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ABSTRACT  
 

Strawberry seedling were transplanted in a private farm at Qalubia governorate, Egypt during the two 
successive winter seasons 2011/2012 and 2012/2013, to investigate the effect of different rate of organic, 
inorganic fertilizers, bio-fertilization(Effective microorganisms (EM) and Biofertile in addition to the control) 
and their interactions on the vegetative growth, chemical composition as well as produced fruit yield expressed 
as early fruit yield, exportable fruit yield, marketable fruit yield, un marketable fruit yield and total fruit yield 
and its quality of strawberry plants cv. Sweet Charlie. The experimental included12 treatments resulted from the 
combination between three levels of organic sources plus one level of inorganic fertilizers and three treatments 
of Effective microorganisms (EM), Biofertile and the control treatment (without bio- fertilizers). Results show 
that using 100% of the recommended dose of N,P and K as mineral fertilizers and compost significantly affected 
most of plant growth characters expressed as plant height , number of leaves/ plant , crown diameter, leaf area, 
dry weight / plant, chemical composition (N, P and K) of plant foliage, total fruit yield and its components, i.e., 
early fruit yield, exportable fruit yield, marketable fruit yield and total fruit yield and physical fruit quality i.e., 
average fruit length, diameter, weight and firmness and chemical constituents of fruit, i.e., TSS%, vitamin C, 
titratable acidity, anthocyanins and total sugars. It was clearly evident that all treatments that received 100% 
of the recommended dose (organic sources or inorganic fertilizers) recorded higher values in all studied 
measured plant and fruit traits, as compared with compost at a rate of 50% of recommended dose. Results 
indicated also that bio-fertilization increased plant growth characters, chemical composition, total fruit yield and 
its components, physical quality and chemical constituents of fruit, i.e., TSS%, vitamin C, titratable acidity, 
anthocyanins and total sugars. On the other hand, chemical composition (N, P and K) of plant foliage, physical 
fruit quality as well as average length, diameter and weight of fruits were not statistically affected by bio-
fertilization. Adding biofertilizer, i.e., Effective microorganisms (EM) and Biofertile combined with 100% of 
the recommended dose of NPK as mineral fertilizers and compost increased most of plant growth characters, 
chemical composition, total fruit yield and its components, physical quality and chemical constituents of fruits. 
In this connection using Effective microorganisms (EM) combined with mineral fertilizers at 100% of the 
recommended dose   gave the highest values of plant growth characters, chemical composition, total fruit yield 
and its components, physical quality and chemical constituents of fruit, i.e., TSS%, vitamin C, titratable 
acidity, anthocyanins and total sugars comparing with other tested. Meanwhile Effective microorganisms (EM) 
that treated with 100% of the recommended dose of NPK as mineral fertilizers decreased unmarketable fruit 
yield.  
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Introduction 
 

There are three major strawberry producing regions in Egypt, Elkalubia, Elbehira (south of Eltahrir 
District) and Ismailia. The total cultivated area of strawberry occupies about 12000 hectare of farmland in Egypt 
with a total production quantity of about 242,200 ton (FAO, 2012).Total annual production amounted to 96,640 
tons in 2010/2011 season from cold stored transplants (Central Administration of Horticulture, Ministry of 
Agriculture and Land Reclamation, Egypt). Fruit yields of strawberry cultivars depend on soil fertility and water 
availability during growing season. Therefore, to obtain uniform high yield of good quality fruits it is essential to 
provide adequate nutrients for proper plant nourishment (Sharma, 2002).Therefore, there has recently been 
increased interest in the environmentally friendly, sustainable and organic agricultural practices in the world 
(Esitken et al., 2005, 2006). Nowadays, organic products are being famous for all people around the world. 
Due to the great global market demand, production of organic foods has rapidly increased in the past 
decades. On this basis organic agriculture has become a great choice as means of organic product 
producing. Organic cultured strawberries produced higher vegetative growth in compare to 
conventionally cultured strawberries produced (Palomaki et al., 2002) and Abu-Zahra and Tahboub 
(2008). Different studies indicated that application of compost manure to strawberry field play an important role 
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as soil amendment, improving plant nutrition and enhancing plant growth (Hargreaves et al., 2009).  In this 
respect, Wang and Lin (2002) indicated that growing cvs. Allstar and Honeoye of strawberry in 100% compost 
manure significantly enhanced plant growth when used as soil supplement. El-Araby et al. (2003) reported that 
strawberry cv. Camarosa, planted in sandy soil was significantly affected by organic fertilizer (manure).Abo 
Sedera et al., (2009) found that using mineral N fertilizer alone or with compost at the recommended dose (2000 
kg N/fed.) had better effect on the studied strawberry vegetative growth, total yield, average fruit weight and 
fruit firmness compared with the other combinations. Mahadeen (2009) studied the effect of two levels of 
poultry manure (0 and 40 ton/ha) and four levels of N, P and K chemical fertilizer Green leaf (20-20-20 + micro 
elements) at a rate of 0, 20, 60 and 100 kg/ha on fruit yield and quality of strawberry and soil chemical 
properties. He found that fresh and dry weighs of shoot were significantly increased with organic fertilizer. Abo 
Sedera et al. (2010) noticed that supplying the plants with mineral fertilizers at 125% of the recommended dose 
and spraying the plants with amino acids or humic acid at the high level of them resulted in the highest TSS, 
vitamin C, reducing and total sugars as well as anthocyanin concentration except total acidity which was the 
highest in fruits produced from the control treatment. Shehata et al. (2011) studied the effect of soil addition of 
compost and foliar fertilizer with Humic and/or amino acids on growth and yield of strawberry cv. Festival. 
Strawberry production is in constant increase, primarily due to increasing consumption of the fruit and its high 
profitability.  

Intensive farming practices that result in high yield and quality also require extensive use of chemical 
fertilizers, which are costly and create environmental problems. Therefore, there has been a recent, growing 
interest in various biofertilizers (microbe inoculants). Biofertilizers play a very important role in improving soil 
fertility by fixing atmospheric nitrogen, both in association with plant roots and without it, solubilise insoluble 
soil phosphates and produce plant growth substances in the soil. They are in fact being promoted to harvest the 
naturally available biological system of nutrient mobilization (Venkatashwarlu, 2008).Fawzia (2003) showed 
that the soil and /or foliar spraying of bio stimulants EM, to Kelsey plum during the 2001 and 2002 season 
resulted in the greatest leaf area and chlorophyll reading, the least number of leaves /shoot and increment in the 
stem length. Several organic fertilizers have been introduced in the recent years, which are also acting as 
natural stimulators of plant growth and development (Gousterova et al., 2008 and Khan et al., 2009). Three 
major groups of microorganisms are considered beneficial to plant nutrition: Arbuscular mycorrhizal 
fungi (AMF)( Jeffries et al., 2003), plant growth-promoting rhizobacteria (PGPR) (Podile et al., 2006), and 
nitrogen-fixing rhizobia, which are usually not regarded as PGPR (Franche et al., 2006).Nevertheless, the 
category of biofertilizer most commonly refers to products containing soil microorganisms increasing 
the availability and uptake of mineral nutrients for plants (like rhizobia and mycorrhizal fungi). 
According to the definition proposed by Vessey (2003), biofertilizers are substances which contain 
living microorganisms which, when applied to seed, plant surfaces, or soil, colonize the rhizosphere or 
the interior of the plant, and promote growth by increasing the supply or availability of primary nutrients 
to the host plant. EM is an abbreviation for Effective microorganisms and refers to a cocktail of beneficial 
microorganisms that is used as a soil amendment (Woodward, 2003).  

