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ABSTRACT 

 
A field experiment was conducted to study the effect of soil salinity and amino acids application on the 

vegetative growth, flower yield, chemical compositions and essential oil production of Matricaria recutita L. 
during two seasons (2010/2011 and 2011/2012) at North Sinai Governorate, Egypt. Plant height, number of 
branches, fresh and dry flower yield and contents of chlorophyll a, b, and carotene were significantly lowered 
with the rise in salt stress. On the contrary, increasing soil salinity significantly increased proline, polyphenol 
and flavonoid content. Generally increasing salt stress increased essential oil percentage and yield (L/feddan). 
The addition of amino acids significantly increased plant height, number of branches, fresh and dry flower yield, 
chlorophyll a, proline and polyphenol and insignificantly in chlorophyll b, carotene, as well as significantly 
decreased flavonoid value. The interaction between highest level of salinity and high dose of amino acids gave 
the best results for plant height, number of branches as well as fresh and dry weights of flowers. Whereas, 
higher level of soil salinity without amino acids gave the highest values of essential oil % and yield. Highest 
chlorophyll a, b, and carotene content were recorded in lower saline soil with spraying amino acids 375 ppm. 
The maximum values of proline and polyphenol content were obtained from higher level of both salinity and 
amino acids. The highest content of total flavonoids resulted from the highest salt level without amino acids 
spray. Concerning essential oil constituents, α-bisabolol oxide A, α-bisabolol oxide B, cis-β-farnesene, and 
bisabolone oxide were the four major compounds. The  combined treatment (11.28 ds/m + 250 ppm amino 
acids) gave the highest relative percent of α-bisabolol oxide A (56.48%), α-bisabolol oxide B (17.90%) and 
bisabolone oxide (14.90%)., while treatment (13.93 ds/m + 125 ppm amino acids) gave the highest percent 
(14.99%) of cis-β-farnesene. 
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Introduction 

 
Chamomile (Matricaria recutita L.) is a well-known medicinal plant species from the Asteraceae family 

often referred to as the "star among medicinal species." The native countries of the chamomile species are Asia, 
Northern Africa, Southern and Eastern Europe. The worldwide cultivation areas of chamomile lie in Argentina, 
Egypt, Germany, Hungary, Poland, Spain, Bulgaria, Belorussia, Russia, Czech Republic, Slovakia, Balkan 
peninsula, Ukraine and also in Bolivia and Brasilia (Luppold, 1984 and Seitz, 1987). The use of chamomile 
dates back 2500 years to ancient Egypt. In 500 B.C., Hippocrates, the founder of modern medicine in ancient 
Greece, recognized the therapeutic properties of chamomile. Pharmacological properties include anti-
inflammatory, antiseptic, carminative, healing, sedative and spasmolytic activity (Salamon, 1992). About 120 
chemical constituents have been identified in chamomile as secondary metabolites, including 28 terpenoids, 36 
flavonoids and 52 additional compounds with potential pharmacological activity (Mann and Staba, 1992). In 
addition to pharmaceutical uses, the oil is extensively used in perfumery, cosmetics, and aromatherapy, and in 
food industry (Singh et al., 2011).  Because of its extensive pharmacological and pharmaceutical properties, the 
plant thus possesses great economic value and is in great demand in the European countries. Due to its both 
medicinal and industrial importance, chamomile is mass-produced in many countries, including Egypt.  

Salinity is one of the most important a biotic stresses. The most widely accepted definition of a saline soil 
has been adopted from FAO (1996) as one that has an EC of 4 dS m-1 or more and soils with ECc’s exceeding 
15 dS m-1 are considered strongly saline. According to Yeo (1998) Carvajal et al. (1999) and Grattan and Grieve 
(1999), the direct effect of salts on plant growth may be divided into three broad categories: (i) a reduction in the 
osmotic potential of the soil solution that reduces plant available water, (ii) a deterioration in the physical 
structure of the soil such that water permeability and soil aeration are diminished, and (iii) increase in the 



3007 
J. Appl. Sci. Res., 9(4): 3006-3021, 2013 

 

 

concentration of certain ions that have an inhibitory effect on plant metabolism (specific in toxicity and mineral 
nutrient deficiencies). 

Amino acids have traditionally been considered as precursors and constituents of proteins. Many amino 
acids also act as precursors of other nitrogen containing compounds, e.g., nucleic acids. Amino acids can play 
wide roles in plants including acting as regulatory and signaling molecules. Plants subjected to stress show 
accumulation of proline and other amino acids. The role played by accumulated amino acids in plants varies 
from acting as osmolyte, regulation of ion transport, modulating stomatal opining, and detoxification of heavy 
metals. Amino acids also affect synthesis and activity of some enzumes, gene expression, and redox-
homeostasis (Rai, 2002).  

We chose chamomile plant as a result of higher demand as raw material and its products. For this, it is 
better to   study the behavior of this plant and its cultivation under the conditions of soil salinity in El-Tina plain 
area as a step towards the development of Sinai Peninsula. Thus, the aim of the present work was to investigate 
the effect of amino acids as foliar application on growth, yield, essential oil and chemical compositions of 
chamomile plant cultivated under different soil salinity conditions in North Sinai, Egypt. 
 
Materials and Methods 

 
Soil and Site Information:  

 
El-Tina Plain (about 50,000 feddans) is located at the northwestern part of Sinai Peninsula, Egypt, between 

longitudes 32º20'35"and 32º33'10" east and latitudes 30º57'25" and 31º04'28" north, approximately 174 km2. It 
is situated under arid conditions; the annual rainfall ranges from 33.3 mm to 70.2 mm and occurs over a short 
period (from October to March). Air temperature ranges from 7.6 to 23.4 °C and between 16.4 and 35.7 °C in 
winter and summer, respectively. Mean evaporation is high and ranges from 3.7 mm/day to 7.4 mm/day (Aly, 
2005). El-Tina plain is almost flat and the ground elevation ranges from 0-5 m above sea level (Reda, 2000). 
The soils of El-Tina plain are characterized by shallow to deep soil profile underlain by water table at 50-100 
cm. Soil texture varies between sandy loam to clay and soils are extremely saline (Reda, 2000). 
 
Field site description: 

 
A field experiment was conducted at Gelbana village, Sahl El-Tina, North Sinai Governorate, Egypt during 

two successive seasons (2010/2011 and 2011/2012). The physical and chemical properties of the soil sample 
were determined according to Jackson (1973) and Cottenie et al (1982) and are shown in Table (1). The 
analyses of the irrigation water samples of El-Salam Canal were determined according to Jackson (1973) and its 
properties are shown in Table (2). 
 
Table 1: Physical and chemical properties of the studied soils.                                

Caco3 % O.M % textureClay %Silt %Fine sand %Crouse sand % soil 
2.34 0.62 Sandy 

clay
15.42 7.96 61.17 15.45 Mean 

Soluble anions (meq/kg)Soluble cations (meq/kg)pH 
(1:2.5) 

E.C 
(ds/m) 

 
So4-- Cl- Hco3-K+Na+Mg++Ca++

8.22 10.80 4.962.4373.0013.2117.668.22 10.80 S1 1st season 
29.84 81.00 7.991.4088.0015.2314.208.22 12.00 S2 
8.20 14.80 4.652.8897.0019.5226.928.20 14.80 S3 
33.00 40.00 26.003.0019.0024.0053.008.34 9.98 S1 2nd 

season 38.00 46.00 28.004.0023.0027.0058.008.41 11.28 S2 
8.20 13.90 30.00 5.00 28.00 35.00 71.00 8.20 13.93 S3 

Available micronutrients (mg/kg)Available macronutrients (mg/kg) Soils 
Cu Zn MnFeKP N 

0.069 1.66 3.662.891944.61 53S1 1st season 
0.075 1.24 3.642.881864.53 47S2 
0.072 1.32 3.722.931884.33 57S3 
0.081 1.74 3.57 2.90 184 4.78 55 S1 2nd 

season 0.068 1.33 3.702.851864.88 51S2 
0.067 1.37 3.782.951915.41 60S3 

S1 = 10.8 and 9.98 dS/m; S2= 12 and 11.28 dS/m and S3=14.8 and 13.93 dS/m in the first and second seasons, respectively. 
  

