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The effect of arbuscular mycorrhizal (AM) fungi on root colonization, growth, essential oil content and 
composition and nutrient acquisition of basil (Ocimum basilicum) was investigated as complete 
randomized design with 4 treatments and 4 replications. Fungi inoculation treatments consisted: Gf 
(Glomus fasciculatum), Ge (Glomus etuonicatum), Gi (Glomus intraradices), and NM (non-mycorrhizal). 
The results showed mycorrhizal plants significantly had higher shoot and root dry weight, leaf area, plant 
height, numbers of lateral branches, as well as N, P, K, Ca, Fe, Cu and Mn concentration compared to 
non-inoculated plants. The effect of AM fungi inoculation on the root colonization, growth parameters and 
yield of basil are more pronounced with G. fasciculatum than other AM fungi. The G. fasciculatum 
inoculation significantly increased essential oil content and yield. Analysis of essential oil by GC and 
GC/MS showed that linalool formed the highest relative abundance of the main compounds in leaf 
essential oils of basil and methyl chavicol profile was considerably increased with AM fungi inoculation. 
Increased essential oil percent of AM fungi plants was correlated with root fungal colonization (r = 0.997**) 
and leaf P content (r = 0.994**). It is concluded that G. fasciculatum was more effective than other species, 
which may indicate effective symbiotic potential of this strain with basil roots. 
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INTRODUCTION 
 
Medicinal herbs are known as sources of phytochemicals, 
or active compounds that are widely sought after worldwide 
for their natural properties. Basil (Ocimum basilicum) 
known also as sweet basil, is an annual spicy herb of the 
lamiaceae family (Prakash, 1990). Basil is a useful source 
of essential oil and has been used for a long time in the 
perfumery, cosmetic, food and pharmaceutical industry 
(Javanmardi et al., 2003; Mahmoud,  1996).  Essential  oils  
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(EO) are volatile, lipophilic mixtures of secondary plant 
compounds, mostly consisting of monoterpenes, 
sesquiterpenes and phenylproponoids. The qualitative and 
quantitative improvement of essential oil production 
presents an area of high commercial interest (Copetta et 
al., 2006; Khaosaad et al., 2006). In the past few decades, 
Arbuscular mycorrhizal (AM) fungi have emerged as 
potential biofertilisers, a cheap, environmentally friendly 
alternative to expensive chemical fertilizers (Srivastava et 
al., 1996).  

The production of many agricultural and horticultural 
crops in soil is dependent on the formation AM, making this 
 



 

 
 
 
symbiosis an essential factor in low-input sustainable 
agriculture (Bethlenfalvay and Linderman, 1992). Many 
aspects of Arbuscular mycorrizal (AM) interactions 
including growth effect, nutritional exchanges, biocontrol 
toward plant pathogens, tolerance to water stress and 
adverse environmental conditions were studied, but little is 
known about their potential effect on the quanti-tative and 
qualitative profile of the secondary metabolites (e.g., 
essential oils) in medicinal and aromatic plants (Copetta et 
al., 2006; Kapoor et al., 2002a; Morone-Fortunato and 
Avato, 2008). The objective of this paper is comparative 
analysis of the effects induced by three AM fungi Glomus 
intraradices, Glomus etunicatum and Glomus fasciculatum 
on plant growth and development, nutrient uptake and 
essential oil content and composition of sweet basil.  
 
 
MATERIALS AND METHODS 

 
Experimental design and plant culture 
 
This study was performed on a loamy sandy soil, collected from 
outside the township of Salmas (38º11'N, 44º46'E), West Azerbaijan 
province located in North-West of Iran. Any discernible root pieces 
were removed and the samples were air dried for 48 h at 25˚C, 
sieved (2 mm) and thoroughly mixed. Soil properties were: pH (1:5 
H2O) 7.2, EC 0.45 dS m-1, CaCO3 7.2%, organic matter 13 g kg-1, P 
9.65 mg kg-1, K 165 mg kg-1 and the DTPA (Diethylenetriamine 
pentaacetate)-extractable Zn, Fe, Mn and Cu were 0.80, 1.80, 2.2 
and 1.1 mg kg-1, respectively.  

