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ABSTRACT 
 

Two field experiments were conducted during the two successive winter seasons of 2012- 2013 
and 2013- 2014 at sandy soil in a private sector farm at El-Dair village, Qalubia Governorate, Egypt, 
to investigate the effect of natural potassium fertilizer rates (75, 100 and 125% of the recommended 
dose of K2O/fed-1) with or without Microbial inoculants (mixture of nitrogen fixing bacteria" 
Azotobacter sp", phosphate dissolving bacteria "Bacillus megaterium" and potassium dissolving 
bacteria "Bacillus circulans)  were added as soil drench  and foliar spray with Nutriplant supreme Ca 
O and Global  chelated calcium at 1g / l., apply every week with a total of 10 application times during 
the growing season starting 21days after transplanting were used in a combination of 18 treatments to 
study their effect on the vegetative growth, chemical constituents of plant foliage, fruit yield and 
quality of strawberry plants cv. Sweet Charlie. A split plot design with three replicates was used 
where different natural potassium fertilizer rates and Microbial inoculants were arranged in the main 
plots and foliar spray for calcium treatments were arranged in sub plots. Results show that using 
different rates of the recommended dose of K natural potassium fertilizer and Microbial inoculants 
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 quality as well as average length, diameter, weight and 
firmness of fruits 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 125% of the 
recommended dose of natural potassium fertilizer with Microbial inoculants or natural potassium 
fertilizer without Microbial inoculants recorded higher values in all studied measured plant and fruit 
traits, as compared with 75% recommended dose  of natural potassium fertilizer without Microbial 
inoculants. Results indicated that foliar calcium application, i.e., Nutriplant supreme CaO and Global 
chelated calcium 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. Nutriplant Supreme CaO recorded higher values in all studied 
measured plant and fruit traits, as compared with spray water. No significant differences were 
observed among foliar spray calcium treatments in number of plant length, number of leaves/plant and 
dry weight during the two year of study. Obtained results show that soil addition of 125% of the 
recommended dose of K natural potassium fertilizer rates and Microbial inoculants to strawberry 
plants combined with spraying the plants with calcium application, i.e., Nutriplant supreme CaO and 
Global  chelated calcium to increase the vegetative growth, early maturing and total fruit yield. natural 
potassium fertilizer at a rate of 125% of the recommended dose of K and Microbial inoculants 
combined with spraying the plants with Nutriplant supreme CaO 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 the control treatment (spraying water) applications for the different natural potassium 
fertilizer rates.  
 

Key words: Strawberry fruits cv. Sweet Charlie, K natural potassium, calcium   application, vegetative 
growth, fruit yield, fruit quality.  

Introduction 
The new approach to farming is often referred to as sustainable agriculture, seeks to introduce 

friendlier agricultural practices to the environment and maintains the long term ecological balance of 
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the soil ecosystem. The use of microbial inoculants (bio-fertilizers) is considered as the alternative 
source to nourish the crops. Organic and bio-fertilizers could be used not only to diminish the 
vegetable crops requirements from chemical fertilizers but also to avoid its unfavorable effect to the 
environment.  Recently, unconventional efforts are used to minimize the amounts of chemical 
fertilizers which applied to vegetables and edible plants in order to reduce production cost and 
environmental pollution without reduction of yield. Therefore, the trend now is using some safety 
compound. Nowadays many farmers used to apply organic compounds as foliar spray or soil addition 
to improve growth, productivity and yield quality of produced fruits. In this connection, several 
researches have been conducted on several vegetable crops relating the effect of such compounds on 
plant response. In this respect Arancon et al., (2003), Singh et al., (2009), Abo Sedera et al., (2010), 
Abd El-Mawgoud et al., (2010), Spinelli et al., (2010), Yadav et al., (2010) and Hazarika et al. 
(2015). On strawberry reported positive response for using such organic and safety compounds on 
productivity and quality of strawberry cultivars.  

Organic fertilization is very important in organic fruit production due to use of inorganic 
fertilizers is not possible. Therefore N2-fixing and phosphate solubilising bacteria, including Bacillus 
sp., Azotobacter sp., Azospirillum sp., Beijerinckia sp., Pseudomonas sp. Are widely used in organic 
plant growing (Lugtenberg and Kamilova, 2009). Pirlak and Kose (2009) reported that the root 
application of plant growth promoting rhizobacteria (PGPR) strains significantly increased plant 
growth characters , total soluble solids, total sugar and reducing sugar but decreased titratable acidity 
in strawberry cultivar Selva while foliar application resulted in increased fruit weight. 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). Tripathi and Gupta (2012). Studied the effect of Azotobacter and vermicompost on fruit quality 
of strawberry cultivar Chandler recorded maximum length, width, weight, TSS, total sugars and 
ascorbic acid with minimum acidity with the application of 7 kg Azotobacter in combination with 30 
tons per hectare vermicompost. In another study, Tripathi et al., (2014). obtained maximum berry 
length, width, weight, TSS, total sugars, ascorbic acid content and minimum acidity in strawberry cv. 
Chandler plants treated with Azotobacter and phosphate solubilizing bacteria (each at 6 kg/ ha). 

Potassium is an essential nutrient for all plants and has a major effect upon yield and quality of 
potatoes as well as the general health and vigour of the crop. It is involved in regulating the amount of 
water in the plant; in the absence of sufficient potassium crops do not use water efficiently. Potassium 
(K+) is the primary cation in most plants. It affects all aspects of crop production including yield, 
resistance to pathogens and tolerance to abiotic stress such as salinity, lodging, and drought. Its uptake 
from the soil predominantly takes place via two separate mechanisms, one passive and one active 
(Véry and Sentenac, 2003 and Rodríguez-Navarro and Rubio, 2006, Marschner 2012) reported that K 
plays a crucial role in turgor regulation within the guard cells during stomatal movement. Potassium is 
an important nutrient for plant meristem growth and physiological functions, including regulation of 
water and gas exchange in plants, protein synthesis, enzyme activation, photosynthesis and 
carbohydrate translocation in plants. When potassium deficiency is observed the plants are short, 
leaves become pale-green and later in the vegetation at leaves ends and tops they become necrotic 
(Kumar and Sharma, 2013). Sousa et al., (2014) who observed that mean weight and percentage of 
fruits of the variety ‘Oso Grande’ were affected by high contents of K available in the soil, and yield 
reduction in the cultivars ‘Oso Grande’ and ‘Vero’, with the increase in the doses of K fertilization. 
Potassium (K) is also highly demanded by the crop for directly favoring fruit quality and increasing 
the contents of total soluble solids and ascorbic acid, besides improving aroma, taste, color and 
firmness of fruits (Pettigrew, 2008). Rodas et al.,  (2013) indicated that plant growth characters as 
expressed by plant height, number of leaves/ plant, crown diameter, leaf area and dry weight / plant, 
physical and chemical properties of the cultivar ‘Aromas’, such as external color, titratable acidity, pH 
and soluble solids, were influenced by combined doses of N and K applied through fertigation. 