Table 2: Mean Chemical composition of El-Salam Canal water 
pH EC  dSm-1 Soluble cations (meq/L) Soluble anions (meq/L) SAR 

Ca+2 Mg+2 Na+ K+ HCO3
- CL- SO4

- 
7.82 1.10 2.07 2.7 6 0.16 2.13 6.4 2.4 3.88 

Macronutrients (mg/L) 
 

Micronutrients (mg/L) 

NO3-N NH4-N P Fe Mn Zn Ca B 
5.03 11.67 5.10 0.53 0.32 0.38 0.57 0.06 
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Seeds of Matricaria recutita L. were provided by SEKEM Academy, Egypt. The seeds of chamomile were 
sown in the nursery on 1st September of both seasons at El-Mizan Company of SEKEM, Sharkiya Governmante, 
Egypt. After two months from seed sowing, uniform seedlings were transplanted into plots 21.6 m2 on rows, 
with 60 cm a part and 20 cm between the seedlings. The experimental layout was split plot design with three 
replicats. The main plots were devoted to the three levels of soil salinity (S1, S2 and S3), while the sub ones 
were assigned for four doses of amino acids (A0, A1, A2 and A3). 

The commercial product “Amino Total” which was used as a source of amino acids is produced by Leili 
Agrochemistry Co., LTD, China and its consists of 17 different amino acids are present viz., L-threonine (3.05-
3.56 %), L-aspartic (3.2- 3.45%), L-serine (3.76-4.49%), L-glutamic (7.24-9.12%), L-proline (2.23-3.50%), L-
glycine (1.87- 2.45%), L-alanine (2.16-2.20%), L-cystine (1.87-2.45%), L-valine (2.8-3.10%), L-methionine 
(0.23-0.30%), L- isoleucine (1.26-1.70%), L-leucine (1.98-2.80%) L-tyrosine (0.48- 1.02%), L-phenylalanine 
(1.03-1.78), L-lysine (1.39-2.30%), L-histidine (0.42-0.90%) and L-arginine (5.20-6.20%).  

The experimental treatments consisted of 12 treatments, which represented all combinations between soil 
salinity conditions (S1 = 10.8 and 9.98 dS/m; S2= 12 and 11.28 dS/m and S3 = 14.8 and 13.93 dS/m in the first 
and second seasons, respectively) and foliar application of amino acids (A0= control, A1= 125 ppm; A2= 250 
ppm and A3= 375 ppm as a foliar spray of the amino acids. Amino acid treatments were sprayed at interval 
times of 45, 60 and 90 days from transplanting. 
 
Harvesting: 

 
Data for growth characters, yield, essential oil and its chemical constituents for all treatments were obtained 

during three harvests as follows; the first harvest in February, the second harvest in March and the third harvest 
in April. The data measurements included plant height (cm), number of branches/plant, fresh and air dried 
weights of flowers (g/m2). 
 
Essential oil production: 

 
Essential oil percentage of each replicate at the three harvests was determined in the air dried flowers 

according to Guenther (1961) and expressed as ml/100g, while essential oil yield was expressed as L/feddan. 
The extracted essential oil was dehydrated over anhydrous sodium sulphate and stored at freezer till used for gas 
chromatography-mass spectrometry (GC - MS) analysis. 
 
GC-MS analysis: 

 
The GC-Ms analysis of the essential oil samples was carried out in the second season 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 TRACE 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: 40 C for 1 min; rising at 4.0 
C/min to 160 C and held for 6 min; rising at 6 C/min to 210 C and held for 1min. The injector and detector were 
held at 210 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 two different analytical methods: (a) KI, Kovats indices in reference to n-
alkanes (C9-C22) (National Institute of Standards and Technology, 2009); and (b) mass spectra (authentic 
chemicals, Wiley spectral library collection and NSIT library).  
 
Photosynthetic pigments and Proline content: 

 
Chlorophyll (a), chlorophyll (b) and carotenoids contents (mg/g fresh leaves) were determined as described 

by AOAC (2001), and the proline content (mg/g fresh leaves) was carried out according to the method given by 
Bates et al. (1973). 
 
Polyphenol content: 

 
Total Polyphenol content (µg/g) in dry flower was determined based on the method described by Singleton 

et al. (1965). 
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Flavonoid content: 
 
The content of total flavonoids (µg/g) in dry flower was determined according to the method given by Meda 

et al. (2005). 
 
Statistical analysis: 

 
Data of the present study were statistically analyzed according to Cochran and Cox (1987) in which data for 

each season were analyzed separately. The differences between means of the treatments were considered 
significant when they were more than least significant differences (LSD) at 5%.  
 
Results and Discussion 
 
Growth characters and yield: 
 
Effect of soil salinity:  

 
Tables (3 and 4) summarize the growth parameters in three collecting during two growth seasons. 

Generally, plant height, number of branches, fresh and dry weights of chamomile flower-heads (g/m2) decreased 
significantly with increasing soil salinity conditions in all harvests during both seasons. However, increasing 
soil salinity levels increased the reduction in all these characters to reach its minimum at the higher one of 14.8 
and 13.93 dS/m in both seasons, respectively. The results were similar in three harvests of the two seasons. 
Similar results were found by (Razmjo et al., 2008; Dadkhah, 2010; Ghanavati et al., 2011; Nasrin et al., 2012). 

Saline conditions reduce the ability of plants to absorb water causing rapid reductions in growth rate, and 
induce many metabolic changes (Epstein, 1980). Also, salt stress with osmotic, nutritional and toxic effects 
prevents growth in many plant species (Hasegawa et al., 1986 and Cheeseman, 1988). Therefore, the reduction 
in growth was explained by lower osmotic potential in the soil, which leads to decreased water uptake, reduced 
transpiration, and closure of stomata, which is associated with the reduced growth (Levitt, 1980 and Ben-Asher 
et al., 2006).  
 
Table 3: Effect of amino acids and /or soil salinity on plant height (cm) and number of branches plant-1 of chamomile plants during two  
              successive seasons (2010/2011 and 2011 / 2012). 

Number of branches / plant Plant height (cm)  
Treatment First Season 

H3 H2 H1 H3 H2 H1 
45±1.18 25±0.66 16±0.42 53±4.04 39±1.52 21±1.15 A0  

S1 48±2.57 24±1.28 16±0.86 55±2.65 44±3.06 21±2.08 A1 
51±3.06 28±1.68 18±1.08 58±3.51 47±1.53 23±2.08 A2 
54±2.53 29±1.36 19±0.89 61±2.00 52±2.08 26±2.08 A3 

50 a 26 a 17 a 56 a 46 a 23 a Mean 
36±2.78 21±1.62 12±0.93 49±2.08 36±0.58 15±1.00 A0  

S2 39±2.76 22±1.56 14±0.99 51±2.08 40±2.52 19±2.00 A1 
42±5.22 25±3.11 15±1.87 54±2.08 44±3.06 19±2.52 A2 
46±2.09 29±1.32 17±0.77 57±3.00 47±1.53 22±1.53 A3 

41 b 24 b 15 b 53 b 42 b 19 b Mean 
26±3.58 19±2.62 9±1.24 38±1.53 27±1.53 13±1.00 A0  

S3 33±2.97 21±1.89 11±0.99 40±2.53 33±1.53 15±2.08 A1 
38±2.64 23±1.60 12±0.83 47±1.53 38±2.08 17±1.53 A2 
43±2.97 25±1.73 15±1.04 52±3.61 42±2.08 20±2.08 A3 

35 c 22 c 12 c 45 c 35 c 16 b Mean 
36 d 22 c 12 d 48 c 34 d 16 c A0  

Mean 40 c 22 c 14 c 49 c 39 c 18 b A1 
44 b 25 b 15 b 53 b 43 b 19 b A2 
48 a 28 a 17 a 56 a 47 a 23 a A3 
2.23 1.35 0.77 2.20 2.35 2.58 (S) LSD at 

