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ABSTRACT 
 

This study evaluates the efficacy of vascular arbuscular mycorrhizal (VAM) fungi (a mixture of 
Glomus intraradices and G. etunicatum) and yeast (Saccharomyces cerevisiae), separately and in 
combination against spearmint root rot and wilt diseases at Giza and Qalubiya governorates. Egypt. 
Isolation from diseased roots yielded Fusarium oxysporum, Rhizoctonia solani, Pythium ultimum and 
F. solani. Spearmint plants grown in soil infested with the tested mycorrhiza in combination with S. 
cerevisiae in presence/absence of any of the tested pathogens reduced the percentage of infection in the 
two cuts with 90 days apart and localities and increased the level of mycorrhizal root colonization, 
number of mycorrhiza spores and the population of  S. cerevisiae in the rhizosphere of spearmint plants 
relative to the control. Mycorrhiza alone or integrated with yeast showed increment in the agronomic 
characters of spearmint plants including, number of stolons/plant, stolon length/plant, stolon fresh 
weight, herb fresh weight and oil yield. Also, the Gas Liquid Chromatography (GLC) analysis showed 
increment in carvone as the main oil component in spearmint plants grown in soil infested with 
mycorrhiza + yeast + F. oxysporum in comparison to the control.  
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Introduction 
 

Biocontrol agents are usually used to manage different plant diseases as a single treatment. 
However, numerous authors recently confirmed that mixing biocontrol agents together increases their 
efficacy more than being alone (Saldajeno and Hyakumachi, 2011). Most importantly, the success of 
this mixing protocol mainly depends on the biocompatibility between these microorganisms and their 
metabolites (Mishra et al., 2013). Thus, the need to improve the efficacy of biocontrol agents is 
generating the interest of scientists in conducting studies to further understand the interactions among 
the microorganisms in the rhizosphere. Vascular arbuscular mycorrhizal fungi (VAM) form 
associations with roots of higher plants and thus improve their growth by increasing the nutrient uptake 
and producing growth promoting compounds (Hisamuddin et al., 2015). Also, VAM are reported to 
affect the progress of plant diseases caused by different soil-borne pathogens (Eke et al., 2016 and 
Nawaz-Noor and Sreeramulu, 2017). 

Saccharomyces cerevisiae is considered a promising plant growth promoting yeast for different 
crops (Shalaby and El-Nady, 2008). Yeast plays a plant stimulator role due to its high content in 
proteins, carbohydrates, lipids, vitamins and various minerals in addition to thiamine, riboflavin, 
pyridoxine, hormones and other growth regulating substances (Owaid, 2014). The potentiality of yeasts 
especially S. cerevisiae as biocontrol agent against soil-borne pathogens has been also investigated by 
Kamel et al. (2016). 

Most of the earlier studies on VAM interaction with soil microbiota in the rhizosphere dealt with 
selected rhizobacteria and soil-borne pathogens (Budi et al., 1999). But no studies were dealt with the 
interaction between VAM and S. cerevisiae for controlling plant diseases caused by soil borne fungi 
affecting the herbal medicinal plants, especially Mentha species. 

The genus Mentha belongs to family Lamiaceae and consists of more than 25 species (Lawrence 
et al., 1992). Globally, the cultivated area of peppermint is 3390 ha-1 producing 106252 tonnes 

http://www.arc.sci.eg/instslabs/Default.aspx?OrgID=120&lang=en
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(Anonymous, 2016). In Egypt, the total cultivated area with peppermint is unknown. However, 
Spearmint (Mentha spicata) and Filfili (M. piperita) are the most important in Egypt (Mohamed and 
Hilal 2008, Elansary and Ashmawy, 2013) for unique flavor among other species (Elansary and 
Ashmawy, 2013). They are commonly attack with different soil-borne pathogens such as Fusarium 
spp., Pythium spp. and Rhizoctonia solani (El-Shazly, 1996 and Mohamed and Hilal, 2008). 

The entire work evaluated  the efficacy of vascular arbuscular mycorrhiza (a mixture of Glomus 
intraradices and G. etunicatum), yeast (Saccharomyces cerevisiae) and Vitavax Thiram fungicide as a 
positive control against spearmint root rot and wilt diseases caused by Rhizoctonia solani, Fusarium 
solani and F. oxysporum and their effect on the agronomic characteristics, oil yield and its chemical 
composition.  

 
Materials and Methods 
 
Isolation and identification of the causal pathogens and the associated microorganisms 
 

Spearmint plants with typical wilt and root rot disease symptoms were collected from different 
fields located at Qalubiya governorate, Egypt. Infected stolons were washed several times under 
running tap water, cut into small pieces (0.5 cm long), surface sterilized by immersing in 2% sodium 
hypochlorite for 2 min, washed in several changes of sterile water and finally aseptically transferred 
onto potato dextrose agar medium (PDA) in Petri plates (9 cm in diam,) and incubated at 25±1ºC for 7 
days. The emerged fungi were purified, then identified at Mycology and Plant Diseases Survey Dept. 
Plant Pathology Research Institute, ARC, Giza, Egypt  
 
Source of VAM and S. cerevisiae tested 
 

Two different mycorrhizal species, i.e. Glomus intraradices and G. etunicatum were kindly 
obtained from the Mycological Research and Plant Disease Survey Department, Plant Pathology 
Research Institute, Agricultural Research Center, Giza, Egypt. They were isolated from the rhizosphere 
of various plants grown in Egypt and previously identified by VANS1/VALETC and VANS1-NS21 
primers (Sabet et al., 2013). The VAM propagules were maintained on roots of sudangrass (Sorghum 
sudanesis Pers.) and renewed every 3-4 months.  

