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ABSTRACT:  
 
 This study was conducted during two successive seasons 2012 and 2013 to determine the influence of 
phosphate fertilizer namely rock phosphate at the rates of (0, 150, 300, 450 and 600 Kg /  Fed.), bio- fertilizer 
(Azotobacter chroococcun and Bacillus megaterium var. phosphaticum) and their interaction on growth  
characters, essential oil content and essential oil composition. The obtained data cleared that plant height, 
branches number / plant, herb fresh weight (g / plant ), essential oil percentage and essential oil yield (ml / plant) 
were augmented due to phosphate fertilizer treatment. The highest values of these previous parameters were 
observed when receiving the plants rock phosphate at the highest rate. In regard to bio-fertilizer treatment, this 
treatment led to increase the growth and essential oil. The best results in terms of these characters were obtained 
as a result of rock phosphate at 600 Kg / Fed. + bio-fertilizer. The main essential oil constituent were carvon, 
menthone and 1,8-cineol. All fertilizers treatments had a pronounced effect on essential oil composition.  
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Introduction  
 
 According to flower structure, the Labiates (Lamiaceae) form one of the largest and most highly devolved 
plant families with worldwide distribution, excluding the Arctic and Antarctic. The family contains around 200 
genera and between 2000 and 5000 species of  aromatic herbs and low shrubs (Good 1974; Heywood 1978, 
Hedge 1992). Most labiates accumulate terpenes and a range of other components, mainly in the epidermal 
glands of leaves, stems and reproductive structures. Adaptations that facilitate insect pollination (flower shape, 
pigments, secretion of nectar) are also common   (Valdeyron et al.1977). The genus Mentha includes 25 to 30 
species that  grow in the temperate regions of  Eurasia, Australia and South Africa (Dorman et al.2003). Mentha 
longifolia ssp. schimperi is also known as the Eastern mint, which has narrow, ovate, dark green leaves. It is a 
strongly aromatic mint, and has a rich, intense flavor. The data for this plant is very rare and no one analyzed its 
essential oil content and composition.  
 Application of phosphorus fertilizers in agriculture soils has introduced some problems mainly due to P 
fixation, low recovery and accumulation in soil. Information on chemical forms of phosphorus is fundamental to 
understanding phosphorus dynamics and  its interaction in soil that is necessary for  management of phosphorus. 
Garg and  Bahl (2008) reported that, organic  materials are known to increase P availability and enhance 
efficient use of  applied P fertilizer.  
 Phosphorus (P) enhances seed germination, bud set, aids in seed formation and hastens maturity (Espinosa 
et al, 1999). It is added to cultivated soil in different forms as mineral phosphate fertilizer or organic manure. 
The soluble P in these fertilizers is quickly turns into unavailable form for plant nutrition and this problem is 
well known in Egyptian soils specially those rich in calcium carbonate (El-Gamal, 1996).  
 However, due to the economic considerations, the cost of applying phosphate fertilizer is becoming more 
expensive. Thus, the use of alternative materials such as rock phosphate as a source of phosphorus fertilizer is 
more important than dependency on costly commercial fertilizers.  
 Rock phosphate was natural sources containing P, which has been used in some countries as a source of P 
fertilization. Awasthl et al., (1977) showed that utilizing rock phosphate directly as a source of P2O5 for plants 
