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Introduction 

Strawberry is one of the most delicious, attractive, nutritious and refreshing soft fruits of the world. The cultivated 

strawberry (Fragaria x ananassa Duch.) is a hybrid of two native American sp; F. chiloensis and F. virginiana. 

Strawberries are good source of natural anti-oxidant [8]. Owing to its medicinal properties (anticarcinogenic, 

antidiabetic and antioxidant), strawberry is gaining popularity among all age group consumers. Strawberries are good 

source of natural anti-oxidant [21]. In India, it is mainly grown in Maharashtra and in hills of Himachal Pradesh, J&K 

and Uttarakhand.  

The main objective of the strawberry growers is to produce a fruit with appealing appearance (size, color and 

shape) not necessary accompanied by the same appealing tasteful characteristics [2]. In order for the farmers to 

achieve such fruit growth enhancement, they often use plant growth regulating compounds. Plant growth regulators 

(PGRS) have proven their role in augmenting yield and quality in many fruits. Some of plant bio-regulators are 

synthesized endogenously, but occasionally they are needed to get supplemented exogenously for additional stimulus 

for short duration crop like strawberry, which require quick response for increased growth, fruit set and yield. Use of 

plant bio-regulators plays an important role in vegetative growth, flowering, yield and quality.  

Use of GA3 in strawberry has been reported in early flowering, increased duration of flowering, harvesting and 

yield. It increases yield and quality of fruits, helps in cell elongation and cell enlargement, increases vegetative 

growth and minimizes time of maturity and increases fruit set [14].  
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Application of NAA increases fruit size and delays ripening and increases anthocyanin accumulation in 

strawberry fruits. It also increases duration of flowering, improves yield and quality of fruits [12].  

BA, as a plant growth regulator enhances the size and shape of fruits, lateral bud break and lateral shoot growth, 

leading to improved branching in fruit trees and flowering [17]. BA increases fruit size and delay chlorophyll 

breakdown and fruit ageing. BA also decreases loss in firmness, delay ethylene production, decreases respiration rate 

and induces mechanical resistance which reduces senescence rate after harvest. 

Morphactins are a group of substances which act on morphogenesis and modulate the expression of plants. 

Chemically they are methyl 2- chloro-9-hydroxyfluorene-9-carboxylate. In the presence of other natural hormones, 

morphactins exhibit both synergistic and antagonistic effects. However, the effect depends upon the relative 

concentrations. Its role has been observed in mango Cv. Kensington Pride for increasing flowering and reduces 

vegetative growth of plant [5].  

Micronutrients forming constituent part of plant are considered essential for the plants. Zinc (Zn) is an essential 

micro element for plants. It is involved in many enzymatic reactions. Zinc is known to have an important role either 

as a metal component of enzymes or as a functional, structural or regulatory factor of a large number of enzymes. Zn 

is essential for carbon dioxide evolution and utilization of carbohydrate and phosphorus metabolism and synthesis of 

RNA [15]. 

Boron is a heavy non-metal micronutrient. It is absorbed by plant in the form of boric acid (H3BO3). For 

translocation of sugar; reproduction of plants and germination of pollen grains boron is necessary. The above 

explanation clearly highlights the effectivity of PGRS and micronutrients on intensifying crop's productivity. Hence, 

there is a need to conduct research aimed to quantify their effect on strawberry culture and experiment was conducted. 

Materials and Methods 
Experimental design 

The present investigation was carried out at Department of Fruit Science and the Protected Cultivation Unit, College 

of Horticulture & Forestry, Jhalrapatan city, Jhalawar (Rajasthan) India during 2014-15 as Randomized Block Design 

(RBD) with seventeen treatments. The treatments consistent different growth regulators and micronutrients viz. 