S. cerevisiae was purified from dry beaker yeast purchased from Egyptian market as described 
by Umeh and Okafor (2016). Then, for preparation of the yeast cells, the purified S. cerevisiae was 
grown on Yeast peptone dextrose (YPD) medium and incubated in a rotary shaker at 200 rpm for 24 h 
at 30°C. The yeast cells were harvested by centrifugation at 6,000 rpm for 10 min, washed twice with 
0.05 M phosphate buffer at pH 7.0, and re-suspended in sterilized distilled water. The concentration of 
yeast cells in the suspensions was adjusted to be 3x108 cells/ml using the haemocytometer. 
 
Pathogenicity test

 
Pathogenicity tests were carried out by each of F. oxysporum, F. solani, Pythium ultimum and R. 

solani in the greenhouse of the Plant Pathology Department, Faculty of Agriculture, Cairo University. 
Giza, Egypt. Inocula of the tested fungi were allowed to grow in 500 ml milk bottles, each containing 
75 gm washed dried barley, 100 gm washed dried coarse sand and 65 ml potato decoction (Attia, 1966) 
and incubated at 25±1ºC for two weeks. Formalin-disinfested plastic pots (30-cm-diam.) filled with 
Formalin-disinfested clay and washed sand (1:1 v/v) were infested with any of the tested fungi at the 
rate of 3% (w/w), 7 days before planting. Experimental blocks design, completely randomized with 
three replicated pots was used for each isolated fungus. Four apparently healthy spearmint stolons 
obtained from the Farm of Medicinal and Aromatic Plants Research Department in El-Kanater El-
Khairia were transplanted in each pot in March 15th, 2016. All agricultural practices were carried out 
according to the recommendation of Ministry of Agric., Egypt. The percentage of the disease incidence 
was estimated 90 days after transplanting as follows: 

Disease incidence (%) = 

No. of dead plants due to wilt and/or root rot 
diseases 

X 100 
Total No. of plants 
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Interaction between VAM and S. cerevisiae in the presence/absence of the tested pathogens in 
relation to the incidence of dead plants due to wilt and/or root rot diseases 
 

The efficacy of VAM (a mixture of Glomus intraradices and G. etunicatum) and S. cerevisiae as 
well as the integration between them in comparison to the chemical fungicide Vitavax-thiram WP (2g/l) 
against F. oxysporum, F. solani and R. solani was estimated under artificial infection. The percentage 
of dead plants due to wilt and/or root rot diseases after the first cut (90 days) and the second cut (180 
days) after planting was determined. The experimental setup was divided into two main groups and four 
subgroups. The first main group was spearmint stolons grown in sterilized soil infested with any of the 
tested pathogens alone, the second main group was spearmint stolons grown in sterilized soil without 
any of the tested pathogens. The subgroups were as follows: the first subgroup was spearmint stolons 
grown in soil treated with VAM as soil mixture. The inoculum was a mixture of spores (40-70 spores), 
mycelium and colonized root fragments of Sudangrass. This mixture was added to the soil at the rate of 
30g/pot. the second subgroup was spearmint stolons grown in soil treated with suspension of S. 
cerevisiae (3 x 108 cells/ml) as soil drench at the rate of 50 ml/pot, the third subgroup was spearmint 
stolons grown in soil treated with VAM as soil mixtures (30g inoculum/pot) then drenched with 
suspension (3x108 cell/ml) of S. cerevisiae (50 ml/pot) and the fourth group was spearmint stolons 
treated with Vitavax-thiram WP fungicide (2g/l) before planting. A booster dose from each treatment 
(VAM, yeast, VAM combined with yeast) was separately added at the half rate just after the first cut. 
The experiment was conducted in a randomized complete design (RCD) with four replicates. A replicate 
was plastic pot (30-cm-diam.) planted with four apparently healthy spearmint stolons. All agricultural 
practices were carried out according to the recommendation of Ministry of Agric., Egypt. The 
percentage of the disease incidence was estimated as mentioned before. 
 
Interaction between VAM and S. cerevisiae in the presence/absence of the tested pathogens in 
relation to mycorrhizal root colonization, spore counts and yeast populations  
 

Through two pot experiments carried out at Qalubiya and Giza governorates, the interaction 
between VAM and S. cerevisiae in the presence/absence of the tested pathogens was evaluated by 
counting  the numbers of VAM spores, proportion of roots colonized with VAM and the density of S. 
cerevisiae in the rhizosphere of spearmint plants at the end of the experiment (180 days) as follows: 

 
1. Estimation of mycorrhizal root colonization 
 

To visualize the VAM colonization, the technique described by Phillips and Hayman (1970) was 
performed. Briefly, spearmint roots were cut into small pieces (0.5 cm long) and cleared by boiling in 
10% KOH solution at 90 º C. for 1 hr., then  rinsed several times with tap water until no brown colour 
appears in the rinsing water. The cleared spearmint root pieces were acidified with 10% HCl solution 
for removing both cytoplasm and most nuclei of the host cells and stained by boiling in tryptophan blue 
stain in a water-bath at 90 C º for 5 min. Stain was drained and the roots were immediately suspended 
in few drops of lactic acid on glass slides then microscopically examined and the percentage of root 
colonization was determined in 20 root pieces according to the following formula: 

Root colonization (%) = 
No. of VAM positive pieces 

X 100 
Total No. of pieces scored 

 
2. Estimation of the vascular arbuscular mycorrhizal spores enumeration 
 

 The number of VAM spores was estimated using the wet sieving technique described by 
Gerdemann and Nicolson (1963). Then, small particles of soil including the VAM spores were washed 
in a stream tap water then driven to a beaker, suspended in water and adjusted to 100 ml. One ml of the 
spore suspension was moved into Petri-dish (9 cm in diam.) containing a filter paper marked with small 
squares (1x1cm) to count the spores using dissecting binocular microscope. 
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3. Estimation of S. cerevisiae population 
 

The population of S. cerevisiae in the rhizosphere of spearmint plants was estimated by serial 
dilution plate count on yeast peptone dextrose agar (YPDA) medium (Dhingra and Sinclair, 1985). Soil 
samples were collected 180 days after spearmint planting, air portion of 10 g soil was suspended in 90 
ml sterile distilled water and serial dilutions were prepared. One ml aliquots from the proper dilutions 
were inoculated into plates containing YPDA medium. Plates were incubated at 30±1℃ for 24 hr. and 
countable cell form unit (CFU) was recorded. 
 