One of the methods of plant nutrient minerals is foliar feeding. In this method, the speed and 
efficiency of the plant required elements are relatively in high. When deficiency symptoms are 
observed, provide quick nutrient branches, leaves, or fruits, or when the roots are essential for various 
reasons, including environmental conditions cannot absorb nutrients well, spray with a suitable 
solution. Calcium is one of the main components in the plant cell wall and, it causes the cell wall 
solidity (Kaya et al., 2002). Foliar applications of calcium chloride improved fruits quality, delayed 
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ripening and retard fungal growth on strawberries (Wojcik and Lewandowski, 2003). Calcium is an 
important nutrient that plays a key role in the structure of cell walls and cell membranes, fruit growth, 
and development, as well as general fruit quality (Kadir 2004). Calcium addition showed positive 
effects at growth and crop yields (Levent Tuna et al., 2007). Calcium treatment helps to retain fruit 
firmness, increase vitamin C content, decreased storage breakdown rotting and browning in apple. 
The beneficial effects of Ca on maintaining fruit quality are well documented by (Kazemi et al., 
2011). Kazemi (2013) indicated that plant growth, physical and chemical properties and yield of 
strawberry plants were influenced by combined low salicylic acid and calcium chloride concentration. 
Cheour et al., 1991. Showed that foliar application of CaCl2 on strawberry plants increased the free-
sugar contents but, titrable acidity decreased. Al-Hamzawi (2010) on cucumber plants , found that, 
plant growth, maximum flowers number and the highest N,P and K content in plant and  total fruit 
yield as well as, TSS were obtained by the application of KNO3and foliar application of Ca (NO3)2 at 
high concentrations.  

Strawberry (Fragaria x ananassa) is a crop that has rapid growth and is highly influenced by 
fertilization. Due to its development speed, the plant needs to absorb sufficient macronutrients in 
order to meet its demand. The objective of this research was to evaluate growth and yield of 
strawberry under different doses of natural potassium (K) fertilization and Microbial inoculants as 
well as foliar spray of calcium and their interactions.  
 
Materials and Methods 

 
This study was carried out in a private farm at El-Dair village, Qalubia governorate during the 

two successive winter seasons of 2012/2013 and 2013/2014, to investigate the effect of Effect of 
different natural potassium fertilizer rates and Microbial inoculants as well as foliar spray 
of calcium 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 
experimental field was sandy loam in texture with EC of 1.67 dS/m and PH 7.80, N was 23.9 mg/kg 
soil, P was 19.2 mg/kg soil and exchangeable K was 136.8 mg/kg soil. Some chemical characteristics 
of the used organic fertilizer are presented in Table 1. 
 
Table 1: Average chemical analysis of compost during the two seasons of study.  

Organic 
materials 

sources of 
compost  

PH 
Ec 

dS /m 
O.M 

% 
N 
% 

P 
% 

K 
% 

C/N 
Humidity 

% 

Weight 
3 of m

(kg) 
Botanical 
waste 
compost 

ELWadi 
Compost 

6.6 1.6 58 1.4 0.65 0.79 18: 1 25  730  

 

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 20 and 24 th of September in 2012/2013 and 2013/2014, 
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 experimental included18 treatments resulted from the combination between 
three rates of natural potassium fertilizer rates with microbial inoculants  and three rates of natural 
potassium fertilizer rates without  microbial inoculants as well as two foliar application treatments of 
calcium (Nutriplant Supreme Cao, Global Chelated Calcium and the control treatment (spraying 
water) as follows: 

 
1) Application of NPK fertilizer rates: 

 
1. 100 %N, 100 % P and 75% K of the recommended dose.  
2. 100 %N, 100 % P and 75% K of the recommended and Microbial inoculants. 
3. 100 %N, 100 % P and 100% K of the recommended dose.  
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4. 100 %N, 100 % P and 100% K of the recommended and Microbial inoculants. 
5. 100 %N, 100 % P and 125% K of the recommended dose.  
6. 100 %N, 100 % P and 125% K of the recommended and Microbial inoculants. 
Three natural potassium fertilizer rates, i.e. 75, 100 and 125 % in the form of organic sources as 

compost in addition to natural rock potassium (feldspar) fertilizer of the recommended does by 
Ministry of Agriculture (1998), (200, 95, 240 kg fed -1 of NPK fertilizers respectively). 

a. Compost 100 % N rate was used at (200 units N/ fed -1 which were about 17.857 ton compost 
fed -1 while three potassium fertilizer rates (180,240 and 300 units K2O / fed -1) which were about 
(17.857 ton compost fed -1 plus 633.4 kg from  feldspar, 17.857 ton compost fed -1 plus 1199.5 kg 
from  feldspar and 17.857 ton compost fed -1 plus 1765.2 kg from  feldspar) while one phosphorus 
rate was used at (90 units P2O5/ fed -1) which were about (17.857 ton compost fed -1 plus 9.4 kg from  
rock phosphate). A source of P and K were added during soil preparation mixture with compost 
before agriculture. In each treatment the content of compost, potassium and phosphorus account 
calculated and completed to the required concentration by adding feldspar and rock phosphate.  
 
b. Microbial inoculants: 
 

mixed inocula from nitrogen fixing bacteria" Azotobacter sp", phosphate dissolving bacteria " 
Bacillus megaterium " and potassium dissolving bacteria " Bacillus circulans"  by the rate of 7.5 g/100 
m2, each inoculum has 108/g bacterial cells (Agriculture Research Center, Central Lab Of Organic 
Agriculture; ARC; Egypt). Microbial mixture was mixed and added with compost before agriculture.  
 
2) Foliar spray calcium treatments: 
 

1- Nutriplant Supreme Cao (15 - 5 - 15) + 15 CaO is a commercial product from Bioveg Agro,Future 
Agri. ; Egypt) sparing at 1g / l.   

2- Global Chelated Calcium (12% CaO with organic acid is a commercial product from Global 
chemical; Egypt) sparing at 1g / l. 

3- Control treatment (spraying water). 
The spraying treatments were started after 21 days from transplanting and every week for 10 times 

through the growing season. 
A split plot design with three replicates was used where different natural potassium fertilizer 

rates with or without Microbial inoculants were arranged in the main plots and foliar spray calcium 
treatments 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 each 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 70oC 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). 
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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 splitted, malformed, 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. It included marketable and unmarketable fruit yield (culls yield). 
 

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 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 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).  
 

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 (1991). 

 
Results and Discussion 
 
1- Vegetative Growth Characters: 
 
(a) Effect of natural potassium fertilizer rates with or without microbial inoculants:  
Data in Tables 2 and 3 show that vegetative growth characters of strawberry plants were significantly 
affected by different rates of natural potassium fertilizer with or without microbial inoculants 
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whereas, plant growth characters expressed as plant height, number of leaves/ plant, crown diameter, 
leaf area and dry weight / plant were gradually increased by increasing rates of natural potassium 
fertilizer with or without microbial inoculants. The highest values of the above mentioned growth 
characters were obtained with the highest rate of (potassium 125 % of the recommended dose of 
natural potassium fertilizer (300 kg K2O / fed.-1) with microbial inoculants. On the other hand, the 
lowest values were obtained with the lowest rate of 75 % of the recommended dose of natural 
potassium fertilizer (180 kg K2O / fed.-1) without microbial inoculants. These findings were significant 
and true in both experimental seasons. The statistical analysis of the obtained data reveals that the 
differences within various potassium levels were great enough to reach the significant level of 5%. It 
could be concluded that increasing of rates natural potassium fertilizer with microbial inoculants 
promoted the vegetative growth characters which in turn increased number of leaves/ plant, crown 
diameter, leaf area and dry weight / plant. These results are in agreement with those reported by 
Arancon et al.,(2003), Singh et al.,(2009), Abo Sedera et al.,(2010), Abd El-Mawgoud et al., (2010), 
Spinelli et al.,  (2010) , Yadav et al.,(2010) and Hazarika et al.,(2015) all working on strawberry 
reported positive response for using such organic compounds on plant growth characters as expressed 
by plant height, number of leaves/ plant, crown diameter, leaf area and dry weight / plant of 
strawberry cultivars.Growth promoting rhizobacteria (PGPR) strains significantly increased plant 
growth characters of cv. Selva. 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).   

