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ABSTRACT 

  

This investigation aimed to study the effect of different levels of saline water irrigation, organic and bio-

fertilizer treatments on volatile oil productivity of Salvia officinalis, L. plants. Besides, studying the interactions 

between these factors on the plants as compared with control ones (without fertilizer or microbial inoculation). 

Results showed that oil percentage for plants were increased with increasing saline water irrigation levels up to 

2000 ppm, which gave the maximum values., The high level of watering salinity under the same level of organic 

fertilizer or bio-fertilizers increased values of volatile oil percentage. Also, the highest volatile oil yields per 

plant and per fed. were obtained by the treatment of the low watering level and using fertilizer combined with 

bio-fertilizers treatment. Meanwhile, the treatment of irrigation at 3000 ppm. and without fertilizer resulted in 

the lowest volatile oil yield per plant and per fed. in the two seasons under North Sinai conditions. 
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Introduction 

 

Sage (Salvia officinalis, L.) plant has been cultivated in northern Europe since medieval times, and was 

introduced to North America in the 17th century. Salvia officinal, L. (Fam. Labiatae) is an evergreen sub shrub., 

Sage enjoys the reputation of being a panacea of its wide range of medicinal effects: it has been used as an 

antihydrotic , spasmolytic, antiseptic, anti – inflammatory, treatment of mental and nervous condition and used 

traditionally in food preparation (Bown,1995). 

Commonly, increasing medicinal plant production is an ultimate goal to avoid the side effects of the 

synthetic drugs. Aromatic and medicinal plants have also important economic products, which represent 

significant sources of economic revenue and foreign currency, and are among the most important agricultural 

export products. Recently, an increasing interest in the cultivation and production of aromatic plants has been 

noticed in Egypt in order to cover the increasing demands of the local industries as well as for export purposes. 

Utilization of organic manure and bio-fertilizers are considered today by many scientists as a promising 

alternative for chemical fertilizers, particularly for developing countries. The organic manures and bio-fertilizers 

are used for changing the soil texture, maintaining of soil fertility, supplying the plants with nutrients, enhancing 

the elements uptake and are considered safe for human health. The last decade witnessed increasing demand for 

the organically grown crops specially medicinal and aromatic plants. The demands for high quality plants 

material requires appropriate agro technology including fertilization (Menesy et al. 2002) . 

The reduction in oil yield by using saline water for irrigation was also obtained by Ismail,  (2005) on fennel, 

Aziz et al. (2008)  on peppermint, pennyroyal, and apple mint plants, Zaki et al. (2009)  on sweet fennel and El-

Rys  (2012) on wheat found that using bio-fertilizers under saline conditions overcame the harmful effects of 

salinity on plant and increased the yield. 

The present investigation aimed to determine the response of the common sage (Salvia officinalis, L.) plant 

to different levels of salinity and fertilizer treatments on volatile oil productivity and their constituents. 

  

Materials And Methods 

 

Two field experiments were carried out at the experimental farm of Faculty of Environmental Agricultural 

Science Al-Arish, Suez Canal University during the two successive growing seasons 2007/2008 and 2008/2009.  

Salvia officinalis, L. seedlings were produced from El-sheikh Zewaid experimental research station, North 

Sinai Governorate, Desert research center. On the fifteenth of February 2007, sage seedlings were grown in 

rows in three replicate distances between rows was 40 cm. while growing spaces was 20 cm. between plants in 

the same raw. Moreover, irrigation system was dropping irrigation, without any mineral fertilization, 

meanwhile, other agricultural percentage were according to local growing application. 
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In this respect, it is worth to mention that the farm soil was sandy in texture table (A) represents the 

mechanical and chemical analysis of the empiric soil season 2007/2008 and 2008/2009 at Al-Arish 

district.Organic fertilization categorized into two sources: farm yard and chicken manure (FYM) added before 

growing by a rate of 20 m3/fed. Table (b).                    . 

