
 

 

 

 

 

 
     J. Agric. & Env. Sci. Alex. Univ., Egypt.                                   Vol. 2 ( 2 ) 2003 

 

601 

 

EFFECTS OF BIOFERTILIZATION UNDER VARYING 

NPK LEVELS ON GROWTH, YIELD AND FRUIT 

QUALITY OF STRAWBERRY PLANTS 

 
EL-SHAL,M.A.,S.M.El-ARABY,I.M.GHONEIM and H. ANTER 

 
Veget. Crops Dept., Fac. Agric., Alex.Univ.  

 
ABSTRACT 

 

Two field experiments were conducted during the two 

successive  summer seasons of 1999/2000 and 2000/2001 at 

the Experimental Station Farm, at Abeis, Faculty of 

Agriculture, Alexandria University to investigate the 

responses of strawberry plants (cv. Comarosa) to the 

inoculation with Halex-2 biofertilizer under five varying 

NPK levels ; 100-70-96, 150-105-144, 200-140-

192(recommended), 250-175-240 and 0-0-0(control)kg N-P-K 

fed.
-1

. The results revealed that increasing NPK applied rate 

or inoculation with Halex-2 biofertilizer was accompanied 

with significant increases in leaf area, number of crowns, 

and fresh and dry masses plant
-1

. The mineral contents of 

leaves (N, P and K) , flowering traits (earliness and number 

of flower trusses plant
-1

) and yield potentials (early yield 

plant
-1

 and per m
2
, marketable yield/m

2
, non-marketable 

yield/m
2
, total yield plant

-1
, and per m

2
 , and average fruit 

weight) were positively and significantly responded as a 

result of NPK application or biofertilizer inoculation 

treatments. These treatments enhanced some fruit quality 

characteristics (total soluble solid, total titratable acidity, 

and reducing-, non-reducing-and total sugars). Application 

of 150-105-144 kg NPK fed.
-1

 (75% of the recommended 

NPK level) combined with Halex-2 biofertilizer appeared to 

be the most economical and efficient treatment combination 

,which gave a balanced vegetative growth and a higher yield 

potential with a good fruit quality. 

 



 

 

 

 

 

 
     J. Agric. & Env. Sci. Alex. Univ., Egypt.                                   Vol. 2 ( 2 ) 2003 

 

601 

 

INTRODUCTION 

 

Strawberry is considered one of the most important non-

traditional vegetable crops in Egypt for fresh consumption, processing 

and exportation. It is potentially one of the most profitable 

horticultural Egyptian exports to Europe. The nutritional status of 

strawberry plant plays a fundamental importance in determining 

growth, yield and quality, since it is a very sensitive plant to 

nutritional balance (Albregts and Howard, 1985). This might be due to 

its shallow root system and high productivity, in relation to plant size, 

beside it is a perennial crop with a long season. Application of NPK at 

the optimum levels was always thought to have a key role on the 

improvement of strawberry production. The response of strawberry to 

NPK nutrition is conflicting (Bould, 1964; Albregts and Howard, 

1982; Lieten, 1996; Rauf et al., 1998). Such inconsistencies, clearly, 

result from variations in climate, soil and cultural practices (John et 

al., 1975). The final yield of marketable fruits depends on number of 

flowers per plant, the proportion of these flowers which produce 

marketable fruits and the weight of individual berries (Bradfield et al., 

1975). A positive relationship between NPK fertilization and fruit 

yield with good quality of strawberry was reported by many 

investigators (Locascio and Thompson, 1960; Albregts and Howard, 

1986; Moussa et al., 1993; Lieten, 1996; Rauf et al., 1998, Mohamed 

and Gabr, 2002). However, super-optimal NPK application rate can 

over- stimulates vegetative growth resulting in few early fruits and a 

lower yield with poor quality (Bould et al., 1966; Albregts and 

Howard, 1985; Picha, 1999). Hence, the judicious application of NPK 

fertilizers is an important cultural practice to improve the yielding 

ability and quality of strawberry crop. On the other hand, the 

continuous increase in the cost of using chemical NPK fertilizers does 

not allow the growers to use the recommended amounts of these 

macro-elements due to low cost/benefit ratio. In addition, the 

excessive application of NPK fertilizers represents the major cost of 

plant production, and causes environmental pollution. Biofertilization 

is a method to provide the plants, partially, with their nutritional 

requirements without adverse effects on the environment. Significant 

effects of untraditional fertilizers; such as biofertilizer; on growth, 

yield and quality of some vegetable crops were detected by many 
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investigators (Barakat and Gabr, 1998; Hewedy, 1999; Dawa et al., 