0.05 2.94 1.80 0.99 2.83 1.87 1.73 (A) 
n.s n.s n.s n.s n.s n.s (S X 

A) 
Second Season 

56±1.47 38±1.00 23±0.61 76±1.00 43±3.46 33±2.65 A0 S1 
62±3.32 41±2.19 26±1.39 77±2.08 47±3.06 36±2.52 A1 
73±4.38 43±2.58 28±1.68 84±2.52 52±3.06 38±2.08 A2 
82±3.84 46±2.16 32±1.50 88±2.08 55±3.51 41±3.51 A3 

68 a 42 a 27 a 81 a 49 a 37 a Mean 
52±4.02 32±2.47 20±1.55 53±2.08 42±3.21 26±1.53 A0 S2 
55±3.89 34±2.41 23±1.63 58±2.08 44±3.79 28±1.53 A1 
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65±8.08 36±4.48 24±2.99 64±4.04 44±2.65 30±2.52 A2 
73±3.32 38±1.73 29±1.32 67±1.53 48±2.08 33±3.06 A3 

61 b 35 b 24 b 61 b 45 a 29 b Mean 
30±4.13 24±3.31 12±1.65 47±3.21 34±3.06 21±3.06 A0 S3 
45±4.05 25±2.25 14±1.26 56±2.52 35±2.52 23±2.08 A1 
56±3.90 28±1.95 15±1.04 59±2.08 38±2.08 26±2.52 A2 
58±4.01 31±2.14 17±1.17 61±2.08 40±3.51 29±1.73 A3 

47 c 27 c 15 c 56 c 37 b 25 c Mean 
46 d 31 c 18 c 59 d 40 c 27 c A0 Mean 
54 c 33 bc 21 b 63 c 42 bc 29 b A1 
64 b 35 b 22 b 69 b 45 b 31 b A2 
71 a 38 a 26 a 72 a 48 a 34 a A3 
3.26 1.84 1.15 2.47 5.61 2.05 (S) LSD at 

0.05 3.89 2.39 1.32 1.96 2.56 2.50 (A) 
n.s n.s n.s n.s n.s n.s (S X A) 

Means with different letters within each column are significant at 0.05 level and means in the same column with the same letters are not 
significant.  Mean ±Sd (standard deviation) Since: S = Soil salinity, i. e. S1= 10.8 and 9.98, S2=12 and 11.28, S3= 14.8 and 13.93 dS m-1 A 
= Foliar spray with Amino acid, i. e. A0= Control, A1 = 125, A2= 250, A3= 375 mg L-1 and   H = Time of harvesting, i. e. H1= first harvest 
(February month), 70, H2= second harvest (March month) and H3= third harvest (April month) 

 
In general, the mechanisms of salinity effect on plant growth were reported by Meiri and Shalhavet (1973) 

who attributed the effect of salinity to the following points: (a) the distribution of salts within the plant cells may 
result in turgor reduction and growth retardations. Also, salinity affects root and stomata resistance to water 
flow, (b) the balance between root and shoot hormones changes considerably under saline conditions, (c) 
salinity changes the structure of the chloroplasts and mitochondria and such changes may interfere with normal 
metabolism and growth, (d) salinity increases respiration and reduces photosynthesis products available for 
growth. 
 
Effect of amino acids: 

 
The data in Tables (3 and 4) showed that amino acids in different doses significantly increased plant height, 

number of branches, fresh and dry weights of chamomile flower-heads (g/m2) compared to untreated plants, in 
both seasons in the three harvests. Treating the plants with 375 ppm amino acids produced the highest mean 
values of these characters at the three harvests, in both seasons. Similar results have been reported previously by 
(Gamal El-din et al., 2005; Sarojnee et al., 2009; El-Awadi and Hassan, 2010; Haj Seyed Hadi et al., 2011 and 
Datir et al., 2012).  

Amino acids are important for growth regulation and as modulators of growth and cell differentiation, 
which may be affecting general metabolism and consequently morphogenesis (Basu et al., 1989). Amino acids 
are of special interest to plant producer due to their wide range of roles in plant metabolism. Amino acids are not 
only building blocks of proteins but also precursors for a myriad of other molecules that serve important 
functions in plants. Amino acids are involved in the synthesis of other organic compounds, such as protein, 
amines, alkaloids, vitamins, enzymes, terpenoids and plant hormones that control various plant processes 
(Glawischnig et al., 2000; Ibrahim et al., 2010). Amino acids are crucial to stimulating cell growth, act as 
buffers, provide a source of carbon and energy and protect the cells from ammonia toxicity, with amid formation 
(Abdel Aziz et al., 2010).  
 
Effect of interaction treatments: 

 
Also, data reported in Tables (3 and 4) showed that the interaction treatments between foliar application of 

amino acids and soil salinity levels caused positive trend in increasing plant height, number of branches, dry 
weights of chamomile flower-heads (g/m2),while fresh chamomile flower-heads (g/m2) was increased 
significantly at three harvests in both seasons. The maximum values of these parameters were recorded from the 
combination of amino acids spraying at 375 ppm and lowest level of soil salinity in all harvests of both seasons. 
On the other hand, the minimum values were resulted from the highest soil salinity condition without amino 
acids application.  

Some reports observed that, plants subjected to stress show accumulation of proline and other amino acids. 
The role played by accumulated amino acids in plants varies from acting as osmolyte, regulation of ion 
transport, modulating stomata opining, also affect synthesis and activity of some enzymes, gene expression, and 
as regulatory and signaling molecules. Few studies reported that, the foliar application of amino acids caused an 
enhancement in plant growth, yield and its components under salt stress conditions (El-Tantawy et al., 2009 and 
Fawzy et al., 2012)  
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Table 4: Effect of amino acids and /or soil salinity on flowers (g/m2) and dry weight of flowers (g/m2) of chamomile plants during two 
successive seasons (2010/2011 and 2011 / 2012). 

flowers dry weight (g/m2) flowers fresh weight (g/m2)  
Treatment First Season 

H3 H2 H1 H3 H2 H1 
131.72±10.11 28.61±0.17 3.72±0.14 572.52±3.36 124.33±0.73 14.87±0.57 A0  

S1 137.81±6.63 30.57±0.26 4.78±0.23 586.44±4.92 126.34±1.06 16.45±0.80 A1 
138.93±8.46 32.41±0.37 5.74±0.27 591.2±6.68 131.5±1.49 19.88±0.94 A2 
143.04±4.69 33.26±0.30 6.56±0.19 604.56±5.51 137.89±1.26 22.35±0.65 A3 

137.88 a 31.21 a 5.20 a 589 a 130 a 18 a Mean 
117.68±5.03 27.31±0.08 3.32±0.14 504.79±1.55 117.14±0.36 12.65±0.52 A0  

S2 127.70±5.18 29.79±0.26 4.18±0.19 521.22±4.51 126.45±1.09 14.35±0.65 A1 
136.51±5.23 30.78±0.21 4.99±0.14 537.45±3.66 129.45±0.88 16.74±0.46 A2 
132.82±6.99 32.41±0.28 5.86±0.30 546.36±4.76 134.2±1.17 19.22±0.99 A3 

128.68 b 30.07 b 4.59 b 527 b 127 b 16 b Mean 
93.26±3.72 21.67±0.26 1.66±0.15 449.39±5.37 104.3±1.25 5.87±0.55 A0  

S3 97.38±6.08 25.81±0.28 2.32±0.14 456.55±4.95 115.5±1.25 7.89±0.49 A1 
104.14±3.36 29.61±0.20 3.41±0.24 466.78±3.22 120.8±0.83 11.54±0.81 A2 
111.73±7.75 31.23±0.19 4.51±0.43 476.45±2.96 127.3±0.79 15.6±1.49 A3 

101.63 c 27.08 c 2.98 c 462 c 117 c 10 c Mean 
114.22 c 25.86 d 2.90 d 509 d 115 d 11 d A0  

Mean 120.96 bc 28.73 c 3.76 c 521 c 123 c 13 c A1 
126.53 ab 30.94 b 4.71 b 532 b 127 b 16 b A2 
129.20 a 32.30 a 5.64 a 542 a 133 a 19 a A3 