 
Table 2: Effect of different potassium fertilizer rates, microbial inoculants and calcium foliar application and their interaction on vegetative 

growth traits 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) 
Potassium rates (A) Foliar spray (B) 

75% K2O/fed-1  17.98 17.91 2.402 330.3 11.27 
75% K2O/fed-1 + 
Microbial  inoculants 

 19.31 18.14 2.466 358.2 12.21 

100% K2O/fed-1  21.04 20.23 2.722 385.7  12.88 
100% K2O/fed-1 + 
Microbial  inoculants 

 22.38 20.97 2.943 409.0 14.21 

125% K2O/fed-1  24.60 21.61 3.310 420.9 14.44 
125% K2O/fed-1 + 
Microbial  inoculants 

 24.90  22.06 3.606 438.2 14.91 

 
Spraying water 21.22 19.83 2.806 369.7 13.08 
Nutriplant supreme 1g / l 21.88 20.15 2.919 391.9 13.24 
Global chelated calcium 1g / l 22.01 20.48 2.999 409.6 13.63  

75% K2O/fed-1 
Spraying water 17.53 17.57 2.210 311.3 10.60 
Nutriplant supreme 1g / l 18.33 17.70 2.417 348.3 11.57 
Global chelated calcium 1g / l 18.07 18.47 2.580 331.3 11.63 

75% K2O/fed-1 + 
Microbial  inoculants 

Spraying water 18.70 17.53 2.363 346.3 11.60 
Nutriplant supreme 1g / l 19.60 18.23 2.500 359.7 12.57 
Global chelated calcium 1g / l 19.63 18.67 2.533 368.7 12.47 

100% K2O/fed-1 
Spraying water 20.30 19.60 2.677 363.3 12.43 
Nutriplant supreme 1g / l 21.50 20.60 2.627 381.7 12.60 
Global chelated calcium 1g / l 21.33 20.50 2.863 412.0 13.60 

100% K2O/fed-1 + 
Microbial  inoculants 

Spraying water 21.73 20.70 2.773 384.3 15.33 
Nutriplant supreme 1g / l 22.53 20.80 2.980 410.3 13.50 
Global chelated calcium 1g / l 22.87 21.40 3.077 432.3 13.80 

125% K2O/fed-1 
Spraying water 24.33 21.73 3.233 394.3 14.07 
Nutriplant supreme 1g / l 24.80 21.80 3.370 421.3 14.57 
Global chelated calcium 1g / l 24.67 21.30 3.327 447.0 14.70 

125% K2O/fed-1 + 
Microbial  inoculants 

Spraying water 24.73 21.83 3.577 418.3 14.47 
Nutriplant supreme 1g / l 24.50 21.77 3.623 430.0 14.67 
Global chelated calcium 1g / l 25.47 22.57 3.617 466.3 15.60 

LSD  0.05 value  
A= 1.62 
B= n.s. 

AB= 1.58 

A= 1.21 
B= n.s. 
AB= 
1.39 

A= 0.115 
B= 0.175 

AB= 0.222 

A= 13.6 
B= 18.8 

AB= 23.9 

A= 0.89 
B= n.s. 

AB= 1.45 
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Table 3: Effect of different potassium fertilizer rates, microbial inoculants and calcium foliar application and their interaction on vegetative 
growth traits of strawberry plants in 2013/2014 season. 

Treatments 
Plant 

Length 
(cm) 

Number of 
leaves 
/plant 

 
Crown 

diameter 
(cm) 

 

Leaf area 
/ plant 
(cm 2) 

Dry weight 
(g) Potassium rates (A) Foliar spray (B) 

75% K2O/fed-1  19.20 19.09 2.69 368.1 11.76 
75% K2O/fed-1 + 
Microbial  inoculants 

 20.64 20.83 3.01 421.2 12.59 

100% K2O/fed-1  22.12 22.92 3.51 447.2 13.23 
100% K2O/fed-1 + 
Microbial  inoculants 

 23.19  24.27 3.53 458.3 13.99 

125% K2O/fed-1  24.73 24.76 3.82  506.3  15.02 
125% K2O/fed-1 + 
Microbial  inoculants 

 24.87 24.80 4.06 488.7 15.62 

 
Spraying water 21.97 22.38 3.33 424.0 13.28 
Nutriplant supreme 1g / l 22.54 22.67 3.45 464.7 13.61 
Global chelated calcium 1g / l 22.87 23.28 3.53 456.2 14.22 

75% K2O/fed-1 

Spraying water 18.60 18.27 2.53 353.7 11.57 
Nutriplant supreme  
1g / l 

19.30 18.57 2.73 374.7 11.83 

Global chelated calcium 1g / l 19.70 20.43 2.81 376.0 11.87 

75% K2O/fed-1 + 
Microbial  inoculants 

Spraying water 20.37 20.53 2.94 399.0 12.53 
Nutriplant supreme 1g / l 20.87 20.77 2.96 429.7 12.57 
Global chelated calcium 1g / l 20.70 21.20 3.13 435.0 12.67 

100% K2O/fed-1 
Spraying water 21.57 22.47 3.35 429.7 12.83 
Nutriplant supreme 1g / l 22.23 22.77 3.55 450.3 13.03 
Global chelated calcium 1g / l 22.57 23.53 3.63 461.7 13.83 

100% K2O/fed-1 + 
Microbial  inoculants 

Spraying water 22.37 23.83 3.49 438.3 13.50 
Nutriplant supreme 1g / l 23.50 24.30 3.53 461.3 13.73 
Global chelated calcium 1g / l 23.70 24.67 3.57 475.3 14.73 

125% K2O/fed-1 
Spraying water 24.37 24.40 3.67 455.7 14.43 
Nutriplant supreme 1g / l 24.57 24.67 3.87 496.3 14.83 
Global chelated calcium 1g / l 25.27 25.20 3.93 514.0 15.80 

125% K2O/fed-1 + 
Microbial  inoculants 

Spraying water 24.57 24.77 3.97 467.7  14.80 
Nutriplant supreme 1g / l 24.77 24.97 4.06 525.0 15.67 
Global chelated calcium 1g / l 25.27 24.67 4.14   16.40 

LSD  0.05 value  

A= 0.97 
B= n.s. 
AB= 
1.74 

A= 1.28 
B= n.s. 

AB= 1.25 

A= 0.10 
B= 0.09 

AB= 
0.11 

A= 19.1 
B= 21.1 

AB= 26.7 

A= 0.26 
B= n.s. 

AB= 0.35 

 
In addition , Rodas et al.,(2013) Indicated that plant growth characters of the cultivar ‘Aromas’, such 
as plant height, number of leaves/ plant, crown diameter, leaf area and dry weight / plant were 
influenced by combined doses of N and K applied through fertigation.  
 