Many growers in Egypt have become interested EM technology as a means of restoring soil 
productivity. There is increasing evidence that EM can increase the microbial balance, diversity of agricultural 
soils, plus improving soil and yield quality (Higa and Wididana, 1991, Pairintra and pakdee, 1994, Muthaura 
et al., 2010 and Javaid and Shah 2010). Glinicki et al. (2011) studied the effect of EM on the vegetative 
growth of three strawberry cultivars. They found that EM was the most Effective treatment in stimulating shoot 
and root growth in the strawberry cultivar `Honeoye'. They also, revealed that NPK fertilization applied to 
strawberry plants together with EM-farming can withstand the positive effect on strawberry plant growth, which 
was gained with single microbial inoculation. The effect of bio-inoculants on growth of strawberry “Sujatha’ 
resulted to increase in plant height, number of leaves per plant, fresh weight, dry weight, leaf area and leaf 
chlorophyll content (Wasi-Amiri et al., 2011).  

The objective of this study was to determine the effect of different rate of organic, inorganic fertilizers, 
biofertilizer EM (Effective microorganisms), Biofertile , without biofertilizer and their interactions on the 
vegetative growth , chemical content , fruit yield and chemical quality of   strawberry cv. Sweet Charlie.  

Materials and Method 

This study was carried out in a private farm at El-Dair village, Qalubia governorate during the two 
successive winter seasons of 2011/2012 and 2012/2013, to investigate the effect of two biofertilizer EM 
(Effective microorganisms) and Biofertile, different rate of organic, inorganic fertilizers and their interactions on 
the vegetative growth, chemical composition, yield and quality of strawberry plants cv. Sweet Charlie. Fresh 
transplants were dipped in Rhizolex solution at a rate of 2.0 g /l for 20 minutes as recommended for pathogen 
disinfection before transplanting. The soil of the experimental field was sandy loam in texture with EC of 1.67 
dS/m and PH 7.80, N was 22.7 mg/kg soil, P was 17.1 mg/kg soil and exchangeable K was 129.4 mg/kg soil. 
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Some chemical characteristics of the used organic fertilizer are presented in Table 1 properties of the used EM 
content different of beneficial microorganisms about 80 species. The main species included in EM are as 
follows:- 

(Lactic acid bacteria, Photosynthetic bacteria, Yeasts, Ray fungi, Fungi). 
Biofertile preparation, developed at the Environmental Studies and Research Unit (ESRU), Faculty of 

Agriculture, Cairo University, are composites of rhizobacterial strains supporting plant nutrition (Table, 1) is a 
mixture of rhizobacterial isolates of diazotrophic nature, i.e. efficient in biological nitrogen fixation and 
production of auxins, mainly gibrillic acid (Othmann et al., 2003, 2004). These strains with their host plants are 
presented in Table 2. 
 
Table 1 : Average chemical analysis of compost during the two seasons of study.  

Organic materials 
Sources of compost              

 (Delta Bio Tec. Co.) 
PH Ec 

dS /m 

O.M 

% 

N 

% 

P 

% 

K 

% 

C/N Humidity 

% 

Weight of 
(kg)3 m 

Botanical waste 
compost 

AL wadi compost  6.6 1.6 58 1.4 0.65 0.79 18: 1 24 730 

 
Table 2: Rhizobacterial isolates in Biofertile and their host plants.  
Bacterial isolates (diazotrophs) Host plants and reference 
Azospirillum brasilense Ricinus communis L.       (Hamza et al. 1994) 
Azotobacter chroocooccum Hordeum vulgare            (Ali et al. 2005) 
Bacillus polymyxa Hamada elegans             (Heagazi and Fayez 2003)  
Enterobacter agglomerans Malva parviflora             (Hegazi and Fayez 2003) 
Pesudomonas putida Sorghum biocolor           (Hamza et al. 1994) 

 
The area of the experimental plot was 14 m2 included two beds each with four meters in length and 1.75 

meters in width. Each bed included four rows and the planting distance was 25 cm between transplants. 
Transplanting was done on 18 and 22 th of September in 2010/2011 and 2011/2012, respectively. Sprinkler 
irrigation was used in the first month after transplanting. The drip irrigation was used until the end of the season. 
The beds were mulched with 60 micron black plastic mulch 45 days after planting. The experiment included12 
treatments resulted from the combination between three levels of organic sources plus one level of inorganic 
fertilizers and three application treatments of Effective microorganisms (EM), Biofertile and the control 
treatment (without bio- fertilizers) as follows: 

 
Treatments 

1) Nitrogen treatments: 
  The experiment consisted of three nitrogen levels, i.e. 50, 75 and 100 % in the form of organic sources 

as compost in addition to one nitrogen levels 100 % in the form of inorganic fertilizer of the recommended 
does by Ministry of Agriculture (200, 95, 240 kg fed -1 of N, P and K fertilizers respectively) + 20 m3 cattle 
manure replaced by 10 ton compost fed -1(control) as follows:  

1) 50% of N recommended dose in the form of organic sources (8.857 ton compost fed -1 + 10 ton 
compost fed -1 = 18.857 ton compost fed -1). 

2) 75% of N recommended dose in the form of organic sources (13.285 ton compost fed -1 + 10 ton 
compost fed -1 = 23.285 ton compost fed -1).  

3) 100% of N recommended dose in the form of organic sources (17.714 ton compost fed -1 + 10 ton 
compost fed -1 = 27.714 ton compost fed -1). 

 4) 100% of N recommended dose in the form of mineral fertilizers (Full dose of NPK) + 10 ton ton 
compost fed -1 (control). 

 In each treatment the content of compost, potassium and phosphorus account calculated and completed to 
the required concentration by adding rock phosphate and feldspar. Rock phosphate (P2O5 22.8%) at (219.772, 
113.750 and7.727 kg p2o5 unit fed -1) and feldspar (K2O 10.6%) at (1727.518, 1459.202 and1190.887 kg k2o unit 
fed -1) were used as a source of P and K, respectively in both seasons and were added during soil preparation 
mixture with compost before agriculture.  
           Regarding mineral fertilization application, all amounts of nitrogen, phosphorus and potassium were 
divided into four equal parts. The first one was added during soil preparation in the form of ammonium sulfate 
(20.5 %), super phosphate (15%) and potassium sulfate (48%), as a manually podcast and band, respectively, the 
second one was added 3 weeks after transplanting, the third one was added 8 weeks after transplanting and the last 
one was added 12 weeks after transplanting. The recommendations were given by Ministry of Agriculture (1998). 
 2) Biofertilizers  

A- Effective microorganisms (EM). 
B- Biofertile. 
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C- Without bio- fertilizers (control).  
Biofertilizers were added to the absorption zone of plant roots at were added three times at 

transplanting, beginning of flowering and fruit setting. The two biofertilizers, i.e., Effective microorganisms 
(EM) and Biofertile at the rate of 20 litre / feddan in addition to the control treatment (without bio- fertilizers). 

