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Abstract 

 
Strawberry is perishable crop which is exceedingly in demand for its taste, profitability, high yield and good quality. 

For production at commercial level growth regulators have been used in the past but in present more attention paid towards 
pre and post-harvest techniques by using combination of growth regulators with salt. Keeping in view, present research was 
laid at research area of horticulture department, Pir Mehr Ali Shah Arid Agriculture University Rawalpindi, during 2010 – 
2011. The experiment was carried out to check the impact of exogenous application of salt and growth regulators on growth 
and yield of strawberry. The treatments thus formed were T1: Control/ untreated; T2: Gibberellic acid 50ppm; T3: Salicylic 
acid 1mMol-L; T4: Calcium chloride 0.4%; T5: Gibberellic acid 50ppm + Calcium chloride 0.4%; T6: Salicylic acid 1mMol-L 

+ Calcium chloride 0.4%. Randomized Complete Block Design (RCBD) was applied to verify the treatments. Results 
showed that application of growth regulators combined with salt was more effective in increasing growth and yield. GA3 
either applied singly or among calcium chloride, radically increased the vegetative growth parameters by increasing plant 
height, crown diameter, canopy spread, fresh and dry weight of plant and leaves, leaf area, fruit set percentage, number of, 
runners, trusses, flowers and fruits; as compared to salicylic acid followed by Calcium chloride. However, fruit size, weight 
and yield were reduced. Among combined sprays of growth regulator and salt, Salicylic acid + Calcium chloride showed 
significant results in all parameters viz; vegetative growth, yield and fruit quality parameters, than Gibberellic acid + 
Calcium chloride followed by control. Salicylic acid + CaCl2 also improve the fruit quality by significantly increasing 
ascorbic acid content and Total Soluble Solids while titratable acidity showed non-significant result. 

       
Introduction            
   
      Strawberry is popular among growers of Pakistan who 
get high return on their investments due to its short 
growing season. Limited quantities of strawberries are 
produced in Pakistan which are either eaten fresh or used 
in processed food. Fragaria ananassa Duch., is the 
seasonal fruiting variety of the strawberry which produce 
single crop each summer and is a short-day plant. Limited 
vegetative growth occurs during this short period. As a 
result, the fruit produced is not of good quality and have 
minimum marketable yield (Asrey et al., 2004; Singh et 
al., 2007) and fetch less price in market thus causing 
severe loss to grower. Application of Growth regulators 
has been practiced commercially to increase the 
production and quality of strawberry crop. These growth 
regulators excite the natural plant hormones and allow 
synchronization of plant development to occur. 
Gibberellic acid (GA3) is a growth regulator which 
stimulate the effect of long day lengths in short day plants 
by improving vegetative development and increasing 
runner production. Gibberellic acid progressively 
increased the plant height, canopy spread, leaf area, 
number of leaves, petiole length and induces stem 
elongation when applied exogenously to strawberry 
plants. Gibberellic acid initiate early flowering and thus 
early fruit development and harvesting occur. It also 
increase the truss heights,  number of flowering trusses 
per crown, fruit set percentage, total number of fruits per 
plant but consequently fruit size and fruit weight 
decreased (Kasim et al., 2007; Paroussi et al., 2002; 
Sharma & Singh, 2009). It also enhanced the number of 
runners in all strawberry varieties by specifically 
stimulating the stolon forming systems during long days. 

It is also responsible for increasing the number of runners 
per crown at higher rates of application. (Hytonen et al., 
2009). Gibberellic acid also increase the fruit quality by 
producing firmer fruit with high ascorbic acid and total 
soluble sugars, whereas, inducing no significant affect on 
titratable acidity (Usenik et al., 2005; Sharma & Singh, 
2009; Ouzounidou et al., 2010). 