2000 a and b; Gabr et al., 2001, El-Zeiny et al, 2001). Under these 

circumstances, supplementing the inorganic fertilizers with organic 

sources, particularly, those of microbial origin are very important. 

Unfortunately, in Egypt, little information is available regarding 

the response of strawberry plants to biofertilization. Therefore, this 

study was conducted to clarify the effects of biofertilization under 

varying levels of NPK on vegetative growth, yield potential and fruit 

quality of strawberry plants. Moreover, the efficiency of biofertilizer 

in reducing or compensating the application of NPK fertilization 

without undesirable effects on yield and quality was also considered. 

 
MATERIALS AND METHODS 

 

The present study was carried out in the Agricultural 

Experimental Station Farm, at Abeis, Faculty of Agriculture, 

Alexandria University during the summer seasons of 1999/2000 and 

2000/2001. Two field experiments were conducted to study the effects 

of the biofertilizer Halex-2, under varying inorganic NPK levels on 

vegetative growth characters, chemical constituents, flowering traits, 

yield potential and fruit quality of the strawberry cultivar Camarosa.  

Preceding the initiation of each experiment, soil samples at 

25cm depth were collected and analyzed according to Black (1965). 

Results of the soil analyses revealed that the experimental sites were 

silt loam in texture having pH 8.08 and 8.14; total N content 0.14 and 

0.16%; EC 3.16 and 3.56 ds.m
-1

; organic matter 0.80 and 0.86%; total 

P content 0.060 and 0.064% and total K content 0.072 and 0.088% in 

the first and second seasons, orderly. Each experiment included 10 

treatments representing the combination of five NPK levels; 0-0-0, 

100-70-96, 150-105-144, 200-140-192 (recommended), 250-175-240 

kg N-P-K fed.
-1 

and two biofertilizer treatments; uninoculated 

(control) and inoculated with Halex-2. Nitrogen fertilizer, in the form 

of ammonium sulphate (20.6%N), was applied as a soil application 

treatment in six equal portions, starting from one month after 

transplanting and at three weeks intervals. Calcium superphosphate 

(15.5%P2O5) was applied as a single placement during soil 

preparation; while, potassium sulphate (48% K2O) was added at two 
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equal applications; at the beginning of flowering and three weeks 

later. Halex-2, a biofertilizer containing a mixture of N-fixing bacteria 

of the genera Azospirillum, Azotobacter and Klebsiella; was obtained 

from the Biofertilization Unit, Plant Pathology Department Alex. 

Univ. It was used at the rate of 400g fed.
-1

 . The used experimental 

layout was a split-plot system in a randomized complete blocks design 

with three replications. Main plots contained the five NPK levels; 

whereas, the sub-plots were allocated to biofertilizer treatments. Each 

sub-plot consisted of five rows, 4.0 m long and 0.7 m apart, occupying 

an area of 14.0 square meter, with interrow spacing of 30cm. A guard 

row was left between each sub-plot as a separator.  

