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The effect of sodium nitroprusside in elevating the adverse impact of salinity on growth, biochemical 
components, minerals, essential oil percentage, and its components in Chervil plant were elucidated. 
During the two successive seasons (2015/2016 and 2016/2017), a two-factorial factors experiment was 
designed included five soil salinity levels (Control, 1000, 2000, 3000, 4000 ppm). Each level included 
control; sprayed by water, sodium nitroprusside (SNP); foliar sprayed by 150µM SNP, (SNP1), and 250 
µM SNP (SNP2). Spraying was supplemented using Tween 20, and applied for first and second cutting 
at70 and 145 days after planting (DAP), respectively. A mixture of NaCl: CaCl2: MgSO4, a salinity source 
was added in ratio 2:2:1 by weight in each pot-9 kg soil. Results revealed that increasing salinity stress 
had an adverse effect on all growth parameters, more than 2000-ppm which showed an encouraging 
trend, while the accumulation of total sugars, total soluble phenols, total free amino acids and proline as 
well as the essential oil percentage was enhanced to some extent. These effects were found to be 
elevated in plants treated by SNP at low concentration 150 µM rather than the higher concentration 250 
µM. Nitric oxide effect was confirmed to be dose dependent effect. Methyleugenol was found to be the 
highest main component in the essential oil of both cuttings and followed by Estragole and 2Ally 1-4 
dimethyoxy benzene. Estragole was found to have a contradictory trend with synthesis of 
Methyleugenol, and vice versa, in both cuttings, in which Estragole was decreased with increasing 
salinity. The study recommends the foliar application of SNP in conc. 150 µMSNP under 2000-ppm, 
which proved to be the best treatment in all studied parameters as well as its organic components, oil 
components in both cuttings for both seasons. 
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INTRODUCTION 

Salinity is one of the main environmental 
factors that severely limit crop productivity by 
depressing plant growth and interfering with 
photosynthesis, protein synthesis, and energy 
metabolism  (López-Carrión et al., 2008). The 
problem increased seriously along time due 
conversion of non-saline soil to saline soil. The 

extent of salinity damage to plants depends on a 
number of different factors including species, 
genotype, plant growth phase, and ionic strength, 
duration of salinity exposure, composition of 
salinizing solution and which plant organ is 
exposed. Sodium nitroprusside [Fe(CN)3NO]-2 Na+ 
(SNP) has been known since 1850. It is neither a 
nitro compound nor a prusside but the trivial name 
has been widely adopted. Under appropriate 
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conditions, SNP can act as a donor of NO or of 
NO+ and can deliver cyanide ion (Williams, 2004). 
The role of nitric oxide (NO) in biological systems 
has experienced increased prominence in the 
scientific literature since the 1980s, particularly 
after coming to light as a signaling molecule in 
plants in the late 1990s. The number of 
publications concerning the influence of nitric 
oxide in plants has dramatically increased since 
then. Nitric oxide is an easily diffused bioactive 
and signal-transmitting molecule that directly 
regulates many plant functions including 
germination, leaf expansion, root growth, stress 
physiology, and sequential cell death. This 
molecule also participates in the adaptation of 
plants to environmental stresses and working as 
the key signal carrier in defense response. Recent 
studies have shown that nitric oxide imparts 
synergistic effects with phyto-hormones in 
physiological regulation and signal transmission  
(Shamsul et al.,2010). The aim of this study is to 
elucidate the elevating effect of exogenous nitric 
oxide on growth parameters, biochemical 
components, and essential oil % as well as its 
components of chervil plant grown under different 
salinity stress 
 
MATERIALS AND METHODS 

A pot  experiment was carried out and 
repeated during the two successive seasons of 
2015/2016 and 2016/2017 at  the wired 
greenhouse of Plant Physiology Division, Faculty 
of Agriculture, Cairo University, Giza, Egypt. The 
alleviating effect exerted by foliar spraying of 
sodium nitroprusside applied in two 
concentrations (150 µM and 250 µM). Seeds of 
Chervil plant (Anthriscus cerefolium) were 
obtained from HILD SamenGmbh, Kirchen 
weinbergstr, 115 D-71672 Marbach, Germany. 
The experiment was designed in two-factorial 
factors with layout RCBD, included, five salinity 
levels (Control, 1000, 2000, 3000 and 4000 ppm). 
Each level included control; sprayed by water, 
sodium nitroprusside (SNP); foliar with 150µM 
(SNP1) and 250 µM (SNP2). These treatments 
were applied after 70 days after planting in the 
first cut, and after 75 days in the second cut. 
Tween 20 was used as wetting agent. Chervil 
seeds were sown in plastic pots, its diameter 
was40 cm, filled with 9 kg soil mixture of sand: 
clay. Then a mixture of sodium chloride: calcium 
chloride: magnesium sulphate in ratio 2:2:1was 
added by weight. All the agronomic recommended 
practice for Apiaceous family, were applied 

according to the Ministry of Agriculture. Fertilizers 
were added in each season as the following; 
Ammonium sulphate (20.5% N), potassium 
sulphate (48% K2O) and calcium superphosphate 
(15.5% P2O5) by weight 2.25g, 0.75g and 1.5g per 
pot, respectively. These doses were divided by 
weight to two parts by ratio 2:1 applied before 
planting and after the first cutting, respectively. 
Seeds were sowed at 20 Oct. for each season. 
After germination by two weeks, each pot thinned 
to four plants. Afterwards, two cuttings were 
collected. Each pot was irrigation until it reaches 
its field capacity to avoid mineral and salt 
leaching. The soils were randomly taken before 
cultivation, and were subjected for physical and 
chemical analysis according to Jackson (1967). 
The mean values for both seasons of the soil 
mechanical and chemical analysis were illustrated 
in (Table 1). 

Data recorded  
In the two successive seasons, sampling was 

represented each treatment at two cuttings; first 
and second cutting which collected randomly 
at13January (85 days from sowing, and 29 March 
(160 days from sowing), respectively. The growth 
parameters were recorded for three plants and 
other three plants were collected for performing 
the chemical analysis. Data were recorded as the 
following; Plant growth parameters; Shoot length 
(cm), root length (cm), number of branches /plant, 
as well as shoot and root fresh and dry weights 
(g)/plant. Shoot: root dry weight ratio was 
calculated. Chemical analysis was performed on 
both roots and shoots of chervil plants. 
Photosynthetic Plant Pigments(chlorophyll a, 
chlorophyll b, total chlorophyll and total 
carotenoids) were determined using 
dimethylformamide in leaves and expressed as 
(mg/g fresh weight) according to Moran (1982).In 
ethanol extract, determination of total sugars, total 
free amino acids and total soluble phenols were 
carried out in chervil shoots and roots.  Total 
sugars was determined using the phenol-sulphuric 
method according to Dubois et al., (1956).The 
absorbance of developed yellow-orange colour 
was measured at 490 nm using 
spectrophotometer (UNICO UV-2000). Total 
soluble phenols were estimated using the folin-
Ciocalteau colorimetric method (Swain and Hillis, 
1959). The absorbance was read at wavelength 
(725 nm) using the spectrophotometer (UNICO 
UV -2000).  
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Table 1. Mechanical and chemical analysis of the soil experimental site 

