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ABSTRACT  
 

         The present study was achieved on Mentha longifolia plant during the two successive seasons 
2013 and 2014 at the Experimental Station of Ornamental Horticulture Department, Faculty of 
Agriculture, Cairo University, Giza, Egypt. This study was suggested to investigate the effect of some 
organic manures and biofertilizers on Mentha longifolia plant. The results indicated that applying 
organic manures with the used biofertilizers were favorable for increasing herb and oil yield than 
using chemical fertilizers or organic manures alone. The treatment of farmyard manure + nitrobein 
was the most effective for increasing fresh and dry herb yield, and the treatment of rabbit manure + 
nitrobein was the most effective for increasing the yield and main constituents of the volatile oil in 
both seasons.   
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Introduction 
 

Mentha longifolia plant has a medicinal and economical importance due to its content of 
volatile oil in the vegetative parts (Saeidi et al. 2012).  It is represented in the Egyptian flora by two 
subspecies Mentha longifolia subsp. schemperi and Mentha longifolia subsp. typhoides found only in 
Sinai, as previously recorded by (Mohammed 1986). Different parts of the plant including leaves, 
flowers, stem, bark, and seeds have been also used widely in traditional folk medicine as 
antimicrobial, carminative, stimulant, antispasmodic and for the treatment of various diseases such as 
headaches and digestive disorders (Naghibi et al. 2005).  It also has a wide range of pharmacological 
properties such as antimicrobial, gastrointestinal, and nervous system effects (Gulluce et al. 2007) and 
(Mkaddem et al. 2009). Mentha longifolia plant is a potential natural source for the development of 
new drugs. Applying organic manures and biofertilizers are well known to be beneficial practices for 
plant growth and soil. Many studies have shown positive results by organic and biofertilization 
practices such as, El-Gohary et al. (2013) reported that rock phosphate and biofertilizers produced the 
maximum herb fresh weight and volatile oil production of Mentha longifolia plants, Nejatzadeh-
Barandozi and Pourmaleknejad (2014) found that fertilizing Thymus vulgaris plants with 
nitropin+compost gave a significant increase in vegetative growth parameters and oil production 
comparing to the control. Also Shirzadie et al., (2015) concluded that using mycorrhiza, azotobacter 
and vermicompost to fertilize basil plants led to an increase in the essential oil yield.  

So the aim of this study was to improve the yield and the volatile oil production of Mentha 
longifolia plant by using some organic manures and biofertilizers instead of chemical fertilizers under 
the Egyptian conditions to avoid the chemical residuals in the products and reduce the production 
cost. 
 
Materials and Methods 
 

This study was conducted during the two successive seasons of 2013 and 2014 at the 
Experimental Station of Ornamental Horticulture Department, Faculty of Agriculture, Cairo 
University, Giza, Egypt. Monthly average meteorological data of the experimental area during the 
growing season are presented in table (1).  
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Table 1: Monthly average of meteorological data of the experimental station (Giza, Egypt) during the two 

seasons (2013 and 2014). 
Year Characteristic April May June July August September October 

2013 

  Maximum T(ºC)   29.03 35.11 35.95 35.69 37.41 34.06 29.26 
 Minimum T(ºC) 15.32 20.21 22.31 22.97 24.05 22.22 18.25 
 Average  22.18 27.66 29.13 29.33 30.73 28.14 23.76 
R.H.% 46.67 44.48 48.39 56.65 55.16 53.70 57.06 

2014 

Maximum T(ºC) 29.62 26.10 35.22 35.59 36.41 34.58 30.05 
Minimum T(ºC) 16.12 19.36 22.00 23.58 24.36 22.75 18.43 
Average 22.87 22.73 28.61 29.59 30.38 28.67 24.24 
R.H.%      49.18 46.67 48.22 56.30 56.77 53.92 57.53 

R.H.: Relative humidity 
Source: Central Laboratory of Agricultural Climate, Ministry of Agriculture, Cairo, Egypt. 
 

Seedlings of Mentha longifolia plant were obtained from Ornamental plants production Unit at 
the National Research Center, Giza, Egypt, there were transplanted on the 1st of April for both 
seasons. A sample of a whole plant was identified as Mentha longifolia subsp. typhoides by the 
Herbarium of the Faculty of Science, Cairo University, Giza, Egypt. 

Samples from the soil were subjected to physical and chemical analysis in Soil Science 
Department, National Research Center according to (Jackson method 1973). Which presented in 
(Table 2). 

 

Table 2: Some physical and chemical properties of the experimental soil during the two seasons (2013 and 
2014). 

