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CHAPTER – 1 

INTRODUCTION 

  

 Strawberry is widely distributed soft fruits in the whole world due to its 

genotypic diversity, broad range of environmental adaptations and highly 

heterozygous nature (Childers et al., 1995). Although it is native of temperate 

climate, but varieties are available which can be cultivated in tropical and sub-tropical 

climate. China is the leading country in Strawberry fruit production with approximate 

yield of 2.99 million MT (Zhang et al., 2014) followed by USA (1.36 million MT), 

Mexico (0.37 million MT), Turkey (0.37 million MT), Spain (0.31 million MT) 

(Anon., 2014). India has total cultivated area of about 1000 ha under strawberry 

cultivation with 5000 MT production (Anon., 2018). It is most commonly grown in 

hilly parts of India. Maharashtra is the state with the most strawberry production 

among the states. Nainital and Dehradun (Uttarakhand), Punjab, Haryana, Himachal 

Pradesh, Mahabaleshwar (Maharashtra), Jammu and Kashmir, Bangalore, and 

Kalimpong (West Bengal) are the other major areas of cultivation. Strawberry has 

been successfully cultivated in plain parts of the nation in recent years. 

Strawberry (Fragaria × ananassa Duch.) belongs to family Rosaceae and 

genus Fragaria. It is basically a small herbaceous perennial plant. Strawberry is a 

monoecious octoploid (2n = 56) hybrid of two dioecious octoploid species i.e. 

Fragaria chiloensis Duch. and Fragaria virginiana Duch. having basic chromosome 

number (x) of 7 (Bowling, 2000). The strawberry is an aggregate fruit, having 

achenes on the surface of red fleshy receptacle (Darnell, 2003). It is quite delicious 

fruit with attractive and pleasant aroma. It is used in making excellent ice cream, 

crush, pies, Jam, fruit juices and milk shakes on account of its rich aroma. The 

strawberry contains 89.9 per cent water, 8.4 per cent carbohydrates, 1.3 per cent fibre, 

0.7 per cent protein, 0.5 per cent ash, 0.5 per cent fat, 164 mg potassium, 21 mg 

calcium, 1.0 mg sodium, 1.0 mg iron, 60 I.U. vitamin A, 59 mg/ 100 g vitamin C, 

0.03 mg thiamin, 0.07 mg riboflavin and 0.6 mg niacin (Considine, 1982). It is rich in 

anthocyanin content and possesses high antioxidant activity (Sun et al., 2002). 

Being short-day plant, strawberry thrives well in temperatures ranging from 

22 °C to 25 °C during the day and 7 °C to 13 °C at night (De and Bhattacharjee, 

2012). A well-drained medium loamy soil with enough of organic matter is ideal for 



2 
 

strawberry production having pH range from 5.7 to 6.5 i.e. acidic in nature. Plant 

leaves turn yellow when there is excessive calcium in the soil. Runner formation is 

better in light soils and soils with lots of organic matter. Alkaline soil and soil 

infested with nematodes should be avoided for strawberry production as it inhibits its 

growth and development. Soil is generally the most available growing medium for 

plants. It provides anchorage, air, water, nutrients etc. for successful plant growth. 

However, soils do possess some serious limitations for both plant growth and 

development like presence of unfavorable soil compaction, unsuitable soil reaction, 

poor drainage, degradation due to erosion, disease causing organisms and nematodes 

etc. In addition, conventional crop growing in soil is somewhat difficult as it involves 

large space, large volume of water and lot of labour.  

Moreover, in metropolitan areas, soil is not available for crop growing at all 

and in some areas, scarcity of fertile cultivable arable lands is major problem due to 

their unfavorable topographical or geographical conditions. Another serious problem 

experienced in conventional open field agriculture is to hire labour. Under such 

circumstances, soil-less culture can be introduced successfully (Sengupta and 

Banerjee, 2012). With the decline in arable land, there is a need of alternative to meet 

the demand of increasing population, and in this regard, hydroponics serves as an 

additional channel for crop production.  

Hydroponics is growing plants in soil-less condition with their roots immersed 

in nutrient solution. Terrestrial plants can be grown with their roots in the mineral 

nutrient solution (minerals in the raw water and nutrients added with fertilizers) only 

or in an inert medium, such as perlite, gravel, or mineral wool. Hydroponics is an 

emerging sector in horticulture that deals with growing of plants in soilless nutrient 

solution. Hydroponics is a Horticultural type and   hydroculture subset, in which 

crops are grown without using soil medium, by providing mineral nutrient solutions 

in an aqueous solvent (Resh and Howard, 2012). 

 This technique has been utilised for thousands of years, and it can be 

attributed to Babylon's hanging gardens and China’s floating gardens. The quality of 

the raw water to be utilised has a big impact on the fertiliser, dosage, and 

concentration in the hydroponic nutrient solution (Sardare and Admane, 2013). This 

technology contributes in addressing climate change problems as well as production 

system management for effective natural resource usage and malnutrition reduction. 
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Bradley et al. (2000) found that hydroponic technology lowered agricultural land 

requirements by 75 per cent or more and preserved 90 per cent of water. Moreover, 

various hydroponics researchers have demonstrated significant profit as well as food 

that is free of microbes (Karayamparambil and Bhaskar, 2018). 

 Strawberry is a high value crop, so the use of new technologies in modern 

agriculture related such as polyhouse, low tunnels, plastic films, shading screens and 

plastic mulch is increasing to obtain higher productivity and quality of fruits. 

Greenhouse structures require expensive startup cost and the plant size of strawberry 

is small, to make the greenhouse cost effective the vertical space needs to be utilized 

for high productivity by modifying the plant geometry (Linsley-Noakes et al., 2006). 

The yield of the strawberry is mainly related to the number of plants rather than the 

area. The planting density can be increased three to four times by using a vertical 

system (Ozeker et al., 1999).  

 Hydroponically fruits and vegetables grown in greenhouses are gaining 

popularity and potentially represent a compliment toward sustainable food sources. 

Growing fresh produce in soilless systems may be a potential solution to food 

insecurity issues regardless of soil quality, climate or space (Resh and Howard, 

2012). Additionally, soilless growing systems can provide several other 

environmental benefits such as reduction of water, increased product yields, and less 

pesticide use. These advantages allow soilless systems to address several 

environmental issues while providing sustainable systems in food deserts, in arid or 

urban regions. As nutrition is one of the primary motivations of purchase and 

consumption, it will be vital to investigate the nutritional composition of soilless in 

contrast to traditional farming methods as soilless food production becomes more 

widespread (Glanz et al., 1998).  

 Therefore, the present investigation entitled “Nutritional studies for soil and 

soilless production of strawberry (Fragaria × ananassa) cv. Chandler” was 

conducted with the following objectives: 

1. To find out the best soil and soilless medium for optimum strawberry 

production. 

2. To find out the economics for soil and soilless strawberry production. 
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CHAPTER - II 

REVIEW OF LITERATURE 

 

 The present study “Nutritional studies for soil and soilless production of 

strawberry (Fragaria × ananassa) cv. Chandler” was carried out at experimental area 

in the Division Plant Physiology of Sher-e-Kashmir University of Agricultural Sciences 

and Technology of Jammu, Main Campus, Chatha during 2020-21. The literature 

pertaining to the present study has been reviewed as under:   

Soilless growing methods can have a number of environmental advantages, 

including reduced water usage, higher product yields, and reduced pesticide use. Several 

researches on the nutritional value of soilless food have recently been published. As 

nutrition is one of the primary motivations of purchase and consumption, it will be vital to 

investigate the nutritional composition of soilless with contrast to traditional farming 

methods as soilless food production becomes more widespread (Glanz et al., 1998).  

Strawberry production is mostly determined by the number of plants planted 

rather than the area of the field. Using a vertical method, the planting density may be 

enhanced three to four times (Ozeker et al., 1999). Bradley et al. (2000) observed that 

hydroponic technology reduced agricultural land requirements by 75 percent or more 

while preserving 90 percent of water. Strawberry is a high value crop, so the use of new 

technologies in modern agriculture related such as polyhouse, low tunnels, plastic films, 

shading screens and plastic mulch is increasing to obtaining higher productivity and 

quality of fruits. Because greenhouse structures are expensive to set up and strawberry 

plants are small, vertical space must be utilised for maximum production by altering plant 

geometry (Linsley-Noakes et al., 2006). 

Hydroponics is the practise of growing plants in the absence of soil, with their 

roots submerged in nutritional solution. Terrestrial plants can be grown with their roots in 

the mineral nutrient solution (minerals in the raw water and nutrients added with 

fertilizers) only or in an inert medium, such as perlite, gravel, or mineral wool. 

Hydroponics is an emerging sector of horticulture that involves growing plants in nutrient 

solutions that do not require soil. Hydroponics is a horticultural type and hydroculture 

subset, in which crops are grown without using soil medium, by providing mineral 

nutrient solutions in an aqueous solvent (Resh and Howard, 2012). 
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Types of Hydroponics system 

1. Wick System   

The wick system is the most basic form of hydroponics, requiring no electricity, 

pumps, or aerators (Shreshtha and Dunn, 2013). Plants are planted in an absorbent media 

such as coco coir, vermiculite, or perlite, with a nylon wick going from the plant roots 

into a nutrient solution reservoir. Water and nutrients are delivered to plants via capillary 

action, which requires no energy. This system's main benefit is that it is self-regulating 

and does not require any energy. 

2. EBB and flow system 

 The EBB and Flow system is the first commercially available flood and drain 

system. A water pump floods nutrient solution and water from the reservoir into the grow 

bed until it reaches a certain level and stays there for a set period of time, providing 

nutrients and moisture to the plants. Furthermore, while it is possible to cultivate a variety 

of crops, root rot, algae, and mould may be a problem, necessitating the use of a few 

modified systems with filtering units (Nielsen et al., 2006). 

3. Deep water culture System 

 Plant roots are directly suspended in nutrient-rich water in deep water culture, and 

air is given to the roots via an air stone. Plants are grown in net pots with their roots 

hanging in a nutrient-rich solution, where they rapidly grow into a massive mass. Because 

algae and moulds can grow quickly in the reservoir, it is necessary to monitor oxygen and 

nutrient levels, as well as salinity and pH (Domingues et al., 2012). This method is 

perfect for growing large fruiting plants, such as cucumbers and tomatoes, which thrive 

well in this environment. 

4. Drip system    

The nutrient solution from the reservoir is delivered with the help of a pump and 

provided to the plant roots by drip emitters on a regular schedule in an appropriate 

proportion. Depending on the stage of development of the plant and the amount of 

available light, the emitters are normally set to run for about 10 minutes every hour. The 

drip cycle flushes the growing medium, supplying fresh nutrients, water, and oxygen to 

the plants. Both home and commercial hydroponic systems that grow long-term crops like 

tomatoes, cucumbers and peppers frequently use the drip method (Sheikh 2020). 
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5. Nutrient film technique 

 NFT is the most widely used technique in the strawberry production. Strawberry 

runners are planted in net pots in which the roots are covered with substrate media in the 

root zone, which helps to increase the plant's strength. They can also be plugged into the 

net pots that are framed in the NFT channels with plugs. During the first weeks of root 

development, it must be put such that it is in constant contact with the nutritional solution 

flow. During the functioning of the system with 14–16 hours of sunshine, the optimal 

amount of oxygen must also be maintained. With the circulation pump running all the 

time, the nutrient discharge should be 1–2 litres per minute (Kumar and Saini, 2020).  

Fruits and vegetables produced hydroponically in greenhouses are gaining 

popularity and might be a good potential to sustainable food sources. Regardless of soil 

quality, climate, or space, growing fresh produce in soilless systems might be a viable 

solution to food insecurity (Resh and Howard, 2012).  

This technique has been utilised for thousands of years and it can be attributed to 

Babylon's hanging gardens and China’s floating gardens. The quality of the raw water to 

be utilised has a big impact on the fertiliser, dosage, and concentration in the hydroponic 

nutrient solution (Sardare and Admane, 2013). This technology contributes in addressing 

climate change problems as well as production system management for effective natural 

resource usage and malnutrition reduction. Moreover, various hydroponics researchers 

have demonstrated significant profit as well as qualitative food that is free of microbes 

(Karayamparambil and Bhaskar, 2018). 

Physiological parameters  

Joshi (2003) conducted a study to determine the influence of growing media and 

nutrients on growth of Chandler strawberry and reported that when combination of soil + 

FYM + vermiculite used as a growing media resulted in better aeration and nutrient 

supply. Further, this combination resulted in significant increase in plant height (20.89 

cm), leaf area (113.10 cm2), and number of flowers/plant (19.58). Whereas, minimum 

number of days taken for first flower initiation (112.8) were recorded under vermiculite 

and soil + vermiculite combination. 

Arancon et al. (2004) determined the influence of vermicompost 

processed commercially from food waste and paper trash on the growth and yield of 

strawberry cv. Chandler. The vermicomposts were mixed into the top 10 cm of soil, and 
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amounts of inorganic NPK fertilisers were estimated based on chemical analyses to 

equalise the initial fertiliser rates of 85–155–125 kg/ha NPK applied to the inorganic 

fertiliser plots. Vermicompost application significantly boosted strawberry growth and 

yield, with an increase up to 37% in leaf area, 37% in plant shoot biomass, 40% in 

number of flowers, 36% in number of plant runners and 35% in marketable fruit weights. 

Bartczak et al. (2007) observed that type of applied substrate influenced number 

of leaves in the strawberry plants. The crown's average diameter was between 10.0 and 

18.0 mm. The plants that were grown on rockwool had the most leaves on average (11.8). 

The plants that were grown in coconut fibre and a mixture of brown coal and 

disintegrating rockwool had the least leaves (10.5). When strawberry plants were rooted 

in rockwool, the fresh weight of the whole plants and the dry matter content of the root 

systems were the highest. Plants grown in rockwool had the highest weight (29.2 g), 

while those grown in a mix of brown coal and disintegrating rockwool had the lowest 

weight (11.7 g). The first plant from the stolon rooted in rockwool ('Elsanta' and 

'Honeoye' 24.4 g and 18.8 g respectively) had a considerably higher mean weight than the 

third plant from the stolon ('Elsanta' and 'Honeoye' 12.9 g and 12.8 g, respectively). 