 (b) Effect of foliar spray calcium with treatments:  
 

Data presented in Tables  2 and 3 show that the foliar spray treatments of strawberry plants with 
Nutriplant supreme Ca O and Global chelated calcium affected plant growth characters as expressed 
by plant height, number of leaves/ plant, crown diameter, leaf area and dry weight / plant compared 
with untreated plants (spray with tap water) in this respect enhancing effect reaches only the level of 
significantly in the case of crown diameter and leaf area/plant in both seasons of study. In addition, 
the highest values of plant height, number of leaves/ plant, number of crown, leaf area and dry weight 
/ plant were obtained with Nutriplant supreme CaO compared all treatments in both seasons of study. 
In this regard, Calcium is an important nutrient that plays a key role in the structure of cell walls and 
cell membranes, fruit growth, and development, as well as general fruit quality (Kadir 2004). Calcium 
addition showed positive effects at growth (Levent Tuna et al., 2007). Kazemi (2013) indicated that 
plant growth characters as expressed by plant height, number of leaves/ plant, crown diameter, leaf 
area and dry weight/plant were influenced by different calcium chloride concentration.  
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(c) Effect of the interaction between natural potassium fertilizer with or without microbial inoculants 
and foliar spray calcium treatments:  
 

Data presented in Tables 2 and 3 show that vegetative growth parameters of strawberry plants 
were significantly responded to the interaction between different rates of natural potassium fertilizer 
with or without microbial inoculants as well as foliar spray with calcium treatments resulted in the 
highest values of plant growth characters as expressed as plant height, number of leaves/ plant, crown 
diameter, leaf area and dry weight / plant were obtained with the highest rate of 125 % of the 
recommended dose of natural potassium fertilizer (300 kg K2O / fed.-1) with microbial inoculants 
combined with Nutriplant supreme CaO foliar spray calcium. On the other hand, the lowest values of 
the above mentioned plant growth characters as expressed by plant height, number of leaves/ plant, 
crown diameter, leaf area and dry weight / plant were recorded with that plants which supplied with 
rate of 75 % of the recommended dose of natural potassium fertilizer (180 kg K2O / fed.-1) with 
microbial inoculants combined with untreated plants (spray with tap water). The above mentioned 
findings were true in both experimental seasons. Significant differences were detected among these 
interaction treatments in both seasons. Al-Hamzawi (2010) on cucumber plants, found that, the 
application of KNO3 and foliar application of Ca(NO3)2 at high concentrations significantly increased 
plant growth.    
 
2- Chemical compositions of plant foliage: 
 
(a) Effect of natural potassium fertilizer rates with or without microbial inoculants:  
 

Data in Table 4 show that that there were significant differences among the tested plant foliage 
in the percentage of total nitrogen, phosphorus and potassium were obtained by application of 
different rates of natural potassium fertilizer with or without microbial inoculants. The highest values 
of the above mentioned growth characters were obtained with the highest rate of  (125 %) of the 
recommended dose of natural potassium fertilizer with microbial inoculants (300 kg K2O / fed.-1). On 
the other hand, the lowest values were obtained with the lowest rate of 75 % of the recommended 
dose of natural potassium fertilizer without microbial inoculants (180 kg K2O / fed.-1). The present 
results agree with those obtained by Arancon et al.,(2003), Singh et al.,(2009), Abo Sedera et 
al.,(2010), Abd El-Mawgoud et al., (2010), Spinelli et al., (2010),Yadav et al.,(2010) and Hazarika et 
al.,(2015) all working on strawberry reported positive response for using such organic compounds on 
plant foliage in the percentage of total nitrogen, phosphorus, and potassium and leaf chlorophyll 
content of strawberry cultivar growth promoting rhizobacteria (PGPR) strains significantly increased 
the percentage of total nitrogen, phosphorus and potassium. The effect of bio-inoculants on growth of 
strawberry “Sujatha’ resulted to increase in the percentage of total nitrogen, phosphorus and 
potassium content (Wasi- Amiri et al., 2011).     
 
(b) Effect  of foliar spray with calcium treatments:  
 
Data presented in Table 4  show that the application calcium treatments of strawberry plants with 
Nutriplant supreme CaO and Global chelated calcium significantly affected chemical compositions of 
plant foliage as expressed by total nitrogen, phosphorus and potassium content compared with 
untreated plants (spray with tap water). The highest values in the percentage of total nitrogen, 
phosphorus and potassium were obtained with Nutriplant supreme CaO compared all treatments in 
both seasons of study. These results were true and similar in the two seasons of the experiment. Many 
investigators reported that, calcium addition increased N, P and K percentages (Levent Tuna et 
al.,(2007) and Kazemi (2013). 
 
(c) Effect of the interaction between natural potassium fertilizer with or without microbial inoculants 
and foliar spray calcium treatments: 

 
The interaction between different rates of natural potassium fertilizer with or without microbial 

inoculants as well as foliar spray calcium treatments statistically affect N, P and K percentages in the 



Middle East J. Appl. Sci., 6(4): 1038-1053, 2016 
ISSN 2077-4613 

1046  

plant foliage of strawberry. The highest N, P and K percentage in the plant foliage was obtained by 
the combined effect of rate of 125 % of the recommended dose of natural potassium fertilizer (300 kg 
K2O / fed.-1) with microbial inoculants combined with Nutriplant supreme CaO foliar spray calcium. 
On the other hand, the lowest N, P and K percentages were obtained by rate of 75 % of the 
recommended dose of natural potassium fertilizer (180 kg K2O / fed.-1)  without microbial inoculants 
combined with untreated plants (spray with tap water). Al-Hamzawi (2010) on cucumber plants, 
found that, the highest N, P and K content in plant were obtained by the application of KNO3. Also, 
foliar application of Ca (NO3)2 at high concentrations significantly increased P and K content in 
cucumber plants.  
 
 
Table 4: Effect of different potassium fertilizer rates, microbial inoculants and calcium foliar application and their interaction on chemical 

constituents of plant foliage during the two seasons. 
Treatment Season 2012/2013 Season 2013/2014 
Potassium rates 
 (A) 

Foliar spray  
(B) 

Nitrogen 
% 

Phosphor
us% 

Potassium% 
Nitrogen 

% 
Phosphorus

% 
Potassium 

% 
75% K2O/fed-1  2.568 0.492 1.482 2.663 0.545 1.550 
75% K2O/fed-1 + 
Microbial 
inoculants 

 2.709 0.556 1.528 2.837 0.604 1.616 

100% K2O/fed-1  2.903 0.616 1.588 2.920 0.668 1.724 
100% K2O/fed-1 + 
Microbial  
inoculants 

 3.006 0.652 1.671  3.004 0.724 1.788 

125% K2O/fed-1  3.051 0.684 1.757  3.088 0.775 1.842 
125% K2O/fed-1 + 
Microbial  
inoculants 

 3.108 0.743 1.819 3.173 0.838 1.897  

 
Spraying water 2.836 0.582 1.589 2.876 0.634 1.693 
Nutriplant supreme 1g / l 2.881 0.616 1.634 2.942 0.682 1.736 
Global chelated calcium 1g / l 2.956  0.673  1.699 3.024 0.762  1.779 

