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ABSTRACT: 

          Two pot experiments were carried out at the Central Laboratory 

for Agriculture Climate (CLAC), Agricultural Research Centre, Dokki, 

Giza, Egypt, during 2012 and 2013 summer seasons. The objective of this 

work was to study the effect of Mycorrhizae on vegetative growth, oil 

production and chemical characters of basil plant. Treatments were 

arranged in complete randomized design (CRD) with three replicates in 

both seasons. As the NPK level was increased vegetative growth 

characters (plant height, number of branches, leaf area and leaves 

number) of basil plant were significantly increased in both seasons. In 

addition, they significantly increased as a result of the applied 

mycorrhizae when compared to un-treated plants in both seasons. The 

highest values for growth characters were obtained when treated with the 

combination of NPK recommended dose with mycorrhizae. Application 

of NPK fertilization tended to increase mineral concentration including N, 

P, K, Ca, Fe, Zn, Mn as well as protein, total carbohydrates and oil yield 

as well as major ingredients of essential oil of basil plants. Also 

mycorrhizae treatments tended to increase the same attributes when 

compare with un-treated plants. Similar trend was obtained for N, P, K, 

Ca, Fe, Zn, Mn as well as protein and total carbohydrates in both herb and 

roots of plants. Generally, the maximum herb fresh and dry yield and 

essential oil yield were obtained with the integrated application of 

mycorrhizae and recommended dose of NPK. As well as, treatment of 

inoculated basil plants with mycorrhizae with half dose of NPK was 

significantly higher than treatment in which plants fertilized only with 

100% of NPK. It might be concluded that applying mycorrhizae might 

improve nutritional status of basil plants leading to higher plant 

productivity. 
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INTRODUCTION: 

Herbal medicines are in great demand in both developed and developing 

countries as a source of primary health care owing to their attributes having 
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wide biological and medicinal activities, high safety margins and lesser costs. 

Herbal molecules are safe and would overcome the resistance produced by the 

pathogens as they exist in a combined form or in a pooled form of more than 

one molecule in the protoplasm of the plant cell (Lai and Roy, 2004; Tapsell et 

al., 2006). 

Basil (Ocimum basilicum L.) is a medicinal plant traditionally used for 

the treatment of respiratory and intestinal problems and kidney malfunction 

(Lorenzi& Matos, 2008). Basil is economically important due to the use of its 

essential oil in hygiene and cleaning products, perfumes, and cosmetics and as a 

local anesthetic and antiseptic (Liber, et al. ,2011) Furthermore, basil essential 

oil has been tested in the control of plant pests (Erler, et al. 2006), and has been 

shown to act as an antioxidant ( Politeo et al.,2006). It is widely cultivated for 

the production of essential oils and is also marketed as an herb, either fresh, 

dried or frozen (Putievsky & Galambosi, 1999). The intensive use of 

manufactured nitrogen fertilizers increased the crops productivity but with low 

quality which is not acceptable for export (Lain et al., 1996; Wang et al., 1996). 

Effective agriculture, sanitary, safety treatments and collection practices 

for medicinal and aromatic plants is only the first step in quality assurance, on 

which the safety and efficacy of herbal medicinal and aromatic products 

directly depend upon (WHO guidelines). Lately, the safe agriculture is one of 

the main attitudes in the world (El-Kouny, 2002). 

A combination of organic and mineral nutrients has been advocated 

(Prabu et al., 2003). As the integration of organic sources and synthetic sources 

of nutrients not only supply essential nutrients but also have some positive 

interaction with chemical fertilizers to increase their efficiency and thereby 

reduce environmental hazards (Bocchi&Tano, 1994). 

In many environments, plant growth is limited by inadequate nutrient 

supply (Elser et al 2007, Hell and Hellibrand 2001. This condition is alleviated 

by a mutualistic association with soil fungi of the order Glomeromycota which 

provide the plant host with diverse mineral nutrients in exchange for 

assimilates (Smith and Read 2008). This symbiosis, referred to as arbuscular 

mycorrhizae (AM), emerged approximately 450 Ma ago, and is thought to have 

facilitated the colonization of land by early vascular plants (Brundrett 2002. 

The fungal mycelium emanating from the root system reaches far beyond the 

rhizosphere and therefore can acquire nutrients from soil volumes to which 

roots have no access (friese& Allen 1991). Furthermore, fungal hyphae are 

much thinner than roots (Azcón-Aguilar et al 1998), allowing them to explore 

small cracks in the micrometer range that are inaccessible to roots.Mycorrhizae 

are important for the establishment growth and survival of seedling, particularly 

in marginal habitats, where the symbiosis improves stress tolerance as well as 

conserves soil structures (Sharma, 2002).Many researchers studied the effect of 

mycorrhizae on plants productivity their data showed significantly increased in 

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090841#pone.0090841-Elser1
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090841#pone.0090841-Hell1
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090841#pone.0090841-Smith1
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090841#pone.0090841-Brundrett1
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090841#pone.0090841-Friese1
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090841#pone.0090841-Bago1


PHYSIOLOGICAL EFFECTS OF MYCORRHIZAE ON……………….. 21 

Fayoum J. Agric. Res. & Dev., Vol. 31, No.2, July, 2017 
 

plant productivity and chemical compositions by using mycorrhizae(Cabello et 

al. 2005) on Mentha piperita plants, Zolfaghari et al 2013 on sweet basil and 

Weisany et al. 2015 on dill plants. 

The objective of this study was to investigate the effect of mycorrhizae 

on growth characters , herb fresh and dry weight productavity,  essential oil 

production and its componenets of basil (Ocimum basilicum L.) plants  growing 

under different levels of NPK. 