Cantliffe et al. (2007) revealed that more leaves per plant obtained from plants 

grown in peat-mix (26.6) than perlite (23.4) media. They also concluded that media (pine 

bark and coconut coir) used did not significantly affect the number of leaves but media 

(pine bark and coconut coir) significantly affected plant height. 

According to Ghazvini et al. (2007), Strawberry plants grown with perlite/zeolite 

in ratio of 3:1 or 1:1 considerably enhanced the number of crowns per plant (3.5 and 4.6 

respectively). Moreover, perlite + zeolite (3:1) produced more number of flowers (41) 

than either 100 % perlite (35.18) or 100 % zeolite (25.78). 

Tehranifar et al. (2007) recorded significantly higher petiole length (96.06 mm) 

under 100 % cocopeat as compared to 100 % sand (89.21 mm). Further, total number of 

leaves (63.5) were maximum under media peat 40% + perlite 60% in Camarosa 

strawberry production. 

Singh et al. (2008) evaluated the influence of vermicompost on growth and 

development of strawberry cv. Chandler. The result showed that application of 

vermicompost significantly increased plant spread (10.7 %), leaf area (23.1%), dry matter 

(20.7%).  
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Yavari et al. (2008) studied the effect of different organic substrates on 

productivity of Selva strawberry plants. Results indicated that plants grown in liquorice 

processing waste (50 %) + mineral soil (50 %) recorded highest number of floral buds 

(3.8), fresh shoot weight (82.27 g), fresh root weight (39.63 g), dry shoot weight (13.78 g) 

and dry root weight (8.97 g). 

Awang et al. (2009) studied the physio-chemical characteristics of cocopeat based 

substrate combinations (100% cocopeat, 70% cocopeat: 30% burnt rice hull, 70% 

cocopeat: 30% perlite, 70% cocopeat: 30% kenaf core fiber and 40% cocopeat: 60% 

kenaf core fiber) and their effect on the growth and development of Celosia cristata 

plants. A substrate combination of 70% cocopeat: 30% burnt rice hull significantly 

increased the growth and flowering parameters which is connected to a favourable 

balance in the aeration and moisture relationship of the medium.  

Ayesha et al. (2011) observed the influence of various growth media on the 

reproductive growth parameters of strawberry. The results stated that different growing 

media significantly changed different growth and reproductive parameters of the 

strawberry plant and coconut coir dust based medium was proved to be the best medium. 

It was also observed that average number of flowers (96), flower size (1.90 cm2), average 

number of fruit set (16) was found maximum in coconut coir dust. 

 Ebrahimi et al. (2012) investigated the influence of substrate on herbaceous 

pigments of strawberry plants in hydroponic system in the greenhouse. In the old and 

young leaves of strawberry cultivars, cocopeat + perlite substrate had a considerable 

influence on shoot dry weight (12.90 g/plant), chlorophyll a (0.61), chlorophyll b (0.06), 

and total chlorophyll (0.22). They also observed that sand + large grain perlite produced 

highest amount of FV/FM (0.81). 

 Hesami et al. (2012) conducted an experimented with different mixtures of date-

peat, cocopeat, and perlite in the hydroponic custom straw production beds. The optimum 

combination was found to be two parts perlite, one part date-peat, and one part cocopeat, 

which resulted in greater chlorophyll content (47.4) and leaf area (201.4 cm2).  

 Karimi et al. (2013) studied the effect of various soilless systems on growth of 

Festival strawberry and found that open-trough showed good growth and performance 

with respect to yield and quality as compared to either lay-flat-bag or verti-gro system. 

However, plants grown under open-trough system recorded maximum leaf area (2478.66 
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cm2), highest shoot fresh weight (60.97 g), largest crown diameter (33.75 mm), highest 

shoot dry weight (21.10 g), root fresh weight (16.50 g) and root dry weight (5.74 g). 

Moreover, earliness in the flowering (43 days), highest number of flowers (37.00) were 

also achieved in plants grown under open-trough system. 

 Marinou et al. (2013) reported that runners number increased up to 70% in plants 

grown in coco soil compared with the pumice whereas, the leaf number doubled in plants 

grown in sawdust. Furthermore, in coco soil leaf and stem fresh weight as well as leaf 

area increased by 32, 24 and 44 %, respectively. 

Bakshi et al. (2014) investigated the influence of different mulching material on 

growth of strawberry cultivar Chandler and recorded higher plant height (21.67 cm), plant 

spread (31.24 cm), number of leaves per plant (18.33), number of flowers per plant 

(28.33) with black polythene mulch. 

Asker (2015) investigated the potential of a nutrient film technique (NFT) 

hydroponics system for the production of Asiatic hybrid lily cv. Blackout flowers and 

bulbs. The NFT hydroponic system was reported to be an excellent method for producing 

lily flowers in 55 days because the growth conditions under NFT are favourable for plant 

growth because the roots of the plants are constantly in contact with a thin film of an 

oxygen-rich nutrient solution, allowing the roots to uptake adequate supplies of water, 

oxygen, and nutrients. The application of flower buds and the removal of bulb scales 

raised the weight of bulblets by 77.97 % and the weight of stem roots by 117.2 %, 

respectively. The plants grown in MS S. produced the most bulblets with the highest 

weight (11.42 g) and number (10.22). The largest weights of daughters (30.64 g), stem 

roots (4.56) and bulblets roots were obtained from Hoag S plants (2.89). The removal 

treatments produced the highest number of bulblets (10.77) and weight (13.99 g) in MS S 

while, the highest number of daughters (2.22) and weight (31.4 g) in Hoag S. 

Lee et al. (2015) investigated the influence of four nutrient concentrations on the 

growth of Goha and Albion strawberry plants with different electrical conductivity i.e., 

0.5, 1.0, 1.5, and 2.0 dSm-1. In both cultivars, when the nutrient solution EC raised from 

0.5 to 1.0 dSm-1 resulted in higher plant height and shoot dry weight. Moreover, roots 

became longer (29.2 cm) in Goha strawberry plants. Similarly, increasing the EC of 

solution to 1.0 dSm-1, increased leaf area (1069.1 cm2) significantly in Goha strawberry. 
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Niu et al. (2015) conducted a study to determine the feasibility of hydroponically 

producing eucalypt seedlings and to examine if seedling growth and morphology could be 

manipulated by nutrient supply regulation. They revealed that hydroponic system could 

be utilised to successfully grow high-vigor seedlings of woody plants. The roots and 

shoot of the eucalyptus seedlings were sufficiently grown, even the root lengths were 

generally greater than 30 cm. 

EL-Sayed et al. (2016) conducted an experiment to assess the influence of 

substrate mixtures on growth and yield of strawberry under closed hydroponic system and 

revealed that vegetative growth parameters, leaf chemical contents and yield were 

effectively responded by perlite: peat-moss. 

Mohammed et al. (2016) reviewed the highlights of a two-year hydroponic study 

conducted at Iere Village Branch Road Princes Town, Trinland. The nutrition film 

technique was used in this experiment to grow iceberg lettuce and celery while all macro 

and micro nutrients were continuously re-circulated throughout the system. Within three 

weeks, they observed abundant Iceberg lettuce and celery production. The nutritional 

solution's pH and EC were 5.5-6.5 and 2.2, respectively. A hundred lettuce heads were 

picked once a week, each lettuce was 0.23 m tall and 0.25 m wide and Celery reached a 

height of 0.38 m.  

Murthy et al. (2016) reported that first tier showed significantly higher number of 

leaves (39), leaf area (2002.64 cm2) and crown diameter (31 mm), earliness in flowering 

(57 days), higher number of flowers (29) as compared to the remaining tiers which were 

lower in the column under vertical soilless system in four tiers with soilless media. 

Chavada et al. (2017) carried out an experiment to study the influence of different 

potting media on growth of rose cv. Top secret and observed maximum leaf area (36.98 

cm2), plant height (60.46 cm), stalk length of cut flower (36.23 cm), number of leaf per 

flowering stalk (20.23) and minimum number of days for bud initiation (13.23) and days 

taken for bud opening (12.72) were recorded with media combination of soil + cocopeat + 

leaf mould (1:1:1). Moreover, flower diameter (8.23 cm), length of petal (3.76 cm), 

breadth of petal (3.85 cm) and number of flowers per plant (19.48) were also recorded 

maximum with soil + cocopeat + leaf mould (1:1:1). 

Vikas et al. (2017) conducted an experiment to check out the effect of various 

nutrient concentration on strawberry plants grown under hydroponics system. Maximum 
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plant height (7.23 cm) was found under 20% sewage sludge + 80% cocopeat. Whereas, 

maximum stem girth (0.27 mm), leaf area (34.86 cm2), and number of branches per plant 

(5.33) were found under control treatment. However, with 30% sewage sludge + 70% 

cocopeat, the highest number of leaves (15.66) were recorded (). 

Raja et al. (2018) determined the influence of different substrates on growth and 

quality of strawberry cv. chandler in soilless culture and found that coco peat + 

vermiculite (25: 75) produced high petiole length (16.77 cm), plants spread (42.75 cm), 

number of leaves (17), total leaf area (1542 cm2), crown width (2.10 cm) and higher shoot 

dry weight (4.36 g) as well as root dry weight (5.13 g). However, coco peat + perlite + 

vermiculite (50: 25: 25) produced maximum plant height (28.36 cm), shoot length (23.13 

cm) and root length (32.40 cm). 

Shahzad et al. (2018) evaluated the effect of soil combined with peat moss on 

Chandler strawberry plants and reported maximum chlorophyll content (12.53 mg/g). 

Thakur and Shylla (2018) investigated the influence of various growing media on growth 

and fruit yield of Chandler strawberry plants. Results showed that the maximum plant 

height (29.19 cm), number of leaves (18.31) and leaf area (135.08 cm2) was recorded 

under perlite + FYM as compared to the other treatments. They also reported that perlite 

when used alone was proved to be very effective in improving plant growth 

characteristics viz., number of leaves (17.44), root length (19.13 cm) and number of 

runners (39.25). 

Shylla et al. (2018) stated that Soil-borne diseases, specifically viruses transmitted 

by nematode vectors, cause severe productivity losses in strawberry production. In 

addition to improving the quality of the food, using soilless substrates can help to reduce 

soil-borne diseases. The effectiveness of several combinations of soilless media, such as 

perlite and cocopeat were evaluated to prevent the transmission of viruses transmitted by 

nematodes, such as Strawberry Latent Ringspot Virus (SLRSV), Tobacco Ringspot Virus 

(TRSV), and Raspberry Ringspot Virus (RRSV). Based on the O.D values, DAS-ELISA 

testing indicated that plants grown under perlite were virus-free. 

Spehia et al. (2018) used the Nutrient Film Technique to compare the effects of 

Hoagland Nutrient Solution (HNS) and jeevamrut (made from 10 kg cow dung + 10 L 

cow urine added to 100 L water + 2 kg jaggery, prepared filtered, boiled, sugarcane juice 

that is concentrated and cooled to produce jaggery blocks + 2 kg flour and a small amount 
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of soil fermented for 7 days) on growth, yield and quality of lettuce. Treatment with 

Hoagland Nutrient Solution + 5% jeevamrut increased the number of leaves (29), root 

length (24 cm), leaf area (2137 cm2), and yield (180 g/plant) by 40, 34, 24, and 24 

percent, respectively, with comparison to control (fertigation with Hoagland Nutrient 

Solution in grow bags). When compared to grow bags, hydroponics utilized 22 times less 

water. Using the Nutrient Film Technique to grow lettuce in hydroponics fertilized with 

Hoagland Nutrient Solution + 5% application of jeevamrut provided good quality lettuce 

with higher yields. 

Sharma et al. (2019) examined the effect of soilless cultivation on the Sweet 

Charlie strawberry's vegetative growth and root system. Plants grown in 90 mm PVC 

pipes with a vertical soilless growing system produced the highest root/shoot ratio (0.77), 

length of most developed root (19.10 cm), fresh and dry root weight (9.23 g and 4.59 g 

respectively), number of primary roots (63.33), and total root length (2237.11 cm), while 

control plants produced the highest shoot length (18.07 cm), fresh shoot weight (14.90 g) 

and dry shoot weight (6.30 g) in soil cultivation. The findings revealed that proper soilless 

media management in a vertical growing system provides a favourable environment for 

vegetative growth and development of root system of strawberry plants. 

Singh et al. (2019) experimented with various liquid nutrient concentrations and 

observed different changes in growth of strawberry plants. The nutrient circulation was 

maintained at various intervals of 24, 18 and 12 hours. Strawberry plants with 1388.1 ml 

liquid nutrients and 24 hour continuous nutrient circulation obtained the best results, with 

height of 14.6 cm, plant spread of 154.62 cm, leaf area of 15.43 cm2 and root length of 

50.33 mm, as well as minimum days taken to first flowering i.e., 42. 

Maher et al. (2020) conducted an experiment to check the response of strawberry 

cv. Chandler to different soilless substrates and found that the least number of days 

(115.10 days) taken for first flower initiation were under substrate combination (perlite 

(50%) + FYM (50%) + jeevamrit) whereas, maximum number of flowers (20.12) were 

observed under substrate combination (perlite (75%) + cocopeat (25%) + jeevamrit). 

Quality parameters 

Physical parameters 

Anagnostou and Vasilakakis (1993) carried out an experiment to study the effect 

of substrate and cultivar on plant productivity of strawberry. They observed that total 
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yield of Fern (321.43 g/plant) was maximum under perlite whereas, in Selva (268.26 

g/plant) the highest yield was observed under (60% perlite + 40% peat) treatment. 

Gul and Sevgican (1994) conducted a study to verify the suitability of ten soilless 

media for long term greenhouse tomato production and found that increase in cumulative 

yield relative to soil was highest in perlite-sand (165.20 %). 

Yau and Murphy (2000) reported that tomato plants developed higher dry root 

weight (22 percent), fruit number (43 percent), and total yield (64 percent) when 

composted coco peat was utilized as the substrate in soilless culture. El-Behairy and 

Abou-Hadid (2001) conducted an experiment to evaluate the effect of orientation and 

soilless culture systems on production and quality of strawberry cultivars viz., Chandler, 

O.G and Selva. They reported that the best grown cultivar in nutrient film technique was 

Chandler followed by Selva and O.G. Further, treatments oriented to the south direction 

gave early and higher yield (783.77, 373.80, 916.42 g/plant) as compared to north facing 

direction (528.38, 329, 579.13 g/plant) for Chandler, Selva and O.G respectively in NFT. 