Seasons Texture pH 
EC 

(dS/m) 
Organic 
matter% 

Available nutrients 
(%) 

Water soluble ions  
(meq/l) 

N P K Ca Mg HCO3 Cl SO4 

2013 
 

Sandy 
Loam 

8.07 
 

1.35 0.51 1.12 0.71 0.23 11.5 3.5 1.0 1.5 
13.7 

 

2014 
Sandy 
Loam 

8.0 1.15 0.60 1.4 0.83 0.27 12.2 3.7 1.1 1.4 13.5 

 
Soil preparation: 
 

Soil preparation involved ploughing and leveling twice during both seasons and divided into 
plots (2×1m) consists of 2 rows, the organic manures and calcium superphosphate were added during 
soil preparation. 
 
Cultivation procedures: 
 

Seedlings of Mentha longifolia plant of about 10-15 cm height were planted; one plant every 30 
cm distance on rows 60 cm in between. All the plants received common cultural practices, including 
regular flood irrigation, and manual weed control. 
 
Types of fertilizers 
 
Chemical fertilizers:  
 

The plants were fertilized with the recommended dose as the control; .437 5 kg ammonium 
sulphate (20.5%) , 250 kg calcium superphosphate (15.5%) and 125 kg potassium sulphate (48%) per 
hectare. they were added in three equal doses, during plant growth (Swaefy et al. 2007). Except 
calcium superphosphate which added during soil preparation. 
 

Organic Fertilizers: 
 

The amount of organic fertilizers were calculated according to their contents of nitrogen, which 
must be equal to that found in the amount of ammonium sulphate recommended as a chemical 
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fertilizers as follows: 4.48 ton compost, 3.73 ton rabbit manure and 4.7 ton farmyard manure per ha, 
The chemical analysis of the organic manures are shown in (Table 3) 
Table 3: Some physical and chemical properties of the used organic manures during the seasons (2013 and 

2014). 
Organic 
manure 
type 

pH 
EC 

 (dS/m) 
Organic 

matter (%) 
C/N 
ratio 

N (%) P (%) K (%) 

Compost 7.49 4.4 35.0 18.95 2.00 0.66 1.0 
RM 5.6 3.2 37.0 16.8 2.4 0.67 1.2 
FYM  7.30 5.0 33.2 18.4 1.90 0.54 0.7  

RM = Rabbit manure                FYM = Farmyard manure             
 

Biofertilizers: 
 

The used biofertilizer was nitrobein, which contains Azotobacter (Nitrogen fixing bacteria) 
62.5 l/ha obtained from the General Organization for Agriculture Equalization Fund (G.O.A.E.F.), 
Ministry of Agriculture, Egypt. They were added to the soil surface beside plants in three doses, after 
a month from transplantation, and after each cut.  
 
The treatments:  
 

1- Control (NPK recommended doses).                      
2. Compost     
3. Compost + nitrobein (N)                      
4. Rabbit manure (RM)     
5. Rabbit manure + nitrobein (N)                     
6. Farmyard manure (FYM)             
7. Farmyard manure (FYM) + nitrobein (N)                     
 

Data recorded: 
 

Two cuts were taken, the first cut was collected after three months of transplanting (on the first 
of July), and the second cut was collected after three months of the first one (on the first of October), 
10 cm of the plant above the ground were left when cutting. 

 The following parameters were recorded at every cut in both seasons as well as calculated the 
mean for the two cuts together at the end of every season: plant height, branches number, herb fresh 
and dry weight (g/plant and ton/ha), volatile oil percentage, volatile oil content (ml/plant and liter/ha). 

The oil percentage was determined in the fresh herb using the hydro distillation method 
described by Egyptian Pharmacopoeia (1984).  
 
GC-MS conditions: 
 

        The essential oil obtained from the fresh herb in the second season at the two cuts was analyzed 
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 Quadruple Mass Spectrometer). The GC-MS system was 
equipped with a DB -5 column. 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: 60o C for 1 min; rising 
at 3.0oC /min to 240oC and held for 1 min. The injector and detector were held at 240oC. Diluted 
samples (1:10 hexane, v/v) of 0.2 μL of the mixtures were always injected. Mass spectra were 
obtained by electron ionization (EI) at 70 eV, using a spectral range of m/z 40-450. Most of the 
compounds were identified using the analytical method: mass spectra (authentic chemicals, Wiley 
spectral library collection and NIST library). 
 
Statistical analysis: 
 

             The experimental design was a randomized complete block design with three replicates. 
Obtained data were subjected to the statistical analysis using MSTAT-C program (MSTAT-C, 1988). 
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Least significant difference test was applied at 0.05 probability level to compare mean treatments. 
Means of various treatments of the two growing seasons were compared by Duncan’s multiple range 
test (Walter and Duncan, 1969).  
 