 
The total free amino acids were determined 

using Ninhydrin reagent according to Moore and 
Stein (1954) and the absorbance of the developed 
colour was read at 570 nm using 
spectrophotometer (UNICO UV-2000). Proline 
was determined using ninhydrin reagent 
according to Bates et al., (1973). Total sugars, 
total soluble phenols, total free amino acids, and 
free proline were calculated and expressed as 
mg/g fresh weight in shoots and for roots of 
Chervil plants. Essential Oil (ml/100 g) of each 
sample was determined with hydro-distillation for 
3 hours at Clevenger-type apparatus using fresh 
herb according to the Egyptian Pharmacopoeia 
(1984). The resulted essential oil of each 
treatment was separately dehydrated with 
anhydrous sodium sulphate and kept in the deep 
freezer until GC-MS. The GC-Ms analysis of the 
essential oil samples was carried out using gas 
chromatography-mass spectrometry instrument 
stands at the Department of Medicinal and 
Aromatic Plants Research, National Research 
Center with the following specifications. 
Instrument: a T GC Ultra Gas Chromatographs 
(THERMO Scientific Corp., USA), coupled with a 
THERMO mass spectrometer detector (ISQ 
Single Quadrupole Mass Spectrometer). The GC-
MS system was equipped with a TG-WAX MS 
column (30 m x 0.25 mm i.d., 0.25 μm film 
thickness). Analyses were carried out using 
helium as carrier gas at a flow rate of 1.0 ml/min 
and a split ratio of 1:10 using the following 
temperature program: 60 oC for 1 min; rising at 3.0 
oC /min to 240 oC and held for 1 min. The injector 
and detector temperatures were held at 240 oC. 
Diluted samples (1:10 hexane, v/v) of 0.2 μL of 
the mixtures were always injected. Mass spectra 
were obtained by electron ionization (EI) at 70 eV, 
using a spectral range of m/z 40-450. Most of the 
compounds were identified using the analytical 
method: mass spectra (Wiley spectral library 
collection, and NSIT library). 

Statistics analysis: 
Data collected were subjected to homogeneity 

test and proper statistical analysis of variance of 
two factorial combined factor design according to 

the procedures outlined by Snedecor and 
Cochran (1980). LSD at 5% level of significance 
was used to compare treatments means. All 
statistical analysis was performed by using 
analysis of variance technique of (MSTAT 
Development Team (1989)) Computer software 
package. 
 
RESULTS AND DISCUSSION 
Growth parameters of chervil plant as subjected to 
salinity stress and foliar spray of sodium 
nitroprusside were presented in Table 2 and Table 
3. With respect the effect of salinity on growth 
characters, it was noticed that growth parameters 
were reduced in response to low salts 
concentration (control; 0.33 dsm-1) and high salts 
concentration (4000-ppm). Whereas, salinity level 
at 2000-ppm showed an encouraging-like effect 
on all growth parameters. This observation was 
found in shoot and root fresh and dry weights, root 
length, and number of branches in both first and 
second cuttings. Accordingly, both shoot fresh 
and dry weights and number of branches was 
found to be the highest significant values in both 
cuttings. Moreover, increasing salinity to 2000 and 
3000-ppm showed a significant increase in root 
fresh weight in both cuttings. Similar trend was 
observed in root dry weight, which showed the 
highest significant records under 2000 and 3000-
ppm in the 1st and the 2nd cuttings, respectively. 
Root growth response to 3000-ppm salinity 
showed an increasing trend. Our results were in 
harmony with several researcher, the encouraging 
effect of low to moderate salinity levels was 
observed on several plants,500-ppm on snap 
bean (Hanafy Ahmed et al., 2018) and 2.5 dsm-1 
on canola (Badawy et al., 2017), 2000-ppm on 
wheat (Hanafy Ahmed et al., 2008).Several 
studied elucidated the effect of salinity on plants, 
which found to result in osmotic and ionic effects, 
which consequently resulted in adversely effect on 
cell elongation and overall growth as mentioned 
by Shabala and Munns (2012). 

Particle size 
distribution: 

Sand %: 72.80 Silt %: 20.0 Clay % 7.20 Texture class: Loamy sand 

Chemical analysis 

E.C dS/m 0.33 Soluble anions (meq/l) Soluble cations (meq/l) 

pH 7.70 HCO-  1.0 Cl-  1.5 SO4
-2 9.6 Na+  1.1 K+  0.26 Ca+2  1.4 Mg+2 0.7 
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Table 2. Shoot and root length (cm) and No. of branches of chervil plant affected by five salinity levels and treated by sodium 
nitroprusside foliar spray in two successive cuttings; these data are combined of both seasons 2015/2016-2016/2017. 

Growth stages First Cutting 

Mean 

Second Cutting 

Mean          Salinity 
Treatment 

Control 
1000  
ppm 

2000  
ppm 

3000 
ppm 

4000  
ppm 

Control 
1000  
ppm 

2000 
 ppm 

3000  
ppm 

4000  
ppm 

Shoot Length (cm) 

Control 20.42 21.33 25.33 22.17 20.33 21.92 12.83 16.83 20.83 16.00 13.92 16.08 

150 µM SNP 27.67 24.00 23.12 22.08 17.83 22.94 13.83 15.67 16.60 16.33 14.83 15.45 

250 µM SNP 24.17 22.92 20.17 19.67 18.00 20.98 17.83 16.67 16.00 14.92 13.08 15.70 

Mean 24.08 22.75 22.87 21.31 18.72  14.83 16.39 17.81 15.75 13.94 
 

L.S.D at 5 % A=1.22 B=0.94 AB=2.11 A= 1.18 B=ns AB=1.94 

Root length (cm) 

Control 22.50 24.00 26.33 23.33 21.50 23.53 14.17 17.38 21.28 16.45 15.27 16.91 

150 µM SNP 22.00 24.67 28.75 23.92 18.67 23.60 15.67 16.25 17.83 19.50 20.33 17.92 

250 µM SNP 18.25 19.25 19.92 23.58 21.00 20.40 19.00 18.47 19.08 19.25 14.67 18.09 

Mean 20.92 22.64 25.00 23.61 20.39  16.28 17.37 19.40 18.40 16.76  

L.S.D at 5 % A=1.88 B=1.46 AB=3.26 A= 1.54 B=ns AB=2.67 

No. of branches 

Control 19.32 16.50 20.17 17.58 15.58 17.83 20.50 18.00 25.42 17.83 14.17 19.18 

150 µM SNP 19.17 16.67 20.67 21.33 17.17 19.00 16.67 19.17 20.17 22.67 20.17 19.77 

250 µM SNP 17.67 17.50 19.00 16.33 13.33 16.77 21.00 21.00 23.33 17.67 11.67 18.93 

Mean 18.72 16.89 19.94 18.42 15.36  19.39 19.39 22.97 19.39 15.33  

L.S.D at 5 % A=1.53 B=1.19 AB=ns 
 

A= 2.17 B=ns AB=3.76 
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Table 3. Shoot and root fresh and dry weights (g) and shoot: root dry weight ratio of chervil plant affected by five salinity levels and 
treated by sodium nitroprusside foliar spray, in two successive cuttings, these data are combined of both seasons 2015/2016-2016/2017 

Growth stages First Cutting 

Mean 

Second Cutting 

Mean          Salinity 
Treatment 

Control 
1000 
 ppm 

2000  
ppm 

3000  
ppm 

4000 
 ppm 

Control 
1000  
ppm 

2000  
ppm 

3000 
 ppm 

4000  
ppm 

Shoot fresh weight (g) 

Control 15.79 16.65 17.89 14.98 12.05 15.47 13.75 14.31 15.69 13.75 12.65 14.03 

150 µM SNP 13.72 15.41 16.04 16.40 12.41 14.80 15.18 15.39 15.77 13.57 13.11 14.61 

250 µM SNP 16.53 17.10 19.28 17.10 14.89 16.98 14.62 15.31 18.89 13.79 11.89 14.90 

Mean 15.35 16.39 17.74 16.16 13.12  14.52 15.00 16.78 13.70 12.55  

L.S.D at 5 % A=1.22 B=0.94 AB=ns A= 1.01 B= ns AB=1.75 

Shoot dry weight (g) 

Control 2.01 2.61 3.32 2.56 1.81 2.46 1.69 1.84 2.26 1.73 1.40 1.78 

150 µM SNP 1.94 2.10 2.51 2.19 1.62 2.07 2.70 2.65 3.24 2.35 1.95 2.58 

250 µM SNP 1.94 2.02 2.72 2.33 1.76 2.16 2.74 2.77 3.70 2.70 1.98 2.78 

Mean 1.97 2.25 2.85 2.36 1.73  2.38 2.42 3.07 2.26 1.78  

L.S.D at 5 % A= 0.28 B= 0.22 AB=0.49 A= 0.31 B= 0.24 AB=0.54 

Root fresh weight (g) 