Colla et al. (2003) determined the effect of different substrates on yield of soilless 

grown cucumbers plants. They observed that plants grown in coir (3.4 kg/plant), perlite 

(3.6 kg/plant) and pumice (2.9 kg/plant) yielded more than those grown in rockwool (2.4 

kg/plant). 

Joshi (2003) determined the influence of growing media and nutrients on physical 

characteristics of Chandler strawberry and observed that soil + FYM + vermiculite gave 

best results for number of fruits/plant (16.74), fruit length (34.73 mm), fruit breadth 

(23.89 mm), fruit weight (11.77 g), fruit volume (11.77 cc), yield/plant (196.90 g). 

Rauphael et al. (2005) investigated the effects of two of the most promising and 

widely used irrigation systems (drip and sub irrigation) and two cropping seasons (spring-

summer and summer-fall) on the growth, yield, and water use efficiency of zucchini 

plants (Cucurbita pepo L.) grown in closed soilless systems. The zucchini yield (total and 

marketable) was 18% lower with the sub irrigation system than with the drip-irrigation 

system during the spring-summer season. Plants grown in the summer-fall season had a 

35% and 33% lower total and marketable yield, respectively, than those grown in the 

spring-summer season, although they offered earlier production (10 days) and showed 

higher water use efficiency. 
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Cantliffe et al. (2007) revealed that substrate media did not effected number of 

fruit produced per plant whereas, the marketable fruit weight obtained from plants grown 

in perlite (175 g/plant) was significantly greater than that obtained from plants grown in 

peat mix (167 g/plant) or pine bark (166 g/plant). 

Tehranifar et al. (2007) reported that fruit weight (9.75 g) was maximum with 

peat 67% + sand 33%. Further, yield (291.22 g/plant) was maximum with cocopeat 40% 

+ perlite 60% in Camarosa strawberry production. 

Singh et al. (2008) evaluated the influence of vermicompost on fruit yield of 

strawberry cv. Chandler and found that application of vermicompost significantly 

increased total fruit yield by 32.7 %. Yavari et al. (2008) carried out the study to 

determine the effect of different organic substrates on productivity of Selva strawberry 

plants and observed that plants grown in liquorice processing waste (50 %) + mineral soil 

(50 %) recorded highest fruit yield (51.11 g).  

Valenzano et al. (2008) compared the yield of tomato (Solanum lycopersicum L.) 

plants grown in soil to those grown in two hydroponic systems: The nutrient film 

technique (NFT; closed cycle) and rockwool (open cycle). One trial was conducted in the 

winter-spring season, while the other conducted in the autumn-winter season. In the WS 

and AW trials, respectively, the two hydroponic systems showed greater earliness, 10 and 

8 days earlier than soil. The growth system had an impact on overall fruit yield. In the 

WS and AW trials, total yields in the hydroponic systems were 11 percent and 7% greater 

than in the soil system, respectively. 

Maboko and Plooy (2009) conducted an experiment to compare yield and quality 

parameters of tomato cultivars cultivated in an open bag hydroponic system in a plastic 

tunnel with soil under a shade net structure. The results showed that plants grown in the 

soilless system gave higher total yield and developed faster as compared with 

conventional system. The average marketable yield using soilless system was 92.1%, 

while in conventional system was only 77.0%. 

Ayesha et al. (2011) observed the influence of various growth media on the fruit 

quality of strawberry plants and found that average number of fruits (72.96) and fruit size 

(3.01 cm) were found maximum in coconut coir dust. Ebrahimi et al. (2012) assessed the 

influence of different substrates on the qualities of pepper fruit. They observed that the 
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peat + perlite substrate produced the highest number of fruit (15.5), fruit length (10.85 

cm), average fruit weight (129.14 g) and fruit yield (2003.91 g). 

Ebrahimi et al. (2012) evaluated the effect of different types of substrate 

combinations named peat + sand + perlite, cocopeat + perlite and sand + perlite on 

strawberry cultivars Camaosa, Silva and Parus to check the yield parameters of 

strawberry in hydroponic system. The findings revealed that the substrate comprised of 

cocopeat + perlite increased total plant yield (816.3 g/plant) and fruit number (75.59) 

whereas, species Parus offered the highest total yield under cocopeat + perlite substrate 

(921.84 g per plant). 

Hesami et al. (2012) found that the best substrate combination was two parts of 

perlite, one part of date-peat whereas, substrate combination one part of cocopeat resulted 

in increased fruit yield (88.88 g/plant), fruit number (13.75) per plant. Karimi et al. 

(2013) found that highest number of fruits (22.66) and fruit weight (281.83 g) were 

achieved in plants grown under open-trough system. Marinou et al. (2013) reported that 

fruit number increased up to 50% in plants grown in Pumice. 

Bakshi et al. (2014) investigated the influence of various mulching material on 

yield of strawberry cultivar Chandler and observed higher fruit weight (11.83 g), fruit 

length (3.93 cm), fruit breadth (3.00 cm) with black polythene mulch. Similarly, number 

of achenes/fruit (317.70), number of fruits per plant (12.12) and yield (143.38 g/plant) 

were also increased significantly with black polythene mulch. 

Joseph and Muthuchamy (2014) conducted an experiment in a naturally ventilated 

polyhouse to establish low-cost aggregate hydroponic techniques for tomato production. 

The experiment was set up in three different hydroponic systems: tray, trough, and pot, 

with three different media combinations: cocopeat+gravel+silex stone, 

cocopeat+pebble+silex stone, and cocopeat+perlite+silex stone as treatment factors. The 

treatment trough with cocopeat+gravel+silex stone produced the highest yield (4.9 

kg/plant). Similarly, trough with cocopeat+gravel+silex stone yielded the maximum 

production of 245.3 t/ha. In terms of colour values, all hydroponic treatments had a* / b* 

values greater than 0.95, suggesting that the plants were fully mature while, trough with 

cocopeat+gravel+silex stone had the greatest L* value (44.45). 

Adak and Gubbuk (2015) studied the effect of different growing media i.e. peat, 

perlite, cocopeat, volcanic tuff and their combinations on yield of camarosa strawberry 
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plants grown under soilless culture and found that coconut coir and coconut coir + 

volcanic tuff media was more favorable regarding fruit yield (865 g/plant and 903.33 

g/plant, respectively).  

Barbosa et al. (2015) concluded that lettuce produced in hydroponics gave 11 ± 

1.7 times higher yield but utilized 82 ± 11 times more energy as compared to lettuce 

produced in conventional system. Lee et al. (2015) reported EC at 1.5 dSm-1 increased the 

number of fruits (27.4), but the average weight (6.4 g) of individual fruit was found 

lowest in Goha strawberry.  

Murthy et al. (2016) observed that first tier showed significantly higher total 

number of fruits (18.00), average fruit length (30.75 mm), average fruit breadth (26.25 

mm), average fruit weight (11.47 g). Moreover, first tier resulted in higher yield (195 

g/plant), better quality and marketable fruits (68.33 %) as compared to the remaining tiers 

which were lower in the column with soilless media under vertical soilless system.  

Vikas et al. (2017) investigated that maximum number of fruits per plant (2.66) 

were recorded under 20 per cent sewage sludge + 80 per cent cocopeat. However, 

maximum yield per plant (27.83 g) was recorded with 30 per cent sewage sludge + 70 per 

cent cocopeat. 

Wysocki et al. (2017) conducted an experiment in the soilless system to compare 

the effects of two types of peat-coconut substrates used for strawberry production and 

revealed that the cultivar Albion was proved to have the highest yield (2.47 kg/m2) under 

hydroponic conditions. 

Chavada et al. (2017) investigated the influence of different potting media on 

quality of rose cv. Top secret under protected conditions and observed that shelf life (7.35 

days), vase life of flower (8.18 days), cut flower's fresh weight (11.69 g) and cut flower's 

dry weight (3.27 g) were obtained maximum under treatment soil + cocopeat + leaf 

mould (1:1:1) followed by soil + cocopeat + perlite (1:1:1).  

Raja et al. (2018) obtained maximum weight (10.76 g), fruit length (29.89 mm) 

and fruit diameter (27.48 mm) with coco peat + vermiculite (25: 75). Shahzad et al. 

(2018) determined the influence of organic growth media viz., soil + peat moss, soil + 

poultry waste, soil + farm yard manure and their combination on the growth and yield of 

strawberry cv. Chandler. The results indicated that soil combined with peat moss was 

proved to be significantly best among all growth and fruit quality parameters. However, 
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peat moss substrate showed highest fruit size, fruit yield (531.56 g) and improved fruit 

quality (red colour with maximum sweetness). 

Shi et al. (2018) examined the effect of culture media on growth, yield and 

photosynthetic capacity of tomato plants. Four tomato varieties (Xining, Jinbaolai, Kaidi, 

and Xiariyangguang) were grown in soil, hydroponics, and substrate culture. Due to 

higher dry weight accumulation, fruit weight, and net photosynthetic rate at the seedling 

and mature stages, it was observed that substrate cultivation and hydroponics obtained 

higher yield than soil treatment. The yield of tomato showed significant changes in 

Xinxing101, Jinbaolai and Kaidi by an increase of 64.87, 77.61, and 48.59%, respectively 

for substrate cultivation treatment with comparison to soil culture treatment. Furthermore, 

all tomato cultivars showed significant improvement in hydroponic treatment as 

compared to control, with a percentage increase of 107.41, 58.28, 73.19, and 120.29% in 

Xinxing101, Jinbaolai, Kaidi, and Xiariyangguang, respectively. 

Draie (2019) experimented with three treatments of local strawberry cultivar i.e., 

hydroponic in the peatmoss substrate, hydroponic in the perlite substrate and field 

cultivation in the soil with three replicates per treatment. The results indicated that the 

treatment hydroponics in the peatmoss substrate was better than field cultivation in most 

of the studied parameters such as fruit length (2.7 cm), number of fruits per plant (10.3), 

fruit weight (9 g) and yield/m2 (1854 g) etc. Total production in hydroponics (peatmoss 

substrate) was tripled as compared to the field cultivation. 

Singh et al. (2019) experimented with different liquid nutrient concentrations, 

which resulted in number of changes in strawberry fruit yield and quality. The nutrient 

circulation was maintained at various intervals of 24, 18, and 12 hours. Plants with 

continuous nutrient circulation for 24 hours gave the highest results, with an average 

weight of 15.10 g, fruit length (50.33 mm) and fruit breadth (27.00 mm) and yield 1462 

g.  With an application of 1388.1 ml liquid nutrients followed by 24 hour continuous 

nutrient circulation, the plants obtained gross return (8217000 INR), net return 

(1910438.42 INR) and B:C ratio (1.30). 

Maher et al. (2020) conducted an experiment to check the response of Strawberry 

cv. Chandler to different soilless substrates and concluded that perlite (75%) + cocopeat 

(25%) + jeevamrit resulted in the maximum fruit set (79.73), fruit size in terms of fruit 

length (40 mm) and breadth (26.55 mm) and recorded highest yield (210.09 g/ plant). 
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Subramani et al. (2020) investigated the influence of soilless growing media on 

tomato (Solanum lycopersicum L.) yield and quality under tropical island conditions. The 

results showed that among the different growing media, cocopeat + saw dust (1:1 v/v) 

produced the maximum fruits per plant (12.33), fruit weight (51.2 g/fruit) and fruit yield 

(631 g/plant) and was at par with cocopeat + vermiculite + saw dust (1:1:2). 

Bio-chemical parameters 

Arias et al. (2000) determined the fruit quality in comparison to hydroponically 

grown tomatoes ripened on and off vine. They found that tomatoes ripened on vine had 

significantly more lycopene (6.63 mg/100 g), carotene (0.18 mg/100 g), soluble solids 

(5.50 ºB), total solids (5.88 %) and ascorbic acid (20.17 mg/100 g) and were firmer as 

compared to tomatoes ripened off vine. 

Joshi (2003) investigated the influence of growing media and nutrients on 

biochemical properties of Chandler strawberry and found higher TSS (9.82 ºB), total 

sugar (7.47 %), reducing sugars (5.56 %), non reducing sugars (1.84 %) and ascorbic acid 

content (49.87 mg/100 g) whereas, lower acidity (0.78 %) was observed under soil + 

FYM + vermiculite. 

Ikeda et al. (2011) reported that anthocyanin content decreased in all three parts 

i.e. inner (pith), middle (cortex) and outer part of pot grown strawberry fruit at high 

temperature but was not affected by water stress, while ascorbic content remained 

unaffected by high temperature. 

Ameri et al. (2012) studied the effects of various substrate media and cultivars on 

biochemical parameters of strawberry in soilless system. The results showed that highest 

total anthocyanin content (222.65 mg/100g) was found in Camarosa under substrate 

combination vermicompost + perlite + cocopeat (15:40:45), the highest TSS (8.66 ºB) in 

Selva under vermicompost + perlite + cocopeat (5:45:50) and the highest Vitamin C 

(108.05 mg/100cc) in Selva under vermicompost + perlite + cocopeat (15:40:45) whereas, 

the highest TA (2.87 mg/100g) was observed in Camarosa under substrate combination 

vermicompost + perlite + cocopeat (5:45:50) .        

Ebrahimi et al. (2012) evaluated the effect of different types of substrate (peat + 

sand + perlite, cocopeat + perlite and sand + perlite), strawberry species (Camaosa, Silva 

and Parus) on quality parameters of strawberry in hydroponic system. The findings 
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revealed that the highest TSS (2.07 ºB), vitamin C content (41.18 mg/100cc) and TA 

(0.46 g/100cc) was obtained under peat + sand + perlite substrate. 

Hesami et al. (2012) reported that the highest vitamin-C content (10.5 mg/ 100 g 

ml) was observed with perlite + cocopeat (3:1). They also reported that three parts of 

date-peat + one part of cocopeat and three parts of cocopeat + one part of date-peat as 

well, led to increase in total soluble solids (10.5 ºB). Karimi et al. (2013) investigated that 

highest TSS (10.61 ºB) was achieved in plants grown under open-trough system.  

