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1. INTRODUCTION

Okra (Abelmoschus esculentiis (L.) Moench), popularly known by the names

"Lady's finger" and "Bhindl" belongs to the family Malvaceae, is an important

vegetable grown throughout the coimtry as summer crop. Okra is consumed as a

fresh vegetable and also used in culinary preparations. It is also added for the

thickening of gravies and soups. Okra provides carbohydrates, fat, protein, minerals

and vitamins that are essential in human nutrition. The okra fruits are rich in vitamin

A (0.1 mg), thiamine (0.07 mg), riboflavin (0.1 mg), nicotinic acid (0.6 mg), vitamin

C (13 mg), protein (1.9 g), carbohydrates (6.4 g), fat (0.2 g) and fibre (1.2 g). It also

contains iron (0.35 mg), calcium (90 mg), phosphorus (56 mg), potassium (103 mg),

sodium (6.9 mg), sulphur (30 mg) and magnesium (53 mg) per 100 g of raw okra

fruits. The nutritive value of okra is found to be higher than many other vegetables

like tomato, brinjai (Gopalan et al, 2007). India is the largest producer of okra in the

world where the total area and production comes to about 5.09 lakh ha and 60.95

lakh t respectively (GOl, 2017). Kerala is one of the important okra growing states

covering 0.03 lakh ha of area with a production of 0.3 lakh t and productivity of 9.74

tha"' during 2016-2017.

Calcium, a secondary nutrient is essential for the plant metabolism. This

element is required for the growth of meristematic tissues and functioning of root tips

(Prasad et al., 2014). It has a fundamental role in the integrity and stability of cell.

Calcium present as calcium pectate in the middle lamella is found essential for

strengthening of cell wall and plant tissues and thereby provides mechanical support.

The calcium pectate proportion in the cell wall thus determines the sensitivity of

tissue to bacterial and fungal infections (Marschner, 2012) and responsible for the

finit ripening (Ferguson, 1984). This portion preserves the fruits from deterioration

by regulating the respiration rate and minimizes the evolution of ethylene from

tender fixiits thereby conserving moisture content and retaining freshness of fimit

(Balasubramanian et al., 2010). Even a relatively small rise in the concentration of

calcium in finits can be effective in preventing or reducing storage losses and thereby



increases economic returns. Calcium in water-soluble form extracted from egg shells

has been proven as efficient and effective in Korean natural farming technique

(Chang et al., 2013). Water-soluble supplements of calcium available in the market

are expensive. Therefore, the experiment envisages developing and characterizing a

water soluble organic calcium source for foliar spray with locally available inputs.

Calcium in soil also regulates availability of other nutrients and thereby yields.

Therefore, calcium nutrition is important. Calcium deficiency may occur in soil with

less base saturation and increased levels of acidic deposition (McLaughlin and

Wimmer, 1999). The lime stone and dolomite are commonly used liming material in

acidic soils. Calcium mobility in the plant takes places through the xylem rather than

phloem, together with water. Uptake and transport of calcium are passive and

upward movement is with transpiration stream (Epstein, 1972). Therefore, uptake of

calcium is related to the transpiration rate directly. Calcium deficiencies are caused

either due to less availabihty of calcium or due to water stress which results in low

rates of transpiratioa Calcium cannot be mobilized from older tissues and

redistributed via phloem. This forces the tissues to lean upon the immediate supply

of calcium in the xylem (Valero and Serrano, 2010). The transpiration rate is low in

young leaves, enclosed tissues and fruit (White and Broadley, 2003). Therefore, it is

essential to ensure the constant supply of calcium required for continuous plant

growtL The low transpiration rate of fruits in combination with mobility of calcium

in the phloem causes serious problem enhancing the distribution of the element to the

fruit via calcium application to the root system (Bangerth, 1979). Therefore calcium

sprays in aerial parts of plant is recommended and applied in many fruit production

zones of the world (Lurie and Crisosto, 2005), either as routine application to lessen

or prevent the emergence of calcium deficiencies in localized areas or to enhance the

quality of commodities in the market (Liebisch et al., 2009). Fohar feeding results in

quick uptake and translocation of nutrients to different plant parts and allows rapid

correction of nutrient deficiencies and thereby increases the production and

marketabihty of the produce (Fageria et al., 2009).