A split plot design with three replicates was used in this experiment, where the tested three levels of 
organic sources plus one level of inorganic fertilizers were located at the main plots while the two biofertilizers, 
i.e., Effective microorganisms (EM) and Biofertile in addition to the control treatment (without bio- fertilizers) 
were distributed randomly in the sub plots. All other cultural treatments required for fresh plantation were done 
as commonly followed in the district. 

 
Data recorded   

1. Vegetative growth characteristics  
Were recorded five plants were taken from experimental plot on March 15 in the two seasons to 

determine the following data. 
a. Plant height  
b. Number of leaves / plant  
c. Crown diameter  
d. Leaf area  
e. Dry weight / plant  

 
2. Chemical compositions of plant foliage 

Samples of plant foliage were oven dried at 70 oC for 72 hr. till constant weight. The dry samples were 
pulverized separately and then a sample was acid digested. 

The percentage of total nitrogen, phosphorus and potassium in the acid digested dry samples of plant 
foliage were determined as follow: 
a. Nitrogen determination (N): Total nitrogen was determined as a percentage using microkjeldahl apparatus as 

described by Black et al. (1981). 
b. Phosphorus percentage: it was determined calorimetrically as reported by Trough and Meyer (1939). 
c. Potassium percentage: it was determined flame photo metrically as reported by Brown and lilleland (1946). 

 
3. Fruit yield and its components 
a. Early fruit yield was determined as weight of all harvested fruits at the 80-90% color stage during November, 

December and January.  
b. Exportable fruit yield was calculated as weight of all harvested fruits at the 80-90% color stage during 

November, December and January after discarding fruits was decay, over ripped and the misshaped. 
c. Marketable fruit yield after discarding the decayed fruits were calculated. 
d. UN marketable fruit yield included spoiled, malformed, and green shouldered, water damaged and rotted fruit. 
e. Total fruit yield was calculated as the fresh weight of all harvested fruits all over growing the season. 

 
4. Fruit quality  
a. Physical quality 

A random sample of 10 fruits at full ripe stage from each experimental plot was taken to determine the 
following properties:  

(1) Fruit parameters: length and diameter  
(2) Average fruit weight  
(3) Firmness recorded by TA-1000  firmness analyzer instrument using a penetrating cylinder of 1mm of 

diameter, to a constant distance (3 and 5 mm)inside the pulp of fruits, and by a constant speed 2mm per 
sec., and the peak of resistance was recorded per g/cm2. 

 
b. Chemical quality 
1-Total Soluble Solid percentage: was determined by using digital refract meter (Abbe Leica model), according 

to the method described by A.O.A.C (2000). 
2-Ascorbic Acid: the ascorbic acid content (V.C.) was determined as mg/ 100g fresh weight using 2.6 

dichlorophenol indophenol as indicator for titration as outlined in A.O.A.C (2000). 
3- Anthocyanin: It was determined by using HCl (1.5N) spectrophotometer as described by A.O.A.C (2000). 
4-Titratable acidity percentage: was measured by titration the juice of fruits against 0.1 N Na OH to pH 8.1 and 

expressed as percent of citric as described in A.O.A.C. (2000). 
5-Total sugar:  was determined in fresh strawberry fruits by using Lane and Eynon method according to 

A.O.A.C (2000).  
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Statistical analysis 
Data were subjected to statistical analysis for calculation of means, variance and stander error 

according to MSTATC software. Mean separations were estimated by calculating LSD value at 5% level 
according to Snedecor and Cochran (1980). 

 
Result and Discussion 
 
1-Vegetative growth 
(a)Effect of different nitrogen fertilizer treatments. 

Data presented in Tables 3 and 4 shows that using 100% of the recommended dose of NPK as mineral 
fertilizers or organic in the form of compost significantly affected plant height, number of leaves/ plant, crown 
diameter, leaf area and dry weight / plant. The highest values of number of leaves/ plant, crown diameter, leaf 
area and dry weight / plant were obtained by application of 100% of the recommended dose of N, P and K as 
mineral fertilizers or organic in the form of compost, while the lowest values in all studied growth traits were 
obtained by application of 50% of the recommended dose of N, P and K as organic in the form of compost. It 
was clearly evident that all treatments that received 100% of the recommended dose of N, P and K as mineral 
fertilizers or organic in the form of compost recorded higher values of all studied growth traits when compared 
with 50% of the recommended dose of N, P and K as organic in the form of compost. The improvement of 
vegetative characteristics (plant height, stem diameter and number of leaves) with increase in nitrogen fertilizer 
rate could be attributed to increased uptake of nitrogen and its associated role in chlorophyll synthesis and hence 
the process of photosynthesis and carbon dioxide assimilation (Jasso-chaverria et al., 2005) leading to enhanced 
growth. In addition, nitrogen stimulates vegetative growth resulting in large stems and leaves. Considering that 
potassium and phosphorus was applied at recommended rates, it is possible that their uptake was enhanced by 
nitrogen fertilizers which have been reported by mediate the uptake and utilization of potassium, phosphorus 
and other elements in plants (Brandy, 1984).  Organic manure plays a direct role in plant growth as a source of 
all necessary macro and micronutrients in available forms during mineralization and improves physical and 
chemical properties of soils (Chaterjee et al., 2005). Wang and Lin (2002) indicated that growing cvs. Allstar 
and Honeoye of strawberry in 100% compost manure significantly enhanced plant growth when used as soil 
supplement. In this respect, recently Abo Sedera et al. (2009) found that, using mineral N fertilizer alone or 
along with compost at the recommended dose (200kg N/fed.) had better effect on studied vegetative growth 
traits compared with 100% compost alone. Hargreaves et al., (2009), Esitken et al., (2010) and Shehata et al. 
(2011) all working on strawberry indicated that plant growth traits were increased with the application of N, P 
and K mineral fertilizers at tested rates. 

  
(b) Effect of biofertilizer treatments. 
        Data presented in Tables 3 and 4 show that treatment of strawberry plants with Effective microorganisms 
(EM) and Biofertile significantly affected plant height, number of leaves/ plant, crown diameter, leaf area and 
dry weight / plant compared with the control treatment (spray with tap water) during the both seasons of study. 
The obtained results showed that bio fertilizer accelerated the decomposition rate of compost applied to soils 
and enhanced the mineralization and availability of plant nutrients. Biofertilizers are live formulates of 
microorganisms (useful bacteria and fungi) that are ready to be used and improve the quality and the health of 
the soil and plant species by increasing the nutrient availability for the soil and plants. Biofertilizers naturally 
activate the microorganisms found in the soil restoring the soil's natural fertility and protecting it against drought 
and soil diseases and therefore stimulate plant growth (Han et al., 2006). The effect of bio-inoculants on 
growth of strawberry “Sujatha’ resulted to increase in plant height, number of leaves per plant, fresh 
weight, dry weight, leaf area and leaf chlorophyll content (Wasi-Amiri et al., 2011). 
 