Bakshi et al. (2014) investigated the influence of various mulching material on 

quality of strawberry cultivar Chandler and found that black polythene mulch 

significantly increased total soluble solids (7.63 ºB), total sugars (7.00 %), vitamin-C 

(57.77 mg/100 g) in strawberry fruits whereas, higher acidity (0.80 %) was recorded in 

fruits grown without mulch. 

Joseph and Muthuchamy (2014) carried out an experiment to establish low-cost 

aggregate hydroponic techniques for tomato production and revealed that treatment 

trough with cocopeat+gravel+silex stone produced the highest total soluble solids (12.5 

ºB). For the same treatment, the highest (benefit cost) B/C ratio (4.52) was obtained. The 

B/C ratio of all hydroponic treatments was greater than 1.5. The treatment trough with 

cocopeat+gravel+silex stone outperformed all others in terms of productivity, quality and 

economics therefore, can be used for commercial tomato production. 

Adak and Gubbuk (2015) studied the effect of different growing media i.e. peat, 

perlite, cocopeat, volcanic tuff and their combinations on yield and quality of camarosa 

strawberry plants grown under soilless culture. It was observed that highest total soluble 

solids (7.69 ºB) was recorded with coconut coir + volcanic tuff, whereas the lowest 

acidity (1.10 %) and vitamin-C (55.35 %) was recorded with peat + volcanic tuff.  

Treftz and Omaye (2015) revealed that there was no significant change noticed in 

dry weight, while TSS values (28 % to 31 %), glucose (158 % to 175 %) and fructose (75 

% to 102 %) content for strawberries and raspberries respectively were significantly 

higher in soil grown berries than soilless grown berries. However, they also reported that 

ascorbic acid (74 %), tocopherol (53 %) and total polyphenolic compounds (22 %) were 

recorded significantly higher in soilless grown strawberries as compared to soil grown 

strawberries. 
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Murthy et al. (2016) found that first tier showed significantly higher total soluble 

solids (10.51 ºB) with lower titrable acidity (0.81 %) as compared to the remaining tiers 

which were lower in the column under vertical soilless system in four tiers with soilless 

media.  

Raja et al. (2018) revealed that coco peat + perlite + vermiculite (50: 25: 25) 

produced maximum TSS (10.8 ºB) whereas minimum acidity (0.86%) was recorded under 

sand in strawberry cv. Chandler. Singh et al. (2008) determined the effect of 

vermicompost on quality of strawberry fruits and found higher TSS (7.42 ºB) and 

ascorbic acid content (50.8 mg/100cc) whereas, lower acidity (1.10 %). 

Shahzad et al. (2018) investigated the influence of different organic growth media 

and plant spacing on the quality of Chandler strawberry and found that peat moss 

amendment showed highest TSS (8.45 °B). 

Kavana et al. (2019) determined the effect of potting media on reproductive and 

quality parameters of Nephrolepis undulate plants. It was observed that the plants grown 

in the substrate combination soil + cocopeat + FYM + vermicompost (2:1:1:1) recorded 

maximum number of leaflets (135.00), number of sori per leaflet (63.00), number of 

sporangia per sori (35.56) and number of spores per sporangia were (54.33). They also 

reported that higher total chlorophyll content (2.96 mg/g), shelf life (8 days) and vase life 

(20.33 days) was also recorded under soil + cocopeat + FYM + vermicompost (2:1:1:1). 

Maher et al. (2020) conducted an experiment to check the response of Strawberry 

cv. Chandler to different soilless substrates and found maximum TSS (11.15 °B) under 

perlite (75%) + cocopeat (25%) + jeevamrit. Tehranifar et al. (2007) observed maximum 

TSS (9.5 ºB) under perlite 100 % in strawberry production. 

Subramani et al. (2020) examined the influence of soilless growing media on 

tomato (Solanum lycopersicum L.) yield and quality under tropical island conditions. The 

results revealed that cocopeat + saw dust (1:1) showed the highest total soluble solids 

(TSS) of 6.75 ºB, while cocopeat + vermiculite (1:1) had the highest ascorbic acid (16.46 

mg/100 g) and lycopene (6.8 mg/100 g) content.  
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Chapter 3 

MATERIALS AND METHODS 

  

 The present investigation entitled “Nutritional studies for soil and soilless 

production of strawberry (Fragaria × ananassa) cv. Chandler” was carried out at 

experimental area in the Division Plant Physiology of Sher-e-Kashmir University of 

Agricultural Sciences and Technology of Jammu, Main Campus, Chatha during 2020-21. 

The details of the required materials and procedure followed during the investigation was 

given below under the following heads: 

3.1 Description of study area  

3.1.1 Experimental site and location 

 The experiment was conducted from October 2020 to April 2021 in the Division of 

Plant Physiology at SKUAST-Jammu, Main Campus, Chatha. Geographically, the 

experimental site was located at 320-40' N latitude and 740-58' E longitude with an 

altitude of 332 meter above mean sea level in the Shiwalik foot hills of North-Western 

Himalayas. 

3.1.2 Climate and Weather  

 Meteorological data on temperature, relative humidity and rainfall were obtained 

from the meteorological observatory of SKUAST-Jammu, located closer to the study 

area. The experimental site falls under the sub-tropical climatic conditions endowed with 

pleasant autumn, cold dry winters and sunny spring season. (Appendix-I) 

 3.2 Details of experiment  

3.2.1 Hydroponic structure 

 In hydroponic system nutrient film technique (NFT) was used, which was carried 

out in a structure made with fine and strong PVC pipes. Total nine PVC pipes having 6 

feet long length were placed in hydroponics system having 3 feet width and 5 feet height 

and 4 inches sized net pot holes (45) were made on pipes which were arranged in three 

tires using wooden angles. The hydroponic net pots were fitted in the holes. The nutrient 

solution was circulated through the hydroponic unit by the use of circulatory pump placed 

in the reservoir tank containing nutrition. The hydroponic structure was placed in natural 

growing/ ambient condition. 

3.2.2 Substrates and nutrients supplement 

 The different substrate viz., cocopeat, vermiculite, perlite and vermicompost were 
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used in the experiment. The Green loop Leafy-200 hydroponic nutrient was used in the 

experiment due to its versatile nature, mainly composed of both macro and micro 

nutrients. It is generally used for herbs, salad, all kind of leafy vegetables including 

strawberries and tomatoes. The nutrient was comprised of two sealed bottles A and B, 

each contained separate solid nutrient i.e. both macronutrients and micronutrients 

respectively. Every ml of stock A and B each per liter water, adds 101 TDS (total 

dissolved solids) to hydroponic solution. It is basically a ready mix which makes up to 

200 liters of hydroponic solution. At monthly interval, the whole nutrition along with 

water was changed to ensure proper pH and EC of the solution. 

 

3.2.2.1 Composition of pure hydroponic nutrient (Green loop Leafy-200) 

3.2.2.1.1 Macronutrients 

 Nitrogen (23%), Phosphorous (7%), Potassium (32%), Calcium (23%), Magnesium 

(5.3%) and Sulphur (9%). 

3.2.2.1.2 Micronutrients 

 Boron, Chlorine, Manganese, Zinc, Copper, Sodium, Molybdenum, Iron and 

Chlorine each at   0.7 per cent. 

3.2.3 Cultivar 

 The cultivar of strawberry used for the purpose of study was Chandler.  

3.2.4 Experimental trials conducted 

I. Experiment No. 1: To study the production of strawberry cv. Chandler under soil and 

soilless medium. 

Treatment code Substrate 

T1 Cocopeat (100%) 

T2 Cocopeat + Vermiculite (1:1) 

T3 Cocopeat + Vermiculite + Vermicompost (1:1:1) 

T4 Cocopeat + Perlite (1:1) 

T5 Cocopeat + Perlite + Vermicompost (1:1:1) 

T6 Local soil + Vermicompost (1:1) 

T7 Local soil (control) (100%) 

  Treatments from T1 to T5 were conducted in the hydroponic system under soilless 

medium while, T6 and T7 (control) were carried out under potted soil medium. 

No. of treatments = 07 
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No. of replications = 03 

No. of plants per treatment = 09 

Total no. of plants = 63 

II. Experiment No. 2: To study economics for soil and soilless production of strawberry 

cv. Chandler. The economics of the previously mentioned treatments were analyzed by 

involving all the inputs for strawberry production viz. plant material, farm inputs, man 

power etc. 

3.2.5 Procedure of planting in hydroponics 

3.2.5.1 Experiment was executed on the basis of nutrient film technique 

 In this technique, runners of Chandler strawberry were first planted into hydroponic 

pots filled with separate combination of substrates and kept under room temperature for 

three days, then pots were placed in the hydroponic structure with the nutrient flow in it. 

There were total 9 pipes, in the first floor three pipes from the top were assigned to the 

second floor having three pipes in middle and further three pipes were assigned to third 

i.e., ground floor. The hydroponic nutrient solution was added into the tank that 

continuously cycled through the pipes. As per the requirement of plant system the 

electrical conductivity (EC) and pH of nutrient solution were also timely checked and 

maintained at a maximum of 1.2 dS m-1 EC and the pH of the draining water within a 

range of 5.5 to 6.5. Irrigation was managed as per the condition of moisture in upper layer 

of net pots as well as to fulfill the nutrient requirement of individual plant. Date of 

transplanting in hydroponics was 17th of October, 2020. 

3.2.6 Conventional method 

 For comparison study, conventional method was used in which runners of Chandler 

cultivar were grown in pots with local soil medium and same nutrient medium was given 

to the plants through foliar spray at fortnightly intervals. Irrigation was assured as per the 

condition of moisture in upper layer of pots as well as to fulfill the nutrient requirement of 

individual plant. For the preparation of pots sized (6×6×6 inches), soil and vermicompost 

were used. Date of transplanting in pots was 17th of October, 2020.  

3.3 Observations recorded 

3.3.1 Physiological/ Growth parameters 

3.3.1.1 Number of days taken for runner establishment  

   The period between the date of transplanting to the beginning of leaf emergence 

from the crown was recorded and termed as number of days taken for runner 

establishment. 
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3.3.1.2 Average numbers of leaves per plant 

   Data based on number of leaves per plant were recorded from each treatment and 

their average was expressed as average number of leaves per plant.  

3.3.1.3 Average leaf area per plant  

   Leaf area of representative leaves was measured with the help of leaf area meter 

and their average leaf area per plant as obtained was expressed in square centimeter 

(cm2). 

3.3.1.4 Leaf chlorophyll content 

   Leaf chlorophyll content was recorded by using SPAD (Soil Plant Analysis 

Development). 

3.3.1.5 Plant spread 

   Plant spread was measured in the both directions i.e. East-West and North-south 

and the mean was taken as actual plant spread. The result was expressed in centimeter 

(cm). 

3.3.1.6 Root/ Shoot ratio 

    The root shoot ratios were recorded by using formulae: 
 

                                   dry weight of roots of plant 

Root/ Shoot ratio =  

                                  dry weight of shoots of plant 

 

3.3.1.7 Days taken for first bud formation 

   The period between the date of transplanting to date of first bud formation was 

recorded for calculating the days taken to form first bud. 

3.3.1.8 Days for the first flower initiation 

  The period between the date of transplanting to date of first flower bloom was 

recorded for calculating the days taken to initiate first flower. 

3.3.1.9 Average number of buds per plant 

   The number of buds was calculated from each representative plant till end of the 

season and their average was taken as measure. 

3.3.1.10 Number of flowers per plant 

   The number of flowers was calculated from each representative plant at monthly 

intervals after first flowering till end of the season. 

3.3.1.11 Average number of flowers per plant 

    The average number of flowers was calculated from each representative plant till 

end of the season and their average was taken as measure. 
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3.3.2 Fruit quality parameters 

3.3.2.1 Physical parameters 

3.3.2.1.1 Fruit length 

      The length of fruit from each replication was measured with the help of digital 

Vernier caliper and was expressed in cms. 

3.3.2.1.2 Fruit breadth 

      The breadth of fruit from each replication were measured with the help of digital 

Vernier caliper and was expressed in cms. 

3.3.2.1.3 Fruit size 

      The size of the fruit was measured in terms of length and breadth. The length 

and diameter of representative fruit from each treatment were measured with the help of 

digital Vernier caliper in each harvesting. Measured length and breadth were multiplied 

and expressed in centimeter (cm2). 

3.3.2.1.4 Fruit colour 

 Fruit colour was determined by the use of different fruit grade (1-7) which represent 

whitish yellow to blackish red colour as per the standard of International union for the 

protection of new varieties of plants (UPOV) descriptor. 

3.3.2.1.5 Fruit weight  

      The weight of the representative fruits from each plant was recorded and average 

fruit weight was calculated and expressed in grams (g). 

3.3.2.1.6 Fruit volume 

          Fruit volume was calculated by water displacement method using a measuring 

cylinder and was expressed in terms of cubic centimeter (cc). 

3.3.2.1.7 Specific gravity  

 Specific gravity was calculated by using the following formula and expressed in 

g/cc. 

                                                          Weight of the fruit 

     Specific gravity =                      

                                         Volume of water displaced by the fruit 

3.3.2.1.8 Number of fruits per plant 

  The number of fruits was counted per pedicel at the time of fruit maturity and the 

result was expressed in the terms of number of fruits per plant. 

3.3.2.1.9 Yield per plant 

       The weight of the representative fruits from each plant was recorded and 

multiplied with number of fruits and the result was expressed as yield per plant (g). 
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3.3.2.2 Biochemical parameters 

3.3.2.2.1 Total soluble solids 

       An erma hand refractometer was used to determine the total soluble solids 

content of fruits (0-32 ºB). When the temperature was above or below 20oC, temperature 

modifications were made (AOAC, 1980). Before using the refractometer, it was cleaned 

with distilled water to ensure that its surface was clear, and then a few drops of fruit juice 

from each fruit were placed on it. A reading was taken from an average of five fruits that 

made up one sample. The degree brix was used to express the total soluble solids (oB). 

