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Abstract: The biosynthesis of the essential oils is strongly influenced by various environmental factors.
Salinity is one of the troublesome factors affecting plant production and agricultural sustainability in many
regions of the world. The aim of this study was to determine the effect of different NaCl concentrations (0, 1.7,
3.1 and 4.7 dSm ) on plant growth, essential oil production and composition of salvia (Salvia officinalis) and1

parsley (Petroselinum crispum). The application of 1.7 dSm  of NaCl caused decreases in dry biomass1

production of sage plant by 34.32 and 39.91% in the first and second cut, respectively as compared to control
plants. While, 3.1 dS m of NaCl reduced dry biomass by 49.92 and 58.85%. A consistent decrease by 88.26 and1

137.17 % was observed at 4.7 dS m  of NaCl. The application of 1.7 dSm  caused decreases in dry biomass1 1

production of parsley plants by 112.57 % and 30.61 % for the first and second cut, respectively, while 3.1 dSm 1

reduced dry biomass production by 141.56 % and 74.15% as compared to control plants. A consistent decrease
by 291.58 and 232.47% was observed at 4.7 dSm . The essential oil of the fresh herb was extracted by1

hydrodistillation and analyzed by Gas Chromatography-Mass Spectrometry (GC/MS). The essential oil
percentage of sage ranged from 0.34 to 0.56%. In the first cut increasing salinity level up to 4.7 dSm  of NaCl1

caused the highest significant increment in the essential oil percentage and yield comparing to untreated plants,
In contrast, the essential oil percentage in curly-leafed parsley ranged from 0.11 to 0.21% and the lowest
essential oil content resulted from the highest salinity level 4.7 dSm . The oxygenated monoterpenes1

represented the most abundant fraction in the sage oil which consisted mainly -thujone (17.28 to 21.02%), cis-
thujone (8.68 to 12.64%), camphor (13.45 to 18.12%), and 1,8-cineole (7.21 to 9.44%), The main constituents of
monoterpene hydrocarbon were camphene (5.02 to 7.67%), -pinene (4.04 to 6.05%), -pinene (3.45 to 4.17%)
and D-Limonene (3.25 to 4.43%). In contrast, the sesquiterpene fraction represented a lower percentage in the
oil, represented by -caryophyllene (2.47 to 3.24%), whereas oxygenated sesquiterpenes were dominated by
viridiflorol (2.17 to 4.02%) as the major component. Increasing salinity up to 4.7 dSm  of NaCl increased the1

relative percentages of the major compound of sage oil, -thujone, cis-thujone, camphor and veridiflorol
percentages. Concerning the content of the main essential oil compounds, a decrease mainly in 1, 8-cineole was
observed.  The  major  constituents  of  curly-leafed  parsley  were  myristcin  (25.70  to  46.41%),  followed  by

-phellandrene (8.77 to 16.42%), -myrcene (6.72 to 11.44%), -mentha-1,3,8-triene (0.89 to 12.83%), -cymene
(5.14 to 8.16%) and -terpinolene (3.32 to 7.91%). The low level of salinity 1.7 dSm  NaCl induced an increase1

of the -myrcene and -phellandrene. Increasing salinity level up to 3.1 dSm  NaCl increased the relative1

percentage of -mentha-1,3,8-triene from 0.89 to 12.83.%. However the higher level of salinity 4.7 dSm  NaCl1

recorded the highest relative concentrations of myristicin (46.41%) and caused a decrease in -myrcene, D-
limonene, -phellandrene and -cymene. Salinity may be beneficial since it increases oil yield or positively
affects certain aroma constituents, thus permitting a directional production of specific components of sage and
curly-leafed parsley.
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INTRODUCTION Sage (Salvia officinalis L.) leaves and essential oils

Salinity is characterized by an excess of inorganic antiseptic and astringent properties [6]. The biological
salts and is common in the arid and semi-arid lands, where properties of essential oil of S. officinalis are attributed
it has been naturally formed under the prevailing climatic mainly to - and -thujone, camphor and 1, 8-cineole [7].
conditions and due to higher rates of evapotranspiration These compounds were commonly found in the essential
and lack of leaching water. Although more frequent in arid oil of S. officinalis leaves, but with different percentages
lands, salt-affected soils are also present in areas where depending on season, geographic origin, environmental
salinity is caused by poor quality of irrigation water. factors, extraction methods, plant organ [8], phonological