Salicylic acid is a signal molecule that involves in 
plant defense system. When a pathogen attacked plant, a 
naturally occurring defense system of plant is activated 
this induced systemic acquired resistance (SAR) in 
undamaged tissues to control or confine disease 
expansion (Tsuda et al., 2008; Aman et al. 2013). 
Exogenous application of salicylic acid increased the 
level of endogenous salicylic acid moreover; pathogenesis 
related genes (PR-genes) were also activated at sites of 
pathogen attack or invasion thus, inducing disease or 
pathogenic resistance in plant (Van Loon et al., 2006). 
Exogenous application of salicylic acid significantly 
increased overall growth; shoot length, leaf area, fresh 
and dry weights of root, shoot and overall plant 
(Amborabe et al., 2002; Khodary, 2004; Eraslan et al., 
2007; Karlidag et al., 2009b; Niakan et al., 2010). 
Salicylic acid induce flowering and fruit setting (Martin-
Mex et al., 2005a; Martin-Mex et al., 2005b) in many 
plant Salicylic acid also increased the fruit weight and 
yield (Fariduddin et al., 2003; Larque-Saavedra and 
Martin-Mex, 2007). It increases the fruit firmness, total 
soluble solids and ascorbic acid contents but did not 
significantly affect the titrable acidity of fruits (Karlidag 
et al., 2009a; Shafiee et al., 2010). 

In plants, calcium is generally obtained from soil 
solution via root systems from where it reached shoots 
through xylem. Lack of calcium in the root system causes 
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malformation in plant’s normal life cycle. Calcium in 
cationic form (Ca2+) plays an important role in plants 
physiology by helping in cell division and expansion, 
connecting environmental stimuli to their suitable 
physiological responses (White, 2000). Calcium chloride 
doses increases the leaf area index whereas there is no 
significant effect on plant growth and showed reduction in 
fruit production there is no significant effect of calcium 
chloride on total soluble solids (TSS) and the ratio 
TTS/TA (Andriolo et al., 2010; Siddiq et al., 2012). It also 
increase average fruit weight and size of strawberry fruits 
with no significant affect on titratable acidity (Dunn & 
Able, 2006; Ramezanian et al., 2009). 

Therefore, the present study is purposed to 
investigate the impact of exogenous application of salt 
and growth regulators on growth and yield of strawberry 
 
Materials and Methods 
 

Present study was conducted at research area of 
Horticulture Department, Pir Mehr Ali Shah Arid 
Agriculture University Rawalpindi, during 2010-2011. 
The runner plants of the strawberry (Fragaria  ananassa 
Duch ) cv. “Chandler” were collected from Swat, Khyber-
Pakhtoonkhwa. Plants were grown in clay pots having 
capacity to hold 3 liter planting media. Media used was 
sand, soil and silt at ratio of 1:1:1. Foliar sprays of 
gibberellic acid (GA3), salicylic acid (SA) and calcium 
chloride (CaCl2) was made before flowering. To check the 
combined effect of growth regulator and salt, the spray 
was done during fruit setting. The treatments formed were 
T1 = Control, T2 = Gibberellic acid (50ppm), T3 = Salicylic 
acid (1mMol-L), T4 = Calcium chloride (0.4%), T5 = 
Gibberellic acid (50ppm) + Calcium chloride (0.4%) and 
T6 = Salicylic acid (1mMol-L) + Calcium chloride (0.4%). 
Each treatment was consisted of 3 replications and ten 
plants per replication. The experiment was arranged 
according to the Randomized Complete Block Design 
(RCBD). Data was taken on the weekly basis of following 
parameters during entire period of research study. The 
vegetative growth characteristics include plant height, leaf 
area, crown diameter, canopy spread, number of leaves, 
number of runners, fresh and dry weight of plant and 
leaves; while reproductive traits include number of 
trusses, flowers and fruits, fruit set percentage, fruit 

weight and fruit size; and quality parameters including 
total soluble solids, titratable acidity and ascorbic acid 
contents  were observed. 
 