3.3.2.2.2 Titratable acidity 

 To determine titratable acidity, 0.5 g of fresh fruit pulp was thoroughly pulverized 

in an electric blender and a volume of 50 ml was made with distilled water. A 5 ml 

aliquot was taken for further analysis. The sample solution was titrated against 0.1 N 

NaOH solution using the phenolphthalein indicator. The titration continued until the final 

product was light pink in colour. The titratable acidity was calculated in terms of malic 

acid using the AOAC's formula, which was based on one ml of 0.1 N NaOH being 

equivalent to 0.0067 g of anhydrous malic acid (1980). 

 

Titratable acidity 

(%) 
= 

Titre reading × normality of NaOH × volume made up ×              

equivalent weight × 100 

Volume of sample taken × weight of sample × 1000 

 

3.3.2.2.3 Total sugars 

To determine total sugars, 25 gram of fruit pulp was thoroughly crushed in 

warring blender and the volume was made upto 250 ml of distilled water. Then, 2 ml of 

saturated lead acetate was added to 250 ml solution and kept as such for 10 minutes. Then 

after 10 minutes, 2 ml of potassium oxalate was added to remove the excess of lead. 

Before filtering, the solution was left alone for another 10 minutes. Then, 2 ml 

concentrated HCl was added to 100 ml of this filtered solution to hydrolyze it. Allow this 

solution to sit overnight to complete the sucrose inversion. After the hydrolysis was 

completed the next morning, saturated NaOH was used to neutralize the excess HCl. The 

solution was then titrated in a conical flask against 10 ml of boiling Fehling's solution (5 

ml each of Fehling's solution A and B) with methylene blue as an indicator, against 10 ml 

of boiling Fehling's solution (5 ml each of Fehling's solution A and B). The appearance of 
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the brick red colour signalled the final point. According to the method given by AOAC 

(1980), total sugars were represented as a percentage of juice weight using the formula: 

Total sugars content = 
0.05 × volume made up 

 100 
Weight of sample × titre value 

 

3.3.2.2.4 Reducing sugars 

 The reducing sugars were estimated by titrating against a boiling combination 

containing 5 ml each of Fehling A and Fehling B reagents against an un-hydrolyzed but 

de-leaded and clarified aliquot using methylene blue as an indicator. The arrival of brick 

red colour signalled the end of the path.   The volume of the aliquot used was recorded, 

and the reducing sugars were calculated using the following procedure specified in 

A.O.A. C. (1990).                                                    
                                          

                                                Factor × Dilution       

Reducing sugar     =                                                         × 100 

                  Aliquot used × sample weight 

 

3.3.2.2.5 Non reducing sugars 

 Non-reducing sugars were figured out by subtracting reducing sugars from total 

sugars and then multiplying the difference by a standard factor of 0.95. The calculation 

was completed following the steps described in (AOAC, 1990). 

Non-reducing sugars (%) = (Total sugars – Reducing sugars) × Factor 

3.3.2.2.6 Ascorbic acid 

The ascorbic acid was determined by the method of AOAC (2007). 

Reagents 

Indophenol dye (0.04%):  

Weighing 50 mg sodium salt of 2, 6-dichlorophenol indophenols, 150 ml distilled 

hot water and 42 ml sodium bicarbonate were mixed together. Before storing in the 

refrigerator, the contents were chilled and the volume was raised to 200 ml with distilled 

water. 

Metaphosphoric acid (3%):  

30 grams of metaphosphoric acid were dissolved in 1000 ml of water. 

Standard ascorbic acid (0.1%):  
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100 mg ascorbic acid was dissolved in 100 ml of 3% MPA solution. Meta 

phosphoric acid (1 ml=0.1 mg ascorbic acid) was used to dilute 10 ml to 100 ml. 

Standardization of dye:  

Added 5 ml HPO3 to 5 ml normal ascorbic acid. Dye was added to a microburette 

and dye equivalent was determined by titrating against dye solution to a light pink colour. 

Dye Equivalent = 0.5/Titre 

Procedure 

 By macerating 10 g of material with metaphosphoric acid, ascorbic acid was 

recovered from the pulp (3 %). The extract was filtered, and the volume was increased to 

100 millilitres. A standardised dye (2, 6 dicholorophenol indophenol) was used to titrate 

10 ml of the aliquot until the bright pink colour showed at the end point. The results were 

expressed in milligrammes per 100 gm of fruit weight. 

Calculation 

Ascorbic acid (mg 100g of pulp-1) = 
Titre value x dye equivalent x dilution 

 100 
             Weight of sample (g) 

 

3.3.2.2.7 Anthocyanin content 

 Anthocyanin pigments of berry were determined by the methods given by Harborne 

(1973). One gram berry pulp was taken in a known quantity of methanol containing 1 per 

cent hydrochloric acid. The contents were allowed to stay overnight at sub-zero 

temperature in deep freezer. The absorbance of resultant red colored solution was 

recorded at 530 nm on Spectronic-20 colorimeter. The intensity of color was read and 

expressed in absorption units per gram of fresh berry. 

3.3.2.2.8 Carotenoid content 

 The total carotenoids, Chl a, and Chl b, were determined by the method described 

by Yang et al. (1998). 1g of fresh weight of each strawberry fruit was separately 

homogenized with 10 ml of an acetone-water mixture (4:1) for 2 minutes to uniform 

mass. To keep the samples from overheating, they were kept in an ice-water bath. 

Homogenates were centrifuged at 5000 rpm for 10 minutes at 20 °C. The absorbance 

maxima were read at 663.6 nm, 646.6 nm and 470.0 nm for Chl a, Chl b and for 

carotenoids. The following equations were used to determine the contents of Chl a, Chl b 

and total carotenoids: 
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                     Chlorophyll a (µg/ ml) = 12.25 A663.6 – 2.25 A646.6 

                                     

                     Chlorophyll b (µg/ ml) = 20.31 A646.6 – 4.91 A663.6 

                                                 

                     Total carotenoids (µg/ ml) = 1000 A470 – 2.27 (Chl a) – 81.4 (Chl b) 

                                                                                               227 

The findings were reported in micrograms per gram of sample fresh weight. 

 

3.3.2.3 Statistical method 

 The data obtained in the present study were analyzed using completely randomized 

design (CRD). Data recorded during the course of present investigations were subjected 

to statistical analysis as suggested by Panse and Sukhatme (2000). Treatment means were 

compared using critical difference (CD) at 5% level of significance. Data was subjected 

to analysis of variance (ANOVA) using Online Statistical Analysis Package (OPSTAT, 

Computer Section, CCS Haryana Agricultural University, Hisar 125004, Haryana, India). 

 

 



 

Plate 1(a): Strawberry runners at time of planting in soilless medium 

 

Plate 1(b): Strawberry runners at time of planting in potted soil medium 

  



 

 

 

 

 

Plate 2: Complete over view of experimental site 
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Chapter 4 

RESULTS 

 

The present investigation entitled “Nutritional studies for soil and soilless 

production of strawberry (Fragaria × ananassa) cv. Chandler” was carried out at 

experimental area in the Division Plant Physiology of Sher-e-Kashmir University of 

Agricultural Sciences and Technology of Jammu, Main Campus, Chatha during 2020-21 

has been presented in this chapter under following heads.     

4.1 Physiological/ Growth parameters 

4.1.1 Number of days taken for runner establishment  

The data regarding the effect of different substrate combination on number of days 

taken for runner establishment is presented in Table 1 which showed a significant change 

in number of days taken for runner establishment. Minimum number of days (6.41) taken 

for runner establishment was recorded under treatment T3 (cocopeat + vermiculite + 

vermicompost). Treatment T5 (cocopeat + perlite + vermicompost) recorded 6.73 number 

of days followed by 7.12 in T2 (cocopeat + vermiculite), 7.41 in cocopeat + perlite and 

7.92 in T6 (local soil + vermicompost). However, maximum number of days (8.32) taken 

for runner establishment was recorded under treatment T7 (control). 

4.1.2 Average number of leaves per plant  

The data regarding average number of leaves per plant as influenced by different 

substrates combination is presented in Table 1 and Fig. 1 which showed that different 

substrates combination showed a significant influence on average number of leaves per 

plant. The substrate combination T3 (cocopeat + vermiculite + vermicompost) resulted 

in maximum average number of leaves (28.64) per plant, followed by 27.18 in T5 

(cocopeat + perlite + vermicompost). However, minimum average number of leaves per 

plant i.e. 16.24 was recorded under treatment T7 (control). 

4.1.3 Average leaf area per plant  

 The data pertaining to the effect of different substrate combinations on average 

leaf area per plant was presented in Table 1. The substrate combination T3 (cocopeat + 

vermiculite + vermicompost) resulted in maximum average leaf area (135.46 cm2) per 

plant which was found to be statistically at par with 133.97 cm2 in T5 (cocopeat + perlite 

+ vermicompost). Whereas, minimum average leaf area per plant i.e. 19.30 cm2 was 

observed under treatment T7 (control). 
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4.1.4 Leaf chlorophyll content (SPAD) 

 The data presented in the Table 1 showed that different substrate combinations 

showed a significant difference on leaf chlorophyll content. Among all substrates 

combination, substrate combination T3 (cocopeat + vermiculite + vermicompost (1:1:1) 

resulted in maximum leaf chlorophyll content 55.35 followed by 52.74 under treatment 

(T5) cocopeat + perlite + vermicompost (1:1:1) whereas, minimum leaf chlorophyll 

content 40.93 was recorded under treatment T7 i.e. control. 

4.1.5 Plant spread 

 The data pertaining to the influence of different substrate combinations on plant 

spread is revealed in the Table 1. The different substrate combinations significantly 

increased plant spread as compared to control. The substrate combination (T3) cocopeat + 

vermiculite + vermicompost (1:1:1) recorded maximum plant spread 42.47 cm followed 

by 40.84 cm under treatment (T5) cocopeat + perlite + vermicompost (1:1:1) whereas, 

minimum plant spread 20.33 cm was recorded under treatment T7 (control). 

4.1.6 Root/ shoot ratio 

 The data with respect to root/ shoot ratio as influenced by different substrates is 

presented in Table 1. The root/shoot ratio was significantly increased by all substrate 

combinations compared to control. The maximum root/shoot ratio 1.53 was recorded 

under substrate combination (T3) cocopeat + vermiculite + vermicompost (1:1:1) 

followed by 1.40 under treatment (T5) cocopeat + perlite + vermicompost (1:1:1) while, 

minimum root/shoot ratio 0.93 was observed under treatment T7 (control). 

4.1.7 Days taken for first bud formation 

 The data presented in the Table 2 revealed the effect of different substrate 

combinations on the days taken for first bud formation. The different substrate 

combinations showed significant difference among all treatments. The substrate 

combination (T3) cocopeat + vermiculite + vermicompost (1:1:1) resulted in taking 

minimum days for first bud formation 64.74 followed by 67.98 under treatment (T5) 

cocopeat + perlite + vermicompost (1:1:1) whereas, maximum days taken for first bud 

formation 78.72  was observed under treatment T7 i.e. control. 

4.1.8 Days taken for first flower initiation 

 The data presented in the Table 2 revealed the effect of different substrate 

combinations on the days taken for first flower initiation. The different substrate 

combinations showed significant difference among all treatments. The substrate 

combination (T3) cocopeat + vermiculite + vermicompost (1:1:1) resulted in taking 



 

Table 1: Effect of substrate combinations on number of days taken for runner establishment, average number of leaves per 

plant, average leaf area per plant (cm2), leaf chlorophyll content (SPAD), plant spread (cm) and root/shoot ratio 

 

*T
1
 – Cocopeat (100%), T

2
 – Cocopeat + Vermiculite (1:1), T

3
 – Cocopeat + Vermiculite + Vermicompost (1:1:1), T

4
 – Cocopeat + Perlite (1:1), 

T
5
 – Cocopeat + Perlite + Vermiculite (1:1:1), T

6
 – Local soil + Vermiculite (1:1), T

7
 – Local soil (control) (100%) 

 

Treatments 

Number of 

days taken for 

runner 

establishment 

Average number 

of leaves per 

plant 

Average leaf 

area per plant 

(cm2) 

Leaf chlorophyll 

content (SPAD) 

Plant spread 

(cm) 

Root/ Shoot 

ratio 

T
1
 7.77 21.13 125.39 45.24 30.89 1.07 

T
2
 7.12 24.38 132.35 50.18 37.84 1.27 

     T
3
 6.41 28.64 135.46 55.35 42.47 1.53 

T
4
 7.41 23.73 131.79 46.71 34.99 1.22 

T
5
 6.73 27.18 133.97 52.74 40.84 1.40 

T
6
 7.92 19.13 120.27 44.34 24.24 0.98 

T
7
 8.32 16.24 119.30 40.93 20.33 0.93 

CD(0.05) 0.13 0.76 1.52 0.75 0.75 0.09 

SE(m) 0.04 0.25 0.50 0.24 0.25 0.03 



 

Fig. 1 Effect of different substrate combination on average number of leaves per plant 
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Fig. 2 Effect of different substrate combination on average number of buds per plant 
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Plate 3(a): Strawberry plants at flowering stage in soilless medium 

 

       Plate 3(b): Strawberry plants at flowering stage in potted soil medium 
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minimum days for first flower initiation 68.80 followed by 71.83 under treatment (T5) 

cocopeat + perlite + vermicompost (1:1:1) whereas, maximum days taken for first flower 

initiation 83.60  was recorded under treatment T7 (control). 

4.1.9 Average number of buds per plant 

 Table 2 and Fig. 2 show the data on the influence of different substrate 

combination on average number of buds per plant. The difference in average number of 

buds per plant was significant because of substrate combination from that of control. The 

substrate combination (T3) cocopeat + vermiculite + vermicompost (1:1:1) gave 

maximum average number of buds per plant 25.47 followed by 24.48 under treatment 

(T5) cocopeat + perlite + vermicompost (1:1:1) and the minimum average number of buds 

per plant 15.38 was observed under treatment T7 i.e. control. 