Saline soil induces physiological and metabolic stage [9], sampling techniques [10] and genetic
disturbances in plants, affecting development, growth, differences [11]. Curly-leafed parsley (Petroselinum
yield and quality of plants [1]. Aromatic plants are valued crispum ssp. crispum L.) belonging to family Apiaceae is
for the aroma, flavor and/or pharmaceutical properties native to Europe and Western Asia [12]. The essential oil
associated with secondary metabolites. The cultivation of composition of parsley differs between species and with
aromatic species is considered to be an important means the climate conditions. Moreover, it is likely that the
of utilizing and even reclaiming salt-affected wasteland essential oil content may vary with the part of the plant
and land affected by sodic/saline irrigation water [2]. Plant under analysis, as well as with the stage of plant
responses to salt have much in common. Aziz and Taalb development and the cultivation season [13].
[3] stated that increasing salinity levels (0, 1500, 3000 and This study investigated the effect of salt stress on
4500 ppm NaCl) was accompanied by significant plant growth, essential oil production and composition of
reductions in plant growth, photosynthetic pigments sage (Salvia officinalis L.) and curly-leafed parsley
content and the concentration and uptake of N, P, K, S as (Petroselinum crispum ssp. crispum L.).
well as Fe, Mn and Zn in dragonhead plants and the effect
were more severe under the highest level of salinity (4500 MATERIALS AND METHODS
ppm). Aziz et al. [4] showed that the reduction in oil
concentration observed in peppermint and apple mint A pot experiment was conducted during two years
under salt stress suggests that either oil synthesis is more (2010-2011) at the greenhouse of National Research
sensitive to the stress than plant growth or that catabolic Center (NRC), Dokki, Giza, Egypt to investigate the effect
processes are active in breaking down any synthesized oil of salt stress on plant growth, essential oil yield and
while, the concentration of oil in pennyroyal increased as constituents of sage (Salvia officinalis L.) and curly-
the salt stress increased, indicating different and/or leafed parsley (Petroselinum crispum ssp. crispum L.).
compensating  metabolic mechanisms for oil production Seeds of sage and curly-leafed parsley were grown
in   pennyroyal   than   in   peppermint   and   apple  mint. on October, 20 in plastic pots (30 cm height and 25 cm
Ezz El-Din et al. [5] stated that the application of NaCl at diameter) containing a mixture of sand and vermiculite
1500 ppm decreased plant height, number of branches as (3:1, v:v). The physical and chemical characteristics of the
well as fresh and dry mass (g plant ) of Thymus vulgaris soil used were determined according to Black et al. [14] as1

L. On the other side, oil percentage increased as the presented in Table 1.
salinity concentration increased and the highest essential The seedlings were irrigated with tap water for forty
oil percent was obtained when applying 4500 ppm NaCl five days from sowing and were thinned to five plants per
comparing to untreated plants. pot and  then  irrigated  every  2  days  with  full-strength

are stated to possess carminative, antispasmodic,

Table 1: Some physical and chemical characteristics of the soil used

Chemical properties

-----------------------------------------------------------------------------------------------------------

Physical properties Soluble cations (meq/l) Soluble anions (meq/l)

-------------------------------------------------------------------------------------- -------------------------------------------------------- ----------------------------------------------

Sand % Silt % Clay % Texture pH EC dS/m Na K Ca Mg Cl HCO CO SO+ + ++ ++ - - -- --
3 3 4

85.2 12.0 2.8 Sandy 8.2 0.32 0.88 0.14 1.05 1.13 0.64 1.64 Nil 0.92
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Hoagland’s solution [15] containing salt of NaCl at 0, 1.7, ionization (EI) at 70 eV, using a spectral range of m/z 40-
3.1 and 4.7 dSm . Pots were arranged in a randomized 450. Most of the compounds were identified using mass1