Frigo transplants (cold stored runner plants) of strawberry 

Camarosa cultivar obtained from a local nursery, supervised by 

Strawberry Improvement Center of Ain Shams Univ., were 

transplanted into the field at the 3
rd

 of September and the 10
th

 of 

October for the first and second seasons, respectively. The inoculation 

process was performed by immersing the roots of runners (previously 

treated with the fungicide Topsin M-70 at the rate of 2g per liter for 20 

minute) in a Halex-2 cells suspension (4x10
7
 cells ml

-1
) containing 5% 

Arabic gum, for 30 minutes just before transplanting. The inoculation 

process was again repeated two weeks later as a side dressing beside 

the transplants. Transplants of the uninoculated control were dipped in 

distilled water containing 5% Arabic gum. During the growing 

seasons commercial foliar fertilizer containing; Fe, 3.88 %; Mn 1.73 

%; Cu 1.6%; B, 0.8%; Mo., 0.033 % and Zn 0.5 % in chelated form, 

was sprayed at four weeks intervals, starting from one month after 

transplanting. During the first month of the vegetative growth stage, 

the developed flowers and runners were removed. Fruits were 

harvested whenever they reached marketable fruit size stage. Harvest 

started on the 16
th

 of March and extended to the 25
th

 of May in the 

first season; while, in the second season, it started on the 23
rd

 of 

March and extended at 3
rd

 of June. All Agricultural practices such as 

irrigation (surface system), cultivation, disease and pest control were 

carried out whenever they were necessary for the commercial 

production.  

Data Recorded 

Vegetative Growth Characters. At flowering stage, measurements 

of morphological characters were taken using five randomly selected 
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plants from the outer two rows in each sub-plot. The following 

measurements were recorded: leaf area plant
-1

, number of crowns 

plant
-1

 and fresh and dry masses plant
-1

. 

Leaf’s Chemical Contents. At flowering stage, foliar samples for 

chemical determinations were taken from 10 randomly selected plants 

collecting the youngest fully expanded leaves. Contents of N, P and K 

were determined; using Microkjeldahal procedure for N and 

Ammonium Stannous Chloride method for P (A.O.A.C., 1992) and 

Flame Photometer for K (Black, 1965). 

Flowering Traits. At transplanting, twenty randomly chosen plants, 

in each experimental unit, were labeled to record ealiness of 

flowering, as the number of days from transplanting till anthesis 25% 

of the growing plants, and number of flower trusses plant
-1

 was 

counted till the termination of the fruiting season. 

Yield Potential. At harvest, fruits of the third and fourth row, in each 

sub-plot, were picked, weighed and the following yield data were 

calculated: 

1. Early yield plant
-1

  and meter square
-1

; fruit weight of the first 

four pickings.  

2. Marketable yield, and non-marketable yield (including rotted, 

splitted, malformed, white tip, and water damaged and green 

shouldered fruits) square meter
-1

. 

3. Total yield plant
-1

  and square meter
-1 

(kg).  

4. Average fruit weight (g).  

Fruit Quality Characteristics. A random fruit sample of ten fruits 

was taken from each sub-plot, at the peak of harvesting season, to 

determine the following qualitative determinations:  

1. Total soluble solids (TSS%) using a Carl Zeiss hand 

refractometer. 

2. Titratable acidity according to the method outlined by A.O.A.C 

(1992). 

3. Ascorbic acid content using 2,6-dichlorophenol indophenol as 

outlined in A.O.A.C. (1992).  

4. Total and reducing sugars (%) as described by Nelson 

(1974). Non-reducing sugars were obtained by difference 

between total and reducing sugars.  

5. Fruit potassium content using the analytical methods of Black 

(1965). 
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All obtained data were statistically analyzed using Costat 

Software (1985). Differences among the treatments were statistically 

tested using the revised least significant difference test at 0.05 level, 

as illustrated by El-Rawy and Khalf –Allah (1980). 

 

RESULTS AND DISCUSSION 

 

Vegetative Growth Characters 

Data in Table 1 exhibited that the application of NPK, 

irrespective of the used level, significantly, increased leaf area, 

number of crowns as well as fresh and dry masses plant
-1

, relative to 

the unfertilized control, in both seasons. The only exception was 

found for number of crowns in the 1999/2000 season, where the 

difference between the unfertilized control and the application of NPK 

at 100-70-96 kg fed
-1

 rate was insignificant.  It was noticed that the 

largest leaf area and the highest number of crowns plant
-1

 were 

obtained from the application of 200-140-192 kg fed
-1

 N-P-K (the 

recommended level). Raising NPK level over the recommended level, 

progressively and significantly, reduced the later traits. On the other 

side, the heaviest fresh and dry masses were obtained by applying 

100-70-96 kg fed
-1

. N-P-K rate; whereas, the differences between 200-

140-192 and 250-175-240 kg N-P-K fed
-1

 were not found significant. 