5.31 0.122 0.418 2.279 0.524 1.45 (S) LSD at 0.05 
6.767 0.164 0.183 2.989 0.697 0.633 (A) 

n.s 0.285 n.s 5.175 1.207 1.097 (S X A) 
Second Season 

169.28±2.23 39.45±0.52 4.74±0.19 585±3.43 128.4±0.75 15.6±0.60 A0 S1 
176.56±4.75 42.34±1.14 5.47±0.38 591±4.96 133.2±1.12 17.3±0.84 A1 
180.54±5.43 44.12±1.32 6.04±0.19 596±6.73 137.8±1.56 23.6±1.11 A2 
187.16±4.41 45.35±1.07 7.32±0.29 607±5.53 142.3±1.30 25.2±0.73 A3 

178.39 a 42.82 a 5.89 a 595 a 135 a 20 a Mean 
161.88±6.32 35.53±1.39 4.32±0.07 511±1.57 119.1±0.37 14.3±0.59 A0 S2 
163.54±5.84 36.86±1.32 4.79±0.30 533±4.62 127.8±1.11 16.5±0.75 A1 
164.92±10.36 38.13±2.40 6.53±0.46 545±3.72 133.2±0.91 18.22±0.50 A2 
167.97±3.81 39.38±0.89 6.97±0.23 565±4.92 136.9±1.19 22.1±1.14 A3 

164.58 b 37.47 b 5.65 a 539 b 129 b 18 b Mean 
125.01±8.49 29.62±2.01 1.75±0.10 465.6±5.57 110.3±1.32 6.5±0.60 A0 S3 
126.54±5.72 31.74±1.43 2.56±0.12 471.3±5.11 118.2±1.28 8.2±0.51 A1 
128.02±4.49 33.64±1.18 3.45±0.19 476.8±3.29 125.3±0.86 12.23±0.86 A2 
129.23±4.43 35.33±1.12 4.65±0.23 481.3±2.99 131.6±0.82 17.3±1.65 A3 

127.20 c 32.58 c 3.10 b 474 c 121 c 11 c Mean 
152.06 c 34.87 d 3.60 d 521 d 119 d 12 a A0 Mean 
155.55 bc 36.98 c 4.27 c 532 c 126 c 14 b A1 
157.83 ab 38.63 b 5.34 b 539 b 132 b 18 c A2 
161.45 a 40.02 a 6.31 a 551 a 137 a 22 a A3 

6.22 1.45 0.262 2.285 0.544 1.595 (S) LSD at 0.05 
4.70 1.15 0.244 3.043 0.723 0.715 (A) 
n.s n.s 0.423 5.268 1.252 1.239 (S X A) 

Means with different letters within each column are significant at 0.05 level and means in the same column with the same letters are not 
significant.  Mean ±Sd (standard deviation)  Since: S = Soil salinity, i. e. S1= 10.8 and 9.98, S2=12 and 11.28, S3= 14.8 and 13.93 dS m-1 A 
= Foliar spray with Amino acid, i. e. A0= Control, A1 = 125, A2= 250, A3= 375 mg L-1 and   H = Time of harvesting, i. e. H1= first harvest 
(February month), 70, H2= second harvest (March month) and H3= third harvest (April month) 

 
Essential oil content: 
 
Effect of soil salinity: 

 
Table (5) explains that, soil salinity treatment at 12 ds/m siginificant increased oil % compared to other 

treatments in the second harvest of first season. At second season, soil salinity treatment showed significant 
increase in this respect at all three harvests. The higher levels of soil salinity (13.93 ds/m) gave the maximum 
mean value of essential oil (0.63, 0.52 and 0, 53 % in the third harvest, respectively) in the second season. Also, 
the higher level of soil salinity (14.80 ds/m) gave the highest mean value of essential oil (0.47%) at the third 
harvest in first season. On the contrary, soil salinity at 12 ds/m and 10.80 ds/m gave the highest mean values of 
essential oil in the first and second harvests, respectively. 

Increament of essential oil percentage due to lower levels of salinity was also found on thyme (Ezz El-Din 
et al., 2009) and basil (Said-Al Ahl and Mahmoud, 2010). In contrast, other reports showed a significant 
reduction in essential oil percentage of lemon balm (Ozturk et al., 2004) in summer savory (Najafi et al., 2010).  
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Table 5: Effect of amino acids and /or soil salinity on essential oil % and essential oil yield L/fed., of chamomile plants during two  
              successive seasons (2010/2011 and 2011 / 2012). 

Essential oil yield (L/fed) Essential oil (%)  
Treatment First Season 

H3 H2 H1 H3 H2 H1 
3.11±0.48 0.70±0.01 0.09±0.01 0.56±0.04 0.58±0.00 0.58±0.02 A0  

S1 2.78±0.27 0.72±0.01 0.10±0.01 0.48±0.02 0.56±0.00 0.52±0.03 A1 
2.34±0.28 0.71±0.02 0.13±0.01 0.40±0.02 0.52±0.01 0.52±0.02 A2 
2.40±0.16 0.67±0.01 0.14±0.01 0.40±0.01 0.48±0.00 0.50±0.01 A3 

2.66 a 0.70 a 0.11 a 0.46 a 0.54 a 0.53 a Mean 
2.87±0.25 0.55±0.00 0.08±0.01 0.58±0.02 0.48±0.00 0.56±0.02 A0  

S2 2.68±0.22 0.60±0.01 0.10±0.01 0.50±0.02 0.48±0.00 0.56±0.03 A1 
2.07±0.16 0.62±0.01 0.12±0.01 0.36±0.01 0.48±0.00 0.56±0.02 A2 
2.01±0.21 0.54±0.01 0.12±0.01 0.36±0.02 0.40±0.00 0.50±0.03 A3 

2.41 b 0.58 b 0.10 a 0.45 a 0.46 c 0.55 a Mean 
1.96±0.16 0.49±0.01 0.04±0.01 0.50±0.02 0.54±0.01 0.60±0.06 A0  

S3 1.97±0.25 0.54±0.01 0.06±0.01 0.48±0.03 0.50±0.01 0.58±0.04 A1 
2.10±0.14 0.55±0.01 0.08±0.01 0.48±0.02 0.44±0.01 0.54±0.04 A2 
1.88±0.26 0.55±0.01 0.08±0.01 0.40±0.03 0.42±0.00 0.42±0.04 A3 

1.98 c 0.53 c 0.06 b 0.47 a 0.48 b 0.54 a Mean 
2.65 a 0.58 c 0.07 c 0.55 a 0.53 a 0.58 a A0  

Mean 2.48 a 0.62 a 0.09 b 0.49 b 0.51 b 0.55 b A1 
2.17 b 0.625 a 0.11 a 0.41 c 0.48 c 0.54 b A2 
2.10 b 0.59 b 0.11 a 0.39 c 0.43 d 0.47 c A3 
0.209 0.004 0.0 18 n.s 0.005 n.s (S) LSD at 0.05 
0.26 0.007 0.009 0.026 0.004 0.02 (A) 
n.s 0.012 n.s 0.045 0.007 0.039 (S X A) 

Second Season 
3.39±0.11 0.71±0.02 0.10±0.01 0.50±0.01 0.45±0.01 0.57±0.02 A0 S1 
2.90±0.12 0.66±0.03 0.10±0.01 0.41±0.01 0.39±0.01 0.45±0.03 A1 
2.82±0.12 0.65±0.03 0.10±0.01 0.39±0.01 0.37±0.01 0.41±0.01 A2 
2.70±0.08 0.63±0.02 0.11±0.01 0.36±0.01 0.35±0.01 0.39±0.01 A3 

2.95 c 0.66 b 0.10 b 0.42 c 0.39 c 0.45 c Mean 
3.86±0.30 0.90±0.07 0.10±0.00 0.57±0.02 0.60±0.02 0.57±0.01 A0 S2 
3.92±0.28 0.73±0.05 0.11±0.01 0.57±0.02 0.47±0.02 0.53±0.03 A1 
2.99±0.37 0.75±0.09 0.13±0.02 0.43±0.03 0.47±0.03 0.47±0.03 A2 
2.82±0.13 0.61±0.03 0.14±0.01 0.40±0.01 0.37±0.01 0.47±0.02 A3 

