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ABSTRACT 
Sage (Salvia officinalis) is a member of mint family (Lamiaceae). Sage plant has powerful biological 
activity and pharmacological properties. This study was contacted to evaluate the effect of partial 
substitution of mineral fertilizer (NPK at 100, 75 and 50%) by two sources of bio-fertilizer (0, A 
which contains Azotobacter chroococcum, Bacillus megaterium var. phosphaticum and Bacillus 
cereus while B contains Azospirillum brasilense, Pseudomonas fluorescens and Pseudomonas putida) 
and their effects on growth, yield, chemical composition and antimicrobial activity of sage plants. The 
results clear that biofertilizer (A) had more effect than (B). NPK at 75 % + biofertilizer ( A ) gave the 
highest mean values of different traits under study such as plant height, branches number, herb fresh 
and dry weight, essential oil percentage and yield, carbohydrate, photosynthetic pigments, total 
phenol compounds , antioxident (ABTS). α-Thujone, camphor and  β-Thujone are the main 
constituents. The data show that Salvia officinalis had a wide range of antifungal and antibacterial 
activity  
 
Keywords: Salvia officinalis, biofertilizer, NPK fertilizer, anti-microbial, anti-fungal, DPPH radical 

scavenging activity. 

 
Introduction 

Salvia officinalis (Sage) is the largest genus of plants in the mint family Lamiaceae, with the 
number of species estimated to range from 700 to nearly 1,000. Members include shrubs, herbaceous  
perennials, and annuals. Salvia officinalis has more commune, some and best commune (sage, garden 
sage, common sage, kitchen sage, or culinary sage) is a perennial evergreen woody sub-shrub. Salvia 
officinalis has more medicinal uses necessary, it has been used as flavoring remedy for a large  range 
of disorders and sicknesses by applying it either internally or outwardly. It's used as diuretic drug, 
tonic, menstruation’s promoter, native styptic, antiseptic, inflammatory, antifungal and spasmodic 
pain relief Ioannides (2002).  

Application of biological fertilizer is considered as the most natural and efficient solution for 
activating bacterial life in soil Saleh-Rastin (2001). Living microorganisms of biofertilizers, are able 
to fix atmospheric nitrogen and convert insoluble phosphorus to soluble which will be valuable for the 
plants Mahfouz and Sharaf-Eldin, (2007).Nowadays, the production of medicinal and aromatic plants 
free of chemicals- has been the focus of interest of many researchers and producers to ensure the high 
quality and safety, for human, and the environment conditions. The growth parameters as well as 
yield of roselle plants were increased when seeds were inoculated with Rhizobium and Azotobacter 
Harridy and Amara (1998) ; Hassan (2009) or nitrobin which a bio-source of nitrogen Shaalan et al. 
(2001).Inoculation of seeds with Azotobacter and Azospirillum in the presence of chemical fertilizers 
caused improving both growth and yield of anise Gomaa and Abo-Aly (2001), Foeniculum vulgare 
Kandeel et al., (2001); Mahfouz and Sharaf-Eldin, (2007) and Nigella sativa Shaalan 
(2005).Biofertilizers (N fixing and P dissolving bacteria) had an effective role in partial replacement 
of N and P mineral fertilization. This effect was revealed by many investigators i.e. Soliman (2002) 
on anise, Safwat and Badran (2002) on cumin, Badran et al. (2002) on black cumin , Badran and 
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Safwat (2004) as well as Ghadban et al. (2006) on fennel and  EL-Gohary et al. (2013) on Mentha 
longefolia. The essential oils and extracts of the many plant species became widespread and tries to 
characterize their bioactive principles have gained momentum in several pharmaceutical and food-
processing applications. The plant essential oils received major issues regarding possessing a 
wide range of antimicrobial effects against completely different groups of pathogenic organisms. So, 
essential oils with antimicrobial activity are potential candidates, as natural antimicrobial 
preservatives, that can be utilized in dominant microbial food contaminations Cowan (1999) and 
Kahkha et al. (2014). 

The aim of this work was to study the influence of partial substitution of chemical fertilizer 
(NPK) by two sources of bio-fertilizer on growth, yield and chemical composition of sage plants. 
Moreover, this investigation included the antimicrobial effect of sage plants.  
 
Material and Methods 
 

The field experiment was conducted during the two successive seasons of 2016 and 2017 at 
Experimental Farm of the National Research Centre in Nubaria location, El-Buheira    Governorate, 
Egypt to study the effect of partial substitution of mineral NPK fertilizer by bio-fertilizer and  
theireffect on growth , yield and chemical constituents of sage plant which was obtained from the 
Egyptian Ministry of Agriculture. The soil texture of the field experiment was sandy in both seasons. 
Soil and water analysis were shown in Tables (1 and 2). Seeds were sown in prepared nursery beds on 
October 15th in both seasons. The growing seedlings were transplanted after 80 days from sowing 
consecutively in rows; 60 cm apart and 30 cm between plants within hills.  
 
