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ABSTRACT: A study was conducted to evaluate the effect of biofertilizers (two species of arbuscular 
mycorrhizal (AM) fungi and vermicompost) on relative yield (%), root dry weight (g pot-1) and shoot/root 
ratio of Kurdistan and Paros strawberry cultivars and O.M (%), EC (dS m-1), and P and K concentration 
of post-harvest soil. The experiment was arranged in a factorial completely randomized design with three 
replications. The results showed that application of Glomus intraradices and Glomus mosseae fungi 
significantly increased relative yield and shoot/root ratio compared to the control. Application of 
vermicompost significantly increased the all parameters compared to the control. Shoot relative yield and 
root dry weight in Kurdistan cultivar was significantly higher than the Paros.  
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INTRODUCTION 
 

 Strawberry (Fragaria X ananassa, Duch.) is one of the most important fruit throughout the world, a rich source 
of phytochemicals (ellagic acid, anthocyanins, quercetin, and catechin), micronutrients, such as minerals, and 
vitamins (vitamin C and folic acid), have been highly ranked among dietary sources of polyphenols and antioxidant 
capacity that all these compounds are essential for health (Basu et al., 2014; Giampieri et al., 2013). Therefore, 
increase production is essential for human health.  
 Arbuscular mycorrhizal (AM) fungi are widespread microorganisms in the natural environment able to establish 
a symbiotic association with roots of most plants to the mutual benefit of both, the host plant and the fungus (fan et 
al., 2010). Inoculation of plants with AM fungi has the potential to increase or maintain yields and allow for reduced 
fertilizer application (Douds et al., 2008). The most frequently reported benefit of AM fungi is enhanced uptake of 
immobile nutrients for plants, notably P, from the soil solution (Bolan, 1991; Douds et al., 2008). Even when soils 
have adequate p for vegetative growth, AM fungi can make a vital contribution to phosphorus uptake during 
flowering and fruiting in crops such as strawberries, when the demand for this mineral exceeds the ability of plant 
roots to acquire it (Dunne and Fitter, 1989; Borowicz, 2009). Symbiosis of plants with AM fungi also has other 
benefits to the plants.  These include improved nutrition, enhanced resistance to soil-borne pests and disease, 
improved resistance to drought, tolerance of heavy metals and better soil structure (Gosling et al., 2006). 
 Biological fertilizers such as vermicompost contain various useful enzymes and microorganisms which 
increase both plant growth and product quality, and reduce the cost of fertilizer application (Chen, 2006; Sheikhi et 
al., 2012). This biological fertilizer has good structure, moisture holding capacity, relatively large amounts of 
available nutrients, and microbial metabolites that may act as plant growth regulators (Paul and Metzger, 2005). 
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The objective of this experiment was to assess the biofertilizers potential such as AM fungi and vermicompost in 
filed pot cultivation of strawberry cultivars in order to reduce the use of inorganic fertilizer. 
 

Materials and methods 
 

 The pot experiment was carried out under field conditions as a factorial arranged in completely randomized 
design (CRD) with three replications at the Marivan University, Marivan, Iran. Treatments included biofertilizer at 
four levels (non biofertilizer, Glomus intraradices fungi, Glomus mosseae fungi and vermicompost (1%)) and two 
strawberry cultivars (Kurdistan and Paros). The culture medium of strawberries prepared by mixture of soil and 
sand (1:1, V: V). Treatments of vermicompost were mixed to medium of pots uniformly, and also essential nutrient 
elements based on soil testing were added to all pots uniformly. Seedlings of strawberry (Fragaria × ananassa 
Duch) cvs. Kurdistan and Paros were planted into pots filled with prepared medium. During planting of seedlings of 
strawberry the medium of strawberry were inoculated with inoculum of AMF strains (50 g of inoculum per pot). 
Plant aerial parts and roots were harvested 120 days after planting, dried in oven at 65°C for 48 h, recorded yield of 
shoot and root dry weights. The relative yields of shoot calculated as follows formula: 
Relative yields of shoot = (the treatment yield / highest yield) × 100 
 The methods used for determination of chemical properties of post-harvest soil were as follows: organic matter 
percentage (%OM) by dichromate oxidation (Nelson and Sommers, 1996) and Electrical conductivity (EC) by EC 
meter in saturation paste (Rhoades, 1996), available phosphorus (P) by sodium bicarbonate (NaHCO3) extraction 
(Watanabe and Olsen 1954): solution K by falemphotometer method. The data were analyzed using SAS statistical 
program. Means separation on data was performed using LSD at P ≤ 0.05. 
 

