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Abstract 
Strawberry is a widely grown hybrid species of the genus Fragaria (Rubiaceae family). It is cultivated 

worldwide for its fruit, which is an aggregate accessory fruit widely appreciated for its characteristic 

aroma, bright red color, juicy texture, and flavor. Strawberry is one of the most sensitive plants in 

horticultural production and nutrient management is a key factor to ensure high yields and fruit quality. 

Furthermore, an adequate management of nutrient elements is crucial to guarantee health food safety and 

food quality. The aim of the present study was to evaluate the efficiency of selected micronutrients and 

its influence on growth, yield and quality parameters of strawberry under protected cultivation. It was 

started in Nov. 2019 in poly house of department of horticulture SHUATS, Naini, Prayagraj with cv 

sweet Charlie. The experiment was conducted in completely randomized block (CRD) under protected 

cultivation with three replications with treatments (T0 +T12).To analyse Growth parameters such as plant 

height, plant spread (E-W and N-S), Number of leaves per plant, Days to first flowering, Number of 

leaves per plant, DAS to first flowering, Number of flower per plant, DAS to first fruiting, DAS to fruit 

maturity, Number of runners/plant. Yield parameters such as Number of fruits per plant, fruit length 

(cm), fruit diameter (cm), fruit weight (g), fruit Volume (cc), Yield per plant (kg), yield(q/h). Quality 

attributes such as Total soluble solids(%), ascorbic acid, acidity(%), sugars(%), Total sugars (%), 

Reducing sugars (%), Non-reducing sugars (%), Benefit: cost ratio, statistical analysis. 

 

Keywords: Strawberry, Micro nutrients, under protected cultivation, growth parameters, Yield 

parameters, Quality attributes 

 

Introduction 

Strawberry (Fragaria x ananassa Duch.) is one of the most important temperate fruit belongs 

to the family Rosaceae. It is an octoploid (8x) in nature having (x=7) basic chromosome 

number. Botanically it is an aggregate fruit which is highly perishable in nature. Basically, it is 

herbaceous, perennial and short-day plant. Among all the berries, strawberry gives the quickest 

return in a shortest possible time (Boriss et al., 2006). Strawberry has gained the status of 

being one of the most important soft fruits in the world. Nutritionally, strawberry is a low 

calorific carbohydrate fruit. It is a rich source of Vit. A (60 IU/100 g of edible portion), Vit. C 

(30-120mg/100 g of edible portion), fiber and also has high pectin content (0.55%) available in 

the form of calcium pectate. Water is a major constituent of strawberry fruit. It contains 90% 

water. Ellagic acid is a naturally occurring plant phenol in its fruit. 

Strawberry fruits have great demand in fresh market, in processing industries as well as in 

preserve and confectionaries industries. It’s phenomenal increases in production during the 

recent years show the popularity of strawberry fruit cultivation. In India, the total area of 

strawberry is 1000 Ha with production of 5000 MT (Anonymous, 2015-16). Here, 

Maharashtra is the leading State in production of strawberry fruits. It is also commercially 

grown in Haryana, Punjab, Uttar Pradesh, Jammu and Kashmir, Uttarakhand and lower hills of 

Himachal Pradesh. The nutrition status in the strawberry plant plays a vital role in determining 

the growth, yield and quality of fruits since it is a very sensitive plant to nutritional balance 

(Mohamed et al., 2011) [19]. An optimal fertilization is contributive in obtaining high yield of 

good quality and high biological value. Both macro and micro-nutrients are well known to 

ameliorate plant growth, yield and quality of fruit plants. Among various micro-nutrients, iron 

(Fe) and zinc (Zn) plays an important role in promoting vegetative growth, flowering, yield 

and quality of strawberry fruits (Chaturvedi et al., 2005) [10].  
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Iron has many important functions in plant growth and 

development, such as involvement in the biosynthesis of 

chlorophyll, respiration, chloroplast development and 

improves the performance of photosystems. It is an essential 

part of many enzymes. Iron also participates in the oxidation 

process that releases energy from sugars and starches and in 

responses that convert nitrate to ammonium in plant. It plays 

an essential role in nucleic acid metabolism (Romheld and 

Marschner, 1991; Miller et al., 1995; Eskandari, 2011; Havlin 

et al., 2014). Zinc also plays an important role in 

photosynthesis and related enzymes resulting in increasing 

sugar and decreasing acidity. Mahnaz et al., 2010 [29] claimed 

that ZnSO4 as a source of zinc had a positive effect in 

increasing leaf area, length and diameter of petiole, fresh and 

dry shoot ratio, yield, TSS, acidity and Vitamin-C of 

strawberry plant. 

