently are known as
carcmogens (Youssef & Iman, 2003). Essential oils distilled from
members of Lavandula genus have been used m both cosmetics and
therapeutics for centuries with the most commonly used species being
L. angustifolia, L. latifolia, L. stoechas and L. intermedia. Although
there 1s considerable nformation about the biological activity of these
o1ls, much of this has not been substantiated by scientific or clinical
evidence. Among the claims made for lavender oil are that is 1t
antibacterial, antifungal, carmmative (smooth muscle relaxing),
sedative, antidepressive and effective for burns and msect bites
(Cavanagh & Wilkinson 2002).

The antibacterial effect of Labiatae aromatic plants against
bacteria, as recorded m the in vitro bioassays, not only explamns the
scarce presence of the bacteria on their leaves but may have
applications m agriculture as a frost-control method for sensitive crops
( Karamanolh ef al., 2000).

Antifungal activity of essential oitls extracted from
Origanum  syriacuin, lavandin (Lavandula officinalis) and
lemongrass (Cymbopogon citratus), in vitro agamst Botrytis
cinerea and Rhizoctonia solani. O1l extracted from Origanum
syriacum mhibited the growth of B. cinerea and R. solani by 80-
100%, whereas oils from L. officinalis and C. citratus showed less
antifungal activity (Shimoni er al., 1993). Antmmicrobial activities
of Lavandula officinalis and Lavandula angustifolia using a micro
atmospheric technique were more potent agamst filamentous fungi
than the other essential oils exhibit higher activities against a battery
of microorganmisms (bacteria and fungi) (Gvozdikova e al,, 1990;
Larrondo ef al., 1995; Adam e! al., 1998; and Inouye, e/ af., 2003).
Biological activities of 105 commercial essential oils agamnst 25
species of bacteria, 20 strams of Listeria monocytogenes, and 3
filamentous fung1 (Aspergillus niger, A. ochraceus and Fusarium
culmorum ). Therr antioxidant action was also determmed by GC.
however, a great variability between the biological action of different
samples of mdividual o1ls and groups of o1ls under the same general
name, lavender, eucalyptus or chamomile, which was reflected
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differences in chemical composition (Lis-Balchin er a/., 1998). There
were antifungal activity of lavender essential o1l on naturally
contaminated corn and maize with moulds of Alfernaria spp. and
Fusarium verticillioides. Maize kernels and ears were also moculated
with spores of the aflatoxigenic strain Aspergillus parasiticus and with
spores of Aspergillus niger. Lavender essential o1l showed fungistatic
effect on maize kernels at concentrations of 0.27 ml/l and 4 pl/g
during 30 days against Aspergillus niger, and at a concentration 24 ul
/g agamst Aspergillus parasiticus. Lavender oil at 125 ul /g also
showed a sporicidal effect agamnst Aspergillus parasiticus. Kernels
treated with various concentrations of lavender essential oils were
given as feed to cows, horses and pigs. Only pigs showed a tolerance
to lavender essential o1l. Mycehal growth and mycotoxm production
on maize kernels were mhibited by lavender essential oil (Pepelinjak
el al., 2004).

In this study the nicotmamide effect on the percentage and
yield of the resultant Lavender essential o1l m addition to ther GC
profile have drowned the attention as well as the antimicrobial
potency of these oils which were investigated against 20
microorganism strains mcluding 5 gram positive, 5 gram negative, 6
fungi (molds) and 4 yeast. Also this study puts stress on the positive
variations that may be resulted due to cultivating lavender plant
perlite soilless culture, and the regulatory effect of nicotmmamide
applications.

MATERIALS AND METHODS

Lavender Plants (Lavendula officinalis) were grown on puts
filed with perlite substrate culture under unheated plastic house (9 x
60 x 3.25 m). Two cuts were obtammed (three replicates of each
treatment) to mvestigate the effect of three nicotmanmde
concentrations (0, 75 and 100 mg/L), using two different methods of
nicotinamide application; foliar spray and addition in irrigation water
also two different wrrigation scheduling (10, 15 times/day) were used
to perform twelve different treatments.
Experimental design and Statistical analysis

The obtamed data were statistically analyzed using the general

linear model procedure described m SAS User's Guide (SAS, 1998),
according to the following model: Y= p + Li + C; +My+ LCMUk
Eir , where Yijx = Observed trait, p = The Dverall mean, L; = The
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effect of wrrigation (1= 1, 2), C; = The effect of concentration (=1, 2,
3), My = The effect of methods (k = [, 2), LCM;jx = Interactions
between 1 the rrigation, j the concentration and the k methods and Esjg
= Random error. Mean differences were tested by Duncan's Multiple
Range test (Duncan, 1955)
Extraction of essential oil

