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ABSTRACT: Strawberries are a common and important fruit in the Mediterranean diet because of their 
high content of essential nutrients and beneficial phytochemicals, which seem to have relevant biological 
activity in human health. A comparative study on the characters in strawberry was done on growth and 
biochemical parameters in strawberry plant. An experiment was conducted in randomized completely 
blocks design (RCBD) with three replicates. Correlation analysis showed that the strongest positive 
relationship was between fresh weight and fruit yield (r = 0.658). The results of regression analysis by 
stepwise method for fruit yield in cucumber indicated that individual fresh weigh can justify 57.2 percent 
of the fruit yield variation. According to this study fresh weight and Na content has increased yield and 
yield component of strawberry significantly. 
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INTRODUCTION 
 

 The strawberry (Fragaria × ananassa Duch) is a relevant source of bioactive compounds because of its high 
levels of vitamin C, folate, and phenolic constituents most of which express relevant antioxidant capacities in vitro 
and in vivo (Tulipani et al., 2009). Moreover, strawberries are economically and commercially important and widely 
consumed fresh or in processed forms, such as jams, juices, and jellies. That is why they are among the most 
studied berries from the agronomic, genomic, and nutritional points of view.  
Parental genotypes to be used in breeding programs are usually selected on the basis of their phenotypical value 
for important traits. It is required to choose parental genotypes which are not closely related to each other in order 
to reduce effects of inbreeding. A successful breeding program requires a high degree of genetic (molecular) and 
phenotypic diversity among the progeny. This can be achieved by using unrelated and diverse parents at both 
phenotypic and genetic levels. In order to ensure breeding efficiency, it is necessary to design the breeding 
program using the knowledge about the breeding value of the potential parents. Among various measures of 
parent’s breeding value for a particular trait are General Combining Ability (GCA), Specific Combining Ability (SCA) 
as the most important (Muszyński et al., 2000; Masny et al., 2005; Shaw and Larson, 2005; Zhang et al., 2005; 
Żurawicz et al., 2006). To design an efficient breeding program, genetic variancecomponents and heritability 
coefficients (h2) in a reference population (breeding material or gene pool, in which selection and mating processes 
are made) are also very useful. It is also useful to determine the degree of linear interrelationships (correlations) 
between individual traits in the breeding material to ensure if studied traits are affected simultaneously by genes 
and/or environmental conditions in the gene pool and the target environment. This information is useful in 
predicting how a breeding gain in one trait will affect also a gain in the other traits included in the breeding program 
(Hortyński, 1989; Falconer and Mackay, 1996; Mądry et al., 2000; León et al., 2004; Shaw andLarson, 2005; 
Holland, 2006).  
 Henrique et al., (2004) showed that was significant correlation number of seed per plant with grain yield and 
this trait had highest direct effect on grain yield. Rezaii Zade et al., (2001) in stepwise regression analysis showed 
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that number of seed per plant, one hundred seed weight and number of seed per pod was three effective traits on 
yield. 

 
Materials and methods 

 
 The pot experiment was carried out under field conditions as experiment was conducted in randomized 
completely blocks design (RCBD) with three replicates at the Marivan University, Marivan, Iran. The culture 
medium of strawberries prepared by mixture of soil and sand (1:1, V: V). The pH of vermicompost was near neutral 
and its EC was 3.7 dS m−1, with a C/N ratio of 13:1. Seedlings of strawberry  Kurdistan, 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). At the end of the experiment (120 days after planting), the 
shoots were clipped, bagged and dried in a drying oven at 60 ◦C. Clipped shoots dried to a constant mass. Using 
an electronic balance, the dry mass of shoots and was obtained. Turgid weight of shoots obtained after soaking in 
water for 4 h at room temperature (20 ◦C) while exposed to artificial light. Sodium and m icronutrient including Fe, 
Mn, Zn and Cu were measured with Atomic Absorption Spectrometer (VARIAN SPECTRA, AA 20). 
Data were statistically analyzed for correlation and regression analysis using SPSS 16 software’s. 
 

Results and Discussion 
 
Correlation analysis 
 Knowledge of the relationship among plant characters is useful while selecting traits for yield improvement. To 
determine association between studied traits we calculated coefficient of correlation. Data showed in (Table 1) 
indicated that fruit yield had the strongest correlation with total fresh weight per plant (r = 0.658) and after this traits 
the Na content (r = 0.548) and Cu content (r = 0.51) showed the most correlation with fruit yield (Table). 
Significantly positive correlations were also observed for Zn and Cu content. In general a significant positive 
correlation was observed between some of the traits. However, negative correlation was also found among certain 
characters in the present study. The results are in agreement with (Arshad, 2006) who observed significant and 
positive. According to Larcher (1995), plant productivity depends on photosynthetic production, which is mostly 
determined by the size of the assimilation apparatus of the whole plant. In the experiments conducted by 
Schrevens et al. (1989), Bish et al. (1997) and Takeda et al. (2004), the use of larger plants increased the total 
production of strawberry fruit. Rice and Duna (1986) and Bish et al. (1997) also reported a positive correlation 
between early yield and plant fresh weight at planting. 
 