MATERIALS AND METHODS 
This study was carried out at Central Laboratory for Agricultural 

Climate (CLAC), Agricultural Research Centre, Dokki, Giza governorate, 

Egypt during two successive seasons of 2012 and 2013. Seeds of (Ocimum 

basilicum) country of origin Italy obtained from national research center was 

used in this study. Seeds were sown on 15
th

 and 18
th

 of March 2012 and 2013, 

respectively for seedling preparation. 15 cm Fresh transplants were 

transplanted. Transplants were placed into pots filled with 9 kg of sand: clay 

(1:1) 25 cm in diameter.Mycorrhizal inoculation was done at sowing by 

applying 1g/seedling of mycorrhizal inoculums. By using Mycorrhizeen from 

SEKEM Company. Treatments were arranged in completely randomized design 

with three replicates in both seasons. 

The soil chemical properties were determined according to Jackson, (1973). 

(Table1) 

Table (1): some physical and chemical analysis of experimental soil: 

Property value 
Cations 

(me./l) 

 

value 

Anion 

( me./l) 

 

value 
PH (soil paste 

EC 

(ds/m)at 25
o 
c 

Sand% 49% Ca
++ 

8.8 CO3
- - 

0 8.6 2 

Silt% 26% Mg
++ 

1.08 HCO3
- 

3.6   

Clay % 24.4 Na
+ 

5.8 Cl
- 

4.1   

  K+ 2.22 SO4
- - 

10.2   

The treatments were as follows: 

* Recommended dose of  NPK (control). 

* Recommended dose of  NPK with mycorrhizae. 

* 50% of recommended dose of  NPK with mycorrhizae. 

* Mycorrhizae without adding NPK. 

* 50% of recommended dose of  NPK. 

Recorded Data:  
Three cuts were taken from each labeled plant at the early bloom stages 

(on 20
th

 and 22
nd

 August, 24
th

 and 21
st
 of October, 10

th
 and 12

nd
of December 

2012 and 2013, respectively in the two seasons). The following data were 

recorded and statistically analyzed. 

 

Vegetative growth parameters: 
Plant height (cm). 
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Number of leaves/plant 

Number of branches/ plant. 

Leaf area(cm
2
) of the  fifth leave above. 

Herb fresh weight(g/plant). 

Air dry weight of herb (g/plant). 

Root fresh weight(g/plant) (were taken after third cut). 

Root dry weight(g/plant) (were taken after third cut). 

The yield: 

Yield fresh weight (g/plant) total of all fresh weight of the three cuts. 

Yield dry weight (g/plant) total of all dry weight of the three cuts. 

Essential oil percentage. 

Chemical analysis: 

Chemical constituents in herb and root were presented intotal 

carbohydrates content, mineral nutrients (N, P, K, Ca, Zn, Mn, Fe), and oil 

components. Total nitrogen was determined by Kjeldah method described by 

Bremner and Mulvaney (1982).Phosphorous concentration in acid digested was 

determined by colorimeter method (ammonium molybdate) using 

spectrophotometer according to Jackson (1967). Potassium content was 

determined using Flame photometer as described by Chapman and Pratt (1961) 

and the results were represented as gm/100 gm D.W. of plant.Calcium content 

and Micro nutrients (Mn, Zn, and Fe) elements content were determined using 

atomic absorption spectro-photometer, D.P.3300 Parkenvelemer.While the 

content of carbohydrates in dried leaves samples were determined using the 

method described by Dubois et al. (1956). Pigments content including 

Chlorophyll a, b and  carotenoids were determined in fresh leaves samples ( 

mg/gm F.W.) according to Lichtenthaler &Wellburn, 1983 

Essential Oil Percentage in the Fresh Herb: 

The oil percentage was determined in fresh herb in both seasons using 

the hydro-distillation method by Clevenger apparatus according to Guenther 

1974. A known weight of fresh herb (100 g) was placed in a flask of 1 L 

capacity for distillation and an adequate amount of water was added. A proper 

essential oil trap and condenser were attached to the flask and enough water 

was added to fill the trap. The distillation continued for three hours until no 

further increase in the oil was observed. After finishing the distillation process 

the apparatus was left to be cooled and dried by sodium sulphate 

anhydrous.Chemical analysis for essential oil was conducted using the gas-

chromatography (GC) coupled to mass spectrometry (MS).The essential oil 

percentage was estimated as follows: 

Essential oil %= Essential oil vol./weight of samples *100 

Biological data: 
* Estimation of mycorrhizal infection were determined using the method 

described by Giovanetti & Mosse(1980) 
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Infection %= No. of infected roots/total No. of roots x 100 

* Estimation of mycorrhizal spores using the wet sieving and decanting 

technique (Gerdemann& Nicolson 1963), and mycorrhizal dependency was 

defined as the ratio of the herb dry weight of AM seedlings and non-AM 

seedlings (Graham &Syvertsen 1985). 

Statistical Analysis: 
A randomize complete block design with two factors was used for analysis all 

data with three replications for each parameter. The treatment means were 

compared by least significant difference (L.S.D.) test as given by Snedecor and 

Cochran (1994) by using Assistat program. 

RESULTS AND DISCUSSION 

Vegetative Growth:  
The obtained results of plant growth characters revealed that, 

recommended dose of NPK inoculated with mycorrhizae treatment significantly 

increased all growth characters(plant height, number of branches, leaf area, 

leaves number/plant,root length and root fresh and weight g /plant) in both 

seasons of basil plants compared to the control treatment (plants receiving the 

recommended NPK dose) as shown in (Table 2 and 3). From data it is clear 

that, inculated plant with mycorrhizae under half dose of NPK treatment was 

significantly higher than control treatment (plant received full dose of NPK). 