Table 1: Physical and chemical analysis 

Soil 
Texture 

pH  
1:2.5 

EC 
dsm-1 

Soluble cations (meq/100 g soil)  Soluble anions  
(meq / l00g soil) 

   Na+ K+ Ca++ Mg++ HCO-3 Cl- SO-4 

Sandy 7.94 0.20 0.90 0.20 0.50 0.30 0.40 0.75 0.21 

 
Table 2: Analysis of irrigation water under study 

pH 
1:2.9 

EC  
dsm-1 

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

  Na+ K+ Ca++ Mg++ HCO-3 Cl- SO-4 

7.55 0.50 2.50 0.20 1.50 0.60 1.20 2.80 0.80 

 
Two sources of bio fertilizers were used A and B as the following:  

Highly efficient strains of plant growth promoting rhizobacteria (PGRB) Azotobacter chroococcum 
(NA), Azospirillum brasilense (NB), phosphate solubilizing bacteria (Bacillus megaterium var. 
phosphaticum [PA]), Pseudomonas fluorescens (PB) and potassium solubilizing bacteria (Bacillus 
cereus (KA), Pseudomonas putida (KB) were obtained from cultural collocation of Agric. 
Microbiology Dep. National Research Centre, Egypt. The growth promoting rhizobacteria were 
independently grown in nutrient broth for 48 hours at 30°C in a rotary shaking incubator. The density 
of each bacterial culture in the broth was counted using a haemocytometer. Liquid broth cultures 
initially containing 8x107 (NA), 7x108 (NB), 5x107 (PA), 8x109 (PB), 3x107 (KA) and 7x108 (KB) 
viable cell/ml respectively (Table, 3). In PGPB treatments, 10 ml of either tested microorganisms 
suspension were added to the soil for each plant just after sowing. 
  
Table 3: Sources of biofertilizer A and B 
A B 
Azotobacter chroococcum Azospirrillum brasilense 
Phosphate solubilizing bacteria  Pseudomonas fluorescence 
(Bacillus megateriumvar.phosphoticum)  
Potassium solubilizing bacteria  Pseudomonas putida 

(Bacillus cereus)  
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The recommended doses (RD) of NPK chemical fertilizer which was used in this experiment 
were 300 kg/fed ammonium sulphate (20.5%), 200kg/fed calcium superphosphate (15.5%) and 
50kg/fed potassium sulphate (48%) according to Ministry of Agriculture. Ammonium sulphate and 
potassium sulphate were added in two equal doses. The first one was added one month after sowing 
date the second one applied after one month later. Calcium superphosphate was added during soil 
preparation prior to sowing. The different sources of biofertilizer (A and B) were added in 
combination with 25%, 50%, 75 % 100% (RD) NPK. 

 
The experiments were planned in a complete randomize design with three replicates and the 

treatments were as follows: 
1- NPK100% without  bio-fertilizer 
2- NPK 75 %   without  bio-fertilizer 
3- NPK 50% without  bio-fertilizer 
4- NPK 100% + bio-fertilizer A 
5 -NPK 100% + bio-fertilizer B  
6- NPK 75% + bio-fertilizer A 
7- NPK 75% + bio-fertilizer B  
8- NPK 50% + bio-fertilizer A 
9- NPK 50% + bio-fertilizer B  
 

L.S.D. test at 0.05 was used to compare the average means of treatments according to Snedecor 
and Cochran (1982). The following data were recorded: 

 
A-Vegetative Growth and Yield Characters: 
1- Height (cm). 
2- Fresh weight of herb /plant (g). 
3- Dry weight of herb /plant (g). 
4- Dry weight of herb /feddan (kg). 
 
B-.Chemical Analyses 

1. Essential oil percentage: Essential oil percentage was determined in the air dried herb by 
hydro-distillation. 

2.  Essential oil yield per plant (ml): It was calculated as follows: 
Oil percentage × herb dry weight /100 

3. Essential oil yield per feddan (L): It was calculated as follows: essential oil yield per plant× 
number of plants/feddan (23333 plants /feddan). 

4. Essential Oil Constituents:  
              

The collected oils were dehydrated over anhydrous sodium sulfate. The distilled oil was 
subsequently analyzed using a gas chromatography-mass spectrometer (GC-Ms) to evaluate essential 
oil constituents.  
        For this application, the Thermo Scientific Trace 1300 gas chromatograph with Thermo 
Scientific Single Quadruple Mass Spectrometer (ISQ QD). This procedure suggests that the GC be 
operated in the split mode (20:1) to improve peak shape and reduce the burden of sample components 
on the chromatographic system. 
 