Control (T0), NAA 5ppm (T1), NAA 10ppm (T2), NAA 15ppm (T3), GA3 25ppm (T4), GA3 50ppm (T5), GA3 75ppm 

(T6), BA 5ppm (T7), BA 10ppm (T8), BA 15ppm (T9), Morphactin 25ppm (T10), Morphactin 50ppm (T11), Morphactin 

75ppm (T12), Boric acid 0.2% (T13), Boric acid 0.4% (T14), Zinc sulphate 0.2% (T15) and Zinc sulphate 0.4% (T16). 

Planting system and crop management 

Plants were planted at a spacing of 60 x 30 cm on drip during 18 October, 2014, each treatment with three replications 

consisting 51 beds (1.5x1.2 m) in which strawberry cultivar „Winter Dawn‟. Each treatment consisted of three plants. 

Recommended dose of NPK (19:19:19) as liquid fertilizers were applied through fertigation machine. 

Plant sampling and laboratory procedures 

The observations were recorded on nine characters namely days taken to first flower initiation, days taken to first fruit 

set, days taken to first harvest, days taken to final harvest, number of pickings, fruit length (cm), fruit diameter (cm), 

length and diameter ratio and fruit weight (g).  

Production parameters like days taken to first flower initiation, days taken to first fruit set, days taken to first harvest, 

days taken to final harvest, number of pickings are taken by counting days for each observation from date of 

transplanting. Fruit length (cm), fruit diameter (cm), length:diameter ratio are taken by using digital vernier caliper 

and fruit weight (g) on physical balance respectively. Analysis of variance for individual character was done on the 

basis of mean values as suggested by [11]. 

Results and Discussion 
Days taken to initiate first flowering  

Data presented in Table 1 and Figure 1 revealed that the various plant production parameters were significantly 

influenced by different growth regulators. 
Treatment- GA375ppm resulted in the earliest initiation of flowering (23.50 days),whereas, it took more number of 

days (37.40 days) for initiation of flowering in treatment T12- Morphactin 75ppm. Minimum days required to initiate 
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flower with treatment T6- GA375ppm may be due to its effect to cause rapid growth of flower primordium. Its role has 

been well proven in enhancing flowering in short day plants growing under inducive conditions [18]. Gibberellin is 

known to overcome endogenous dormancy factors and promote flowering. Similar findings in earlier flowering due to 

GA3 were reported in rose and strawbeery respectively [4, 20].  

Table 1 Effect of growth regulators and micronutrients on days taken to first flower initiation to final harvest and 

number of pickings of strawberry (Fragaria x ananassa Duch.) cv. Winter Dawn 

Treatments Days taken to 

first flower 

initiation 

Days taken 

to first 

fruit set 

Days taken 

to first 

harvest 

Days taken 

to final 

harvest 

Number 

of 

pickings 

T0- Control 34.33 43.67 62.10 85.83 21.18 

T1- NAA 5ppm 32.36 40.61 59.67 89.14 23.07 

T2- NAA 10ppm 31.77 40.80 58.16 89.48 25.73 

T3- NAA 15ppm 31.42 40.10 57.16 90.89 26.84 

T4- GA3 25ppm 27.40 34.82 54.94 89.67 28.12 

T5- GA3 50ppm 26.75 34.39 54.51 92.89 28.95 

T6- GA3 75ppm 23.50 29.34 53.15 96.00 34.17 

T7- BA 5ppm 33.04 39.67 60.35 90.69 27.88 

T8- BA 10ppm 31.07 38.05 58.85 92.29 28.28 

T9- BA 15ppm 30.35 36.19 57.28 92.69 29.17 

T10-Morphactin 25ppm 32.05 41.16 64.50 85.71 23.48 

T11-Morphactin 50ppm 35.47 43.03 67.33 84.30 21.07 

T12-Morphactin 75ppm 37.40 47.07 71.00 81.82 18.86 

T13- Boric acid 0.2% 34.16 43.30 60.44 90.19 27.50 

T14- Boric acid 0.4% 31.18 40.26 59.26 91.37 29.78 

T15- Zinc sulphate 0.2% 33.70 41.74 60.34 91.44 29.78 

T16- Zinc sulphate 0.4% 33.80 41.34 59.15 92.21 28.89 

CD at 5% 3.26 2.70 2.09 2.91 3.09 

SEm± 1.60 1.40 1.05 1.31 1.52 

 
Figure 1 Effect of growth regulators and micronutrients on fruit length, fruitdiameter and  length:diameter ratio of 

strawberry (Fragaria x ananassa Duch.) cv.Winter Dawn 
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Days taken to initiate first fruit set and harvesting 