The favorable effects of the combination between chemical fertilizer and 

mycorrhizae may be explained based on the positive effect of interaction 

between mycorrhizae and chemical fertilizers to increase their efficiency and 

thereby reduce environmental hazards (Bocchi &Tano, 1994). Mycorrhizae are 

important for the establishment growth and survival of seedling, particularly in 

marginal habitats, where the symbiosis improves stress tolerance as well as 

conserves soil structures (Sharma, 2002). The benefits of arbuscular 

mycorrhizal fungi are usually attributed to the improved plant nutrition De la 

Rosa-Mera et al. 2011as well as physiological changes Pozo et al. 2002. Our 

finding is in line with Khankandi et al., 2013 who mentioned that, The 

significantly promoted growth and development of basil plants were observed 

in mycorrhizal fungi and/or amino acid treated plants as it was indicated by the 

higher leaf numbers, area and dry weight as well as improved root system 

(higher root length, dry mass and numbers) compared with control. And Freitas 

et al. (2004) indicated that inoculation of Mentha arvensis with mycorrhiza 

resulted in increased plant height, also Copetta et al (2006) have shown that 

inoculation of plants with mycorrhiza can result in a significant change in 

number of branches and number of follicles per plant. 
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Table ( 2 ): plant height, number of branches, leaves number and leaf area, of 

basil plants as effected by inoculated with mycorrhizae under different 

levels of NPK in 2012 and 2013. 

Mean separation within columns by Duncan’s multiple range test, 5% level. Values that don’t 

share the same letter are significantly different. 

Table (3): Effect of  inculation with mycorrhizae under different levels of  

NPK  on root length ,fresh  and dry weight  in 2012 and 2013. 

Treatments 
Root length cm 

Root fresh weight 

g/plant 

Root dry weight 

g/plant 

1
st
season 2

nd
season 1

st
season 2

nd
season 1

st
season 2

nd
season 

Recommended 

dose of NPK 

(control) 

5.10 lc 6.12c 12.76b 11.34c 9.64c 8.59c 

Mycorrhizae 3.9d 4.68d 6.54c 7.33d 4.96d 5.55d 

50% of 

recommended 

dose of NPK 

3.17e 3.8e 6.5c 6.43e 4.93d 4.87e 

Mycorrhizae 

+%50 NPK 
6.43b 7.72b 12.26b 14.76b 14.76b 11.19b 

Mycorrhizae with 

recommended 

dose of NPK 

10.23a 10.6a 20.54a 22.62a 22.62a 17.11a 

Mean separation within columns by Duncan’s multiple range test, 5% level. Values that don’t 

share the same letter are significantly different. 
 

3.2. Chemical analysis 
As mentioned of growth characters data, the results of chemical analysis 

(micro and macro elements in herb (Table 4) and in root ( table 5), Pigments 

and total carbohydrates and protein, essential oil percentage in herb ( table 6) 

have the same conclusion where, all parameters significantly increased as a 

Treatments Cut 
Plant hight(cm) No. of branch/plant Leaves No. Leaf area cm2 

1stseason 2ndseason 1stseason 2ndseason 1stseason 2ndseason 1stseason 2ndseason 

Recommended 

dose of NPK 

(control) 

1st 30.33 28.83 31.33 34.33 208.33 229.33 22.82 22.37 

2nd 32.27 30.67 36.67 40.67 210.33 231.33 23.05 26.45 

3rd 36.23 34.43 35.33 39 204.33 225 22.36 26.72 

mean 32.94 c 31.31 c 34.44 c 38 c 207.66 c 228.55 c 22.74 b 25.18 a 

Mycorrhizae 

1st 19.43 18.47 9.67 10.67 60.67 66.67 11.43 11.2 

2nd 22.07 21 13 14 61.67 67.67 11.45 11.31 

3rd 24.77 23.5 13 14 59 65 11.19 10.97 

mean 22.09 e 20.99 e 11.89 e 13.89 e 60.45 e 66.45 e 11.36 d 11.16 c 

50% of 

recommended 
dose of NPK 

1st 19.67 18.7 13.33 14.67 103.67 114 17.36 17.01 

2nd 24.03 22.83 15.33 17 104.67 115 17.53 21.93 

3rd 30.63 29.1 15.33 17 101.67 112 17 22.15 

mean 24.78 d 23.54 d 14.66 d 16.22 d 103.34 d 113.67 d 17.30 c 20.36 b 

Mycorrhizae 

+%50 NPK 

1st 33.67 32 35 38.3 261.67 288 21.62 21.18 

2nd 39.73 37.73 39 43 264.67 291 21.83 21.4 

3rd 47.20 44.83 38.67 42.67 257.67 286.33 21.18 20.75 

mean 40.2 b 38.19 b 37.56 b 41.32 b 261.34 b 288.44 b 21.54 b 21.11 b 

Mycorrhizae 

with 

recommended 
dose of NPK 

1st 42.20 40.13 53.67 59 379.67 417.67 25.62 25.11 

2nd 48.10 45.67 57.33 63.3 383.67 422.33 25.88 25.36 

3rd 51.90 49.33 59.67 65.87 371.67 408.67 25.1 24.6 

mean 47.4a 45.04 a 56.89a 62.72 a 378.34 a 416.22 a 25.53 a 25.02 a 
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result of recommended dose of NPK inoculated with mycorrhizae treatment 

compared to control plants (plants received the recommended NPK dose).  

Going along with other treatments, it was obvious that, in both seasons 

treatments of the combination of 50% of NPK inculated with mycorrhizae 

significantly increased all chemical characters of basil plants over the 

recommended dose of NPK alone. 