Results and Discussion 
 
Plant height (cm/plant): 
 
         As shown in Table 4, plant height was significantly affected by adding organic manures 
especially at the second cut, while there were no significant differences between most treatments at 
the first cut. This might be due to the slow release of organic manures.  The treatment of FYM + N 
recorded the tallest plants; the highest mean value was (70.3 and 69.0 cm) in both seasons 
respectively.  The lowest mean values of plant height mean were obtained from compost in the first 
season (59.3 cm) and from FYM in the second season (61.1 cm). The increase in plant height as 
response to application of organic manures and biofertilizers is probably due to enhancing the 
availability of nutrients which emphasized by (Al-Fraihat et al. 2011) on marjoram plants.   
   
Branches number/plant: 
 
          It is obvious also from Table 4, that FYM treatments increased the branches number at the first 
cut compared with control or the other treatments, in the second cut there were no significant 
differences between all treatments in both seasons. 
         The highest mean of branches number/plant was (19.8 and 20.8) in both seasons respectively 
from FYM + N; while the control recorded the fewest means of branches number (14.3 and 13.5) in 
both seasons respectively. The increase in plant height and the branches number in both seasons as a 
response to the application of organic manures and chemical fertilizers is probably due to enhancing 
the availability of nutrients which emphasized by (Tahami et al. 2010) on basil and (Mahboobeh et al. 
2014) on peppermint. 
 
Table 4: Effect of organic manures and biofertilizers on plant height and branches number of Mentha longifolia 

plants during the first and the second seasons (2013and 2014). 
  

Treatments 
Plant height (cm) Branches number/plant 

1St Season 2nd Season 1St Season 2nd Season 
1st cut 2nd cut Mean 1st cut 2nd cut Mean 1st cut 2nd cut Mean 1st cut 2nd cut Mean 

 NPK Control  57.5b 69.3c 63.4c 55.4b 72.1c 63.7c 10.5c 18.0a 14.3c 10.3d 16.7a 13.5d 
 Compost 49.7c 69.0c 59.3d 57.7b 72.0c 64.9c 11.0c 19.0a 15.0bc 11.7cd 18.3a 15.0cd 
Compost + N 54.0bc 78.0ab 66.0bc 58.3b 79.0ab 68.7a 17.0b 19.0a 18.0ab 16.3bc 17.3a 16.8bc 
 RM 55.0bc 76.3ab 65.7bc 56.5b 79.7ab 68.1ab 11.7c 20.3a 16.0bc 12.7cd 18.7a 15.7bcd 
 RM + N 59.0b 73.3bc 66.2bc 57.1b 74.9bc 66.0bc 12.3c 19.7a 16.0bc 13.3cd 18.7a 16.0bcd 
 FYM 54.6bc 81.5a 68.1ab 56.5b 65.6a 61.1d 18.3b 18.0a 18.2ab 20.0ab 16.7a 18.3ab 
 FYM + N 65.6a 75.0b 70.3a 66.3a 71.6c 69.0a 22.3a 17.3a 19.8a 24.3a 17.3a 20.8a 
N = Nitrobein              RM = Rabbit manure                FYM = Farmyard manure             
Mean followed by the different letter(s) in the same column are statistically different according to Duncan's multiple range 
tests at 5%.  

 
Herb fresh yield: 
 

It is evident from the data in Table 5, that most treatments of organic manures alone or with 
biofertilizers produced higher fresh herb g/plant and ton/ha compared to the control treatment. The 
maximum total fresh yield g/plant for two cuts was gained from FYM + N (298.6 and 309.6) g/plant 
in both seasons, respectively. While control treatment recorded the minimum total fresh weight (204.9 
and 205.3) g/plant in both seasons respectively. For the total fresh yield ton/ha, the same trend was 
observed, the highest yield was recorded with FYM + N treatment (16.4 and 17.0) ton/ha as compared 
to the control which recorded the lowest values (11.3 and 11.3) ton/ha in both seasons respectively. 
The application of organic manures before planting Mentha longifolia plants provide a beneficial 



Middle East J. Agric. Res., 6(3): 748-756, 2017 
ISSN: 2077-4605 

752 
 

effects on plant growth, due to their availability to supply macro and micro nutrients in available 
forms and improving soil structure (Dauda et al. 2008) and microbial biomass (Dhull et al. 2004). The 
positive effect of organic manures and biofertilizers on the fresh yield was emphasized by (Al-Fraihat 
et al. 2011) on marjoram, (Bajeli et al. 2016) on Mentha arvensis and (Trivedi et al. 2017) who 
reported that the use of vermicompost, sludge and microbial inoculants enhanced yield and oil quality 
of Ocimum basilicum. 
 