Interaction between VAM and S. cerevisiae in the presence/ absence of the tested pathogens in 
relation to the agronomic characteristics of spearmint 
 
1. Stolons characteristics 
 

At the end of the experiment, 180 days post planting, vegetative growth characteristics were 
estimated in each treatment by random sampling of 4 plants in terms of number of stolons/plant, stolons 
length (cm) and stolons fresh weight (g).  
 
2. Essential oil content 
 

A known weight of the fresh herb (g) was prepared, the volatile oil was extracted from the sample 
by hydrodistillation for 6 hr in a Clevenger type apparatus. The oil was dried over anhydrous sodium 
sulfate (Anonymous, 1984) and then kept in a freezer for further analysis. 
 
3.Essential oil fractionation 
 

This experiment was conducted to study the effect of VAM alone or integrated with  S. cerevisiae 
on the constituent of spearmint oil extracted from plants grown in soil infested with F. oxysporum as 
the most virulent pathogen. The volatile oil was fractioned using Gas Liquid Chromatography (GLC) 
in Medicinal and Aromatic plant Dept., Horticulture Research Institute, ARC, Giza, Egypt following 
the method described by Hoftman (1967). 
 
Statistical analysis 
 

The obtained data were subjected to statistical analysis using MSTAT-C program version 2.10 
(Anonymous, 1991). Experimental statistical analyses were arranged as split-split design for the 
treatments, the main factor was the tested pathogens, while the sub-plots were the treatments. The data 
recorded on the incidence of dead plants and the agronomic characteristics were recorded and analyzed 
as described by Steel and Torrie (1980). Treatment means were compared by the least significant 
difference test "L.S.D" at the 5% level of probability as mentioned by Fisher (1948). 
 
Results  
 
Isolation and identification the associated microorganisms 
 

Isolation trials from spearmint plants showing typical symptoms of root rot and wilt diseases 
yielded four fungal isolates. The isolated fungi were purified and identified as: Fusarium oxysporum 
Schlecht, Rhizoctonia solani Kuhn, Fusarium solani (Mart.) Appel & Wollenw and Pythium ultimum 
Trow.  
 
Pathogenicity test 
 

Pathogenic capabilities of the isolated fungi were carried out in plastic pots (30 cm-diameter). 
Data illustrated in Fig. (1) indicate that all the tested fungi were able to infect spearmint plants. The 
highest percentages of dead plants were recorded from infection by Fusarium oxysporum and 
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Rhizoctonia solani being, 100 and 75%, respectively. On the other hand, infection by Fusarium solani 
and Pythium ultimum recorded 62.50 and 50.0% dead plant, respectively. 

 
Fig. 1. Pathogenicity of the isolated fungi on spearmint plants. 
  
Interaction between VAM and S. cerevisiae in the presence/absence of the tested pathogens in 
relation to the incidence of dead plants due to wilt and/or root rot diseases 
 

In this study, two pot experiments were conducted at Giza and Qalubiya governorates, Egypt to 
study the efficacy of VAM, S. cerevisiae, VAM integrated with S. cerevisiae, and Vitavax-Thiram 
fungicide as a positive control against spearmint root rot caused by F. solani and R. solani as well as 
wilt caused by F. oxysporum. They were estimated by counting the percentage of dead plants just before 
each of the first and the second cut. Data presented in Table (1) show that the treatments significantly 
reduced the percentages of dead plant in both cuts and localities. Vitavax-Thiram fungicide and the 
integration between VAM and S. cerevisiae were in most cases, the most effective treatments gave the 
lowest infection percentages in comparison with the infected control. Meanwhile, S. cerevisiae was the 
lowest effective one where it gave the highest dead plant percentage.  
 
Table 1: Effect of VAM and S. cerevisiae each alone or in combination against the incidence of dead 

plants caused by the three tested fungi at Qalubiya and Giza governorates 

The tested fungus Treatments 
Incidence of dead plants (%)* 

Qalubiya Giza 
1st cut 2nd cut 1st cut 2nd cut 

F. oxysporum 

Control** 75.00a 81.25ab 68.75ab 75.00a 
VAM 25.00cde 37.50cde 25.00defg 31.25bcd 
Yeast 37.50bcd 43.75bcd 50.00abcd 50.00abc 
VAM+Yeast 6.25e 25.00de 12.50fg 18.75cd 
Vitavax-T 0.00e 25.00de 12.50fg 12.50cd 

F. solani 

Control 62.50ab 75.00abc 56.25abc 62.50ab 
VAM 50.00abc 50.00abcd 18.75efg 37.50abcd 
Yeast 50.00abc 50.00abcd 50.00abcd 43.75abc 
VAM+Yeast 25.00cde 43.75bcd 12.50fg 25.00bcd 
Vitavax-T 0.00e 37.00cde 0.00g 18.75cd 

R. solani 

Control 75.00a 87.50a 75.00a 75.00a 
VAM 50.00abc 50.00abcd 43.75bcde 43.75abc 
Yeast 62.50ab 50.00abcd 50.00abcd 50.00abc 
VAM+Yeast 25.00de 37.50cde 37.50cdef 37.50abcd 
Vitavax-T 0.00e 25.00de 0.00g 25.00bcd 

Control*** 

VAM 0.00e 0.00e 0.00g 0.00d 
Yeast 0.00e 0.00e 0.00g 0.00d 
VAM+Yeast 0.00e 0.00e 0.00g 0.00d 
Vitavax-T 0.00e 0.00e 0.00g 0.00d 