complete design with four replicates, each replicate spectra (authentic chemicals, Wiley spectral library
contained ten pots. Two cuttings were taken for each collection and NSIT library). 
year. At each cut all plants were harvested during the two
growing seasons by cutting the plants 5 cm above the soil Statistical Analysis: Data were statistically analyzed by
surface. For sage the first cut was conducted on April 27 using MSTAT-C program. The differences between
and the second on June 15, whereas for parsley the first means of the treatments were considered significant when
cut was conducted on April 8 and the second on May 17. they were more than least significant differences (L.S.D.)
Plant heights, number of branches, aerial fresh and dry at 5% level of probability according to Snedecor and
biomass per plant were recorded at each cut. The essential Cochran [16].
oil percentages of the fresh samples (100 g from sage and
parsley plants) were obtained by hydrodistillation in a RESULTS AND DISCUSSION
Clevenger type apparatus for 3 h. The collected oils were
dehydrated over anhydrous sodium sulfate. The distilled Plant Growth: In the first and second cut in both seasons,
oil was subsequently analyzed using a gas salt stress application significantly affected growth
chromatography-mass spectrometer (GC-Ms) to evaluate parameters (plant height, number of branches, fresh and
oil quality. The GC-Ms analysis of the essential oil dry weight per plant), essential oil percentage and yield of
samples was carried out using gas chromatography-mass sage and curly-leafed parsley plants (Table 2, 3, 4 and 5).
spectrometry instrument stands at the Department of Different salinity levels showed significant variation in
Medicinal and Aromatic Plants Research, National plant height of salvia plants in the two vegetative cuts of
Research Center, Egypt with the following specifications. both growing seasons. Control treatment (EC= 0.32 dS
Instrument: a TRACE GC Ultra Gas Chromatographs m ) gave the tallest plants at all cuts and in both growing
(THERMO Scientific Corp., USA), coupled with a seasons followed by 1.7 dSm  level whereas, the shortest
THERMO mass spectrometer detector (ISQ Single plants were obtained from the highest salinity level. The
Quadrupole Mass Spectrometer). The GC-MS system was same trend was observed in the case of branches number,
equipped with a TG-WAX MS column (30 m x 0.25 mm i.d., fresh biomass per plant. At salinity level of 1.7 dSm
0.25ìm film thickness). Analyses were carried out using NaCl significant reductions by 27.12 and 30.32% in fresh
helium as carrier gas at a flow rate of 1.0 mL/min and a biomass of salvia plants were observed for the 1  and the
split ratio of 1:10 using the following temperature program: 2  cut, respectively (Table 2). However, reduction in fresh
40 C for 1 min; rising at 4.0 C/min to 160 C and held for 6 biomass increased more with the application of 3.1 dSm
min; rising at 6 C/min to 210 C and held for 1min. The by 45.43% and 54.90% for 1  and 2  cut, respectively.
injector and detector were held at 210 C. Diluted samples Meanwhile, there were high significant reductions ono

(1:10 hexane, v/v) of 0.2 ìl of the mixtures were always fresh  biomass  by application of 4.7 dSm  in the 1  and
injected.   Mass   spectra    were    obtained    by   electron 2  cut. 

1

1

1

st

nd

1

st nd

1 st

nd

Table 2: Effect of salinity on the vegetative growth characters and essential oil production of sage plants during first season

Salinity treatments Plant height (cm) No. of branches/plant Herb fresh weight (g/plant) Herb dry weight (g/plant) Oil % Oil yield (ml/plant)

First cut

Control 26.33 10.67 29.90 9.94 0.34 0.10

1.7 dSm  NaCl 19.33 8.67 23.52 7.40 0.37 0.091

3.1 dSm  NaCl 15.67 7.67 20.56 6.63 0.34 0.071

4.7 dSm  NaCl 14.33 5.33 15.92 5.28 0.43 0.071

LSD 0.05 5.25 2.83 4.38 1.53 0.08 0.02

Second cut

Control 35.00 12.00 48.44 15.25 0.51 0.25

1.7 dSm  NaCl 32.33 9.33 37.17 10.90 0.55 0.211

3.1 dSm  NaCl 29.33 7.67 31.27 9.60 0.51 0.161

4.7 dSm  NaCl 19.00 7.00 21.00 6.43 0.48 0.101

LSD 0.05 4.48 1.10 10.46 3.15 0.05 0.06
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Table 3: Effect of salinity on the vegetative growth characters and essential oil production of sage plants during second season

Salinity treatments Plant height (cm) No. of branches/plant Herb fresh weight (g/plant) Herb dry weight (g/plant) Oil % Oil yield (ml/plant)

First cut
Control 28.67 9.33 27.88 9.24 0.36 0.10
1.7 dSm  NaCl 18.33 7.67 21.64 6.80 0.35 0.081

3.1 dSm  NaCl 14.67 6.33 18.10 5.83 0.37 0.071

4.7 dSm  NaCl 11.67 4.33 12.22 4.08 0.45 0.051

LSD 0.05 3.46 2.38 4.61 1.46 0.04 0.01

Second cut
Control 31.00 11.00 46.00 14.48 0.52 0.24
1.7 dSm  NaCl 26.00 8.67 34.73 10.21 0.56 0.191