Many researchers have shown that plants absorb nutrients not 

only through roots (by soil application) but also through the 

foliage (by foliar spray). In fact, it has efficient organ of 

absorption of nutrients through foliage. The foliar spray of 

micro-nutrients has been very popular means of correcting 

micro-nutrients deficiencies in many fruit crops. Foliar 

feeding of micro-nutrients also plays an important role in 

influencing the plant growth characters, yield and yield 

attributing parameters and quality characters in strawberry. 

Application of micro-nutrients through foliar feeding is an 

effectual way of controlling the timing and emplacement of 

nutrients. This also ameliorates the micronutrient use 

efficiency by reducing nutrients losses from leaching, 

volatilization and from fixation in the soil to less available 

forms. For getting higher yield as well as quality produce, it is 

very important to bring changes in the method of nutrient 

management in strawberry. Some literatures are available on 

foliar feeding of micro-nutrients in strawberry; however, 

attempts are made to collect related on the aforesaid aspects. 

A correct balance between macronutrients and micronutrients 

is essential to achieve the best possible yield and quality from 

strawberries. A deficiency of any single nutrient is enough to 

limit crop yield or quality and the availability of each nutrient 

needs to be related to the crop requirements. 

 

Materials and Methods 

The details of the various materials used and methods adopted 

in laid out the experiment are given below: 

 

Experimental site 

The experiment was conducted at poly house, Department of 

Horticulture, Naini Agricultural Institute, Sam Higginbottom 

University of Agriculture and Technology &sciences, 

Prayagraj. The area is situated on the south of Prayagraj on 

the right bank of Yamuna at RewaRoad at a distance of about 

6 km from Prayagrajcity. Itissituatedat 250.8’ Nlatitudeand 

810.50’Elongitudes on elevation of 98 meters from the 

sealevel. (UP) during 2020. All the facilities necessary for 

cultivation, including labour were made available in the 

department. The experiment was carried about 120 DAS, with 

Three replications under 12 treatments with control. 

 

Experimental Details 

Crop: Strawberry 

Scientific name: Fragaria ananassa (Fragaria vesca) 

Chromosome no:  x=7, 2n=8x=56  

Family: Rosaceae 

Origin: France 

Name of the cultivar: Sweet Charlie 

Experimental design: Randomized Block design 

No of replications: 3 

No of treatments: 12 +0 

No of plants/treatment: 12 

No of plots: 39 

Spacing: 30x30 

 
Table 1: Treatment details 

 

Sl. 

No 
Treatments Combination 

Treatment 

Notations 

1. RDF+CONTROL(WATER SPRAY) T0 

2. RDF+ZNSO4 (0.15)% T1 

3. RDF+FESO4(0.15)% T2 

4. RDF+BORON(0.1%) T3 

5. RDF+ZNSO4(0.2%) T4 

6. RDF+FESO4(0.2%) T5 

7. RDF+BORON(0.12%) T6 

8. RDF+ZNSO4(0.4%) T7 

9. RDF+FESO4(0.4%) T8 

10 RDF+BORON(0.15%) T9 

11. RDF+znso4+feso4+boron(0.15+0.15+0.1%) T10 

12. RDF+znso4+feso4+boron(0.2+0.2+0.12%) T11 

13. RDF+znso4+feso4+boron(0.4+0.4+0.4%) T12 

 

Results and Discussion 

Growth parameters: The growth parameters, flowering and 

fruiting characteristics were recorded for the following 

variables namely plant height(cm), plant spread(E-W) and (N-

S), number of leaves/plant, number of runners/plant, days to 

first flowering, number of flowers/plant, days to first fruiting, 

days to maturity. 