 
Table a: Some initial chemical and physical characteristics of soil.                                                                                              

2009 2008 Parameters 

Dissolving ions  meq.L-1 (soil past extract) 

2.10 3.03 Ca++ 

2.20 2.11 Mg++ 

4.49 1.18 Na+ 

0.31 0.48 K+ 

2.30 1.02 Cl- 

n.d nd Co3
-- 

2.40 2.00 Hco3
- 

4.40 3.78 So4
-- 

0.91 0.68 ECe (dsm-1) 

8.20 8.10 pH (1:2.5) 

1.22 0.93 Organic carbon (g./kg-1) 

2.10 1.60 Organic matter (g./kg-1) 

3.95 3.95 Ca CO3 (g./kg-1) 

Particular size distribution % 

0.16 0.16 Clay 

0.33 0.33 Silt 

76.1 76.1 Fine sand 

18.71 18.71 Coarse sand 

Sandy soil Sandy soil Soil texture 

 

Soil analysis: 

 

1- Particle size distribution was performed using the international pipette method with sodium hexameter 

phosphate as a dispersing agent  ( Piper,1950).  

2- Calcium carbonate content was measured using the Collin
'
s calcimeter (Wright, 1939) .                                                                                                

3- Organic matter was determined according to the method of Walkley and Black (Jackson,1973).                                                                                     

4- Dissolving ions and pH were determined according to the standard methods recommended by the 

U.S.Salinity Laboratory Richards (1954). 

5- Electrical conductivity (EC) of the soil saturation extract was measured using a conductivity bridge 

(U.S.Sal.Lab.) (Richards 1954).                                                      

6- Available phosphorus was determined colorimetically in 0.5 M NaHCO3 extract by the method of Olsen 

et al., Jackson (1973).                                     

7- Total and available nitrogen were determined volumetrically using the Kjeldahl technique (Page, 1982).                                                                      

 

Organic manure analysis: 

 

Total nitrogen, organic carbon and available phosphorus were determined as described by American Public 

Health Association  APHA (1985)                    

 

Bio-fertilizer materials: 

 

Two strains of microorganism were used in this study, the first was nitrogen fixing bacteria (NFB) 

(Azospirrlum brasilense AC1) and the next was phosphorus dissolving bacteria (PDB) (Serratia marcescens 

BM1). The strains were grown on Tryptone Soybean Agar (TSA), 37 g./l. and Tryptone Soybean Broth (TSB ), 

30 g./l. in distiller water.  
 

Table b: Some chemical analyses of the organic manures used:  
Farm yard manure(FYM) Chicken manure(ChM) Parameters 

15.7 33.5 T. nitrogen  g.kg-1 
0.20 0.40 T. phosphor g.kg-1 

18.0 21.0 T. potassium g.kg-1 

229 431 Organic carbon  g.kg-1 

395 743 Organic mater g.kg-1 

14.6 12.9 C/N Ratio 
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Salinity treatments: 

 

The natural salt crust of sea water was used to obtain saline water irrigation treatments. The amount of 

natural salt for each treatment was dissolved in irrigation water by using drip irrigation system with the drippers 

of four liters/h for one hour twice every week by using plastic tanks on the first of lateral side. The lateral sides 

were pipe lines from plastic material diameter 16 mm. The control (0) was tap water. Chemical analysis. Saline 

water irrigation treatment were divided into four levels : (1000, 2000 and 3000 ppm of NaCl). Thus, each level 

of salinity treatment tested with different three ways of fertilization: the first one dealed with water only without 

fertilization, saline. 

The second one was dealed with the organic manure source and the third way dealed with the bio-

fertilization types of microorganisms. Therefore, each treatment of saline water level included different nine 

case of organic or/and bio-fertilizers:  

1- No fertilization (o).  

2-  Farm yard manure (FYM). 

3-  Farm yard manure plus phosphorus dissolving bacteria (FYM +PDB).  

4- Farm yard manure plus nitrogen fixing bacteria (FYM + NFB). 

5-  Farm yard manure plus phosphorus dissolving bacteria plus nitrogen fixing bacteria (FYM + NFB + 

PDB).  

6- Chicken manure (ChM).  

7- Chicken manure plus phosphorus dissolving bacteria (ChM + PDB).  

8- Chicken manure plus nitrogen fixing bacteria (ChM +NFB).  

9- Chicken manure plus phosphorus dissolving bacteria plus nitrogen fixing bacteria (ChM +PDB + 

NFB). 

 Means within a coolum having the letters are not significantly different according to Duncans multiple 

range test (DMRT). 

The following data were recorded after each cut: 

- Percentage of essential oil. 

- Yield of essential oil per plant and per fed. 

- Gas liquid chromatographically analysis of essential oil. 