The o1l herbage was distilled and o1l volume was measured
accordmg to (Guenther 1960).
GLC analysis of the essential oil

The essential oil composition was identified by GLC (Gas
Liquid Chromatography/Pye Unicampro-GC according to (Radwan
1978). Separation conditions were: Column OV-17 (Methyl Phenyl
Silicone, 1.5 X 4mm), 70°C/5min with rate 8°C/min up to 200°C /50
min with Inj. and Dect. temp. 250°C & 300°C respectively.
Antimicrobial activity

The tested micro-organisms source was Microbiology
department Faculty of Agriculture Am Shams University, Cairo,
Egypt and they were: five Gram positive bacteria:  micrococcus
roseus, Micrococcus luteus, Staphylococcus aureus, Bacillus subtils,
Bacillus cereus, five Gram negative bacteria: FEscherichia coli,
I'rwinia carotovora, Serratia marcines, Pseudomonas fluoresceus,
Salmonella typhimurium, six Fungi: Fusarium solani, Fusarium
oxysporum, Rhizoctonia solani, Aspergillus flavus, Aspergillus niger,
Penicillium  sp., four Yeast: Saccharomyces  cerevisiae,
Saccharomyces roxii, Candida utilis, Candida albicans.

The followmg media were used throughout this mvestigation:
Nutrient agar medium

Peptone (5.0 g), Beef extract (3.0g), Agar agar (20.0g),
Distilled water up to 1000 ml, pH adjusted to 7.2. This medmum was
used for propagation and maintenance of Gram positive and negative
bacteria. Inoculated plates or tubes were incubated at 30°C = 2° C for
24 hr (CA I M, 1987).
Universal medium

Peptone (5.0 g), Glucose (10.0g), Yeast extract (3.0g), Malt
extract (3.0g), Agar agar (20.0g), Distilled water up to 1000ml, pH
adjusted to 5.8. This medium was used for propagation and
maintenance of yeast strains. Inoculated plates or tubes were
incubated at 30°C = 2° C for 24 hr (CAIM, 1987).
Malt extract medium
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Malt extract (30.0g), Agar agar (20.0g), Distilled water up to 1000ml,
pH adjusted to 5.5. This medium was used for propagation and
maintenance of fungal stramns. Inoculated plates or tubes were
incubated at 28°C £ 2°C for 3 to 7days (CAIM, 1987).
Antimicrobial activity

All lavender extracts were tested for therr antimicrobial
activities agamst 20 microorganisms including 5 Gram positive, 5
Gram-negative bacterra, 6 fungi and 4 vyeast. Antimicrobial activity
was determimmed by measuring the mhibition zones (mm) using agar
diffusion method (Sleigh and Timburg, 1981).

RESULTS AND DISCUSSION

Effect of nicotinamide applications on lavender essential oil

It 1s well known that the economic value of lavender plant i1s
attributed to its essential o1l content therefore we have put stress on
the positive variations that may be resulted due to cultivating lavender
plant m perlite soilless culture, and the regulatory effect of
nicotinamide application. Thus the evaluation and compression among
all treatments were based on essential o1l percentage together with its
yield (m. oil/plant fresh weight). Data obtamed are histed m Table (1)
for the first cut and for the second cut.

The main features could be summarized on the following statements:
Effect of irrigation level

Dealing with the essential o1l percentage (Table 1), the highest
wrigation level (15 times /day) gave the highest value (0.31%) m first
cut and the lowest value (0.21%) in case of the second cut.

However 1t 1s clear that, wrigation for 10 times/day 1s
completely sufficient for obtaining significant high o1l yield n both
first cut (0.63 ml/herb) and second cut (0.51 ml/herb) compared with
those produced by 15 times/day which reached only 0.47 and 0.39
ml/herb respectively.

The sigmificant highest o1l yield - m spite of 1its percentage —
using 10 times/day in both first and second cuts 1s attributed to the
highest vegetative growth(fresh weight/plant) (data not shown)
compared with 15 times/day. On other word, lavender essential oil
yield together with 1ts fresh weight mcreased with decreasing
wrigation rate which save money through lowermg the case of
lavender cultivation m perlite soilless culture. The compression
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between first and second cuts herbage reveal that both oil percentage
and yield showed less values i the second cut compared with the first
one, and this hold true for both irigation levels, e.g. in case of 10
times/day o1l percentage was 0.27% (first cut) and decreased to 0.25%
in second cut. Also o1l yield values were 0.63 and only 0.51 ml/herb in
case of first and second cut respectively.
Table (1): Effect of nicotmamide application on essential o1l of
lavender herbage (first and second cut)