* Incidence of dead plants (%) due to wilt and/or root rot diseases caused by the tested fungi 
** Control (Soil infested by the pathogen only) 
*** Control (Spearmint plants grown in soil infested with VAM, Yeast  and VAM+Yeast or treated with fungicide without any of the tested 
pathogens)  
Values within the same column followed by the same letters are not significantly different 
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Interaction between VAM and S. cerevisiae in the presence/absence of the tested pathogens in 
relation to mycorrhizal root colonization, spore counts and yeast populations in the rhizosphere 
of spearmint plants 
 
1. Level of mycorrhizal root colonization 
 

Data presented in Table (2) and Figure (2) indicate that integration between the tested VAM and 
yeast in the presence/absence of any of the tested pathogens increased the levels of mycorrhizal root 
colonization compared to the control. The levels of mycorrhizal root colonization in this concern were 
recorded 48.00, 55.0 and 51.0% for F. oxysporum, F. solani and R. solani, respectively in Qalubiya 
experiment in comparison to the plants grown in soil infested with VAM without yeast in the presence 
of any of the pathogens (47.33, 52.33 and 45.33%, respectively). The same trend was observed in Giza 
experiment, where the levels of mycorrhizal root colonization in the plants grown in soil infested with 
VAM integrated with yeast were recorded 51.0, 71.0 and 60.67% for F. oxysporum, F. solani and R. 
solani, respectively in comparison to the plants grown in soil infested with VAM without yeast in the 
presence of any of the causal pathogens (40.0, 54.0 and 56.67%, respectively). The highest values in 
the level of mycorrhizal root colonization was observed in the plants grown in soil infested with VAM 
integrated with yeast and grown in non-infested soil with any of the pathogenic fungi, being 88.0 and 
89.33 in Qalubiya and Giza experiments, respectively. 

 
2. The vascular arbuscular mycorrhizal  spores enumeration 
 

Data presented in Table (2) show that plants grown in soil treated with VAM in combination with 
yeast increased the number of VAM spores in the rhizosphere of these plants in comparison to the 
control. The number of VAM spores in the rhizosphere of plants grown in artificially infested soil with 
VAM integrated with yeast reached 382.70, 1045.0 and 331.30 spore/g in the presence of any of F. 
oxysporum, F. solani or R. solani, respectively in Qalubiya. Meanwhile, those grown in the artificially 
infested soil treated with VAM only, recorded 348.70, 326.30 and 316.70 spore/g soil, respectively. 
The same trend was also observed in experiment carried out at Giza governorate where the numbers of 
VAM spores in the rhizosphere of plants grown in artificially infested soil with VAM integrated with 
yeast were 1090.33, 1182.00 and 1047.00 spore/g soil in the presence of any of  F. oxysporum, F. solani 
or R. solani, respectively. Meanwhile, the spore numbers of VAM in the rhizosphere of plants grown 
in artificially infested soil by the three pathogenic fungi mentioned before and treated with VAM only, 
being 487.0, 422.0 and 990.70 spore/g soil, respectively. 

 
3. The population of S. cerevisiae 
   

Data presented in Table (2) indicate that plants grown in artificially infested soil with the tested 
pathogenic fungi in addition to VAM in combination with yeast increased the population of S. cerevisiae 
in the rhizosphere compared to the control. The populations of S. cerevisiae in the rhizosphere of plants 
grown in artificially infested soil with VAM integrated with yeast were 43.33, 34.67 and 42.67x103 
CFU/g soil infested with F. oxysporum, F. solani and R. solani, respectively at Qalubiya governorate 
in comparison to plants grown in soil artificially infested with yeast only, being 42.0, 25.0 and 38.0x103 
CFU/g soil, respectively. The same trend was observed at Giza governorate where the populations of 
S. cerevisiae in rhizosphere of plants grown in soil artificially infested by the tested pathogenic fungi 
in addition to VAM integrated with yeast reached 29.67, 28.00 and 28.33x103 CFU/g soil when soil 
was infested with F. oxysporum, F. solani and R. solani, respectively. However, rhizosphere of 
spearmint plants grown in soil artificially infested by the tested pathogens in addition to yeast yielded 
24.33, 21.67 and 21.33x103 CFU/g, respectively. The highest values in the populations of S. cerevisiae 
was observed in the rhizosphere of plants grown in non-infested soil and treated with VAM integrated 
with yeast, being 67.33 and 56.67 x103 CFU/g soil in Qalubiya and Giza, respectively 
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Table 2: Effect of treating soil with VAM and S. cerevisiae on the mycorrhizal root colonization, spore 
counts and yeast populations in the rhizosphere of spearmint plants grown in soil infested 
with the three tested fungi at Qalubiya and Giza governorates 

The tested  
fungi 

Treatments 
Root colonization (%) Spore numbers/g soil 

Yeast population/g 
soil (CFUx103) 

Qalubiya Giza Qalubiy Giza Qalubiya Giza 

F. oxysporum 
VAM 47.33c* 40.00d 348.70b 487.00ab 0.00e 0.00f 
Yeast 0.00d 0.00e 0.00c 0.00c 42.00b 24.33de 
VAM+Yeast 48.00c 51.00cd 382.70b 1090.33a 43.33b 29.67c 

F. solani 
VAM 52.33bc 54.00bcd 326.30b 422.00bc 0.00e 0.00f 
Yeast 0.00d 0.00e 0.00c 0.00c 25.00d 21.67e 
VAM+Yea st 55.00bc 71.00b 1045.00 1182.00a 34.67c 28.00cd 

R. solani 
VAM 45.33c 56.67bcd 316.70b 990.70ab 0.00e 0.00f 
Yeast 0.00d 0.00e 0.00c 0.00c 38.00bc 21.33e 
VAM+Yeast 51.00bc 60.67bc 331.30b 1047.00a 42.67b 28.33cd 

Control 
(without  
pathogen) 