Control 2.76 3.35 5.59 4.43 2.13 3.65 1.80 2.65 3.62 2.37 1.51 2.39 

150 µM SNP 1.30 1.62 2.41 3.78 1.84 2.19 0.71 0.90 1.08 2.21 0.99 1.18 

250 µM SNP 1.18 0.88 1.50 2.34 1.56 1.49 0.60 0.73 1.24 1.77 1.08 1.08 

Mean 1.75 1.95 3.16 3.52 1.84  1.04 1.43 1.98 2.12 1.19  

L.S.D at 5 % A=0.61 B=0.47 AB=1.06 
 

A= 0.24 B=0.19 AB=0.41 

Root dry weight (g) 

Control 0.995 1.135 1.809 0.759 0.599 1.059 0.263 0.317 0.394 0.310 0.324 0.321 

150 µM SNP 0.515 0.461 0.458 0.446 0.301 0.436 0.291 0.420 0.385 0.489 0.377 0.392 

250 µM SNP 0.261 0.197 0.275 0.339 0.262 0.267 0.435 0.289 0.291 0.393 0.307 0.343 

Mean 0.590 0.598 0.847 0.515 0.388  0.329 0.342 0.356 0.397 0.336  

L.S.D at 5 % A=0.073 B= 0.06 AB= 0.13 A= ns B= 0.04 AB=0.09 

Shoot : Root dry weight ratio 

Control 2.03 2.30 1.83 3.38 3.02 2.51 6.42 5.81 5.72 5.58 4.31 5.57 

150 µM SNP 3.77 4.57 5.47 4.90 5.37 4.82 9.29 6.30 8.43 4.82 5.18 6.80 

250 µM SNP 7.46 10.28 9.90 6.87 6.72 8.25 6.32 9.57 12.75 6.87 6.46 8.39 

Mean 4.42 5.72 5.73 5.05 5.04  7.34 7.23 8.97 5.76 5.32  

L.S.D at 5 % A= ns B=0.78 AB=1.74 
 

A= 1.34 B= 0.78 AB=2.32 
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The authors mentioned that the reduction in 
leaf growth rate after an increase in soil salinity is 
primarily due to the osmotic effect of the salt 
around the roots; the short-term effects. This was 
confirmed by Greenway and Munns (1980) who 
mentioned that salts in the soil water inhibit plant 
growth for two reasons, the ability of the plant to 
take up water is reduced due to the presence of 
salt in the soil solution and sequence,  this leads 
to reductions in the growth rate. This is referred to 
as the osmotic or water-deficit effect of salinity. 
Secondly, salt-specific or ion-excess, which is 
mentioned as long-term effect as stated by 
Shabala and Munns (2012) and Greenway and 
Munns (1980). Increasing salinity resulting in 
excessive amounts of salt enter the transpiration 
stream, which counteracted with cells injury in the 
transpiring leaves and this may cause further 
reductions in growth. Munns et al., (2000) added 
that the sudden increase in soil salinity leads to 
losing leaf cells to water, but this loss of cell 
volume and turgor is transient. After that, cells 
regain their original volume and turgor owing to 
osmotic adjustment, but the cell elongation rates 
are reduced, this is confirmed by Munns et al., 
(2000); Fricke and Peters (2002); Shabala and 
Munns (2012), and they mentioned that over 
days, reductions in cell elongation and also cell 
division lead to slower leaf appearance and 
smaller final size. Cell dimensions change, with 
more reduction in area than depth, so leaves are 
smaller and thicker. In addition, a moderate 
salinity stress, inhibits the formation of lateral 
shoot development becomes apparent over 
weeks, and over months and the reproductive 
development was affected, such as early 
flowering or a reduced number of florets. They 
added that number of older leaves might die. 
However, production of younger leaves continues. 
All these changes in plant growth are responses 
to the osmotic effect of the salt, and are similar to 
drought responses. The reduction in leaf 
development is due to the salt outside the roots. 
Concerning, the effect of sodium nitroprusside 
(SNP) on growth characters, it was found that 
SNP was significantly enhanced shoot growth 
rather than root growth. Both concentrations of 
SNP applied was recorded the lowest significant 
values in root fresh and dry weights. Concerning 
the combinational effect of salinity and foliar spray 
of sodium nitroprusside, results revealed that 
under non-saline control, both concentrations of 
SNP had a significant promoting effect on shoot 
length rather than on root length in the first 
cutting. On the other hand, the long-term effect of 

SNP found to significantly promoting both shoot 
and root length when treated by 250 µM, in the 
second cutting. In the contrast, root length was 
promoted in plants grown under 1000-ppm and 
treated by 150 µM, besides shoot length was 
significantly increased, at first cutting. 
Furthermore, both shoot and root lengths were 
promoted by 250 µM in 1000-ppm treatments, at 
second cutting. Generally, the higher dose of 
SNP, 250 µM would enhance shoot and root 
lengths on the long term when compared by the 
lower concentration, 150 µM. Moreover, SNP at 
both concentrations recorded an increase in root 
fresh and dry weights under 3000 ppm in the 
second cutting, whereas, 150 µM showed the 
highest significant values. In conclusion, the effect 
of SNP can be discriminated on growth 
parameters under high salinity levels (3000 & 
4000-ppm), whereas a narrow effect was 
observed under control, 1000-ppm and 2000-ppm.   
This evidence confirms that the enhancing trend 
in plants treated by salinity levels less than 2000-
ppm return to the promoting effect of salinity 
rather than SNP in contrast with higher salinity 
levels (3000, 4000-ppm). This evidence was 
observed in 150 µM, which enhanced both shoot 
and root length under higher salinity level, 3000-
ppm in both cuttings. hoot fresh and dry weights 
showed that non-significant different between 
treatments in the first cutting. Besides, a 
promoting effect was noticed by SNP application 
in both concentrations on shoot fresh and dry 
weights, in the second cutting. This evidence 
highlighted the short-term effect of SNP was 
found on contacted organs, foliar spray exerted on 
shoots, while on the long-term, the effect would be 
dispersed on whole plants as a results of 
hormonal effect. The cross-talk of nitric oxide and 
plant hormones were declared by Shamsul et al., 
(2010). The authors mentioned that NO found to 
induce the maize root segments elongation was 
dose-dependent manner. In addition, auxinindole 
acetic acid (IAA) and NO might share some 
common steps in the signal transduction pathway 
because both elicit the same responses in plants. 
They mentioned that nitric oxide found to have 
dual behavior depends on its dose, in rapidly 
growing pea seedlings, lower concentrations 
increased the rate of leaf expansion, but no 
beneficial effect at higher concentrations was 
found. 