Hence the present study on "Evaluation of calcium nutrition in okra

(Abelmoschus esculentus (L.) Moench)" was conducted using okra as test crop. The

following were the objectives:

1. To develop and characterize an organic calcium source for fohar spray

2. To identify the best source and method of calcium nutrition by assessing

its impact on growth, productivity, profitability and quality of okra
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2. REVIEW OF LITERATURE

Okra (Abelmoschus escttlentus (L.) Moench), an important summer

vegetable, meet the demand of vegetables in the coimtry when other vegetables

are found scarce in market. Okra is cultivated year roimd in Kerala. It grows well

in summer whereas in winter they are found retarded and late in maturity.

Calcium, a macro nutrient plays vital role in cell elongation, cell division and

thereby yields in the vegetables. The present study entitled "Evaluation of

calcium nutrition in okra (Abelmoschus esculentus (L.) Moench)." was done to

identify the best source and method of calcium nutrition and thereby assessing its

impact on growth, productivity, profitability and quality of okra.

A literature study was conducted for the experiment and supporting

reviews are presented below imder different titles.

2.1 IMPORTANCE OF CALCIUM NUTRITION IN VEGETABLES

Calcium have vital role in growth and development of the crop. Beeson

(1941) reported that leaves of tomato, legumes, contain several per cent of

calcium on a dry weight basis. The calcium content in plants is highly variable

and ranges from 0.1 per cent to 10 per cent of total dry weight.

Maynard et at. (1981) observed that older foliage of cauliflower contain

higher amount of calcium than younger leaves implying calcium unmobility in

plants. Marme and Dieter (1983) reported the role of calcium in cell division and

cell enlargement. The frequent appearance of calcium deficiency in calcium rich

sods is due to poor repartioning of the nutrient within the plant (Poovaiah, 1986).

Calcium present as calcium pectate is essential for maintenance of

structural integrity of membranes and cell walls. The major portion of calcium in

plants is found in the apoplast, associated with cell wall and the plasma membrane

(Poovaiah, 1988).

9'



Calcium deficiency in chilli caused drying up of shoots tips and chlorosis

of younger leaves (Roychoudhury et al., 1990).

Maynard and Hochmuth (1996) found that phloem immobile nutrients

such as calcium should be applied in small quantities at frequent intervals for

correcting calcium deficiencies in vegetables.

The calcium content in leaves and fruit of tomato plants were about 0.67

per cent and 0.056 per cent respectively indicating leaves contain more calcium

than fruits (Adams and Holder, 1992).

The membrane integrity and cell wall structure of cucumber fruits is

improved when treated with calcium chloride during storage (Kwon et al., 1999).

The low supply of calcium adversely affected the nodulation, growth and

nitrogen fixation capacity of rhizobium with the roots of legumes (Pan, 2000).

High calcium levels improved growth of rhizobium, adsorption to roots

and nodule number in the pea (El-hamdaoui et al., 2003).

Hao and Papadopoulos (2003) revealed that increased calcium

concentration of about 300 ppm reduced the incidences of blossom end rot and

fruit rosetting in tomato fruits.

Taylor and Locasio (2004) reported that low soluble calcium

concentrations were one of the causes for increased incidences of blossom end rot

in tomato.

Gao et al. (2006) observed that in grafted eggplant seedlings calcium

increased chilling resistance.



2.2 DEVELOPMENT AND CHARACTERIZATION OF ORGANIC CALCIUM

SOURCE FOR FOLIAR SPRAY

Taylor (1970) observed that egg shells of chicken were conposed of

calcite mostly in the form of columnar crystals having 0.04 cm thick.

Agnew (1981) reported that egg shells stored in wooden cabinets of

Queensland Museum got corroded and identified the presence of water soluble

calcium acetate on the surface of the eggshell by infra-red spectroscopy.

Mitchell (2005) reported that finely grounded eggshell contain calcium in

soluble form than hand crushed egg shells where plant uptake was found less due

to the presence of calciiun in non-soluble form.

Optimal pH values of spray solutions for the uptake of mineral nutrients

were within the range of 3.0-5.5 (Kannan, 1980).

Chang et al. (2013) demonstrated an experiment for the preparation of

water soluble calcium (WCA) using house hold items such as egg shells (oyster or

calm shells) with brown rice vinegar as solvent.

Dhanalakshami (2017) reported that the fresh preparation of egg extract

had a pH varied from 2.89 to 4.88 and EC of 0.06 dS m"'. The N, P, K, Ca and

Mg content in egg extract varied from 0.57 to 0.68 per cent, 0.011 to 0.014 per

cent, 0.23 to 0.30 per cent, 1139 to 1367 ppm and 117 to 126 ppm respectively.