 GC-MS Conditions 

Column: 
Poly ethylene glycol (30 m × 0.25 mm id × 0.25 µm df) with a 5 m 
retention gap (or equivalent) 

Transfer Line Temperature: 250 °C 
Ion source temp.  200 °C 
Injection Mode: Split (20:1) 
Injection Volume: 2 µL 
Carrier Gas Flow: He at 0.5 ml/min (constant flow) 
Ionization mode  EI 
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Oven Program: 
40 °C (hold time: 1 min) to 195 °C (7.5 °C/ min) to 205 °C( 1 °C / 
min ) to 230 ( 2.3 °C / min ) at 10 °C/min (Hold time: 10.00 min) for a 
total run time of 52 min. 

Mass list Range 30- 450 
 
5. Total phenol compounds: 
The total phenolic content was determined according to the Folin-Ciocalteu procedure according to 
Zilic et al., (2012). 
 
6-Antioxident (ABTS): 

This assay was based on the ability of different substances to scavenge 2, 2’- azino-bis 
(ethylbenzthiazoline-6-sulfonic acid (ABTS.+) radical cation. The radical cation was prepared by 
mixing 7 mM ABTS stock solution with 2.45 mM potassium persulfate (1/1, v/v) and leaving the 
mixture for 4-16 h until the reaction was complete and the absorbance was stable. The ABTS.+ 
solution was diluted with ethanol to an absorbance of 0.700 ± 0.05 at 734 nm for measurements. The 
photometric assay was conducted on 0.9 mL of ABTS. + Solution and 0.1 mL of tested samples (100 
and 200 μg/mL) and mixed for 45 sec; measurements were taken immediately at 734 nm after 15 min. 
The antioxidative activity of the tested samples was calculated by determining the decrease in 
absorbance at different concentrations by using the following equation: E= ((Ac-At)/ Ac) × 100, 
where: At and Ac are the respective absorbance of tested samples and ABTS.+, was expressed as μ 
mol Re et al. (1999). 

 
C- Antimicrobial activity 

Antimicrobial activity was carried out according to the methods described by (Bauer et al., 
1996 and EUCAST, 2015).Six fungal species: Aspergillus flavus NRRL 3357, A. carbonarius ITAL 
204, A. ochraceus ITAL 14, Fusarium verticillioides ITEM 10027, F. proliferatum MPVP 328 and 
Penicillium verrucosum BFE 500, were used for antifungal assay. The antifungal assay was conducted 
using disc diffusion technique and Potato Dextrose Agar (PDA) media. The tested fungal species were 
subculture and grown into PDA for 5- 7 days and the spore suspension was prepared by transferring a 
loopful of grown tested fungi to test tube containing 10 ml of 0.01% tween 80 solution. From spore 
suspension 100µl was spread on the solidified Potato Dextrose Agar plates using glass rod and the 
plates left to dry for half an hour. The oil impregnated discs were applied into the surface of the dry 
plates. Dimethyl sulfoxide (DMSO) was used as negative control while Econazole (Sigma- Aldrich) 
with concentration of 1.0 mg/ml was used as positive control. The plates were inverted and incubated 
at 25oC for 24- 48hr. 

Also; five pathogenic bacteria; Salmonella typhi, Escherichia coli, and Salmonella typhmirium 
as a Gram negative organisms as well as Staphylococcus aureus and Bacillus cereus as a Gram 
positive ones was used for antibacterial assay. The tested bacterial species were grown on Tryptic 
soya broth (TSB) tubes and incubated at 35oC until it achieves or exceeds the turbidity of the 0.5 
McFarland standards (usually after four hours of incubation). A uniform bacterial layer was 
developed on the surface of solidified nutrient agar plates using the adjusted bacterial suspension and 
sterile cotton swabs and left to dry. Whatman filter paper no. 1 is used to prepare discs 6 mm; which 
impregnated with tested oil from different treatments. The impregnated discs were applied on the 
surface of streaked nutrient agar plates. Dimethyl sulfoxide (DMSO) was used as negative control 
while a 1mg/ml Ceftriaxone was used as positive control. The plates were inverted and incubated at 
35oC for 16- 18hr. 

After incubation, the inhibition zones were measured including the diameter of the disc. Zones 
are measured to the nearest millimeter using a ruler which is held on the back of the inverted petri 
plates. All treatments consisted of three replicates and the results were expressed as (mean ±SE). 
 
Results and Discussion 
 

 Vegetative growth and yield characters: 
Concerning the effect of different doses of  NPK without biofertilizer , data tabulated in Table 

(4) clear that recommended dose (100% NPK) resulted in the highest mean values of plant height 
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(28.33 cm) and number of  branches / plant (8.00) . The other traits such as herb fresh and dry weight 
reached to their maximum mean values from plants fertilized with 75% NPK without bio while plants 
treated with 50% NPK gave the lowest values. 