MNA Y Eszential oil { mi-100 g Fw ) oil Yietd { Plant
irrigation concertration Method First cut Second cut First cut Secong cut
Addition | 027 = 001 | 028 4 0007 1.68 & .01 0.52 £ 0.003
control
Spray D37+ 03 § 028 + 0007 nG6e + 0.01 062 ¢ 0.003
Agdition | 096 £ 001 | 026 + 0007 052 % G050 0.47 & G029
1G timas ! day 79 mgil, ey _ =
Speay 1348 % .o (.23 + 11024 fl80G £ 905 QG & G07H
Agdition | 027 = 0.0 023 & 0055 N57 & D62 045 & G027
160 mglt :
Spray 023 % 6O 024 + 0.0%%5 032 & 001 B2 & G4
Agdtion | 031 = 002 0.24 + 0023 035 + 203 035 # §U35
cantrol
Spray 031+ 902 024 + 0023 035 & 003 0.25 &+ G035
_ Addition | 027 & CO2 6.5 & 0.0%3 0.3¢ & 9433 131 4 2935
15 timas § day 78 mgiL e o e =
Spray N335 = Q01 020 4+ 0032 073 + 003 048 + GGT2
Agdition | D27 = GO 027 + 0.021 051+ 004 062 + 00RT
160 mgit.
Spray 039 £ 602 023 + 0.00% 053 503 .36 £ G008
Main effects;
Effect of rigation
10 imes f day Gi2F 0.25 (153 Q57"
. - S e
15 times / day C.31" 321" C.47 0.3
Effect of concentration
e —tr i £
aontred I R, 28" (.50 0.43
: = E: & %
5mgii - G 3 20 68 .44
B 8 8 8 A
o 2 % o &
100mgfL - 2 0,23 G 48 .48
Effect of Mathods
L = b o
A | C.27 {323 o5 c:
— ey Fumama
— : 3 & 3 5!
5 G 31 .23 58 Q.47
probability
;. 0.G001 G.CO0D3 £.G001 {1 00CH
2 03755 (3. GO £.050% .21
Mt 0.G001% G.5903 {4436 316717
g .0001 00542 {J.000% O.007

Where: A= Addition, S= Spray, L; = effect of irrigation (i = 1, 2), C; = effect of
concentration (J = 1, 2, 3), My = effect of methods (k = 1, 2), LCM;, =
Intcractions between 1 irrigation, j concentration and k methods.
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The relationship between wrrigation rate and both essential oil
concentration (%) and yield may be varied from one aromatic plant to
another. However our data agree with those of Mahmoud ef al.,
(1992) on Sweet basil (ocimum basilicum I..), Stmon el al., (1992) on
sweet bail, Saxma ef a/., (1993) on Japanese mint , and Ram ef al.,
(1995) on Bergamot mint, who concluded such inverse relationship
between soil moisture and o1l content.

On the other hand Koriesh and Atta (1986) on Pelargonium
graveolens, Horonk Csrake (1987) on anise, coriander and dill, found
that no direct relationship between so1l moisture content and the yield
of the resultant essential oil, whilst frequent rrigation ratio resulted mn
high significant essential o1l yield (Ram ef al., 1995) on Japanese
geranium plant, Saxena and Smgh (1996 and 1998) on Japanese
patchouli and Japanese mint respectively.

Effect of nicotinamide application

Variable differences in lavender essential oils were exerted
between first and second cut in relation to nicotmamde applications.

In case of first cut (Table 1) essential o1l percentage changed
within non-significant range (0.29 to 0.30 %) in case of control, 75
and 100 ppm treatments, whilst o1l yield showed significant high
values, with application of 75 ppm (0.68 ml/herb) compared with
those of control (0.50) and 100 ppm (0.48).

Regarding to the second cut, the significant highest percentage
of o1l was detected in control treatment (0.26 %) compared with those
nicotmamide treatments (0.20 and 0.23 %). On the other hand o1l yield
exhibited non-significant vanations among all treatments (0.43, 0.44
and 0.48 ml/herb).

Essential oils content have been influenced by application of
growth regulators, such as nicotmamide on lavender plant (Youssel
and Iman, 2003), ascorbic acid and zinc on Cupressus sempervirens
plant  (Farahat e¢f a/. 2007). Early; El-Keltaw1 and Croteau (1987)
stated that cytokmin stimulate monoterpene biosynthes m Mentha
piperita.

Effect of methods of nicotinamide application

As general point of view; method of nicotinamide application
seemed to be of shght mmpact on both lavender o1l yield and
percentage either in first or second cut (Table 1). However methods of

application did not affect o1l yield m significant manner m both first
cut (0.55 and 0.56 ml/herb) and second cut (0.43 and 0.47 ml/herb).
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Dealing with o1l percentage; only foliar spray m first cut
resulted m significant high percentage (0.31 %) compared with
addition method (0.27 %). The comparison between first and second
cut, reveal higher values of both o1l yield and percentage mcase of
first cut than in second one.