This could be resulted from the modified relations between source and sink 

tissues as well as the enhanced photosynthesis rates due to mycorrhizae 

inculation. These results are convenience with those reported by Kuntal et al, 

2007 who showed that the yield and nutrient content of stevia plant affected by 

applied chemical fertilizers NPK and bio-fertilizers (Vesicular Arbuscular 

Mycorrhiza, phosphorus solubilizing bacteria and Azospirillium as sole and in 

combinations) and have been increased significantly.  

3.3.The yield: 

Data in table (7) shown that,recommended dose of NPK inoculated with 

mycorrhizae treatment significantly increased herb fresh and dry weight/ fadden 

and essential oil productivity /fadden  in both seasons of basil plants compared 

to the control treatment (plants received the recommended NPK dose). 

Moreover,using mycorrhizae with half dose of NPK significantly increased 

yield of basil plant more than control plants. Mycorrhizae increase the growth 

rate because of the increase in water and mineral uptake such as nitrogen and 

phosphorus, which leads to the biomass yield improvement.The observed 

promoted yield in the treated plants could be attributed to the enhanced leaf 

number and area, raised root system and nutrition as well as stimulated 

chlorophyll content and photosynthesis.This finding is in accordance with the 

previous observations on sweet basil (Ocimum basilicum) (Zolfaghari et al. 

2013) as well as on dill plant (Weisany et al. 2015). 

Essential oil composition: 

The content of essential oil in the fresh herb of all treatments of basil 

plants was extracted. 9 compounds were determined in the essential oil obtained 

from all treatments (table 8). From data it noticed that, The essential oil of basil 

plants is characterized by high amount of linalool (42.04 -45.15%) The highest 

amount of linalool was increased (45.15 %) with mycorrhizae under full 

recommended dose of NPK treatment as compared with the control treatment 

(full recommended dose of NPK) (42.04%). The same trend observed with 

estragole, 1.8-cineole, Bornyl acetate and Eugenol while α- terpineol, Trans-

a'bergamotene, Germacrene-D and Alfa-copaene recorded the highest amount 

of them with the control plants and the lowest amount of them noticed with the 

mycorrhizae treatment.The variations in essential oil content and composition 

could be due to the effect of different treatments on enzymes activity and 

metabolism improvements. These finding is in line with Shajari et al. 2016who 

mentioned that the application of biological fertilizer especially mycorrhizae 
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had a significant effect on improving quantitative and qualitative yield of 

Coriander. Furthermore, Studies of Ocimum basilicum (Khaosaad et al., 2006) 

and Artemisia annua (Kapoor et al., 2007)have shown that root colonization by 

AMF increased essential oil content and quality. 
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Table (5): Effect of  inculation with mycorrhizae under different levels of  

NPK  on macro and micro elements content in root of basil plant 

in 2012 and 2013. 
Treatments 

N% P K Ca Fe Mn Zn 

1stseason 2ndseason 1stseason 2ndseason 1stseason 2ndseason 1stseason 2ndseason 1stseason 2ndseason 1stseason 2ndseason 1stseason 2ndseason 

Recommended dose 

 of NPK (control) 
3.11c 3.42c 0.33d 0.4c 1.04c 1.14c 3.08c 3.39c 315.17b 346.99b 151.28c 166.41c 57.76c 63.54c 

Mycorrhizae 2.79d 3.07d 0.39c 0.43c 0.61d 0.67d 2.77d 3.04d 254.62d 280.08d 151.31c 166.44c 50.8d 55.87d 

50% of recommended 

dose of NPK 
2.5e 2.76e 0.27e 0.33d 0.57d 0.63d 2.48e 2.75e 279.99c 307.99c 129.14d 142.05d 50.05d 55.06d 

Mycorrhizae +%50 

 NPK 
4.35b 4.79b 0.48b 0.53b 1.25b 1.38b 4.31b 4.75b 319.1b 351.01b 169.74b 186.72b 59.25b 65.18b 

Mycorrhizae with 

recommended dose  

of NPK 

4.96a 5.45a 0.75a 0.83a 1.61a 1.77a 4.92a 5.41a 375.8a 413.38a 177.29a 195.02a 67.27a 74.1a 

Mean separation within columns by Duncan’s multiple range test, 5% level. Values that don’t 

share the same letter are significantly different 
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Table ( 6 ): Effect of  inculation with mycorrhizae under different levels of  

NPK  on pigments , total carbohydrates protein and essential oil 

percentge of basil plants in 2012 and 2013 
Treatments Cut 

Total carbohydrates protein Chlorophyll a. Chlorophyll b caroteinoids E.O% 

1stseason 2ndseason 1stseason 2ndseason 1stseason 2ndseason 1stseason 2ndseason 1stseason 2ndseason 1stseason 2ndseason 

Recommended dose 

 of NPK (control) 