Table 5: Effect of organic manures and biofertilizers on the herb fresh weight (g/plant) and (ton/ha) of Mentha 

longifolia plants during the first and the second seasons (2013 and 2014).  

Treatments 

Fresh weight (g/plant) Fresh weight (ton/ha) 

1St Season 2nd Season 1St Season 2nd Season 

1st cut 2nd cut Total 1st cut 2nd cut Total 1st cut 2nd cut Total 1st cut 2nd cut Total 

   NPK Control 41.6f 163.3e 204.9g 50.5d 154.8f 205.3f 2.3f 9.0e 11.3g 2.8d 8.5f 11.3f 
  Compost 63.1e 176.5d 239.6e 55.1d 189.2c 244.3d 3.5e 9.7d 13.2e 3.0d 10.4c 13.4d 
  Compost + N 62.4e 167.2e 229.6f 53.6d 178.0d 231.6e 3.4e 9.2e 12.6f 3.0d 9.8d 12.7e 
  RM 86.1c 190.6c 276.7c 84.5b 196.7b 281.2b 4.7c 10.5c 15.2c 4.7b 10.8b 15.5b 
  RM + N 74.7d 215.0a 289.7b 77.1c 206.2a 283.3b 4.1d 11.8a 15.9b 4.2c 11.3a 15.6b 
  FYM 107.0a 155.5f 262.5d 99.9a 164.5e 264.4c 5.9a 8.6f 14.4d 5.5a 9.05e 14.5c 
  FYM + N 97.9b 200.7b 298.6a 104.0a 205.7a 309.6a 5.4b 11.0b 16.4a 5.7a 11.3a 17.0a 
N = Nitrobein              RM = Rabbit manure                FYM = Farm yardmanure             
Mean followed by the different letter(s) in the same column are statistically different according to Duncan's multiple range 
tests at 5%. 

 

Herb dry yield:  
 

It is clear from data in Table 6, that organic manures alone or with biofertilizers induced a 
significant increase in herb dry weight g/plant and ton/ha in both seasons. The dry weight of total herb 
g/plant and ton/ha had similar trend as the results of the fresh weight, i.e. the treatments which 
increased the fresh weight were the same which produced the highest values of herb dry weight. The 
increment in plant dry weight may be attributed to the increase in fresh weight. The obtained results 
are in agreement with (Al-Fraihat et al. 2011) on marjoram, (Bajeli et al. 2016) on Mentha arvensis 
and (Amooaghaie & Golmohammadi 2017) on Thymus vulgaris. 
 
Table 6: Effect of organic manures and biofertilizers on the dry weight g/plant and ton/ha of Mentha longifolia 

plants during the first and the second seasons (2013 and 2014).  

Treatments 
Dry weight g/plant Dry weight ton/ha 

1St Season 2nd Season 1St Season 2nd Season 
1st cut 2nd cut Total 1st cut 2nd cut Total 1st cut 2nd cut Total 1st cut 2nd cut Total 

  NPK Control 11.46g 47.75e 59.20f 14.16e 44.85f 59.01e 0.63d 2.63d 3.26e 0.78d 2.47e 3.25e 
  Compost 16.10e 62.83c 78.93d 14.21e 66.91b 81.13c 0.89c 3.46b 4.34c 0.78d 3.68b 4.46c 
  Compost + N 14.48f 52.66d 67.14e 13.09e 57.26d 70.34d 0.80cd 2.90c 3.69d 0.72d 3.15c 3.87d 
  RM 29.43b 54.20d 83.63c 29.24b 58.15d 87.38b 1.62a 2.98c 4.60b 1.61ab 3.20c 4.81b 
  RM + N 22.35d 65.65b 87.99b 24.39d 63.99c 88.38b 1.23b 3.61ab 4.84b 1.34c 3.52b 4.86b 
  FYM 32.11a 45.10f 77.21d 32.15a 49.68e 81.83c 1.77a 2.48d 4.25c 1.77a 2.73d 4.50c 
  FYM + N 24.87c 68.23a 93.09a 26.82c 71.43a 98.26a 1.37b 3.75a 5.12a 1.48bc 3.93a 5.40a 

N = Nitrobein              RM = Rabbit manure                FYM = Farmyard manure             
Mean followed by the different letter(s) in the same column are statistically different according to Duncan's multiple range 
tests at 5%. 