The comparison among the mdividual treatments, each apart,
reveal the superiority of addition 75 ppm nicotmamude to the nutrient
solution ( irrigation water) at 10 times/day, which gave the highest oil
yield m first cut followed by foliar spray at the same concentration
(0.80 ml/herb). On the other hand raising nicotmamide to 100 ppm
exerted dramatic decrements mn o1l yield (0.32 ml/herb) due to folar
spray.

In case of the second cut, most treatments mrigated at 10
times/day exhibited higher o1l yield than 15 tmmes/day did. The highest
o1l yield was obtamed with 100 ppm nicotmanmde foliar sprayng
(0.617 ml/herb).

At close, dependmg upon the forementioned findings one can
conclude the ideal conditions for achieving maximal o1l yield m
lavender plant grown in perlite substrate are:

e In first cut; addition of 75 ppm nicotinamide to the irrigation water

at 10 times/ day.

e In second cut; foliar spraying with 100 ppm nicotinamide at the
same 1rrigation level 1.e. 10 tumes/day.

GC profile of lavender essential oil

The effect of nmicotinanmmde apphcation and wrrigation rate on
the different constituents of lavender crude essential oils are printed m
Table ( 2) for the first cut and Table ( 3) for the second cut.

The mam features that may characterized the essential oil
mvestigated m the present study which extracted from lavender plants
grown 1n perlite soilless culture, are:

1- The superiority of 1, 8 cmeol (ether), which varied from one cut to
another and accordmg to the rate of wrigation and applcation of
nicotinamide e.g. In control; wrrigation at 10 times / day resulted m
slight differences between first cut (40.66%) and second cut
(39.61%). On the other hand, increasing irrigation rate to 15 times
/day, exerted marked mcrease from 38.34% (first cut ) to 48.64%
the second cut , which represented the highest value compared with all
other treatments including nicotinamide application. Whilst the lowest
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value (16.29%) was attained by increasing irrigation rate (15 times /
day) with sitmultaneous fohar spraymg with 100ppm nicotmannde.
Concerning with the effect of nicotmamide application , data
show remarkable decrease m |, 8§ Cmeol compared with control m
both first and second cut, and also both wrrigation levels, with one
exception foliar spraying with 100 ppm 1n first cut previously irrigated
at 10 tmes / day ( 43.65%). However the mverse mmpact of
nicotmamide application on 1, 8 Cmeol was clearly observed in case
of first cut than m second cut, and also with mcreasmg wrrigation rate.
2- Lmalool (alcohol), was the second major constituent mn all
treatments, and showed wvariable fluctuations due to nicotmanmde
application and the rate of rrigation also from one cut to another .e.g.
in case of 10times/day, 1ts value m control mncreased from 15.14% to
22.60% 1 first and second cut respectively. Comparison between 10
and 15 times/ day, showed that its values mcreased with mcreasmng
rrigation rate m both two cuts, e.g. its value mcreased from 15.14% to
18.55 % (first cut ) and from 22.61% to 25.89%(second cut ) with
increasing the rate of mrrigation from 10 to 15 times / day . The highest
value was 24.27% m first cut treated with 75 ppm foliar spray, whilst
in second cut, 1ts highest value 29.97% recorded when plants wrrigated
by nutrient solution contained 100 ppm nicotinamide for 10 times /
day.
J. Lmonene (monoterpene hydrocarbon) exhibited comparatively
low values compared with either 1, 8 cineole or linalool. The recorded
values of limonene m the first cut were relatively higher than those of
the second cut at the same level of nrigation ¢.g. its values i case of
10 tmmes/ day decreased from 7.78% m the first cut to 4.9% m the
second cut . Also, in 15 times/ day, its values were 6.95% m the first
cut and decreased to 4.64% i the second cut. However the mam
conclusion may be ; limonene values showed great differences and
varied from one cut to another , whilst it showed little response due to
increasing irrigation rate (level) from 10 to 15 times/ day.
4. o, B pmene (monoterpene hydrocarbons) came m the fourth order
and showed higher values with nicotmamide application and
increasing Irrigation rate i the first cut compared with control
treatment e.g. In case of rrigation control plants at 10 times/ day, o, 3,
pmmene accounted by 6.78% and increased dramatically by
nicotmamide application, which reached ther maxmmal value
(14.105%) mn case of addition 75 ppm, followed by foliar spray with
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the same concentration (13.566%). Also it increased to 11.907% when
control plants rrigated frequently at 15 times / day.