VAM 64.00b 44.00cd 209.30b 482.00ab 0.00e 0.00f 
Yeast 0.00d 0.00e 0.00c 0.00c 62.67a 50.00b 
VAM+Yeast 88.00a 89.33a 228.30b 519.70ab 67.33a 56.67a 

Values within the same column followed by the same letters are not significantly different 

 

 

 

 

 

Fig. 2: Macerated root tissues of non-mycorrhizal (A), mycorrhizal (B) and mycorrhizal spearmint 
plants co-inoculated with yeast (C). 100x 

 
Interactions between VAM and S. cerevisiae in the presence/absence of the tested pathogens and 
their effect on spearmint agronomic characteristics 
 
1. Stolons characteristics 
 
 The effect of VAM (a mixture of G. intraradices and G. etunicatum) and S. cerevisiae as well 
as the integration between them in comparison to the chemical fungicide Vitavax-thiram on stolons 
characteristics of spearmint plants grown in soil separately infested with F. oxysporum, F. solani and 
R. solani was evaluated (Table, 3). The evaluation was carried out in Qalubiya and Giza governorates. 
The results of the two locations were behaved the same trend where VAM integrated with yeast 
followed by VAM alone recorded the most effective results in increasing the number of stolons/plant, 
stolons length/plant and stolons fresh weight in comparison with the other treatments while, the 
fungicide Vitavax-Thiram was the least effective treatment in this respect. Results obtained from 
Qalubiya experiment show that the average number of stolons was ranged between 2.5 and 5 
stolon/plant in case of F. oxysporum, 2.75  and 11.25 stolon/plant in case of F. solani and 2.25 and 8.50 
stolon/plant in case of R. solani. The stolons number of spearmint plants grown in soil free from the 
pathogens but treated with VAM, yeast and VAM+Yeast or treated with fungicide ranged between 8.50 
and 11.25 stolon/plant. Furthermore, the stolons length was ranged between 5.78 and 16.68 cm in case 
of F. oxysporum, 5.47 and 23.27 cm in case of F. solani and 5.39 and 22.79 in case of R. solani. The 
stolons length of spearmint plants grown in soil free from the pathogens but treated with VAM, yeast 
and VAM+Yeast or treated with fungicide ranged between 14.83 and 18.77 cm. Meanwhile, the stolons 

B  A C 
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fresh weight was ranged between 12.30 and 40.98g in case of F. oxysporum, 7.42 and 85.18 g in case 
of F. solani and 9.34 and 21.59 g in case of R. solani. The stolons fresh weight of spearmint plants 
grown in soil free from the pathogens but treated with VAM, yeast and VAM+Yeast or treated with 
fungicide were ranged between 25.53 and 34.29 g. 
 The results obtained from the experiments conducted at Giza governorate behaved the same 
trend where the number of stolons was ranged between 7.25 and 21.25 stolon/plant in case of F. 
oxysporum, 3 and 26.25 stolon/plant for F. solani and 4.0 and 20.25 stolon/plant for R. solani. The 
stolons number of spearmint plants grown in soil free from the pathogens but separately treated with 
VAM, yeast and VAM+Yeast or treated with fungicide ranged between 16.0 and 20.50 stolon/plant. 
Moreover, the stolons length was ranged between 7.18 and 16.07 cm in case of F. oxysporum, 2.58 and 
27.92 cm for F. solani and 4.17 and 22.79 cm for R. solani. The stolons length of spearmint plants 
grown in soil free from the pathogens but treated with VAM, yeast and VAM+Yeast or treated with 
fungicide ranged between 13.44 and 19.29 cm.  
 On the other hand, stolons fresh weight was ranged between 14.24-45.94 g in case of F. 
oxysporum, 8.97-73.85 g for F. solani and 8.84-83.72 g for R. solani. Meanwhile, it was ranged between 
36.67 and 42.81 g in spearmint plants grown in soil free from the pathogens but separately treated with 
VAM, yeast and VAM+Yeast or treated with fungicide in Giza experiment. 
 
Table 3: Effect of treating soil with VAM and S. cerevisiae on stolons characteristics of spearmint 

plants grown in soil infested with the three tested fungi at Qalubiya and Giza governorates 

The tested 
 fungi 

Treatments 
No. of stolons 

/plant 
Stolons length/plant 

(cm) 
Stolons fresh weight 

(g) 
Qalubiy Giza Qalubiy Giza Qalubiy Giza 

F. oxysporum 

Control* 2.50bc 7.25cde 5.78d 7.18cde 12.30c 14.24ef 
VAM 4.25abc 21.00ab 10.95abc 14.85bcd 29.43ab 33.06bcde 
Yeast 2.75bc 20.00abc 7.54d 14.27abc 17.73bc 28.85cdef 
VAM+Yeast 5.00abc 21.25ab 16.68abc 16.07abc 40.98ab 45.94abcd 
Vitavax-T 3.75abc 16.25abcd 7.89d 12.24bcd 25.76ab 17.26ef 

F. solani 

Control 2.75bc 3.00e 5.47d 2.58e 7.42c 8.97f 
VAM 10.50ab 14.00abcd 21.59abc 18.17abc 51.27ab 53.92abcd 
Yeast 9.25abc 11.00bcde 14.09abc 16.67abc 41.25ab 44.94abcd 
VAM+Yeast 11.25a 26.25a 23.27a 27.92a 85.18a 73.85ab 
Vitavax-T 4.75abc 13.00bcde 8.94cd 16.63abc 12.46c 34.54bcde 

R. solani 

Control 2.25c 4.00de 5.39d 4.17de 9.34c 8.84f 
VAM 6.75abc 15.75abcd 12.63abc 22.67ab 17.72bc 71.98abc 
Yeast 4.00abc 17.50abc 7.70d 22.15ab 11.25c 63.23abcd 
VAM+Yeast 8.50abc 20.25abc 22.79ab 22.79ab 21.59bc 83.72a 
Vitavax-T 7.00abc 10.00bcde 9.53bcd 10.88bcd 14.82c 25.49def 