3.40 a 0.75 a 0.12 a 0.49 b 0.48 b 0.51 b Mean 
3.86±0.53 0.79±0.11 0.05±0.01 0.73±0.05 0.63±0.04 0.67±0.04 A0 S3 
3.03±0.27 0.80±0.07 0.07±0.01 0.57±0.03 0.60±0.03 0.63±0.03 A1 
2.53±0.18 0.61±0.04 0.09±0.01 0.47±0.02 0.43±0.03 0.63±0.03 A2 
1.81±0.13 0.59±0.04 0.11±0.01 0.33±0.01 0.40±0.03 0.57±0.03 A3 

2.81 b 0.70 a 0.08 c 0.53 a 0.52 a 0.63 a Mean 
3.70 a 0.80 a 0.09 c 0.60 a 0.56 a 0.60 a A0 Mean 
3.28 b 0.73b 0.09 c 0.52 b 0.49 b 0.54 b A1 
2.78 c 0.67 c 0.11 b 0.43 c 0.42 c 0.50 c A2 
2.44 d 0.61 d 0.12 a 0.36 d 0.37 d 0.48 d A3 
0.234 0.052 0.011 0.017 0.017 0.04 (S) LSD at 0.05 
0.214 0.05 0.010 0.019 0.018 0.02 (A) 
0.372 0.086 0.017 0.033 0.031 0.034 (S X A) 

Means with different letters within each column are significant at 0.05 level and means in the same column with the same letters are not 
significant.  Mean ±Sd (standard deviation) Since: S = Soil salinity, i. e. S1= 10.8 and 9.98, S2=12 and 11.28, S3= 14.8 and 13.93 dS m-1 A 
= Foliar spray with Amino acid, i. e. A0= Control, A1 = 125, A2= 250, A3= 375 mg L-1 and   H = Time of harvesting, i. e. H1= first harvest 
(February month), 70, H2= second harvest (March month) and H3= third harvest (April month) 

 
From data presented in Table (5), the results indicate that oil yield was generally decreased significantly 

with increasing soil salinity during the three harvests of the two seasons. The oil yield values recorded by 
salinity were as follows:  [10.80 and 9.98 ds/m (0.11 and 0.09 L/fed., at first harvest); 12 and 11.28 ds/m (0.7 
and 0.55 l/fed., at second harvest); 14.80 and 13.93 ds/m (2.66 and 2.52 L/fed., at third harvest) in the two 
seasons, respectively]. 

There are contradictory reports in the literature concerning the response of essential oil to salt stress. Salt 
stress decreased essential oil yield in Matricaria chamomile (Razmjoo et al., 2008). This negative effect of salt 
stress in oil yield was also reported for other medicinal plants, e.g. Salvia officinalis (Ben Taarit et al., 2010) 
and Ocimum basilicum (Said-Al Ahl et al., 2010). 

The stimulation of essential oil production under salinity could be due to a higher oil gland density and an 
increase in the absolute number of glands produced prior to leaf emergence (Charles et al., 1990). Salt stress 
may also affect the essential oil accumulation indirectly through its effects on either net assimilation or the 
partitioning of assimilate among growth and differentiation processes (Charles et al., 1990).  



3013 
J. Appl. Sci. Res., 9(4): 3006-3021, 2013 

 

 

Penka (1978) showed that the formation and accumulation of essential oil in plants was explained as due to 
the action of environmental factors. It might be claimed that the formation and accumulation of essential oil was 
directly dependent on perfect growth and development of the plants producing oils. 

The decrease in oil production might be due to the decrease in plant anabolism. The increase in oil content 
in some of the salt stressed plants might be attributed to decline the primary metabolites due to the effects of 
salinity, causing intermediary products to become available for secondary metabolites synthesis (Morales et al., 
1993). In fact, the effect of salinity on essential oil and its constituents may be due to its effects on enzyme 
activity and metabolism (Burboot and Loomis, 1969).  
 
Effect of amino acids: 

 
Table (5) show that, there were considerable changes in the mean values of essential oil (%) and yield at the 

three harvests in the two seasons under amino acids application. Essential oil % significantly decreased by 
increasing amino acids concentrations. The highest mean values were obtained from without amino acids 
application under all soil salinity levels at the three harvests during both seasons. On the contrary, the highest 
mean values of oil yield were obtained under amino acids concentrations at 375 ppm, 250 ppm and 0 ppm in the 
three harvests, respectively during both seasons. 
 
Effect of interaction treatments: 

 
As shown in Table (5), it can be concluded that, the interaction treatments between the amino acids 

application and lower soil salinity level (10.80 and 9.98 ds/m) mostly increased oil % and oil yield, whereas 
those at 12 and 11.28 ds/m and (14.80 and 13.93 ds/m) decreased these comparing with the every amino acids 
application in the first and second seasons, respectively. In most interaction treatments the highest value of 
essential oil was obtained from the treatment at 14.80 and 13.93 ds/m in the first and second seasons, 
respectively without amino acids and in the same soil salinity levels, increasing the doses of amino acids 
decreased the oil %. Whereas the highest oil yield were obtained under soil salinity condition at 10.80 and 9.98 
ds/m in the first and second seasons, respectively without amino acids and with increasing amino acids doses 
decreased the oil yield (L/feddan). 
 
GC-MS analysis: 

 
The results of the GC/MS analysis of the essential oil of chamomile in third harvest during the second 

season are shown in Table (6). There are 38 identified compounds were grouped into three items ie major 
compounds (more than 10%), minor compounds (less than 10% and more than 1%) and trace ones (less than 
1%). In this respect, it is evident that, bisabolol oxide A (33.09 to 56.48%), α-bisabolol oxide B (5.51 to 
17.90%), cis-β-farnesene (6.33 to 14.99%), and bisabolone oxide (4.52 to 14.90%) exhibited as majors, 
chamazulene (0.61 to 4.13%), α-bisabolol (0.72 to 3.13%), germacrene-D (0.64 to 3.03%), bicyclogermacrene 
(0.38 to 2.72%), artemisia ketone (0.60 to 2.60%), butanoic acid,2-methyl-,ethyl ester (0.25 to 1.73%), γ-
terpinene (0.0 to 3.61%), D-limonene (0.0 to 2.28%), α-terpinene (0.0 to 1.5%), β-ocimene (0.0 to 2.19%), P-
cymene (0.0 to 1.07%), estragol (0.0 to 2.07%), spathulenol (0.7 to 1.63%), cadinol (0.32 to 1.28%), 
decyltetraglycol (0.61 to 2.20%) and α-santalol (0.0 to 1.02%), were represented as minors, and sabinene (0.0 to 
0.75%), β-myrcene (0.0 to 0.82%), terpinene-4-ol (0.0 to o.51%), L-borneol (0.0 to 0.43%), δ-cadinene (0.0 to 
0.46%), α-farnesene (0.0 to 0.88%), farnesene epoxide,E (0.0 to 0.51%), and docosane (0.0 to 0.77%) were 
considered as traces. 

Under Egyptian conditions, Gamal El-Din and Abdel-Wahed (2005) indicated that farnesene (6.55-
12.70%), α-bisobolol oxide B (2.51- 7.43%), α-bisobolol (3.82-14.84%), chamazulene (8.12-12.30%) and α-
bisobolol oxide A (46.01-64.60%) were the major components of chamomile flowers. Also, Reda et al. (2010) 
revealed that the major detected components in the flowers chamomile composition were farnesene (3.64%), 
bisabolol oxide B (0.85%), α-bisabolol (6.53%), chamazulene (11.55%) and α-bisabolol oxide A (53.86%).  

There are several chamomile chemocultivars. Depending on the active principles, the cultivars could, for 
example, be specified as M. recutita L. cv. “rich in bisabolol” or as M. recutita L. cv. “rich in bisabololoxide” 
(Franke, 2005). Salamon (2004) found the same main composition (trans-α-Farnesene, α-Bisabololoxide B, α-
Bisabolonoxide A, α-Bisabolol, Chamazulene, α-Bisabololoxide A, cis-en-in-dicycloethers and trans-en-in-
dicycloethers) of the essential oil isolated from the flower anthodia of chamomile varieties cultivated in Slo-
vakia. Also, Salamon et al. (2010) mentiond that there was a high amount of the (α-bisabololoxide A, α- 
bisabololoxide B, α-bisabolol) found in Egypt & central Europe.  