Xiu-rong (2019) conducted a study on making calcium acetate from egg

shells by the addition of eggshells burned at 1000°C for one hour to the acetic acid

having concentration ranged from 15 to 17 M.



2.3 EFFECT OF CALCIUM SOURCE AND METHOD OF APPLICATION

2.3.1 Growth characters

Decreased mitotic activity due to calcium deficiency resulted reduction in

plant height of tuhp (Nelson and Niedziela, 1998).

Aghofack-Nguemezi and Tatchago (2010) observed that there was no

significant effect of calcium fertilizers on plant height of tomato.

Oluwatoyinbo et al. (2005) studied the response of okra to hme and

phosphorus fertilization in an acid soil and demonstrated that lime apphcation @

500 kg ha"' increased plant height compared to control.

Lime application had significantly resulted in increased plant height of

okra plants grown in acidic soils (Oluwatoyinbo et al., 2009).

The foliar Ca(N03)2 application increased plant height on cucumber (AI-

Hamzavi, 2010).

Ayyub et al. (2012) declared that fohar application of 0.5 M calcium

chloride increased number of leaves per plant in tomato.

Rab and Haq (2012) reported that the maximum plant height (86.60 cm) in

tomato was observed with fohar application of 0.6 per cent calcium chloride.

In an experiment with different levels of calcium (0, 3, and 6 per cent) as

foliar spray on tomato at Agriculture Extension and Model Farm Service,

Pakistan, it was found that six per cent concentration increased plant height.

(Ilyas et al., 2014).



The calcium foliar application @ 0.25 per cent on tomato plants increased

and improved vegetative growth (Husein et ai, 2015)

The apphcation of lime @ 450 kg ha ' significantly improved plant height

and number of leaves by 18.04 and 34.00 per cent respectively than control in

broccoli (Kumari, 2017).

Abd-El-Hamied and Abd El-Hady (2018) revealed that maximum plant

height was noticed with fohar apphcation of 0.3 per cent calcium in tomato.

Ashraf et al. (2018) observed that foliar treatment of calcium @ 0.3 per

cent significantly increased growth parameters such as plant height and number of

leaves in tomato.

Haleema et al. (2018) revealed that calcium fohar apphcation @ 0.6 per

cent increased plant height and number of leaves in tomato.

2.3.2 Yield attributes

2.3.2.1 Days to 50 per cent flowering

Aghofack-Nguemezi and Tatehago (2010) studied the effect of fertilizers

containing calcium on the growth and development of tomato and found that

calcium nitrate apphcation @ 800 kg ha"' prolonged 50 per cent flowering in

tomato.

Shobo et al. (2016) studied the effect of fohar apphcation of Megagreen®,

an activated calcite containing 95 per cent CaCOj on the growth and yield

performance of tomato and revealed that Megagreen® apphcation @ 1 kg ha"'
resulted earliness for flowering.



2.3.2.2 Number offruits per plant

Maximum number of fruits (95.33) per tomato plant was found in plants

foliar treated with 0.5 M calcium chloride (Ayyuh et ai, 2012).

Fohar appUcation of 0.6 per cent CaCl2 produced highest number of fruits

per plant (96.37) in tomato (Rab and Haq, 2012).

Ilyas et al. (2014) reported that fohar application of calcium @ 6 per cent

had significantly increased number of fruits in tomato. Similar observations were

made by Ashraf et al. (2018) in tomato where fohar application of calcium

chloride @ 0.2 per cent recorded maximum number of fruits (32.73).

Haleema et al. (2018) observed that calcium fohar apphcation @ 0.6 per

cent significantly increased number of fruits in tomato.

2.3.2.3 Girth of fruit

Ghoname et al. (2007) observed that fohar apphcation of calcium chloride

had not significantly influenced neck and bulb diameter of onion .

In tomato fohar apphcation of calcium chloride at 0.25 and 0.50 per cent

increased width of the fruit (Budak and Erdal, 2016).

According to Abd-El-Hamied and Abd El-Hady (2018) fohar apphcation

of calcium at 0.3 per cent resulted in highest fruit diameter in tomato.

Youssef et al. (2017) reported that head diameter of lettuce was

significantly increased by fohar apphcation with calcium chloride.
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2.3.2.4 Length of fruit

Susheela et al. (2006) reported that lime application @ 4 t ha'

significantly increased pod length of garden pea compared to control.

Budak and Erdal (2016) conducted a greenhouse study to determine the

effect of foUar calcium apphcation on yield and mineral nutrition of tomato

cultivars and reported that calcium chloride sprays given in three growing periods

at flowering, fiuit set and pre-harvest significantly increased fruit length.