Four cuts were obtained during the two seasons of the experiment. The first cut was done in May 2008 and 

the second cut was in Sep. 2008 (the first season). Likewise, in May and Sep. 2009, the first and the second cuts 

have been done during the second season.    

The harvested herb of Salvia officinalis, L. was dried at room temperature in shade till content weight was 

obtained. The dried sample was used later for the determination of essential oil in the leaves and herb. 

The essential oil percentage was determined in the air dried leaves and herb samples obtained from the 

dried homogenized plant organs of the three replicates for each treatment. The determination was carried out 

according to the method described by the British pharmacopeia (1963) by using Clevenger's apparatus for 

determination of essential oils lighter than water. Samples for determination of essential oil percentage were 

taken (50gm) from the total mixture of the air dried leaves and herb in all replicate of each treatment. 

 From the measured essential oil volume the essential oil percentage was estimated as volume per 

weight (v/w) as follows: 

 

                       Essential oil quantity (read of the apparatus) x 100 

% =  

                                  Weight of sample (gm) 

 

 The determination of essential oil percentage was repeated three times for each treatment. 

Essential oil yield/plant = Mean value of dry weight of leaves and herb x essential oil percentage. 

 

Determination of the essential oil components by means of gas-liquid chromatography (GLC): 

 

The obtained Salvia officinalis, L. essential oil by means of water distillation mentioned above, was dried 

by using sodium sulphate anhydrous. The pure essential oil was solved in pure diethyl ether and prepared for 

injection in the gas liquid chromatography. The used unit was GCV pye Unicam GLC with flame ionization 

detector (FID), the column was 1.5 m long x 4mm 0.D coiled glass columns, peaked with Diatomite C, 100-120 

mesh and coated with 10% PEGA. The separation was carried out according to the temperature program: 70-

190º C with linear increase rate of 4 º c/min. Detector temp. 300 º C and the injection was 200 º C. The chart 

speed was 2 min/cm, with range 256. The nitrogen was used at 30 ml/min. as carrier gas. The other used gases 

were hydrogen at 30 ml/min., whereas air at 330 ml/min. The injection sample size was from 0.1 – 2.0 µl. 

Reference substances were injected under the same condition for Salvia officinalis, L. separation. The peaks 
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obtained at the same retention time were compared to identify the constituents of salvia officinalis, L. tail oil. 

For the quantitative determination of main components of the essential oil the method described by Hoftman 

(1997) and Bunzen (1969) was used.  It was based on mathematically measuring peak area. The total peaks area 

represented the whole sample and shown as 100%. Each peak represents a component in relation to the whole 

sample, i.e. the percentage of each components was the ratio between its peak area to the total peak area (100). 

 

Results And Discussion 

 

Oil yield: 

 

Essential oil percentage: 

 

From the data illustrated in Table (1) it can be observed that there was significant increase in essential oil 

percentage in the dry herb when the plants were inoculated and fertilized with some organic and bio-fertilizers. 

Therefore, during the first season, the highest percentage of the essential oil of sage plants has been recorded 

0.10 % obtained from several treatments under different levels of salinity as follows: treatments of F.P.N., C. 

and C.P under 1000 ppm. level as well as treatment of C.P under 2000 ppm. level, while, value of 0.02 % was 

the lowest percentage recorded by each of control plants and F.P.N as well as C. treatments under 2000 ppm. 

level of salinity. In the second season, value of 0.08 % was the highest percentage of the essential oil which 

recorded by the treatments of each of F.N under tap water irrigation, C.P under 1000 ppm. level and F.P under 

3000 ppm. level., the lowest value was 0.001 % recorded by C.P.N under the maximum level of water irrigation 

salinity and the control plants recorded percentage of 0.03 for the essential oil of sage plants. 

The energy absorbed during photosynthesis or released during respiration of anaerobic carbohydrates 

breakdown is utilized in the synthesis of the pyrophosphate bond in ATP. In this form, the energy can be 

convoyed to various ender going processed such as activation uptake and the synthesis of various organic 

compounds such as volatile. On the other hand, an essential function of S in biochemistry is the formation of 

disulphide bonds in poly peptides and protein as these S-S bridges contribute to the conformation of  enzyme 

protein. A further essential function of SH group in their direct participation in enzyme reaction. So, the 

increment of oil % as a result of organic with bio-fertilizer may be due to its function in enzymes system. These 

results are in harmony with those results obtained by several workers such as Abd El-Latif (2002) on caraway 

plants, Chaves et al. (2002) on Ocimum gratissimum and Taarit et al (2009) on common sage (Salvia officinalis, 

L.) plant. 