Such a general positive response of vegetative growth characters due 

to the various NPK levels could be referred to that the available 

amounts of NPK to plants in soil were relatively low as appeared from 

the soil analyses results for the experimental sites. The enhancing 

effects of NPK on plant growth might be attributed to their vital 

contribution in several metabolic processes in plants, related to growth 

(Marschner, 1994) and to their role on assimilating the photosynthetic 

reaction. The obtained results in the present study, generally, agreed 

with those reported by Albregts and Howard (1989) and, Mamicher 

and Lyashenko (1989); who showed that NPK at the rate of 120N - 

120 P2O5 and 120 K2O was the most effective treatment in terms of 

leaf area of strawberry plants. Pipattanawong et al. (1996) reported 

that the application of a slow release NPK fertilizer enhanced 

vegetative growth as expressed by leaf area, number of leaves and 

runner production per plant. Mohamed and Gabr (2002) reached also 

to similar findings.  
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Inoculating strawberry transplants with the biofertilizer Halex-2 

was responsible for the significant increments in leaf area, number of 

crowns, and fresh and dry masses plant
–1

 compared to the 

uninoculated control, in both growing seasons (Table 1). The 

stimulating effects of the biofertilizer on the above-mentioned 

vegetative growth traits might be related to the enhancing effects of 

the non-symbiotic N2-fixing bacteria on the morphology and/or 

physiology of root system; which, promoted the vegetative growth to 

go forward. Jagnow et al. (1991) and Noel et al. (1996) indicated that 

the non-symbiotic N2-fixing bacteria; Azospirillum and Azotobacter 

strains produced adequate amounts of IAA and cytokinins which 

increased the surface area per unit root length and enhanced root hair 

branching with an eventual increase in the uptake of nutrients from the 

soil.  Moreover, Carletti et al. (1996) demonstrated that the inoculated 

plants with Azospirillum displayed an increase in total root length by 

150% compared to the uninoculated control. Furthermore, Pandey and 

Kumar (1989) pointed out that the promoting effects of a biofertilizer 

on growth, not only related to their N-fixing proficiency but also to 

their ability to produce antibacterial and antifungal compounds, 

growth regulators and siderophores. Results of the present study were 

in general agreements with those obtained by Gabr et al. (2001), on 

pepper, and El-Zeiny et al (2001), on tomato, who clarified that the 

biofertilization with Biogein and Nitrobein improved number of 

leaves, leaf area, plant height, and top fresh and dry weights plant
-1

. 

The comparisons among the means of the various treatment 

combinations of NPK rates and biofertilization, listed in Table 1, 

reflected significant differences, indicating the presence of clear 

interaction effects on the different growth traits of strawberry plants. 

Generally, the enhancing effects of the inoculation with the 

biofertilizer Halex-2 on leaf area, number of crowns, and fresh and 

dry masses plant
–1

 varied according to the used NPK level. The 

combined treatment 150-105-144kg N-P-K fed
-1

 (75% of the 

recommended) accompanied with Halex-2 was the most beneficial 

treatment for most vegetative growth characters compared to those 

attained by 200-140-192 and 250-175-240 kg NPK fed
-1

 without 

Halex-2, in both seasons. The only exception was noticed for number 

of crowns in the second season. Hewedy (1999), and Mahmoud and 

Emara (2000) recorded similar findings on tomatoes. 
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Leaf’s Chemical Contents 