2.3.2.5 Weight of fruit

Foliar application of CaCl2 (0.6 per cent Ca) in tomato plants resulted in

the maximum fruit weight (Rah and Haq, 2012).

Fohar apphcation of calcium nitrate at a higher concentration (15 mM)

was superior in improving growth and mean fruit weight than at lower

concentrations (0 and 10 mM) in cucumber plants (Shafeek et al., 2013).

In a study to know the response of tomato {Lycopersicon esculentum L.)

cv "Rio Grand' at different levels of calcium as foliar spray, Ilyas et al. (2014)

observed that foliar application at a concentration of 6 per cent resulted in highest

fruit weight (78.01 g).

The fohar apphcation of calcium chloride increased tomato fiuit weight

when spraying was done in three growing season at flowering stage, fiuit set and

preharvest (Budak and Erdal, 2016).

The apphcation of lime @ 450 kg ha"' gave maximum fresh weight

(674.32 g) in F1 hybrid Green Magic variety of broccoh (Kumari, 2017).
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Foliar application of calcium at a concentration of 0.2 per cent produced

maximum firuit weight in tomato (Ashraf et al., 2018).

2.3.2.6 Fruit yield

Budak and Erdal (2016) observed that foliar application of calcium

chloride at 0.25 and 0.5 per cent increased firuit yield per plant in tomato.

The fruit yield of tomato per plant was highest with calcium foliar

application at a concentration of 0.2 per cent (Ashraf et at., 2018).

Asiegbu and Uzo (1983) reported that lime application increased fruit

yield of tomato.

In a 2-year study it was reported that cabbage responded weU to liming

and yield was increased by 46 per cent when lime was apphed at 15.71

ha"' (Smith et al., 1986).

Kotur (1998) revealed that hme application increased the yield of okra to

about 3.4 t ha"' when a field experiment was done on hme application in three

cropping sequeneces.

Soil application of calcium nitrate increased the yield of vegetables by 9.1

to 24.1 per cent while foliar application @ 0.25- 0.5 per cent increased the yield

of vegetables by 4.2-27.7 per cent (Bao et al., 2000).

Calcium nitrate apphcation in green gram as foliar spray had significant

effect on yield when sprayed at 0.406 per cent (Sarkar and Pal, 2006).

The cabbage yield differed significantly with lime application and varied

between 39.9 to 62 t ha"'. The application of lime increased cabbage yield by 21

to 31 per cent over control. After harvest of the cabbage, okra was grown in
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residual lime and boroa The yield of succeeding crop okra increased by 5-10 per

cent under residual lime (Jena et al., 2009).

Oluwatoyinbo et al. (2009) studied the effect of lime application on okra

(Abelmoschtis esciilentus (L) Moench) grown on an acidic soil and reported that

lime appUcation resulted in highest yield of about 4.4 t ha'.

Preharvest spray of CaCl2 enhanced the yield of okra from 8.12 t ha"'

(control) to 10.5 t ha"' giving an yield advantage of 1.5-2 t ha"' (Balasubramanian

et al., 2010).

On conducting an experiment to study the effect of calcium on tomato

growth, Kazemi (2014) found that foliar application of CaCla at a concentration of

15 mM resulted in the maximum yield (25.36 t ha"').

Calcium foliar apphcation at 6 per cent had resulted in significant increase

in the yield (21.11 ha"') of tomato (Ilyas et al., 2014).

Calcium foliar apphcation @ 0.25 per cent was done on tomato plants

after two, fom, six and eight weeks of transplanting and it was observed that the

treatment had significantly increased finit jdeld (Husein et al., 2015).

Lime application @ 450 kg ha"' recorded 56.09 per cent higher yield

(16.16 t ha"') over the control (5.93 t ha"') in F1 hybrid Green Magic variety of

broccoU (Kumari, 2017).

According to Abd-El-Hamied and Abd El-Hady (2018) highest tomato

yield were recorded for foliar apphcation of calcium at 0.3 per cent.
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2.3.3 Soil nutrient status

Kumar and Haider (1996) studied the effect of dolomite application in acid

soil and demonstrated that apphcation of dolomite increased exchangeable

calcium and decreased boron content in soil compared to control where no

application was done.

The lime application of acid soils in the tropics @ 250 kg ha"' resulted in

the release of nutrients such as P, K, Ca and Mg (Oluwatoyinbo et al., 2009).