An amount of 8 kg soil was placed into plastic pots (300 × 200 mm) 
of 10-L volume. Basal nutrients (in mg kg-1 of dry soil) 145 K2SO4, 
147 CaCl2.2H2O, 21 MgSO4.7H2O, 2 CuSO4.5H2O, 15 MnSO4.H2O, 
0.7 H3BO3, 0.2 Na2MoO4.2H2O, and 93 NH4NO3 were applied to soil 
surface as solution and allowed to dry. The nutrients were thoroughly 
mixed with soil, and the soil mixture was packed into the pots for 
planting. 

Sweet basil (O. basilicum L.) seeds were surface sterilized by 
gently shaking in 1% NaClO solution for 3 min and rinsed six time for 
5 min and four time for 20 min in sterile deionized water (Gamalero et 
al., 2004). Culture substrate loamy sand soil was sterilized at 180˚C 
for 2 h (Copetta et al., 2006). The pot experiment was carried out in a 
complete randomized design with 4 replicates. Four treatments were 
considered: Control plants or non-mycorrhizal (NM), plants inoculated 
with G. intraradices (Gi), G. etunicatum (Ge) and G. fasciculatum (Gf). 
Seeds were planted into a hole in substrate where the inoculum (5 g 
per seed) had been previously added (Khaosaad et al., 2006). 

Plants were kept in a glasshouse with a 16/18 h light/dark photo-
period, 26/22˚C light/dark thermoperiod. After 84 days growth, the 
plants were harvested and the following parameters including shoot 
dry weight (SDW) and root dry weight (RDW), number of leaves, plant 
height, and stems diameter were measured by standard methods. 
Furthermore, chlorophyll index (by Minolta-502), leaf area (Leaf area-
meter) and macro and microelement content in shoot dry matter were 
determined at the end of experiment. 

 
 
Mycorrhizal colonization 

 
Twelve weeks after inoculation, plant roots stained for observation of 
fungal structures and mycorrhizal colonization (Phillips and Hayman, 
1970). Mycorrhizal fungi colonization was also measured by cutting 
root samples into 1 cm segments, put them in 10% KOH for 2 days at 
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room temperatures followed by rinsing them several times with tap 
water and staining with ink (black ink, Schaeffer) as well as 
household vinegar (equal to 5% acetic acid) solution 4 min. Then, 
colonization percent determined using modified intersection method 
proposed by McGonigle et al. (1990). 
 
 
Isolation and analysis of the essential oils 

 
After 84 days of growth (at full flowering stage), essential oil content 
was evaluated in aerial parts of host plants. For this purpose, 50 g of 
each treatment dry matter were hydro-distilled in a Clevenger-type 
apparatus for 2 h and then percentage and yield of essential oils were 
calculated. The essential oils were dried over anhydrous sodium 
sulfate, stored in a dark glass vials and kept at 4˚C (Omidbaigi et al., 
2003).  

GC analysis was performed using an Ultra Fast Chromatograph 
(Thermo-UFM) equipped with a Ph-5 column (10 m × 0.1 mm, film 
thickness 0.4 µm). Oven temperature was kept at 60˚C for 3 min and 
then programmed to 285˚C at rate of 80˚C/ min. Injector and detector 
(Fid) temperature were 280˚C and Helium (with 99.999% purity) was 
used as carrier gas with a linear velocity of 32 cm/s. Data were 
calculated by electronic integration of FID peak area without using of 
response correction factor. GC/MS analysis was also carried out on a 
Varian 3400GC/MS system equipped with a DB-1 fused silica column 
(60 × 0.25 mm, film thickness 0.25 µm). Oven temperature program 
was 50 - 280˚C at a rate of 4˚C/ min, transfer line temperature 290˚C, 
carrier gas was Helium (with 99.999% purity) with a linear velocity of 
31.5  cm/s, split ratio 1/60, Ionization energy 70 eV. The components 
of the oil were identified by comparison of their mass spectra with 
those of a computer library or with authentic compounds and 
confirmed by comparison of their retention indices either with those of 
authentic compounds or with data published in the literatures (Davies, 
1990; Shibamoto, 1987). 

 
 
Statistical analysis 

 
Treatment effects were determined by one-way analysis of variance 
(ANOVA) and differences between treatments were determined using 
Duncan multiple range test (p < 0.05) using MSTAT software. 