The comparison between first and second cut reveal ther

higher existence mn first cut, which tended to dimmish dramatically mn
the second cut, especially in nicotinamide treatments.
5. GC profile also reveals the presence of five identified compounds
which existed m relatively mmute proportions (Le. minor
components). These constituents are arranged according to their RT
(retention time) as follows:

Camphor (0.912 - 3.282%) 1n first cut and (1.73 - 4.4 %) n the
second cut; Lmalyl acetate (0.856 - 5.523%) and (0.14 - 5.31%),
Terpinene -4-ol (0.734 - 5.459%) and (0.06 - 0.84%), Lavandulyl
acetate (1.461- 4.901%) and (0.02 - 3.12%), fmally geranayl acetate
(1.593 - 5.12%) and (0.1 - 5.46%) m case of the first and second cut
respectively.

Table (2): Volatile o1l profile of Lavender herbage (first cut) treated
with nicotmamide

Tr:;m;ﬂ::nf;” ke | iea | siet | stez N Lt | nc2 | st | sxce
a-Pinene 5469 | 6716 | 5798 | 6512 | 5673 | 6246 | 5974 | 6472 | 6812 | 635
b-Pinene 1512 | 7957 | 6551 | 6921 | 5800 5895 | 3477 | Q2760 | 7418 | 6400
Limenene 7783 | 9754 | 9201 | 7455 | 5892 | 6049 | 6596 | 57383 | 10798 | 7135
1.8 Cineole A0859 | 25529 | 23248 | 34.985 | 43646 | 36,399 | 19.067 | 22735 | 26954 | 30.062
Camphore 0912 | 2205 | 2516 | 1458 | 1216 | 2617 | 2625 | 09174 3282 | 1352
Linalool 5,141 | 20578 | 18.569 | 24.273 | 22537 | 18545 | 13561 | 22524 | 16441 | 23208
Unalylacetate | 1057 | 4054 | 5523 | 3047 | 0.856 | 4347 | G6O7 | 23484 5435 | 5243
Terpinen-4-o 205 | 1257 | 1646 | G765 | 1604 | 1639 | 3854 | 08142 | 5450 | 0964
Lavandulyl acetate | 1451 | 2600 | 3415 | 1704 | 15656 | 3404 | 4001 | 25464 | 3345 | 2000
Geranylacstate | 1593 | 5408 | 512 | 2507 | 2086 | 2595 | 5080 | 55567 | 2622 | 2054
Total Un identified | Eﬁ,BESEE"!S.C@%517.9%*10.4?{3 9.{3515 SE 32-429;213,554 12.033 ¢+ 10227

Where: T1C1= irrigation with 75mg/l NA for 10 times/day, 11C2= irrigation with
100mg/1 NA for 10 times/day, SIC1= spray with 75mg/l NA [or 10, CONT.A=
irrigation without NA(with nutrition solution) for 10 times/day, S1C2= spray with
100mg/1 NA for 10 times/day, [2C1= 1rrigation with 753mg/1 NA for 15 times/day,
[2C2= irrigation with 100mg/l NA for 15 times/day, S2C 1= spray with 75mg/| NA
for 15 times/day, S2C2= spray with 100mg/l NA for 15 times/day, CONT.B=
irrigation without NA(with nutrition solution) for 15 times/day.
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Table (3): Volatile o1l profile of Lavender herbage (second cut)
treated with nicotmamde

Tfj::::;;:ﬁ:) ST 1 ey ez | ster | stz | ©9 izt | o2 | sac gszcz
a-pinene 154 | 187 | 176 | 456 | 180 | 1000 | 143 | 182 | 078 | 585
b-pinena 437 | 531 | 477 | 480 | 450 | 3086 | 543 | 547 | 421 | 383
imonene $90 | 604 | 530 | 412 | 300 | 4642 | 664 | 604 | 935 | 710 |
1.8 cineole 361 | 9078 | 3345 | 4759 | 372¢ | 48467 | 84T | B8O | 351 | 1620
camphare D4 | 288 1312 | 2902 [ 347 [ 2119 | 173 | 226 | 280 | 438
imalool | 2260 | 2136 | 1664 | 2607 | 2657 | 25801 | 2300 | 19.51 | 845 | 1581
iinalyl acetate i 304 | 402 1 B0 | 273 | 531 (1880 408 | SA2U | 04 331
terpinen-4-ol GOC | 5% | 086 | 006 | 071 | 0058 | 008 | 008 | 013 | 028
Lavandubilacetate | GO3 | 002 | 136 | 124 | 002 | 0051 | 002 | 002 | 342 | 040 |
Geranylacetate | 396 | 257 | 867 | 010 | 010 | 5480 | 284 | 286 | 1213 | 551
Total Un identified | 1333 | 1608 | 2391 | 1501 | 1855 | 757 611 | 1818 | 1480 | 3748