Chemical composition: 
Plant pigments of chervil leaves were studied in 
Table 4. Concerning the effect of salinity on plant 
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pigments, results showed that the concentration of 
chlorophyll a, chlorophyll b, total chlorophyll, 
carotenoids as well as chlorophyll a/b ratio were 
reduced in response to low salts concentration 
(control) and high salts concentration (4000-ppm). 
Whereas, salinity level at 2000-ppm showed an 
encouraging-like effect on chlorophyll 
concentrations. Our results were in harmony with 
other investigators, who noticed the encouraging 
effect of low to moderate salinity levels was 
observed on several plants. It was found that 500-
ppm on snap bean (Hanafy Ahmed et al., 2018), 
Zeid et al. (2018), 2.5 dsm-1 on canola (Badawy et 
al., 2017) and 2000-ppm on wheat (Hanafy 
Ahmed et al., 2008). In addition, changes in 
chlorophyll under the influence of salinity was 
detected by Downton et al., (1985). They found 
some morphological changes and functional 
consequences in stressed spinach plants like 
thicker leaves and less chlorophyll per unit area. 
Richardson and McCree (1985) mentioned that 
salinity stress has same inhibitory effect on 
photosynthesis like drought by closing stomata 
and inhibiting CO2 fixation process and inhibiting 
electron transport through photosynthesis. Giardi 
et al., (1997) mentioned that electron transport 
measurements declared a reduction in electron 
transport in photosystem II and across electron 
transport chain under the effect of salinity stress. 
In addition, the same authors, studied 
Synechocoecus grown under 0.5 M NaCl found 
that salinity had an effect on fatty acid and lipid 
composition of thylakoid membranes, which 
influence photosynthesis process. Masojidek et al. 
(1991) mentioned that PSII polypeptides damage 
might occur due to generation of ROS species 
and consequently resulting in degradation of D1 
protein, which can be deduced, from 
disappearance of PSII core chlorophyll proteins. 
Ali et al., (2004) studied the effect of salinity on 
chlorophyll concentration in rice genotypes and 
they concluded that maximum reduction in total 
chlorophyll concentration found under salinity. In 
addition, they added that chlorophyll 
concentrations reduction is probably due to the 
inhibitory effect of the accumulated ions of various 
salts on the biosynthesis of the different 
chlorophyll fractions. Salinity affects the strength 
of the forces bringing the complex pigment protein 
liquid, in the chloroplast structure. Regarding the 
effect of sodium nitroprusside on photosynthetic 
pigments, it was deduced that all chlorophyll 
components except chlorophyll a/b, which treated 
by 150 µM SNP were recorded the highest 
significant values compared with control untreated 

plants in the two cuttings. On the other hand, it 
was found 250 µM SNP has increasing but non-
significantly in all plant pigments except 
chlorophyll a in the second cutting. Mehar and 
Khan (2014) resulted that chlorophyll decayed 
due to Cd stress was completely reverted when 
treated by NO donor for 7 days. Bonab et al., 
(2015) and (2018) explained the protective role of 
nitric oxide, and mentioned that an important 
feature of NO is its dual role as a powerful oxidant 
and an effective antioxidant, and this dual role 
depends on concentration and site of action. It 
has a protective role as it interacts with lipid 
hydro-peroxyl radicals or high activation of 
superoxide, which both increase lipid peroxidation 
as well as promoting stomatal closure. Besides 
reducing the ROS damaging effect, this 
preventing the chlorophyll disintegration and injury 
to membranes likes thylakoids membrane, by 
preventing the increase in thiobarbituric acid 
reactive substances content. In addition, 
maintaining the balance in the PS II complex 
proteins. Results found that chlorophyll a/b has 
been recorded the highest significant values 
under control followed by foliar sprayed plants 
with 250 µM SNP. However, the lowest significant 
values were recorded by plants treated with 150 
µM SNP. This result confirms that low dose of 
nitric oxide significantly increased the 
concentration of chlorophyll b relatively to 
chlorophyll a. Our results were in harmony with 
Zeid et al., (2018). In addition, this result was 
confirmed by several investigators, a study 
performed by Vink et al., (2004) revealed that in 
both Physocarpus amurensis Maxim and 
Physocarpus opulifolius “Diabolo” leaf chlorophyll 
b content were increased significantly under the 
low light stress.  However, chlorophyll a changed 
non-significantly. It was discussed that chlorophyll 
b can serve as the major pigment in functional 
photosystem II complexes of cyanobacteria, and 
chlorophyll b replaces part of chlorophyll a in the 
PS II core. Moreover, the energy absorbed by 
chlorophyll b can be used efficiently by the 
reaction centers and can cause QA; quantum 
absorption reduction. In addition, the Chl.b 
increase could also help with the absorption of 
blue-violet light under low light, which is adaptive 
strategy under stress. 
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Table 4. Plant pigments; Chl. a, b, total chl., chl. a/b and total carotenoids (mg/g F.w) in chervil plant leaves affected by five salinity 

levels and foliar sprayed by sodium nitroprusside in the two successive cuttings, these data are combined of seasons 
2015/2016-2016/2017. 