 

Essential oil yield per plant (g.): 

 

Data tabulated in Table (2) reflect that organic fertilization increased oil yield / plant significantly to 20.99 

g. recorded by C. treatment compared with the control plants which recorded 6.95 g. under tap water irrigation 

during the first season (on a base of the total weight of the two cuts during each season). However, under the 

maximum level of salinity, the lowest value was 1.85 g. recorded by the unfertilized plants. While, in the second 

season, C.P treatment gave the highest value 18.25 g. under tap water conditions when the control valued 10.81 

g. and the lowest yield per plant was 1.44 g. obtained by C.P.N treatment under 3000 ppm. level of salinity. 

The increase in the essential oil yield per plant may be due to the increase in herb dry weight per plant (dry 

weight of the total summation of branches and leaves per plant). These results coincided with Hussain (2002) on 

Majorana hortensis, El-Sakka and Tubail (2003) on sage, Hendawy and Khalid (2005)  on sage (Salvia 

officinalis, L.), Abd El-Azim and Abd El-Gawad (2008)  on Thymus vulgaris plants. 
 
Essential oil yield/fed. (kg.): 

 
From Table (3) it can be noticed that essential oil yield in air dried herb of Salvia officinalis L. plants 

significantly increased as a result of applying organic and/or biofertilizers in both seasons. Moreover, there was 
positive relationship between oil yield per plant and oil yield/Fed. The highest yield of the essential oil/fed. (kg.) 
(on a base of the total weight of the two cuts during each season) has been obtained under tap water conditions 
which valued 881.69 kg. by the C. treatment during the first season and 766.58 kg. by the C.P treatment under 
the same conditions during the second season. Otherwise, the lowest weights of the essential oil/fed. has been 
observed under the maximum level of salinity during each season which valued 77.62 kg. by the non fertilized 
plants in the first season and 60.56 kg. by the application of C.P.N in the second season. While, values of 291.75 
kg. and 453.94 kg. have been recorded for the control plants, seasonally. 
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Table 1: Effect of saline water irrigation, organic, bio-fertilizer and their interaction treatments on essential oil percentage of Salvia 

officinalis, L. plants during 2007/2008 and 2008/2009 seasons. 

Salinity 
Fertilizers 

First season 2007/2008 

Tap water 1000 ppm. 2000 ppm. 3000 ppm. Mean 

O 0.02 h 0.08 b 0.08 b 0.06 d 0.06 

FYM 0.08 b 0.08 b 0.06 d 0.06 d 0.07 

FYM + PDB 0.03 g 0.05 e 0.04 f 0.04 f 0.04 

FYM + NFB 0.08 b 0.07 c 0.07 c 0.07 c 0.08 

FYM + NFB + PDB 0.04 f 0.10 a 0.02 h 0.08 b 0.06 

ChM 0.08 b 0.10 a 0.02 h 0.08 b 0.07 

ChM + PDB 0.06 d 0.10 a 0.10 a 0.06 d 0.08 

ChM + NFB 0.03 g 0.06 d 0.05 e 0.08 b 0.06 

ChM +PDB + NFB 0.06 d 0.08 b 0.04 f 0.04 f 0.06 

Mean 0.05 0.08 0.05 0.06 0.06 

Second season 2008/ 2009 

O 0.03 f 0.02 g 0.06 c 0.06 c 0.04 

FYM 0.06 c 0.02 g 0.05 d 0.02 g 0.04 

FYM + PDB 0.04 e 0.03 f 0.04 e 0.08 a 0.05 

FYM + NFB 0.08 a 0.02 g 0.04 e 0.06 c 0.05 

FYM + NFB + PDB 0.02 g 0.04 e 0.04 e 0.07 b 0.04 

ChM 0.02 g 0.06 c 0.06 c 0.06 c 0.05 

ChM + PDB 0.06 c 0.08 a 0.04 e 0.04 e 0.06 

ChM + NFB 0.03 f 0.02 g 0.03 f 0.06 c 0.04 

ChM +PDB + NFB 0.05 d 0.04 e 0.02 g 0.001 h 0.03 

Mean 0.04 0.04 0.04 0.05 0.04 

No fertilization (O) - Farm yard manure (FYM), - Farm yard manure plus phosphorus dissolving bacteria (FYM +PDB), - Farm yard manure 
plus nitrogen fixing bacteria (FYM + NFB), - Farm yard manure plus phosphorus dissolving bacteria plus nitrogen fixing bacteria (FYM + 