Results 
 
Vegetative parameters: The mean values of vegetative 
growth characteristics are listed in Table 1. The 
application of growth regulators (GA3 and SA) alone or 
combined with salt (CaCl2) significantly increased plant 
height, number of leaves, leaf area, number of runners, 
canopy spread and fresh and dry weight of plant. Among 
treatments, GA3 + CaCl2 showed more plant height 
(18.47 cm) followed by GA3 (18.37 cm), SA + CaCl2 
(12.24 cm), SA (11.70 cm), CaCl2 (11.20 cm) and 
Control (10.93 cm). Maximum leaf area was observed 
in, gibberellic acid (63.63 cm2) and gibberellic acid + 
CaCl2 (50.52 cm2) which was highly significant with 
salicylic acid (45.38 cm2) and salicylic acid + CaCl2 
(43.75 cm2). Significantly higher numbers of leaves, 
runners and canopy spread were found in plants treated 
with gibberellic acid alone or in combination followed 
by salicylic acid alone or in combination with salt. 
Lowest number of leaves, runners and canopy spread 
was obtained in CaCl2 treated plants as compared to 
control and other treatments. It was cleared from data 
pertaining to fresh weight of strawberry plants that a 
non-significant observation was noted between 
combined application of growth regulator (GA3) and salt 
(CaCl2) (23.31 gms) and GA3 alone (22.13 gms). 
Similarly, combined application of growth regulator 
(SA) and salt (CaCl2) (20.70) and SA alone (19.72 gms) 
were non-significant with each other. Salt (CaCl2) when 
sprayed alone decreased the fresh weight of plants with 
(10.40 gms) value which was significant over all other 
treated plants. Control showed significantly lower fresh 
weight of the plants (8.017 gms). Highly significant 
increase in dry weight of plants were noticed in the 
plants treated with gibberellic acid together with CaCl2 
(8.629 gms) as compared to other treatments.  The 
values showed by other treatments were such as; control 
(3.760 gms), calcium chloride (4.276 gms), salicylic 
acid alone (7.130 gms), salicylic acid together with 
CaCl2 (8.163 gms) and gibberellic acid alone showed 
(8.270 gms) of dry weight of the plants. 

 
Table 1. Vegetative growth parameters as affected by exogenous application of salt and growth regulators on strawberry. 

Treatents Plant height 
(cm) No. of  leaves Leaf area 

(cm2) 
No. of 

runners 
Canopy 

spread   (cm) 
Fresh weight of 

plants (gms) 
Dry weight of 
plants (gms) 

T1 10.93 ± 0.23b 3.970 ± 0.15b 34.28 ± 0.76e 0.200 ± 0.06d 18.92 ± 0.55c 8.017 ± 0.48e 3.760 ± 0.04e 

T2 18.37 ± 1.05a 4.877 ± 0.27a 63.63 ± 0.27a 2.033 ± 0.09a 27.81 ± 0.52a 22.13 ± 0.25ab 8.370 ± 0.07ab

T3 11.70 ± 0.11b 4.637 ± 0.05a 43.75 ± 0.25c 0.633 ± 0.15c 23.00 ± 2.31bc 19.72 ± 0.42c 7.130 ± 0.11c 

T4 11.20 ± 0.56b 4.377 ± 0.18ab 38.76 ± 0.55d 0.167 ± 0.07d 19.09 ± 1.31c 10.40 ± 0.54d 4.276 ± 0.15d 

T5 18.47 ± 0.81a 4.663 ± 0.39a 50.52 ± 2.27b 1.633 ± 0.09b 29.61 ± 0.58a 23.31 ± 0.73a 8.629 ± 0.09a 

T6 12.24 ± 0.90b 3.970 ± 0.15b 45.38 ± 1.08c 0.800 ± 0.15c 25.01 ± 2.17ab 20.70 ± 0.85bc 8.163 ± 0.25b 
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Reproductive parameters: The reproductive parameters 
as shown in Table 2 explained that minimum numbers of 
days were required by plants treated with gibberellic acid 
with (54 days) to open first flower in strawberry plants 
followed by plants treated with gibberellic acid combined 
with CaCl2 to open first flower after (66 days) of 
plantation. Besides that salicylic acid combined with 
CaCl2 required (71.33 days) to open first flower in 
strawberry plants followed by calcium chloride and 
salicylic acid alone with (72.33 days) and (74 days). 
Maximum days were required by the control (80.67 days) 
which was highly significant to others. Application of 
gibberellic acid alone showed maximum number of 
trusses, flowers and fruit set percentage per plant 
followed by combined spray of GA3 and CaCl2, salicylic 
acid in combination with CaCl2 salt salicylic acid alone, 
CaCl2 and control. Reduction in number of fruits was 
observed in plants treated with CaCl2 followed by control 
plants with (1.433) and (1.700) number of fruits per plant 
respectively. An evidence of non-significant results was 
seemed between gibberellic acid + CaCl2 with (2.400) 