Cuttings First Cutting 

Mean 

Second Cutting 

Mean                Salinity 
Treatment 

Control 
1000  
ppm 

2000  
ppm 

3000  
ppm 

4000  
ppm 

Control 
1000  
ppm 

2000  
ppm 

3000 
 ppm 

4000  
ppm 

Chlorophyll a 

Control 0.40 0.54 0.54 0.57 0.53 0.52 0.28 0.43 0.45 0.33 0.35 0.37 

0.15 mM SNP 0.55 0.55 0.73 0.61 0.54 0.60 0.38 0.34 0.57 0.47 0.47 0.45 

0.25 mM SNP 0.40 0.52 0.66 0.41 0.47 0.49 0.32 0.47 0.47 0.35 0.32 0.39 

Mean 0.45 0.54 0.64 0.53 0.51  0.33 0.41 0.50 0.39 0.38  

L.S.D at 5% A=0.09 B=0.07 AB= ns A=0.08 B=0.06 AB= ns 

Chlorophyll b 

Control 0.17 0.22 0.21 0.26 0.22 0.22 0.16 0.19 0.19 0.16 0.17 0.17 

0.15 mM SNP 0.35 0.35 0.41 0.38 0.30 0.36 0.18 0.18 0.27 0.20 0.20 0.21 

0.25 mM SNP 0.22 0.21 0.31 0.23 0.18 0.23 0.14 0.18 0.20 0.16 0.18 0.17 

Mean 0.25 0.26 0.31 0.29 0.24  0.16 0.18 0.22 0.18 0.18  

L.S.D at 5% A= ns B=0.05 AB= ns A= ns B=0.03 AB= ns 

Total chlorophyll 

Control 0.58 0.76 0.75 0.84 0.75 0.73 0.44 0.62 0.64 0.50 0.52 0.54 

0.15 mM SNP 0.90 0.90 1.14 0.99 0.84 0.95 0.57 0.52 0.85 0.67 0.68 0.66 

0.25 mM SNP 0.62 0.73 0.98 0.65 0.6p5 0.72 0.46 0.65 0.67 0.51 0.50 0.56 

Mean 0.70 0.80 0.95 0.83 0.75  0.49 0.59 0.72 0.56 0.56  

L.S.D at 5% A=0.12 B=0.10 AB= ns A=0.12 B=0.09 AB= ns 

Chlorophyll a/b 

Control 2.43 2.53 2.72 2.55 2.52 2.55 2.03 2.44 2.60 2.26 2.31 2.33 

0.15 mM SNP 2.15 2.12 2.25 2.07 2.29 2.17 2.34 2.23 2.42 2.46 2.53 2.40 

0.25 mM SNP 2.21 2.69 2.50 2.33 2.66 2.48 2.45 2.71 2.59 2.43 2.18 2.47 

Mean 2.26 2.45 2.49 2.32 2.49  2.27 2.46 2.54 2.38 2.34  

L.S.D at 5% A= ns B=0.18 AB= ns A=0.17 B= ns AB=0.29 

Total carotenoids 

Control 0.25 0.31 0.31 0.35 0.32 0.31 0.19 0.25 0.27 0.20 0.21 0.23 

0.15 mM SNP 0.44 0.39 0.40 0.43 0.38 0.41 0.23 0.22 0.35 0.26 0.28 0.27 

0.25 mM SNP 0.28 0.30 0.42 0.24 0.26 0.30 0.19 0.25 0.27 0.21 0.21 0.23 

Mean 0.32 0.33 0.37 0.34 0.32  0.20 0.24 0.30 0.23 0.23  

L.S.D at 5% A= ns B=0.05 AB= ns A=0.05 B=0.04 AB= ns 
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  This evidence confirmed the vital role of 
nitric oxide donor in adapting the photosynthesis 
apparatus and enhancing its efficiency under 
stresses. Changes in ratio between chlorophyll a 
and b was observed also under water stress, as 
deduced by Congming and Zhang (1995), In 
particular, PSII has been shown to be very 
sensitive to water  stress. A reduction in 
chlorophyll concentration under osmotic stress 
were found to be common in different plants as 
found by Neseim et al., (2014); Zeid et al., (2014). 
Shabala and Munns (2012) discussed the osmotic 
effect of salinity as a short-term effect. Some in 
vivo studies showed a damaging in oxygen-
evolving complex of PSII resulted from osmotic 
stress, which is confirmed by Toivonen and 
Vidaver (1988) and to the PSII reaction centers 
too. This electron supply reduction produced by 
water splitting in PSII will counteract in a reduction 
in electron supply for photosynthesis process and 
reduces photosynthesis. Richardson and McCree 
(1985) and Giardi et al., (1997) stated the one part 
of salinity stress inhibition for photosynthesis is 
due to reduction in electron transport derived from 
water splitting process. That was confirmed by 
Masojidek et al., (1991) and Giardi et al., (1997). 
All these strategies aimed to increase light 
capturing and keeping photosynthetic apparatus 
from damage as well as enhancing 
photosynthesis process. It is known as an 
economic strategy in adaption of under stress. 
Concerning the combinational effect of both 
salinity levels and two concentrations of sodium 
nitroprusside on plant pigments, it was found that 
all studied plant pigments were increased in 
plants grown in salinity soil of 2000 ppm and foliar 
sprayed by150 µMSNP. This due to the protective 
role of nitric oxide donor to plant pigments against 
the oxidative stresses. Bonab et al. (2015) and 
(2018) mentioned that increasing salinity reduced 
levels of photosynthetic pigments significantly. 
However, the amount of chlorophylls and 
carotenoids were increased by 50-µM SNP under 
stressed condition of salinity or without stress 
conditions. While higher concentration of nitric 
oxide donor has an inhibitory effect. This 
conclusion was supported by Shamsul et al., 
(2010) who mentioned that NO donors (SNP) 
have been found to enhance chlorophyll content 
in potato, lettuce, and Arabidopsis. The role of NO 
in preserving and increasing chlorophyll content in 
pea and potato was also proved. The protective 
effect of NO on the chlorophyll retention may 
reflect NO effects on iron availability. A strong 
evidence supporting the role of NO in iron nutrition 

of plants was presented by Graziano et al., (2002) 
as iron- deficient growth conditions normally result 
in chlorosis. The later mentioned that NO 
treatment increased the chlorophyll content in 
maize leaves up to the control level. The effect of 
salinity on the total sugars, total soluble phenols, 
total free amino acids and proline concentrations 
in chervil leaves and roots were showed in Table 
5 and Table 6, results indicated an increase in all 
these components concentrations of roots and 
shoots, in both cuttings with increasing salinity, 
with respect the salinity effect. Data showed that 
total sugars and total soluble phenols 
concentrations were significantly recorded the 
highest values in roots and shoots treated by 
2000-ppm and then following by increase in 3000 
ppm. However, free amino acids and proline 
concentrations were recorded the highest 
significant values in roots and shoots of 3000 and 
4000-ppm treated plants, in both cuttings.   

However, these components were reduced in 
plant roots and shoots grown in 4000-ppm soil 
salinity. This is an osmotic adjustment to plant 
cells to counteract the osmotic stress initiated due 
to salinity stress. This trend was confirmed by 
Zeid et al., (2018) on wheat, Hanafy Ahmed et al., 
(2018) found this trend on snap bean, Badawy et 
al., (2017) found it on canola,  Hanafy Ahmed et 
al., (2013) found it on cotton, Zeid et al., (2014) 
found it on Trachyspermum Ammi and Neseim et 
al., (2014) observed it on sugar beet. Shabala and 
Munns (2012) added that carbohydrates provide 
mechanical support and shape (cellulose, pectin, 
etc.), store energy and reduced carbon (starch, 
sucrose etc.), regulate osmotic pressure (low 
molecular weight sugars), and provide non-
enzymatic antioxidant defense (flavonoids, 
mannitol etc.) as well as a number of other key 
physiological functions. Couée et al., (2006) clear 
that some sugars, such as glucose, sucrose, and 
fructose play a role in plant response to oxidative 
stress. Singh (2004) added that at maximum 
salinity stress, there was comparatively more 
accumulation of sugar, protein, proline and phenol 
in tolerant genotypes along with higher amylase, 
peroxidase, catalase and lower protease 
activities. Concerning the effect of sodium 
nitroprusside on these components, plant foliar 
sprayed with 150 µM SNP found to have an 
inversely respond to the effect of those sprayed 
by 250 µM SNP in concentrations of total sugars, 
total soluble phenols, total free amino acids and 
free proline in shoots and roots for both cutting. 
This means that NO effect is dose-dependent. It 
was deduced from Table 5 and Table 6 that sugar 
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concentrations recorded the highest significant 
values in plants sprayed by 150 µM SNP in root 
and shoots at the first cutting, followed by a 
reduction in roots, and significantly reduced in 
shoots in the second cutting. Whereas, total 
soluble phenols were significantly increased and 
decreased in shoots and roots, respectively in the 
first cutting and vice versa found in second 
cutting. Bonab et al., (2015), (2018) pointed that 
increasing the cellular osmolality, which achieves 
from accumulation of compatible solutes, like 
sugars under environmental stress could be the 
result in starch decay, sugar  synthesis by non-
photosynthesis pathways, non-converting of sugar 
to other productions and decreasing of 
transporting from shoots to other parts of plant. 
This adjustment relies on expenses the cell lose 
importance of some assimilates. Plants sprayed 
by 150 µM SNP was significantly increased in 
total free amino acids (TFAA) in shoots and roots 
in the first cutting when compared with control 
untreated planted. Whereas in the second cutting, 
TFAA was significantly increased and decreased 
in root and shoots, respectively when compared 
with control. It was found that proline 
concentration was significantly increased in plants 
sprayed by 250 µM SNP in shoots at both 
cuttings, however, 150 µM SNP was significantly 
reduced it. On the other hand, 150 µM SNP was 
significantly increased proline concentration in 
roots in the first cutting in addition an increase 
was observed in the second cutting. In addition, 
they mentioned its important player in the redox 
signaling in plants, which indicated the influence 
of redox-sensitive enzymes on proline 
accumulation, e.g., thioredoxins and mitochondrial 
NAD dehydrogenases. Moreover,  ProDH; Proline 
Dehydrogenase can load electrons into the 
mitochondrial electron transport chain regulating 
the cellular redox state as stated by López-
Carrión et al., (2008) who studied the role of nitric 
oxide donor on proline metabolism under salinity 
stress.  They found an increase in P5CS; 
Pyrroline-5-carboxylate synthase activity, the 
enzyme used in proline synthesis, in 100 Mm 
NaCl grown plants, but not significant record 
noticed in SNP treated plants. They mentioned 
that proline degradation seems to be beneficial in 
the response to degradation seems to be 
beneficial in the response to stress, given that the 
degradation of proline to glutamate generates 
reducing equivalents that support mitochondrial 
generates reducing equivalents that support 
mitochondrial oxidative phosphorylation. 

PDH activity, the enzyme related to proline 

degradation, is capable of consuming O2, and 
perhaps could reduce the O2, and perhaps could 
reduce the oxidizing power of the cell and in turn 
possibly generate oxidizing power of the cell and 
in turn possibly generate ROS. Generally, NO 
appears to be capable of mitigating damage 
associated with salinity stress by reducing 
oxidative stress and inducing salinity stress by 
reducing oxidative stress and inducing proline 
degradation, mechanisms that permit the plant to 
proline degradation to adapt with greater facility 
under these conditions. This evidence was in 
harmony with reduction found in our results in 
shoots. The combinational study of both salinity 
and sodium nitroprusside foliar sprayed indicated 
that plants sprayed by 150 µM SNP under salinity 
level of 2000 ppm had an enhancing trend in total 
sugars, total soluble phenols and proline, 
however, total free amino acids were significantly 
recorded the highest values in  roots, which foliar 
sprayed with 150 µM SNP under 3000 ppm. The 
increases of these components in roots has a 
beneficial role in maintain osmotic adjustment to 
counteract the osmotic and oxidative stresses, 
which induced by salinity. Proline is speculated as 
multifunctional molecule in plant development and 
involved in the response to a wide range of plant 
abiotic and biotic stresses. It acts as a compatible 
osmolyte, radical scavenger and it supplied 
energy for regrowth after stress situations by its 
degradation, non-enzymatic antioxidant, 
complexes with heavy metals and acts as signal 
molecule. This was mentioned by Szepesi and 
Szőllősi (2018).  