Kisanrao (2005) conducted an experiment to study the effect of application

of lime, Zn and B on soil properties, growth, yield and quality of soyabean-

cowpea sequence in lateritic soil and reported that available N, exchangeable Ca

and Mg content in the soil improved with lime application compared to control

where no lime was applied.

Ewulo (2012) reported that lime application increased N, P, K, Ca and Mg

content in the soil where okra was growa

2.3.4 Plant analysis

2.3.4.1 Dry matter production

The tomato plants having calcium deficiency accumulated less dry matter.

Dry matter yield was optimal from plants grown in the solution containing only

0.2 meq L"' of calcium and decreased at higher levels of substrate calcium (Hall,

1977).

The dry matter accumulation of tomato plant was increased by lime

application (Asiegbu and Uzo, 1983).
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Calcium chloride foliar application prior to NPK application in

muskmelon and other cucurbits increased dry weight by 47 per cent (Giskin and

Nerson, 1984).

In cucumber and melon, irrigation water which was supplemented with

calcium nitrate increased dry matter content (Kaya et al., 2002).

Al-Hamzavi (2010) reported that foliar Ca(N03)2 applications increased

shoot dry weight on cucumber.

Mumivand et al. (2010) reported that plant fresh and dry weights of

summer savory (Satiireja hortensis L. cv. Satimi) were increased by CaCOa up to

5 tha"'.

2.3.4.2 Nutrient content in the plant and fruit

Asiegbu and Uzo (1983) observed that liming resulted in increased

concentration of Ca and Mg in the leaf than fruit whereas P concentration in the

fruit was higher than in the leaf.

Gupta and Sanderson (1993) reported that calcium fertilization in the soil

was ineffective in increasing calcium content in leaf.

Application of calcium nitrate in soil increased the content of Ca and Mg

in Chinese cabbage, salad leaf crops, celery, and cabbage and improved the

quality of vegetables (Bao et al., 2000).

Calcium and nitrogen content in cucumber and melon plants increased

when calcium nitrate were given as fohar spray (Kaya et al., 2002).

Dong et al. (2004) demonstrated that potassium, magnesium, phosphorus

and boron content in the fruit reduced with application of calcium Spraying
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calcium solution on the leaves during anthesis and young fruits increased calcium

content.

Dordas et al. (2007) observed that leaf concentration of calcium increased

when the nutrient was given as foliar spray and foliar appUcation have direct

effect on nutrient concentration of leaf and on growth parameters than soil

applicatioa

Jena et al. (2009) demonstrated that nitrogen and calcium content of

cabbage increased by 3-10 and 31 per cent with lime application respectively.

Oluwatoyinbo et al. (2009) observed that leaf calcium and plant potassium

content increased with lime application in okra grown on acidic soil.

In cucumber {Cucumis sativus L. cv. AL-Hytham) foliar application of

calcium nitrate increased nutrients such as nitrogen, phosphorus, potassium and

calcium content of leaf(Al-Hamzavi, 2010).

Mumivand et al. (2010) reported that CaCOs apphcation positively

affected the leaf calcium content of summer savory but leaf N content were

negatively affected.

Calcium content of the cucumber fruits increased with the apphcation of

preharvest fohar sprays of CaCl2 @ 1 per cent (Siunathi et al., 2011).

Increased absorption of calcium was reported in tomato plants and fhxits,

which were foliar sprayed with NAA in combination with CaCl2 (Abbasi et al.,

2013).

Highest phosphorus in fruits were obtained by fohar apphcation of 10 mM

of CaNOs on cucumber (Shafeek et al., 2013).
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Foliar Ca(N03)2 application increased leaf N, P, K and Ca content by an

average of 7.5, 16.7, 7.2 and 20 per cent, respectively in first harvest and 11.6,

20.8, 10.2 and 26.9 per eent, respectively in second harvest compared with the

control in tarragon plants (Heidari et al., 2014).

Buczkowsa et al. (2015) observed that fohar application of calcium nitrate

@ one per cent increased K, Zn, and Cu content of sweet pepper fruits.

According to Tejashvini and Thippeshappa (2017) foliar application of

different somces of calcium significantly increased nutrient content of fî its and

leaves of tomato over the control.

Abd-El-Hamied and Abd El-Hady (2018) studied the effect foliar

treatments of calcium at a concentration of 0, 0.3 and 0.6 per cent on tomato

plants. It was observed that foliar application at 0.3 per cent calcium recorded the

highest results of N and P contents in leaves.