number of fruits per plant and salicylic acid with (2.367) 
number of fruits, which are at non-significant level with 
plants treated with salicylic acid + CaCl2 with (2.933) 
average number of fruits per plant. Control produced non-
significantly more fruits (1.700) than CaCl2 treated plants 
(1.433). Strawberry fruit size was significantly increased 
in plants treated with combined spray of salicylic acid and 
CaCl2 salt as presented in (Table 2). It showed (2.683 cm) 
increase in fruit size followed by plants treated with GA3 
alone (2.220 cm). Non significant observations were 
noted within plants treated with CaCl2 (2.167 cm), 
salicylic acid (2.060 cm) and gibberellic acid combined 
with CaCl2 (2.027 cm). Control plants produced minimum 
fruit size with (1.840 cm). strawberry fruit was increased 
in plants treated with salicylic acid combined with salt 
(CaCl2) (4.413 gms) followed by plants treated with 
CaCl2 salt alone (4.270 gms), plants treated with salicylic 
acid (4.163 gms) and gibberellic acid (3.967 gms) alone 
and plants treated by gibberellic acid combined with 
CaCl2 (3.503 gms). Control showed significantly lower 
fruit weight (2.987 gms). 

 
Table 2. Reproductive growth parameters as affected by exogenous application of salt and growth 

regulators on strawberry. 

Treatments No. of days req. to 
open 1st  flower No. of truss No. of 

flowers 
Fruit set 

percentage (%) No. of fruits Fruit weight 
(g) 

Fruit size  
(cm) 

T1 80.67±1.45a 1.170±0.05c 2.747±0.05c 65.89±2.69b 1.700±0.10cd 2.987±0.11e 1.840±0.10c 
T2 54.00±2.31d 1.893±0.06a 3.843± 0.01a 92.17±2.51a 4.767±0.23a 3.967±0.09c 2.220±0.09b 
T3 74.00±1.53b 1.443±0.08bc 3.047±0.06bc 75.80±1.47ab 2.367±0.23bc 4.163±0.04b 2.060±0.18bc 
T4 72.33±0.67b 1.180±0.15c 2.830±0.10c 73.90±3.01ab 1.433±0.22d 4.270±0.03ab 2.167±0.12bc 
T5 66.00±1.73c 1.860±0.07a 3.760±0.17a 83.04±3.25ab 2.400±0.46bc 3.503±0.01d 2.027±0.10bc 
T6 71.33±0.88b 1.533±0.08b 3.300±0.11b 83.93±3.67ab 2.933±0.12b 4.413±0.04a 2.683±0.06a 

 
Fruit quality parameters: Fruit quality parameters 
were shown in Table 3 which explained that all 
treatments, except control (0.5 kg) had high firmness 
values.  Higher firmness was observed in fruits treated 
with gibberellic acid alone (0.883 kg) followed by GA3 
+ CaCl2 (0.700 kg). No significant difference in 
firmness was observed among fruits obtained from 
plants treated with CaCl2 alone (0.75 kg), SA + CaCl2 
(0.633 kg) and salicylic acid alone (0.617 kg). Higher 
total soluble solids percentage was found in plants 
treated with GA3 + CaCl2 salt (8.376 ºBrix) followed by 
plants treated with SA + CaCl2 salt (6.933 oBrix) which 
was non-significant with plants treated with gibberellic 
acid, salicylic acid and calcium chloride separately and 
control. Significantly high ascorbic acid contents were 
observed in plants treated with SA + CaCl2 with a value 

of (72.47 mg 100-1 ml juice) followed by GA3 + CaCl2 
with value of (69.41 mg 100-1 ml juice). Both 
treatments are significant to each other. Non-significant 
results were obtained in plants treated with calcium 
chloride, gibberellic acid and salicylic acid. Control 
showed significantly minimum effected value (51.82 
mg 100-1 ml juice). Exogenous application of salt and 
growth regulators did not showed the significant effect 
on titratable acidity of strawberry fruits. Non-
significant results were obtained among plants treated 
with calcium chloride (2.130%), salicylic acid 
(2.113%), salicylic acid + CaCl2 (1.853%), gibberellic 
acid + CaCl2 (1.810%) and gibberellic acid alone 
(1.750%). Highly significant more titratable acidity 
value was observed on control (2.710%) as compared 
to other treatments. 