has been in vague since long in several countries and added that rock phosphate selected for direct application 
should have carbonate in  crystallite, contain high of CO2 / P2O5 ratio and less fluorine. The same investigators 
revealed that Mussoorie rock phosphate was economic to the farmers as a source of P2O5 which was 30/50 % 
less costly and are efficient as other water soluble phosphate sources for groundnut crops. Badran et al. (1988) 
concluded that Safaga rock phosphate was almost equal to calcium superphosphate in increasing plant height, 
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herb, oil% and oil yield, P % and P content. Soliman (1997) on Nigella sativa plants, found that Abo-Tartor 
rock phosphate augmented plant height, branches number, herb dry weight, oil %, oil yield, P %, and P uptake. 
Ali (2001) on Calendula officinalis, emphasized that Safaga rock phosphate augmented plant height, branches 
number, herb dry weight, P %, and P uptake. Ali (2004) stated that the high rate of Safaga or Sabaiaa rock 
phosphate gave the best results concerning plant height, leaves dry weight, herb dry weight, oil %, oil yield, in 
leaves and flowers, P % as well as P uptake of Tagetes minuta.  
 Using biofertilizers that contain different microbial strains has led to a decrease in the use of chemical 
fertilizers and has provided high quality products free of harmful agrochemicals for human safety. Use of 
biofertilizers on Egyptian soils has decreased the pH, which had led to increased availability of trace elements 
that enhance plant growth. Yousry et al. (1978) found that inoculation of pea ( Pisum sativum ) plants with 
Bacillus megatherium increased plant dry matter by 10.9%, while the combined appli- cation of B. megatherium 
and P-fertilizer increased dry mat-ter by 19.7%. Free-living nitrogen-fixing bacteria e.g.  Azotobacter 
chroococcum and Azospirillum lipoferum, were found to have not only the ability to fix nitrogen but also the 
ability to release phytohormones similar to gibberellic acid and indole acetic acid, which could stimulate plant 
growth, absorption of nutrients, and photosynthesis (Fayez et al., 1985). Maheshwari et al. (1998) showed that 
by using Azotobacter chroococcum alone on palmarosa ( Cymbopogon martini var. Motia), yield increased by 
16% and when applied together with 80 kg nitrogen the yield increased by 29%. Lewis et al. (1995) used double 
applications of Azotobacter Int. Agrophysic Chroococcum (15l ha) on garlic ( Allium sativum L.). They 
inoculated the soil with the bacteria after planting or im-mersed the cloves with a solution of the bacteria as a 
pre- planting treatment and then followed these treatments by a soil application 25 days later. They found that 
the highest profit was obtained by immersing the cloves in a solution with the bacteria as a pre-planting 
treatment followed by soil application. Sharaf (1995) showed that inoculation with a mixture of Azotobacter and 
Azospirillum with full doses of rock phosphate and inorganic N-fertilizer, in combination with inoculation with 
vascular arbuscular mycorrhiza (VAM), improved growth of both datura ( Datura stramonium) and ammi ( 
Ammi visnaga: Fam. Umbelliferae) plants. Kandeel et al. (2002) found that dual inoculation with symbiotic N 2 
fixers ( Azotobacter and Azospirillum ) with half or full doses of inorganic N fertilizer increased plant height, 
number of branches per plant, and fresh and dry weights of leaves and roots. Badran and Safwat (2004) and El-
Ghadban et al. (2006) found that fennel responded to biofertilizer by increasing growth and oil yield and 
changing the chemical composition. 
 