 
Essential oil percentage:  
 

The data presented in Table 7, indicate that essential oil content was significantly affected by 
different organic manures individually or with biofertilizers compared with the control treatment. The 
maximum mean value for both seasons 1.77% was obtained from RM + N treatment while the 
minimum mean values were recorded from the control (1.29 and 1.42%) in the first and the second 
season respectively. It is clear that applying organic manures with biofertilizers, in most treatments 
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produced higher oil percentage than applying organic manures alone. This is due to not only the 
positive effect of organic manures (discussed previously), but also the beneficial effect of the used 
biofertilizer which improving the growth of plants, the production of dry matter and mineral content, 
and increasing volatile oil in herb tissues, or might be increasing the number of oil glands in leaves. 
These results are in accordance with (Al-Fraihat et al. 2011) who reported that, either poultry manure 
or FYM with biofertilizers increased volatile oil percentage of marjoram plants over the control. 
 
Table 7: Effect of organic manures and biofertilizers on volatile oil percentage of Mentha longifolia plants 

during the first and the second seasons (2013 and 2014).  

Treatments 
1St Season 2nd Season 

1st cut 2nd cut Mean 1st cut 2nd cut Mean 
NPK Control 1.48de 1.10d 1.29d 1.49bc 1.34c 1.42d 
Compost 1.71ab 1.46b 1.59bc 1.69a 1.41bc 1.55c 
Compost + N 1.61bc 1.74a 1.68ab 1.56b 1.78a 1.67ab 
RM 1.57cd 1.70a 1.64bc 1.40c 1.75a 1.58bc 
RM + N 1.79a 1.74a 1.77a 1.77a 1.76a 1.77a 
FYM 1.46e 1.29c 1.38d 1.45c 1.34c 1.40d 
FYM + N 1.68b 1.46b 1.57c 1.57b 1.48b 1.53c 

N = Nitrobein              RM = Rabbit manure                FYM = Farmyard manure             
Mean followed by the different letter(s) in the same column are statistically different according to Duncan's multiple range 
tests at 5%. 

 

Essential oil yield: 
 

          Generally, data in Table 8, show that oil yield ml/plant and l/ha were higher at the second cut 
than it was in the first cut for all treatments. This is might be due to the progress in physiological 
maturation of plant tissues and the increment of leaf oil gland population. The treatment of RM + N 
gave the greatest total oil yield for two cuts (5.08 and 5.00) ml/plant and (279.4 and 275.1) l/ha in 
both seasons respectively. While the control treatment produced the lowest total oil yield for the two 
cuts which produced (2.42 and 2.83) ml/plant and (133.1 and 155.9) 1/ha during the two seasons 
respectively. The increase in oil content could be explained by increasing the activities of the plant 
under the effect of organic manures and biofertilizers that increased herb growth yield and this is in 
turn increased oil content ml/plant and l/ha. Similar results on the positive effect of organic manures 
and bioferilizers on volatile oil yield were registered for many investigates (Edris et al. 2003) on 
sweet marjoram,  (Lee et al. 2004) on lettuce, (Abdelaziz et al. 2007) on Rosmarinus officialis, 
(Gharib et al. 2008) on marjoram, (Mahboobeh et al. 2014) on peppermint and (Hajagha et al. 2017) 
on Echinacea purpurea. 
 
Table 8: Effect of organic manures and biofertilizers on volatile oil yield ml/plant and l/ha of Mentha longifolia 

plants during the first and the second seasons (2013 and 2014). 

Treatments 
Oil content ml/plant Oil content l/ha 

1St Season 2nd Season 1St Season 2nd Season 
1st cut 2nd cut Total 1st cut 2nd cut Total 1st cut 2nd cut Total 1st cut 2nd cut Total 

NPK Control 0.6d 1.8f 2.4e 0.8e 2.1g 2.8e 34.0f 99.1f 133.1e 41.5e 114.4g 155.9e 
Compost 1.1c 2.6d 3.7d 0.9d 2.7e 3.6d 59.4d 141.7d 201.1d 51.3d 146.7e 198.1d 
Compost + N 1.0c 2.9c 3.9c 0.8de 3.2c 4.0c 55.4e 159.7c 215.1c 46.1de 174.6c 220.7c 
RM 1.4b 3.2b 4.6b 1.2c 3.4b 4.6b 74.5c 178.3b 252.7b 65.3c 189.3b 254.6b 
RM + N 1.3b 3.7a 5.1a 1.4b 3.6a 5.0a 73.6c 205.8a 279.4a 75.1b 200.0a 275.1a 
FYM 1.6a 2.0e 3.6d 1.5b 2.2f 3.7d 86.0b 110.3e 196.3d 79.6b 121.6f 201.2d 
FYM + N 1.7a 2.9c 4.6b 1.6a 3.0d 4.7b 90.5a 161.2c 251.6b 89.8a 167.4d 257.2b 

N = Nitrobein              RM = Rabbit manure                FYM = Farmyard manure             
Mean followed by the different letter(s) in the same column are statistically different according to Duncan's multiple range 
tests at 5%. 
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Volatile oil constituents: 
 