1st 4.46 5.35 19.33 21.27 1.65 1.63 0.31 0.35 0.147 0.16 0.22 0.218 

2nd 4.37 5.24 19.4 21.38 1.68 1.65 0.32 0.348 0.148 0.163 0.21 0.205 

3rd 4.17 4.98 19.43 21.375 1.6 1.58 0.3 0.334 0.142 0.157 0.21 0.20 

mean 4.33b 5.19b 19.39c 21.34c 1.64b 1.62b 0.31b 0.34b 0.15b 0.16b 4.33d 5.19d 

Mycorrhizae 

1st 4.59 5.5 17.37 19.1 1.23 1.19 0.23 0.249 0.107 0.123 0.15 0.148 

2nd 4.53 5.39 17.43 19.18 1.26 1.19 0.23 0.25 0.101 0.118 0.13 0.126 

3rd 4.27 5.12 17.4 19.175 1.19 1.16 0.22 0.238 0.095 0.114 0.13 0.13 

mean 4.46b 5.34b 17.40d 19.15d 1.23e 1.18e 0.23e 0.25e 0.10e 0.12d 4.46c 5.34c 

50% of recommended 

dose of NPK 

1st 3.18 3.81 15.6 17.16 1.25 1.24 0.26 0.282 0.111 0.121 0.13 0.129 

2nd 3.13 3.74 15.63 17.2 1.38 1.35 0.26 0.28 0.119 0.134 0.12 0.118 

3rd 2.93 3.55 15.628 17.186 1.31 1.3 0.25 0.271 0.117 0.128 0.12 0.114 

mean 3.08c 3.70c 15.62e 17.18e 1.31d 1.30d 0.26d 0.28d 0.12d 0.13d 3.08e 3.70e 

Mycorrhizae +%50 

NPK 

1st 5.27 6.32 27.03 29.74 1.51 1.47 0.28 0.308 0.132 0.144 0.23 0.227 

2nd 5.17 6.2 27.22 29.96 1.57 1.48 0.26 0.312 0.131 0.147 0.22 0.22 

3rd 4.9 5.89 27.231 29.955 1.47 1.43 0.27 0.297 0.128 0.141 0.22 0.217 

mean 5.11a 6.14a 27.16b 29.89b 1.52c 1.46c 0.27c 0.31c 0.13c 0.14c 5.11b 6.14b 

Mycorrhizae with 

recommended dose of 

NPK 

1st 5.46 6.55 30.73 33.81 1.84 1.79 0.34 0.378 0.161 0.176 0.31 0.3 

2nd 5.37 6.42 30.9 33.99 1.92 1.81 0.35 0.381 0.163 0.179 0.3 0.29 

3rd 5.07 6.1 30.87 34 1.79 1.74 0.33 0.367 0.142 0.172 0.29 0.287 

mean 5.30a 6.36a 30.83a 33.93a 1.85a 1.78a 0.34a 0.38a 0.16a 0.18a 0.3a 0.29a 

Mean separation within columns by Duncan’s multiple range test, 5% level. Values 

that don’t share the same letter are significantly different. 
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Table ( 7 ) :Effect of  inculation with mycorrhizae under different levels of  

NPK  on herb fresh and dry weight, yield of fresh and dry 

herb/faddan and essential oil yield /faddan of basil plant in 2012 

and 2013: 

Treatments 

Herb fresh weight 

g/plant 

Herb dry weight 

g/plant 

Yield fresh weight 

Ton/fad. 

Yield dry weight 

ton/fad. 

E.O yield 

l/faddan 

1
st
season 2

nd
season 1

st
season 2

nd
season 1

st
season 2

nd
season 1

st
season 2

nd
season 1

st
season 2

nd
season 

Recommended dose  

of NPK (control) 
129.63b 127.63b 27.23c 26.7c 3.564b 3.493b 0.75c 0.734c 7.69b 7.77b 

Mycorrhizae 61.53e 60.3e 16.03e 15.7e 1.692e 1.658e 0.44e 0.43e 2.31d 2.22d 

50% of  

recommended dose  

of NPK 

100.7d 98.7d 21.17d 20.73d 2.769d 2.714d 0.58d 0.57d 3.42c 3.45c 

Mycorrhizae +%50 

NPK 
110.5c 122c 32.43b 31.8b 3.039c 3.357c 0.89b 0.874b 7.69b 7.37b 

Mycorrhizae with 

recommended dose  

of NPK 

180.3a 198.43a 52.43a 51.4a 4.958a 5.457a 1.44a 1.412a 16.53a 15.83a 

   Mean separation within columns by Duncan’s multiple range test, 5% level. Values that don’t 

share the same letter are significantly different. 

 

 

 

 

 

 

 

 

 

 

Table ( 8): Effect of  inculation with mycorrhizae under different level of  

NPK  on the essential oil components of basil plants.  

Treatment 1.8-cineole linalool α- terpineol 
Bornyl 

acetate 

 

estragole 

Trans-

a'bergamotene 

 

Germacrene-D 
Alfa-copaene 

 

Eugenol 

Control 12.6 43 1.57 1.03 16.4 5.19 2.2 5.3 7.57 

50%NPK 12.31 42.5 1.54 0.98 16.21 5.14 2.17 5.09 7.4 

Mycorrhizae 13.04 44.1 1.21 2.04 18 4.5 1.46 2.98 8 

Mycorrhizae+50% NPK 13.18 44.37 1.26 2.26 18.02 4.62 1.54 3.09 8 

Mycorrhizae+100%NPK 13.24 44.98 1.23 2.09 18 4.57 1.5 3 8.1 
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Bilogical data: 

From table (9) it is clear that all inoculated plants were succeed in infection 

with mycorrhizae. The mycorrhizae fungal colonized the host plants successfully 

with high percentage.  Data reviled that, applying high dose of NPK significantly 

increased the mycorrhizal infection for the inoculated plants while it recorded (27 

and 27.9 % ) in first and second seasons respectively while inoculated plants under 

un-fertilized conditions significantly recorded the lowest mycorrhizal infection in 

both seasons (18.3 and 17.3 %) respectively. 

According to mycorrhizae spores data in table (9) showed that, the same 

trend of mycorrhizal infection obtained in mycorrhizal spores, the full 

recommended dose of NPK treatment had significantly the highest amount of 

spores in 100 gram of soil in both growing seasons (905 and  910 spores/100 g soil) 

respectively, while inculated plants under un-fertilized condition significantly had 

the lowest amount of spores 850 and 853/100g soil in both seasons respectively. 