Materials and Methods  
 
 This experiment was carried out during two successive seasons (2012 and 2013). The experiment was 
conducted at the Experimental Farm, National Research Center (NRC), Dokki, Cairo, Egypt. Mechanical and 
chemical properties of the soil used in this study were determined according to Jackson [1973] and Cottenie et 
al[1982] and are presented in Table (1). Seedlings (10cm in length and five to seven leaves in stalk) were The 
seedlings of   Mentha longifolia sub sp schimperi Grey were  transplanted to the pots  in 15th April during two 
successive seasons. All agriculture practices operation other than experimental treatments were done to study 
the effect rock phosphate and biofertilizer on growth, and essential oil. The experimental treatments were layed 
out in a randomized complete block design with three replicates.   
 
Table 1: Some physical and chemical properties of the soil.  

Physical Analysis Sandy % 22.5 % 
Silt % 22.8 % 
Clay % 54.7 % 

Soil Texture Clay 
E.C. 1.01 
PH 7.5 

Chemical analysis Soluble anions (meq/L)  
Co3

2- ------ 
HCO3 3.60 
Cl-1 2.70 

SO4 
2- 3.90 

Soluble cations (meq /L)  
Ca+2 4 
Mg+2 2.1 
Na+ 2.5 
K+ 1.4 

Available phosphorus 0.51 
Available nitrogen 

(mg/ 100g) 
105 

Organic matter % 1.24 
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Fertilizers:  
 The fertilization treatments were as follows: 
T1-Control (without rock phosphate + without biofertilizer) 
T2-Without rock phosphate  + with bio-fertilizer  
T3- With rock phosphate at 150 Kg / Fed  + without bio-fertilizer  
T4-With rock phosphate at 150 Kg / Fed  + with bio-fertilizer  
T5-With rock phosphate at 300 Kg / Fed  + without bio-fertilizer  
T6-With rock phosphate at 300 Kg / Fed  + with bio-fertilizer  
T7-With rock phosphate at 450 Kg / Fed  + without bio-fertilizer  
T8-With rock phosphate at 450 Kg / Fed  + with bio-fertilizer  
T9-With rock phosphate at 600 Kg / Fed  + without bio--fertilizer  
T10-With rock phosphate at 150 Kg / Fed  + with bio-fertilizer  
 Mixed cultures of the two microorganisms Azotobacter chroococcun and Bacillus megaterium var. 
phosphaticum were grown according to (Abd El-Malek and Ishac, 1968, Dobereiner et al., 1976) and used in 
combination as bacterial bio fertilizers. Mixed cultures of bacterial species containing 1 X 106 colony forming 
units ml-1, were used for plant inoculation. Each pot was inoculated with 10 ml bacterial suspension of the two 
bacteria strains Azotobacter chroococcun and Bacillus megaterium  var. phosphaticum after transplanting. Rock 
phosphate was added during soil preparation.  
 Ammonium sulphate at 200 Kg / Fed. and potassium sulphate  at 100 Kg / Fed were added to all groups at 
two parts, the first one after 20 days  from cultivation and the other after one month later and repeated after 
every cutting.   
 
Harvesting:  
 
 The 1st and 2nd harvests were carried out every three months by cutting the plants and left 5cm above the 
soil, and the different vegetative growth parameters will be recorded as follows. The following data were 
recorded: Plant height (cm) /plant, Number of branches. Herb fresh and dry weight g/plant, essential oil content 
and yield.  
 The percentages of volatile oil were determined in the fresh herb using 100 g samples for each cut per plant. 
Water distillation of the volatile oil was as described in the British Pharmacopoeia (1963).  
 The volatile oil obtained from the fresh herb was analyzed using Ds Chrom 6200 Gas Chromatograph 
equipped with a flam ionization detector for separation of volatile oil constituents. The analysis conditions were 
as follows:  
- The chromatograph apparatus fitted with capillary column BPX-5, 5% phenyl (equiv.) polysillphenylene- 
siloxane 30m x 0.25mm ID x 0.25 µm film.  
- Temperature program ramp increase with a rate of 100C/min from 700 to 2000C.   
- Flow rates of gases were nitrogen at 1 ml/min., hydrogen at 30ml / min. and 330 ml/min for air.  
- Detector and Injector temperatures were 3000 C and 2500 C, respectively. The obtained chromatogram and 
report of GC analysis for each sample were analyzed to calculate the percentage of main components of volatile 
oil.  
  Obtained data were analyzed using SAS 9.2 software and means comparison was performed based on 
Duncan’s multiple range tests at 5% of probability level. 
 