Essential oil percentage of chervil herb (Table 
7) ranged from 0.02 to 0.06 % in the first cutting of 
the first season and from 0.011 to 0.07% in the 
second cutting of the first season. Whereas, in the 
second season, it ranged from 0.011 – 0.08% in 
the first cutting and 0.018-0.067% in the second 
cutting. Essential oil percentage was increased 
parallel with increasing salinity levels until 
reaching 2000 ppm in both cutting of both 
seasons. This encouraging trend was detected by 
Badawy et al., (2016) on canola oil affected by 
salinity level of 2.5 dsm-1. Then the essential oil 
percentage tended to decrease with increasing 
salinity level to 3000 and 4000 ppm under all 
sodium nitroprusside treatments. These results 
were supported by Baser et al., (1998) who 
studied the essential oil percentage of wild type of 
Anthriscus cerefolium (L.) in Turkey and they 
declared that average of oil yield from aerial parts 
was 0.42%.



ZEID et al.,           Alleviating effect of sodium nitroprusside in salt stressed chervil plant 

 

                                               Bioscience Research, 2018 volume 15(4): 4433-4451                                   4443 

 

Table 5. Total sugars, total soluble phenols and total free amino acids concentrations (mg/g F.w.) in chervil shoots and roots as affected 
by five salinity levels and treated by sodium nitroprusside foliar spray in two successive cuttings (combined data of seasons 
20152016-2016/2017). 

Growth stages First Cutting 

Mean 

Second Cutting 

Mean 
Treatment Control 

1000 
 ppm 

2000  
ppm 

3000  
ppm 

4000  
ppm 

Control 
1000  
ppm 

2000  
ppm 

3000 
 ppm 

4000  
ppm 

Total sugars in shoots 

Control 9.11 11.24 13.50 11.88 9.35 11.02 6.87 11.44 14.09 12.92 7.22 10.51 

150 µM SNP 12.22 14.48 16.47 15.17 12.42 14.15 8.24 9.36 12.97 5.47 5.21 8.25 

250 µM SNP 9.92 12.15 14.09 11.81 9.46 11.49 13.71 14.73 18.53 19.01 17.12 16.62 

Mean 10.42 12.62 14.69 12.95 10.41 
 

9.61 11.85 15.20 12.47 9.85 
 

L.S.D at 5% A=1.71 B=1.33 AB=ns A=1.84 B=1.42 AB=3.18 

Total Sugars in roots 

Control 4.97 6.63 8.75 6.61 5.56 6.50 4.33 4.70 8.57 7.42 5.07 6.02 

150 µM SNP 7.60 9.44 14.06 8.77 8.11 9.60 7.93 8.75 11.49 9.47 6.86 8.90 

250 µM SNP 4.25 5.06 7.08 6.00 5.26 5.53 10.85 12.07 14.19 11.36 9.44 11.58 

Mean 5.61 7.04 9.96 7.13 6.31 
 

7.70 8.51 11.42 9.42 7.12 
 

L.S.D at 5% A=1.05 B=0.81 AB=ns A=1.84 B=1.42 AB=ns 

Total soluble phenols in shoots 

Control 1.75 1.88 2.01 1.96 1.83 1.89 2.28 2.30 2.61 2.33 2.21 2.35 

150 µM SNP 2.31 2.54 2.26 2.08 2.04 2.25 1.88 2.03 2.50 2.39 2.22 2.20 

250 µM SNP 2.00 2.04 2.28 2.16 2.09 2.12 2.67 2.90 3.98 3.29 2.89 3.15 

Mean 2.02 2.15 2.19 2.07 1.99 
 

2.28 2.41 3.03 2.67 2.44 
 

L.S.D at 5% A=0.14 B=0.11 AB=0.23 A=0.26 B=0.20 AB=ns 

Total soluble phenols in roots 

Control 0.08 0.08 0.11 0.10 0.07 0.09 0.08 0.09 0.12 0.12 0.09 0.10 

150 µM SNP 0.07 0.07 0.11 0.13 0.08 0.09 0.07 0.13 0.16 0.14 0.10 0.12 

250 µM SNP 0.12 0.13 0.20 0.10 0.07 0.12 0.08 0.07 0.13 0.11 0.08 0.09 

Mean 0.09 0.09 0.14 0.11 0.08 
 

0.08 0.10 0.14 0.12 0.09 
 

L.S.D at 5% A=0.02 B=0.02 AB=0.04 A=0.02 B=0.02 AB=ns 

Total free amino acids in shoots 

Control 5.45 7.15 8.66 10.70 7.39 7.87 9.18 13.68 14.17 16.70 9.14 12.57 

150 µM SNP 7.74 9.82 10.69 10.90 9.21 9.67 6.97 9.23 9.94 10.84 8.71 9.14 

250 µM SNP 6.96 8.84 9.00 9.94 9.78 8.91 7.96 7.50 8.54 11.05 7.04 8.42 

Mean 6.72 8.60 9.45 10.51 8.79 
 

8.04 10.14 10.88 12.86 8.29 
 

L.S.D at 5% A=0.99 B=0.76 AB=ns A=1.71 B=1.32 AB=ns 

Total free amino acids in roots 

Control 5.45 7.15 8.66 10.70 7.39 7.87 9.18 13.68 14.17 16.70 9.14 12.57 

150 µM SNP 7.74 9.82 10.69 10.90 9.21 9.67 6.97 9.23 9.94 10.84 8.71 9.14 

250 µM SNP 6.96 8.84 9.00 9.94 9.78 8.91 7.96 7.50 8.54 11.05 7.04 8.42 

Mean 6.72 8.60 9.45 10.51 8.79 
 

8.04 10.14 10.88 12.86 8.29 
 

L.S.D at 5% A=1.45 B=1.12 AB=ns A=1.77 B=1.37 AB=3.07 
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Our results were in harmony also with El 
Gendy et al., (2015) who studied the chervil plant 
grown in the Egypt. In addition, they declared that 
essential oil percentage in chervil plants was 
ranged from 0.02 to 0.1%. In addition Fejes et al. 
(2004) declared that chervil herb has less 
effective volatile oil.  

The mean values of essential oil percentage 
as affected by SNP treatments (Table 7) indicated 
that application of   nitric oxide at 150 µM 
increased essential oil percentage comparing to 
control, while increasing its concentration to 250 
µM decreased essential oil percentage in both 
cuttings of both seasons. This means that SNP 
effects on the essential oil percentage was found 
to be dose dependent. This result was confirmed 
by Zhu et al., (2009) who declared that the 
biological effect of NO depends on its dose 
concentration. Plants foliar sprayed by 150 µM 
SNP showed the highest essential oil percentage 
under the different salinity levels. When compared 
with those sprayed by 250 µM SNP except in the 
first cutting for the first season. The combination 
effect of both salinity and sodium nitroprusside 
treatments on essential oil percentage indicated 
that plants foliar sprayed by 150 µM under non-
saline conditions recorded the highest essential oil 
percentage was (0.08%) when compared by other 
studied treatments, in both cuttings of both 
seasons. While plants foliar sprayed by 150 µM 
under 2000-ppm was occupied the first rank that 
recorded the (0.060% and 0.070%) in the first and 
the second cutting of the first season, and 
recorded (0.067%) in the second cutting of 
second season. These results were in harmony 
with all previous results in growth parameters as 
well as biochemical components, which confirm 
the encouraging trend in plants treated by 150 µM 
under 2000-ppm. This trend was observed by 2.5 
dsm-1 on canola (Badawy et al., 2017).Secondary 
metabolites were producing in plants to abiotic 
and biotic response in a manner of defense 
strategy and it increased or decreased under 
these elicitors. In other means, these metabolites 
increased under stress but to some extent. This 
evidence was mentioned by Ramakrishna and 
Ravishankar (2011). These results also confirm 
that the effect of nitric oxide in mitigating the 
adverse effect of salinity on plants, which 
enhanced their production under high salinity 
levels. These results were similar to Neffati and 
Marzouk (2009) who found that coriander 
essential oil yield was increased significantly with 
increasing NaCl concentrations. 