 
Table 3. Fruit quality parameters as affected by exogenous application of salt and growth regulators on strawberry. 

Treatments 
Fruit firmness  

(kg) 
Total soluble solids 

(0Brix) 
Titratable acidity  

(%) 
Ascorbic acid  

(mg 100-1 ml juice) 
T1 0.500 ± 0.00c 5.367 ± 0.22e 2.710 ± 0.23a 51.82 ± 0.40d 
T2 0.883 ± 0.02a 6.400 ± 0.40bc 1.750 ± 0.08b 61.38 ± 0.50c 
T3 0.617 ± 0.02bc 6.133 ± 0.19cd 2.113 ± 0.04b 60.68 ± 0.30c 
T4 0.750 ± 0.03ab 5.500 ± 0.17de 2.130 ± 0.17b 62.21 ± 0.73c 
T5 0.700 ± 0.10b 8.367 ± 0.19a 1.810 ± 0.08b 69.41 ± 1.08b 
T6 0.633 ± 0.09bc 6.933 ± 0.07b 1.853 ± 0.17b 72.47 ± 0.61a 
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Discussion 
 

According to the results mentioned in above section 
it was concluded that plant height, number of leaves, leaf 
area, number of runners, canopy spread and fresh and dry 
weight of plants was maximum in gibberellic acid treated 
plants either combined with salt or alone, as it induced the 
effect of long day in short day plants thus promoting 
vegetative growth and runners production (Guttridge & 
Thompson, 1964). Our results also agreed with those of 
others who observed increased plant height in capsicum 
(Ouzounidou et al., 2010) and globe artichoke (Kasim et 
al., 2007). Paroussi et al., (2002) and Sharma and Singh 
(2009) found that GA3 increased the total leaf area per 
plant. Salicylic acid combined with salt or alone, also 
increased plant vegetative parameters as compared to 
control. The same results were found by Khodary (2004) 
and Niakan et al., (2010) who reported that pre-harvest 
spray of salicylic acid increased the shoot length and leaf 
area in plants. Eraslan et al., (2007) also reported 
increased in number of leaves. There is not enough 
literature presented which clarified the effect of salicylic 
acid on runner production but it could be said that it is 
involved in regulation of many processes in plants growth 
and development (Raskin, 1992). It has been reported to 
increased plant fresh and dry weight (Amborabe et al., 
2002) which concluded that it enhanced the vegetative 
growth in strawberry plants thus increasing canopy 
spread. Salicylic acid, in comparison with gibberellic acid 
also showed some favorable effects on accumulation of 
fresh weight which supported by the work of Amborabe et 
al., (2002) and Karlidag et al., (2009b) on fresh weight 
accumulation in strawberry plant shoots with further 
agreement with the finding of Khodary, (2004) in 
increasing the total weight of plants in case of Zea mays 
as compared to control. Present results also sported by 
Fahad & Bano (2012) who reported that exogenous foliar 
application of salicylic acid (10-5M) was effective in 
ameliorating the adverse effects of salinity on nutrient 
status of soil. Salicylic acid (10-5M) can be implicated to 
mitigate the adverse effects of salinity on maize plants. 
Calcium chloride salt when combined with growth 
regulators showed elevated results as compared to alone. 
That was may be due to the masking effect of growth 
regulator over salt during combined spray of salt and 
growth regulators. Calcium chloride alone showed less 
increased in plant height as compared to other treatments. 
Our findings agreed with that of Andriolo et al., (2010) 
who found no significant effect of CaCl2 on plant growth 
attributes. Calcium chloride also found to increase plant 
fresh weight as compared to control but it was less 
efficient than Gibberellic acid and Salicylic acid. 
Although, it was observed by Andriolo et al., (2010) that 
CaCl2 spray had non-significant effect on vegetative 
growth of strawberry but it was also observed by White 
(2000) it increased the vigor of stalk and stem of plant 
thus, increasing fresh weight. On the other hand the dry 
weight observed in calcium chloride was influenced in 
treated plant as found by Amor and Rubio, (2009) also, 