Results and Discussion  
 
1- Vegetative and Yield Characters;  
 
 Data listed in Tables (2 and 3) reveal that, the main effect of rock phosphate on plant height, number of 
branches and herb fresh weight of mint plants was statistically significant. From the obtained data, it is obvious 
that fertilizing the plants with all rock phosphate treatments led to a significant increment in these characters 
compared to untreated plants during both seasons.  Moreover, it was found that supplying mint plants with rock 
phosphate at high rate (600 Kg / Fed.) gave the maximum mean values of growth and yield characters plants in 
comparison with other treatments. The stimulating effect of phosphorus fertilization was emphasized by Abdel- 
Gawad (2001) and Ali et.al.(2003) on Coriander, Ali (2001) on Calendula officinalis and Ali (2004) on Tagetes 
minuta. 
 Concerning the influence of bio- fertilizer treatments, data in Tables (2 and 3) show that, bio- fertilizer 
increase the promotion effect of rock phosphate on vegetative and yield characters. So, the maximum mean 
values of plant height (50.30 and 53.27 cm), number of branches (4.78 and 4.37) and herb fresh weight (122.60 
and 118.57 g / plant) were obtained as a result of bio- fertilizer treatment during first and second cuts, 
respectively.  
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 Concerning the combination treatments between phosphorus application and bio-fertilizer, data presented in 
Tables (2 and 3) clear that the interaction treatments between phosphorus and bio-fertilizer enhanced and 
increased growth and yield characters comparing with those plants treated with phosphor or bio-fertilizer alone. 
The combination between rock phosphate at 600 kg / Fed. with bioferilizer gave the maximum mean values of 
plant height (59.86 and 59.17 cm), branches number / plant (5.41 and 4.67) and herb fresh weight (140.84 and 
127.34 g/ plant ) during 1st and 2nd cuts, respectively.  
 This improvement of vegetation growth may be due to the element of phosphorus which is important 
component which stimulates the photosynthesis and enters into the composition of rich energy compounds and 
strengthens roots of the plant (Abu Dahi, and Alyunis, 1988).This leads finally to increase vegetation growth 
and chlorophyll content of the leaves. This is similar to what Jaskonis (1967) found that  the dry matter and the 
number of leaves and branches increased when composting plant nitrogen and phosphate fertilizer.  
 Several studies have reported that nitrogen fixing bacteria such as Azotobacter chroococcum could cause 
increased growth and yield in a few medicinal plants such as fennel (Badran and Safwat., 2004; Abdou et al., 
2004; Mahfouz and Sharaf Eldin, 2007; Azzaz et al., 2009), sweet flag (Kalyanasundaram et al., 2008) and 
davana (Swaminathan et al., 2008; Kumar et al., 2009).  
 The efficiency of Azotobacter, Azospirillium and phosphate soloubilizing bacteria on growth and essential 
oil of marjoram (Majorana hortensis L.) plants were studied by Fatma et al. (2006). They suggested that the 
mineral N and P fertilizers can be replaced by bio-fertilizers, which can reduce both the production costs and the 
damages to the environment, particularly the nitrate form of nitrogen. Belimov et al (1995) reported that, the 
inoculation with bacterial mixtures provided a more nutrition for the plants and the improvement in root uptake 
of both nitrogen and phosphorus as a balance result of mechanism of interaction between nitrogen fixing and 
phosphate solubilizing bacteria. El-Komy (2005) demonstrated the beneficial influence of co-inoculation of 
Azospirillum lipoferum and Bacillus megaterium for providing balanced nitrogen and phosphorus nutrition of 
wheat plants.  Some investigators (Yazdani et al. 2009 and Alireza 2012) have explained the role of Bacillus 
megaterium, which increases the availability of phosphorous in the soil. Consequently there is an increase in 
phosphorus absorption.   
 