Effect of foliar application of micro-nutrients showed 

significant differences in respect to plant height observed at 

30, 60, 90 and 120 days after planting. At 30,60,90,130 DAP. 

The maximum plant height (9.26 cm), (18.68cm), (24.16cm), 

(30.88cm) was recorded under the treatment (T10) and the 

minimum plant height (7.83), (10.43cm), (16.35cm), 

(22.31cm) was observed under (T0). It is evident from the 

result obtained that the foliar application of micro nutrients 

had significantly influenced the plant height as compared to 

control. The increase in plant height of strawberry is might be 

due to the fact Zn +B +Fe promotes vegetative growth by 

active cell division and elongation and therefore the height 

must have increased. Another probable reason for the increase 

in plant height might be due to the osmotic uptake of water 

and nutrients under the influence of Zn + B + Fe. These 

results were in close agreement with the findings of 

Chaturvedi et al., (2005) [10], Bakshi et al., (2013a) [9] Bakshi 

et al., (2013b) [9] and Singh et al., (2015) [27] in strawberry. 

The data recorded on plant spread at 30, 60, 90 and 120 DAP 

influenced significantly with the foliar application of micro-

nutrients under the present investigation. As per data observed 

on E-W direction at 30,60,90,120 DAP, The treatment 

T10obtained maximum plant spread (10.65 cm),(25.73 cm), 

(29.38 cm) followed by T11 with plant spread of 28.77 cm, 

(34.52 cm), followed by T11 with plant spread (32.09 

cm).However the minimum plant spread was recorded under 

the treatment RDF+Control (T0). at 30,60,90,120 DAP i.e., 

(8.72 cm), (12.95 cm), (16.69 cm) (20.74 cm). 

At 30,60,90,120 DAP, no significant difference were 

observed among the treatments in respect to plant spread on 

N-S direction, The treatment T10 obtained maximum plant 
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spread (12.67 cm),(25.33 cm) followed by T11 with plant 

spread of 23.73 cm,(30.01 cm) followed by T 11with plant 

spread 28.38cm,(35.17 cm) followed by T11 with plant spread 

of 33.14cm.However the minimum plant spread was noticed 

under the treatment T0 having average plant spread of (10.38 

cm), (13.82 cm), (17.85 cm), (22.90 cm). It is evident from 

the result obtained in present investigation, the foliar 

application of micro-nutrients had significantly influenced the 

plant spread as compared to control. The increase in plant 

spread (E-W & N-S) of strawberry at 120 days after planting 

was recorded maximum (35.16& 33.14 cm) under the 

treatment T10 and T11. while minimum plant spread (22.91cm) 

was noticed under RDF+Control (T0). The increase in plant 

spread of strawberry might be due to Zn + B + Fe might have 

stimulated cell division and cell elongation resulting in 

increased plant spread would have increased in the treated 

plants. These results were in close agreement with the 

findings of Bakshi et al., (2013 a) [9], Bakshi et al., (2013 b) [9] 

and Singh et al., (2015) [27] in strawberry. 

The data obtained on number of leaves per plant after 

spraying of different plant growth regulators was recorded at 

30, 60, 90 and 120 DAPno significant differences were 

observed among the treatments in respect to number of leaves 

per plant. Maximum number of leaves per plant (7.65) was 

observed under the treatment T10,(21.78),(33.46), followed by 

T11 having number of leaves per plant of 32.47,(44.01).The 

minimum number of leaves per plant (6.29) was recorded 

under the treatment T0,(13.67),(25.05),(37.76).Among the 

different treatments of micro-nutrients the maximum number 

of leaves per plant was observed under the plants treated with 

T10 (RDF+ ZnSO4 +Boron + FeSO, @ 0.15+0.15+0.1%), 

while the minimum number of leaves per plant was recorded 

under T0 (RDF+Control).The increase in number of leaves per 

plant as results of ZnSO4 + Boron + FeSO4 application might 

be due to fact that activity of micronutrients at shoot meristem 

resulting is more system of nucleoprotein responsible for 

increasing leaf initiation and expansion. Similar observations 

on number of leaves per plant due to micronutrients were also 

reported by Chaturvedi et al., (2005) [10], Bakshi et al., (2013. 

a) Bakshi et al., (2013, b) [9] and Singh et al., (2015) [27] in 

strawberry. 