About twenty compounds were identified from the volatile oil extracted from the fresh herb of 
Mentha longifolia under different treatments (organic manures and biofertilizers) as well as the effect 
of the Egyptian conditions, for each cut in the second season (Table 9).  
Table 9: Effect of organic manures and biofertilizers on the chemical constituents of essential oil extracted from 

Mentha Longifolia fresh herb in the second season.   
Oil components 

% 
Treatments 

NPK compost Compost + N RM RM + N FYM FYM + N 

 
1st 
cut 

2nd 
cut 

1st 
cut 

2nd 
cut 

1st 
cut 

2nd 
cut 

1st 
cut 

2nd 
cut 

1st 
cut 

2nd 
cut 

1st 
cut 

2nd 
cut 

1st 
cut 

2nd  
cut 

Monoterpene hydrocarbons 
α-PINENE 1.0 1.31 1.1 1.27 1.63 1.39 1.31 1.15 1.18 1.3 1.19 1.09 0.92 1.45 
Sabinene 1.08 1.21 1.29 1.23 1.53 1.2 1.35 1.18 1.18 1.16 1.28 1.15 1.03 1.27 
β-Pinene 2.08 2.39 2.19 2.33 2.75 2.11 2.54 2.23 2.01 2.34 2.56 2.31 1.6 2.56 
β-Myrcene 0.24 0.23 0.5 0.26 0.2 --- 0.28 0.24 0.1 0.16 0.23 0.18 ---- 0.17 
D-Limonene 0.69 0.16 1.55 0.23 0.1 0.06 0.87 0.3 0.18 

 
0.28 0.06 0.19 --- 

Total 5.09 5.3 6.63 5.32 6.21 4.76 6.35 5.1 4.65 4.96 5.54 4.79 3.74 5.45 
Oxygenated monoterpenes 
Eucalyptol 
(1,8Cineole) 

19.38 22.73 20.36 19.44 21.95 17.12 19.57 20.18 19.92 20.96 26.39 22.73 18.25 22.34 

Trans-sabinene 
hydrate 

0.11 0.1 0.12 0.1 0.11 0.06 0.08 0.08 0.07 0.11 0.07 0.1 0.1 0.13 

Cis-Sabinol 0.28 0.3 0.29 0.25 0.21 0.24 0.2 0.26 0.24 0.2 0.32 0.3 0.26 0.25 
Cis-Verbenol 0.24 0.18 0.26 0.19 0.18 0.13 0.17 0.17 0.15 0.15 0.24 0.18 0.19 0.17 
Menthone 5.72 34.33 2.14 24 3.22 26.51 1.43 19.76 3.75 29 3.46 34.33 3.23 22.18 
Isopulegone 0.96 0.86 1.02 0.89 0.94 0.95 0.77 0.96 1.05 1.07 0.71 0.86 0.96 ---- 
α-Terpineol 1.29 0.94 1.72 1.22 --- 0.99 1.26 1.2 1.32 1.03 1.32 0.94 ---- 1.24 
Pulegone 63.5 33.34 65.09 47.28 64.47 48.28 68.48 51.2 67.44 41.61 57.68 33.34 69.98 45.57 
Piperitenone 0.17 --- 0.38 --- --- --- 0.05 --- --- --- --- --- --- --- 
Total 91.65 92.78 91.38 93.37 91.08 94.28 92.01 93.81 93.94 94.13 90.19 92.78 92.97 91.88 
Sesquiterpene hydrocarbons 
Caryophyllene 1.15 0.37 0.63 0.38 0.35 0.31 0.57 0.24 0.24 0.25 2.03 1.03 0.29 0.26 
α-Humulene 0.09 --- --- --- --- --- --- --- --- --- 0.14 0.07 --- --- 
germacrene-D 0.32 0.05 0.13 0.05 0.05 0.05 0.08 --- --- --- 0.3 0.09 --- --- 
γ-Cadinene 0.17 0.04 0.07 0.05 --- --- 0.05 0.03 --- --- 0.13 0.07 --- --- 
Total 1.73 0.46 0.83 0.48 0.4 0.36 0.7 0.27 0.24 0.25 2.6 1.26 0.29 0.26 
Oxygenated sesquiterpenes 
Caryophyllene 
oxide 

0.11 0.06 0.07 0.07 0.06 0.05 0.08 0.07 0.05 0.08 0.22 0.18 0.1 0.05 

α-Cadinol 0.78 0.19 0.3 0.22 0.24 0.2 0.21 0.19 0.2 0.18 0.67 0.43 0.24 0.17 
Total 0.89 0.25 0.37 0.29 0.3 0.25 0.29 0.26 0.25 0.26 0.89 0.61 0.34 0.22 
Total identified 99.36 98.79 99.21 99.46 97.99 99.65 99.35 99.44 99.08 99.6 99.22 99.44 97.34 97.81 