2- Essential Oil Percentage and Yield (ml / plant):   
 
 Essential oil percentage and essential oil yield (ml/plant) increased significantly with increase in P 
application to dose of 600 Kg / Fed. as shown in Tables (2 and 3).Application of P fertilizer at 600 Kg / Fed. 
increased essential percentage by 41% and 39 % in the 1st and 2nd cuts, respectively over that no fertilizer, while 
corresponding increase in oil yield was only to the extent of 137.8 % and 113.8% in the 1st and 2nd cuts, 
respectively over the unfertilized plants.  
 Data tabulated in the same Tables (2 and 3) indicated that, biofertilizer had a pronounced effect on essential 
oil percentage and essential oil yield. The mean values of essential oil percentage ( 1.29% and 1.39%) and 
essential oil yield (1.603 and 1.667 ml/plant) were obtained as a result of bio-fertilizer application in the 1st and 
2nd cuts, respectively. Application of bio-fertilizer increased essential oil percentage by 5.74% and 6.92% in the 
1st and 2nd cuts, respectively over untreated plants, while corresponding increase in oil yield was only to extent 
of (14.34% and 26.58%) in the 1st and 2nd cuts, respectively over untreated plants.  
 In addition, the interaction between rock phosphate and bio-fertilizer had a significant effect on both 
essential oil percentage and essential oil yield (ml/ plant). So, the highest essential oil percentage (1.43 % and 
1.60 %) and essential oil yield (2.019 and 2.225 ml / plant) were produced by plants treated with 600 Kg rock 
phosphate / Fed. + bio-fertilizer.  
 In this respect, investigations on marjoram have shown that total yield of volatile oil was increased by 50 % 
as phosphorus was increased from zero to 3 mM in soil solution (Trivino and Johnson,2000).Also, Saharkhiz et 
al. (2007) reported that application of phosphorus significantly increased essential oil content of fever few as 
high content of essential oil obtained by adding 150 Kg / ha P2O5. Raising the phosphorus rate, increased 
essential oil content. This may be attributed to the fact that phosphorus is required for production of high quality 
seed, since it operates in coenzymes involved in energy transfer reactions. Energy is trapped in photosynthesis 
in the form of adenosine triphosphate (ATP) and nicotinamide adenine dinucleotide phosphate (NADP). This 
energy is then used in photosynthetic fixation of CO2 and in the synthesis of lipids and other essential organic 
compounds (Sawan et al. 2001).  
 As results indicated before, bio-fertilizers had significant effect on all mentioned traits compared to control, 
because bio-fertilizers can increase photosynthetic texture by increasing nitrogen, phosphorus and sulpher  
uptake which these elements play an important role in chlorophyll production and required enzymes providence. 
This can be the reason of positive effect of present bacteria in bio-fertilizers. The reason for increasing essential 
oil might be due to the influence of nutrients such as phosphorus on synthesis of essential oil. 
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Table 2: Effect of rock phosphate and biofertilizer on the productivity and essential oil of Mentha longifolia subsp schimperi Grey during 1st 
cut (Mean values of two successive seasons) 

Rock phosphate 
Kg / Feddan 

Biofertlizer Plant height 
(cm) 

Branches No / 
plant 

Herb Fresh Wt. 
(g/ Plant) 

Essential Oil % Essential Oil 
Yield 

(g / Plant) 
0 
 

0 37.92 4.00 63.47 0.93 0.590 

Bio 42.97 4.32 101.87 1.06 1.080 

Mean value of 0 40.45 4.16 82.67 1.00 0.835 
150 0 46.42 4.39 108.45 1.17 1.269 

Bio 49.01 4.50 110.22 1.26 1.389 
Mean value of 150 47.72 4.44 109.34 1.22 1.329 

300 0 46.78 4.67 109.10 1.27 1.386 

Bio 49.81 4.77 121.63 1.32 1.606 
Mean value of 300 48.30 4.72 115.37 1.29 1.496 

450  49.03 4.63 137.44 1.32 1.814 

 49.86 4.73 138.13 1.39 1.920 
Mean value of 450 49.45 4.68 137.79 1.36 1.867 

 0 51.25 5.26 140.51 1.39 1.953 

T10 Bio 59.86 5.56 141.17 1.43 2.019 
Mean value of 600 55.56 5.41 140.84 1.41 1.986 
Mean value of 0 46.28 4.59 111.79 1.22 1.402 

Mean value of Bio 50.30 4.78 122.60 1.29 1.603 
LSD at 5% for : 
Rock phosphate 

 
N.S. 