3.1 dSm  NaCl 22.67 7.00 30.00 9.22 0.53 0.161

4.7 dSm  NaCl 18.33 6.00 13.00 3.99 0.52 0.071

LSD 0.05 8.85 1.29 5.67 1.80 N.S 0.03

Table 4: Effect of salinity on the vegetative growth characters and essential oil production of parsley plants during first season

Salinity treatments Plant height (cm) No. of branches/plant Herb fresh weight (g/plant) Herb dry weight (g/plant) Oil % Oil yield (ml/plant)

First cut
Control 11.67 5.33 11.13 3.72 0.16 0.02
1.7 dSm  NaCl 8.10 5.00 5.59 1.75 0.17 0.011

3.1 dSm  NaCl 8.00 5.00 5.15 1.54 0.14 0.011

4.7 dSm  NaCl 7.33 3.67 3.77 0.95 0.11 0.001

LSD 0.05 2.28 1.50 4.06 1.29 0.03 0.002

Second cut
Control 14.67 7.00 11.07 2.56 0.19 0.02
1.7 dSm  NaCl 12.00 4.33 8.39 1.96 0.20 0.021

3.1 dSm  NaCl 11.33 6.00 6.56 1.47 0.16 0.011

4.7 dSm  NaCl 8.67 5.00 3.57 0.77 0.13 0.001

LSD 0.05 3.63 1.91 3.28 0.79 0.02 0.01

Table 5: Effect of salinity on the vegetative growth characters and essential oil production of parsley plant during the second season

Salinity treatments Plant height (cm) No. of branches/plant Herb fresh weight (g/plant) Herb dry weight (g/plant) Oil % Oil yield (ml/plant)

First cut
Control 13.33 6.00 18.19 6.10 0.18 0.03
1.7 dSm  NaCl 11.67 5.00 11.47 3.56 0.18 0.021

3.1 dSm  NaCl 9.00 4.33 8.94 2.67 0.15 0.011

4.7 dSm  NaCl 8.00 3.67 7.98 2.01 0.13 0.011

LSD 0.05 2.28 1.37 4.77 1.39 0.01 0.01

Second cut
Control 14.67 7.00 17.82 4.13 0.20 0.04
1.7 dSm  NaCl 12.00 4.33 12.48 2.91 0.21 0.031

3.1 dSm  NaCl 11.33 6.00 8.20 1.84 0.15 0.011

4.7 dSm  NaCl 8.67 5.00 4.47 0.96 0.13 0.011

LSD 0.05 3.63 1.91 2.64 0.61 0.03 0.01

Also, data of the first season in Table 2 revealed that 137.17% in dry biomass was observed at 4.7 dSm  of
the application of 1.7 dSm  caused decreases in dry NaCl. The trend of dry biomass behaved the same in the1

biomass production of sage plant by 34.32 and 39.91% in second season (Table 3) with reduction percent of 35.88%
the 1  and 2  cut, respectively, while concentrations of and 41.82% in the 1  and the 2  cut, respectively withst nd

3.1 dSm  reduced dry biomass production by 49.92% and application of 1.7 dSm . Whereas, the reductions with1

58.85% in the 1  and 2  cut, respectively as compared to application of 3.1 dSm  were 58.49% and 57.04% in the 1st nd

control plants. A consistent decrease by 88.26 and and 2  cut, respectively.

1

st nd

1

1 st

nd
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For parsley, all parameters related growth were sage dry weight at 50 mM NaCl ranging between 34% and
affected adversely by increasing salinity level. The 48% [21], Trachyspermum ammi [22], peppermint and
maximum plant height, branches number, fresh and dry lemon verbena [23]. Also, Ezz El-Din et al. [5] stated that
biomass per plant were obtained from the control the application of NaCl at 1500 ppm decreased plant
treatment with EC= 0.32 dSm  (Tables 4 and 5). Fresh height, number of branches and fresh and dry mass (g1

biomass in the first season (Table 4) decreased with the plant ) of Thymus vulgaris L. Ben Taarit et al. [24]
application of 1.7 dSm  by 99.11% and 31.94% in the 1 showed that the application of 25 mM caused a light drop1 st

and the 2  cut, respectively. However, the reduction in (8%) in dry biomass production, while concentrations ofnd

fresh biomass was increased with the application of 3.1 50 and 75 mM NaCl reduced plant biomass production by
dSm  by 116.12 % and 68.75 % in the 1  and 2  cut, 25% and 38%, respectively, as compared to control plants.1 st nd

respectively. Meanwhile, there was more significant A consistent decrease by 61% in dry biomass was
reduction on fresh biomass by using application of 4.7 observed at 100 mM NaCl. In view of Maas and Hoffman
dSm  NaCl in the 1  and 2  cut. However, in the second [25], when 50% of reduction in biomass occurred at 901 st nd

season (Table 5) exhibited the same trend where mM of NaCl, the crop can be categorized as moderately
increasing salinity levels decreased fresh biomass. salt sensitive. According to these authors, sage can be