N = Nitrobein              RM = Rabbit manure                FYM = Farmyard manure             

 
Generally, the percentage of oxygenated monoterpenes was the highest components in the volatile oil 
(more than 90%). Applying RM + N recorded the highest percentage of oxygenated monoterpenes at 
the first cut (93.94%) and compost + N recorded the maximum percentage at the second cut (94.28%) 
as compared to the control treatment and other treatments. It is evident from the same table that 
pulegone, eucalyptol and menthone were the main constituents of Mentha longifolia essential oil. 
Pulegone was the major compound in all different treatments, it reached the highest percentage at the 
first cut regardless the type of treatment, but it decreased at the second cut. The highest percentages of 
pulegone were obtained from FYM + N (69.98%) followed by RM (68.48%) while, FYM recorded 
the lowest percentage (57.68%) at the first cut. The lowest percentages at the second cut were 
obtained from NPK and FYM treatments which were recorded the same percentage (33.34%).  Also it 
is clear from the presented data in the same table that, menthone percentage was higher at the second 
cut than the first cut, it ranged from (1.43 to 5.72%) at the first cut , against (19.76 to 34.33%) in the 



Middle East J. Agric. Res., 6(3): 748-756, 2017 
ISSN: 2077-4605 

755 
 

second cut. Eucalyptol ranged from (18.25 to 26.39%) in the first cut, against (17.12 to 22.73) in the 
second cut. The control treatment gave the highest total identified constituents at the first cut 
(99.36%), followed by RM which recorded 99.35%, at the second cut compost + N  and RM + N 
treatments  recorded the greatest percentage and gave about the same value (99.65%).  In most 
treatments organic manures have a positive effect on the main constituents of Mentha longifolia 
volatile oil as it is obvious from the data in table 9, compared to the NPK treatment.  Many other 
researchers emphasized the favorable effect of organic manures on oil constituents in some medicinal 
and aromatic plants. A positive effect of different organic manures was recorded on Mentha longifolia 
subsp schimperi grey oil compared to control (El-Gohary et al. 2013). Also, organic fertilizers 
application increased the principal constituents of basil oil (French basil) (Anwar et al. 2005).  
 

Conclusion 
 

The obtained data indicated that organic manures with biofertilizers increased the herb and oil 
yield/plant and/ha of Mentha longifolia plant compared with control. 
          Using organic manures with biofertilizers recorded higher increasing in vegetative growth 
parameters, herb and volatile oil yield/plant and /ha than using organic manures alone. 
The treatment of farmyard manure + nitrobein was the most effective for increasing   the total fresh 
and dry herb yield, and the treatment of rabbit manure + nitrobein was the most effective for 
increasing the total oil yield in both seasons. 
The greatest yield of herb and volatile oil were gained from the second cut in both seasons regardless 
the treatment.  

Regarding the volatile oil constituents, in most cases organic manures with biofertilizers have a 
positive effect on the major components comparing to the control. 
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	Plant height (cm/plant):
	          It is obvious also from Table 4, that FYM treatments increased the branches number at the first cut compared with control or the other treatments, in the second cut there were no significant differences between all treatments in both seasons.
	         The highest mean of branches number/plant was (19.8 and 20.8) in both seasons respectively from FYM + N; while the control recorded the fewest means of branches number (14.3 and 13.5) in both seasons respectively. The increase in plant height and the branches number in both seasons as a response to the application of organic manures and chemical fertilizers is probably due to enhancing the availability of nutrients which emphasized by (Tahami et al. 2010) on basil and (Mahboobeh et al. 2014) on peppermint.
	Table 4: Effect of organic manures and biofertilizers on plant height and branches number of Mentha longifolia plants during the first and the second seasons (2013and 2014).
	 