 (c) Effect of the interaction. 
      Adding Effective microorganisms (EM) and Biofertile show that combined with 100% of the recommended 
dose of NPK as mineral fertilizers or organic in the form of compost increased most of plant vegetative growth 
parameters Tables 3 and 4.In this respect Effective microorganisms (EM) combined with 100% of the 
recommended dose of NPK as mineral fertilizers gave the highest values of plant height, number of leaves/ 
plant, crown diameter, leaf area and dry weight / plant comparing with other interaction treatments These results 
were true in the two seasons of experiment. These results may be due to the role of nitrogen on synthesis of 
chlorophyll, enzymes and proteins which in turn increases the vegetative growth. The application of 100% of 
the recommended dose of N, P and K in the form of the organic fertilizers and biofertilizer types ( Effective 
microorganisms (EM) and Biofertile) obtaining a growth of the strawberry plants similar to that of plants 
fertilized with a standard synthetic fertilizer. . It must be underlined that the amount of the macronutrients 
provided with the organic fertilizers is several folds lower than that applied with the chemical fertilizer. 
However, the organic substances present in the 100% of the recommended dose of NPK as organic and 
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biofertilizer types (Effective microorganisms (EM) and Biofertile) as well as the growth promotion activity of 
the rhizosphere beneficial microorganisms could sustain the growth of the strawberry. Many investigators 
obtained data support the recent results EL- Araby et al. (2003), Abu-Zahra and Tahboub (2008) and Shehata et 
al. (2011). Biofertilizers are an alternative to mineral fertilizers for increasing soil productivity and plant growth 
in sustainable agriculture. Similar results were obtained by Hargreaves et al., 2009, Awad et al. (2010) and 
Shehata et al. (2011). 
 
Table 3: Effect of different nitrogen levels, bio-fertilizers application and their interaction on vegetative growth of 

strawberry plants in 2011/2012 season. 
Treatments Plant Length 

(cm) 
Number of 
leaves/plant 

Crown diameter 
(cm)  

 

Leaf area 
 / plant (cm 2) 

Dry weight 
(g) Nitrogen level 

(A) 
Bio-fertilizers (B) 

50% Compost  18.4 15.8 2.7 322.4 11.8 
75% Compost  18.7 17.5 3.2 361.6 13.3 
100% Compost  20.1 19.6 3.5 415.9 15.5 
100% Mineral  24.4 21.0 3.7 430.8 17.4 
 Without bio- fertilizers 19.9 17.8 3.1 360.1 13.6 

Biofertile 20.4 18.6 3.3 378.3 14.7 
Effective microorganisms 20.8 19.0 3.4 409.6 15.2 

50% Compost Without bio- fertilizers 16.6 15.0 2.5 311.3 10.8 
Biofertile 17.3 16.1 2.8 323.3 12.2 
Effective microorganisms 17.9 16.4 2.9 332.7 12.4 

75% Compost Without bio- fertilizers 18.4 16.8 3.0 348.0 12.5 
Biofertile 18.8 17.6 3.2 358.7 13.4 
Effective microorganisms 19.4 18.1 3.3 378.0 13.9 

100% Compost Without bio- fertilizers 20.2 18.9 3.4 386.3 14.7 
Biofertile 20.8 19.7 3.5 394.7 15.6 
Effective microorganisms 22.3 20.1 3.6 408.3 16.1 

100% Mineral Without bio- fertilizers 23.8 20.4 3.6 423.0 16.3 
Biofertile 24.6 21.2 3.8 453.0 17.8 
Effective microorganisms 24.9 21.3 3.8 474.7 18.3 

LSD  0.05 value   A= 0.2 
B= 0.3 

AB= 0.6 

A= 0.1 
B= 0.1 

AB= 0.3 

A= 0.1 
B= 0.1 

AB= 0.2 

A= 8.2 
B= 9.3 

AB= 10.6 

A= 0.3 
B= 0.5 

AB= 0.8 
 

Table 4: Effect of different nitrogen levels, bio-fertilizers application and their interaction on vegetative growth of 
strawberry plants in 2012/2013 season. 

Treatments Plant Length 
(cm) 

Number of 
leaves/plant 

Crown diameter 
(cm)  

 

Leaf area 
 / plant (cm 2) 

Dry weight 
(g) nitrogen level 

(A) 
Bio-fertilizers (B) 

50% Compost  17.7 16.4 2.7 370.6 12.7 
75% Compost  20.3 18.3 3.1 409.4 15.1 
100% Compost  22.9 20.0 3.5 481.7 17.7 
100% Mineral  24.8 21.2 3.1 492.9 19.9 
 Without bio- fertilizers 20.4 18.2 3.1 414.8 15.4 

Biofertile 21.5 19.2 3.3 439.1 16.5 
Effective microorganisms 22.3 19.6 3.4 462.0 17.0 

50% Compost Without bio- fertilizers 16.7 15.5 2.5 362.7 11.9 
Biofertile 17.9 16.6 2.8 372.7 12.6 
Effective microorganisms 18.7 17.1 2.9 376.3 13.5 

75% Compost Without bio- fertilizers 19.2 17.4 2.9 393.7 13.9 
Biofertile 20.4 18.6 3.1 409.7 15.5 
Effective microorganisms 21.2 19.0 3.2 425.0 15.9 

100% Compost Without bio- fertilizers 21.8 19.3 3.3 446.0 16.9 
Biofertile 23.0 20.2 3.5 457.0 17.8 
Effective microorganisms 23.8 20.6 3.6 483.0 18.3 

100% Mineral Without bio- fertilizers 24.2 20.6 3.7 491.0 19.0 
Biofertile 24.8 21.3 3.9 516.0 20.2 
Effective microorganisms 25.5 21.6 4.0 530.7 20.5 

LSD  0.05 value   A= 0.4 
B= 0.5 

AB= 0.8 

A= 0.2 
B= 0.4 

AB= 0.6 

A= 0. 1 
B= 0.1 

AB= 0. 2 

A= 13.1 
B= 15.3 

AB= 19.6 

A= 0.3 
B= 0. 3 
AB= 0.5 

 
2- Chemical compositions of plant foliage. 
(a)Effect of different nitrogen fertilizer treatments. 

Data recorded in Table 5 show clearly that there were significant differences among the tested nitrogen 
fertilizer treatments in the percentage of total nitrogen, phosphorus and potassium in plant foliage where the 
highest value obtained by application of 100% of the recommended dose of N, P and K as mineral fertilizers or 
organic in the form of compost, while the lowest values in the percentage of total nitrogen, phosphorus and 
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potassium were obtained by application of 50% of the recommended dose of N, P and K as organic in the form 
of compost. It was clearly evident that all treatments that received 100% of the recommended dose of N, P 
and K as mineral fertilizers or organic in the form of compost recorded higher values of total nitrogen, 
phosphorus and potassium contents for the plant foliage when compared with 50% and 75% of the 
recommended dose of N, P and K as organic in the form of compost. The present results agree with those 
obtained by Preusch et al. (2004) who reported that leaf N, P and K was greater in strawberry plants grown in a 
salty soil which was amended with composted and fresh poultry litter than synthetic fertilizer, but there were no 
differences in leaf- N in plants grown in clay and sandy soils.  

 
(b) Effect of biofertilizer treatments. 