Data in Table (6) indicated that, bisabolol oxide A, α-bisabolol oxide B, cis- β-farnesene, and bisabolone 
oxide constituents were the most abundant of the essential oils distilled from flowers as affected by soil salinity 
and amino acids doses. In this regard bisabolol oxide A and α-bisabolol oxide B have adverse behavior where 
bisabolol oxide A decreased, thus α-bisabolol oxide B increased under soil salinity condition and amino acids 
application.  
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Under salinity stress mean content of α-bisabolol oxide A, α-bisabolol oxide B, and bisabolone oxide 
increased at soil salinity 11.28 ds/m and then decreased at 13.93 ds/m, comparison of mean contents at soil 
salinity 9.98 ds/m, while the mean content of cis-β-farnesene decreased with increasing soil salinity levels. 
Regarding to amino acids application, mean contents of bisabolol oxide A, bisabolol oxide B, bisabolone oxide 
and cis-β- farnesene increased by low level of amino acids 125 ppm comparison with other levels of amino 
acids and higher level 375 ppm of amino acids gave lower mean contents.  

Also, the interaction treatment (11.28 ds/m + 250 ppm amino acids) gave the highest contents of bisabolol 
oxide A (56.48%), α-bisabolol oxide B (17.90%) and bisabolone oxide (14.90%). and treatment (13.93 ds/m + 
125 ppm amino acids) gave the highest content (14.99%) of cis-β- farnesene . 

Baghalian et al. (2008) on Matricaria recutita, observed that, the main essential oil constituents (α-
bisabololoxide B, α-bisabolonoxide A, chamazulene, α-bisabolol oxide A, α-bisabolol, trans-β farnesene) 
showed the increase under saline conditions. Also, Gamal El-din and Abdel-Wahed (2005) on chamomile found 
that, both farnesene, α-bisabololoxide B and contents increased with amino acid application, but chamazulene 
content decreased while α-bisabolonoxide A and α-bisobolol was unspecified trend of behavior of as affected by 
amino acids application. 

Other component γ-terpinene, β-ocimene and P-cymene increased but chamazulene and decyltetraglycol 
decreased with increasing salt stress. On the other hand chamazulene content increased with increasing amino 
acids doses. 

However, the highest contents of minor components germacrene-D (3.03%), bicyclogermacrene (2.72%), γ-
terpinene (3.61%), D-limonene (2.28%), β-ocimene (2.19%), P-cymene (1.07%), estragol (2.07%), were 
obtained by the treatment (13.93 ds/m + 375 ppm amino acids). 

The treatment (9.98 ds/m + 0 ppm amino acids) gave the highest contents of α-bisabolol (3.13%) and 
artemisia ketone (2.60%) and (11.28 ds/m + 0 ppm amino acids) gave the highest of butanoic acid,2-methyl-
,ethyl ester (1.73%) and α-santalol (1.02%), but (9.98 ds/m + 250 ppm amino acids) gave the highest of 
chamazulene (4.13%), whereas, treatment (13.93 ds/m + 375 ppm amino acids) and (13.93 ds/m + 250 ppm 
amino acids or 13.93 ds/m + 0 ppm amino acids) gave the highest of cadinol (1.28%) and  spathulenol (1.63%), 
respectively. 
 
Table 6: Effect of amino acids and/or soil salinity on the constituents of chamomile essential oil at the third harvest (April month) in second season (2011/2012).                                                                     

Compound Rt* KI** S1A0 S1A1 S1A2 S1A3 S2A0 S2A1 S2A2 S2A3 S3A0 S3A1 S3A2 S3A3 
butanoic acid, 2-methyl-

, ethyl ester 
4.59 1149 1.18 1.24 1.05 0.47 1.73 1.27 1.33 0.78 0.51 0.25 0.59 0.86 

sabinene 5.67 1209 0.40 t t t t t t 0.28 t 0.66 t 0.75 
β-myrcene 6.71 1251 0.53 t t t t t t 0.26 t 0.82 t 0.77
α-terpinene 6.97 1261 0.92 t t t 0.22 t t 0.48 t 1.50 t 1.40 
D-limonene 7.43 1280 1.32 1.28 t t 1.58 t t 0.85 t 1.71 0.27 2.28 
γ-terpinene 8.63 1335 2.38 1.42 0.50 t 2.72 0.53 0.79 1.33 0.34 2.97 0.66 3.61
β - ocimene 8.97 1344 1.06 t 0.43 t  0.58 0.78 0.32 0.22 0.88 0.41 2.19 
P-cymene 9.45 1352 0.93 t 0.36 t 0.26 0.34 0.82 0.39 0.35 0.80 0.27 1.07 

artemisia ketone 12.03 1437 2.60 1.16 2.11 1.14 0.60 2.24 1.81 1.59 1.89 1.51 1.28 2.25 
terpinene-4-ol 19.91 1692 0.42 t t t t t t 0.39 t 0.46 0.19 0.51 
cis-β-farnesene 21.57 1748 10.25 9.03 12.17 7.53 9.02 6.73 11.82 7.20 10.51 14.99 6.33 13.17 

estragol 21.88 1759 1.56 1.33 t t 0.44 t t 0.85 t 1.79 t 2.07 
germacrene-D 22.45 1779 2.84 1.25 1.91 0.64 0.96 1.56 1.49 1.34 1.29 2.91 1.34 3.03

L-borneol 22.76 1789 0.36 0.42 0.23 0.43 0.27 0.30 0.43 t 0.31 t 0.29 t 
bicyclogermacrene 23.16 1803 1.34 0.65 1.13 0.38 0.59 1.11 1.15 1.04 0.86 2.04 1.18 2.72 

δ-cadinene 23.78 1825 t 0.29 0.20 0.29 t 0.19 0.30 0.23 t t 0.46 t
α- farnesene 23.88 1829 0.88 t 0.24 t 0.46 0.20 t t 0.16 0.82 0.19 0.60 

farnesene epoxide, E 31.66 2117 t 0.49 0.28 0.50 0.38 0.34 0.51 t 0.23 0.35 0.19 t 
α-santalol 34.47 2208 t 0.77 0.40 0.91 1.02 t 0.39 t t t t t 

spathulenol 34.63 2212 0.76 1.54 0.70 0.96 1.02 0.99 0.89 1.14 1.63 1.18 1.21 0.74 
α-bisabolol oxide B 34.93 2219 7.88 10.79 9.98 16.35 10.93 11.54 17.90 5.51 12.63 8.48 7.60 11.03 

cadinol 36.29 2254 0.61 0.80 0.44 0.98 0.64 0.32 0.44 0.59 0.74 0.33 1.28 0.43 
bisabolone oxide 36.55 2260 5.38 7.51 6.82 7.01 4.77 9.79 14.92 7.65 8.32 4.83 7.72 4.52

α-bisabolol 38.35 2307 3.13 1.08 1.14 1.87 1.53 3.51 1.85 0.72 2.83 1.05 6.22 2.47 
docosane 41.62 2416 0.30 0.27 0.29 0.48 0.45 0.32 0.30 t 0.37 0.77 0.33 0.35 

chamazulen 43.99 2491 1.23 2.50 4.13 2.60 1.02 2.71 0.61 2.36 2.02 1.77 2.29 3.10
bisabolol Oxide A 44.91 2520 45.91 43.89 47.91 47.65 48.81 46.83 35.18 56.48 49.39 38.53 50.50 33.09 
decyltetraglycol 47.36 2598 0.89 0.81 0.80 1.86 1.14 0.79 1.00 0.39 0.71 2.20 0.61 0.89 

Total Identified compounds 95.06 88.54 93.22 92.05 90.56 92.19 94.71 92.17 95.31 93.6 91.41 93.9 
Monoterpene  hydrocarbons 9.39 3.98 1.29 0 6.36 1.45 2.39 5.02 0.91 11.87 1.88 15.12
Oxygenated  Monoterpenes 6.12 4.15 3.39 2.04 3.04 3.81 3.57 3.61 2.71 4.01 2.35 5.69 
Sesquiterpene  hydrocarbons 16.84 14.33 20.07 12.16 12.5 12.82 15.67 12.43 15.21 23.3 12.12 22.97 
Oxygenated  Sesquiterpenes 69.94 75.19 75.29 85.1 75.01 83.9 88 80.13 84.8 61.78 83.05 57.69

*Rt= Retention time (TGWAX MS column), **KI= kovets Index (TGWAX MS column) 
Since: S = Soil salinity, i. e. S1= 9.98, S2=11.28, S3=13.93 dS m-1, A = Foliar spray with Amino acid, i. e. A0= Control, A1 = 125, A2= 250, A3= 375 mg L-1    
 
Photosynthetic pigments: 
 
Effect of soil salinity: 

 
Data in Table (7) clearly show that, leaf content of photosynthetic pigments was decreased by soil salinity 

levels. The decrease in chlorophyll (b) and carotenoid (mg/g fresh leaves) were not significant, but this 
decrement was significant on leaf content of chlorophyll (a). In the concern, the highest mean values of 
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chlorophyll a, chlorophyll b and carotenoids content (mg/g leaf fresh weight, respectively in third harvest of 
second season) were obtained by 9.98ds/m soil salinity. Similar results were reported by (Jaleel et al., 2008; 
Datta et al., 2009 and Mane et al., 2011). 