Control** 

VAM 11.25a 17.50abc 17.16abc 16.22abc 29.49ab 37.50bcde 
Yeast 9.00abc 16.00abcd 15.17abc 13.56bcd 25.53ab 37.30bcde 
VAM+Yeast 11.25a 20.50ab 18.77abc 19.29abc 34.29ab 42.81abcd 
Vitavax-T 8.50abc 16.75abcd 14.83abc 13.44bcd 27.17ab 36.67bcde 

* Control (Soil infested by the pathogen only) 

** Control (Spearmint plants grown in soil infested with VAM, Yeast  and VAM+Yeast or treated with fungicide without any 
of the tested pathogens)  

Values within the same column followed by the same letters are not significantly different 

 
2. Herb-fresh weight  
 

The effect of VAM  and S. cerevisiae as well as the integration between them in comparison to 
the chemical fungicide Vitavax-thiram on Herb-fresh weight of spearmint plants grown in soil 
separately infested with F. oxysporum, F. solani and R. solani was evaluated (Table, 4). The evaluation 
was included the fresh weight of herbs harvested from the first cut and the second cut. The trials were 
carried out in Qalubiya and Giza governorates. The results of the two locations and the two cuts were 
behaved the same trend where VAM integrated with yeast followed by VAM alone recorded the most 
effective results in increasing herb fresh weight in comparison with the other treatments while, the 
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fungicide Vitavax-Thiram was the least effective treatment in this respect. Results obtained from 
Qalubiya experiment show that the herb fresh weight was ranged between 11.30-18.56 and 3.98-11.27 
g in case of F. oxysporum for the first and the second cut, respectively, 6.75-12.98 and 3.89-30.26 g for 
F. solani  for the first and the second cut, respectively and 3.80-35.25 and 3.65-6.65 g for R. solani for 
the first and the second cut, respectively.  

 The results obtained from the experiments conducted at Giza governorate behaved the same trend 
where the herb fresh weight was ranged between 8.50-16.23 and 5.21-21.36 g in case of F. oxysporum 
for the first and the second cut, respectively, 3.65-27.13 and 5.53-21.63 g for F. solani  for the first and 
the second cut, respectively and 5.88-10.18 and 2.67-27.83 g for R. solani for the first and the second 
cut, respectively.  

The herb fresh weight of spearmint plants grown in soil non-infested with the pathogens and 
treated with VAM, yeast and VAM+Yeast ranged between 22.50-12.37 and 17.92-13.45 g for the first 
and the second cut, respectively in Qalubiya and Giza experiments. 
 
Table 4: Effect of treating soil with VAM and S. cerevisiae on herb fresh weight of spearmint plants 

grown in soil infested with the three tested fungi at Qalubiya and Giza governorates 

Fungi Treatment 
Herb fresh weight  

Qalubiya Giza 
1st cut 2nd cut 1st cut 2nd cut 

F. oxysporum 

Control* 11.30defgh 3.98d 8.50def 5.21bc 
VAM 15.25bcdefgh 9.51bcd 11.25def 21.59ab 
Yeast 16.10bcdefgh 5.94bcd 15.35de 15.97abc 
VAM+Yeast 18.65bcdefg 11.27bcd 16.23cde 21.36ab 
Vitavax-T 9.50fgh 5.22cd 10.25def 12.65abc 

F. solani 

Control 6.75gh 3.89d 3.65f 5.53bc 
VAM 10.00fgh 23.40ab 15.25de 17.06abc 
Yeast 6.75gh 22.90abc 11.27def 10.21abc 
VAM+Yeast 12.98cdefgh 30.26a 27.13abc 21.63ab 
Vitavax-T 7.50gh 5.05cd 13.82def 17.91abc 

R. solani 

Control 3.80h 3.65d 5.88ef 2.67c 
VAM 28.65ab 8.13bcd 8.25def 27.83a 
Yeast 8.25gh 4.12d 8.75def 24.70a 
VAM+Yeast 35.25a 6.65bcd 10.18bcd 25.74a 
Vitavax-T 10.80efgh 6.05bcd 6.50ef 14.06abc 

Control** 

VAM 24.50abcd 13.73abcd 31.00a 16.67abc 
Yeast 24.25abcde 12.88abcd 29.00ab 14.82abc 
VAM+Yeast 25.25abc 13.41abcd 32.25a 17.72abc 
Vitavax-T 22.00abcdef 12.37abcd 17.92cd 13.45abc 

* Control (Soil infested by the pathogen only) 
** Control (Spearmint plants grown in soil infested with VAM, Yeast  and VAM+Yeast or treated with fungicide without any 
of the tested pathogens)  
Values within the same column followed by the same letters are not significantly different 

 
Oil yield 
 

The effect of VAM  and S. cerevisiae as well as the integration between them in comparison to 
the chemical fungicide Vitavax-thiram on oil yield of spearmint plants grown in soil infested with F. 
oxysporum was evaluated (Table 5). The trials were carried out in Qalubiya and Giza governorates. The 
results of the two locations and the two cuts were behaved the same trend where VAM integrated with 
yeast followed by VAM alone recorded the most effective results in increasing the yield of oil in 
comparison with the other treatments while, the fungicide Vitavax-Thiram and yeast alone were the 
least effective treatments in this respect. Results obtained from Giza experiment show that the oil yield 
was ranged between 0.31-0.34 and 0.05-0.13 ml/100 g fw in case of F. oxysporum for the first and the 
second cut, respectively, 0.18-0.47 and 0.15-0.40 ml/100 g fw for F. solani  for the first and the second 
cut, respectively and 0.23-0.64 and 0.07-0.36 ml/100 g fw for R. solani for the first and the second cut, 
respectively.  
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 The results obtained from the experiments conducted at Giza governorate behaved the same trend 
where the yield of spearmint oil was ranged between 0.23-0.59 and 0.13-0.30 ml/100 g fw in case of F. 
oxysporum for the first and the second cut, respectively, 0.18-0.47 and 0.11-0.27 ml/100 g fw for F. 
solani  for the first and the second cut, respectively and 0.30-0.64 and 0.07-0.15 ml/100 g fw for R. 
solani for the first and the second cut, respectively.  