Mycorrhizal dependency was defined as the ratio of the yield of dry weight 

of mycorrhizal seedlings and non-mycorrhizal seedlings. Our results showed that, 

basil plants catagorized as Obligatorily mycorrhizal plants while the mycorrhizal 

dependency ranged from 92.5% under full recommended dose of NPK, 53.2% 

under half dose of NPK and 66.5% with plants didn't receive NPK fertilization. 

The sweet basil plants appeared to have high dependency on mycorrhizae which 

improved plant growth, photosynthetic efficiency.this results in harmony with the 

previous work on sweet basil plants (Elhindi et al 2017). 

Table (9 ): Effect of  inculation with mycorrhizae under different level of  

NPK  on infection, mycorrhizal spores and mycorrhizal 

dependency of basil plants in 2012 and 2013. 

Treatments 
infection Mycorrhizal spores Mycorrhizal dependency % 

1stseason 2ndseason 1stseason 2ndseason 1stseason 2ndseason 

Mycorrhizae 18.3c 17.6c 850c 853c 66.45b 66.49b 

Mycorrhizae 
+%50 NPK 

19.2b 19b 903b 900b 53.1c 53.40c 

Mycorrhizae 

with 

recommended 
dose of NPK 

27a 27.9a 905a 910a 92.5a 92.51a 

  Mean separation within columns by Duncan’s multiple range test, 5% level. Values that don’t 

share the same letter are significantly different. 
 

4. Conclusion: 

This study confirmed the role of AM fungi in the productivity performance 

of basil plants; all the mycorrhizae inoculated plants demonstrated an increase in 

biomass, as already reported by previous studies in the literature. We noticed that, 

inoculated basil plants with mycorrhizae with half dose of NPK significantly 

improved the quantitative and qualitative yield of basil plants. The inoculation with 

AM fungi can reflect a friendly strategy to enhance the sustainability of the 

agricultural practices and the production of bioactive molecules in basil plants. 

Therefore, it appears that application of mycorrhizae could be promising in the 

production of basil by the reduction of chemical fertilizer application; it seems 
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using this mycorrhizae in agroecosystems could increase water uptake by its 

positive effects on root parameters. 

References: 

1. Azcón-Aguilar C, Bago B, Barea JM. 1998. Saprophytic growth of AMF. In: 

Varma A, Hock B, eds. Mycorrhiza: structure, function, molecular 

biology and biotechnology. 2nd ed. Berlin: Springer-Verlag. 391–407. 

2. Bocchi S, Tano F. 1994. Effect of cattle manure and components of Pig slurry 

on maize growth and production. European Journal of 

Agronomy 3, 235- 241. 

3. Bremner, J.M., and CS. Mulvaney. 1982. Nitrogen—Total. p. 595- 624. In 

A.L. Page et al. (ed.) Methods of soil analysis. Part 2. 2nd ed. Agron. 

Monogr. 9. ASA and SSSA, Madison, WI. 

4. Brundrett MC (2002) Coevolution of roots and mycorrhizas of land plants. 

New Phytologist 154: 275–304. 

5. Chapman, H. D., and Pratt, P. F. (1961). Methods of Analysis for soils, plants 

and water. Univ. California, Berkeley, CA, USA. 

6. CopettaA., LinguaG., BertaG., 2006. Effects of three AM fungi on growth, 

distribution of glandular hairs, and essential oil production in Ocimum 

basilicum L. var. Genovese.Mycorrhiza 16 (7), 485-494 

7. De la Rosa-Mera CJ, Ferrera-Cerrato R, Alarcón A, de Jesús Sánchez-

Colın M, Mun˜oz-Mun˜iz OD (2011) Arbuscular mycorrhizal fungi 

and potassium bicarbonate enhance the foliar content of the vinblastine 

alkaloid in Catharanthusroseus. Plant Soil 1–10 

8. DuBois, K. A. Gilles, J. K. Hamilton, P. A. Rebers, and Fred. Smith. Anal. 

Chem. , 1956, 28 (3), pp 350–356. DOI: 10.1021/ac60111a017.  

9. Elhindi KM, El-Din AS, Elgorban AM. The impact of arbuscular mycorrhizal 

fungi in mitigating salt-induced adverse effects in sweet basil (Ocimum 

basilicum L.). Saudi Journal of Biological Sciences. 2017;24(1):170-

179. 

10. El-Kouny, H.M. (2002). Effect of organic fertilizers (Compost) at different 

rates of application under salinity stress condition on soil and tomato 

plant. Menafiya J. Agric. Res. 27 (2) : 355-368. 

11. Elser JJ, Bracken MES, Cleland EE, Gruner DS, Harpole WS, et al. (2007) 
Global analysis of nitrogen and phosphorus limitation of primary 

producers in freshwater, marine and terrestrial ecosystems. Ecology 

Letters 10: 1135–1142. 

12. Erler I, Ulug B, Yalcinkaya ( 2006) Repellent activity of five essential oils 

against Culex pipiens.Fitoterapia. 77: 491– 494.  

13. Freitas, W.S.; Oliveira, R.A.; Cencon, P.R.; Pinto, F.A.; Galvao, J.C.C. 

Efeito da aplicação de águaresiduária de suino culturasobre a produção 

de milhoparasilagem. Revistabrasileira de Engenharia Agrícola e 

Ambiental, Campina Grande, v.8, n.1, p.120-125, 2004. 



Eglal. M. Z. Harb
*
, et al.,                                                                                32 

Fayoum J. Agric. Res. & Dev., Vol. 31, No.2, July, 2017 
 

14. Friese CF, Allen MF. 1991. The spread of VA mycorrhizal fungal hyphae in 

the soil – inoculum types and external hyphal 

architecture. Mycologia 83: 409–418.  