2.3.4.3 Nutrient uptake

Foliar spray of one per cent CaCb increased plant growth and yield by

improving mineral uptake of tomato plants (Abbasi et al., 2013).

Tejashvini and Thippeshappa (2017) conducted an experiment to study the

response of foliar nutrition of different somces (calcium chloride, calcium nitrate

and calcium ammonium nitrate) and levels of calcium on nutrient uptake of

tomato and revealed that nutrient uptake by the fimits and leaves significantly

increased over the control. However, compared to other calcium sources foliar

application of 0.5 per cent calcium ammonium nitrate recorded higher nutrient

uptake of N, K, Ca and Mg by the tomato Suit.

According to Abd-El-Hamied and Abd El-Hady (2018) foliar application

of calcium at 0.3 per cent obtained highest N and P uptake by fimits of tomato.

•5
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2.3.5 Quality aspects of fruits

2.3.5.1 Shelf life

Foliar application of calcium chloride at a concentration of 0.2 per cent

significantly increased pectin content and firmness of the tomato finits (Subbiah

andPerumal, 1990)

Subbiah (1994) demonstrated that foUar application of 0.5 per cent

calcium chloride resulted in increased firmness index of tomato fruits.

Dong et al. (2004) reported that calcium foliar apphcation on the leaves

during anthesis and on the young fruits improved the quality of tomato.

The foUar application of 0.5 per cent CaCl2 increased shelf life for ten

days in okra (Balasubramanian et al., 2012).

Tomato fruits from calcium treated plants maintained their quality for

longer period (Abbasi et at., 2013).

Foliar apphcation of CaCb (15 mM) resulted in the maximum fruit

firmness (3.91 kg cm^) and increased shelf hfe of tomato fruits (Kazemi, 2014).

Islam et al. (2016) studied the effect of fohar spraying of calcimn on the

'Unicom' cherry tomato. Calcium treated tomato fruits at harvest time and after

storage showed improved cell wall compactness, less respiration rate, least fresh

weight loss and best shelf life.

2.3.5.2 Ascorbic acid content

The young okra pods were found to be a good source of ascorbic acid and

as the pods matured the ascorbic acid content decreased (Hollinger and Colvin,

1945).
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Application of calcium nitrate in soil increased vitamin C content in

Chinese cabbage (Bao et al., 2000).

The ascorbic acid content was increased in tomato fruits with calcium

apphcation (Dong et al., 2004).

In a field experiment in the lateritic soils of Bhubaneswar to study the

effect of limft and boron on cabbage, it was found that ascorbic acid content only

shghtly increased by one per cent at 0.1 LR after which it declined by 4-13 per

cent with higher dose of lime (Jena et al., 2009).

The ascorbic acid content of cucumber was improved with application of

100 per cent water soluble fertilizers plus calcium chloride combination (Sumathi

et a/., 2011).

Fohar application of CaCh (15 mM) resulted in the maximum vitamin C

content (25.14 mg 100 g ') in tomato (Kazemi, 2014).

The ascorbic acid content was improved in calcium treated tomato finits

(16.11 mg lOOg ') than in the control (Islam et al., 2016).

2.3.5.3 Crude protein

Kisanrao (2005) reported that lime application had resulted in the

increased crude protein content in soybean grain.

The experiment at Bhubaneswar on cabbage revealed that mean protein

content was 13.9 per cent with no liming which increased significantly by 3 and

10 per cent with application of lime @ 0.1 and 0.3 LR, respectively (Jena et al,

2009).
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2.3.5.4 Crude fibre

A field experiment was conducted to study the effect of application of lime

on soil properties, growth, yield and quality of Soybean - Cowpea sequence in

lateritic soil and found that lime application resulted in decreased crude fibre and

soluble carbohydrate content (Kisanrao, 2005).

2.3.6 Pest and disease incidence

According to Woltz et al. (1992) calcium administration through leaves

resulted in the reduced incidences of crown rot of tomato.

Fertilization of bean plants grown with 1 and 3 mM C&Ch or Ca(N03)2

reduced severity of grey mould as compared with control plants (Elad and Volpin,

1993).

The reduced incidences of bacterial wilt were found in tomato seedlings

with increased calcium concentration in nutrient solutions (Yamazaki and

Hoshina, 1995).

The incidence of heart rot of Chinese cabbage and that of tomato navel rot

disease decreased after application of calcium nitrate (Bao et al, 2000).

Foliar application of CaCb at a concentration of 15 mM resulted in the

lowest blossom end rot incidence of about 5 per cent in tomato (Kazemi, 2014).