Data presented in Table 5 show that treatment of strawberry plants with bio fertilizer types (Effective 
microorganisms (EM) and Biofertile) affected on total nitrogen, phosphorus and potassium contents of plant 
foliage during both seasons of growth .Such data reveal that total nitrogen, phosphorus and potassium contents 
of plant foliage were not significantly affected with the application of bio fertilizer types. Biofertilizers contain 
useful microorganisms, which could colonize the rhizosphere and promote plant growth through increasing the 
supply or availability of essential nutrients to the plants (Vessy, 2003). These results were true in both seasons 
of study. Some of the previous studies with the same PGPR strains tested on strawberry (Güne et al., 2009) 
stimulated macro- and micro-nutrient uptake such as N, P and K.  

       
 (c) Effect of the interaction. 

 As for the interaction between bio fertilizer types and nitrogen treatment, data in Table (5) show that 
percentage of total nitrogen, phosphorus and potassium contents for the plant foliage were gradually and 
significantly increased by the application of bio fertilizer types (Effective microorganisms (EM) and Biofertile) 
combined with 100% of the recommended dose of NPK as mineral fertilizers or organic in the form of compost 
as compared with other interaction treatments. However, the highest values of total nitrogen, phosphorus and 
potassium contents were recorded in plant foliage received the Effective microorganisms (EM) combined with 
100% of the recommended dose of N, P and K as mineral fertilizers, but the lowest values were recorded with 
those received 50% of the recommended dose of N, P and K as organic in the form of compost. These results 
were true in both seasons. Such increments in N, P and K as a result of increments in increasing the amount of 
added mineral fertilizers may be due to the increase of such nutrient roots biosphere and consequently increases 
its uptake and accumulation of such macro-nutrients also the increase in total carbohydrate content might 
attribute to the main role of used macro-nutrients (N, P and K) as constituents of photosynthetic pigment 
molecules and assimilation rate for precursors of carbohydrates in leaves. Rathi and Bist (2004), Abo Sedera et 
al. (2009), Hargreaves et al., (2009) and Esitken et al., (2010). All working on strawberry reported significant 
increments in all determined chemical constitutes as a result of using NPK fertilizers at different rates. 

 
 Table 5: Effect of different nitrogen levels, bio-fertilizers application and their interaction on chemical constituents of plant 

foliage during two seasons. 
Treatments Season 2011/2012 Season 2012/2013 

Nitrogen level 
(A) 

Bio-fertilizers (B) Nitrogen% Phosphorus%  Potassium%  Nitrogen% Phosphorus%  
Potassium 

% 
50% Compost  2.44 0.44 1.40 2.61 0.61 1.44 
75% Compost  2.60 0.51 1.46 2.73 0.66 1.49 

100% Compost  2.70 0.56 1.51 2.88 0.51 1.54 
100% Mineral  2.83 0.66 1.59 3.01 0.55 1.62 

 
Without bio- fertilizers 2.62 0.54 1.48 2.79 0.61 1.51 
Biofertile 2.64 0.55 1.50 2.81 0.66 1.52 
Effective microorganisms 2.67 0.54 1.48 2.83 0.57 1.54 

50% Compost 
Without bio- fertilizers 2.27 0.36 1.31 2.41 0.58 1.35 
Biofertile 2.35 0.38 1.33 2.45 0.60 1.38 
Effective microorganisms 2.42 0.43 1.35 2.50 0.42 1.41 

75% Compost 
Without bio- fertilizers 2.43 0.43 1.41 2.60 0.43 1.44 
Biofertile 2.55 0.49 1.45 2.67 0.46 1.48 
Effective microorganisms 2.62 0.52 1.48 2.72 0.51 1.52 

100% Compost 
Without bio- fertilizers 2.64 0.57 1.48 2.83 0.52 1.53 
Biofertile 2.70 0.57 1.55 2.93 0.54 1.56 
Effective microorganisms 2.81 0.65 1.57 3.01 0.61 1.62 

100% Mineral 
Without bio- fertilizers 2.89 0.65 1.58 3.09 0.62 1.62 
Biofertile 2.98 0.69 1.62 3.21 0.64 1.66 
Effective microorganisms 3.05 0.75 1.72 3.32 0.71 1.72 

LSD  0.05 
value 

 
A= 0.04 
B= ns 

AB= 0.07 

A= 0.06 
      B= ns 

AB= 0.08 

A= 0.02 
B= ns 

AB= 0.04 

A= 0.05 
B= ns 

AB= 0.07 

A= 0.06 
B= ns 

AB= 0.09 

A= 0.04 
B= ns 

AB= 0.06 
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3- Total fruit yield and its components 
(a) Effect of different nitrogen fertilizer treatments.   
       Data presented in Tables 6 and 7 shows that application of 100% of the recommended dose of NPK as 
mineral fertilizers or organic in the form of compost had a significant effect on early fruit yield, exportable fruit 
yield, marketable fruit yield and total fruit yield. The highest values of early fruit yield, exportable fruit yield, 
marketable fruit yield and total fruit yield were obtained by application of 100% of the recommended dose of N, 
P and K as mineral fertilizers or organic in the form of compost, while the lowest values in all studied fruit yield 
traits were obtained by application of 50% of the recommended dose of NPK as organic in the form of compost. 
Meanwhile application of 100% of the recommended dose of N, P and K as mineral fertilizers decreased 
unmarketable fruit yield.  It was clearly evident that all treatments that received 100% of the recommended 
dose of NPK as mineral fertilizers or organic in the form of compost recorded higher values in all studied fruit 
yield traits when compared with 50% of the recommended dose of N, P and K as organic in the form of 
compost. Nitrogen is considered as one of the essential macronutrients required by the plants for their growth, 
development and yield (Singh et al., 2003). Also such increases are connected with the increase in vegetative 
growth which connected greatly with the productivity of plant. In this regard, similar results were reported by 
Abu-Zahra and Tahboub (2008) and Abo Sedera et al. (2010) found that addition of 100 % of the recommended 
N mineral fertilizers positively affected early fruit yield, exportable fruit yield, marketable fruit yield and total 
fruit yield. 
 
(b) Effect of biofertilizer treatments.  

  Data presented in Tables 6 and 7 show that the application of bio fertilizer types (Effective 
microorganisms (EM) and Biofertile) significantly affected early fruit yield, exportable fruit yield, marketable 
fruit yield and total fruit yield compared with the control treatment (spray with tap water). In this respect the 
highest values early fruit yield, exportable fruit yield, marketable fruit yield and total fruit yield were recorded 
in case of using Effective microorganisms (EM) during the two seasons of study. Meanwhile Effective 
microorganisms (EM) decreased unmarketable fruit yield. This result may be due to the role of bio-fertilizer on 
increasing the availability of nitrogen for plant absorption which in turn increases total fruit yield. In this regard, 
Hargreaves et al., (2009), Abo Sedera et al. (2010) and Esitken et al., (2010). 