The oil yield extracted from spearmint plants grown in non-infested soil with the pathogens but 
infested with VAM, yeast and VAM+Yeast ranged between 0.18-0.06 and 0.23-0.24 ml/100 g fw for 
the first and the second cut, respectively in Qalubiya and Giza experiments. 
 
Table 5: Effect of treating soil with VAM and S. cerevisiae on herb fresh weight of spearmint plants 

grown in soil infested with the three tested fungi at Qalubiya and Giza governorates 

Fungi Treatment 
Oil content ( ml/100 g fresh herb) 

Qalubiya Giza 
1st cut 2nd cut 1st cut 2nd cut 

F. oxysporum 

Control* 0.31 0.05 0.23 0.13 
VAM 0.33 0.07 0.41 0.23 
Yeast 0.31 0.08 0.31 0.17 
VAM+Yeast 0.34 0.13 0.59 0.30 
Vitavax-T 0.32 0.06 0.32 0.10 

F. solani 

Control 0.18 0.15 0.18 0.11 
VAM 0.43 0.23 0.43 0.23 
Yeast 0.35 0.22 0.34 0.21 
VAM+Yeast 0.47 0.40 0.47 0.27 
Vitavax-T 0.43 0.18 0.18 0.15 

R. solani 

Control 0.23 0.07 0.30 0.07 
VAM 0.42 0.33 0.46 0.15 
Yeast 0.33 0.20 0.31 0.06 
VAM+Yeast 0.64 0.36 0.64 0.15 
Vitavax-T 0.30 0.32 0.33 0.12 

Control** 

VAM 0.39 0.09 0.33 0.24 
Yeast 0.35 0.07 0.32 0.25 
VAM+Yeast 0.41 0.09 0.34 0.26 
Vitavax-T 0.18 0.06 0.23 0.24 

* Control (Soil infested by the pathogen only) 
** Control (Spearmint plants grown in soil infested with VAM, Yeast  and VAM+Yeast or treated with fungicide without any 
of the tested pathogens)  

 
3. The chemical composition of the extracted spearmint oil 
 

Data recorded in Table (6) show that Carvone as the main constituent of the spearmint oil greatly 
influenced by VAM either alone or integrated with the yeast. Carvone content increased from 33.960% 
in soil infested with F. oxysporum only to 58.088% in soil infested with VAM + Yeast + F. oxysporum 
and from 39.409% in non-infested soil with F. oxysporum to 80.565% in soil infested with VAM + 
Yeast only. The second main component β-Caryophyllene showed an increment from 14.409% in soil 
infested with F. oxysporum only to 22.212% in soil infested with VAM + Yeast + F. oxysporum while, 
it was decreased from 39.087% in non-infested soil with F. oxysporum to 3.514% in soil infested with 
VAM + Yeast without F. oxysporum. The third main component 1, 8-cineol showed different behaviour 
depends on the treatments. It was decreased from 10.140% in non-infested soil with F. oxysporum to 
2.740% in soil infested with VAM + Yeast without F. oxysporum and increased from 22.896% soil 
infested with F. oxysporum only to 4.776% in soil infested with VAM + Yeast + F. oxysporum, but the 
maximum increase was due to plants treated with Vitavax-Thiram fungicide (10.003%). 
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Table 6: Effect of VAM and S. cerevisiae each alone or in combination on volatile oil constituents (%) 
of spearmint plants grown in soil infested with F. oxysporum 

Compounds 

Treatments 
Infected Un-infected 

Control VAM 
VAM 

+ 
Yeast 

Vitavax-T Control VAM 
VAM 

+ 
Yeast 

Vitavax-T 

α-Pinene 1.473 0.542 2.421 0.787 0.449 0.548 0.460 3.736 
Myrcene 0.959 0.752 0.640 1.143 0.781 1.284 1.203 0.533 
β-Pinene 4.330 5.210 0.309 9.318 1.347 0.337 0.376 0.976 
D-Limonene 3.547 1.659 2.569 6.269 0.419 3.734 2.248 7.299 
1,8-Cineol 2.896 3.354 4.776 10.003 10.140 3.333 2.740 2.945 
V-Terpined 5.121 2.127 0.309 1.743 3.464 3.135 2.211 1.584 
Dihydrocarveol 7.346 1.519 3.145 1.064 1.778 2.291 3.155 1.322 
Dihydrocarvone 12.374 1.602 1.842 2.320 1.643 1.883 2.854 0.789 
Carvone 33.960 49.250 58.088 26.188 39.409 72.804 80.565 47.276 
Dihydrocarveol acetate 13.586 33.987 1.884 1.316 1.482 10.651 0.258 33.089 
β-Caryophyllene 14.409 - 22.212 9.514 39.087 - 3.514 - 
Caryophyllene oxide - - 0.127 11.391 - - 0.415 - 
Total  100 100 98.322 81.056 99.999 100 99.999 99.549 

 
Discussion 
 

 Spearmint (Mentha spicata) as the most important and widely medicinal plants grown in Egypt 
(Mohamed and Hilal 2008 and Elansary and Ashmawy, 2013) are commonly attack with different soil-
borne pathogens (El-Shazly 1996 and Mohamed and Hilal 2008) causing economic losses in the yield.  