The application of 1.7 dSm  caused decreases in dry considered as moderately salt sensitive since more than1

biomass production of parsley plants by 112.57 % and 50% of biomass reduction occurred after the application
30.61 % in the 1  and 2  cut, respectively (Table 4), while of 100 mM NaCl.st nd

concentrations of 3.1 dSm  reduced dry biomass1

production by 141.56 % and 74.15% in the 1  and 2  cut, Essential Oil Content: In both seasons the essential oilst nd

respectively as compared to control plants. A consistent percentage of sage (Tables 2 and 3) ranged from 0.34 to
decrease by 291.58 and 232.47 % in dry biomass was 0.56% (v/fresh weight). In the first cut increasing salinity
observed at 4.7 dSm . However, the trend of dry biomass level up to 4.7 dSm  caused the highest significant1

behaved the same in the second season (Table 5) with increments in the essential oil percentage and yield
reduction percent as 71.35% and 41.92 in the 1 and 2  cut comparing to untreated plants, while in the second cut inst nd

with application 1.7 dSm , respectively. However, the both seasons, there was no significant difference was1

reduction with application of 3.1 dSm  was 128.46% and obtained in the essential oil content. On the other hand,1

124.46% in the 1 and 2  cut, respectively. This might be the  essential  oil  percentage  of  curly-leafed  parsleyst nd

due to salinity reduces the ability of plants to absorb (Tables 4 and 5) ranged from 0.11 to 0.21(v/fresh weight).
water, causing a reduction in growth rate and a suite of Salinity level at 3.1 and 4.7 dSm  caused a significant
metabolic changes. The initial reduction in shoot growth reduction in the essential oil percentage, as well as
is probably due to loss of cellular turgor pressure and essential oil yield (ml/plant) as compared with control
hormonal signals generated by the roots [17, 18, 19]. If plants and the reduction increased with increasing salinity
excessive amounts of salt enter the plant, salt will level. There were no significant differences between
eventually rise to toxic levels in transpiring leaves, plants irrigated with the low level of salinity (1.7 dSm )
initiating premature leaf senescence [18] and thus and control plants which recorded the highest essential
reducing the photosynthetic leaf area of the plant to a oil content, whereas the lowest values resulted from the
level that cannot sustain growth. Salt-tolerant plants differ highest salinity level (4.7 dSm ). This may be attributed
from salt-sensitive ones in having a low rate of Na  and Cl to the function of secondary metabolites i.e. essential oils+ -

transport to leaves and the ability to compartmentalize as self defense components against stress conditions. In
these ions in vacuoles to prevent their build-up in other words, the stress conditions resulted from salt
cytoplasm or cell walls and thus avoid salt toxicity [20]. application accelerated the biosynthesis of the essential

Plant responses to salt have much in common. In oils [5]. Increasing concentrations of Ca  in the nutrient
accordance with our findings, Aziz and Taalb [3] stated solution increased the essential oil yield of sweet basil
that increasing salinity levels (0, 1500, 3000 and 4500 ppm (Ocimum basilicum L.) and the eugenol content of rose
NaCl) was accompanied by significant reductions in plant (Rosa sp.) oil [26]. The reduction in essential oil
growth, photosynthetic pigments content and the constituents may be due to disturbance in
concentration and uptake of N, P, K, S as well as Fe, Mn photosynthesis and carbohydrate production under
and Zn in dragonhead plants and the effect were more stress condition [27]. Salts also induced water stress,
severe under the highest level of salinity (4500 ppm). reduction  of  chloroplast  stomatal  volume  and
Changes in the yield have been observed when plants are generation  of  reactive  oxygen  species  (ROS)  which
grown under stress conditions, a significant decrease in play  an important  role in inhibiting photosynthesis [28].