Similar observations were done by Rab and Haq (2012) with 0.6 per cent CaCb as

foliar application.

Ustun et al (2009) reported that treating irrigation water with calcium at a

concentration of 120 ppm decreased the severity of tomato pith necrosis.
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The blossom end rot incidences in tomato fruits were lowered with

increased absorption of calcium (Abbasi et al., 2013).

Ilyas et al. (2014) also observed that incidences of blossom end rot were

lowest in tomato plants when foliar application of calcium was done at a

concentration of 6 per cent compared to 0 and 3 per cent.

2.3.7 Economics

Nazrul and Shaheb (2016) observed that dolomite lime application @ 2 t

ha"' increased yields in cabbage and cauUflower and resulted in maximum

economic returns.

Muhammad et al. (2019) revealed that fohar application of 9 per cent

calcium chloride on tomato plants at 30 days after transplanting resulted in highest

B:C ratio of 2.3 corqjared to control (1.8).
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3. MATERIALS AND METHODS

The present study entitled "Evaluation of calcium nutrition in okra

(Abelmoschus esculentus (L.) Moench)." was carried out at the College of

Agriculture, Padannakkad and Regional Agricultural Research Station (RARS),

Pilicode during the period extending from Jime 2018 to December 2018. The

work was done as two experiments with the objective to develop and characterize

an organic calcium source for fohar spray and to identify the best source and

method of calcium nutrition by assessing its impact on growth, productivity,

profitability and quality of okra. The experimental site, season and weather

conditions, materials used and methods adopted for study are detailed below.

3.1 EXPERIMENT!

STANDARDIZATION OF ORGANIC SOURCE OF CALCIUM FOR FOLIAR

SPRAY AND ITS CHARACTERIZATION

A lab study was conducted to determine and characterize an organic

calcium source from locally available inputs using coconut water vinegar as

solvent. The coconut water vinegar was purchased from CPCRI, Kasaragod. The

experiment was laid out with three inputs as treatments repUcated five times in

CRD.

Treatments

Ti-Egg shell

Ta- Bone pieces

T3 - Powdered Ume shell

3.1.1 Experimental site

The experiment has been undertaken in the lab of Department of

Agronomy at College of Agriculture, Padannakkad.
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3.1.2 Time of experiment

The experiment was conducted during June 2018 to October 2018.

3.1.3 Methods of preparation of foliar spray

In Korean natural farming technique, water soluble form of calcium

extracted from egg shell is widely used. It has been proven as effective and

efficient method where brown rice vinegar is used as solvent. This technique was

employed in the experiment where water soluble calcium is extracted from three

soxu-ces of calcium such as egg shells, bone pieces and powdered lime shell using

coconut vinegar as solvent. The different steps followed during the experiment

are explained below.

Firstly, internal membranes in egg shell were removed and then the

eggshell and lime shell were cleaned, powdered to small pieces and roasted in a

frying pan to a light tan colour. The roasted shells were added slowly to a glass

container containing natural coconut water vinegar at a ratio of 1:10 by weight.

The fragments of shell floated up and down within the vinegar, releasing carbon

dioxide bubbles, while the calcium dissolved into the solution. The mouth of the

jar was covered with cloth and secmred with rubber bands to get it freed of

maggots. The jar was placed iu a cool, dark location for a period of 10 days.

Since bubbles were not present after 10 days more roasted shells were not added

and allowed to stand for 1 to 2 days as per the standard procedure available with

brown rice vinegar as solvent (Chang et al., 2013). The resultant solution were

strained to remove shells and stored in a clean glass jar at room temperature away

from falling of direct sunlight. In the case of bone pieces, vertebrate bones

collected were boiled to get rid of fat and meat. Then they were pounded to

pieces and roasted in the same way as for shells except that they were treated with

coconut water vinegar at a ratio of 1:5 by weight. All other steps remaining the

same. The solutions were stored in clean glass containers away from falling of

direct sunlight and the analysis was done.

u"
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3.2 EXPERIMENT U - EXPERIMENTAL SITE

3.2.1 Location

The field experiment was conducted at Regional Agricultural Research

Station (RARS), Pihcode. Geographically, the experimental field is located at

12°12'086"N to 12°12'097" N latitude and 75°09'879" E to 75''09'898"E

longitude and an altitude of 19 m above mean sea level.