Moreover, data in Table (4) indicate that addition of either A or B biofertilizer to different doses 
of NPK significant increment was observed in growth and yield parameters compared with NPK 
doses without biofertilizer with some exceptions. The highest mean values of plant height (104.83 
cm), branches number / plant (12.00), herb fresh weight (104.83 g / plant and 2.45 Ton / Fed.) and 
herb dry weight (23.35 g / plant and 0.545 Kg / Fed.) were recorded by 75% NPK + bio (A). On the 
contrary, the lowest values of these parameters were scored in most cases by 50% NPK without 
biofertilizer. 
 
Table 4: Effect of NPK and bio-fertilizer on growth and yield of Sage plant  
               (Mean values of two successive seasons)  

Treatments 
Plant 

Height 
(cm) 

Branches 
number 

Fresh 
weight 

(g / plant) 

Fresh 
weight 

(Ton/Fed) 

Dry weight 
(g/ plant) 

Dry weight 
(Kg/Fed.) 

Recommend NPK% 28.33e 8.00ef 68.71b 1.60cd 10.09d 235.4g 

NPK75% 27.67e 7.33f 76.26b 1.78c 11.31d 263.9f 

NPK 50% 25.33f 5.67g 63.28b 1.48de 9.62d 224.5g 

NPK100% +A 37.00c 10.00c 102.73a 2.40a 21.60ab 504.0b 

NPK 100% +B 35.67c 9.00d 76.04b 1.77c 19.31ab 450.6c 

NPK 75%+ A 44.67a 12.00a 104.83a 2.45a 23.35a 544.8a 

NPK 75%+ B 39.33b 11.00b 79.60b 1.86b 18.95ab 442.2c 

NPK50% + A 32.33d 10.00c 64.81b 1.51de 16.57bc 386.6d 

NPK50% + B 29.33e 8.67de 58.61b 1.37e 13.13cd 306.4e 

CV% 3.35 4.80 14.26 4.82 15.26 1.48 

 
In this respect, it can be noticed that, biofertilizer (A) had more effect than (B). 

In this connection, organisms found in biofertilizer increase nutrient availability to plants but it is not 
necessary for maintaining soil texture, aeration and hydration. These organisms increase the soil 
fertility by increasing the content of plant nutrients.  Biofertilizers can cause a positive effect on 
growth and yield characters through reduction of membrane potential of the root, N2 fixation, 
synthesis of some enzymes and phytohormones which modulate the level of plant hormones as well as 
the solubilization of inorganic phosphate and mineralization of organic phosphate, which make 
phosphorus available (Rodriguez and Fraga, 1999). Many authors i.e. Youssef et al. (2004), Sanches 
et al. (2005), Fatma et al. (2006) and Krishna et al. (2008) noticed the positive effect of 
microorganisms on improving the growth and performance of medicinal plants. Subba-Rao (1979) 
revealed  that Azospirillum, Azotobacter, and Pseudomonas are the most important growth 
stimulating bacteria which in addition to biological fixation of nitrogen and solubilizing the soil 
phosphate, have a pronounced effect on plant growth regulators especially  gibberellins , auxins and 
cytokinins  and thus lead to improve the plant performance. Moreover, Chen (2006) reported that 
Azotobacter is able to produce antifungal compounds that fight plant diseases and improve the overall 
plant growth. 
 
Photosynthetic Pigments: 

  The present results in Table (5) have indicated that photosynthetic pigments were significantly 
affected by the application of fertilizer treatments. Comparing the effect of NPK levels without 
biofertilizere, data in the same table indicate that, 75% NPK gave the highest mean values of 
chlorophyll (b) and total carotenoids while, the lowest values were obtained as a result of 50% NPK. 
For chlorophyll (a), recommended dose 100% NPK and 75% NPK gave the same value (0.20 mg / g) 
against 50% NPK which gave the lowest one (0.19 mg / g). In most cases, added biofertilizers to 
different doses of NPK increased significantly photosynthetic pigments compared with plants 
untreated with biofertilizer. Application of treatment 75% NPK + bio fertilizers (A) caused the highest 
values of chlorophyll (a) which recorded 1.30 mg / g followed by 75% NPK + bio fertilizers (B) while 
planted fertilized by 50 % NPK + bio fertilizers (A) gave the highest values of chlorophyll (b). 
Biofertilizer (A) had more pronounced effect than (B) wit some exception. The increment in 
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photosynthetic pigments content may be due to available N, P and K but also the increase in trace 
elements in the soil caused by the organic acids produced by microorganisms of biofertilizers leading 
to a decrease in the pH of the soil (Subb-Rao, 1981). In this respect photosynthetic pigments play an 
important role in the formation of phenols and flavonoids that contribute to the antioxidant activity in 
the sage plants.  