75% K2O/fed-1 
Spraying water 2.517 0.446 1.413 2.560 0.480 1.507 
Nutriplant supreme 1g / l 2.557 0.483 1.470 2.680 0.543 1.543 
Global chelated calcium 1g / l 2.630 0.546 1.563 2.750 0.613 1.600 

75% K2O/fed-1 + 
Microbial  
inoculants 

Spraying water 2.663 0.513 1.473 2.763 0.546 1.577 
Nutriplant supreme 1g / l 2.693 0.553 1.503 2.833 0.600 1.617 
Global chelated calcium 1g / l 2.770 0.603 1.607 2.913 0.666 1.653 

100% K2O/fed-1 
Spraying water 2.850 0.576 1.540 2.850 0.613 1.677 
Nutriplant supreme 1g / l 2.883 0.610 1.577 2.917 0.660 1.723 
Global chelated calcium 1g / l 2.977 0.663 1.647 2.993 0.733 1.773 

100% K2O/fed-1 + 
Microbial  
inoculants 

Spraying water 2.930 0.619 1.620 2.933 0.663 1.743 
Nutriplant supreme 1g / l 3.003 0.640 1.680 2.990 0.703 1.797 
Global chelated calcium 1g / l 3.083 0.697 1.713 3.090 0.806 1.823 

125% K2O/fed-1 
Spraying water 2.983 0.646 1.710 3.037 0.723 1.797 
Nutriplant supreme 1g / l 3.050 0.676 1.757 3.073 0.753 1.843 
Global chelated calcium 1g / l 3.120 0.730 1.803 3.153 0.850 1.887 

125% K2O/fed-1 + 
Microbial  
inoculants 

Spraying water 3.070 0.693 1.777 3.113 0.780 1.860 
Nutriplant supreme 1g / l 3.097 0.736 1.817 3.160 0.833 1.890 
Global chelated calcium 1g / l 3.157  0.800  1.863 3.247 0.903  1.940  

LSD  0.05 value  

A= 0.038 
B= 0.078 

AB= 
0.099 

A= 0.036 
B= 0.045 

AB= 
0.061 

A= 0.066 
B= 0.089 

AB= 0.101 

A= 
0.053 
B= 

0.071 
AB= 
0.095 

A= 0.054 
B= 0.078 

AB= 0.093 

A= 0.056 
B= 0.078 

AB= 
0.106 

 

3- Total fruit yield and its components: 
 
(a) Effect of natural potassium fertilizer rates with or without microbial inoculants: 
 

The results presented in in Tables 5 and 6 clearly, indicate that there were progressive and 
significant increases on all studied yield parameters, i.e.; early fruit yield, exportable fruit yield, 
marketable fruit yield, un marketable fruit yield and total fruit yield due to the increase of the K 
applied rate up to 300 kg K fed-1 in both seasons.  
The highest values of early fruit yield, exportable fruit yield, marketable fruit yield and total fruit 
yield were obtained by application of 125 % of the recommended dose of natural potassium fertilizer 
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with microbial inoculants, while the lowest values in all studied fruit yield traits were obtained by 
application of natural potassium fertilizer at a rate of 75% of the recommended dose of K without 
microbial inoculants. It was clearly evident that all treatments that received 125 % of the 
recommended dose of natural potassium fertilizer with microbial inoculants recorded higher values in 
all studied fruit yield traits when compared with natural potassium fertilizer at a rate of 75% of the 
recommended dose of K. Meanwhile 125 % of the recommended dose of natural potassium fertilizer 
with microbial inoculants decreased the un marketable fruit yield. In this regard, Singh et al.,(2009), 
Abo Sedera et al.,(2010), Abd El-Mawgoud et al., (2010),Yadav et al.,(2010) and Hazarika et 
al.,(2015) all working on strawberry reported positive response for using such organic compounds on 
early fruit yield, exportable fruit yield, marketable fruit yield and total fruit yield of strawberry 
cultivars. Growth promoting rhizobacteria (PGPR) strains significantly increased early fruit yield, 
exportable fruit yield, marketable fruit yield and total fruit yield in strawberry cultivar Selva. Rodas et 
al., (2013) indicated that early fruit yield, exportable fruit yield, marketable fruit yield and total fruit 
yield of the cultivar ‘Aromas’, were influenced by combined doses of K applied through fertigation. 
 
Table 5: Effect of different potassium fertilizer rates, microbial inoculants and calcium foliar application and their interaction on early, 

exportable, marketable, un marketable and total yield of strawberry fruits in 2012/2013 season. 
Treatments 

Early 
yield 

ton/fed. 

Exportab
le Yield 
ton/fed. 

Marketa
ble yield 
ton/fed. 

Un 
marketa

ble 
Yield 

ton/fed. 

Total 
yield 

ton/fed. 
Potassium rates 
 (A) 

Foliar spray 
 (B) 

75% K2O/fed-1  3.483 1.396 19.110 1.638 20.748 
75% K2O/fed-1 + 
Microbial  inoculants 

 3.567 1.585 19.890 1.460 
21.350 

100% K2O/fed-1  3.720 1.698 20.270 1.312  21.582 
100% K2O/fed-1 + 
Microbial  inoculants 

 3.807 1.862 20.700 1.178 
21.878 

125% K2O/fed-1  3.833 2.129 20.780 1.094 21.874 
125% K2O/fed-1 + 
Microbial  inoculants 

 3.972 2.201 20.940 1.011 
21.951 

 
Spraying water 3.705 1.720 20.070 1.342 21.412 
Nutriplant supreme 1g / l 3.721 1.821 20.390 1.252 21.642 
Global chelated calcium 1g / l 3.766 1.895 20.390 1.252 21.642 

75% K2O/fed-1 
Spraying water 3.474 1.319 18.670 1.683 20.353 
Nutriplant supreme 1g / l 3.478 1.388 19.540 1.615 21.155 
Global chelated calcium 1g / l 3.498 1.480 19.130 1.615 20.745 

75% K2O/fed-1 + 
Microbial  inoculants 

Spraying water 3.518 1.531 19.670 1.530 21.200 
Nutriplant supreme 1g / l 3.560 1.572 20.080 1.425 21.505 
Global chelated calcium 1g / l 3.622 1.653 19.930 1.425 21.355 

100% K2O/fed-1 
Spraying water 3.709 1.628 20.170 1.375 21.545 
Nutriplant supreme 1g / l 3.688 1.724 20.380 1.281 21.661 
Global chelated calcium 1g / l 3.764 1.743 20.250 1.281 21.531 

100% K2O/fed-1 + 
Microbial  inoculants 

Spraying water 3.778 1.830 20.540 1.260 21.800 
Nutriplant supreme 1g / l 3.799 1.865 20.640 1.137 21.777 
Global chelated calcium 1g / l 3.845 1.890 20.910 1.137 22.047 

125% K2O/fed-1 
Spraying water 3.783 1.958 20.640 1.133 21.773 
Nutriplant supreme 1g / l 3.836 2.142 20.750 1.075 21.825 
Global chelated calcium 1g / l 3.880 2.287 20.940 1.075 22.015 

125% K2O/fed-1 + 
Microbial  inoculants 

Spraying water 3.967 2.052 20.740 1.071 21.811 
Nutriplant supreme 1g / l 3.965 2.234 20.930 0.980 21.910 
Global chelated calcium 1g / l 3.984 2.317 21.150 0.980 22.130 

LSD  0.05 value  

A= 0.038 
B= 0.045 

AB= 
0.057 

A= 
0.024 

B= 
0.037 
AB= 
0.052 

A= 
0.078 

B= 
0.093 
AB= 
0.127 

A= 
0.063 

B= 
0.089 
AB= 
0.118 

A= 0.119 
B= 0.142 

AB= 0.173 

 

(b) Effect of foliar spray with calcium treatments:   
 
Data presented in Tables 5 and 6  show that the application of calcium treatments on strawberry 

plants with (Nutriplant supreme CaO and Global chelated calcium) significantly affected 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 as a result 
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of spraying the plants times during the growing seasons with using ca-treatments in both seasons 
compared with the untreated plants (spray with tap water)during the both seasons of study. Whereas, 
Nutriplant supreme CaO foliar application recorded the highest early fruit yield, exportable fruit yield, 
marketable fruit yield and total fruit yield. Meanwhile Nutriplant supreme CaO foliar application 
decreased the un marketable fruit yield.  These results were in agreement with those reported by 
Levent Tuna et al., (2007) and Kazemi (2013). 
 