 
Table 6: Effect of different nitrogen levels, bio-fertilizers application and their interaction on early, exportable, marketable, 

unmarketable and total yield of strawberry fruits in 2011/2012 season. 
Treatments Early  

yield 
ton/feddan 

Exportable 
Yield 

ton/feddan 

Marketable 
yield 

ton/feddan 

Unmarketable 
Yield 

ton/feddan 

Total 
 yield 

ton/feddan 
nitrogen level (A) Bio-fertilizers (B) 

50% Compost  3.648 2.451 19.720 2.012 21.732 
75% Compost  3.796 2.148 20.130 1.605 21.735 
100% Compost  3.979 1.859 20.600 1.305 21.905 
100% Mineral  4.148 1.655 21.260 0.919 22.179 
 Without bio- fertilizers 3.803 2.122 20.610 1.624 22.234 

Biofertile 3.917 2.049 20.190 1.425 21.615 
Effective microorganisms 3.957 1.914 20.480 1.333 21.813 

50% Compost Without bio- fertilizers 3.533 1.587 19.530 1.092 20.622 
Biofertile 3.693 1.668 19.760 0.891 20.651 
Effective microorganisms 3.718 1.710 19.850 0.775 20.625 

75% Compost Without bio- fertilizers 3.733 1.790 19.930 1.448 21.378 
Biofertile 3.808 1.875 20.170 1.283 21.453 
Effective microorganisms 3.845 1.913 20.290 1.183 21.473 

100% Compost Without bio- fertilizers 3.887 1.942 20.390 1.737 22.127 
Biofertile 4.003 2.195 20.640 1.565 22.205 
Effective microorganisms 4.047 2.307 20.790 1.513 22.303 

100% Mineral Without bio- fertilizers 4.060 2.337 20.910 2.218 23.128 
Biofertile 4.163 2.457 21.350 1.958 23.308 
Effective microorganisms 4.220 2.560 21.520 1.860 23.380 

LSD  0.05 value   A= 0.052 
B= 0.078 

AB= 0.089 

A= 0.051 
B= 0.057 

AB= 0.072 

A= 0.061 
B= 0.096 

AB= 0.131 

A= 0.037 
B= 0.051 

AB= 0.063 

A= 0.081 
B= 0.105 

AB= 0.158 

 
c) Effect of the interaction. 

Adding Effective microorganisms (EM) and Biofertile show that combined with 100% of the recommended 
dose of N, P and K as mineral fertilizers or organic in the form of compost increased most of total fruit yield and 
its components Tables 6 and 7. Effective microorganisms (EM) combined with 100% of the recommended dose 
of NPK as mineral fertilizers gave the highest values of early fruit yield, exportable fruit yield, marketable fruit 
yield and total fruit yield comparing with control treatment (without bio- fertilizers) for the different nitrogen 
fertilizer levels applications. Early fruit yield, exportable fruit yield, marketable fruit yield and total fruit yield 
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trait recorded the highest values with Effective microorganisms (EM) combined with 100% of the recommended 
dose of NPK as mineral fertilizers comparing with 50% of the recommended dose of N, P and K as organic in 
the form of compost. Meanwhile Effective microorganisms (EM) that treated with 100% of the recommended 
dose of N, P and K as mineral fertilizers decreased unmarketable fruit yield.  These results are true in the two 
seasons of experiment. Similar results were obtained by Hargreaves et al., (2009), Abo Sedera et al. (2010), 
Esitken et al., (2010) and Shehata et al. (2011). 

 
Table 7: Effect of different nitrogen levels, bio-fertilizers application and their interaction on early, exportable, marketable,                             

unmarketable and total yield of strawberry fruits in 2012/2013 season. 
Treatments Early  

yield 
ton/feddan 

Exportable 
Yield 

ton/feddan 

Marketable 
yield 

ton/feddan 

Unmarketable 
Yield 

ton/feddan 

Total 
 yield 

ton/feddan 
nitrogen level (A) Bio-fertilizers (B) 

50% Compost  3.680 1.702 19.910 1.887 21.797 
75% Compost  3.815 1.857 20.410 1.498 21.908 
100% Compost  3.946 2.231 20.940 1.094 22.034 
100% Mineral  4.215 2.533 21.470 0.775 22.245 
 Without bio- fertilizers 3.822 1.956 20.470 1.470 21.940 

Biofertile 3.930 2.110 20.710 1.281 21.991 
Effective microorganisms 3.990 2.177 20.870 1.190 22.060 

50% Compost Without bio- fertilizers 3.597 1.612 19.680 0.898 20.578 
Biofertile 3.705 1.720 19.930 0.765 20.695 
Effective microorganisms 3.738 1.775 20.130 0.661 20.791 

75% Compost Without bio- fertilizers 3.772 1.793 20.240 1.278 21.518 
Biofertile 3.820 1.875 20.440 1.058 21.498 
Effective microorganisms 3.853 1.903 20.550 0.946 21.496 

100% Compost Without bio- fertilizers 3.862 2.042 20.680 1.653 22.333 
Biofertile 3.942 2.293 20.980 1.450 22.430 
Effective microorganisms 4.035 2.358 21.160 1.390 22.550 

100% Mineral Without bio- fertilizers 4.057 2.377 21.260 1.763 23.023 
Biofertile 4.253 2.552 21.510 1.850 23.360 
Effective microorganisms 4.335 2.670 21.640 2.048 23.688 

LSD  0.05 value   A= 0.047 
B= 0.051 

AB= 0.073 

A= 0.033 
B= 0. 042 

AB= 0. 059 

A= 0.068 
B= 0. 094 

AB= 0. 125 

A= 0.022 
B= 0.038 

AB= 0.054 

A= 0.073 
B= 0.096 

AB= 0.123 

 
4-Fruit quality  
(a) Effect of different nitrogen fertilizer treatments. 

Data presented in Tables 8, 9, 10 and 11 shows that application of 100% of the recommended dose of NPK 
as mineral fertilizers or organic in the form of compost significantly affected most of physical fruit quality, i.e., 
average fruit length, diameter, weight and firmness and chemical constituents of fruit, i.e., TSS%, vitamin C, 
titratable acidity, anthocyanin and total sugars. The highest values in all measured fruit traits were obtained by 
application of 100% of the recommended dose of N, P and K as mineral fertilizers followed by 100% of the 
recommended dose of N, P and K as organic in the form of compost during both seasons of study. While the 
lowest values in all measured fruit traits were obtained by application of 50% of the recommended dose of NPK 
as organic in the form of compost. It was clearly evident that all treatments that received 100% of the 
recommended dose of N, P and K as mineral fertilizers recorded higher values in all studied measured fruit 
traits, as compared with 50% of the recommended dose of NPK as organic in the form of compost. Abo-El- 
Hamd et al. (2006) on strawberry studied the effect of recommended mineral dose of N, P and K at rate of 25, 
50 and 75% for cv. Chandler obtained results showed that using of 75% of the recommended N mineral 
fertilizers enhanced average fruit length, diameter, weight and firmness and chemical constituents of fruit, i.e., 
TSS%, vitamin C, titratable acidity, anthocyanin and total sugars as compared with the control treatment. In this 
regard, Mohamed and Gabr (2002), Ezzo (2004), Abo Sedera et al. (2009) and Odorrgo et al. (2011). All 
working on strawberry indicated that plant growth traits were increased with the application of N,P and K 
mineral fertilizers at tested rates. 