 
Table 5: Effect of NPK and bio-fertilizer on photosynthetic pigments of Sage plant     
               (Mean values of two successive seasons) 

Treatments 
Chlorophyll A  

(mg/g) 
Chlorophyll B 

 (mg/g) 
Total Carotenoids  

(mg/g) 

Recommend NPK100% 0.20f 0.20g 26.51i 
NPK75% 0.20f 0.78b 45.22g 
NPK 50% 0.19g 0.74c 42.08h 
NPK100% +A 1.06c 0.24f 106.24b 
NPK 100% +B 1.03d 0.24f 98.14c 
NPK 75%+ A 1.30a 0.31e 86.72d 
NPK 75%+ B 1.29b 0.26f 109.78a 
NPK50% + A 0.14h 0.99a 59.28f 
NPK50% + B 0.34e 0.66d 62.87e 
CV% 8.30 1.98 1.14 

 
Carbohydrates content (%): 

Results in Table (6) show the effect of different fertilizer treatments. The effects of NPK 
fertilization levels when added alone could be detected from the results of 100%, 75% and 50% NPK. 
50% NPK level gave the highest mean values of carbohydrates (34.31%) compared with 100% and 
75% NPK which recorded 28.98 and 31.99%, respectively. It is obvious from the same data in Table 
(6) that added biofertilizers to different levels of NPK increased total carbohydrate percentage 
compared with plants fertilized with NPK levels only. Carbohydrates content reached to its maximum 
value (44.33%) from plants fertilized with 100NPK + biofertilizer (A) followed by 100NPK + bio-
fertilizer (B) which recorded 44.11%. The lowest mean values of carbohydrates percentage (28.98%) 
was obtained as a result of 100% NPK only. In most cases there are no significant differences 
between values of carbohydrates percentage as a result of bio-fertilizers A and B. The increment in 
total carbohydrates may be due to the increase of photosynthesis as a result of the increase in 
photosynthetic pigments content in the leaves. These results are in harmony with those reported by of 
Sanches et al. (2005), El-Shafie et al. (2010), Hellal et al. (2011) El-Gohary et al., (2013) and Ali et 
al. (2015) indicated that applying bio-fertilizers treatments alone or combined with chemical fertilizer 
increased significantly carbohydrates and flavonoids content. 

 
Essential oil percentage and yield (ml / plant and l / Fed.):  

Data presented in Table (6) show the effect of NPK and/ or biofertilizer on essential oil 
percentage and yield. Concerning the effect of NPK levels without biofertilizer on essential oil 
percentage, it is clear that there are no significant differences between NPK levels. The highest mean 
values of essential oil percentage (0.16%) resulted by 50% NPK followed by 75% NPK (0.14%). 
Regarding the combined biofertilizers with different leves of NPK significantly increased essential oil 
percentage where, 75% NPK + biofertilizer (A) gave the maximum mean values of essential oil 
percentage (0.32%) followed by 75% NPK + biofertilizer (B) which recorded 0.30 %. The lowest 
mean value of essential oil percentage (0.13%) was obtained from plants fertilized by 100 % NPK 
without biofertilizer. These results are in agreement with several authors i.e. Hellal et al. (2011) and  
Aly et al. (2015).  

 Concerning the effect of different fertilizer treatments on essential oil yield (ml / plant and l/ 
Feddan), all applied fertilizer treatments had a significant effect. Comparing the effect of NPK levels 
without biofertilizer, it is clear that 50% NPK gave the highest value of 0.018 ml / plant and 0.420 l / 
Feddan followed by 75% NPK (0.014 ml / plant and 0.326 l / Feddan). It is clear from the same data 
that applying biofertilizer to NPK levels significantly increased essential oil yield comparing with 
plants fertilized with NPK only. However, 75% NPK gave the highest value of 0.075 ml / plant and 
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1.750 l / Feddan while 100% NPK without biofertilizer gave the lowest values of 0.013 ml / plant and 
0.303 l / Feddan. These increment may be due to increment of herb dry weight or / and essential oil 
percentage.  
 
Table 6:  Effect of NPK and bio-fertilizer on carbohydrates (%) essential oil (content and yield), total 

phenols (mg / g) and ATPS inhibition (%) of   Sage plant  
                (Mean values of two successive seasons) 

Treatments Carbohydrates     
% Oil% 

Oil Yield 
(ml / 

plant) 
Oil Yield 
l/Feddan 

Total 
Phenols 
(mg/g) 