Table 1. Correlation analysis of studied traits in strawberry 
Traits name Fresh weight 

(gr/pot) 
Dry weight 
(gr/pot) 

Zn 
(mg/k) 

Cu 
(mg/kg) 
 

Mn 
(mg/kg) 
 

Fe 
(mg/kg) 
 

Na 
(mg/kg) 
 

Fruit yield 
(kg/ha) 
 

Fresh weight (gr/pot) 1        

Dry weight (gr/pot) -0.206 1 
 

      

Zn (mg/kg) -.217 .388 1      
Cu (mg/kg) -.507* .197 .509* 1     
Mn (mg/kg) -.341 .339 -.193 -.446 1    
Fe (mg/kg) -.148 .328 -.191 -.397 .172 1   
Na (mg/kg) .378 .159 -.306 -.348 .252 .382 1  
Fruit yield (kg/ha) .658* .197 .508* .51* .446 .397 .548** 1 

 
Regression analysis 
 The results of regression analysis by stepwise method for fruit yield in strawberry (Table 2) indicated that fresh 
weight can justify 57.2 percent of the fruit yield variation. So it might this was be seen that traits the most important 
component of fruit yield in cucumber. Na and Zn content made 92.1 percent of the fruit yield variation. Presence of 
high significance and the positive correlation, between fresh weight with Na content indicate that the results of the 
stepwise regression were in harmony with the correlation results. Stepwise regression analysis showed that 
improvement of fresh weight per plant could be a good breeding way for increasing fruit yield. Based on regression 
analysis, if one had to choose just one trait for predicting fruit grade weights due to lack of resources, total fruit 
weight with fruit number could be used. Furthermore these results are in line with some earlier findings (Devi et al., 
2001; Mohsan et al., 2002). 
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Table 2. Regression Analysis of studied traits in strawberry 
Traits name Regression 

Coefficient 
T Test Significant 

Level 
Coefficient of 
determination 
component 

Coefficient of 
cumulative 
determination 

intercept 2.36 3.742 0.006   
Fresh weight 0.194 1.01 .003 57.2 57.2 
Na 0.779 3.494 .004 24.3 81.5 
Zn 0.092 0.672 .008 10.6 92.1 

 
 Chavez and Ferrera-Cerrato (1990) measured the responses of 4 micropropagated strawberry cultivars to root 
colonization by AMF. They found that plant yields differed significantly depending on the AMF used and that yield 
was unrelated to percentage root colonization. Some plant cultivar/fungal combinations resulted in improved plant 
growth while others did not. Kumari and Ushakumari (2002) reported that treatment with enriched vermicompost 
was superior to other treatments for the uptake of N, P, K, Ca and Mg by cowpea. Chamani et al., (2008) reported 
that Fe concentration was also highest in plants grown in the 60% vermicompost medium and was lowest in plants 
grown in the control medium, Zn concentrations were highest in plants grown in 60% peat medium and lowest in 
plants grown in the control medium. 
 The symbiotic root-fungal association increases the uptake of less mobile nutrients (Ortas et al., 2001), 
essentially phosphorus (P) but also of micronutrients like zinc (Zn) and copper (Cu), the symbiosis has also been 
reported as influencing water uptake. Extraradical hyphae can absorb and transport Cu and Zn to their host plants 
(Bürkert and Robson 1994; Li et al., 1991). When no micronutrients were added to soil, enlarging the root 
absorption area and reducing Cu and Zn diffusion distance by means of extraradical hyphae was crucial to uptake 
of these nutrients. The beneficial effect of mycorrhizal inoculation on Cu and Zn uptake was eliminated by 
micronutrient addition to soil. Under conditions of Cu and Zn abundance, strawberry roots appeared to depend less 
on mycorrhizal hyphae for uptake of these nutrients. 
 Soils treated with vermicomposts had a significantly greater microbial biomass than soils that received 
inorganic fertilizer only. It has been shown that microorganisms can produce materials that may affect plant growth 
such as substances acting as plant hormone analogues or growth regulators. There is a very substantial body of 
evidence demonstrating that microorganisms, including bacteria, fungi, yeasts, actinomycetes and algae, are 
capable of producing plant growth regulators (PGRs) such as auxins, gibberellins, cytokinins, ethylene and abscisic 
acid in appreciable quantities (Frankenberger and Arshad, 1995). 
 The increased amounts of humic materials in vermicomposts could also have been responsible for the 
increased growth and yields of strawberries we recorded. Muscolo et al. (1999) reported that humic materials 
extracted from vermicomposts produced auxin-like cell growth and nitrate metabolism of carrots (Daucus carota). 
Masciandaro et al. (1997) reported positive growth responses of plants to additions of humic material extracted 
from vermicomposts. These humic substances occur naturally in mature animal manure, sewage sludges or paper-
mill sludges but their amounts and rates of production are increased dramatically by vermicomposting. Other 
workers have reported significant plant growth enhancements, in response to humate applications to soils, under 
conditions of adequate nutrition (Valdrighi et al., 1996; Goenadi and Sudharama, 1995). 
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