Data arranged in Table 2 indicated that the application of NPK, 

significantly, increased the leaf contents of N, P and K over those of 

the unfertilized control treatment, in both growing seasons. Leaf’s N 

content was a positive function to the NPK applied rate up to 200 - 

140 - 192 kg N-P-K fed
-1

. The results showed also that both leaves P 

and K contents were significantly the highest with the application of 

the lower NPK applied rate (100-70-90 kg N-P-K fed
-1

). However, 

increasing the application of NPK rate above the later level was not 

associated with a corresponding increase in P and K contents; but 

instead a pronounced decrease was observed. Such a result seemed to 

suggest the presence of an antagonistic effect between the high level 

of N and both P and K uptake.  Voth et al. (1967) demonstrated the 

negative response of leaf’s K content as a result of higher N applied 

level, which resulted from the unbalance occurred among the ratios of 

these nutrients in plant tissues. The results exhibited also that leaves 

N, P and K contents of the unfertilized plant were estimated by 2.23% 

N, 0.26% P and 1.34% K (average of both seasons), which were not 

apparently sufficient to meet the requirements of strawberry plants. 

The obtained results seemed to agree with those of Bould et al. 

(1966), who reported a tentative critical range of 2-2.5% N, 0.25% P 

and 1.2%K in leaf, below which symptoms of deficiency appeared, 

and a range of 2.6-3.0% N, 0.30% P and 1.6% K was sufficient for 

strawberry plants to obtain their requirements. The obtained results 

were also confirmed, more or less, with those reported by Mohamed 

and Gabr (2002), who showed that fertilized strawberry plants with 

NPK treatment at 175 N - 31 P2O5 - 150 K2O kg fed.
-1

 had 

significantly higher foliage N, P and K contents than those of the 

unfertilized control.  

Data presented in Table 2 reflected that the inoculation with the 

biofertilizer Halex-2, significantly, raised leaf’s N content compared 

to those of the uninoculated control, in both growing seasons. Leaf’s P 

and K contents, however, were not affected. The promoting effects of 

Halex-2 biofertilizer on leaves N content could be attributed to the 

role of non-symbiotic N2 fixing bacteria on the availability of nutrients 

and modification of root growth morphology resulting in more 

efficient absorption of available nutrients (Jagnow et al., 1991). The 

previous results were noticed to be compatible with those  reported  by  
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El-zeiny et al. (2001), on tomatoes, who stated that biofertilization 

increased leaf’s N content. 

Flowering Traits 

The effects of various NPK levels on flowering time (earliness) 

and number of flower trusses plant
-1

 were found significant, in both 

studied experiments (Table 3). It was obvious that at 100-70-96,150-

105-144, 200-140-192 and 250-175-240 kg N-P-K fed
-1

, number of 

days required for floral initiation were reduced by 5.30, 15.70, 6.86 

and 9.47 days, as an average of both seasons, than the control plants, 

orderly. Such a result indicated that the application of 150-105-144 kg 

NPK fed
-1

 (75% of the recommended) is a better choice for earliness 

than the lower or higher NPK rate. Such delaying effect can be 

explained on the basis that such the lower or higher NPK level rather 

than 150-105-144kg NPK fed
-1 

might affect the carbohydrate/nitrogen 

ratio, depressing the vegetative growth (Table 1) and delaying flower 

initiation. The results in Table 3 indicated also that the application of 

NPK levels was associated with progressive significant increases in 

number of flower trusses plant
-1

 relative to the control. Plants 

fertilized with NPK rate of 200-140-192kg fed
-1

 produced more 

flower trusses than those of the comparable treatments, in both 

seasons. However, the difference between 150-105-144 and 200-140-

192kg N-P-K fed
-1

 was not found significant in the second season. 

Raising NPK level to 250-175-240 kg N-P-K fed
-1

 displayed a 

pronounced reduction in number of flower trusses plant
-1

. The 

enhancing effects of NPK at the intermediate rate on number of flower 

trusses plant
-1 

could be related to the resultant suitable balance C/N 

ratio necessary for flowering (Janick et al., 1974). On the other 

extreme, Goyal et al. (1982) reported that the high N application 

reduced photosynthetic CO2 fixation, chlorophyll formation and total 

soluble protein content, which might explain the negative effect of 

high N involved in NPK level on vegetative growth and flowering 

characteristics. Similar findings were obtained by Mohamed and Gabr 

(2002) who found that fertilizing strawberry plants with NPK at the 

rate of 175 N- 31 P2O5 – 150 K2O kg fed.
-1

. increased number of 

flower trusses plant
-1 

compared to the unfertilized control. 