Lopez & Satti (1996) observed same results in tomato. 
Gibberellic acid induced flowering earlier in 

strawberry plant as compared to other treatments by 
minimizing the days required to open first flower. Similar 
results were showed by many researcher who found that 
early flowering occurred in strawberry (Paroussi et al., 
2002; Sharma & Singh, 2009), capsicum (Ouzounidou et 
al., 2010), globe artichoke (Kasim et al., 2007) and 
azaleas (Joiner et al., 1982). Salicylic acid also showed 
decreased in number of days to flower, although not as 
efficient as gibberellic acid, but it was better than Calcium 
chloride and control. Salicylic acid treated plants also 
promote early flowering. Our results  are  in  accordance  
with  that  obtained  by  (  Hew, 1987; Tomot et al., 1987; 
Martin-Mex et al., 2005a ). No significant effects of 
calcium chloride have been observed in stimulating early 
flowering. Increase in number of trusses and flowers were 
found in GA3 treated plants followed by salicylic acid, 
CaCl2 and Control. Our results agree with the findings of 
many researchers who revealed that gibberellic acid 
increased number of flowering truss and flowers in 
strawberry plant (Paroussi et al., 2002). Karlidag et al., 
(2009a) found that salicylic acid increased fruit yield in 
strawberry, which indicated towards high number of 
flowering trusses which ultimately produced high number 
of flowers and fruit. Calcium chloride also reported to 
increased productivity of many plants (Alcaraz et al., 
1994) which also confirmed increased in number of 
trusses and flowers. Gibberellic acid treated fruit showed 
more fruit set percentage than any other treatment. Our 
results are in accordance to that depicted by others 
scientists Sharma & Singh (2009), and Kappel & 
McDonald (2007). Salicylic acid is also responsible of 
increasing yield in many crops by increasing fruit set 
percentage (Herrera-Tuz, 2004; Karlidag et al., 2009a) on 
the other hand, plants treated with CaCl2 alone, showed 
reduced or non-significant effects on fruit yield (Singh et 
al., 2009; Andriolo et al., 2010; Hamayun et al., 2010a). 
Gibberellic acid showed higher number of fruits per plant 
when applied alone on strawberry plants, as compared to 
others. Same results have been shown by Sharma & Singh 
(2009) and Ouzounidou et al., (2010) who observed more 
number of fruits per plant. Salicylic acid also increases 
the number of fruits per plants by increasing yield (Ghai 
et al., 2002; Fariduddin et al., 2003). Sajid & Aftab 
(2012) also reported that relatively low-to-moderate 
concentrations of salicylic acid may be useful in 
improving yield of potato plants under saline conditions. 
Maximum fruit size was obtained in plants treated with 
salicylic acid combined with CaCl2 spray this might be 
due to the activity of salicylic acid to induce resistance in 
plants against environmental stresses and calcium act as a 
messenger to these environmental stimuli that trigger 
defense mechanism induced by salicylic acid. Same 
results have been found by Wang & Li (2006) in grapes. 
Reduction in fruit size was observed in plants treated with 
gibberellic acid either alone or in combination with 
CaCl2. Our result is accordance with that of (Sharma & 
Singh, 2009; Khan et al., 2011). This might be due to sink 
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of GA3 treated plant’s reserves towards early flower 
production and fruit setting. No more stored reserves were 
present that plant can use to increase its size. Calcium 
chloride treated plants however; produced fruits of good 
size with less difference to that in GA3 treated plants. In 
these plants, phenomenon opposite to that occurred in 
GA3 happened such as; pre-harvest application of CaCl2 
salt had non-significant effect on plant growth and 
flowering, less flower production means more stored 
reserves sinks towards fruit during cell enlargement stage 
and hence more fruit size is achieved. Karlidag et al., 
(2009a) who found an increased in fruit weight and yield 
in strawberry plants treated with salicylic acid. First 
application of GA3 @ 100 ppm and second application of 
GA3 @ 50 ppm reduced the fruit drop which resulted in 
higher yield of sweet orange cv. “Salustiana” (Ibrahim et 
al., 2011).  In gibberellic acid treated plants fruit weight is 
reduced due to insufficient food reserves during cell 
enlargement stage as discussed earlier. Calcium chloride 
increases the weight per fruit due to maximum food 
reserves during the stage when fruit attain size and mass 
(Hamayun et al., 2011). More yields in term of weight per 
fruit were obtained by calcium chloride. Due to less 
number of fruit production (Singh et al., 2009; Andriolo 
et al., 2010) more weight attainment in these fruits 
occurred (Ramezanian et al., 2009) which therefore, 
lowering the yield. 