  
(b) Effect of biofertilizer treatments. 
         Data presented  in Tables 8, 9, 10 and 11 show that treatment of strawberry plants with bio fertilizer types 
(Effective microorganisms (EM) and Biofertile) significantly effect on physical fruit quality, i.e., average fruit 
length, diameter, weight and firmness and chemical constituents of fruit, i.e., TSS%, vitamin C, titratable 
acidity, anthocyanin and total sugars. The highest values of average fruit length, diameter, weight and firmness, 
TSS%, vitamin C, titratable acidity, anthocyanin and total sugars compared with the control treatment (spray 
with tap water) during both seasons of study. Whereas, Effective microorganisms (EM) recorded the highest 
values of average fruit length, diameter, weight and firmness, TSS%, vitamin C, titratable acidity, anthocyanin 
and total sugars. Abo-El- Hamd et al. (2006) on strawberry studied the effect of biofertilizers for cv. Chandler 
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obtained results showed that using of biofertilizers enhanced average fruit length, diameter, weight and firmness 
and chemical constituents of fruit, i.e., TSS%, vitamin C, titratable acidity, anthocyanin and total sugars as 
compared with the control treatment.  These results were in agreement with those reported by Hargreaves et al., 
(2009), Abo Sedera et al. (2010). Also, Muthaura et al., 2010 and Javaid and Shah 2010 reported that 
increasing evidence that EM can increase the microbial balance, diversity of agricultural soils, plus improving 
soil and yield quality.   
 
Table 8: Effect of different nitrogen levels, bio-fertilizers application and their interaction on average weight, length, 

diameter, firmness and TSS of strawberry fruits in 2011/2012 season. 
Treatments 

Fruit length 
cm 

fruit weight 
g 

 
fruit diameter 

cm 
 

fruit firmness 
g/cm2 

 
TSS 
% nitrogen level (A) Bio-fertilizers (B) 

50% Compost  3.8 16.9 3.11 9.7 9.7 
75% Compost  4.0 17.1 3.14 10.2 10.2 
100% Compost  4.2 17.9 3.26 10.5 10.5 
100% Mineral  4.4 18.3 3.30 10.8 10.8 

 
Without bio- fertilizers 4.1 17.4 3.19 9.9 9.9 
Biofertile 4.1 17.5 3.20 10.9 10.9 
Effective microorganisms 4.2 17.7 3.22 11.3 11.3 

50% Compost 
Without bio- fertilizers 3.8I 16.8 3.06 9.8 9.8 
Biofertile 3.8 16.9 3.10 10.2 10.2 
Effective microorganisms 3.9 16.9 3.13 10.5 10.5 

75% Compost 
Without bio- fertilizers 3.9 17.0 3.13 10.0 10.0 
Biofertile 4.0 17.1 3.16 10.6 10.6 
Effective microorganisms 4.1 17.2 3.16 10.9 10.9 

100% Compost 
Without bio- fertilizers 4.1 17.8 3.23 10.4 10.4 
Biofertile 4.1 17.9 3.26 11.2 11.2 
Effective microorganisms 4.4 18.1 3.26 11.7 11.7 

100% Mineral 
Without bio- fertilizers 4.4 18.2 3.30 10.6 10.6 
Biofertile 4.4 18.3 3.30 11.5 11.5 
Effective microorganisms 4.5 18.6 3.33 11.9 11.9 

LSD  0.05 value  
A= 0.2 
B= ns 

AB= 0.4 

A= 0.3 
B= ns 

AB= 0.8 

A= 0.08 
B= ns 

AB= ns 

 
A= 0.3 
B=0. 4 
AB=0.6 

 
A= 0.3 
B=0. 4 
AB=0.6 

 
Table 9: Effect of different nitrogen levels, bio-fertilizers application and their interaction on average weight, length, 

diameter, firmness and TSS of strawberry fruits in 2012/2013 season. 
Treatments 

Fruit length 
cm 

fruit weight 
g 

 
fruit diameter 

cm 
 

fruit firmness 
g/cm2 

 
TSS 
% nitrogen level (A) Bio-fertilizers (B) 

50% Compost  4.1 17.3 3.31 12.20 10.2 
75% Compost  4.3 17.7 3.31 12.65 10.8 
100% Compost  4.4 18.5 3.51 13.17 11.2 
100% Mineral  4.6 18.9 3.52 14.98 11.5 

 
Without bio- fertilizers 4.3 17.9 3.38 12.61 10.4 
Biofertile 4.3 18.0 3.39 13.21 11.1 
Effective microorganisms 4.4 18.4 3.46 13.78 11.7 

50% Compost 
Without bio- fertilizers 4.1 17.1 3.26 12.17 10.5 
Biofertile 4.2 17.3 3.26 13.52 11.4 
Effective microorganisms 4.2 17.4 3.26 13.94 11.9 

75% Compost 
Without bio- fertilizers 4.3 17.4 3.33 12.39 10.7 
Biofertile 4.3 17.5 3.33 12.97 11.8 
Effective microorganisms 4.3 18.1 3.40 13.42 12.3 

100% Compost 
Without bio- fertilizers 4.3 18.1 3.46 12.35 10.9 
Biofertile 4.4 18.6 3.46 13.85 12.1 
Effective microorganisms 4.5 18.6 3.46 14.43 12.6 

100% Mineral 
Without bio- fertilizers 4.6 18.7 3.53 13.00 11.4 
Biofertile 4.6 18.8 3.56 14.17 12.3 
Effective microorganisms 4.6 19.1 3.60 14.68 12.7 

LSD  0.05 value  
A= 0.1 
B= ns 

AB= 0.3 

A= 0.5 
B= ns 

AB= 0.8 

A= 0.1 
B= ns 

AB= ns 

A= 0.408 
B= 0.145 

AB= 0.316 

A= 0.1 
B= 0.2 
AB=0.4 
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(c) Effect of the interaction. 
         As for the interaction between biofertilizer types and nitrogen treatment, data in Tables 8, 9, 10 and 11 
show that most of physical fruit quality, i.e., average fruit length, diameter, weight and firmness and chemical 
constituents of fruit, i.e., TSS%, vitamin C, titratable acidity, anthocyanin and total sugars were gradually and 
significantly increased by the application of bio fertilizer types( Effective microorganisms (EM) and Biofertile) 
combined with 100% of the recommended dose of N, P and K as mineral fertilizers or organic in the form of 
compost as compared with other interaction treatments. 
 
Table10: Effect of different nitrogen levels, bio-fertilizers application and their interaction on vitamin c, titratable acidity, 

anthocyanin and total sugar content of strawberry fruits in 2011/2012 season. 
Treatments Vitamin C (mg/100g 

F.W.) 
Titratable acidity 

 % 
Anthocyanin 

 (mg/100g F.W.) 
Total sugar 

 (mg/ g F.W.)   nitrogen level (A) Bio-fertilizers (B) 
50% Compost  46.12 0.677 76.42 7.05 
75% Compost  46.68 0.695 76.34 7.06 
100% Compost  46.85 0.720 76.25 7.09 
100% Mineral  46.99 0.723 76.91 7.14 

 
Without bio- fertilizers 46.76 0.700 76.40 7.07 
Biofertile 46.91 0.702 75.51 7.09 
Effective microorganisms 47.14 0.709 75.53 7.09 

50% Compost 
Without bio- fertilizers 46.29 0.680 75.55 7.04 
Biofertile 46.55 0.677 74.78 7.05 
Effective microorganisms 46.73 0.677 75.92 7.06 

75% Compost 
Without bio- fertilizers 46.37 0.687 75.62 7.07 
Biofertile 46.75 0.700 75.50 7.07 
Effective microorganisms 46.94 0.700 74.89 7.05 

100% Compost 
Without bio- fertilizers 46.55 0.723 75.65 7.06 
Biofertile 46.79 0.713 74.97 7.09 
Effective microorganisms 46.95 0.723 75.14 7.12 

100% Mineral 
Without bio- fertilizers 46.67 0.711 74.76 7.13 
Biofertile 47.10 0.719 76.80 7.15 
Effective microorganisms 47.51 0.731 76.18 7.16 

LSD  0.05 value  

A= 0.17 
B= 0.28 

AB= 0.41 

A= 0.032 
B= 0.040 
AB=0.057 

 

A= 0.07 
B= 0.01 
AB=0.09 

A= 0.45 
B= 0.16 

AB= 0.31 

 

Table 11: Effect of different nitrogen levels, bio-fertilizers application and their interaction on vitamin c, titratable acidity, 
anthocyanin and total sugar content of strawberry fruits in 2012/2013 season. 