 
 
RESULTS AND DISCUSSION 
 
Results showed that mycorrhizal plants had significantly 
higher shoot and root dry weight, plant height and 
chlorophyll index (Table 1). Moreover, all mycorrhizal 
plants showed a higher degree of shoot branching, while 
root and shoot weight was lower in control plants (Table 1).  

Increased growth and development in AM plants, 
compared to non-mycorrhizal ones, was reported for many 
different species (Gupta and Janardhanan, 1991; Smith 
and Read, 1997). Among mycorrhizal fungal species, 
inoculation with Gf (G. fasciculatum) resulted in significant 
differences in growth parameter (Table 1)  

For instance, shoot dry weight in plants inoculated with 
Gf was increased 1.2, 1.8 and 4.2 times more than Ge, Gi 
and non-mycorrhizal treatments, respectively. The similar 
results were observed in other growth indices when 
inoculated with G. fasciculatum (Table 1). Plants inoculated 
with  different  mycorrhizal  fungal  species  showed  higher 
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Table 1. Effect of mycorrhizal fungi on growth parameters of basil. 
 

Treatments Stem diameter No. of leaves leaf area index Plant height Chlorophyll index SDW RDW 

 (Cm)  (Cm
2
) (Cm) (spad) (g/pot) (g/pot) 

Glomus fasciculatum 4.14a* 71.75a 359.24a 52.25a 38.4a 3.9a 14.05a 

Glomus etunicatum 3.59 ab 54.75ab 248.67b 45.27b 38.9a 3.35a 11.49a 

Glomus intraradices 3.18b 52ab 195.48b 41b 37.9a 2.41b 7.82b 

Control 3.14b 42.25b 176.5b 33.05c 34.3b 0.95c 3.34c 
 

*means in each column followed by the same letter are not significantly different at p < 0.05 according to Duncan’s multiple range tests. 

 
 
 

Table 2. Effect of mycorrhizal fungi on total macro and micronutrient content in basil shoot. 
 

Treatments N P K Ca Mg Cu Mn Fe 

 (mg/pot) (µg/pot) 

Glomus fasciculatum 39.8a* 2.8a 53.7a 50.4a 20.1a 340.7a 3032.3a 1705.1a 

Glomus etunicatum 28.8b 1.9b 35.3b 42.7a 8.1b 227.9b 1677.4b 1356.7b 

Glomus intraradices 20.5c 1.1bc 26.9bc 28.5b 7.5b 160.8b 1300.2b 907.1bc 

Control 9.4d 0.5c 14.7c 10.5c 3.5b 67.5c 304.9c 640.1c 
 

*means in each column followed by the same letter are not significantly different at p < 0.05 according to Duncan’s multiple range tests. 

 
 
 
nutrient acquisition. The contents of N, P, K, Ca, Mg, Fe, 
Cu and Mn in shoots of host plant were higher in 
mycorrhizal treatments compared to control ones (Table 2). 
The mycorrhiza G. fasciculatum induced significant 
increase in shoot nutrient contents rather than other fungal 
species. Phosphorus content in non-mycorrhizal, Gi and 
Ge treatments was 82.3, 61.1 and 32.5%, respectively, 
lower than that of Gf inoculated plants (Table 2). A similar 
finding was reported for white ash and black walnut plants 
inoculated with G. fasciculatum (Ponder, 1984). This higher 
nutrient uptake in mycorrhizal plants might be attributed to 
the contribution of fungal external mycelia which explore a 
large volume of soil and thus absorb more nutrients (Gupta 
and Janardhanan, 1991). Previous works have shown that 
arbuscular mycorrhizal fungi increase plant uptake of 
phosphate (Bolan, 1991), micronutrients (Burkert and 
Robson, 1994), nitrogen (Barea et al., 1991) and act as 
antagonists against some plant pathogens (Duponnois et 
al., 2005). Moreover, it has been demonstrated that plants 
inoculated with Arbuscular mycorrhizal fungi utilize more 
soluble phosphate from rock phosphate than non-
inoculated plants (Antunes and Cardoso, 1991). The main 
explanation is that mycorrhizas developed an extramatrical 
mycelium, which increased the root phosphate absorbing 
sites (Bolan, 1991). 