Chlorophyll content in plants correlates directly to the healthiness of plant (Rodriguez and Miller, 2000). 
The resistance of photosynthetic systems to salinity is associated with the capacity of the plant species to 
effectively compartmentalize the ions in the vacuole, cytoplasm and chloroplast (Mane et al., 2011). The 
reduced level of total chlorophyll content under high salt stress condition in the leaves which may be due to 
membrane deterioration of the cell membrane of the chloroplastid leading towards lesser accumulation of 
chlorophyll and lesser photosynthetic efficiency as reported by (Seeman et al., 1985). 

A reduction in carotenoids content due to salinity stress has been observed by (Mane et al., 2011 and 
Heidari and Akbari, 2012). They indicated that, the higher concentration of salt acts as inhibitory and thus 
unable to prevent chloroplast from photo-oxidative damage. In contrast at lower levels of salt carotenoids 
performs protective role for chloroplast and acts as accessory pigments. 
 
Effect of amino acids: 

 
From the Table (7) it can be noticed that amino acids treatments caused a positive effect on chlorophyll (a, 

b) and carotenoids content at third harvest in the second season compared to non treatments with amino acids. 
The highest mean value of chlorophyll (a, b) and carotenoids in the leaves were obtained by sprayed at 375 ppm 
amino acids. Similar results has also been reported by many workers (El-Awadi and Hassan, 2010; Haj Seyed 
Hadi et al., 2011; Khan et al., 2012). This was in agreement with the results of Shehata et al., (2011) who found 
that spraying celery plants with amino acids and seaweed extract at both levels stimulated the chlrophyll content 
and its components as well as caroteniod. 

The effect of amino acids on the chemical contents could be through plant protection from ammonia 
toxicity as they remove amide formation, serving as a source of carbon and energy as well as protection of 
plants against pathogens, functioning as buffers and biosynthesis of other organic compounds such as protein, 
amines, purines, pyrimidines, vitamins, enzyme, terpenoids (Goss, 1973). 

Amino acids are the fundamental ingredients of the process of protein synthesis because of their nitrogen 
content. The importance of nitrogen or amino acids came from their increased application for the biosynthesis of 
a large variety of non-nitrogenous materials i.e. pigments, vitamins, coenzymes, purine and pyrimidine bases 
(Kamar and Omar, 1987). 
 
Effect of interaction treatments: 

 
From the given data in Table (7) it can be seen that, leaf content of chlorophyll (a, b) and carotenoids as 

influenced by soil salinity levels combined with spraying plants with amino acids, behaved the same tendency. 
In briefly, it can be noticed that the highest content of chlorophyll a, chlorophyll b and carotenoids (11.695; 1.72 
and 4.11 mg/g leaf fresh weight, respectively in third harvest of second season) were shown by lower soil 
salinity level (9.98 ds/m) + higher dose of amino acids (375 ppm). The results showed that, whenever the amino 
acids concentration increased chlorophyll (a, b) and carotenoids content increased under soil salinity levels at 
third harvest of second season.  

The highest chlorophyll (a, b) and carotenoids content was found in the lowest soil salinity level (9.98 ds.m-

1) with high level of amino acids application (375 ppm). These results are due to the aggregate impact or 
complex for each of soil salinity and amino acids application, where it was found that chlorophyll (a, b) and 
carotenoids content decreased response to salinity, in contrast amino acids application increased it as mentioned 
above. 
 
Proline content: 
 
Effect of soil salinity: 

 
Mean values of proline contents showed significant response to soil salinity (Table 7). Increasing soil 

salinity levels increased the proline (mg/g fresh leaves) contents of chamomile plant. This could be explained 
that, this compound is the indicator (signal) of the salt stress as mentioned by several investigators (Datta et al., 
2009; Mane et al., 2011; Heidari and Akbari, 2012; Karpe et al., 2012).  Enhanced level of proline in the leaves 
of the salt treated plants may be due to fresh synthesis or from breakdown of proline rich proteins during stress 
as has been reported by several other earlier works (Greenway et al., 1980) which may be an adaptive role of 
proline accumulation in relation to survival, rather than maintained growth, since it only accumulated when 
growth inhibition was already pronounced. 
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Table 7: Effect of amino acids and/or soil salinity on chlorophyll a,b, carotene,proline,polyphenol and flavonoid of chamomile plants at the  
              third harvest (April month) in second seasons(2011/2012). 

Treatment 
 

chlorophyll a 
(mg/g) 

chlorophyll b 
(mg/g) 

carotene 
(mg/g) 

proline 
(mg/g) 

polyphenol 
(µg/g) 

flavonoid 
(µg/g) 

 
S1 

A0 6.523±0.17 0.990±0.03 2.33±0.06 0.149±0.004 321.55±8.46 297.5±7.83 
A1 7.866±0.42 1.105±0.06 2.574±0.14 0.155±0.008 349.17±18.67 179.5±9.60 
A2 8.620±0.52 1.279±0.08 2.586±0.16 0.212±0.013 350.00±20.98 50.5±3.02 
A3 11.695±0.55 1.720±0.08 4.11±0.19 0.223±0.010 430.05±20.15 43.0±2.02 

Mean 8.676 a 1.274 a 2.900 a 0.185 c 362.69 c 142.6 c 
 

S2 
A0 6.315±0.49 0.661±0.05 1.851±0.14 0.282±0.022 315.14±24.36 252.2±19.50 
A1 7.499±0.53 1.067±0.08 2.394±0.17 0.292±0.021 336.16±23.78 238.8±16.89 
A2 8.750±1.09 1.316±0.16 3.11±0.39 0.304±0.038 458.56±57.03 232.1±28.87 
A3 11.655±0.53 1.905±0.09 4.036±0.18 0.486±0.022 516.06±23.48 125.0±5.69 

Mean 8.555 a 1.237 a 2.848 a 0.341 b 406.5 b 212.0 b 
 

S3 
A0 4.07±0.56 0.65±0.09 1.41±0.19 1.413±0.195 398.86±54.95 497.2±68.51 
A1 5.98±0.56 1.06±0.10 2.08±0.19 1.423±0.128 429.63±38.62 467.7±42.05 
A2 10.19±0.71 1.48±0.10 3.79±0.26 1.508±0.105 643.07±44.74 316.7±22.02 
A3 11.23±0.78 1.65±0.11 4.02±0.28 1.637±0.113 680.00±46.97 199.3±13.77 

Mean 7.87 b 1.21 a 2.82 a 1.50 a 537.89 a 370.2 a 
 

Mean 
 

A0 5.637 d 0.768 d 1.863 d 0.615 b 345.2 d 349.0 a 
A1 7.116 c 1.078 c 2.348 c 0.623 b 371.7 c 295.3 b 
A2 9.187 b 1.357 b 3.163 b 0.675 b 483.9 b 199.7 c 
A3 11.525 a 1.757 a 4.054 a 0.782 a 542.0 a 122.4 d 

LSD at 0.05 
 

(S) 0.49 n.s n.s 0.06 28.85 20.50 
(A) 0.58 0.08 0.198 0.103 38.24 32.47 

(S X A) 1.00 0.14 0.34 n.s 66.16 56.17 
Means with different letters within each column are significant at 0.05 level and means in the same column with the same      letters are not 
significant.  Mean ±Sd (standard deviation)      Since: S = Soil salinity, i. e. S1= 10.8 and 9.98, S2=12 and 11.28, S3=   14.8 and 13.93 dS m-

1 A = Foliar spray with Amino acid, i. e. A0= Control, A1 = 125, A2= 250, A3= 375 mg L-1 
 

Plants adapt to salt stress by many different mechanisms including changes in morphology, altered patterns 
of development as well as a range of physiological and biochemical processes. A number of these adaptive 
responses are associated with the accumulation of osmolytes likes proline (Shao et al., 2008). Proline 
accumulation in the cytosol might be enough for osmotic adjustment under stress condition. Proline has been 
reported to activate other mechanisms, such as the formations of strong H-bonded water around protein for 
protecting protein structures and scavenger of free radicals (Rascio et al., 1994; Mohanty and Matysik, 2001; 
Ghoulam et al., 2002).  