Inoculation of strawberry transplants with Halex-2, 

significantly, resulted in earlier flowering by 3.55 days, as an average 

of both seasons, than the uninoculated   ones (Table 3). A pronounced  
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increase was also noticed for number of flower trusses due to the 

inoculation with the biofertilizer Halex-2. The promoting effects of 

the biofertilization on flowering traits might be attributed to its 

stimulating effects on vegetative growth (Table 1) and leaf’s mineral 

content (Table 2), which in turn, were positively reflected on 

flowering traits. Similar results were obtained with tomatoes (Barakat 

and Gabr, 1998) and sweet pepper (Gabr et al. 2001). 

The interaction effects of NPK level with Halex-2 inoculation 

treatments on flowering characters appeared significant, in both 

growing seasons (Table 3). At the varying NPK levels, inoculating 

strawberry transplants with Halex-2 biofertilizer reflected different 

rates of the favorable  effects  on  each  of  earliness  and number  of  

flower  trusses plant
-1

. The treatment combination (150 N - 105 P2O5 - 

144 K2O + biofertilizer inoculation), significantly, gave the least 

number of days from transplanting to flowering and attained the 

highest number of flower trusses plant
-1

. 

Yield Potentials 

Data arranged in Tables (4 a) and (4 b) showed that the 

application of NPK, irrespective of the used level, was responsible for 

the significant increments on yield potentials as expressed by early 

yield plant
-1

 and square meter
-1

; marketable and non-marketable yield 

square meter
-1

; total yield plant
-1 

 and square meter
-1 

and average fruit 

weight compared to the unfertilized control, in both growing seasons. 

The only exception was noticed with non-marketable yield square 

meter
-1 

in the second season; where, the differences between the 

control and the addition of NPK rate at 100-70-96 kg fed.
-1

  were 

insignificant. The results indicted that the highest early yield plant
-1

 

and /m
2
 were obtained by fertilizing with 150-105-144 kg NPK fed.

-1
   

, in both growing seasons. However, the plants that received NPK rate 

of 200-140-192 kg fed.
-1

 gave the highest marketable, non-marketable 

yield/m
2
 and total yield m

-2
 as well as the highest average fruit weight. 

Meanwhile, raising NPK level above the rate of 200-140-192kg fed.
-1

  

was not associated with corresponding increases on all recorded yield 

potentials, in both seasons. The enhancing effects of NPK on yield 

potentials could be related to their positive role on activating the 

vegetative growth (Table 1) which, in turn, promoted the synthesis of 

more photosynthates required for fruit formation and development. 

Similar  results   were  recorded  by   Locascio  and  Thompson (1960) 
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 who reported that strawberry fruit yield increased linearly with 

fertilizer rate, using a NPK ratio of 6 N: 3 P: 5 K at 900 to 2700 kg ha
-

1
. Albregts and Howard (1986) stated that increasing rates of NPK to 

224 N –24P–186 K increased fruit yield of strawberry cultivars Dover 

and Tufts. Likewise, Lieten (1996) demonstrated that yield/m
2 

of 

strawberry plants was the highest when the highest NPK rate (180 N – 

80 P – 240 K) was used. Recently, Mohamed and Gabr (2002) 

reported a positive effect on total yield fed.
-1

 of strawberry plants as a 

result of applying NPK at the rate of 175 N- 31 P2O5 – 150 K2O kg 

fed.
-1

 On the other side, Picha (1999) showed that over-optimal NPK 

application rate caused a fewer early yield and a lower fruit yield 

which confirmed generally the present results. 

The data in Tables (4a) and (4b) revealed also that strawberry 

transplants inoculated with the biofertilizer Halex-2, significantly, 

increased early yield plant
-1

 and /m
2
; marketable yield/m

2
; and total 

yield plant
-1

 and /m
2 

as well as average fruit weight; relative to the 

uninoculated control, in both seasons. On the other side, a significant 

reduction in non-marketable yield plant
-1

, due
 
to the biofertilizer 

treatment, was detected. The increments in marketable yield plant
-1

 

due to the inoculation with Halex-2 biofertilizer were 9.36%, as an 

average of the two seasons. The positive effects of the biofertilizer on 

yield potentials might be related to its beneficial effect on vegetative 

growth and flowering as previously mentioned which probably 

supplied more photosynthates and hence, might help in improving 

yield potential. 