The relative percentages of the main 

constituents of the essential oil of chervil plant as 
determined and identified by GC-MS for the 
different treatments of salinity and sodium 
nitroprusside along with control plants of the first 
and second cut are shown in Table 8 and Table 9. 
.The total identified compounds were ranged from 
96.18 to 99.88% and from 93.93 to 99.80 % in the 
first and second cut, respectively. Meanwhile, total 
oxygenated compounds percentage was ranged 
from 87.53 to 99.26 % and from 92.52 to 99.38 % 
in the first and second cut, respectively, which are 
found to be majority. On the other hand, the non-
oxygenated compounds were found to be minority 
that ranged from 0.28 to 8.98 % and from 0.02 to 
3.71 %, in the first and second cut, respectively. 
Results showed that increasing salinity resulted in 
reducing oxygenated compounds percentages in 
non-SNP treated plants. On the contradictory, the 
non-oxygenated compounds increased in the first 
cut. In addition, SNP in both concentrations 
increased oxygenated compounds under salinity 
effect. Whereas, oxygenated compounds 
registered the highest record in 150 µM foliar 
sprayed plants under 4000-ppm, in the first cut 
and had increasing trend in the second cut. 
Similar results were mentioned in the study of 
Baser et al., (1998). Regarding the essential oil of 
chervil, grown wild in Turkey, four compounds 
comprising the A. cerefolium total essential oil 
were Methylchavicol (83.10%), 1-allyl-2,4-
dimethoxybenzene (15.15%), undecane (1.75%) 
and β-pinene (0.01%). Additionally, Fejes et al., 
(2000) added that gas chromatographic analysis 
of chervil essential oil showed three characteristic 
components: undecane, methyl chavicol, and 1-
allyl-2,4-dimethoxybenzene.The major compound 
of the essential oil of all treatments was found to 
be Methyleugenol, which ranged from 75.46 to 
90.5 % in the first cut, and ranged from 31.9 to 
89.84 % in the second cut.  

Then it followed by 2-Allyl-1, 4-
dimethoxybenzene that ranged from 4.32 to 9.76 
in the first cut, and ranged from 1.92 to 9.75 % in 
the second cut. The third major compound was 
identified as Methyl chavicol, which ranged from 
0.68 to 7.58% in the first cut and ranged from 4.09 
to 49.62 % in the second cut. These results are in 
agreement with those of El Gendy et al., (2015) 
who stated that the main constituents of essential 
oil of chervil plant (Anthriscus cerefolium L.), in 
Egypt, were identified as Methyleugenol, 
Estragole and 2-allyl-1,4-dimethoxybenzene. 
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Table 6. Free proline  concentrations (mg/g F.w.) in chervil shoots and roots as affected by five salinity levels, treated by sodium 
nitroprusside foliar spray in two successive cuttings, these data are combined of seasons 20152016-2016/2017). 

 
Table 7. The percentage of essential oil (ml/100g) in chervil shoots as affected by five salinity levels and treated by sodium 
nitroprusside foliar spray and in two successive cuttings for two seasons (2015/2016-2016/2017). 

Growth stages First Cutting 

Mean 

Second Cutting 

Mean 
Treatment Control 

1000  
ppm 

2000  
ppm 

3000  
ppm 

4000 
 ppm 

Control 
1000  
ppm 

2000 
 ppm 

3000 
 ppm 

4000 
 ppm 

Free proline in shoots 

Control 1.15 1.22 1.27 1.38 1.57 1.32 0.25 0.36 0.50 0.61 0.62 0.47 

150 µM SNP 1.12 1.20 1.22 1.29 1.34 1.23 0.27 0.38 0.70 0.67 0.70 0.54 

250 µM SNP 1.49 1.44 1.60 1.70 1.85 1.62 0.38 0.50 0.88 0.93 1.04 0.75 

Mean 1.25 1.29 1.36 1.46 1.59 
 

0.30 0.41 0.69 0.74 0.79 
 

L.S.D at 5% A=0.18 B=0.14 AB=ns A=0.16 B=0.12 AB=ns 

Free proline in roots 

Control 0.97 1.32 1.51 1.62 2.28 1.54 1.11 1.63 1.67 1.86 2.84 1.82 

150 µM SNP 1.17 1.30 1.41 1.77 2.01 1.53 1.55 1.70 1.76 2.29 2.35 1.93 

250 µM SNP 1.06 1.17 1.27 1.54 1.83 1.37 1.40 1.50 1.55 1.82 2.43 1.74 

Mean 1.07 1.26 1.40 1.64 2.04 
 

1.35 1.61 1.66 1.99 2.54 
 

L.S.D at 5% A=0.28 B=0.15 AB=ns A=0.28 B=ns AB=ns 

First Cutting Second Cutting 

Treatment 
Salinity 

Control 
150 µM 

SNP 
250 µM 

SNP 
Mean Control 

150 µM 
SNP 

250 µM 
SNP 

Mean 

First Season (2015/2016) 

Control 0.020 0.026 0.020 0.026 0.023 0.020 0.010 0.018 

1000 ppm 0.040 0.060 0.030 0.044 0.037 0.032 0.020 0.036 

2000 ppm 0.050 0.060 0.060 0.060 0.040 0.070 0.030 0.052 

3000 ppm 0.040 0.030 0.035 0.045 0.020 0.070 0.030 0.039 

4000 ppm 0.060 0.030 0.030 0.046 0.020 0.048 0.025 0.029 

Mean 0.042 0.041 0.035  0.028 0.048 0.023  

Second Season (2016/2017) 

Control 0.035 0.080 0.060 0.060 0.025 0.045 0.020 0.043 

1000 ppm 0.035 0.055 0.030 0.037 0.020 0.029 0.031 0.039 

2000 ppm 0.052 0.055 0.050 0.062 0.040 0.067 0.035 0.056 

3000 ppm 0.040 0.035 0.011 0.048 0.020 0.035 0.058 0.046 

4000 ppm 0.030 0.065 0.014 0.053 0.018 0.065 0.031 0.043 

Mean 0.038 0.058 0.033  0.025 0.048 0.035  
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In addition to Baser et al. (1998) also reported that 
methyl chavicol, 1-allyl-2, 4-dimethoxybenzene, 
undecane and β-pinene were the main 
constituents of essential oil of wild type of chervil 
plant (Anthriscus cerefolium L.) grown in Turkey. 
Moreover, Abd El-Razik et al., (2015) mentioned 
that Methyleugenol was ranged from 39.56 – 
47.03 followed by Estragole (Methyl chavicol) that 
was ranged from 15.05- 24.29% and 2-allyl-1,4-
dimethoxybenzene as the third one (5.76 – 
8.01%) and then Pulegone (1.57- 7.04%) and 
Ziniberene (1.81 – 4.98%). Moreover, increasing 
salinity levels resulted in a reduction of 
Methyleugenol relative percentage in non-
received SNP treatments in both cuttings. 
Application of 150 µM increased it in plants grown 
under 2000 and 1000-ppm in the first and second 
cut, respectively. On the opposite hand, Estragole 
tended to increase with increasing salinity levels 
in all studied treatments. Estragole recorded the 
highest vales in plants which treated by 150 µM 
and 2000-ppm when compared with the studied 
other treatments. It seemed that both Estragole 
and Methyleugenol have a contradiction relation. 
From these results, it was concluded that all 
studied treatments, which contributed in 
increasing the accumulation of Estragole was 
contradictory counteracted with reduction in the 