NFB + PDB), - Chicken manure (ChM), - Chicken manure plus phosphorus dissolving bacteria (ChM +PDB), - Chicken manure plus 
nitrogen fixing bacteria (ChM +NFB), - and Chicken manure plus phosphorus dissolving bacteria plus nitrogen fixing bacteria (ChM +PDB 

+ NFB). Means within a coolum having the letters are not significantly different according to Duncans multiple range test (DMRT). 
 

Table 2: Effect of saline water irrigation, organic, bio-fertilizer and their interaction treatments on essential oil yield per plant (g.) of Salvia 

officinalis, L. plants during 2007/2008 and 2008/2009 seasons. 

Salinity 

Fertilizers 

First season 2007/ 2008 

Tap water 1000 ppm. 2000 ppm. 3000 ppm. Mean 

O 6.95 h-j 9.28 e-g 4.11 h-j 1.85 ij 5.54 

FYM 11.72 de 9.50 d-f 3.90 h-j 2.31 ij 6.86 

FYM + PDB 9.30 g-j 9.11 f-i 3.95 h-j 2.13 j 6.12 

FYM + NFB 13.92 c-e 9.74 e-g 5.50 g-j 2.90 h-j 8.01 

FYM + NFB + PDB 8.55 f-j 11.84 de 2.44 j 2.92 h-j 6.44 

ChM 20.99 a 19.71 ab 3.61 ij 3.78 h-j 12.02 

ChM + PDB 14.05 b-d 15.27 a-c 8.10 e-g 2.44 h-j 9.96 

ChM + NFB 8.44 f-h 11.49 d-f 4.89 h-j 3.71 h-j 7.13 

ChM +PDB + NFB 16.92 b-d 14.94 b-d 4.06 h-j 1.96 j 9.47 

Mean 12.32 12.32 4.50 2.67 7.95 

Second season 2008/ 2009 

O 10.81 d-h 4.25 f-i 5.14 d-i 2.40 g-i 5.65 

FYM 14.05 bc 5.96 f-i 5.74 e-i 1.57 hi 6.83 

FYM + PDB 12.61 cd 6.45 d-i 4.54 f-i 3.53 e-i 6.78 

FYM + NFB 16.56 a 5.75 f-i 5.43 f-i 2.48 f-i 7.55 

FYM + NFB + PDB 5.58 e-i 6.03 d-g 7.08 f-i 2.36 f-i 5.26 

ChM 10.65 d-h 12.43 ab 7.89 d-f 3.32 e-i 8.57 

ChM + PDB 18.25 ab 14.85 ab 7.19 e-i 3.38 f-i 10.92 

ChM + NFB 8.87 c-e 4.69 f-i 4.37 f-i 3.95 e-i 5.47 

ChM +PDB + NFB 16.01 ab 10.27 c-e 5.70 g-i 1.44 i 8.36 

Mean 12.60 7.85 5.90 2.71 7.27 

No fertilization (O) - Farm yard manure (FYM), - Farm yard manure plus phosphorus dissolving bacteria (FYM +PDB), - Farm yard manure 

plus nitrogen fixing bacteria (FYM + NFB), - Farm yard manure plus phosphorus dissolving bacteria plus nitrogen fixing bacteria (FYM + 
NFB + PDB), - Chicken manure (ChM), - Chicken manure plus phosphorus dissolving bacteria (ChM +PDB), - Chicken manure plus 

nitrogen fixing bacteria (ChM +NFB), - and Chicken manure plus phosphorus dissolving bacteria plus nitrogen fixing bacteria (ChM +PDB 

+ NFB). Means within a coolum having the letters are not significantly different according to Duncans multiple range test (DMRT). 
 

Table 3: Effect of saline water irrigation, organic, bio-fertilizer and their interaction treatments on essential oil yield /fed. (kg.) of Salvia 

officinalis L. plants during 2007/2008 and 2008/2009 seasons. 