 
N.S. 

 
N.S. 

 
N.S. 

 
N.S. 

Biofertilizer 0.67 N.S 5.75 0.03 0.043 
Interaction 1.51 N.S. 12.85 0.08 0.108 

 
Table 3: Effect of rock phosphate and biofertilizer on the productivity and essential oil of Mentha longifolia subsp schimperi Grey during 

2nd cut (Mean values of two successive seasons). 
Rock phosphate 

Kg / Feddan 
Biofertlizer Plant height 

(cm) 
Branches No / 

plant 
Herb Fresh Wt. 

(g/ Plant) 
Essential Oil % Essential Oil 

Yield 
(g / Plant) 

0 
 

0 41.61 3.01 65.90 1.11 0.731 
Bio 48.11 4.00 91.67 1.24 1.137 

Mean value of 0 44.86 3.51 78.79 1.18 0.934 
150 0 41.94 4.00 104.55 1.25 1.307 

Bio 47.72 4.22 115.37 1.27 1.465 
Mean value of 150 44.83 4.11 109.96 1.26 1.386 

300 0 48.11 4.17 105.57 1.27 1.341 
Bio 53.23 4.47 118.07 1.30 1.535 

Mean value of 300 50.23 4.32 111.82 1.29 1.438 
450 0 50.23 4.23 106.59 1.35 1.439 

Bio 58.12 4.47 128.68 1.55 1.995 
Mean value of450 54.18 4.35 117.64 1.45 1.717 

600 0 58.12 4.59 115.60 1.53 1.769 
 Bio 59.17 4.67 139.08 1.60 2.225 
Mean value of 600 58.65 4.63 127.34 1.57 1.997 
Mean value of 0 48.00 4.00 99.64 1.30 1.317 

Mean value of Bio 53.27 4.37 118.57 1.39 1.667 
LSD at 5% for : 
Rock phosphate 

 
N.S. 

 
N.S. 

 
N.S. 

 
N.S. 

 
N.S. 

Biofertilizer 0.62 0.02 2.22 0.02 0.054 
Interaction 1.39 0.05 4.96 0.05 0.121 

  
3- Essential oil composition:   
 
 A total of 17 compounds were identified in the essential oils extracted from M. longifolia plants (Tables 4 
and 5). The identified oil compounds represented 83.5 - 99.06% for the 1st cut and 85.19 – 99.26 % for the 2nd 
cut of the total oil compositions. Tables (4 and 5) represented the obtained compounds from M. longfolia herb 
essential oil under rock phosphate and bio-fertilizer treatments grouped into hydrocarbons as well as oxygenated 
classes and their percentages comparing with control treatment. From the same Tables (4 and 5), it is evident 
that the hydrocarbons compounds reached its highest concentrations in essential oil at 300 Kg rock phosphate 
during the 1st cut and the combination treatment between rock phosphate at 450 Kg + bio- fertilizer during the 
2nd cut with the values of 6.48 % and 4.40%, respectively. On the other hand, control treatment gave the highest 
value (94.18%) of other chemical class (oxygenated compounds) during  the 1st cut, while application of rock 
phosphate at 450 Kg / Fed. gave the highest one (95.63%) during the 2nd cut. The main constituents of M. 
longfolia essential oil as detected by GC were carvon, menthone and 1,8-cineol. In the 1st cut, the highest 
percentage of carvon was obtained by treatment of 600 Kg rock phosphate with the value of 71.89% while 600 
Kg rock phosphate + bio-fertilizer treatment gave the highest percentage of menthone with the value of 28.84%, 
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on the otherhand, the highest value of 1,8-cineol (9.67%) was resulted from the treatment of 450 Kg rock 
phosphate treatment. 
 