Where: 11C1= irrigation with 75mg/l NA for 10 times/day, 11C2= irrigation with
100mg/l NA for 10 times/day, S1CI= spray with 75mg/l NA for 10, CONT.A=
irrigation without NA(with nutrition solution) for 10 times/day, S1C2= spray with
100mg/1 NA for 10 times/day, [2C1= irrigation with 75mg/l NA for 15 times/day,
[2C2=1rmgation with 100mg/l NA for 15 times/day, S2C1= spray with 75mg/l1 NA
for 15 tumes/day, S2C2= spray with 100mg/l1 NA for 15 times/day, CONT.B=
irrigation without NA(with nutrition solution) for 15 times/day.

Depending upon the abovementioned finding, which reveal the
superiority of 1, 8 cmeol followed by lmalool (Abdel-Reheem ez al.,
2006), the chemotypic classification of Lavender plant investigated m
the present study under perlite soilless conditions 15 1, 8 Cimeol,
Lmalool type, which may be distinguish it from the other lavender
types. In this connection Garcia —Vallejo e al., (1990) concluded that
Lavender sp. have been classified mto difierent chemo types
according to the major constituents of each type which are generally
more than 10 % 1n 1ts corresponding oil.

Antimicrobial activity of lavender crude essential oil

All essential o1l samples were tested for theiwr antimicrobial
activity agamst 20 microorganisms mcludmmg gram positive (5 strams)
gram negative (5 strans), fungi (6 strams) and yeast (4 strains). The
antimicrobial potency was determmed by measuring the inhibition
zone (mm) using whole plat diffusion techmique.
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The data obtamned are lListed m Tables (4, 5, 6 and 7)
general; three mam aspects could be concluded:

Firstly: the mhibitory effect of most of the resultant lavender
essential o1ls mcreased with mcreasing their volume from 2 to Sul. m
spit of the type of the tested microorganism.

Secondly the different types of organisms showed variable
responses towards lavender essential oils. Most strams of fungi, gram
posittve and negative bacteria showed high sensitivity and mhibited to
great extent. On the other hand the different strams of yeast showed
high resistance and survived essential oils tested. However the shght
inhibitory eftects were attamed at the highest concentration (5ul).

Thirdly: neither wrrigation rate frequencies 10 and 15 times/day
nor application of nicotmamide had clear and marked eftect on the
antimicrobial activity of the resultant lavender essential oils.

More details could be discussed as follows:

Lavender essential o1l samples had no mhibitory effect against
both B .subtilis (g ) and Candida ablicans (yeast) as shown in tables
12 and 14 respectively. However this hold true for oils extracted from
control and nicotinamide treated samples.

Dealing with antifungal activity: data m Table (4) reveal the
marked mhibitory effect of most o1ls especially at Sul against the all
tested molds strams.

ASP. flavus showed the relatively highest sensitivity (29mm)
in case of control A (5ul ). One must put stress on this fungus because
of 1ts capability for producmg AFB compounds, which are well
known as carcinogenic agents (mitialed carcinogens). Thus further
studies on AFB producing fungi are needed before recommendation of
essential oils spraying m closed and welled areas to prevent the
reproduction of these human pathogens. On the other hand
Rhizoctonia solani and F. oxysponum exhibited the relatively higher
resistance, as their mhibition zone did not exceed than 19 and 20mm
respectively. The other remamed types 1e. Asp. niger, pencillium sp.
and I, solani showed moderate resistance as therr maximal mhibition
zone were 22, 22 and 24 mm respectively.
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Table (4): Antifungal activity of Lavendula officinalis crude volatile

o1l
crittde Diameter of inhibizon zone {mm;
treatment wtatie ol
£11)
o : pencififum Kazostona
Faolanr | oxyspofidm ap SolEni Aspflavis | Asp. niger
2 2 a s i 4] ¥
CUONT.A 3 3 18 17 14 12 4
; 5 - 16 -.-;? ) ; :E- gﬁ ? Tﬁ o
2 U 3 G 3 0 0
1C o 14 18 e 9 12 19
o 19 19 15 12 1G T
2 4 > ¥ 3 2
102 5 a 12 e a 2
5 15 12 15 3 12 11
2 5 5 (3 (3 )
S 5 T 14 12 12 7 3
5 24 16 14 e 7 & i
@ 5 & G 2 4 &
S102 3 12 16 L 14 12 12
............... : ~ 1& . - 19 - s
P 0 E 3 14 12
CONTR mmfi: i 14 T-; 12 12 12 14 N
5 12 15 id & 13 16
2 0 # 12 3
257 3 G & 24 12
5 12 12 T 12 18 14
2 55 2 G ? 2
{2002 3 12 7 0 1 14 3
& =2 13 12 1< 16 te
o e, 2 2 4 2 &
] 3 i 14 14 & 5 &
7 14 1€ 18 & 1% 15
e 2 {0 3 A (3 1 14 18
5 13 Ly ' e 2 13 12