Salinity 
Fertilizers 

First season 2007/ 2008 

Tap water 1000 ppm. 2000 ppm. 3000 ppm. Mean 

O 291.75 h-k 389.57 e-g 172.44 h-k 77.62 k 232.84 

FYM 492.31 c-e 398.92 d-g 163.79 h-k 97.16 k 288.05 

FYM + PDB 390.42 h-k 382.41 g-i 165.81 jk 89.56 k 257.05 

FYM + NFB 584.63 cd 409.04 e-g 230.90 h-k 121.70 i-k 336.57 

FYM + NFB + PDB 359.28 g-j 497.36 c-e 102.29 k 122.78 i-k 270.43 

ChM 881.69 a 827.86 ab 151.62 k 158.83 h-k 505.00 
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ChM + PDB 590.18 bc 641.34 ab 340.20 e-g 102.39 jk 418.53 

ChM + NFB 354.65 f-h 482.45 c-f 205.34 h-k 155.83 h-k 299.57 

ChM +PDB + NFB 710.57 bc 627.65 bc 170.31 h-k 82.48 k 397.75 

Mean 517.28 517.40 189.19 112.04 333.98 

Second season 2008/ 2009 

O 453.94 d-h 178.35 f-i 215.67 d-i 100.80 g-i 237.19 

FYM 590.20 bc 250.45 f-i 241.04 e-i 65.96 hi 286.91 

FYM + PDB 529.79 cd 270.80 d-i 190.54 f-i 148.29 e-i 284.85 

FYM + NFB 695.62 a 241.42 f-i 227.90 f-i 103.97 f-i 317.23 

FYM + NFB + PDB 234.36 e-i 253.26 d-g 297.49 d-f 98.91 f-i 221.00 

ChM 447.10 d-h 522.15 ab 331.30 e-i 139.60 e-i 360.04 

ChM + PDB 766.58 ab 623.60 ab 301.77 f-i 141.90 f-i 458.46 

ChM + NFB 372.72 c-e 197.07 f-i 183.40 f-i 165.77 e-i 229.74 

ChM +PDB + NFB 672.62 ab 431.26 c-e 239.58 g-i 60.56 i 351.00 

Mean 529.22 329.82 247.63 113.97 305.16 

No fertilization (O) - Farm yard manure (FYM), - Farm yard manure plus phosphorus dissolving bacteria (FYM +PDB), - Farm yard manure 
plus nitrogen fixing bacteria (FYM + NFB), - Farm yard manure plus phosphorus dissolving bacteria plus nitrogen fixing bacteria (FYM + 

NFB + PDB), - Chicken manure (ChM), - Chicken manure plus phosphorus dissolving bacteria (ChM +PDB), - Chicken manure plus 

nitrogen fixing bacteria (ChM +NFB), - and Chicken manure plus phosphorus dissolving bacteria plus nitrogen fixing bacteria (ChM +PDB 
+ NFB).Means within a coolum having the letters are not significantly different according to Duncans multiple range test (DMRT). 

 

These results are go in line with the findings of El-Gendy et al. (2001)  on Ocimum basilicum plants, 

Sukhmal et al. (2004)  on Mentha arvensis L. and kandil et al. (2004)  On fennel (Foeniculum vulgare) plants. 

 

Essential oil components: 

 

The samples of essential oil subjected to G.L.C analysis were taken from the second cut of the second 

season. The main compounds are shown in Table [4]. It can be remarked that nine compounds were identified, 

they represent approximately 72 - 86 % of the essential oil of sage plant. The main compounds of essential oil 

were one thymol, camphor and β- pinene, which represent from 23 – 78 % by an average of 59 % of Salvia 

officinalis, L. essential oil. Data cleary indicated that under tap water irrigation conditions, the unfertilized 

plants recoded the highest percentage of β- pinene 4.59 % , while the lowest value 1.34 % has been recorded by 

treatment of only chicken manure under 2000 ppm. level of salinity which recorded the highest percentage of 

one thymol 61 % . However, each of the farm yard manure under the first level of salinity (1000 ppm.) and 

application of the farm yard manure plus phosphorus dissolving bacteria under the second level of salinity (2000 

ppm.) decreased one thymol to 2.32 and 1.91 % , respectively. Concerning to camphor, it is observed that the 

treatment of farm yard manure plus nitrogen fixing bacteria under the highest level of saline water irrigation 