Table 4: Effect of rock phosphate and biofertilizer on  essential oil compositition of Mentha longifolia subsp schimperi Grey during 1st  cut 

for the 2nd season. 
T10 T9 T8 T7 T6 T5 T4 T3 T2 T1 Constituents 
0.14 0.04 0.32 0.19 0.22 0.47 0.34 1.01 0.04 0.11 Thujene 
0.01 0.01 0.01 0.69 1.54 2.24 3.52 2.48 1.26 1.61 Pineneα 
0.00 0.22 0.00 0.53 0.34 0.34 1.12 0.63 0.44 0.29 Pineneß 
0. 39 0.16 0.42 0.00 0.91 1.07 0.99 0.00 0.37 0.44 Myrcene 
0.00 0.00 0.00 0.28 0.00 0.74 0.00 0.04 0.00 0.33 Limonene 
4.20 1.99 8.87 9.67 5.38 7.86 7.04 2.49 3.70 4.55 1.8-Cineol 

28.84 15.11 16.57 17.02 17.88 28.86 27.47 19.59 23.96 18.67 Menthone 
0.31 0.52 0.43 0.15 0.51 0.35 0.31 0.29 0.32 0.42 Menthol 
0.00 0.00 0.00 0.19 0. 02 0.00 0.00 0.00 0.00 0.00 Cis-Isopulegone 
1.09 1.15 1.39 0.99 1.15 1.11 1.07 1.23 1.01 1.34 Terpinene 4.ol 
0.02 0. 02 0.01 0. 04 0.05 0.01 0.03 0.04 0.06 0.11 Cis dihydrocarvone 

49.93 71.89 62.52 48.63 63.63 55.00 52.07 68.98 64.17 66.81 Carvone 
0. 71 1.36 0.66 2.19 0.38 0.36 0.61 0.64 0.46 1.15 Piperitone 
0. 20 0.74 0.07 1.70 0.00 0.00 0.03 0.06 0.06 0.69 Dihydroedulon 
0.34 0.40 0.46 1.07 0.04 0.39 0. 06 0.42 0.08 0.44 Piperiten one oxide 
0.00 0.04 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.02 B. borarbonene 
0.55 1.39 0.62 0.40 1.02 0.26 0.51 0.71 0.70 0.76 Trans caryophyllene 

85.64 93.18 90.97 81.65 89.04 93.94 88.69 93.74 93.82 94.18 Oxygenated 
Compound 

1.09 1.86 1.37 2.09 4.09 5.12 6.48 4.87 2.81 3.56 Hydrocarbon 
Compound 

86.73 95.04 92.34 83.74 93.13 99.06 95.17 98.61 96.63 97.74 Total Iden. Com. 
T1-Control (without rock phosphate + without biofertilizer) 
T2-Without rock phosphate  + with bio-fertilizer  
T3- With rock phosphate at 150 Kg / Fed  + without bio-fertilizer  
T4-With rock phosphate at 150 Kg / Fed  + with bio-fertilizer  
T5-With rock phosphate at 300 Kg / Fed  + without bio-fertilizer  
T6-With rock phosphate at 300 Kg / Fed  + with bio-fertilizer  
T7-With rock phosphate at 450 Kg / Fed  + without bio-fertilizer  
T8-With rock phosphate at 450 Kg / Fed  + with bio-fertilizer  
T9-With rock phosphate at 600 Kg / Fed  + without bio--fertilizer  
T10-With rock phosphate at 150 Kg / Fed  + with bio-fertilizer   
 
Table 4: Effect of rock phosphate and biofertilizer on  essential oil compositition of Mentha longifolia subsp schimperi Grey during 2nd   cut 

for the 2nd season. 
T10 T9 T8 T7 T6 T5 T4 T3 T2 T1 Constituents 
0.06 0.74 0.72 0.62 0.55 1.48 0.42 0.29 0.28 0.84 Thujene 
0.03 0.01 0.03 0.03 0.00 0.12 0.02 0.02 0.02 0.02 Pineneα 
0.03 2.28 0.59 0.32 0. 42 0.40 0.28 0.95 0.98 1.03 Pineneß 
0.03 0.00 1.64 1.71 1.47 1.05 1.12 ---- 0.00 1.78 Myrcene 
0.07 0.00 0.73 0.34 0.52 0.00 0.35 0.00 0.00 0.00 Limonene 