Concerning the interaction effects between NPK levels and 

Halex-2 biofertilizer on yield potentials, the comparisons among the 

ten treatment combinations, generally, indicated that the combination 

treatment of 150-105-144 kg NPK fed.
-1 

coupled with Halex-2 

biofertilizer was the most economical and beneficial treatment for 

most yield potential traits. However, the difference between the 

combinations of 150-105-144 or 200-140-192kg NPK fed.
-1

 and 

Halex-2 biofertilizer were not  found significant, with the exception 

for average fruit yield in the second season, suggesting that 150-105-

144 kg NPK fed.
-1

 (75% of the recommended) was sufficient when 

strawberry transplants were inoculated with the biofertilizer Halex-2. 

At NPK level of 150N-105 P2O5-144 K2O Kg fed.
-1 

,contribution of 

the biofertilizer was 1.02 ton fed.
-1

, as an average of the two seasons, 
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which was equivalent to 16.49N-11.54 P2O5-15.83 K2O fed.
-1

.Similar 

findings, more or less, were reported by Barakat and Gabr (1998) who 

stated that the efficiency of Halex-2 in saving inorganic N fertilizer 

reached to 8.4 kg N fed.
-1

. 

Fruit Quality Characteristic 

Results in Tables (5 a) and (5 b) illustrated that the application of 

NPK, irrespective of the used level, significantly, increased fruit’s 

TSS, Vit.C and K contents over the control treatment, in both seasons. 

The only exception was in the second season, where the difference 

between the control and 100-70-96 kg NPK fed.
-1

for TSS appeared  

insignificant. The highest significant mean values for both TSS and 

Vit.C were recorded from the plants, which received 200-140-192kg 

NPK fed.
-1

  . Meanwhile, fruit’s K content was significantly the 

highest in harvested fruits from the plants that were fertilized with 

100-70-96 kg NPK fed.
-1

, in both growing seasons. On the other hand, 

fruits produced from the unfertilized control plants exhibited higher 

contents of reducing, non-reducing-and-total sugars as well as total 

titratable acidity, followed by those received 100-70-96 kg NPK fed.
-1

. 

Raising NPK level over the later mentioned rate, however, was 

associated with a corresponding inferior in the later quality traits. It 

was also noticed that significant differences were not detected among 

NPK levels in terms of total titratable acidity, in both seasons. These 

results, in general, were not compatible with those reported by 

Mohamed and Gabr (2002), who clarified that the application of N-P-

K at the rate 175N- 31P2O5 -150 K2O kg fed.
-1

 enhanced total sugars 

and ascorbic acid of strawberry fruits while, it did not affect titratable 

acidity. Picha (1999) pointed out that over-fertilizing with NPK 

resulted in poor quality for strawberry fruits.  

Inoculation of strawberry transplants with Halex-2 biofertilizer 

was responsible for the significant increments in TSS, Vit.C, reducing, 

non-reducing-and-total sugars contents compared to the uninoulated 

control, in both seasons (Tables 5 a and 5 b). Total titratable acidity 

and fruit K-content, however, did not show any not significant 

differences. The obtained results, generally, agreed with those 

reported by Gabr et al. (2001) on sweet pepper. 