4.1.10 Number of flowers per plant  

 The data pertaining the effect of number of flowers per plant is presented in Table 

2 and Fig. 3. The data showed significant difference among different substrate 

comibations as compared to control. The number of flowers per plant was counted on a 

constant schedule at 30, 60 and 90 days interval after first flowering. At 30 days after first 

flowering, the substrate combination (T3) cocopeat + vermiculite + vermicompost (1:1:1) 

gave maximum number of flowers per plant 8.44 followed by 8.04 under treatment (T5) 

cocopeat + perlite + vermicompost (1:1:1) and the minimum number of flowers per plant 

5.06 was observed under treatment T7 (control). 

 At 60 days after first flowering, the substrate combination (T3) cocopeat + 

vermiculite + vermicompost (1:1:1) obtained maximum number of flowers per plant 9.98 

followed by 9.57 under treatment (T5) cocopeat + perlite + vermicompost (1:1:1) and the 

minimum number of flowers per plant 6.59  was observed under treatment T7 (control). 

 At 90 days after first flowering, the substrate combination (T3) cocopeat + 

vermiculite + vermicompost (1:1:1) resulted in maximum number of flowers per plant 

6.91 followed by 6.51 under treatment (T5) cocopeat + perlite + vermicompost (1:1:1) and 

the minimum number of flowers per plant 3.53 was observed under treatment T7 

(control). 

4.1.11 Average number of flowers per plant 

 Table 2 shows the data on the influence of different substrate combination on 

average number of flowers per plant. The difference in average number of flowers per 

plant was significant because of substrate combination from that of control. The substrate 

combination (T3) cocopeat + vermiculite + vermicompost (1:1:1) gave maximum average 
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number of flowers per plant 25.33 followed by 24.12 under treatment (T5) cocopeat + 

perlite + vermicompost (1:1:1) and the minimum average number of flowers per plant 

15.18 was observed under treatment T7 (control). 

4.2 Fruit quality parameters  

4.2.1 Physical parameters 

4.2.1.1 Fruit length (cm) 

 The data pertaining to the effect of different substrate combinations on fruit length 

is shown in the Table 3. The different substrate combinations significantly increased fruit 

length as compared to control. The fruit length was maximum 3.92 cm under treatment 

(T3) cocopeat + vermiculite + vermicompost (1:1:1) followed by 3.82 cm under treatment 

(T5) cocopeat + perlite + vermicompost (1:1:1) and minimum fruit length 2.73 cm was 

observed under treatment T7 i.e. control. 

4.2.1.2 Fruit breadth (cm) 

 The data presented in the Table 3 shows the influence of different substrate 

combinations on fruit breadth. The fruit breadth significantly increased among all the 

treatments compared to control. The substrate combination (T3) cocopeat + vermiculite + 

vermicompost (1:1:1) gave maximum fruit breadth 3.40 cm followed by 3.22 cm under 

treatment (T5) cocopeat + perlite + vermicompost (1:1:1) whereas, minimum fruit breadth 

2.23 cm was recorded under treatment T7 (control). 

4.2.1.3 Fruit size (cm2) 

 The data presented in the Table 3 shows the influence of different substrate 

combinations on fruit size. The fruit size was significantly increased under different 

substrate combinations as compared to control. The substrate combination (T3) cocopeat 

+ vermiculite + vermicompost (1:1:1) gave maximum fruit size 13.32 cm2 followed by 

12.31 cm2 under treatment (T5) cocopeat + perlite + vermicompost (1:1:1) whereas, 

minimum fruit size 6.07 cm2 was recorded under (T7) control. 

4.2.1.4 Fruit colour 

 The data pertaining to the effect of different substrate combinations on fruit colour 

is shown in the Table 3. The different substrate combinations significantly varied in fruit 

colour among all the treatments. The substrate combination (T3) cocopeat + vermiculite + 

vermicompost (1:1:1) and (T5) cocopeat + perlite + vermicompost (1:1:1) were recorded 

with dark red colour whereas, orange red was observed under treatment T7 (control). 

4.2.1.5 Fruit weight (g) 

 Table 4 shows the data related to the effect of different substrate combinations on 



Table 2: Effect of substrate combinations on days taken for first bud formation, days for the first flower initiation, average  

 number of buds per plant, number of flowers per plant and average number of flowers per plant 

Treatments 

Days taken 

for first 

bud 

formation 

Days for the 

first flower 

initiation 

Average 

number of 

buds per 

plant 

Number of flowers per plant Average 

number of 

flowers per 

plant 30 DAF 60 DAF 90 DAF 

T
1
 73.66 78.83 20.15 6.64 8.17 5.11 19.92 

T
2
 68.83 73.10 22.18 7.29 8.83 5.76 21.88 

     T
3
 64.74 68.80 25.47 8.44 9.98 6.91 25.33 

T
4
 70.89 75.71 21.20 6.99 8.52 5.45 20.97 

T
5
 67.98 71.83 24.48 8.04 9.57 6.51 24.12 

T
6
 75.83 80.67 17.25 5.66 7.20 4.13 16.99 

T
7
 78.72 83.60 15.38 5.06 6.59 3.53 15.18 

CD(0.05) 1.02 1.05 0.73 0.22 0.24 0.34 0.64 

SE(m) 0.33 0.34 0.24 0.07 0.08 0.11 0.21 

*T
1
 – Cocopeat (100%), T

2
 – Cocopeat + Vermiculite (1:1), T

3
 – Cocopeat + Vermiculite + Vermicompost (1:1:1), T

4
 – Cocopeat + Perlite 

(1:1), T
5
 – Cocopeat + Perlite + Vermiculite (1:1:1), T

6
 – Local soil + Vermiculite (1:1), T

7
 – Local soil (control) (100%) 

*DAF – Days after first flowering 

 



 

Table 3: Effect of substrate combinations on fruit length (cm), fruit breadth (cm), fruit size (cm2) and fruit colour (UPOV) 

Treatments 
Fruit length  

(cm)  

Fruit breadth  

(cm)  

Fruit size  

(cm2)  

Fruit colour  

(grade) 

T
1
 3.21  2.73  8.77  4 

T
2
 3.52  3.07  10.82 5 

     T
3
 3.92 3.40 13.32  6  

T
4
 3.40  3.00  10.19  5  

T
5
 3.82  3.22  12.31  6 

T
6
 3.03  2.52  7.63  5  

T
7
 2.73 2.23 6.07  4  

CD(0.05) 0.08  0.08  0.43  
 

SE(m) 0.02 0.03 0.14 

*T
1
 – Cocopeat (100%), T

2
 – Cocopeat + Vermiculite (1:1), T

3
 – Cocopeat + Vermiculite + Vermicompost (1:1:1), T

4
 – Cocopeat + Perlite (1:1),                                                                                                                        

T
5
 – Cocopeat + Perlite + Vermiculite (1:1:1), T

6
 – Local soil + Vermiculite (1:1), T

7
 – Local soil (control) (100%) 

*UPOV – International union for the protection of new varieties of plants 
* Fruit colour grade – 4 = orange red, 5 = medium red, 6 = dark red (UPOV) 

 

 

 



 

 

Fig. 3 Effect of different substrate combination on number of flowers per plant 
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fruit weight. The different substrate combinations significantly increased fruit weight 

compared to control. The fruit weight was recorded maximum 19.48 g under (T3) 

cocopeat + vermiculite + vermicompost (1:1:1) followed by 18.43 g under treatment (T5) 

cocopeat + perlite + vermicompost (1:1:1) while, minimum fruit weight 10.71 g was 

observed under treatment T7 (control). 

4.2.1.6 Fruit volume (cc) 

 The data presented in the Table 4 showed the effect of different substrate 

combinations on fruit volume. The fruit volume significantly increased the fruit volume 

among all the treatments compared to control. The substrate combination (T3) cocopeat + 

vermiculite + vermicompost (1:1:1) gave maximum fruit volume 17.57 cc followed by 

16.91 cc under treatment (T5) cocopeat + perlite + vermicompost (1:1:1) whereas, 

minimum fruit volume 10.64 cc was recorded under treatment T7 i.e. control. 

4.2.1.7 Specific gravity (g/cm3) 

 The data pertaining to the effect of different substrate combinations on specific 

gravity is shown in the Table 4. The different substrate combinations significantly 

increased specific gravity among all the treatments compared to control. The specific 

gravity was recorded maximum 1.11 g/cm3 with treatment (T3) cocopeat + vermiculite + 

vermicompost (1:1:1) which was statistically at par with (T5) cocopeat + perlite + 

vermicompost (1:1:1) 1.09 g/cm3 and minimum specific gravity 1.01 g/cm3 was observed 

with treatment T7 i.e. control. 

4.2.1.8 Number of fruits per plant  

 Table 4 and Fig. 4 show the data related to the effect of different substrate 

combinations on number of fruits per plant. The different substrate combinations 

significantly increased number of fruits per plant compared to control. The substrate 

combination (T3) cocopeat + vermiculite + vermicompost (1:1:1) gave maximum number 

of fruits per plant 25.19 followed by 23.89 under treatment (T5) cocopeat + perlite + 

vermicompost (1:1:1) whereas, minimum number of fruits per plant 14.86 was observed 

under treatment T7 i.e. control. 

4.2.1.9 Yield per plant (g) 

 Table 4 and Fig. 5 show the data related to the effect of different substrate 

combinations on yield per plant. The yield per plant was significantly increased in all the 

different substrate combinations as compared to control. The substrate combination (T3) 

cocopeat + vermiculite + vermicompost (1:1:1) gave maximum yield per plant 490.69 g 
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followed by 440.28 g under treatment (T5) cocopeat + perlite + vermicompost (1:1:1) 

whereas, minimum yield per plant 159.12 g was recorded under treatment T7 (control). 

4.2.2 Biochemical parameters 

4.2.2.1 Total soluble solids (oB) 

 The data presented in the Table 5 showed the effect of different substrate 

combinations on total soluble solids. The different substrate combinations significantly 

increased the total soluble solids among all the treatments compared to the control. The 

highest total soluble solids 9.94 oB was observed with the treatment (T3) cocopeat + 

vermiculite + vermicompost (1:1:1) which was statistically at par with treatment (T5) 

cocopeat + perlite + vermicompost (1:1:1) 9.35 oB whereas, lowest total soluble solids 

6.48 oB was recorded under treatment T7 (control). 

4.2.2.2 Total sugars (%) 

 The data pertaining to the effect of different substrate combinations on total sugars 

is shown in the Table 5. The different substrate combinations significantly increased total 

sugars among all the treatments compared to control. The total sugars was recorded 

maximum 8.03 % with treatment (T3) cocopeat + vermiculite + vermicompost (1:1:1) 

followed by 7.60 % with treatment (T5) cocopeat + perlite + vermicompost (1:1:1) and 

minimum total sugars 5.72 % was observed with treatment T7 i.e. control. 

4.2.2.3 Reducing sugars (%)  

 Table 5 shows the data related to the effect of different substrate combinations on 

reducing sugars. The reducing sugars was significantly increased in all the different 

substrate combinations as compared to control. The substrate combination (T3) cocopeat 

+ vermiculite + vermicompost (1:1:1) gave maximum reducing sugars 6.21 % followed 

by 5.92 % under treatment (T5) cocopeat + perlite + vermicompost (1:1:1) whereas, 

minimum reducing sugars 4.61 % was recorded under treatment T7 (control). 

4.2.2.4 Non reducing sugars (%) 

 The data presented in the Table 5 showed the effect of different substrate 

combinations on non reducing sugars. The different substrate combinations significantly 

increased the non reducing sugars among all the treatments compared to the control. The 

highest non reducing sugars 1.73 % was observed with the treatment (T3) cocopeat + 

vermiculite + vermicompost (1:1:1) which was statistically at par with treatment (T5) 

cocopeat + perlite + vermicompost (1:1:1) 1.59 % whereas, lowest non reducing sugars 

1.06 % was recorded under treatment T7 i.e. control. 

4.2.2.5 Titratable acidity (%) 



 

 

Table 4: Effect of substrate combinations on fruit weight (g), fruit volume (cc), specific gravity (g/cm3), number of fruits per 

plant and yield per plant (g) 

Treatments 
Fruit weight  

(g)  

Fruit volume  

(cc)  

Specific gravity 

(g/cm3)  

Number of fruits 

per plant  

Yield per plant 

 (g)  

T
1
 13.47  12.98  1.04  19.37  260.81  

T
2
 16.45  15.32  1.07  21.71  356.98  

     T
3
 19.48  17.57  1.11  25.19  490.69  

T
4
 15.94  15.18  1.05  20.87  332.60  

T
5
 18.43  16.91  1.09  23.89  440.28  

T
6
 12.46  12.14  1.03  16.83  209.77  

T
7
 10.71  10.64  1.01  14.86  159.12  

CD(0.05) 0.72  0.41  0.06  0.55  18.47  

SE(m) 0.24 0.13 0.02 0.18 6.03 

*T
1
 – Cocopeat (100%), T

2
 – Cocopeat + Vermiculite (1:1), T

3
 – Cocopeat + Vermiculite + Vermicompost (1:1:1), T

4
 – Cocopeat + Perlite (1:1), 

T
5
 – Cocopeat + Perlite + Vermiculite (1:1:1), T

6
 – Local soil + Vermiculite (1:1), T

7
 – Local soil (control) (100%) 

 

 



 

 

Table 5: Effect of substrate combination on total soluble solids (oB), total sugars (%), reducing sugars (%) and non reducing 

sugars (%) 

Treatments 
Total soluble solids 

(oB)  
Total sugars (%)  Reducing sugars (%)  Non reducing sugars (%)  

T
1
 7.34  6.23  4.91  

1.26 

T
2
 8.42  7.20  5.68  

1.45 

     T
3
 9.94 8.03 6.21 

1.73 

T
4
 7.97  6.57  5.16  

1.34 

T
5
 9.35  7.60  5.92  

1.59 

T
6
 7.15  6.04  4.85  

1.13 

T
7
 6.48 5.72 4.61 

1.06 

CD(0.05) 0.93  0.12 0.08  0.15 

SE(m) 0.30 0.04 0.03 0.05 

*T
1
 – Cocopeat (100%), T

2
 – Cocopeat + Vermiculite (1:1), T

3
 – Cocopeat + Vermiculite + Vermicompost (1:1:1), T

4
 – Cocopeat + Perlite (1:1), 

T
5
 – Cocopeat + Perlite + Vermiculite (1:1:1), T

6
 – Local soil + Vermiculite (1:1), T

7
 – Local soil (control) (100%) 

 

 



 

Table 6: Effect of substrate combination on titratable acidity (%), ascorbic acid (mg/100g), anthocyanin content (mg/100g) and 

carotenoid content (mg/g) 

Treatments Titratable acidity (%)  
Ascorbic acid  

(mg/100g)  

Anthocyanin content 

(mg/100g)  

Carotenoid content  

(mg/g)  

T
1
 1.14  46.33  42.75  15.84  

T
2
 0.98  49.29  45.16  16.77  

     T
3
 0.81 51.10 48.40 18.04 

T
4
 1.08  48.67  44.29  16.06  

T
5
 0.84  50.40  46.82  17.71  

T
6
 1.30  43.58  41.72  15.71  

T
7
 1.40 42.51 40.21 14.94 

CD(0.05) 0.07  0.51  0.68  0.58  

SE(m) 0.02 0.17 0.22 0.19 

*T
1
 – Cocopeat (100%), T

2
 – Cocopeat + Vermiculite (1:1), T

3
 – Cocopeat + Vermiculite + Vermicompost (1:1:1), T

4
 – Cocopeat + Perlite (1:1), 

T
5
 – Cocopeat + Perlite + Vermiculite (1:1:1), T

6
 – Local soil + Vermiculite (1:1), T

7
 – Local soil (control) (100%) 

 

 

 

 



 

 

Fig. 4 Effect of different substrate combination on number of fruits per plant 
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Fig. 5 Effect of different substrate combination on yield per plant (g) 
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 The data pertaining to the effect of different substrate combinations on titratable 

acidity is shown in the Table 6. The different substrate combinations significantly 

reduced titratable acidity among all the treatments compared to control. The titratable 

acidity was recorded minimum 0.81 % with treatment (T3) cocopeat + vermiculite + 

vermicompost (1:1:1) which was statistically at par with treatment (T5) cocopeat + perlite 

+ vermicompost (1:1:1) 0.84 % and maximum titratable acidity 1.40 % was observed 

with treatment T7 i.e. control. 