Furthermore, the mycorrhizal responses relative to 
nutrient uptake and plant growth is related to the size of 
macro and micronutrients depletion zone that develops 
around a root. Under nutrient-deficient conditions the extra-
matrical hyphae of mycorrhizal fungi bridge the nutrient 
depletion   zone   and  increase   nutrient   uptake  with  the 

addition of soil nutrients. Gupta et al. (2002) found that G. 
fasciculatum inoculated mint plants depleted the available 
N, P and K in the rhizosphere soil as compared to non-
inoculated control plants, however the extent of nutrient 
depletion was greater for P than N and K. Moreover, G. 
fasciculatum inoculation significantly increased the root 
colonization, growth, essential oil yield and nutrient 
acquisition of mint. Therefore, in present study Gf treatment 
plants extensively reduced depletion zone extent and 
consequently basil roots absorbed higher amount of 
nutrients compared to other treatments. This might be 
attributed to the higher root colonization of G. fasciculatum 
rather than other fungal species. 

After root staining, different fungal structures could be 
observed in host plant roots including extraradical hyphae, 
vesicles as well as Arbuscules (Figure 1). The most 
abundant structures were fungal mycelia and vesicles. 
Root colonization percent was significantly different bet-
ween mycorrhizal plants and non-inoculated ones as well 
as among different fungal species (Table 3). The highest 
colonization rate (85%) as well as abundant rate of 
Arbuscules was observed in roots inoculated with G. 
fasciculatum. In other hand, the least rate of colonization 
(32%) recorded in plants inoculated with G. intraradices 
(Table 3).  

Differences in colonization of O. basilicum by Glomus 
mosseae, Gigaspora margarita and Gigaspora rosea were 
reported by Dickson (2004). There are significant 
differences in essential oil percent as well as essential oil 
yield between inoculated and non-inoculated plants and 
among different fungal species (Table 3). Plants inoculated  
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Figure 1. Arbuscular mycorrhizal fungal structures in plant roots. A. arbuscules (a) and fungal hyphae (h) in root 
cortex region of O. basilicum (100 ×). B. vesicles (v) and fungal hyphae in root cortex region of O. basilicum (40 ×). 

 
 
 

Table 3. Effect of mycorrhizal fungi on root colonization, essential oil percent and yield of basil. 
 

Treatments Root colonization Essential oils (EO) Essential oils yield 

 (%) (%) (ml pot
-1

) 

Glomus fasciculatum 85a* 1.23a 0.172a 

Glomus etunicatum 50b 1.04b 0.12b 

Glomus intraradices 27.5c 1b 0.077c 

Control 0d 0.75c 0.023d 
 

*means in each column followed by the same letter are not significantly different at P<0.05 according to Duncan’s 
multiple range tests. 

 
 
 

with Gf showed significant increase in essential oil percen 
and yield in comparison with other treatments. 

There was relatively difference in the composition of 
essential oils in leaves among treatments (Table 4). 
Linalool was the most abundant component of the 
essential oils, followed by Eugenol, Ocimene, Methyl 
Chavicol, Farnesol, Humulene and other compounds 
(Table 4). Linalool profiles were 66.30, 65.26, 66.74 and 
63.85% in NM, Gi, Ge and Gf treatments, respectively. The 
greatest difference in essential oil compounds was seen in 
Methyl Chavicol which in inoculated plants was increased 
significantly compared to non-inoculated plants (3.32, 8.08, 
6.83 and 7.82% in NM, Gi, Ge and Gf, respectively). It was 
shown that the contents of Eugenol were high in all the 
treatments rather than other essential oil components 
(Table 4). Results of correlation coefficient revealed that 
shoot dry weight had a significant positive correlation with 
essential oil yield (r = 0.994**) and leaf area index (r = 
0.996**) in inoculated plants but had no correlation with 
other parameters (Table 5). 

Correlation coefficient between essential oil percent and 
selected parameters was indicated in Table 6. Positive 
significant relationships were observed in inoculated plants 
between EO percent and colonization rate (r = 0.997**) as 
well as leaf P content (r = 0.994**). However, these 
relationships were not significant in non-mycorrhizal plants. 
Correlation coefficient between absorbed P and selected 
parameters (data not shown) showed that leaf P content of 
inoculated plants had significant relationships with 
colonization rate (r = 0.946**), essential oil percent (r = 
0.992**) and essential oil yield (r = 0.995*). In non-
mycorrhizal plants, significant positive relationship was 
observed only between leaf P content and essential oil 
yield (r = 0.999***). 