The interaction effects of NPK and Halex-2 treatments exhibited 

also some significant differences on quality characteristics of 

strawberry fruits, in the two  studied  seasons  (Tables 5 a and 5 b).  At  
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the different NPK levels, the inculcation with Halex-2 biofertilizer 

reflected different enhancement rates on TSS, Vit.C and sugar 

fractions (reducing-, non-reducing-and-total sugars). The treatment 

combination having 200-140-192kg NPK fed.
-1

and Halex-2 

biofertilizer recorded the highest significant magnitudes for both TSS 

and Vit.C. On the other hand, the highest mean values for sugar 

contents were recorded with the unfertilized plants, but inoculate with 

Halex-2 biofertilizer. As for fruit K content, the best values were 

obtained from the application of 100-70-96 kg NPK fed.
-1

 (50% of the 

recommended) accompanied with Halex-2 biofertilizer. Total 

titratable acidity, however, did not reflect a clear trend due to the 

interaction between NPK level and biofertilizer. The obtained results, 

in general, matched with those recorded by Dawa et al. (2000) on 

tomato and Gabr et al. (2001) on pepper.  

The present results, clearly, indicated that inoculation with 

biofertilizer Halex-2 favored the production of high strawberry yield 

with good quality under the conditions of this experiment. The 

efficiency of biofertilizer in this respect was more pronounced at the 

NPK level of 150-105-144 kg fed.
-1

(75% of the recommended). 

Hence, this treatment combination will save some of the high costs of 

chemical fertilizers and may reduce the risk of environmental 

pollution. 
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 الملخص العربً
 

تأثٌر التلقٌح الحٌوي تحت مستوٌات مختلفة من النتروجٌن والفوسفور 
 والبوتاسٌوم  على نمو ومحصول وجودة ثمار نباتات الفراولة

 
 لطٌف الشال وسناء مرسى العربً وإبراهٌم دمحم غنٌم وحسن عنترلدمحم عبد ا

 
 قسم الخضر ـ كلٌة الزراعة ـ جامعة اإلسكندرٌة

 
 0222/0220و  0222/0222خالل موسمٌن متتالٌن لعامً  راسة حقلٌةأجرٌت د

 )جامعة اإلسكندرٌة وذلك لدراسة مدى استجابة نباتات الفراولة –بالمزرعة التجرٌبٌة كلٌة الزراعة 
 ( تحت مستوٌات مختلفة من النتروجٌن0صنف كماروزا( للتلقٌح بالسماد الحٌوي )هالكس 

% من المعدل الموصى فً اإلنتاج 200و 222, 50,  02 الفوسفور والبوتاسٌوم )صفر,و
كجم للفدان(. أوضحت الدراسة أن زٌادة معدل  290بو  – 242فو  – 022التجاري وهو ن 

( قد 0 -التسمٌد المعدنً من النتروجٌن والفوسفور والبوتاسٌوم أو التلقٌح بالسماد الحٌوي )هالكس
لورقٌة وعدد التٌجان والوزن الطازج والجاف للنبات, معنوٌة فً كل من المساحة ا اتأدى إلى زٌاد

بو( والصفات الزهرٌة )التبكٌر فً اإلزهار  –فو  –وكذلك فإن المحتوى المعدنً لألوراق من  )ن 
معنوٌا لكلى العاملٌن,كما أوضحت النتائج أن القدرة المحصولٌة  توعدد العناقٌد الزهرٌة( قد استجاب

المسوق وغٌر المسوق لكل متر مربع  المحصول و متر المربع ولل محصول المبكر للنباتال)
حصول النبات والمتر المربع ومتوسط وزن الثمرة( قد زادت بزٌادة معدالت السماد الكٌماوي مو

 المركب أو بمعاملة التلقٌح الحٌوي, ولقد أشارت الدراسة أٌضا أن زٌادة معدالت السماد الكٌماوي
حٌوي قد أدت إلً تحسٌن فً بعض صفات الجودة )المواد الصلبة الكلٌة أو معاملة التلقٌح ال المركب

الذائبة وفٌتامٌن ج ومحتوي الثمار من السكرٌات المختزلة وغٌر المختزلة والكلٌة(, ولقد أوضحت 
ن 202% من المعدل الموصً به وهو 50النتائج أن إضافة السماد الكٌماوي المركب عند مستوي 

( كان أفضل المعامالت 0 -للفدان مع التلقٌح بالسماد الحٌوي )هالكس كجم بو  244 –فو 220 –
 محصول مع افضل جودة لثمار الفراولة .أعلى خضرٌا متوازنا و االعاملٌة كفاءة حٌث أعطت نمو

 
 