In the present study, isolation trials from naturally infected spearmint plants showing typical 
symptoms of root rot and wilt diseases yielded Fusarium oxysporum, F. solani, Rhizoctonia solani and 
Pythium ultimum. The results obtained by Mohamed and Hilal (2008) showed that R. solani, followed 
by Fusarium semitectum and Pythium ultimum were the most dominant fungi recovered from diseased 
spearmint plants. Also, El-Shazly (1996) reported that Fusarium tabacinum, F. lateratium, F. 
semitectum and R. solani were the most dominant fungi isolated from roots of mint showing symptoms 
of root rot disease. Under artificial inoculation of soil by the three chosen pathogenic fungi, severe 
symptoms of root rot appeared on plants grown in soil infested with each of  R. solani and F. solani. 
Also, F.oxysporum caused the typical symptoms of wilt. These findings are in agreement with those 
obtained by Mohamed and Hilal (2008) who reported that Alternaria alternata, Fusarium oxysporum, 
F. semitectum, F. solani, Pythium ultimum and Rhizoctonia solani were pathogenic to roots, stems and 
stolons of spearmint plants. Also, it was found that R. solani was the most virulent fungus followed by 
F. semitectum and P. ultimum (Mohamed and Hilal, 2008). 

Seeking for safe strategies for controlling plant diseases is being urgent especially with the 
increasing awareness of the environmental risks of the chemical fungicides in agriculture (Ellis et al., 
1999). Biological control using beneficial organisms alone, or as mixtures is considered one of the most 
important means in the management of plant diseases. In this study, the integration between S. 
cerevisiae and VAM resulted in significant reduction in the percentage of infection of spearmint plants 
with any of the tested pathogens in Giza and Qalubiya experiments in both cuts compared with the 
control. Meanwhile, S. cerevisiae alone was the lowest effective one. These findings are in agreement 
with those obtained by Abdel-Monaim and El-Morsi (2016) who found that the combination between 
arbuscular mycorrhizal fungi and Baker's yeast as soil drench was better than using any of them 
individually in reducing the severity of root rot and wilt complex affecting offshoots and new orchards 
of date palm growing in El-Kharga Oases, New Valley governorate. In the entire work, the infection 
was increased in the second cut compared to the first cut, despite the addition of a booster dose of the 
treatment just after the first cut, This increase may be due to the occurrence of the infection already in 
the beginning of plantation in addition to the prevalence of high temperature during the growth of the 
plants of the second cut than that predominated during the first cut, which enhanced the fungal infection. 

On the other hand, the presence of the tested yeast significantly affects mycorrhizal colonization 
of spearmint roots grown in infested and non-infested soil with any of the tested pathogens. Moreover, 
it resulted in significant increase in VAM spores enumeration and the population of S. cerevisiae in the 
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rhizosphere of spearmint plants. The yeasts may enhance VAM development by supplying vitamin B12 
to the rhizosphere, as VAM have been shown to be stimulated by this vitamin (Singh et al., 1991). Thus, 
vitamin B12 produced by soil yeasts might has been better effects on plant growth and yield in plants 
treated with mycorrhiza and soil yeasts. Vitamin B12 production by soil yeasts may be the main reason 
for the stimulation of mycorrhizal development (Mohamed, 2015). The stimulatory effects of 
mycorrhiza on the activity of soil yeasts may be attributed to alterations in the root exudates (Mohamed, 
2015). Also, vesicular arbuscular mycorrhizal fungi can significantly influence the microflora in the 
rhizosphere directly through fungal exudates or indirectly through altering root exudation patterns 
(Linderman, 1992). It is worthy to note that VAM spores enumeration was in most cases high in the 
presence of any of the tested pathogen in comparison with the control (spearmint plants grown in non-
infested soil). This is contributed to the reduction of nutrients and sugar contents in the plant root tissues 
due to the competition of the pathogen where sporulation of mycorrhiza correlated with tissue N:P ratio 
or root soluble sugar concentrations (Douds and Schenck, 1990).  Similarly, Shukla et al. (2014) 
reported that activities of F. oxysporum directly affected the symbiotic relationship. This could be due 
to the development of a less favourable environment for mycorrhiza. 

Application of VAM improved the plant growth by its direct effect on improving the internal 
status of the crop or indirectly by reducing the harmful effect of the pathogen (Mohamed, 2015). 
Furthermore, active yeasts have plant growth promoting characteristics, including pathogen inhibition, 
phosphate solubilization and stimulation of mycorrhizal-root colonization (Amprayn et al., 2012); 
phytohormone and siderophore production (FU et al., 2016). These are in line with the findings of this 
study, whereas increases in the vegetative growth and yield of oil in both localities and cuts were 
recorded from plants grown in soil infested with VAM integrated with the tested yeast followed by 
VAM alone as compared to the control. A Significant relationship between the density of gland 
trichome and essential oil concentration in mint genotypes was reported by Bagheri et al. (2014). The 
greater number of glands in mycorrhizal plants may be associated with changes in the hormonal profiles 
and increased levels of auxin, cytokinin, and gibberellin in plants, which eventually lead to the increase 
of the essential oil content (Torelli et al., 2000). Treated medicinal plants with VAM species not only 
influenced the quantitative but also changed the chemical profile of the oil (Nawaz-Noor and 
Sreeramulu, 2017). This is in line with the findings determined in this study, where the integration 
between VAM and yeast resulted in an increase of carvone as the main component of the essential oil. 
The mechanism of changes in essential oil composition is not known and it may be explained by the 
better nutrition caused by VAM. It is worthy to note that oil extracted from spearmint plant infected by 
F. oxysporum showed increment in different compounds in comparison with the control (spearmint 
plants grown in non-infested soil). This is may be due to the effect of the pathogen on the primary and 
secondary metabolism of the plant which directly affect quality aspects of the oil (Bloem et al., 2016). 
Also, Selmar and Kleinwächter (2013) reported that concentrations of natural products are generally 
enhanced in plants suffering drought stress. This increment could be due to a stress-related decline in 
biomass production associated with an unchanged biosynthesis rate of natural products or to an 
authentic enhancement of the total secondary metabolite content.  
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