Information about the effects of AM fungi on the 
production of essential oils is scarce and only a few papers 
concerning a limited choice of species have been 
published up to now. Copetta et al. (2006) compared 
different AM fungi inoculation on basil and found that AM 
fungi induced various modifications in the considered  
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Table 4. Relative abundance of the main compounds in leaf essential oils of Ocimum basilicum L. 
inoculated with different AM fungi. 
 

Compounds  
Treatments* 

RI NM Gi Ge Gf 

β-pinene 979 0.93 0.64 0.90 0.98 

Myrcene 990 - 0.19 - 0.28 

1,8-Cineole 1035 1.92 1.66 1.91 1.68 

(E)- β-Ocimene 1050 4.33 4.17 4.17 4.95 

Linalool 1101 66.30 65.26 66.74 63.85 

Camphor 1142 0.09 0.08 0.13 0.16 

Terpinen-4-OL 1177 0.71 0.73 0.65 0.72 

α-Terpineol 1192 0.13 0.10 0.06 0.13 

λ-Terpineol 1199 0.31 0.34 0.19 0.27 

Methyl Chavicol 1200 3.32 8.08 6.83 7.82 

Geraniol 1253 1.13 0.99 0.30 0.33 

Bornyl Acetate 1292 0.42 0.39 0.36 0.48 

Eugenol 1362 8.73 6.16 7.95 6.61 

Methyl  Eugenol 1408 0.40 0.23 0.08 0.19 

E-caryophyllene 1420 0.14 0.12 0.12 0.13 

Trans-α-Bergamotene 1432 1.44 1.40 1.47 1.60 

α-Humulene 1458 2.78 2.13 1.85 2.38 

Germacrene  D 1485 0.60 0.61 0.66 0.70 

Bicyclogermacrene 1500 0.08 0.10 - 0.12 

α-Bisabolene 1510 0.27 0.26 0.20 0.30 

Germacrene A 1513 0.19 0.18 0.06 0.19 

Cadinene 1517 0.10 0.06 - 0.10 

Trans-Calamenene 1531 0.41 0.47 0.42 0.51 

Spathulenol 1576 1.03 1.02 0.91 1.05 

α-Cadinol 1654 0.15 0.23 - 0.27 

(Z,E)-Farnesol 1701 2.49 2.77 2.78 2.70 
 

NM, Gi, Ge and Gf: non-mycorrhizal, G. intraradices, G. etunicatum and G. fasciculatum-inoculated plants, 
respectively. RI: Retention. 

 
 
 

parameters, but among different AM fungi, only Gigaspora 
rosea significantly affected all of parameters in comparison 
to other fungal treatments. It significantly increased 
biomass, root branching, root length and total amounts of 
essential oil. Increased oil yield was associated with a 
significantly large number of peltate glandular trichomes 
(main sites of essential oil synthesis) in the basal and 
central leaf zones. Their results showed that different fungi 
can induce different effects in the same plant and that the 
essential oil yield can be modulated according to the 
colonizing AM fungus.  

Nemec and Lund (1990) also reported that G. 
intraradices induces significant variations in the proportion 
and composition of leaf volatiles in Citrus Jambhiri. Studies 
on Mentha arvensis have shown a relation between 
presence of AM fungi, increased growth and essential oils 
accumulation as well as improved mineral uptake (Freitas 
et al., 2004; Khaliq and Janardhanan, 2002). Similar 
results    were    published    about   Corianderum   sativum 

(Kapoor et al., 2002b). Kapoor et al. (2002a; 2004) 
conducted experiment on three different plant species 
(Anethum graveolens. L., Trachy spermum ammi L. and 
Foeniculum vulgare Mill.), and two fungal species (Glomus 
macrocarpum and G. fasciculatum) and showed that both 
fungi increased plant growth, phosphate content and 
concentration of essential oils in the fruits (Gang et al., 
2001). 
 