13.45 10.84 10.28 11.91 11.74 8.28 8.87 7.61 7.30 14.71 1.8-Cineol 
19.06 18.22 20.77 23.33 32.89 16.47 22.96 23.89 22.46 24.04 Menthone 
0.92 1.04 0.94 0.90 0.90 0.58 1.18 1.02 1.14 0.72 Menthol 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Cis-Isopulegone 
1.35 2.24 1.72 1.33 1.13 1.02 0.08 1.21 2.09 1.21 Terpinene 4.ol 
---- 0.06 0.04 0.02 0.02 0.08 0.07 0.06 0.09 0.02 Cis dihydrocarvone 

55.00 58.36 52.04 57.80 47.95 55.0 59.08 58.83 57.02 48.31 Carvone 
3.31 1.56 0.93 0.36 0.54 0.18 1.06 1.64 1.64 0.66 Piperitone 
1.05 0.07 0.14 0.00 0.00 0.16 0.80 0.60 0.33 0.03 Dihydroedulon 
0.36 0.08 0.46 0.28 0.43 0.12 0.22 0.28 1.45 0.01 Piperiten one oxide 
0.13 0.00 0.22 0.00 0.00 0.00 0.03 0.00 0.55 0.03 B. borarbonene 
0.79 0.53 0.47 0.31 0.43 0.25 0.70 0.50 0.60 0.10 Trans caryophyllene 

94.50 92.47 87.32 95.93 95.60 81.89 94.32 95.14 93.52 89.71 Oxygenated Compound 
1.14 3.56 4.40 3.33 3.39 3.30 2.92 1.76 2.43 3.80 Hydrocarbon Compound 

95.64 96.03 91.72 99.26 98.99 85.19 97.24 96.90 95.95 93.51 Total Iden. Com. 
T1-Control (without rock phosphate + without biofertilizer) 
T2-Without rock phosphate  + with bio-fertilizer  
T3- With rock phosphate at 150 Kg / Fed  + without bio-fertilizer  
T4-With rock phosphate at 150 Kg / Fed  + with bio-fertilizer  
T5-With rock phosphate at 300 Kg / Fed  + without bio-fertilizer  
T6-With rock phosphate at 300 Kg / Fed  + with bio-fertilizer  
T7-With rock phosphate at 450 Kg / Fed  + without bio-fertilizer  
T8-With rock phosphate at 450 Kg / Fed  + with bio-fertilizer  
T9-With rock phosphate at 600 Kg / Fed  + without bio--fertilizer  
T10-With rock phosphate at 150 Kg / Fed  + with bio-fertilizer   
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 In the second cut, the maximum value of carvon (59.08%) was obtained as a result of 150 Kg rock 
phosphate + bio-fertilizer treatment, while 300 Kg rock phosphate + bio-fertilizer gave the highest value of 
menthone (32.89%). On the other hand control treatment gave the highest value of 1,8-cineol (14.71%).  
 It may be concluded that the quantity and quality of essential oil extracted from herb were affected by 
application of rock phosphate, bio-fertilizer and their interactions. 
 Steam distillation of the aerial parts of Mentha longifolia (L.) Huds. ssp. schimperi Briq. and Mentha 
spicata L. growing in Sudan yielded oil contents of 1.8% and 0.9%, respectively. Analysis of the oils by GC and 
GC/MS revealed that both oils were found to be rich in carvone. Twenty-two compounds were identified in each 
oil, the major ones being carvone (67.3%, 78.9%), limonene (13.5%, 8.8%), 1,8-cineole (5.4%,2.6%), menthone 
(2.9%, 1.6%), linalool (2.8%, 3.2%) and isomenthone (1.2%, 0.6%) for M. longifolia and M. spicata, 
respectively (Younis et al. 2004). 
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