The maximum number of runners per plant (8.15) was noticed 

under the treatment T10, which was found non-significant 

differences with the treatments T11 having average number of 

runners per plant 7.08. The minimum number of runners per 

plant (4.13) was recorded under the treatment RDF+ Control 

(T0).The increase in number of runners per plant as results of 

ZnSO4 + Boron + FeSO, application might be due to fact that 

activity of micronutrients at shoot meristem resulting is more 

system of nucleoprotein responsible for increasing in runners 

formation. Similar results were also obtained by Chaturvedi et 

al., (2005) [10] and Kazemi (2014) in strawberry.  

Days to first flowering was significantly influenced by 

different treatments of micro-nutrients. Amongst the different 

treatments minimum days to first flowering (39.54) was 

noticed under the treatment T11, which was recorded non-

significant difference with T10 having days to first flowering 

41.92. Maximum days to first flowering (53.38) were 

observed under the treatment T0 (control), which was found 

statistically at par with T12 (52.91).Early inflorescence 

emergence was significantly altered by the different 

treatments of micro-nutrients. This might be due to reduced 

flowering duration, which could be attributed to enhancing 

effect of 1 micronutrients in enzymatic reduction, cell 

division as well as in growth The present findings are in close 

agreement with the finding of Yadlod and Kadam (2003) in 

banana and Singh et al., (2015) [27] Mehraj et al., (2015) in 

strawberry. 

It is evident from the data that effect of micro-nutrients 

showed significant differences under the present 

investigation. The minimum days to first fruiting (47.61) was 

noted under the treatment T11 (RDF + ZnSO4 + FeSO4+Boron 

@ 0.2+0.2+0.12%), which was at par with T10 (RDF + ZnSO4 

+ FeSO4+Boron, @ 0.15+0.15+0.1) having days to first 

fruiting 48.98. The maximum days to first fruiting (61.38) 

was registered under the treatment T0 (RDF + Control), which 

was at par with (60.32 days) T12. It may be due to micro-

nutrient spray especially FC. B promotes the nation of flower 

stimuli as hormone from the leaf to the axils of the leaves thus 

produces early flowering and fruiting as compare to other 

treatments. These findings are close agreement with the 

findings of Yadlod and Kadam (2003) in banana and Mehraj 

et al., (2015) in strawberry. 

 

Days to fruit maturity 

The data pertaining to days to fruit maturity from flowering 

influenced significantly by different treatments. The 

minimum days to flowering to maturity (57.58) was observed 

under the treatments T11 (RDF + ZnSO4, + FeSO4,+Boron @ 

0.2+0.2+0.12%). The maximum days to fruit to maturity 

(71.32) was recorded under the treatment T0 (RDF+Control). 

The minimum days to fruit maturity was observed under the 

treatment T11 (57.59), which was followed by T10 (RDF+ 

ZnSO4+ FeSO4+Boron@ 0.15+0.15+0.1%) having days to 

fruit maturity 60.07. Shortened the number of days to fruit 

maturity might be due to the better source sink relationship 

and translocation of carbohydrates efficiency to the 

developing fruit. The present results are in conformity with 

the findings of those reported by Yadlod and Kadam (2003). 

Yadav et al., (2010) in banana and Mehraj et al., (2015) in 

strawberry. 

 
Table 2: Mean performance of Influence of Micro-nutrients on growth, yield and quality of strawberry (Fragaria ananassa) cv sweet Charlie 

under protected cultivataion 
 

T. 