1

1

1

1

1

2+
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Table 6: Chemical composition (%) of the essential oils of aerial parts of S. officinalis L. grown under salt stress condition

Control 1.7 dSm  NaCl 3.1 dSm  NaCl 4.7 dSm  NaCl1 1 1

------------------------------- ------------------------------- ----------------------------- -------------------------

Compound Rt 1  cut 2  cut 1  cut 2  cut 1 cut 2  cut 1  cut 2  cutst nd st nd st nd st nd

cis-Salvene 3.09 0.70 0.84 0.36 0.69 0.59 1.02 0.50 0.72

-Pinene 3.90 4.50 5.30 4.04 5.32 5.18 6.05 4.59 5.36

Camphene 4.55 6.39 7.67 5.02 6.57 6.08 6.66 6.19 6.89

-Pinene 5.26 4.09 4.17 3.50 4.08 4.01 3.45 3.66 4.11

Sabinene 5.59 0.32 0.21 0.33 0.30 0.29 0.29 0.31 0.31

-Myrcene 6.63 2.26 2.16 2.19 2.39 2.28 2.46 2.22 2.47

D-Limonene 7.35 3.56 4.27 3.25 4.15 3.61 3.89 3.78 4.43

1,8-Cineole 7.67 9.22 9.07 8.92 8.64 9.44 7.21 9.06 7.56

-Terpinene 8.58 1.47 0.58 1.44 0.76 0.91 0.72 0.89 0.72

-Cymene 9.35 1.44 1.03 1.31 0.95 0.76 0.97 0.63 0.89

Terpinolene 9.59 0.80 0.48 0.90 0.70 0.85 0.56 1.00 0.81

-Thujone 14.21 19.92 19.80 19.12 17.62 19.20 21.02 20.08 17.28

cis-Thujone 14.68 9.02 9.23 11.37 10.80 11.98 12.64 9.50 8.68

Camphor 16.97 16.86 18.12 15.99 15.71 15.43 13.45 17.08 16.38

L-Linalool 18.17 1.16 0.93 1.36 1.02 0.98 0.91 1.17 1.17

(-)-Bornyl acetate 18.78 3.77 3.34 4.23 3.91 3.60 2.41 4.24 3.90

Caryophyllene 18.97 1.14 1.02 1.47 1.73 1.34 2.28 1.36 1.93

Terpinene-4-ol 19.66 1.02 0.87 1.15 1.00 0.88 0.81 0.87 0.96

-Caryophyllene 21.11 1.82 1.73 2.77 2.53 2.47 3.24 2.58 2.91

Borneol 22.49 2.94 0.28 0.40 0.40 0.32 0.36 0.28 0.40

Veridiflorol 32.75 2.17 2.20 3.09 3.26 3.69 3.15 4.02 3.73

Thymol 37.10 2.48 2.50 1.68 2.00 0.72 1.75 0.28 1.00

Total (%) -- 97.05 95.80 93.89 94.53 94.61 95.30 94.29 92.61

Changes in essential oil constituents have been observed potential were accompanied by enhanced N and Cl
in a range of aromatic plants under stress [29, 30]. Aziz et concentration in the leaves and caused alteration of
al. [4] showed that the reduction in oil concentration nutrient uptake [33].
observed in peppermint and apple mint under salt stress
suggests that either oil synthesis is more sensitive to the The Essential Oils Composition: The essential oil
stress than plant growth or that catabolic processes are composition of sage as affected with salt stress analyzed
active in breaking down any synthesized oil while, the by GC/MS is given in Table 6. Twenty two compounds
concentration of oil in pennyroyal increased as the salt were characterized in the sage oil, representing 92.61 to
stress increased, indicating different and/or compensating 97.05% of the total oil. GC/MS chromatograph showing oil
metabolic mechanisms for oil production in pennyroyal composition of sage is presented in Fig. 1. The
than in peppermint and apple mint. Also, Sangwan et al. oxygenated monoterpenes represented the most abundant
[30] stated that water stress caused induction of PEP fraction in the sage oil, which consisted mainly of -
carboxylase activity and essential oil biosynthesis. thujone (17.28 to 21.02%), cis-thujone (8.68 to 12.64%),
Moreover, Dharmendra et al. [31] found that high residual camphor (13.45 to 18.12%) and 1, 8-cineole (7.21 to 9.44%).
sodium carbonate in irrigation water significantly The main constituents of monoterpene hydrocarbons
decreased the herbage yield and essential oil production were camphene (5.02 to 7.67%), -pinene (4.04 to 6.05%),
of Cymbopogon citrates. Dadkhah [32] reported that -pinene (3.45 to 4.17%) and D-Limonene (3.25 to 4.43%).
salinity stress imposes additional energy requirements on In contrast, the sesquiterpene fraction represented a lower
plant cells less carbon is available for growth and then percentage in the oil, represented by -caryophyllene
less essential oil may be synthesized. High salinity caused (2.47  to  3.24%),  whereas  oxygenated  sesquiterpenes
a great reduction in relative growth rate and leaf area ratio, were  dominated  by  viridiflorol  (2.17  to  4.02%)  as  the
decreased osmotic potential and increased turgor major  component.  The  presence  of  comparatively  high
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Fig. 1: GC-MS analysis of salvia essential oil as affected by different salinity levels