ATBS 
inhibition% 

Recommend NPK100% 28.98e 0.13d 0.013g 0.303i 3.86e 48.43h 
NPK75% 31.99de 0.14d 0.014g 0.327h 4.27d 51.71f 
NPK 50% 34.31d 0.16d 0.018f 0.420g 4.34cd 52.59e 
NPK100% +A 44.33a 0.26b 0.056b 1.307c 4.63a 72.06a 
NPK 100% +B 44.11a 0.24b 0.046c 1.073d 4.48abc 49.80g 
NPK 75%+ A 41.83ab 0.32a 0.075a 1.750a 4.61ab 63.65b 
NPK 75%+ B 42.42ab 0.30a 0.057b 1.330b 4.45abcd 56.21d 
NPK50% + A 39.05bc 0.20c 0.033d 0.760e 4.43bcd 62.96c 
NPK50% + B 37.83c 0.19c 0.025e 0.583f 4.34cd 52.01f 
CV% 4.62 7.58 5.95 0.56 1.79 0.51 

 
Total phenol compounds: 

Total phenols of sage plant showed that plants treated with NPK levels without bio-fertilizer 
possessed the highest total phenols (4.34 mg / g ) from plants fertilized by 50 % NPK followed by 
75% NPK  gave 4.27 mg / g where there is  no significant differences between both treatments (Table, 
6 ) . Application two sources of bio-fertilizers to NPK treatments had a superior affect compared with 
those untreated with bio-fertilizer. The total phenol compounds increased significantly as a result of 
NPK + bio-fertilizer treatments compared with plants fertilized with NPK levels only. Total phenols 
reached to its maximum mean value (4.63 mg / g) from plants fertilized with 100 % NPK + bio-
fertilizer A. These results clear that the application of bio-fertilizer had a positive effect on production 
of total phenolic compounds in sage plants.  
 
Antioxident (ABTS): 

Data tabulated in Table (6) showed that sage plants treated with 50 % NPK without bio-
fertilizer possessed the highest inhibition (52 .59 %) compared with other NPK levels without bio-
fertilizer. Plants treated with NPK leaves + sources of bio-fertilizer had a pronounced effect on 
inhibition % compared with NPK levels without bio-fertilizer. 100% NPK + bio-fertilizer (A) gave 
the highest inhibition % (72.06 %) followed by 75% NPK + bio-fertilizer A. This indicated that the 
usage of bio-fertilizer enhanced the radical scavenging by the phenols.  

 
Essential oil constituents:  

From Table (7), GLC analysis of essential oil of sage, collected in 2nd season, showed a 
qualitative and quantitative variation in its constituents. The total number of identified constituents in 
the essential oil samples ranged from 9 – 22 components, which recorded from 99.00 to 99.90 %of the 
total oil composition. It can be noticed that oxygenated monoterpenes ranged from 83.4 to 97.8 % 
followed by hydrocarbon monoterpenes which ranged from 0.70 to 13.40 %.  α-Thujone (44.00 – 
56.20 ) is the 1st main compound followed by camphor (23.10 – 29.2 % ). The 3rd one is  β-Thujone 
(9.5-12.7 %) .  The maximum relative percentage of α-Thujone was obtained from plants fertilized 
with 100NPK + bio-fertilizer A followed by 75% NPK + bio-fertilizer A which recorded 55.8 %. The 
same treatment 75% NPK + bio-fertilizer A gave the maximum relative percentage of camphor 
(29.2%) and β-Thujone. Earlier studied on oil composition of sage from various countries revealed 
that Italian, French, Romanian, Czech, Portuguese and Turkish sage oils are characterized by camphor 
(22.0 to 31.79%) as the most important component [Dob et al.,2007].On the other hand , Khedher et 
al. (2017) found that, camphor (25.14 %), α-thujone (18.83 %), 1,8-cineole (14.14 %), viridiflorol 
(7.98 %), β-thu-jone (4.46 %) and β-caryophyllene (3.30 %) were  the major components of salvia 
officinalis L .  
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Table 7: Effect of NPK and bio-fertilizer on essential oil constituents of sage plant (2nd  season). 
 

No components KI Formula                                                              Treatments 
100NPK 75%NPK 50%NPK NPK50  