 
Table 6: Effect of different potassium fertilizer rates, microbial inoculants and calcium foliar application and their interaction on early, 

exportable, marketable, un marketable and total yield of strawberry fruits in 2013/2014 season. 
Treatments Early 

yield 
ton/feddan 

Exportable 
Yield 

ton/feddan 

Marketable 
yield 

ton/feddan 

Un marketable 
Yield 

ton/feddan 

Total 
yield 

ton/feddan 
Potassium rates 
 (A) 

Foliar spray  
(B) 

75% K2O/fed-1  3.733 1.572 19.530 1.510 21.040 
75% K2O/fed-1 + 
Microbial  inoculants 

 3.895  1.716 20.070 1.274 
21.344 

100% K2O/fed-1  3.893 1.819 20.700 1.056 21.756 
100% K2O/fed-1 + 
Microbial  inoculants 

 3.993 1.984 20.930 0.9938 
21.923 

125% K2O/fed-1  4.185 2.248 21.030 0.9386 21.968 
125% K2O/fed-1 + 
Microbial  inoculants 

 4.294 2.287 21.230 0.8628 
22.092 

 

Spraying water 3.925 1.856 20.390 1.210 21.600 
Nutriplant supreme  
1g / l 

3.992 1.949 20.590 1.094 
21.684 

Global chelated 
calcium 1g / l 

4.079 2.008 20.760 1.013  
21.773 

75% K2O/fed-1 

Spraying water 3.595 1.542 19.470 1.622 21.092 
Nutriplant supreme  
1g / l 

3.758 1.655 19.440 1.519 
20.959 

Global chelated 
calcium 1g / l 

3.848 1.518 19.670 1.388 
21.058 

75% K2O/fed-1 + 
Microbial  inoculants 

Spraying water 3.824 1.678 19.880 1.374 21.254 
Nutriplant supreme  
1g / l 

3.874 1.747 20.140 1.278 
21.418 

Global chelated 
calcium 1g / l 

3.986 1.723 20.190 1.170 
21.360 

100% K2O/fed-1 

Spraying water 3.850 1.763 20.420 1.190 21.610 
Nutriplant supreme  
1g / l 

3.874 1.870 20.730 1.023 
21.753 

Global chelated 
calcium 1g / l 

3.955 1.824 20.960 0.953 
21.913 

100% K2O/fed-1 + 
Microbial  inoculants 

Spraying water 3.927 1.831 20.760 1.119 21.879 
Nutriplant supreme  
1g / l 

3.965 1.869 20.930 0.969 
21.899 

Global chelated 
calcium 1g / l 

4.087 2.253 21.110 0.893 
22.003 

125% K2O/fed-1 

Spraying water 4.130 2.129 20.820 1.038 21.858 
Nutriplant supreme  
1g / l 

4.203 2.258 21.040 0.916 
21.956 

Global chelated 
calcium 1g / l 

4.223 2.358 21.210 0.861 
22.071 

125% K2O/fed-1 + 
Microbial  inoculants 

Spraying water 4.223 2.192 20.970 0.916 21.886 
Nutriplant supreme  
1g / l 

4.280 2.295 21.260 0.859 
22.119 

Global chelated 
calcium 1g / l 

4.379 2.374 21.450 0.812 
22.262 

LSD  0.05 value  
A= 0.041 
B= 0.058 

AB= 0.076 

A= 0.026 
B= 0.042 

AB= 0.063 

A= 0.066 
B= 0.080 

AB= 0.105 

A= 0.038 
B= 0.054 

AB= 0.071 

A= 0.053 
B= 0.086 

AB= 0.108 

 
 (c) Effect of the interaction between natural potassium fertilizer with or without microbial inoculants 
and foliar spray calcium treatments: 

 
Concerning the effects of rate of the recommended dose of natural potassium fertilizer with 

microbial inoculants combined with foliar spray with calcium treatments such treatments  increased 
most of total fruit yield and its components (Tables 5 and 6). In this connection ,the rate of 125 % of 
the recommended dose of natural potassium fertilizer (300 kg K2O / fed-1) with microbial inoculants  
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combined with Nutriplant supreme CaO foliar spray calcium gave the highest values of early fruit 
yield, exportable fruit yield, marketable fruit yield and total fruit yield comparing with the rate of 75 
% of the recommended dose of natural potassium fertilizer (180 kg K2O / fed-1)  without microbial 
inoculants combined with spray with tap water (control treatment).Moreover the highest values of  
early fruit yield, exportable fruit yield, marketable fruit yield and total fruit yield trait were recorded 
at the rate of 125 % of the recommended dose of natural potassium fertilizer(300 kg K2O / fed-1) with 
microbial inoculants  combined with Nutriplant supreme CaO foliar spray calcium comparing with 
control treatment (without bio- fertilizers). Meanwhile rate of 125 % of the recommended dose of 
natural potassium fertilizer (300 kg K2O / fed-1) with microbial inoculants combined with Nutriplant 
supreme CaO foliar spray calcium decreased the un marketable fruit yield. Al-Hamzawi(2010) on 
cucumber plants, found that,the application of KNO3 and foliar application of Ca(NO3)2 at high 
concentrations significantly increased total fruit yield.   
 
4-Fruit quality  
 
(a) Effect of natural potassium fertilizer rates with or without microbial inoculants: 

Data presented in Tables 7, 8, 9 and 10 show that K applied rate up to 300 kg K fed-1 
significantly affected most of physical quality, i.e., average fruit length, diameter, weight and firmness 
of fruits and chemical constituents of fruit, i.e., TSS%, vitamin C, titratable acidity, anthocyanin and 
total sugars.  
 