concentration of oxygenated compounds mainly thujones, earlier results on oil composition of sage from various
1, 8-cineole and camphor in sage oils may be attributing countries suggested that Italian, French, Romanian,
its carminative, antispasmodic, antiseptic and astringent Czech, Portuguese and Turkish sage oils are characterized
properties. Hence, sage may be exploited for various by camphor (22.0 to 31.79%) as the most important
biological and therapeutic applications [34]. A perusal of component [35]. In contrast, samples from many countries
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Table 7: Chemical composition (%) of the essential oils of aerial parts of parsley grown under salt stress condition.

Control 1.7 dSm  NaCl 3.1 dSm  NaCl 4.7 dSm  NaCl1 1 1

------------------------------- ------------------------------- ----------------------------- -------------------------
Compound Rt 1  cut 2  cut 1  cut 2  cut 1 cut 2  cut 1  cut 2  cutst nd st nd st nd st nd

-Pinene 3.89 2.93 3.46 3.50 4.43 3.60 3.33 1.60 1.93
-Pinene 5.25 1.72 2.29 1.96 2.76 1.96 2.11 0.94 1.41
-Phellandrene 6.53 1.03 0.49 0.91 0.40 1.40 0.84 0.52 0.63
-Myrcene 6.63 9.81 10.37 10.20 11.44 9.43 9.72 6.72 6.97

D-Limonene 7.34 5.02 4.65 4.94 5.51 4.86 4.71 5.32 3.32
-Phellandrene 7.61 16.42 12.46 15.40 12.35 14.14 11.08 12.70 8.77
-Terpinene 8.57 0.34 0.46 0.41 0.23 0.86 0.81 1.00 0.75
-Cymene 9.34 1.30 2.10 1.39 2.75 1.03 1.70 1.37 0.86
-terpinolene 9.59 7.13 6.01 6.41 4.08 7.46 7.36 3.32 7.91

p-Mentha-1,3,8-triene 13.00 4.58 0.86 4.54 0.79 12.83 4.89 1.39 10.42
p-Cymene 14.47 8.16 7.45 7.44 7.08 5.89 6.43 6.12 5.14

 Elemene 18.94 1.17 0.55 0.85 0.48 0.64 0.71 0.63 0.70
Germacrene A 23.78 2.14 1.35 1.73 0.97 1.34 1.52 1.36 1.57
(+)- -Funebrene 24.12 1.93 1.49 1.74 1.38 1.84 1.94 1.40 2.37
(-)-Isolongifolol 25.64 0.41 1.07 0.49 0.84 0.44 0.74 0.99 0.69
p-Cymen-8-ol 26.95 0.81 1.03 0.60 1.21 0.36 0.58 0.75 0.38
trans-3(10)-Caren-2-ol 30.50 0.65 0.90 0.51 0.95 0.34 0.41 0.52 0.33
(+)-Carotol 30.87 0.58 1.58 0.96 1.32 0.83 1.63 1.52 1.57
Trans-isoelemicin 38.99 0.78 1.67 1.06 1.25 1.10 1.53 1.09 1.38
Myristcin 40.11 28.65 33.61 29.33 33.17 25.70 30.76 46.41 33.68
Apiol 46.64 0.34 2.46 1.05 2.69 0.98 3.30 1.09 6.56

Total (%) -- 95.90 96.31 95.42 96.08 97.03 96.10 96.76 97.34

are represented by -thujone (21.5 to 31.5%) as the major The content increment occurring at this salt level is likely
compound in their oils. The chemical composition of sage due to the enhancement of the activity of related
oil from Uttarakhand, India was found to be closely similar biosynthesis enzymes. In other aromatic species, changes
to that reported from Italy, Yugoslavia, Bulgaria and Iran. in the yield and composition of essential oils have been
It was characterized by its large amount of oxygenated observed when plants are grown under stress conditions
monoterpenes, with -thujone, 1,8-cineole and camphor [37]. Increasing exchangeable Na in the root zone from 1.2
as the principal compounds which are known to exhibit to 6.0% increased the herb and oil yield of marigold
antimicrobial, anti inflammatory and antioxidant features (Tagetes minuta L.), although changes in oil composition
[36]. were detected [38]. The essential oil composition of curly-