No. 
Treatment 

Plant height (cn) Plant spread (cm No. of leaves 
No. 

of 

runn

ers / 

plant 

Days 

to 1st 

flower

ing 

No. 

of 

flowe

rs/ 

plant

s 

Day 

of 

fruiti

ng 

matu

rity 

Days 

to 1st 

fruiti

ng 

(30D

AP) 

(60D

AP) 

(90D

AP) 

(12D

AP) 

(30D

AP) 

(60D

AP) 

(90D

AP) 

(12D

AP) 

(30D

AP) 

(60D

AP) 

(90D

AP) 

(12D

AP) 

T0 
RDF+Control(WATER 

SPRAY) 
7.83 10.43 16.35 22.31 10.38 13.82 17.84 29.91 6.29 13.68 25.05 37.76 4.13 53.38 34.28 f 61.38 

T1 RDF+ZnSO4(0.15)% 8.45 12.42 18.47 24.67 11.16 15.92 20.86 24.92 6.53 15.77 28.24 40.04 4.54 52.57 36.99 66.98 59.64 

T2 RDF+FeSO4(0.15)% 8.74 15.86 20.01 27.68 12.14 20.86 24.89 29.95 7.06 17.12 29.72 40.67 5.72 45.12 39.92 62.03 52.04 
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T3 RDF+Boron(0.1%) 8.73 14.82 19.54 27.54 11.78 19.75 23.81 28.89 7.02 17.05 29.51 40.71 5.33 46.28 39.25 63.07 53.25 

T4 RDF+ZnSo4(0.2%) 8.87 16.44 20.12 28.33 12.30 22.21 24.91 30.97 7.13 17.67 29.89 40.98 5.72 44.82 40.17 61.25 51.89 

T5 RDF+FeSo4(0.2%) 8.67 14.47 18.71 26.41 11.43 19.12 22.84 27.88 6.94 16.54 29.06 40.56 5.05 47.02 38.88 66.12 54.00 

T6 RDF+Boron(0.12%) 8.97 17.06 20.94 29.18 12.35 23.54 26.56 32.33 7.31 18.66 31.01 41.84 6.08 44.73 41.58 60.82 51.81 

T7 RDF+ZnSo4(0.4%) 8.70 14.79 19.08 27.05 11.77 19.79 23.47 28.65 6.98 16.84 29.15 40.57 5.21 46.28 39.23 65.27 53.28 

T8 RDF+FeSo4(0.4%) 8.54 13.47 18.57 25.82 11.41 17.55 22.81 26.98 6.57 16.53 28.59 40.18 4.62 52.21 37.23 66.56 59.12 

T9 RDF+Boron(0.15%) 8.37 12.11 18.39 24.38 10.81 15.65 20.84 24.87 6.49 15.39 27.38 39.93 4.51 52.69 36.88 69.15 59.87 

T10 
RDF+ZnSo4+FeSo4+Boron(0.

15+0.15+0.1%) 
9.28 18.68 27.16 30.89 12.67 25.33 30.02 35.17 7.65 21.78 33.46 44.01 8.15 41.42 42.74 60.07 48.98 

T11 
RDF+ZnSo4+FeSo4+Boron(0.

2+0.2+0.12%) 
9.09 17.29 21.73 29.88 12.48 23.73 28.38 33.14 7.36 19.74 32.49 42.68 7.06 39.54 44.24 57.58 47.61 

T12 
RDF+ZnSo4+FeSo4+Boron(0.

4+0.4+0.4%) 
8.26 11.54 17.25 23.68 10.43 14.22 18.41 23.01 6.34 15.08 26.68 39.02 4.18 52.91 36.38 70.07 60.32 

 

F Test S S S S S S S S S S S S S S S S S 

SE (m)± 0.38 0.49 0.54 0.59 0.38 0.49 0.54 0.59 0.33 0.50 0.52 0.60 0.33 0.55 0.50 0.51 0.55 

C. D at 5% N/A 1.44 1.60 1.72 N/A 1.44 1.60 1.72 N//A 1.47 1.52 1.77 0.98 1.61 1.48 1.50 1.61 

 

 
 

Fig 1: Influence of Micro-nutrients on Growth, yield & quality of strawberry (Fragaria ananasa) cv sweet Charlie under protected cultivation 
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