 
Conclusion 
 
Nutrients uptake were high in mycorrhizal plants 
particularly in G. fasciculatum treatments. Among studied 
fungus species, inoculation of basil with Gf resulted in 
significant increase in growth indices and essential oil 
production in comparison with other AM fungal species. 
Colonization rate of roots with G. fasciculatum was higher 
than other species, which may  indicate  efficient  symbiotic  
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Table 5. Correlation coefficient between SDW and selected growth parameters. 
 

Treatment Leaf area EO yield Chlorophyll Leaf P content Colonization % 

Non-mycorrhizal 0.358 0.896 -0.902 0.896 0 

mycorrhizal 0.996** 0.994** -0.661 0.918 0.842 
 

*, **: Significant at p ≤ 0.05 and p ≤ 0.01, respectively. 

 
 

Table 6. Correlation coefficient between EO % and selected growth parameter. 
 

Treatment Colonization % Leaf P content Chlorophyll Leaf area Shoot dry weight 

Non-mycorrhizal 0 -0.497 0.964* -0.284 -0.829 

mycorrhizal 0.977** 0.994** -0.240 0.903 0.887 
 

*, **: Significant at p ≤ 0.05 and p ≤ 0.01, respectively. 
 
 
 

potential of this species with basil roots. It is concluded that 
G. fasciculatum extensively colonized O. basilicum roots 
and considerably improved growth parameters as well as 
nutrient uptake. 
 
 

ACKNOWLEDGMENTS 
 
The authors wish to thank S. Baghban, G. Ebrahimzadeh, 
Z. Azad-Kanaani and R. Mehdizadeh for their help in 
carrying out this research. Financial support of Department 
of Medicinal and Industrial Plants Biotechnology, Institute 
of Biotechnology of Urmia University is also acknowledged. 
 
 
REFERENCES 
 
Antunes V, Cardoso EJ (1991). Growth and nutrient status of citrus plants 

as influenced by mycorrhiza and phosphorus application. Plant Soil, 
131: 11–19. 

Barea JM, El-Atrach F, Azcon, R (1991). The role of VA mycorrhizas in 
improving plant N acquisition from soil as assessed with 

15
N. The use of 

stable isotopes in plant nutrition, In: Fitton C, (ed.) Soil Fertility and 
Environmental Studies, Joint AIEA, FAO, Division, Vienna, pp. 677–808. 

Bethlenfalvay GJ, Linderman RG (1992). Mycorrhizae in sustainable 
agriculture. USA: ASA Special Publication 54. ISBN 0-89118-112-1. 

Bolan NS (1991). A critical review on the role of mycorrhizal fungi in the 
uptake of phosphorus by plant. Plant Soil, 134: 189–207. 

Burkert B, Robson A, (1994). Zn uptake in subterranean clover (Trifolium 
subterraneum) by three vesicular-arbuscular mycorrhizal fungi in a root 
free sandy soil. Soil Biol. Biochem., 26: 1117–1124. 

Copetta A, Lingua G, Berta G (2006). Effects of three AM fungi on growth, 
distribution of glandular hairs, and essential oil production in Ocimum 
basilicum L. var. Genovese. Mycorrhiza, 16: 485–494. 

Davies NW (1990). Gas Chromatographic retention indices of 
monoterpenes and sesquiterpenes on methyl silicon and Carbowax 
20M phases. J. Chromatog., 503: 1-24. 

Dickson S (2004). The Arum–Paris continuum of mycorrhizal symbiosis. 
New Phytol., 163: 187–200. 

Duponnois R, Colombet A, Hien V, Thioulouse J (2005). The mycorrhizal 
fungus Glomus intraradices and rock phosphate amendment influence 
plant growth and microbial activity in the rhizosphere of Acacia 
holosericea. Soil Biol. Biochem., 37: 1460–1468.  

Freitas MS, Martins MA, Curcino I, Vieira IJ (2004) Yield and quality of 
essential oils of Mentha arvensis in response to inoculation with 
arbuscular mycorrhizal fungi. Pesqui Agropecu Bras, 39: 887–894. 

Gamalero E, Trotta A, Massa N, Copetta A, Martinotti MG, Berta G (2004). 
Impact of two fluorescent pseudomonads and an arbuscular 
mycorrhizal fungus on tomato plant growth, root architecture and P 
acquisition. Mycorrhiza, 14: 185–192. 