Where: [1C 1= irrigation with 75mg/1 NA for 10 times/day, 11C2= irrigation with
100mg/l NA for 10 times/day, SICI= spray with 75mg/l NA for 10, CONT.A=
irrigation without NA(with nutrition solution) for 10 times/day, S1C2= spray with
100mg/1 NA [or 10 umcs/day, [2C1= irrigation with 75mg/l NA [or 15 tmcs/day,
[2C2=1rrigation with 100mg/l NA for 15 times/day, S2C1= spray with 75mg/1 NA
for 15 times/day, S2C2= spray with 100mg/l NA for 15 times/day, CONT.B=

irrigation without NA(with nutrition solution) for 15 times/day.
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Table (5): Antimicrobial activity of Lavendula officinalis crude
volatile o1l on Gram positive bacteria.

S Diamater of hikiion zone fmm)
treatment wolatile ol
(31}
B reaeess A hatens Staph aureus i3 subiiia F ceves
= : ) = 0 $: 8
CONT.A 3 5 5 12 0 12
2 8 & 20 1 ik
P ) () 4 3 s
tetr f s+ w0 F a4 i 12 | o s |
5 L 24 30 18 s 12
» 5 2 6 o 8
| HE2 3 14 14 i 10
Sy E xxxxxxxxxx % mxm:;; xxxxx mmmm;g xxxxx mmmm; mmmmmmmmm mwma mmmmmm pmmnz xxxxx 2
2 & 3 0 0 10
S1C 3 10 4 20 0 £
5 ; 29 12 21 i e
2 2 0 4 3 2
N a 16 4 1 o 74
5 20 5 185 4 2
.. ; 0 3 D ¥ 5
CONT.B - 7 ; 12 Tl 14 1 s o 12 .
5 2 14 3 & 20
2 0 4 3
e e e o e T e j o o o — i i
5 : 12 14 60 0 14
2 4 0 0 3 4
2072 3 20 16 10 3 16
T Ty 1 s} e 5 1 48
2 J 4 0 G &
SN G =20 10 3 G 1
5 : 25 11 12 & 2
- 2 : o 0 5 o 5
6§ EE 2 24 : 20

Where: T1Cl=irrigation with 75mg/l1 NA for [0 times/day, 11C2= irrigation with
100mg/1 NA for 10 times/day, S1CI1= spray with 75mg/l NA for 10, CONT.A=
irrigation without NA(with nutrition solution) for 10 times/day, S1C2= spray with
100mg/1 NA for 10 timcs/day, [2C1= 1rrigation with 75mg/l1 NA [or 15 times/day,
[2C2=1mgation with 100mg/l NA for 15 times/day, S2C1= spray with 75mg/l1 NA
for 15 tumes/day, S2C2= spray with 100mg/l1 NA for 15 times/day, CONT.B=
irrigation without NA(with nutrition solution) for 15 times/day.
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Table (6): Antimicrobial activity of Lavendula officinalis crude
volatile o1l on Gram -negative bacteria.

Drharmiebar O inhibibion 2one imm)

CrLICH
treatment | voiatle o
{1y
- - - Ef i - SaNT. h s, I T
£, ol ety FrE OIS fHarg e g S Iyfhirrcfur
...................... o asanmoton B e ont e oo R e
CONT.A i 3 3 14 22 D &
: 5 5 12 14 13 26
p 0 0 a 0 2
Elog 3 12 G 0 T D B
5 26 20 12 12 20
z = 5 0 16
{102 3 7 12 12 12
5 | 44 | s {28 44 s
< G { 4 2 O
S1C1 2 2 3 12 13 12
5 12 18 25 7 25
2 2 0 ‘ = B %
S0 2 2 20 10 92 12
i 5 24 22 24 24
2 12 G % ¥ 0
CONT.E 3 15 iz a 8 12
5 18 14 20 20 22
2 3 2 o 0 9
12C1 2 12 18 2 2 12
I 15 15 12 5 20 :
v, 4 4 G 0 12
1200 3 20 18 12 14 14
5 21 2 15 14 16
- > & 2 0 o e N
S2C1 3 22 14 12 19 12
5 74 12 P 20 20
24 2 {3 12 £
5 18 21 24 2 20