4.2.2.6 Ascorbic acid (mg/100g)  

 Table 6 shows the data related to the effect of different substrate combinations on 

ascorbic acid. The ascorbic acid was significantly increased in all the different substrate 

combinations as compared to control. The substrate combination (T3) cocopeat + 

vermiculite + vermicompost (1:1:1) gave maximum ascorbic acid 51.10 mg/100g 

followed by 50.40 mg/100g under treatment (T5) cocopeat + perlite + vermicompost 

(1:1:1) whereas, minimum ascorbic acid 42.51 mg/100g was recorded under treatment T7 

(control). 

4.2.2.7 Anthocyanin content (mg/100g)  

 The data presented in the Table 6 showed the effect of different substrate 

combinations on anthocyanin content. The different substrate combinations significantly 

increased the anthocyanin content among all the treatments compared to the control. The 

highest anthocyanin content 48.40 mg/100g was observed with the treatment (T3) 

cocopeat + vermiculite + vermicompost (1:1:1) followed by 46.82 mg/100g with 

treatment (T5) cocopeat + perlite + vermicompost (1:1:1) whereas, lowest anthocyanin 

content 40.21 mg/100g was recorded under treatment T7 i.e. control. 

4.2.2.8 Carotenoid content (mg/ g)  

 The data pertaining to the effect of different substrate combinations on carotenoid 

content is shown in the Table 6. The different substrate combinations significantly 

increased carotenoid content among all the treatments compared to control. The 

carotenoid content was recorded maximum 18.04 mg/g with treatment (T3) cocopeat + 

vermiculite + vermicompost (1:1:1) which was statistically at par with treatment (T5) 

cocopeat + perlite + vermicompost (1:1:1) 17.71 mg/g and minimum carotenoid content 

14.94 mg/g was observed with treatment T7 (control). 

4.3. Relative Economics 

The actual costs were worked out for all the treatments which include labour 

charges, cost of different substrate combinations, cost of runner, hydroponics unit, 
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electricity, nutrition, net pots, muslin cloth, plastic pots were included.  

The cost of cultivation for strawberry grown with different media combination is 

presented in Table 7. The table reveals that total cost of cultivation incurred for raising 

strawberry plant grown in (T3) cocopeat + vermiculite + vermicompost (1:1:1) was 

(₹418.57), whereas (₹265.07) incurred under control. The cost of runner (₹18.00), labour 

(₹178.57) and nutrition (₹45.00) were same for all the treatments. The cost for growing 

strawberry per treatment in hydroponics unit (₹90.00) and the charges for electricity 

(₹6.00), net pots (₹9.00) and muslin cloth were (₹6.00) except for pot grown strawberries 

in which pots charged (₹22.50). The substrate charges for (T3) cocopeat + vermiculite + 

vermicompost (1:1:1) were (₹48.51) while, (₹1.00) was for treatment T7 (control).  

The cost and return analysis of strawberry produced in different treatments of 

hydroponics and plastic pots is presented in Table 8. The maximum yield per treatment 

was observed under treatment T3 i.e. cocopeat + vermiculite + vermicompost (4.42 kg), 

followed by treatment T5 i.e. cocopeat + perlite + vermicompost (3.96 kg) and minimum 

was in T7 i.e. control (1.43 kg). Gross return on the basis of yield per plant was found to 

be maximum (₹993.65) in treatment T3, followed by T5 treatment (₹891.57) and 

minimum (₹322.22) was observed in control treatment (T7). The net returns were found to 

be maximum in case of treatment T3 (₹589.57) with B:C ratio of 1:2.5, followed by 

treatment T5 (₹486.32) with B:C ratio of 1:2.2 and minimum was noted in treatment T7 i.e. 

control (₹57.15) with B:C ratio of 1:1.2. 

 The cost benefit ratio ranged from 1:1.25 to 1: 2.5 between  treatment control (T7) 

and (T3) cocopeat + vermiculite + vermicompost (1:1:1) as per the yield obtained. 

Highest cost benefit ratio of (1:2.5) was recorded in treatment (T3) cocopeat + vermiculite 

+ vermicompost (1:1:1) is because of the higher yield.  

 

 

 

  

 



 

  Table 7:  Cost of cultivation for different substrate combination (₹/treatment) 

*T
1
 – Cocopeat (100%), T

2
 – Cocopeat + Vermiculite (1:1), T

3
 – Cocopeat + Vermiculite + Vermicompost (1:1:1), T

4
 – Cocopeat + Perlite (1:1), T

5
 – 

Cocopeat + Perlite + Vermiculite (1:1:1), T
6
 – Local soil + Vermiculite (1:1), T

7
 – Local soil (control) (100%) 

Treatments 
Substrate  

(₹)  
Runner  

(₹)  
Labour  

(₹)  
Hydroponics  

(₹)  
Electricity 

 (₹)  
Nutrition  

(₹)  

Muslin 

cloth  
(₹)  

Net pots  
(₹)  

Plastic 

Pots  
(₹)  

Cost of 

cultivation  
(₹)  

T
1
 63.00  18.00  178.57  90.00  6.00  45.00  9.00  9.00  0.00  418.57  

T
2
 65.70  18.00  178.57  90.00  6.00  45.00  9.00  9.00  0.00  421.27  

     T
3
 48.51  18.00  178.57  90.00  6.00  45.00  9.00  9.00  0.00  404.08  

T
4
 67.50  18.00  178.57  90.00  6.00  45.00  9.00  9.00  0.00  423.07  

T
5
 49.68  18.00  178.57  90.00  6.00  45.00  9.00  9.00  0.00  405.25  

T
6
 4.50  18.00  178.57  0.00  0.00  45.00  0.00  0.00  22.50  268.57  

T
7
 1.00  18.00  178.57  0.00  0.00  45.00  0.00  0.00  22.50  265.07  



 

Table 8: Cost and benefit analysis of strawberry production 

*T
1
 – Cocopeat (100%), T

2
 – Cocopeat + Vermiculite (1:1), T

3
 – Cocopeat + Vermiculite + Vermicompost (1:1:1), T

4
 – Cocopeat + Perlite (1:1), 

T
5
 – Cocopeat + Perlite + Vermiculite (1:1:1), T

6
 – Local soil + Vermiculite (1:1), T

7
 – Local soil (control) (100%) 

Treatments 
Yield per 

 treatment  

(kg)  

Gross return 

 (₹)  

Cost of  

cultivation  

(₹)  

Net return  

(₹)  
BC Ratio  

T
1
 2.35  528.14  418.57  109.57  1:1.3  

T
2
 3.21  722.88  421.27  301.61  1:1.7  

     T
3
 4.42  993.65  404.08  589.57  1:2.5  

T
4
 2.99  673.52  423.07  250.45  1:1.6  

T
5
 3.96  891.57  405.25  486.32  1:2.2  

T
6
 1.89  424.78  268.57  156.21  1:1.6  

T7 1.43 322.22 265.07 57.15 1:1.2 
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Chapter 5 

DISCUSSION 

The present investigation entitled “Nutritional studies for soil and soilless 

production of strawberry (Fragaria × ananassa) cv. Chandler” was carried out at 

experimental area in the Division Plant Physiology of Sher-e-Kashmir University of 

Agricultural Sciences and Technology of Jammu, Main Campus, Chatha during 2020-21. 

The results of investigation were discussed in this chapter to explain the observed effects 

in the light of available literature under the following heads. 

5.1   Effect of different substrate combinations on vegetative growth parameters 

The effect of different substrate combinations showed a significant influence on 

plant vegetative growth parameters. Minimum number of days taken for runner 

establishment (6.41), maximum average number of leaves per plant (28.64), leaf area per 

plant 135.46 cm2, leaf chlorophyll content (55.35), plant spread (42.47 cm) and root/shoot 

ratio (1.53) was recorded under treatment T3 i.e. cocopeat + vermiculite + vermicompost 

(1:1:1) whereas, the maximum number of days taken for runner establishment (8.32), 

minimum average number of leaves per plant (16.24), average leaf area per plant (119.30 

cm2), leaf chlorophyll content (40.93), plant spread (20.33 cm) and root/shoot ratio (0.93) 

was observed under treatment T7 (control).  

The characteristics of different materials required as growing substrates have 

direct and indirect impact on plant growth, which might explain the difference in 

vegetative growth (Verdonck et al., 1981). The increase in vegetative growth parameters 

might be due to better aeration and water holding capacity offered by vermiculite which 

resulted in better root growth of the strawberry plants. Furthermore, vermiculite in 

combination with vermicompost comparised of greater organic matter than other substrate 

combination which provided enough nutrients to the plants to offer greater vegetative 

growth (Graves, 1983). According to Schie (1999), cocopeat is an organic substance with 

a medium ion absorption capability. It also has higher aerial porosity and a higher water 

and nutrient maintenance capacity (Por-Hossein et al., 2009 and Firoozabadi et al., 2009). 

Vermicompost is a medium that contains various types of nutrients for plant uptake such 

as nitrates, exchangeable phosphorus, potassium, calcium, and magnesium, as well as 

improved water retention capacity (Khalighi and Padasht-Dehkaee, 2000 and Fernandes 

and Eduardo-Cora, 2004).  The utilisation of various organic and inorganic substrates in 
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the proper proportions optimises water and oxygen retention, as well as nutrient 

absorption and allowing for adequate growth and development (Bartczak et al., 2007, 

Albaho et al., 2009, Ayesha et al., 2011 and Hesami et al., 2012). Soltani (2004) reported 

that disruption in the plant photosynthetic system might be one of the physiological 

causes for growth reduction in the traditional system. 

Cocopeat, according to Nourizadeh (2003), is beneficial in rooting owing to 

improved exchange of elements, particularly cations, within the substrate and correct 

moisture distribution, which enhances root system and, ultimately the plant height. Plant 

growth, as measured by plant height, stem diameter, and number of leaves, was greater in 

soilless culture than in soil cultivation, according to Rumple et al. (1996). Hassan et al. 

(2011) discovered that utilising coconut husk resulted in the most leaves and plant height, 

whereas, using soil cultivation resulted in the least. Similarly, Ericisli et al. (2005) found 

that soilless substrates were beneficial in promoting the growth of both root and shoot 

parts of strawberry cultivars. 

Several research groups have also confirmed that soilless substrates, rather than 

soil, had a significant influence on plant growth (Tehranifar et al., 2007, Tzortzakis and 

Economakis, 2008, Singh et al., 2000, Kumar et al., 2011, Prasana et al., 2013, Marinou 

et al., 2013 and Kumar et al., 2014). 

5.2 Effect of different substrate combinations on flowering characteristics 

In present study, different flowering parameters such as days for first bud 

formation (64.74), days taken for first flower initiation (68.80) were minimum whereas, 

average number of buds per plant (25.47), number of flowers per plant (8.44, 9.98, 6.91) 

at 30, 60, 90 days after first flowering respectively and average number of flowers per 

plant (25.33) were recorded maximum under treatment T3 i.e. cocopeat + vermiculite + 

vermicompost (1:1:1) while, the maximum days taken for first bud formation (78.72), 

days taken for first flower initiation (83.60) and minimum average number of buds per 

plant (15.38), number of flowers per plant (5.06, 6.59, 3.53) at 30, 60, 90 days after first 

flowering respectively, average number of flowers per plant (15.18) were  observed under 

treatment T7 i.e. control. 

 Nourizadeh (2003) also observed significant increase in the number of flowers in 

plants as a result of proper ventilation and water maintenance in a soilless substrate. The 

improved root zone environment due to cocopeat, vermicompost and vermiculite may 
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have contributed to the greater flowering results in artificial media as compared to soil. 

The physio-chemical characteristics of the growing media have an impact on plant growth 

and flowering (Wilkerson, 2002) and the composition of the growing media is a critical 

aspect to consider (Ingram et al., 2003). According to Arancon et al. (2004), organic 

matter (vermicompost) treatments enhanced strawberry flowering by 40 per cent. 

According to Ayesha et al. (2011), coconut coir and compost-based growth media may 

greatly increase the size of strawberry flowers, while Riaz et al. (2008) found comparable 

findings in zinnia. 