Treatments Vitamin C 
(mg/100g F.W.) 

Titratable acidity 
 % 

Anthocyanin 
 (mg/100g F.W.) 

Total sugar 
 (mg/ g F.W.)   nitrogen level (A) Bio-fertilizers (B) 

50% Compost  46.45 0.772 80.92 7.190 
75% Compost  46.77 0.789 80.77 7.220 
100% Compost  46.89 0.801 80.85 7.222 
100% Mineral  47.19 0.827 80.13 7.290 

 
Without bio- fertilizers 46.79 0.789 80.72 7.216 
Biofertile 47.21 0.800 80.73 7.234 
Effective microorganisms 47.91 0.802 80.55 7.242 

50% Compost 
Without bio- fertilizers 46.61 0.767 80.93 7.177 
Biofertile 46.83 0.777 81.04 7.203 
Effective microorganisms 47.12 0.773 80.79 7.190 

75% Compost 
Without bio- fertilizers 46.89 0.780 81.03 7.217 
Biofertile 47.15 0.793 80.69 7.220 
Effective microorganisms 47.93 0.793 80.59 7.223 

100% Compost 
Without bio- fertilizers 46.85 0.800 80.84 7.193 
Biofertile 47.24 0.797 81.16 7.223 
Effective microorganisms 47.81 0.807 80.53 7.250 

100% Mineral 
Without bio- fertilizers 46.87 0.810 80.06 7.277 
Biofertile 47.51 0.833 80.03 7.290 
Effective microorganisms 47.89 0.837 80.30 7.303 

LSD  0.05 value  
A= 0.26 
B= 0.35 

AB= 0.57 

A= 0.029 
B= 0.037 
AB=0.43 

 

A= 0.123 
B= 0.031 
AB=0.059 

A= 0.109 
B=0.047 

AB= 0.076 

 
Average fruit length, diameter, weight and firmness, TSS%, vitamin C, titratable acidity, anthocyanin and total 
sugars traits recorded the highest values with Effective microorganisms (EM) that treated with 100% of the 
recommended dose of N, P and K as mineral fertilizers comparing with 50% of the recommended dose of N, P 
and K as organic in the form of compost applications. Abo-El- Hamd et al. (2006) on strawberry studied the 
effect of biofertilizers and recommended mineral dose of NPK at rate of 25, 50 and 75% for cv. Chandler 
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obtained results showed that using of biofertilizers combined with addition of 75% of the recommended N 
mineral fertilizers enhanced average fruit length, diameter, weight and firmness and chemical constituents of 
fruit, i.e., TSS%, vitamin C, titratable acidity, anthocyanin and total sugars as compared with the control 
treatment. These results were obtained in the two seasons of experiment. Similar results were obtained by 
Hargreaves et al., (2009), Abo Sedera et al., (2010) and Shehata et al., (2011). 

 
Conclusions 
 

Our results indicated that biofertilizers application in organic farming can be used to increasing the 
fertilizer use efficiency similar to mineral fertilizer usage. In view of environmental pollution in case of 
excessive use of mineral fertilizers and due to high costs in the production of N fertilizers, biofertilizers tested 
in our study may well be suited to achieve sustainable and ecological agricultural production in the region. An 
important nutritional problem of developing countries is micro-nutrient malnutrition. Strawberry plants can 
be grown better with high fruit yield and quality in sandy soils amended with 100% of the recommended dose 
of N, P and K as mineral fertilizers or organic in the form of compost combined with Effective microorganisms 
(EM). This paper supports the view that biofertilizer types have some potential to increase use efficiency of 
organic fertilizer in both organic and conventional farming. 
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	Strawberry seedling were transplanted in a private farm at Qalubia governorate, Egypt during the two successive winter seasons 2010/2011 and 2011/2012, to investigate the effect of different rate of organic, inorganic fertilizers, bio-fertilization(Effective microorganisms (EM) and Biofertile in addition to the control) and their interactions on the vegetative growth, chemical composition as well as produced fruit yield expressed as early fruit yield, exportable fruit yield, marketable fruit yield, un marketable fruit yield and total fruit yield and its quality of strawberry plants cv. Sweet Charlie. The experimental included12 treatments resulted from the combination between three levels of organic sources plus one level of inorganic fertilizers and three treatments of Effective microorganisms (EM), Biofertile and the control treatment (without bio- fertilizers). Results show that using 100% of the recommended dose of N,P and K as mineral fertilizers and compost significantly affected most of plant growth characters expressed as plant height , number of leaves/ plant , crown diameter, leaf area, dry weight / plant, chemical composition (N, P and K) of plant foliage, total fruit yield and its components, i.e., early fruit yield, exportable fruit yield, marketable fruit yield and total fruit yield and physical fruit quality i.e., average fruit length, diameter, weight and firmness and chemical constituents of fruit, i.e., TSS%, vitamin C, titratable acidity, anthocyanins and total sugars. It was clearly evident that all treatments that received 100% of the recommended dose (organic sources or inorganic fertilizers) recorded higher values in all studied measured plant and fruit traits, as compared with compost at a rate of 50% of recommended dose. Results indicated also that bio-fertilization increased plant growth characters, chemical composition, total fruit yield and its components, physical quality and chemical constituents of fruit, i.e., TSS%, vitamin C, titratable acidity, anthocyanins and total sugars. On the other hand, chemical composition (N, P and K) of plant foliage, physical fruit quality as well as average length, diameter and weight of fruits were not statistically affected by bio-fertilization. Adding biofertilizer, i.e., Effective microorganisms (EM) and Biofertile combined with 100% of the recommended dose of NPK as mineral fertilizers and compost increased most of plant growth characters, chemical composition, total fruit yield and its components, physical quality and chemical constituents of fruits. In this connection using Effective microorganisms (EM) combined with mineral fertilizers at 100% of the recommended dose   gave the highest values of plant growth characters, chemical composition, total fruit yield and its components, physical quality and chemical constituents of fruit, i.e., TSS%, vitamin C, titratable acidity, anthocyanins and total sugars comparing with other tested. Meanwhile Effective microorganisms (EM) that treated with 100% of the recommended dose of NPK as mineral fertilizers decreased unmarketable fruit yield. 
	Key words: Strawberry plants cv. Sweet Charlie, organic, inorganic, nitrogen fertilizers, bio-fertilization, Effective microorganisms, plant growth, chemical composition, fruit yield.