+A 
NPK50  

+B 
NPK75+

A 
NPK75+

B 
NPK100

+A 
NPK100

+B 
1 (Z)-Salvene 856 C9H16 0.4 0.61 0.5 0.65 0.52 t t t t 
2 α-Thujone 931 C10H16O 0.5 0.25 0.22 0.35 0.3 t t t t 
3 α-Pinene 939 C10H16 3.75 3.1 2.9 2.5 2.1 t t t t 
4 Camphene 953 C10H16 2.1 2 2.1 1.6 1.2 0.5 0.3 0.3 1.3 
5 β-Pinene 980 C10H16 3.1 3.5 2.99 2.8 2.5 0.7 0.4 0.8 2.6 
6 α-Terpinene 1018 C10H16 0.6 0.5 0.3 t t t t t t 
7 p-Cymene 1026 C10H16 0.7 t t t t t t t t 
8 Limonene 1030 C10H16 1.6 0.8 0.6 0.8 0.6 t t t t 
9 1,8-Cineole 1032 C10H18O t 0.4 2.3 1.2 1.5 t t t t 
10 (E) - b-Ocimene 1040 C10H16 0.6 t t 1.0 0.5 t t t t 
11 α-Thujone 1102 C10H16O 44 48 47 50 49 55.8 53.4 56.2 52.1 
12 α-Terpinolene 1088 C10H16 0.5 0.3 0.2 t t t t t t 
13 β-Thujone 1116 C10H16O 9.5 10.9 10 11.2 10.5 12.7 11.3 12.5 11.5 
14 Camphor 1142 C10H16O 23.1 25.2 24.3 26.21 24.6 29.2 27.0 28 26.8 
15 Borneol 1165 C10H18O 1.0 0.3 0.2 0.1 0.1 0.1 0.1 0.1 0.9 
16 Terpinen-4-ol 1177 C10H18O 1.5 0.6 0.5 0.3 0.2 t t t t 
17 α-Terpineol 1189 C10H18O 0.1 0.5 0.5 t t t t t t 
18 Carvone 1242 C10H14O 1.0 0.2 0.2 t t t 0.5 t t 
19 Carvenone 1252 C10H16O 0.6 t t t t t t t t 
20 Endobornil acetate 1285 C12H20O2 0.7 t t t t t t t t 
21 Thymol 1290 C10H14O 1.4 0.5 1.9 0.3 1.3 0 0.6 t t 
22 β-Caryophyllene 1418 C15H24 2.1 1.2 1 0.3 1.9 0.2 2.8 0.8 2.6 
23 a -Humulene 1454 C15H24 0 0.3 0.7 0.1 1.5 0.5 1.3 0.8 0.8 
24 Viridiflorol 1587 C15H26O 0.2 0.1 0.4 t 0.3 0.2 0.9 0.1 0.5 
25 Manool 2048 C20H34O t t 0.2 0.35 0.6 t 0.8 0.1 0.5 
Monoterpenoids 0 0 13.4 10.2 9.6 8.4 7.4 1.2 0.7 

Oxygenated Monoterpens 83.4 86.9 87.1 89.7 87.5 97.8 92.9 96.8 91.3 
Sesquiterpenoids 0 0 2.1 1.5 1.7 0.4 3.4 0.7 4.1 
Oxygenated  Sesquiterpens 0.2 0.1 0.4 0 0.3 0.2 0.9 0.1 0.5 
Oxygenated Diterpens 0 0 0.2 0.35 0.6 0 0.8 0.1 0.5 
 Total Identified   99.1 99.3 99.0 99.8 99.22 99.9 99.4 
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Generally, some authors i.e.  Rao (1992) and Puttanna et al. (2001) found that application of 
fertilizer had no effect on essential oil compositions of several aromatic plants, while Rao et al. 
(2000) on  Tagetes minuta L. and  Khan et al. (1999) on  Foeniculum vulgare Mill plants, changes in 
essential oil composition have been reported due to the fertilizer application. 

 
Antimicrobial effect:  

Table (8) represents the antifungal activity of Salvia officinalis essential oil (100 mg/ml w/v in 
DMSO). The obtained data revealed that the treatment 6 (NPK75% + A) was the best treatment as it 
increased the efficiency of the extracted essential oil. The obtained inhibition zones from this 
treatment (ranged from 10.7 to 19.0 mm) were higher than that obtained by the treatment (NPK75% + 
B) with a significant difference between them in all tested fungi except Aspergillus flavus and 
Fusarium proliferatum. Also, the treatment (100 % NPK +A) exhibited a high activity (10.7 – 15.7 
mm) equal to or over that exhibited by the control treatment with no significance difference between 
them in all tested fungi except Penicillium verrucosum. 

The developed inhibition zones by the 100 % NPK without bio-fertilizer and 75% NPK+ A was 
closed to that developed by the antifungal agent Econazole 1mg/ml (18.0 – 24.3 mm). In general, the 
addition percent 75% represents the best addition percent in respect to its antifungal activity. By 
increasing the addition percent over 75% the observed inhibition zones in almost tested fungi were 
decreased.   

 
Table 8: Antifungal activity of Salvian officinalis (100 mg/ml (w/v) in DMSO) (Mean ± SE) 

Treatments  
Inhibition zone diameter (mm) 