Gang DR, Wang J, Dudareva N, Hee Nam K, Simon JE, Lewinsohn E, 
Pichersky E (2001). An investigation of the storage and biosynthesis of 
phenylpropenes in sweet basil. Plant Physiol., 125: 539–555. 

Gupta ML, Janardhanan KK (1991). Mycorrhizal association of Glomus 
aggregatum with palmarosa enhances growth and biomass. Plant Soil, 
131: 261-263. 

Gupta ML, Prasad A, Ram M, Kumar S (2002). Effects of the vesicular-
arbuscular mycorrhizal (VAM) fungus Glomus fasciculatum on the 
essential oil yield related cultivars of menthol mint (Mentha arvensis) 
under field conditions. Bioresource Technol., 81: 77-79  

Javanmardi J, Stushnoff C, Locke E, Vivanco JM (2003). Antioxidant 
activity and total phenolic content of Iranian Ocimum accessions. Food 
Chem., 83: 547-550. 

Kapoor R, Giri B, Mukerji KG (2002a). Glomus macrocarpum, a potential 
bioinoculant to improve essential oil quality and concentration in dill 
(Anethum graveolens L.) and carum (Trachyspermum ammi L. 
Sprague). World J. Microbiol. Biotechnol. ,18: 459–463. 

Kapoor R, Giri B, Mukerji KG (2002b). Mycorrhization of coriander 
(Coriandrum sativum L.) to enhance the concentration and quality of 
essential oil. J. Sci. Food Agric., 88: 1–4. 

Kapoor R, Giri B, Mukerji KG (2004). Improved growth and essential oil 
yield and quality in Foeniculum vulgare Mill on mycorrhizal inoculation 
supplemented with P-fertilizer. Bioresource Technol., 93: 307–311. 

Khaliq A, Janardhanan KK (1997). Influence of vesicular arbuscular 
mycorrhizal fungi on the productivity of cultivated mints. J. Med. Arom. 
Plant Sci., 19: 7–10. 

Khaosaad T, Vierheilig H, Zitterl-Eglseer K, Novak J (2006). Arbuscular 
mycorrhiza alters the concentration of essential oils in oregano 
(Origanum sp., Lamiaceae). Mycorrhiza, 16: 443–446.  

Mahmoud SDM (1996). Response of growth and essential oil content of 
sweet basil (Ocimum basilicum L.) to some natural hormones. Acta 
Hortic., 426: 629-634.  

McGonigle TP, Miller MH, Evans DG, Fairchild GL, Swan JA (1990). A 
new method which gives an objective measure of colonization of roots 
by vesicular-arbuscular mycorrhizal fungi. New Phytol. 115: 495–501. 

Morone-Fortunato I, Avato P (2008). Plant development and synthesis of 
essential oils in micropropagated and mycorrhiza inoculated plants of 
Origanum vulgare L. ssp. Hirtum (Link) Ietswaart. Plant Cell Tiss. 
Organ Cult., 93: 139-149. 

Nemec S, Lund E (1990). Leaf volatiles of mycorrhizal and non-
mycorrhizal Citrus Jambhiri Lush. J. Essent. Oil Res., 2: 287–297. 

Omidbaigi R, Hassani A, Sefidkon F (2003). Essential oil content and 
composition of sweet basil (Ocimum basilicum) at different irrigation 
regimes. J. Essent. Oil Bearing Plants, 6: 104-108. 

Ponder FJ (1984). Growth and mycorrhizal development of pot- ted white 



 

2228          J. Med. Plant. Res. 
 
 
 
ash and black walnut fertilized by two methods. Can. J. Bot., 62: 509-512. 
Prakash V (1990). Leafy spices. CRC Press, London. 
Shibamoto T (1987). Retention indices in essential oil analysis. In: Sandra 

P, Bicchi C (ed) Capillary gas chromatography in essential oil. Dr Alfred 
Heuthing Verlag, New York, pp. 259-275.  

Smith SE, Read DJ (1997). Mycorrhizal symbiosis. Academic Press, 
London. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Srivastava D, Kapoor R, Srivastava AK, Mukerji KG (1996). Vesicular 

arbuscular mycorrhiza, an overview. In: Mukerji KG (ed) Concepts in 
mycorrhizal research. Kluwer, Dordrecht, pp. 1-34. 

 