	N = Nitrobein              RM = Rabbit manure                FYM = Farmyard manure            
	Mean followed by the different letter(s) in the same column are statistically different according to Duncan's multiple range tests at 5%. 
	Herb fresh yield:
	It is evident from the data in Table 5, that most treatments of organic manures alone or with biofertilizers produced higher fresh herb g/plant and ton/ha compared to the control treatment. The maximum total fresh yield g/plant for two cuts was gained from FYM + N (298.6 and 309.6) g/plant in both seasons, respectively. While control treatment recorded the minimum total fresh weight (204.9 and 205.3) g/plant in both seasons respectively. For the total fresh yield ton/ha, the same trend was observed, the highest yield was recorded with FYM + N treatment (16.4 and 17.0) ton/ha as compared to the control which recorded the lowest values (11.3 and 11.3) ton/ha in both seasons respectively. The application of organic manures before planting Mentha longifolia plants provide a beneficial effects on plant growth, due to their availability to supply macro and micro nutrients in available forms and improving soil structure (Dauda et al. 2008) and microbial biomass (Dhull et al. 2004). The positive effect of organic manures and biofertilizers on the fresh yield was emphasized by (Al-Fraihat et al. 2011) on marjoram, (Bajeli et al. 2016) on Mentha arvensis and (Trivedi et al. 2017) who reported that the use of vermicompost, sludge and microbial inoculants enhanced yield and oil quality of Ocimum basilicum.
	Table 5: Effect of organic manures and biofertilizers on the herb fresh weight (g/plant) and (ton/ha) of Mentha longifolia plants during the first and the second seasons (2013 and 2014). 
	N = Nitrobein              RM = Rabbit manure                FYM = Farm yardmanure            
	Mean followed by the different letter(s) in the same column are statistically different according to Duncan's multiple range tests at 5%.
	Herb dry yield: 
	It is clear from data in Table 6, that organic manures alone or with biofertilizers induced a significant increase in herb dry weight g/plant and ton/ha in both seasons. The dry weight of total herb g/plant and ton/ha had similar trend as the results of the fresh weight, i.e. the treatments which increased the fresh weight were the same which produced the highest values of herb dry weight. The increment in plant dry weight may be attributed to the increase in fresh weight. The obtained results are in agreement with (Al-Fraihat et al. 2011) on marjoram, (Bajeli et al. 2016) on Mentha arvensis and (Amooaghaie & Golmohammadi 2017) on Thymus vulgaris.
	Table 6: Effect of organic manures and biofertilizers on the dry weight g/plant and ton/ha of Mentha longifolia plants during the first and the second seasons (2013 and 2014). 
	N = Nitrobein              RM = Rabbit manure                FYM = Farmyard manure            
	Mean followed by the different letter(s) in the same column are statistically different according to Duncan's multiple range tests at 5%.
	Essential oil percentage: 
	The data presented in Table 7, indicate that essential oil content was significantly affected by different organic manures individually or with biofertilizers compared with the control treatment. The maximum mean value for both seasons 1.77% was obtained from RM + N treatment while the minimum mean values were recorded from the control (1.29 and 1.42%) in the first and the second season respectively. It is clear that applying organic manures with biofertilizers, in most treatments produced higher oil percentage than applying organic manures alone. This is due to not only the positive effect of organic manures (discussed previously), but also the beneficial effect of the used biofertilizer which improving the growth of plants, the production of dry matter and mineral content, and increasing volatile oil in herb tissues, or might be increasing the number of oil glands in leaves. These results are in accordance with (Al-Fraihat et al. 2011) who reported that, either poultry manure or FYM with biofertilizers increased volatile oil percentage of marjoram plants over the control.
	N = Nitrobein              RM = Rabbit manure                FYM = Farmyard manure            
	Mean followed by the different letter(s) in the same column are statistically different according to Duncan's multiple range tests at 5%.
	Essential oil yield:
	          Generally, data in Table 8, show that oil yield ml/plant and l/ha were higher at the second cut than it was in the first cut for all treatments. This is might be due to the progress in physiological maturation of plant tissues and the increment of leaf oil gland population. The treatment of RM + N gave the greatest total oil yield for two cuts (5.08 and 5.00) ml/plant and (279.4 and 275.1) l/ha in both seasons respectively. While the control treatment produced the lowest total oil yield for the two cuts which produced (2.42 and 2.83) ml/plant and (133.1 and 155.9) 1/ha during the two seasons respectively. The increase in oil content could be explained by increasing the activities of the plant under the effect of organic manures and biofertilizers that increased herb growth yield and this is in turn increased oil content ml/plant and l/ha. Similar results on the positive effect of organic manures and bioferilizers on volatile oil yield were registered for many investigates (Edris et al. 2003) on sweet marjoram,  (Lee et al. 2004) on lettuce, (Abdelaziz et al. 2007) on Rosmarinus officialis, (Gharib et al. 2008) on marjoram, (Mahboobeh et al. 2014) on peppermint and (Hajagha et al. 2017) on Echinacea purpurea.
	Table 8: Effect of organic manures and biofertilizers on volatile oil yield ml/plant and l/ha of Mentha longifolia plants during the first and the second seasons (2013 and 2014).
	N = Nitrobein              RM = Rabbit manure                FYM = Farmyard manure            
	Mean followed by the different letter(s) in the same column are statistically different according to Duncan's multiple range tests at 5%.
	Volatile oil constituents:
	N = Nitrobein              RM = Rabbit manure                FYM = Farmyard manure            
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