Proline may interact with enzymes to preserve their structural and functional integrity. Important property 
of proline is regulation of cytosolic acidity and maintains NAD+/NADH ratios. On the other hand, proline is 
involved in protecting of thylakoid membranes against free radicals induced photo damage (Nikolova and 
Ivancheva, 2005). Proline is also a source of energy, carbon and nitrogen for the recovering tissues (Jamil et al., 
2006).                                                                                             
 
Effect of amino acids: 

 
Conversely, increasing the dosage of amino acids significantly increased the proline content to its highest 

value with 375 ppm while the lowest values were recorded with unsprayed treatment of amino acids at third 
harvest of second season (Table 7). With combined treatments, the highest contents of proline (mg/g fresh 
leaves) were in plants receiving 375 ppm amino acids and highest soil salinity level (14.80 and 13.93 dS/m at 
third harvest of second season, respectively). The lowest values occurred in chamomile transplanted with lowest 
soil salinity level (10.80 and 9.98 dS/m in the second season, respectively) and without amino acids application. 
This increase is due to direct added amino acids, which includes composition proline. 
 
Effect of interaction treatments: 

 
Data presented in Table 7 indicated that soil salinity treatment combined with application of amino acids 

affected proline (mg/g fresh leaves) accumulation at third harvest of second season compared to without amino 
acids application. Increasing both of soil salinity levels and amino acids application increased proline content of 
fresh leaves. The interaction effect was significant at third harvest of second season. The highest values of 
proline content were produced from the treatment spraying amino acids at 375 ppm and higher level of soil 
salinity at the third harvest of second season. The increase of proline is due to the impact of both soil salinity 
and spraying amino acids as mentioned before. 
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Polyphenol content: 
 
Effect of soil salinity: 

 
Table (6) explains that soil salinity conditions significant increased mean polyphenol content (µg/g in dry 

flower). The increase in polyphenol due to salinity conditions was found by (Mane et al., 2011). Polyphenol in 
the stressed chamomile with 13.93 dS/m which was higher than the other treatments, followed by plants stressed 
with 11.28 dS/m, and then plants stressed with 9.98 dS/m was lower in this respect at the third harvest in second 
season. 

Very little attention has been paid towards the influence of salinity on the polyphenol metabolism in plants. 
Parida et al. (2002) observed an accumulation of polyphenols in Bruguiera parviflora and such an accumulation 
of polyphenols played a key role in the plants towards stress. Levels of polyphenols also increases under 
increasing levels of salinity, which shows that, the induction of secondary metabolism is one of the defence 
mechanisms adapted by the plants to face saline environment (Sadale, 2007; Kate, 2008 and Mane et al., 2010). 
A considerable increase in polyphenol content of the leaves under NaCl salinity had been recorded by Mane et 
al., 2010; Danai-Tambhale et al., 2011 and Mane et al., 2011.  
 
Effect of amino acids: 

 
Table 7 demonstrated that polyphenol content increased significantly with an increase in amino acids 

application up to a dose of 375 ppm of chamomile flowers during the third harvest in second season. Higher 
mean content of polyphenol was obtained with 375 ppm amino acids application, while lower content obtained 
with no amino acids application. Similar result has been reported previously (El-Awadi and Hassan, 2010). 
Ardebili et al. (2012) indicated that foliar application of amino acid, at suitable concentrations, had positive 
effects on the content of secondary metabolites, antioxidants and antioxidant activity. The stimulated values of 
biochemical constituents strengthened the role of the applied amino acids in the metabolism of Aloe vera plants.  
 
Effect of interaction treatments: 

 
The interaction between soil salinity conditions with amino acids application resulted in a significant 

increment of polyphenol content in the third harvest for second season (Table, 7). The maximum plant 
polyphenol values were recorded from the combination between foliar application of amino acids (375 ppm) and 
the highest level of soil salinity (13.93 dS/m), while, the minimum polyphenol values were resulted from the 
lowest soil salinity condition (9.98 dS/m) without amino acids application. In other words, as mentioned before, 
the positive interactions between the applied of amino acids and soil salinity on polyphenol content may be due 
to the promoting effects of both amino acids and soil salinity together on the accumulated polyphenol in 
chamomile flowers.                                                                                                                           
 
flavonoids content: 
 
Effect of soil salinity: 

 
Flavonoids content (µg/g in dry flower) in salt-stressed chamomile was significantly increased with soil 

salinity levels increased as shown in table 7. The flavonoid accumulations in stressed chamomile were higher 
and showed the positive correlation. However, at higher salinity level (13.93 ds/m) gave the maximum mean 
amount of flavonoids in flowers (370.2 µg/g).  

Similar data was obtained by those of Chutipaijit et al. (2009) and Rezazadeh et al. (2012). Thus flavonoids 
may have protective role under stress condition in similarity to proline compound. Flavonoids are frequently 
induced by abiotic stress and promote roles in plant protection (Dixon and Paiva, 1995; Grace and Logan, 
2000). These compounds accumulated in plant tissue could help to protect themselves from damaging effects by 
act as a free radical scavenger because the hydroxyl groups present in their structure.  
 
Effect of amino acids: 

 
Amino acids had negative effect on flavonoid content (µg/g) in chamomile flowers. By increasing amino 

acids concentration from 0 to 375 ppm, flavonoid content decreased (Table, 7). Increasing the dosage of amino 
acids significantly decreased flavonoid content to its lowest mean value (122.4 µg/g) with 375 ppm treatment 
while the highest mean value (349.0 µg/g) were recorded without amino acids application (0 ppm) in the third 
harvest of second season. 
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There is not study about the changes induced on flavonoid by foliar applied amino acids. So, we think that, 
inappropriate concentrations added of amino acids causes imbalance and change the ratio between the amino 
acids in plants and then affect on the metabolism of falvonoid or disruption and disorder the enzymatic balance. 
So, appears the adverse impact of the amino acids added on flavonoid accumulation. In previous study, amino 
acids affect synthesis and activity of some enzumes, gene expression, and redox-homeostasis (Rai, 2002).  
 
Effect of interaction treatments: 

 
Table 7 demonstrated the effect of interaction between salt stress and different concentrations of amino 

acids, on the flavonoid content of the chamomile flowers. These substances presented in the stressed chamomile 
combined without amino acid higher than those of stressed chamomile combined with amino acids. The results 
showed that, whenever the amino acids concentration increased flavonoid content decreased under soil salinity 
levels at third harvest in second season. The highest flavonoid content (497.2 µg/g) was found in the highest soil 
salinity level (13.93 ds.m-1) without amino acids application, but combined treatment between 375 ppm amino 
acids with the lowest level of soil salinity (9.98 ds.m-1) gave the lowest flavonoid content (43.0 µg/g). These 
results are due to the aggregate impact or complex for each of soil salinity and amino acids application. 

Regarding the results obtained and discussed, we may recommend the cultivation of chamomile (as an 
economic and unconventional in Sinai area) in such types of soil that suffers from soil salinity and we 
recommend also spraying amino acids to increase plant tolerance to salinity. 
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