Results and discussion 
 

Relative yield (%)  
 The results (table 1) showed that the highest and lowest relative yield (Ry) obtained by application of 
vermicompost in the Kurdistan cultivar and control treatment in the Paros cultivar, respectively. Inoculation of 
strawberry cultivars with the arbuscular mycorrhizal (AM) fungi increased significantly mean Ry compared to the 
control, but were not significant different between Glomus intraradices and Glomus mosseae. Application of 
vermicompost increased significantly mean Ry by 45 % compared to the control. Relative yield in Kurdistan cultivar 
was higher significantly by 6.7 % compared to that of Paros. Douds et al., (2008) reported that inoculation of 
strawberry with AM fungi increased yield 17% over uninoculated controls. Sheikhi et al., (2012) showed that growth 
and yield of soybean can be significantly increased by the application of vermicompost as biofertilizers. Gryndler et 
al., (2002) showed that Shoot dry weight was significantly increased by inoculation with Glomus fasciculatum and 
Glomus etunicatum. 
 
Table 1. Effect of Arbuscular mycorrhizal fungi and vermicompost on relative yield (%), root dry weight (g pot-1) and shoot/root 

ratio of tow cultivar strawberries. 

Cultivar 
Control Glomus in. Glomus mo. Vermicompost Mean 

 Relative yield (%)   

Kurdistan 56 cd 66 bc 78.2 b 100 a 76.6 A 

Paros 50 d 67.4 bc 67.3 bc 94.9 a 69.9 B 

Mean 53 C 66.6 B 72.75 B 97.97 A  

  Root dry weight (g pot-1)   

Kurdistan 2.35 b 2.3 b 2.35 b 3.43 a 2.66 A 
Paros 2 b 2.4 b 2.2 b 3.2 a 2.45 B 

Mean 2.17 B 2.34 B 2.27 B 3.34 A  

  Shoot/Root ratio   

Kurdistan 2.12 d 2.55 bc 2.95 a 2.59 bc 2.55 A 
Paros 2.23 d 2.5 c 2.7 b 2.6 bc 2.52 A 

Mean 2.17 C 2.53 B 2.84 A 2.6 B  
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Root dry weight 
By according to results (table 1) application of vermicompost significantly increased mean root dry weight (RDw) 
compared to control and AM fungi treatments.  Inoculation of strawberry with AM fungi had not significant effect on 
RDw. Root dry weight in Kurdistan cultivar significantly was higher compared to that of Paros. 
 
Shoot/Root ratio 
 The highest shoot/root ratio obtained by Glomus mosseae treatment (table 1).  Glomus intraradices and 
Glomus mosseae compared to control significantly increased mean shoot/root ratio by 16.6 % and 31 %, 
respectively. Application of vermicompost significantly increased mean shoot/root ratio by 20 % compared to 
control. Had not significant different between cultivars in shoot/root ratio. Gryndler et al., (2002) showed that 
shoot/root ratio was significantly increased when plants were inoculated with AM fungus. 
 
Organic matter (O.M) percentage and EC of post-harvest medium 
 The results (table 2) showed that AM fungi had not significant effect on O.M % and EC. Application of 
vermicompost significantly increased O.M % and EC compared to control. Yavari et al., (2009) reported that 
organic wastes application increased soil organic matter.  
 
P and K concentration of post-harvest medium 
 The results (table 2) showed that AM fungi had not significant effect on phosphorus (P) and potassium (K) 
concentration. Application of vermicompost significantly increased P and K concentration compared to control by 
284 % and 104 %, respectively. Yavari et al., (2009) reported that organic wastes application increased soil 
concentrations of P, but had not effect on K. 
 
Table 2. Effect of Arbuscular mycorrhizal fungi and vermicompost on O.M (%), EC (dS m-1), and P and K concentration of post-

harvest soil of cultivar strawberries. 

Cultivar 
Control Glomus m. Glomus in. Vermicompost Mean 

 O.M (%)   

Kurdistan 0.455 b 0.445 b 0.44 b 0.817 a 0.586 A 

Paros 0.45 b 0.44 b 0.445 b 0.806 a 0.565 B 

Mean 0.45 B 0.44 B 0.44 B 0.81 A  

  EC (dS m-1)   

Kurdistan 0.65 b 0.65 b 0.64 b 0.86 a 0.73 A 
Paros 0.65 b 0.65 b 0.66 b 0.86 a 0.71 A 

Mean 0.65 B 0.65 B 0.65 B 0.86 A  

  P concentration (mg kg-1 of soil)   

Kurdistan 8.25 b 8.73 b 8.75 b 31.7 a 15.5 A 
Paros 8.2 b 8.75 b 8.65 b 31.5 a 14.3 B 

Mean 8.22 B 8.74 B 8.7 B 31.6 A  
  K concentration (mg kg-1 of soil)   

Kurdistan 6.05 b 6.06 b 5.9 b 12.6 a 7.99 A 
Paros 6.2 b 5.75 b 6.3 b 12.3 a 7.64 A 

Mean 6.12 B 5.94 B 6.1 B 12.48 A  
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