Maximum firmness was attained in fruits from plants 
treated with gibberellic acid (Usenik et al., 2005; Cline & 
Trought, 2007; Ozkaya & Dundar, 2008; Canli & Orhan, 
2009; Khan et al., 2012) as it regulate the activities of cell 
wall hydraulic enzymes which are responsible of fruit 
softening (Kondo & Danjo, 2001). Salicylic acid also 
increased the firmness either sprayed alone or in 
combination with CaCl2. Such phenomena may have link 
with salinity & drought stress (Hamayun et al., 2010). 
Our results are in accordance with that obtained by 
Karlidag et al., (2009a) and Shafiee et al., (2010). 
Salicylic acid is effective in increasing overall quality by 
overcoming fungal development and ethylene production 
(Babalar et al., 2007). Calcium chloride also increased 
firmness as compared to control as calcium is involved in 
cell wall protecting metabolism. Similar results have been 
found by (Naradisorn et al., 2006; Cronge et al., 2009; 
Singh et al., 2009). Combined application of GA3 + CaCl2 
and salicylic acid + CaCl2 can improve the TSS of 
strawberry fruits. It is shown by Sharma & Singh, (2009) 
that gibberellic acid when sprayed alone on strawberry 
slightly decreased total soluble solids. Whereas, it was 
found by Kappel & McDonald, (2007) that GA3 treated 
sweet cherries showed more TSS level as compared to 
control. On the other hand, CaCl2 treated strawberries 
demonstrated increase in total soluble solids (oBrix) this 
finding is in accordance with the work of Dunn & Able 
(2006) who found an increase in TSS percentage with 
lower calcium doses. The present study also showed 
better results on ascorbic acid contents in strawberries. As 
discussed earlier that salicylic acid increased the fruit 
quality by overcoming adverse effect of fungal 

development and ethylene production (Babalar et al., 
2007). It is also responsible of increasing the ascorbic 
acid contents in treated plants (Karlidag et al., 2009a). 
Calcium chloride also reported to increase the ascorbic 
acid contents. CaCl2 treatments had a significant effect on 
retaining ascorbic acid content in fruits. This might be 
because the concentrations of CaCl2 delayed the rapid 
oxidation of ascorbic acid. Our findings were similar to 
that of Ramezanian et al., (2009) who found high ascorbic 
acid contents in treated pomegranate plants. Results were 
confirmed by Singh et al., (2009). The results of the 
present study showed an increased in ascorbic acid 
contents with GA3 combined with CaCl2 treatments. 
Similar results were found in a study done by Asrey et al., 
(2004). Combined application of growth regulators with 
calcium salt can produce effects on ascorbic acid contents 
of strawberries and that may be due to synergetic effect of 
both of them with each other. Our findings were in 
accordance with that observed by Ouzounidou et al., 
(2010) who work on effect of gibberellic acid in capsicum 
plant, found non-significant results regarding titratable 
acidity. El-Otmani & Coggins Jr. (1991) also confirms our 
results regarding effect of gibberellic acid. Salicylic acid 
treated strawberries plant also non-significantly affect 
titratable acidity. Similarly, Andriolo et al., (2010) also 
obtained non-significant effect of CaCl2 on titratable 
acidity in strawberry. 
 
Conclusion 
 

It is concluded from the given discussion that 
strawberry plants respond much better with application of 
salicylic acid combined with calcium chloride for their 
growth, yield and quality features while application of 
gibberellic acid combined with calcium chloride proved 
better for maximum vegetative growth and some of the 
quality traits. Gibberellic acid application alone, proved to 
induce the early reproductive growth and more number of 
runners. The plants treated with single sprays of either 
growth regulators or salt and the plants in control did not 
showed satisfactory improvement in any one of the 
growth, yield and quality attributes of the strawberry 
plants. Hence, application of growth regulators combined 
with salt proved better for growing strawberries.  
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