Application of salinity at 1.7 dSm  induced an leafed parsley as affected with salt stress analyzed by1

increase of the cis-thujone, -caryophyllene and GC/MS is given in Table 7. Twenty one compounds were
veridiflorol of sage oil in the 1  and 2  cut (Table 6), while characterized in the parsley oil, representing 95.42 tost nd

salinity at 3.1 dSm  stimulated the biosynthesis of all the 97.34% of the total oil. GC/MS chromatograph showing oil1

compounds mainly cis-salvene, -pinene, -myrcene, 1,8- composition of parsley is presented in Fig. 2. The
cineole, -thujone, cis-thujone, -caryophyllene and essential oil constituents include -pinene, -pinene, -
veridiflorol percentages. The relative increment of these phellandrene, D-limonene, -phellandrene, -terpinene, -
main compounds was concomitant with the decrease of - cymene, -terpinolene, p-mentha-1,3,8-triene, -cymene,
pinene, camphor and thymol. Increasing salinity up to 4.7 -elemene, germacrene A, (+)-  funebrene, p-cymen-8-ol,
dSm increased the relative percentages of the major trans-3(10)-caren-2-ol, (+)-carotol, trans-isoelemicin,1

compound -thujone, cis-thujone, camphor and myristcin and apiol. In general, the major constituent was
veridiflorol percentages. Concerning   the   content   of Myristcin (25.70 to 46.41), followed by -Phellandrene
the main essential oil compounds, a decrease mainly in 1, (8.77 to 16.42 %), -Myrcene (6.72 to 11.44%), -Mentha-
8-cineole was observed. Such increase could be the carrier 1, 3, 8-triene (0.89 to 12.83%), -Cymene (5.14 to 8.16%)
of  the   antimicrobial   activity   to    this    essential    oil. and -Terpinolene (3.32 to 7.91%). 

+
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Fig. 2: GC-MS analysis of parsley essential oil as affected by different salinity levels

The relative concentrations of the principal aroma an increase of -myrcene and -phellandrene. Increasing
constituents of curly-leafed parsley essential oil were salinity level up to 3.1 dSm  increased the relative
affected with different levels of salinity. Data in Table 7 percentage of p-mentha-1, 3, 8-triene from 0.89 to 12.83%.
showed that the low level of salinity (1.7 dSm ) induced However  the  higher  level  of salinity 4.7dSm  recorded1

1

1
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the highest relative concentrations of myristicin (46.41%) 5. Ezz El-Din, Azza, A., E.E. Aziz, S.F. Hendawy and
and caused a decrease in -myrcene, D-Limonene, -
Phellandrene and -cymene. These results are in
agreement with those reported by Simon and Quinn [39],
who showed that parsley accessions are high in the
specific constituents, 1,3,8- -menthatriene (68%),
myristicin (60%), -phellandrene (33%), apiol (22%),
myrcene (16%), terpinolene and 1-methyl-4-
isopropenylbenzen (13%) and thymol was detected in
seven accessions, as 2% or less and this is the first report
of this compound in parsley leaf oil. Moreover the
essential oils of parsley. Petroselinum crispum comprise
mono-and sesquiterpenes derived from mevalonic acid
and aromatic polypropanoids formed from shikimic acid
[40]. The monoterpene hydrocarbons -phellandrene, 1,
3, 8-  menthatriene, -cymene and terpinolene [41, 42] as
well as myristicin, myrcene [39] and apiol [43] are
considered to be responsible for the characteristic aroma
of parsley. 1,3,8- -menthatriene is the most important
component on the basis of aroma extract dilution [44, 45]
as well as, the differences in essential-oil composition
exist depending on the type of parsley and the tissue. The
foliage of curly leafed parsley is higher in -elemene than
that of plain leaf and turnip rooted parsley, whereas the
roots of all three types are richer in suggests that they
may be cultivated in soils with an EC level of <4.5 dSm-1.
Indeed, for essential oil production, the presence of
salinity  may  be  beneficial  since  it  increases  oil  yield
or  positively   affects  certain  aroma  constituents  [46],
thus permitting a directional production of specific
components.
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