15. Gerdemann JW.and Nicolson TH.. Spores of mycorrhizal Endogone 

extracted from soil by wet sieving and decanting. Trans Brit Mycol 

Soc 46: 235-244 

16. Giovannetti, M. and Mosse, B. (1980) An evaluation of techniques for 

measuring vesicular arbuscular mycorrhizal infection in roots. New 

Phytologist, 84, 489-500. 

17. Graham JH, Syvertsen JP (1985) Host determinants of mycorrhizal 

dependency of citrus rootstock seedlings. New Phytol 101: 667-676. 

18. Gunther E., The essential oils,3, R. E. Kreiger Publishing, New York, 1974.  

19. Hell R, Hillebrand H (2001) Plant concepts for mineral acquisition and 

allocation. Current Opinion in Biotechnology 12: 161–168. 

20. Jackson, M.L. (1973) Soil Chemical Analysis. Prentice Hall of India Pvt. Ltd., 

New Delhi, 498. 

21. Kapoor R, Chaudhary V, Bhatnagar AK (2007) Effects of arbuscular 

mycorrhiza and phosphorus application on artemisinin concentration in 

Artemisia annua L. Mycorrhiza 17:581–587  

22. Khankandi S. A., Zahra O. Ardebili and A. R. L. Moghadam 2013, The 

Effects of Foliar Nitrogen Fertilization and Arbuscular Mycorrhizal 

Colonization on The Growth and Physiology in Basil (Ocimum 

basilicum L.)J. Appl. Environ. Biol. Sci., 3(2)18-22, 2013 

23. Khaosaad T, Vierheilig H, Nell M, Zitterl-Eglseer K, Novak J (2006) 
Arbuscular mycorrhiza alter the concentration of essential oils in 

oregano (Origanum sp Lamiaceae). Mycorrhiza 16:443–446  

24. Kuntal Das, Raman Dang, Thippenahalli Narayanappa Shivananda, 

Nazım Sekeroglu, Influence of bio-fertilizers on the biomass yield and 

nutrient content in Stevia rebaudiana Bert. grown in Indiansubtropics. 

Journal of Medicinal Plants Research Vol. 1(1), pp. 005-008, August 

2007. 

25.  Lai and Roy, 2004, Antimicrobial and Chemopreventive Properties of 

Herbs and Spices Current Medicinal Chemistry 11(11):14 51-

60 · July 2004 . 

26. Lain, S., Wang, C. H. and Lee, Y. C. (1996). Analysis of fertilizer responses 

and efficiencies of fertilizers applied to vegetables in Hsilo Area of 

Taiwan. pp. 172-189. In: R. A. Morris (ed.) Managing soil fertility for 

intensive vegetable production systems in Asia. Food and fertilizer 

technology centre for the Asia and Pacific Region, Taipei, 

Taiwan.,Leun 

27. Liber Z., Carović-Stanko K., Politeo O., et al. Chemical characterization and 

genetic relationships among Ocimum basilicum L. cultivars. Chemistry 

and Biodiversity. 2011;8(11):1978–1989.  

https://www.researchgate.net/publication/247627102_Gerdemann_JWand_Nicolson_TH_Spores_of_mycorrhizal_Endogone_extracted_from_soil_by_wet_sieving_and_decanting_Trans_Brit_Mycol_Soc_46_235-244
https://www.researchgate.net/publication/247627102_Gerdemann_JWand_Nicolson_TH_Spores_of_mycorrhizal_Endogone_extracted_from_soil_by_wet_sieving_and_decanting_Trans_Brit_Mycol_Soc_46_235-244
https://www.researchgate.net/publication/247627102_Gerdemann_JWand_Nicolson_TH_Spores_of_mycorrhizal_Endogone_extracted_from_soil_by_wet_sieving_and_decanting_Trans_Brit_Mycol_Soc_46_235-244
https://www.researchgate.net/journal/0929-8673_Current_Medicinal_Chemistry


PHYSIOLOGICAL EFFECTS OF MYCORRHIZAE ON……………….. 33 

Fayoum J. Agric. Res. & Dev., Vol. 31, No.2, July, 2017 
 

28. Lichtenthaler, H.K., Wellburn, A.R., 1983. Determinations of total 

carotenoids and chlorophylls a and b of leaf extracts in different 

solvents. Biochem. Soc. Trans. 11, 591–592. 

29. Lorenzi H., Matos F. J. A. Plantasmedicinais no Brasil: nativas e 

exóticas. Nova Odessa, Brazil: InstitutoPlantarum; 2008. 

30. Politeo O., Jukic M., Milos M. Chemical composition and antioxidant 

capacity of free volatile aglycones from basil (Ocimum basilicum L.) 

compared with its essential oil. Food Chemistry. 2006;101(1):379–

385.  

31. Pozo MJ, Cordier C, Dumas-Gaudot E (2002). Lozalized versus systemic 

effect of arbuscularmycorrhiszal fungi on defence responses to 

Phytophthora infection in tomato plants. J. Exp. Bot. 53(368):525-534. 

32. Prabu, T.; Narwadkar, P.R.; Sanindranath, A.K. & Rafi, M. (2003). Effect 

of integrated nutrientmanagement on growth and yield of okra cv. 

ParbhaniKranti. Orissa J. Hort., 31 (1): 17-21 

33. Putievsky E, Galambosi B (1999). Basil (The Genus Ocimum). Medicinal and 

Aromatic plants- Industrial Profiles. Harwood Academic Publish 

pp.39-41. 

34. Sharma AK (2002). A handbook of organic farming. Agrobios 

(India)Pubilications. P. 627. 