(3000 ppm.) recorded the highest percentage of Camphor 21.1 %, while the lowest percentage 10.85 % has been 

obtained as a result to inoculate sage plants by the nitrogen fixing bacteria in addition to the chicken manure 

under tap water irrigation conditions. From these results, it may be concluded that inoculating plants by bio-

fertilizers such as nitrogen fixing bacteria and phosphorus dissolving bacteria or and using the organic 

fertilization such as chicken or farm yard manure caused an increase in the main compounds (the oxygenated 

compounds) one thymol, camphor and β- pinene of the essential oil of Salvia officinalis, L., which are 

responsible for the medicinal activity of this plant.  

 
Table 4: Main compounds essential oil of salvia officinalis, L. affected by saline water irrigation, organic and bio-fertilizers treatments as a 

percentage. 

 

9 
 

 

8 
 

 

7 
 

 

6 
 

5 
 

 

4 
 

 

 

3 
 

 

 

2 
 

 

1 
 

Sample no. 

 
Compound 

Percentage % 

2.55 4.22 2.76 0.49 1.99 2.43 1.79 2.87 2.75 α- Pinene 

3.10 3.71 2.18 1.34 4.50 4.15 2.32 1.55 4.59 β- Pinene 

3.90 5.80 8.79 0.43 3.61 3.76 0.34 0.41 4.54 Limonene 

45.65 59.18 34.87 61.00 53.00 49.00 48.24 43.96 50.00 One thymol 

0.49 2.22 1.77 0.99 2.78 0.49 1.91 2.32 2.60 Linalool 

11.19 10.85 19.53 15.85 14.23 21.10 19.20 19.90 16.00 Camphor 

2.95 0.26 0.21 0.31 2.20 1.89 4.34 4.13 2.26 Geraniol 

2.29 0.30 2.89 0.30 0.39 2.79 1.89 2.00 0.79 Methyl chavicol 

0.13 0.40 0.26 2.28 0.51 0.19 0.76 2.87 0.57 Thymol 
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Main constituents of salvia officinalis essential oil affected by 

saline water irrigation and fertilizers (sample: 1 (0/0))
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Sample1(0/0) : No fertilization + Tap water. 

 

Main constituents of salvia officinalis essential oil affected by 

saline water irrigation and fertilizers (sample: 3 (F.P/2000))
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Sample2(F/1000) : Farm yard manure + 1000 salinity. 

 

Main constituents of salvia officinalis essential oil affected by 

saline water irrigation and fertilizers (sample: 4 (F.N/3000))

0

200

400

600

800

1000

1200

1400

1600

1800

2000

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

Ret timr (min.)

H
ei

g
h

t 
(P

A
)

 
 

Sample3(F.P/2000): Farm yard manure + phosphorus dissolving bacteria + 2000 salinity. 
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Main constituents of salvia officinalis essential oil affected by 

saline water irrigation and fertilizers (sample: 2 (F/1000))
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Sample 4(F.N/3000): Farm yard manure + nitrogen fixing bacteria+ 3000 salinity.        

  

Main constituents of salvia officinalis essential oil affected by 

saline water irrigation and fertilizers (sample: 5 (F.P.N/3000))
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Sample5(F.P.N/3000): Farm yard manure plus phosphorus dissolving bacteria plus nitrogen fixing bacteria +  

3000 salinity        

 

Main constituents of salvia officinalis essential oil affected by 

saline water irrigation and fertilizers (sample: 6 (C./2000))
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Sample6 (C./2000): Chicken manure + 2000 salinity. 
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Main constituents of salvia officinalis essential oil affected by 

saline water irrigation and fertilizers (sample: 8 (C.N/0))
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Sample7(C.P/2000): Chicken manure + phosphorus dissolving bacteria + 2000 salinity.        

 

Main constituents of salvia officinalis essential oil affected by 

saline water irrigation and fertilizers (sample: 7 (C.P/2000))
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Sample 8(C.N/0): Chicken manure + nitrogen fixing bacteria + Tap water.           

 

Main constituents of salvia officinalis essential oil affected by 

saline water irrigation and fertilizers (sample: 9 (C.P.N/0))
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Sample 9(C.P.N/0): Chicken manure + phosphorus dissolving bacteria + nitrogen fixing bacteria + Tap water 
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