Table 7: Effect of different potassium fertilizer rates, microbial inoculants and calcium foliar application and their interaction on weight, 

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

weight 
g 

Fruit 
length 

cm 

Fruit 
diameter 

cm 

Fruit 
firmness 

g/cm2 

TSS 
% 

Potassium rates 
(A) 

Foliar spray 
(B) 

75% K2O/fed-1  16.53 3.19 2.75 9.89 9.23 

75% K2O/fed-1 + Microbial  
inoculants 

 17.12 3.49 3.01 10.16 9.32  

100% K2O/fed-1  17.62 3.81 3.19 10.41 9.41 

100% K2O/fed-1 + Microbial  
inoculants 

 18.14 3.98 3.34 10.56 9.68  

125% K2O/fed-1  18.48 4.13 3.40 10.81 9.91 

125% K2O/fed-1 + Microbial  
inoculants 

 18.71 4.33 3.64 11.19 10.25 

 
Spraying water 17.08 3.55 3.00 10.08 9.52 
Nutriplant supreme 1g / l 17.71 3.81 3.26 10.59 9.61  
Global chelated calcium 1g / l 18.50 4.10 3.40 10.85 9.80 

75% K2O/fed-1 
Spraying water 15.81 2.86 2.64 9.38 9.07 
Nutriplant supreme 1g / l 16.44 3.22 2.73 10.08 9.16 
Global chelated calcium 1g / l 17.33 3.50 2.89 10.23 9.29 

75% K2O/fed-1 +  
Microbial  inoculants 

Spraying water 16.73 3.28 2.79 9.72 9.36 
Nutriplant supreme 1g / l 16.87 3.43 2.98 10.30 9.45 
Global chelated calcium 1g / l 17.74 3.77 3.26 10.45 9.63 

100% K2O/fed-1 
Spraying water 16.97 3.54 2.93 10.06 9.78 
Nutriplant supreme 1g / l 17.65 3.76 3.25 10.50 9.89 
Global chelated calcium 1g / l 18.24 4.14 3.38 10.69 9.97 

100% K2O/fed-1 + Microbial  
inoculants 

Spraying water 17.50 3.75 3.11 10.34 10.16 
Nutriplant supreme 1g / l 18.10 3.94 3.44 10.59 10.21 
Global chelated calcium 1g / l 18.81 4.24 3.48 10.76 10.31 

125% K2O/fed-1 
Spraying water 17.78 3.86 3.17 10.37 10.39 
Nutriplant supreme 1g / l 18.48 4.20 3.46 10.66 10.45 
Global chelated calcium 1g / l 19.18 4.35 3.58 11.40 10.57 

125% K2O/fed-1 + Microbial  
inoculants 

Spraying water 17.70 4.05 3.40 10.61 10.33 
Nutriplant supreme 1g / l 18.72 4.33 3.71 11.41 10.58 
Global chelated calcium 1g / l 19.72 4.60 3.83 11.55 11.22 

LSD  0.05 value  
A= 0.13 
B= 0.16 

AB= 0.20 

A= 0.07 
B= 0.10 

AB= 
0.12 

A= 0.08 
B= 0.11 

AB= 
0.14 

A= 0.09 
B= 0.13 

AB= 0.15 

A= 0.05 
B= 0.08 

AB= 
0.011 
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Table 8: Effect of different potassium fertilizer rates, microbial inoculants and calcium foliar application and their interaction on weight, 
length, diameter, firmness and TSS of strawberry fruits in 2013/2014 season. 

Treatments Fruit 
weight 

g 

Fruit 
length 

cm 

Fruit 
diameter 

cm 

Fruit 
firmness 

g/cm2 

 
TSS 
% 

Potassium rates (A) Foliar spray (B) 

75% K2O/fed-1  16.74 3.36 2.95 10.23 9.49 
75% K2O/fed-1 + 
Microbial  inoculants 

 17.50 3.63 3.18 10.49 9.81 

100% K2O/fed-1  17.95 3.93 3.33 10.86 9.94 
100% K2O/fed-1 + 
Microbial  inoculants 

 18.38 4.16 3.37 11.10 10.16 

125% K2O/fed-1  18.73 4.36 3.52 11.66 10.50 
125% K2O/fed-1 + 
Microbial  inoculants 

 18.96 4.46 3.67 12.09 10.80 

 
Spraying water 17.22 3.70 3.12 10.55 9.77 
Nutriplant supreme 1g / l 17.86 4.02 3.28 11.14 10.09 
Global chelated calcium 1g / l 19.05 4.24 3.61 11.52 10.49 

75% K2O/fed-1 
Spraying water 16.20 3.10 2.81 9.83 9.16 
Nutriplant supreme 1g / l 16.60 3.47 2.85 10.35 9.50 
Global chelated calcium 1g / l 17.43 3.52 3.19 10.51 9.80 

75% K2O/fed-1 + 
Microbial  inoculants 

Spraying water 16.84 3.33 2.92 10.21 9.45 
Nutriplant supreme 1g / l 17.34 3.63 3.16 10.45 9.75 
Global chelated calcium 1g / l 18.32 3.92 3.47 10.81 10.24 

100% K2O/fed-1 
Spraying water 16.98 3.60 3.11 10.57 9.56 
Nutriplant supreme 1g / l 17.63 3.92 3.29 10.71 9.89 
Global chelated calcium 1g / l 19.25 4.26 3.58 11.30 10.36 

100% K2O/fed-1 + 
Microbial  inoculants 

Spraying water 17.38 3.82 3.14 10.60  9.73 
Nutriplant supreme 1g / l 18.26 4.26 3.29 11.25 10.21 
Global chelated calcium 1g / l 19.50 4.39 3.68 11.45 10.54 

125% K2O/fed-1 
Spraying water 17.84 4.16 3.30  10.74 10.18 
Nutriplant supreme 1g / l 18.47 4.33 3.48 11.86 10.39 
Global chelated calcium 1g / l 19.86 4.60 3.80 12.38 10.92 

125% K2O/fed-1 + 
Microbial  inoculants 

Spraying water 18.09 4.18 3.47 11.36 10.57 
Nutriplant supreme 1g / l 18.86 4.49 3.61 12.24 10.77 
Global chelated calcium 1g / l 19.93 4.72 3.9 12.66 11.37 

LSD  0.05 value  

A= 0.08 
B= 0.10 

AB= 0.13 

A= 0.05 
B= 0.08 
AB= 0.10 

A= 0.07 
B= 0.09 

AB= 
0.12 

A= 0.04 
B= 0.05 

AB= 0.08 

A= 0.05 
B= 0.06 
AB= 0.9 

 
Table 9: Effect of different potassium fertilizer rates, microbial inoculants and calcium foliar 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.) 

Potassium rates  
(A) 

Foliar spray 
 (B) 

75% K2O/fed-1  45.42 0.691 74.45 7.26 
75% K2O/fed-1 + Microbial  
inoculants 

 45.68 0.72 75.16 7.42 

100% K2O/fed-1  45.99 0.751 75.81 7.61 
100% K2O/fed-1 + Microbial  
inoculants 

 46.27 0.769 76.40 7.80 

125% K2O/fed-1  46.48 0.809 77.30 7.99 
125% K2O/fed-1 + Microbial  
inoculants 

 46.86 0.835 78.20 8.20 

 
Spraying water 45.77 0.727 74.24 7.46 
Nutriplant supreme 1g / l 46.03 0.765 75.57 7.67 
Global chelated calcium 1g / l 46.56 0.797 78.85 8.01 

75% K2O/fed-1 
Spraying water 45.15 0.655 73.19 7.06 
Nutriplant supreme 1g / l 45.37 0.693 74.08 7.23 
Global chelated calcium 1g / l 45.74 0.727 76.07 7.49 

75% K2O/fed-1 + Microbial  
inoculants 

Spraying water 45.34 0.681 73.54 7.15 
Nutriplant supreme 1g / l 45.51 0.731 74.40 7.37 
Global chelated calcium 1g / l 46.18 0.759 77.55 7.73 