Minimum time (29.34 days) for first fruit setand first harvesting (53.15 days), were observed in T6- GA3 75ppm, while 

maximum time for fruit set (47.07 days) and first harvest (71.00 days) in T12-Morphactin 75ppm. It might be due to 

the fact that exogenous application of GA3 application increases the level of endogenous gibberelins and plays an 

important role in breaking dormancy which ultimately took fewer days to first fruit set and first harvesting. Similar 

findings reported in strawberry cv. „Confitura‟ and „Brighton‟ with 40ppm GA3and [3, 9]. 

Days taken to final harvest and number of pickings 

Maximum harvesting duration (96.00 days) and number of pickings (34.17) in GA3and minimum productive period 

(81.82 days) and minimum number of pickings (18.86) recorded in treatment T12- Morphactin 75ppm. Maximum 

harvesting duration and number of pickings in GA3might be due to fact that by following use of GA3, days to first 

fruit set and first harvesting are minimum so ultimately days taken to final harvest and number of pickings will be 

maximum [20]. 

Fruit length (cm) 

Maximum fruit length (4.91cm) recorded in GA3 75ppm and minimum (1.96cm) length of fruit was recorded in 

treatment T12- Morphactin 75ppm.Increase in fruit length following use of GA might be due to its effect in cell 

division and cell elongation. GA is also reported to promote growth by increasing plasticity of cell wall followed by 

hydrolysis of starch into sugar which reduces cell wall potential, resulting in the entry of water into the cell and 

causing its elongation [13, 19]. 

Length:diameter ratio 

GA have effect in cell division and cell elongation in strawberry fruit so length of fruit increases linearly but not 

diameter, hence maximum length:diameter ratio (1.92) was recorded in GA3 75ppm and minimum (1.00) was in 

treatment T14- Boric acid 0.4%. [12]. 

Fruit diameter (cm) 

The findings presented through Figure 1 and Figure 2 revealed that micronutrients had significant effect on characters 

such as fruit diameter and fruit weight. 

 
Figure 2 Effect of growth regulators and micronutrients on fresh weight and dry weight  of fruit of strawberry 

(Fragaria x ananassa Duch.) cv. Winter Dawn 
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Maximum fruit diameter (4.20cm) was reported in treatment T14-Boric acid 0.4%, while minimum (1.49cm) in T12-

Morphactin 75ppm. Increment in fruit diameter in treatment T14- Boric acid 0.4%, might be due to its role in plant 

metabolism [7] in terms of better supply of water, nutrients and other compounds vital for their proper growth and 

development [6]. Results are in close proximity with [1, 19]. 

Fruit weight (g) 

Maximum fruit weight- fresh weight (28.09g) as well as dry weight (2.05g) were found in treatment T16- Zinc 

sulphate 0.4%, whereas minimum fresh weight (9.17g) as well as dry weight (0.72g) in treatment T12- Morphactin 

75ppm. It may be due to the fact that zinc has been identified as a component of almost 60 enzymes and it has a role 

in synthesis of growth promoter hormone (auxin) which may be found directly associated with improvement of fruit 

weight [16, 10].  

Conclusion 

Thus the results of this study suggested that growth regulators and micronutrients have a great potential to affect plant 

growth and yield of strawberry. Therefore, these can be utilized for sustainable and ecological fruit production and the 

use of chemical fertilizers can be reduced to a great extent. 
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