accumulation and synthesis of Methyleugenol, 
and vice versa, in both cuttings, which is 
discussed and proved using enzymatic assay by 
Lewinsohn et al., (2000). 2-Allyl-1, 4-
dimethoxybenzene showed the highest values in 
150 µM and 4000-ppm (9.76%) besides, a minor 
different in 150 µM and 2000-ppm (9.43%). 
According the Figure 1, the reason beyond 
increasing some secondary metabolites in 
response of nitric oxide, Lamattina et al., (2007) 
mentioned the role of NO donor treatment on 
tobacco shoots or cells, which resulted in inducing 
a transient increase in in cellular cGMP levels. In 
turn, cGMP is required for phenylalanine ammonia 
lyase (PAL) and consequently increased cinnamic 
acid and phenylalanine, which give rise totally 
phenolic derivatives that participates in oil 
biosynthesis, acc. to Lewinsohn et al., (2000). 
cyclic GMP, GSH glutathione, GSNO S-
nitrosoglutathione, MAPK mitogen-activated 
protein kinase, PAL phenylalan- ine ammonia 
lyase, PHE phenylalanine, PR proteins 
pathogenesis-related proteins, SA salicylic acid. 
Dotted lines represent potential NO functions, 
figured by Lamattina et al., (2007). 
 
 

 
 

 

Figure 1. Representation of NO signaling functions. CHS chalcone synthase, CA cinnamic acid, 
Ca2+ calcium influx, cADPR cyclic cADP ribose, cGMP
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Table 8. Components of essential oil of the chervil shoot affected by five salinity levels and treated by sodium nitroprusside foliar spray 
at concentrations 150 µM and 250 µM, in the first cuttings for season (2016/2017).

Sodium  
Nitroprusside 

Control (0 µM SNP) 150 µM SNP 250 µM SNP 

Salinity (ppm) 

C
o

n
tr

o
l 

1
0
0
0

 

2
0
0
0

 

3
0
0
0

 

4
0
0
0

 

C
o

n
tr

o
l 

1
0
0
0

 

2
0
0
0

 

3
0
0
0

 

4
0
0
0

 

C
o

n
tr

o
l 

1
0
0
0

 

2
0
0
0

 

3
0
0
0

 

4
0
0
0

 

p-Cymene T T 0.95 1.45 0.93 T T T T T T T T T T 

D-Limonene 0.22 0.45 1.83 1.45 3.81 0.32 0.54 0.23 0.35 0.07 0.31 0.92 1.05 0.83 1.59 

γ-Terpinene T T 0.99 0.67 1.37 T 0.20 T T T T T T T T 

Estragole = 
Methylchavicol 

1.66 4.55 6.67 5.6 6.23 5.39 1.11 7.58 5.1 7.5 0.68 1.22 4.52 1.75 1.26 

Tetradecanol T T T T T T T T T T T T T T T 

2-Allyl-1,4-
dimethoxybenzene 

6.94 7.64 5.14 5.13 5.52 6.98 5.34 9.43 7.71 9.76 5.55 5.33 8.88 5.31 4.32 

Methyleugenol 89.76 85.28 82.33 82.24 75.46 86.54 90.50 78.94 86.05 81.77 90.36 89.83 81.74 87.64 88.11 

α-Curcumene 0.14 0.31 0.89 0.55 1.21 0.14 0.11 0.30 0.20 0.18 0.36 0.12 0.26 0.40 0.22 

Zingiberene 0.14 0.66 0.15 1.54 1.66 0.33 0.35 0.53 0.27 0.37 0.54 0.66 0.57 0.81 0.57 

Geranylisovalerate 0.10 0.15 0.11 0.11 0.32 0.08 0.1 0.12 0.11 0.10 0.28 0.12 0.20 0.12 0.11 

geranyl 3 methyl 
butanoate 

T 0.18 0.14 T T 0.11 T 0.15 T 0.13 0.21 T 0.25 0.74 T 

Total Identified 
Compounds 

98.74 98.77 99.05 98.74 96.51 99.57 98.25 97.05 99.79 99.88 98.29 98.2 97.47 97.6 96.18 

Oxygenated 
Compounds 

98.46 97.8 94.39 93.08 87.53 99.10 97.05 96.22 98.97 99.26 97.08 96.5 95.59 95.56 93.8 

Non-oxygenated 
Compounds 

0.28 0.97 4.66 5.66 8.98 0.47 1.20 0.83 0.82 0.62 1.21 1.7 1.88 2.04 2.38 

T = Traces 
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Table 9. Components of essential oil of chervil leaves affected by five salinity levels and treated by sodium nitroprusside foliar spray  at 
concentrations 150 µM and 250 µM, in the second cuttings for season (2016/2017). 

Sodium  
Nitroprusside 

Control (0 µM SNP) 150 µM SNP 250 µM SNP 

Salinity (ppm) 

C
o

n
tr

o
l 

1
0

0
0
 

2
0

0
0
 

3
0

0
0
 

4
0

0
0
 

C
o

n
tr

o
l 

1
0

0
0
 

2
0

0
0
 

3
0

0
0
 

4
0

0
0
 

C
o

n
tr

o
l 

1
0

0
0
 

2
0

0
0
 

3
0

0
0
 

4
0

0
0
 

p-Cymene T T T T T T T T T T T T T T T 

D-Limonene 0.32 0.55 0.95 0.25 0.93 0.07 T T T T T T 0.41 T 0.33 

γ-Terpinene T T T T T T T T T T T T T T T 

Estragole = Methyl 
chavicol 

15.31 17.70 27.42 13.25 7.86 35.72 24.10 15.00 22.91 49.62 4.77 4.09 22.71 7.07 34.39 

Tetradecanol 0.20 2.21 1.17 0.27 0.86 1.37 1.75 1.25 1.77 2.06 T 0.07 T T 1.30 

2-Allyl-1,4-
dimethoxybenzene 

5.45 7.42 1.92 6.28 3.92 5.18 6.48 6.64 7.26 9.75 4.05 3.33 4.77 1.52 4.07 

Methyleugenol 74.13 66.56 60.51 75.69 79.14 56.12 66.10 73.29 63.59 31.95 83.51 91.23 70.69 89.84 58.31 

Zingiberene 1.13 2.08 T 0.80 1.01 0.16 0.41 1.10 0.15 0.49 1.01 0.42 0.06 
 

0.24 

α-Curcumene 0.38 0.53 T 0.38 T 0.05 0.10 0.35 T T 0.62 T T T 0.11 

Geranylisovalerate 0.35 0.59 1.96 0.33 0.74 0.10 0.06 0.11 0.69 0.44 1.02 0.66 0.16 0.12 0.20 

geranyl 3-
methylbutanoate 

0.18 0.49 T T T 0.13 0.17 T 2.70 2.51 T T 0.21 T 0.29 

Total of identified 
compounds 

97.45 98.13 93.93 97.25 94.46 98.90 99.17 97.74 99.07 96.82 94.98 99.80 99.01 98.65 99.06 

Oxygenated 95.62 94.42 92.98 95.82 92.52 98.62 98.66 97.72 98.92 96.33 93.35 99.38 98.54 98.55 98.56 

Non-oxygenated 1.83 3.71 0.95 1.43 1.94 0.28 0.51 0.02 0.15 0.49 1.63 1.63 0.47 0.1 0.5 

T= Traces 
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 CONCLUSION 

This study was concluded that salinity initiated 
from salt mixtures would have an encouraging 
effect and considered as a nutritive additives 
under certain concentrations depending on salt 
mixtures and plant. Nitric oxide effect found to be 
dual behaviors depending on its dose. Study 
indicated that plants grown in 2000-ppm and foliar 
treated by 150 µM SNP showed best response in 
plant growth characters, biochemical components 
and essential oil percentage and components. 
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