Where: T1C 1= irrigation with 75mg/l NA for 10 times/day, T1C2= irrigation with
100mg/1 NA for 10 times/day, SICI1= spray with 75mg/l NA for 10, CONT.A=
irrigation without NA(with nutrition solution) for 10 times/day, S1C2= spray with
100mg/1 NA [or 10 times/day, [2C1= irrigation with 75mg/l NA for 15 tmces/day,
[2C2= irrigation with 100mg/l1 NA for 15 times/day, S2C1= spray with 75mg/1 NA
for 15 times/day, S2C2= spray with 100mg/l1 NA for 15 times/day, CONT.B=
irrigation without NA(with nutrition solution) for 15 times/day.
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Regarding to G- (Table 5) and G (Table 6), data reveal
therr highly sensitivity towards the most different o1l samples, which
ranged between 20-26mm and 24-26mm respectively. All the different
strams of yeast survived and showed the highest resistance towards
lavender essential oil samples (Table 7). Fortunately the tested yeast
strains are non pathogens.

At close, the forementioned data clearly indicate the marked
mhibitory effect of lavender crude o1l samples against several human
and plant pathogens and non pathogenic micro organisms. The
relatively highest mhibition was attamned on fungi followed by both
G " and G bacteria. On the other hand these oil samples were less
active agamst yeast. However our data are m good conconance with
those reported by Shimom e/ al., 1993, Vokou ef al., 1993, Larrando
et al., 1995, Adam ef al.,, 1998, Karamanol ef a/.,, 2000, Gavanagh
and Wilkimson 2002, Tolkunova 2002, Pepeljnjak e/ al., 2004, and
Abdel-Reheem ef al., 2006. In this connection Inouye et al., (2003)
found that, bark, thyme and lavender o1ls showed high antimicrobial
activity agamst three fungi and two bacteria. Lavender o1l showed
relatively high toxicity by solution contact than by gaseous contact.
Also, Soylu ef al., (2006) found that several essential oils mcluding
lavender, thyme have mhibitory effect on Q-mfestantsm a close
dependent manner.

Considering with the mode of antibacterial action Burt (2004)
explammed that essential oils comprise large number of components
and, mn turn ther mode of action mvolves several targets i bacterial
cell. The hydrophobicity of essential oils enables them to partition n
the lipids of cell membrane and mitochondria rending them permeable
and leading to leakage of cell contents 1.e. exert bactericidal or at least
bacteriostatic properties.

The marked mhibitory effect of lavender crude essential oil
tested mn the present study may be mamly due to the presence of
relatively high concentration of 1, 8§ cmeole and linalool (Abdel-
Reheem ef al., 2006). The biological activity of 1, 8 cmeole has been
proved as fungicidal (Hammar e/ a/, 2003) and as m vitro
antibacterial potent (Azuma ef al., 2003).
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Table (7): Antimicrobial activity of Lavendula officinalis crude
volatile o1l on yeasts

orude Diameter of inhibttion zone (mim;
treatment vodatile ol
(M
Sacch.cersvisiae Sacch.rouxii candida albhicans | Candida ul¥is

2 C 0 O £
CONT.A 3 G 0 2 0
5 10 14 4 0
2 G 0 O 0
111 3 G 0 4 0
5} 8 2 15 0
2 G 8 0 8
1452 3 G 0 3 0
= 7 4 12 {
2 C 0 O 0
S1C1 3 G 0 o] 0
5 2 9 & 0
P G 0 Q 0
s1C2 3 G 0 O 0
5 g 11 2 0
2 G 0 0 4]
CONT.B 3 G 0 a 0
S 4 2 12 D
2 G 0 2 0
1281 3 G 0 10 3
5 2 3] 12 3]
2 G 0 Q 0
|22 3 G 0 10 0
) B 4 G 0
2 G 0 0 0
521 3 G 0 0 a
5 g T & 0
S 2 G 0 O 0
5 8 5 & 0

Where: 11C1= irrigation with 75mg/l NA [or 10 times/day, [1C2= irrigation with
100mg/1 NA for 10 times/day, SIC1= spray with 75mg/l NA for 10, CONT.A=
irrigation without NA(with nutrition solution) for 10 times/day, S1C2= spray with
100mg/l NA for 10 timcs/day, [2C 1= irrigation with 75mg/l NA for 15 tnmces/day,
[2C2= irrigation with 100mg/l1 NA for 15 tim¢s/day, S2C1= spray with 75mg/1 NA
for 15 times/day. S2C2= spray with 100mg/l1 NA for 15 times/day, CONT.B=
irrigation without NA(with nutrition solution) for 15 times/day.
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