5.3   Effect of different substrate combinations on physical characteristics 

        The different substrate combinations showed a significant influence on physical 

characteristics of strawberry fruit. The maximum fruit length (3.92 cm), fruit breadth 

(3.40 cm), fruit size (13.32 cm2), fruit colour (dark red), maximum fruit weight (19.48 g), 

fruit volume (17.57 cc), specific gravity (1.11 g/cm3), number of fruits per plant (25.19) 

and yield per plant (490.69 g) was with treatment T3 i.e. cocopeat + vermiculite + 

vermicompost (1:1:1), whereas, minimum fruit length (2.73 cm), fruit breadth (2.23 cm), 

fruit size (6.07 cm2), fruit colour (orange red), minimum fruit weight (10.71 g), fruit 

volume (10.64 cc), specific gravity (1.01 g/cm3), number of fruits per plant (14.86) and 

yield per plant (159.12 g) was under treatment T7 i.e. control. 

The appropriate combination of substrate provides a better environment for root 

growth and prevents water tension and increased water consumption, as well as increased 

fruit production in strawberry (Serrano et al., 1993, Ericisli et al., 2005, Mashadi et al., 

2009 and Ebrahimi et al. 2012). The increase in fruit weight might be attributed to the 

organic substrate providing appropriate levels of manures, therefore making accessible 

sufficient and balanced amounts of macro and micro nutrients, resulting in an increase in 

the weight of the strawberry fruit via increasing carbohydrate synthesis (Ayeni et al. 

(2009). The findings of this study correlate with those of Ayesha et al. (2011), who found 

that tomato and strawberry crops grown in organic substrates produced higher fruit 

weight. The superior physical conditions, moisture retention and aeration characteristics 

of media may be responsible for the results. The current findings are consistent with those 

of Fornes et al. (2003) and Ayesha et al. (2011), who found that a manure-based medium 

enhanced strawberry fruit size, possibly due to its potential to supply necessary 

micronutrients to the plants. Ullah et al. (2008) and Gungor and Yildirim (2013) observed 
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comparable results, reporting that as compared to peat alone, mixed medium considerably 

enhanced fruit length, diameter and weight.  

 A mixture of substrates has been shown to enhance aeration and formation of root 

system (Yuan et al., 1996, Verdonck and Demeyer, 2004), resulting in greater production 

(Du et al., 2007, Albaho et al., 2009). Similarly, the findings are in accordance with those 

of Gracia and Deverde (1994) and Maher et al. (2008), who observed that root growth of 

tomato plant is faster in soilless culture, resulting in higher yield. In soilless culture, 

increased the vegetable growth leads to increased production, as stated (Economakis and 

Krulj, 2001, Waffa et al., 2009). Takeda (1999) also reported that using the right substrate 

mix in soilless culture within greenhouse systems, can prolong harvesting time, produce 

off-season strawberries and improve output. The findings are also consistent with those of 

Linardakis and Manios (1990), Cantliffe et al. (2008), Yavari et al. (2008), Mashadi et al. 

(2009) and Rostami et al. (2014), who found that substrates containing different ratios of 

cocopeat, perlite, pumice, vermicompost, saw dust, and zeolite significantly varied in 

strawberry yield. Further, in comparison to soilless media without vermicompost, the 

yield per plant was geater when vermicompost was used. These results correspond with 

those of Atiyeh et al. (2000) and Arancon et al. (2004), who found that using 

vermicompost as a plant growing medium increased yield significantly due to high 

porosity, good aeration, drainage, water holding capacity, extremely high microbial 

activity, plant growth hormones and humic acids. These findings corroborated with those 

of Edwards and Burrows (1988), Abad et al., (2002), Cantliffe et al., (2007) and Singh et 

al., (2010), who found that vermicompost contains accessible types of nutrients for plant 

uptake such as nitrates, exchangeable phosphorus, potassium, calcium, and magnesium. 

5.4 Effect of different substrate combinations on biochemical characteristics 

 The different substrate combinations showed significant effect on biochemical 

characteristics of strawberry fruit. In present study, highest total soluble solids (9.94 oB), 

total sugars (8.03 %), reducing sugars (6.21 %), non reducing sugars (1.73 %), ascorbic 

acid (51.10 mg/100g), anthocyanin content (48.40 mg/100g), carotenoid content (18.04 

mg/g) and lowest titratable acidity (0.81 %) was recorded under treatment T3 i.e. cocopeat 

+ vermiculite + vermicompost whereas, lowest total soluble solids (6.48 oB), total sugars 

(5.72 %), reducing sugars (4.61 %), non reducing sugars (1.06 %), ascorbic acid (42.51 

mg/100g), anthocyanin content (40.21 mg/100g), carotenoid content (14.94 mg/g) and 

highest titratable acidity (1.40 %) was recorded under treatment T7 i.e.control. 
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Higher leaf area may have benefited photosynthetic rate, translocation and 

accumulation of sugars and metabolites in fruits during soilless culture, resulting in 

increase in TSS and total sugars in fruits (Ayesha et al., 2011). Similarly, the results were 

in accordance as stated by Ozdemir and Kaska (1997) who found that strawberries 

produced in soilless culture had higher TSS and better flavour than those grown in soil 

conditions. In soilless tomato cultivation, Gruda and Schnitzler (2004) found an increase 

in dry matter, sugars, soluble solids, vitamins and carotenoids content. 

 In present study, significant differences in TSS and sugars were found in various 

combinations of soilless medium. This might be because the varying proportions of 

cocopeat + vermiculite + vermicompost which alters the physical and chemical qualities 

of the substrates, affecting the qualitative attributes of strawberries fruit significantly.  

 Our results are in conformity with the results of Jafarnia et al. (2010), Inden and 

Torres (2004), and Ameri et al. (2012) who investigated the effect of different substrate 

combinations on TSS and sugar content. However, Fernandez et al. (2006) and Cantliffe 

et al. (2008) found that the key nutritional quality parameters such as TSS, organic acids, 

soluble sugars and minerals did not change significantly under the soil and soilless media. 

  The increased acidity may be due to the longer time necessary for harvestable 

fruit in soil, but in artificial media, plants are able to reach their full potential, resulting in 

earlier fruit maturation and ripening. Another cause for greater acidity in soil-grown fruits 

has been suggested: high EC, which resulted in low absorption of N, K+ and better 

absorption of Ca2+ and Na+ than anions like SO42- Davis (1964). Similarly, Hassan et al. 

(2011) found more acidic fruits in soil and lower acidic fruits in coconut coir. 

The acid content of strawberries varies considerably in the various combinations 

of soilless substrates used in this study. The findings are also consistent with those of 

Javanpour et al. (2005) who found that the presence of Perlite as a mineral in organic 

substrate combinations reduces cations exchange capacity and influences fruit acidity. 

Ameri et al. (2012) showed that decreased pH level led in increased titratable acidity 

content. Fernandez et al. (2006), on the other hand, observed no significant differences in 

acidity levels as a result of the farming approach, with or without soil. 

This might be attributed to changes in the physicochemical characteristics of the 

substrate as a result of combining organic (cocopeat and vermicompost) and inorganic 

(vermiculite) substrates, which may have affected overall vitamin C content and fruit 
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quality. The findings are similar to those of Yavari et al. (2008) and Hassan et al. (2011), 

who found that fruits grown on coconut husk had the highest vitamin C content while 

those grown in soil had the lowest. The rise in ascorbic acid concentration might be 

attributed to better growth and fruiting, as well as physiological activities in the plant 

system such as carbohydrate synthesis (Alldredge et al., 2010). 

According to Gregorioa and Vakits (1992); Ghazvini et al. (2007) and Ameri et 

al. (2012), the enhancement in anthocyanin pigment in strawberries might be related to 

the tendency of anthocyanin content to increase with higher sugar metabolism throughout 

the fruiting stage in soilless culture in comparison to soil. Different substrates have a 

significant influence on anthocyanin concentration in strawberry. Similarly, Schmitzer 

and Stampar (2009) found that the concentration of phenolic compounds, particularly 

anthocyanin, is affected by substrate pH, which progressively increases as the pH content 

of growth medium decreases. However, the findings contradict with those of Paroussi and 

Paroussis (1995), who found that soil and soilless cultivation had no significant influence 

on strawberry anthocyanin pigment. 
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Chapter 6 

SUMMARY AND CONCLUSIONS 

The present investigation entitled “Nutritional studies for soil and soilless 

production of strawberry (Fragaria × ananassa) cv. Chandler” was carried out at 

experimental area in the Division Plant Physiology of Sher-e-Kashmir University of 

Agricultural Sciences and Technology of Jammu, Main Campus, Chatha during 2020-21. 

The results have clearly indicated that there was a positive effect on growing of 

strawberry in hydroponic system (NFT). The significant findings found during course of 

study are briefly summarized below: 

The growth characteristics of strawberry plant differed significantly due to 

different substrate combinations. Minimum number of days taken for runner 

establishment (6.41), number of days taken for first bud formation (64.74), number of 

days taken for first flower initiation (68.80) were recorded under treatment T3 i.e. 

cocopeat + vermiculite + vermicompost (1:1:1). Furthermore, it also significantly 

increased average number of leaves (28.64) per plant, average leaf area (135.46 cm2) per 

plant, leaf chlorophyll content (55.35), plant spread (42.47 cm), root/shoot ratio (1.53), 

average number of buds per plant (25.47), number of flowers per plant (8.44, 9.98, 6.91) 

at 30, 60, 90 days after first flowering respectively and average number of flowers per 

plant (25.33). 

Physical characteristics were also influenced by the different substrate 

combinations. Maximum fruit length (3.92 cm), fruit breadth (3.40 cm), fruit size (13.32 

cm2), dark red colour, fruit weight (19.48 g), fruit volume (17.57 cc), specific gravity 

maximum (1.11 g/cm3), number of fruits per plant (25.19) and yield per plant (490.69 g) 

was recorded under treatment T3 i.e. cocopeat + vermiculite + vermicompost (1:1:1). 

The biochemical characteristics also greatly differed with various substrate 

combinations. Maximum total soluble solids (9.94 oB), total sugars (8.03 %),  reducing 

sugars (6.21%), non reducing sugars (1.73%), ascorbic acid (51.10 mg/100g), 

anthocyanin content (48.40 mg/100g), carotenoid content (18.04 mg/g) and minimum 

titratable acidity (0.81%) was recorded under treatment T3 i.e. cocopeat + vermiculite + 

vermicompost (1:1:1). 
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As per economic analysis it was made clear that maximum B:C ratio (1:2.5) was 

recorded under treatment T3 i.e. cocopeat + vermiculite + vermicompost (1:1:1) whereas, 

minimum B:C ratio (1:1.2) was found to be under treatment T7 i.e. control.  

Conclusion  

From the present investigation, it is concluded that different substrate 

combinations significantly affect the growth, yield and quality parameters of strawberry. 

Application of treatment T3 i.e. cocopeat + vermiculite + vermicompost in the ratio of 

1:1:1 in nutrient film technique may be beneficial for better yield and nutritional quality 

production of strawberry cv. Chandler. Furthermore, B:C ratio (1:2.5) was obtained 

maximum under treatment cocopeat + vermiculite + vermicompost (1:1:1) and found to 

be economically feasible. This combination of growing media could be recommended to 

farmers. Nevertheless, the positive results with reference to cocopeat + vermiculite + 

vermicompost for strawberry is undoubtedly encouraging for making elaborate studies in 

the hydroponics with right combination of growing media. Thus, it was concluded that 

Hydroponics (nutrient film technique) is capable of achieving sustainable development 

goals by providing a higher production yield without any constrains of climate and 

weather conditions and lower water consumption when compared to soil. Therefore, 

hydroponic technique could be a way to achieve sustainable intensification. 
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Appendix-I 

      Meteorological data during crop season (01 October, 2020 to 28 April, 2021) 

 

      Source: Agrometeorology centre, SKUAST- Jammu 

Standard meteorological 

week  

Temperature (0C) Humidity (%) Rainfall 

(mm) Max. Min. Morning Evening 

40 (01-07 October) 33.86 18.17 76.29 39.57 0.00 

41 (08-14 October  ) 33.50 17.97 81.43 40.00 0.00 

42 (15-21 October) 32.37 14.37 90.29 31.86 0.00 

43 (22-28 October) 30.26 12.37 89.86 34.43 0.00 

44 (29 Oct.-4 November) 28.66 10.84 85.71 32.43 0.00 

45 (5-11 November  ) 27.90 9.61 88.43 39.57 0.00 

46 (12-18 November) 23.21 9.84 92.71 58.00 3.97 

47 (19-25 November) 20.60 8.51 91.86 55.86 0.00 

48 (26 Nov.-02 December ) 23.69 7.40 92.43 48.29 1.14 

49 (03-09 December) 23.27 9.79 92.14 57.86 0.11 

50 (10-16  December) 18.50 8.27 93.71 65.86 3.94 

51 (17-23  December) 17.60 2.97 93.86 61.71 0.00 

52 (24-30  December) 15.23 3.33 95.29 72.71 1.26 

01 (31 Dec.-06 January) 17.93 7.16 93.14 73.71 12.60 

02 (07-13 January) 15.40 9.10 94.86 80.00 0.00 

03 (14-20 January) 18.06 6.00 94.14 71.43 0.00 

04 (21-27 January) 17.31 5.24 93.29 66.14 0.54 

05 (28 Jan.-03 February) 19.83 5.10 90.86 50.86 0.00 

06 (04-10 February) 20.63 7.10 89.71 50.29 0.00 

07 (11-17 February) 21.31 10.33 96.14 68.86 0.00 

08 (18-24 February) 24.89 9.90 94.71 54.71 0.00 

09 (25 Feb.-03 March) 26.96 11.06 83.00 47.43 0.00 

10 (04-10 March) 28.57 10.94 82.29 39.86 0.00 

11 (11-17 March) 26.81 12.47 83.57 50.43 0.51 

12 (18-24 March) 27.06 13.71 80.29 48.43 2.17 

13 (25-31 March) 30.71 13.94 78.00 37.43 0.00 

14 (01-07 April) 30.63 11.76 60.71 26.71 0.23 

15 (08-14 April) 33.97 13.46 59.29 19.00 0.23 

16 (15-21 April) 29.60 15.93 59.86 40.43 1.57 

17 (22-28 April) 33.46 14.61 61.29 24.00 1.14 
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