Aspergillus 
flavus 

Aspergillus 
carbonarius 

Aspergillus 
ochraceus 

Fusarium 
verticillioides 

Fusarium 
proliferatum 

Penicillium 
verrucosum 

NPK 100% 12.0±1.15e 11.7±0.33e 12.3±0.33d 10.0±0.00de 10.7±0.00d 12.0±0.00f 
NPK 75 % 12.3±1.20e 14.3±0.33cd 13.3±0.67cd 10.7±0.67cde 11.3±0.67bcd 13.0±0.00e 
NPK 50% 13.3±0.88de 15.7±0.33c 12.3±0.33d 12.0±0.00bc 10.7±0.67cd 14.0±0.00cd 
NPK50%+  A 13.7±0.88de 13.3±0.33d 13.3±0.33cd 11.3±0.67cbd 10.7±0.67cd 14.0±0.00cd 
NPK50% + B 13.7±0.67de 13.7±0.33d 11.0±0.00e 9.3±0.67e 12.7±0.33b 12.0±0.00f 
NPK75% + A 18.7±0.67b 19.0±1.0b 17.3±0.67b 12.3±0.33b 10.7±0.67cd 16.0±0.00b 
NPK 75%+ B 17.3±0.67bc 15.3±0.67c 14.3±0.33c 10.0±0.00de 10.7±0.67cd 13.7±0.33d 
NPK100%+A 15.0±0.0cd 15.7±0.33c 14.3±0.33c 10.7±0.67cde 10.7±0.33cd 14.3±0.33c 
NPK100%+B 14.0±1.0de 15.3±0.33c 14.3±0.33c 11.3±0.67bcd 12.0±0.00bc 12.3±0.33f 
Econazole 22.3±1.20a 24.3±0.33a 20.7±0.67a 20.0±0.00a 18.0±0.00a 18.0±0.00a 
LSD 0.05 2.65 1.43 1.32 1.43 1.46 0.54 

 
Table (9) showed the antibacterial activity of Salvia officinalis essential oils (100 mg/ml in 

DMSO). The results indicated that the treatment (75% NPK + A) showed the best antibacterial 
activity against all tested bacteria ranged from 12.7mm to 21.3 mm. the effect of this treatment was 
over than that obtained by treatment (NPK  100% + A) with no significant differences between them 
except in case of Bacillus cereus. The tested Gram positive bacteria were more sensitive than the 
tested Gram negative ones; Bacillus cereus was the most sensitive organism among the tested ones. In 
general; the treatment with biofertilizar A in all addition percentage showed higher antibacterial 
activity than the treatments with biofertilizar B against all tested bacteria. The antibacterial agent 
Ceftriaxone (1mg/ml) showed the higher antibacterial activity against all tested bacteria ranged from 
19.3 mm to 23.7 mm except in case of Bacillus cereus  which was more sensitive toward the essential 
oil from treatment (75% NPK + A) with inhibition zone 21.3 mm.   

The Salvia officinalis essential oil has been reported to have a wide range of antifungal and 
antibacterial activity (Mossi et al., 2011). The antimicrobial studies on Salvia officinalis essential oils 
revealed its activity against fungi such as Aspergillus niger and different bacteria such as E. coli, 
Klebsiella pneumonia, Pseudomonas aeruginosa, Staphylococcus aureus, Salmonella spp., and 
Bacillus subtilis (Rota et al., 2004, Miladinović and Miladinović, 2000).  

Pierozan et al., (2009) reported that the tested Gram positive bacteria tend to be more sensitive 
than Gram negative ones which with agreement with the findings of this study, and this is common 
for essential oils of plants of the Lamiaceae family.  
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Table 9: Antimicrobial activity of Salvia officinalis (100 mg/ml (w/v) in DMSO) (Mean ± SE) 

Treatment  
Inhibition zone diameter (mm) 

Bacillus 
cereus 

Staphylococcus 
aureus 

Salmonella 
typhi 

Salmonella 
typhmirium 

Escherichia 
coli 

NPK 100% 8.6±0.67g 8.7±0.67e 10.0±0.00de 9.3±0.33fg 8.7±0.67ef 
NPK 75 % 11. 7±0.33f 10.3±0.33de 9.0±0.58ef 10.3±0.33def 10.0±0.00cd 
NPK 50% 10.0±0.00g 9.3±0.33e 8.0±0.00f 8.0±0.00h 8.3±0.33f 
NPK50%+  A 13.7±0.67e 10.0±1.15de 11.7±0.33c 10.7±0.67de 11.0±0.58c 
NPK50% + B 13.3±0.67e 10.3±0.33de 8.7±0.00ef 8.7±0.33gh 9.3±0.33def 
NPK75% + A 21.3±0.67a 13.7±0.67b 13.3±0.88b 12.7±0.33b 13.3±0.33b 
NPK 75%+ B 16.3±0.67cd 10.3±0.33de 11.33±0.67cd 10.0±0.00ef 9.7±0.33de 
NPK100%+A 17.7±0.33c 12.7±0.67bc 12.3±0.33cb 12.3±0.33cb 12.7±0.33b 
NPK100%+B 15.7±0.33d 11.3±0.33cd 11.3±0.67cd 11.3±0.67cd 10.3±0.33cd 
Ceftriaxone 19.3±0.67b 23.7±0.88a 22.7±0.67a 22.7±0.67a 20.7±0.67a 
LSD 0.05 1.62 1.87 1.65 1.28 1.28 
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