100% K2O/fed-1 
Spraying water 45.63 0.719 73.95 7.36 
Nutriplant supreme 1g / l 45.93 0.750 75.25 7.55 
Global chelated calcium 1g / l 46.40 0.785 78.23 7.94 

100% K2O/fed-1 + Microbial  
inoculants 

Spraying water 45.91 0.745 74.45 7.58 
Nutriplant supreme 1g / l 46.17 0.762 75.71 7.77 
Global chelated calcium 1g / l 46.72 0.800 79.05 8.05 

125% K2O/fed-1 
Spraying water 46.15 0.778 74.93 7.70 
Nutriplant supreme 1g / l 46.38 0.816 76.07 7.94 
Global chelated calcium 1g / l 46.92 0.833 80.90 8.34 

125% K2O/fed-1 + Microbial  
inoculants 

Spraying water 46.42 0.786 75.39 7.91 
Nutriplant supreme 1g / l 46.78 0.839 77.94 8.18 
Global chelated calcium 1g / l 47.39 0.880 81.27 8.52 

LSD  0.05 value  
A= 0.09 
B= 0.12 
AB= 0.15 

A= 0.021 
B= 0.038 
AB= 0.056 

A= 0.06 
B= 0.09 
AB= 0.11 

A= 0.05 
B= 0.07 
AB= 0.08 
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Table 10: Effect of different potassium fertilizer rates, microbial inoculants and calcium foliar application and their interaction on vitamin c, 

titratable acidity, anthocyanin and total sugar content of strawberry fruits in 2013/2014 season. 
Treatments Vitamin C 

(mg/100g 
F.W.) 

Titratable 
acidity  % 

Anthocyanin 
(mg/100g F.W.) 

Total sugar 
(mg/ g F.W.) 

Potassium rates 
(A) 

Foliar spray 
(B) 

75% K2O/fed-1  45.75 0.727 75.64 7.48 
75% K2O/fed-1 + Microbial  
inoculants 

 46.10 0.783 76.49 7.61 

100% K2O/fed-1  46.34 0.789 77.61 7.83 
100% K2O/fed-1 + 
Microbial  inoculants 

 46.67 0.831 77.92 8.00 

125% K2O/fed-1  47.05 0.867 78.82 8.32 
125% K2O/fed-1 + 
Microbial  inoculants 

 47.64 0.891 80.48 8.44 

 
Spraying water 46.12 0.769 75.76 7.67 
Nutriplant supreme 1g / l 46.38 0.812 77.54 7.95 
Global chelated calcium 1g / l 47.27 0.859 80.19 8.22 

75% K2O/fed-1 
Spraying water 45.28 0.705 74.36 7.16  
Nutriplant supreme 1g / l 45.74 0.732 75.32 7.57 
Global chelated calcium 1g / l 46.22 0.746 77.26 7.72 

75% K2O/fed-1 + Microbial  
inoculants 

Spraying water 45.46 0.756 75.25 7.37 
Nutriplant supreme 1g / l 46.28 0.766 76.29 7.62 
Global chelated calcium 1g / l 46.57 0.826 77.93 7.84 

100% K2O/fed-1 
Spraying water 45.86 0.712 75.69 7.51 
Nutriplant supreme 1g / l 46.11 0.793 77.52 7.82 
Global chelated calcium 1g / l 47.05 0.846 79.62 8.16 

100% K2O/fed-1 + 
Microbial  inoculants 

Spraying water 46.32 0.787 75.73 7.70 
Nutriplant supreme 1g / l 46.28 0.832 77.69 7.99 
Global chelated calcium 1g / l 47.42 0.873 80.35 8.31 

125% K2O/fed-1 
Spraying water 46.56 0.817 76.32 8.15 
Nutriplant supreme 1g / l 46.81 0.863 77.92 8.31 
Global chelated calcium 1g / l 47.78 0.922 82.23 8.51 

125% K2O/fed-1 + 
Microbial  inoculants 

Spraying water 47.25 0.840 77.23 8.1 
Nutriplant supreme 1g / l 47.07 0.889 80.47 8.41 
Global chelated calcium 1g / l 48.60 0.945 83.74 8.76 

LSD  0.05 value  
A= 0.11 
B= 0.17 

AB= 0.25 

A= 0.018 
B= 0.034 

AB= 0.051 

A= 0.07 
B= 0.09 

AB= 0.13 

A= 0.06 
B= 0.07 

AB= 0.10 

 
The highest values in all measured fruit traits were obtained by application of 125 % of the 
recommended dose of natural potassium fertilizer with microbial inoculants, while the lowest values 
in all measured fruit traits were obtained by application of natural potassium fertilizer at a rate of 75% 
of the recommended dose of K without microbial inoculants. It was clearly evident that all treatments 
that received 125 % of the recommended dose of natural potassium fertilizer with microbial 
inoculants recorded higher values in all studied measured fruit traits, as compared with natural 
potassium fertilizer at a rate of 75% of the recommended dose of K without microbial inoculants. In 
this regard, Abo Sedera et al.,(2010), Abd El-Mawgoud et al., (2010),Yadav et al.,(2010) and 
Hazarika et al.,(2015) all working on strawberry reported similar results in this connection. 
 
(b) Effect foliar spray calcium treatments:   

 
Data presented in Tables 7, 8, 9 and 10 show the application of calcium treatments of strawberry 

plants with Nutriplant supreme CaO and Global chelated calcium significantly effect on physical 
quality, i.e., average fruit length, diameter, weight and firmness of fruits and chemical constituents of 
fruit, i.e., TSS%, vitamin C, titratable acidity, anthocyanin and total sugars. The Nutriplant supreme 
CaO  foliar spray calcium gave the highest values of average fruit length, diameter, weight, firmness 
,TSS% ,vitamin C, titratable acidity, total sugars and anthocyanin compared with the untreated plants 
(spray with tap water)  during both seasons of study. These results were in agreement with those 
reported by Hargreaves et al., (2009), Abo Sedera et al., (2010). On the other hand, Cheour et al., 
(1991) showed that foliar application of Ca Cl2 on strawberry plants increased the free-sugar contents 
but, titrable acidity decreased.  
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(c) Effect of the interaction between natural potassium fertilizer with or without microbial inoculants 
and foliar spray of calcium treatments: 

 
As for the interaction between the rates of the recommended dose of natural potassium fertilizer 

with microbial inoculants combined with foliar spray with calcium treatments increased all measured 
fruit traits Tables 7, 8, 9 and 10 the rate of 125 % of the recommended dose of natural potassium 
fertilizer (300 kg K2O / fed-1) with microbial inoculants combined with Nutriplant supreme CaO 
foliar spray calcium gave the highest values of physical quality, i.e., average length, diameter, weight 
and firmness of fruits and chemical constituents of fruit, i.e., TSS%, vitamin C, titrable acidity, 
anthocyanin and total sugars comparing with the rate of 75 % of the recommended dose of natural 
potassium fertilizer (180 kg K2O / fed-1) without microbial inoculants combined with spray with tap 
water (control treatment). These results were obtained in the two seasons of experiment. Al-Hamzawi 
(2010) on cucumber plants, found that, the application of KNO3 and foliar application of Ca(NO3)2 at 
high concentrations significantly increased TSS content in fruits. 
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