35. Smith SE Read DJ., Mycorrhizal symbiosis, 2008 3rd ednAcademic Press. 

36. Snedecor G. A. and Cochran W. G. (1994). Statistical Method. Iowa State 

Univ. Press, Ames.  

37. Tapsell, L.C., I. Hemphill, L. Cobiac, C.S. Patch and D.R. Sullivan et al., 

2006. Health benefits of herbs and spices: The past, the present, the 

future. Med. J. Aust., 185: S4-S24. 

38. W. Weisany, Y. Raei1, S. Zehtab-Salmasi, and Y. Sohrabi 2015. Arbuscular 

mycorrhizal colonization can improve plant yield in cropping systems. 

Journal on New Biological Reports JNBR 4(2) 197 – 202 (2015). 

39. Wang, Y. P., Tan, C. C. and Huang, W. B. (1996). Effect of chemical 

fertilization on the quality of percolation water. J. Chinese Agric. 

Chem. Soc. 34: 406-416. 

40. Zolfaghari M, Nazeri V, Sefidkon F, Rejali F (2013) Effects Effect of 

arbuscular mycorrhizal fungi on plant growth and essential oil contents 

and composition of Ocimum basilicum L. Iran J Plant Physiol 

3(2):643–650. 

 

 

 

 

 

 

 

 



Eglal. M. Z. Harb
*
, et al.,                                                                                34 

Fayoum J. Agric. Res. & Dev., Vol. 31, No.2, July, 2017 
 

 

الحأثيرات الفسيىلىحية للميكىرهيسا علً الىمى والحركية الكيماوي ومحصىل السيث ومكىواجه فً وثات 

 الريحان الىامية جحث مسحىيات مخحلفة مه الحسميذ الكيماوي

 *د. هىاء فحىح يىسف محمذ الأطرش - *حرب محمذ زكً إجلال د.أ

 **شيماء احمذ عثذ الفحاح تذر -**د/ عماد عثذ العسيس سالم -**د/ محمذ علً فهيم

 انقاهشة صايؼت ، انضساػت ،كهُت انضساػً انُباث ،قسى انُباث فسُىنىصً * فشع
 يشكض انبغىد انضساػُت بانضُضة -انًؼًم انًشكضي نهًُاػ انضساػً** 

 

 -يشكض انبغىد انضساػُت بانذقً -حضشبخٍ اصص فً انًؼًم انًشكضي نهًُاػ انضساػً اصشَج 

. وكاٌ انهذف يٍ انبغذ هى دساست حارُش انًُكىسهُضا ػهً 2102، 2102ضة خلال يىسًٍ يغافظت انضُ

حى حىصَغ انًؼايلاث فً قطاػاث  .نُباحاث انشَغاٌ انًُى انخضشي واَخاط انضَج انؼطشي وانخشكُب انكًُاوي

 اث انشَغاٌ هٍوكاَج انًؼايلاث انسًادَه انخٍ ػىيم بها َبحايت انؼشىائُت بزلاد يكشساث فً انًىسًٍُ. 

انخهقُظ  ،)انكىَخشول( إضافت صشػه كايهت يٍ انسًاد انكًُاوٌ ،إضافت َصف انضشػه يٍ انسًاد انكًُاوٌ:

صشػه كايهت يٍ ، يغ انخهقُظ بانًُكىسهُضا  NPK ، َصف انضشػه يٍ انسًاد انكًُاوٌبانًُكىسهُضا فقط

ئش انً اَه بضَادة يسخىي انخسًُذ انكًُاوي ادي يغ انخهقُظ بانًُكىسهُضا، حشُش انُخا NPK انسًاد انكًُاوٌ

، يساعت سطظ انىسقت، وػذد شَت )اسحفاع انُباث، ػذد الافشعانً صَادة يؼُىَت فً كلا يٍ انصفاث انخض

ورنك خلال انًىسًٍُ. كاٌ حارُش انًُكىسهُضا ػهً كم انصفاث انًزكىسة حارُش اَضابً الاوساق نهُباث( 

هقغت بانًُكىسهُضا. سضهج انُباحاث انًهقغت بانًُكىسهُضا وانًسًذة حسًُذ كايم يٍ يقاسَت بانُباحاث انغُش ي

: ادي انشَغاٌ سىاء فً انؼشب او انضزس انخسًُذ انكًُاوي أػهً انقُى. وبانُسبت نهخشكُب انكًُاوي نُباث

كُض انؼُاصش صَادة حش انخسًُذ بانضشػت انًىصً بها يٍ انسًاد انكًُاوي يغ انخهقُظ بانًُكىسهُضا انً

َُخشوصٍُ، فسفىس، بىحاسُىو، كانسُىو، عذَذ، صَك، يُضُُض( فً انؼشب وانضزس وكزنك انًؼذَُت )

، صاد ث الاساسُت نهضَج انؼطشي. وػًىياانكشبىهُذساث انكهُت وانبشوحٍُ وَسبت انضَج انؼطشي وانًكىَا

نخسًُذ انكًُاوي انًىصً به. يغ ايغصىل انؼشب انطاصس وانضاف وعصىل انضَج باسخخذاو انًُكىسهُضا 

وكزنك أظهشث انُخائش حفىق انُباحاث انًهقغت بانًُكىسهُضا يغ َصف صشػت انخسًُذ انكًُاوي انًىصً به 

ػٍ انُباحاث انًسًذة بانضشػت انكايهت يٍ انخسًُذ انكًُاوي فقط. ويٍ رى فاَه ًَكٍ اسخُخاس اٌ اسخخذاو 

ت انغزائُت نُباث انشَغاٌ وانخً حؤدي انً صَادة اَخاصُت انُباث)كًا انًُكىسهُضا  سبًا َؤدي انً حغسٍُ انغان

  وصىدة(.    

 