3.2.2 Soil

Soil samples were collected from 15 cm depth from the experimental site

before the experiment was undertaken and analysis were done for bulk density,

particle density, pH, EC, organic carbon and nutrients such as N, P, K, Ca, Mg,

Zn and B. The physico chemical characteristics of the soil of experimental site

and standard procedures followed for the analysis are presented in Table 1. The

soil was found to be strongly acidic in pH (4.56) with high organic carbon content

of about 0.95 per cent. The available N (200.70 kg ha"'), P (26.97 kg ha"') and K

(198.24 kg ha"') content of initial soil sample of the experimental site was found

to be low, high and medium respectively. The calcium, magnesium and boron

content of soil sample were found to be low having 120, 72 and 0.365 ppm

respectively. The zinc content of soil obtained higher value of about 3.44 ppm.

3.2.3 Season and weather condition

The experiment was conducted during September 2018 to December 2018.

A warm humid tropical climate prevailed over the experimental site. The data on

various weather parameters (maximum temperature, niinimum temperature,

relative humidity, rainfall and sunshine hours) during crop period were collected

from the agromet observatory of RARS, Pilicode and depicted graphically in Fig.

1 and summarized in Appendix I.

The maYimiiTn and minimum temperature varied from 30.5 to 33 °C and

17.7 to 24.5 °C respectively. The relative humidity during the crop period was in

\
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the range of 73 to 84 per cent. The rainfall received dining the crop period

extending from September 2018 to December 2018 was 246.3 mm.

3.3 CROP AND VARIETY

Okra var. Arka Anamika was used for the field experiment. The

characters of the variety include tall and well branched plants with green stem

having purple shade. The pods were long and green in colom having five to six

ridges. This variety exhibits yellow vein mosaic resistance and hence selected in

the experiment as the area is prone to YVM. Seeds were obtained from Indian

Institute of Horticultural Research, Hesaraghatta, Bangalore where it has been

developed and released.

3.4 METHODS

The experiment was laid out in randomized block design with 9 treatments

and 3 replications. The experimental area was divided into 27 plots having 3.6 m

length and 1.5 m breadth accommodating 18 plants per plot. The spacing adopted

for the sowing was 60 cm between rows and 45 cm within the row. The layout of

the experiment is presented in Fig. 2.

3.4.1 Treatments

Ti - POP (KAU 2016)

T 2 - Organic POP (KAU 2017)

T 3 - Ti + Lime as soil application (600 kg ha"')

T 4. Ti + Dolomite as soil application (550 kg ha"')

T 5 - Ti + Calcium nitrate foliar spray (1%)

T 6 - Ti + Calcium chloride foliar spray (0.5%)

T 7 - Ti + Calcium acetate foliar spray (0.5%)

T 8 - Ti + foliar spray of solution prepared from eggshell (Best treatment from

the first experiment

T9 - Ti + Coconut vinegar

\A
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The experiment was conducted in soil with low calcium content having a

concentration of 120 ppm. The nutrient management practices for okra were

followed as per Package of Practices Recommendations 'Crops' (KAU, 2016) for

all plots except for those having T2. In the plots having T2, manure and fertilizer

application were done as per Organic Package of Practices Recommendations

(KAU, 2017). Lime and Dolomite were applied as per ad hoc recommendation

given in POP based on soil test values of pH as basal at the time of land

preparation for plots having T3 and T4 respectively. Fohar sprays of calcium

nitrate, calcium chloride, calcium acetate, water soluble calcium and coconut

water vinegar were provided from bud stage at fortnightly intervals (30, 45, 60

and 75 DAS).
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3.5 CUTIVATION PRACTICES OF MAIN CROP

3.5.1 Field preparation and planting

The experimental field was cleared from weeds two weeks before sowing.

It was followed by ploughing using a power tiller. The weeds were uprooted and

removed. The field was brought to a fine tilth after removing stubbles and

breaking clods. The raised beds were prepared with 3.6 m length, 1.5 m width

and 30 cm height with 30 cm spacing between beds.

The sowing was done after lime and dolomite appUcation on respective

plots followed by FYM application on all plots. Healthy seeds soaked in water

for about 6 hrs. were sown at a spacing of 60 cm between rows and 45 cm within

the row. The seeds were dibbled at the rate of 2 seeds per hill. The dibbling was

fijllowed by irrigation. Gap filling was done one week after sowing. After

establishment, seedlings were thinned out to one per hill. The seed rate adopted

was 8.5 kg ha"'.

3.5.2 Application of organic and inorganic fertilizers

Lime and dolomite were apphed as per ad hoc recommendation given in

POP based on soil test values of pH. The soil was found to be strongly acidic

having a pH of about 4.56 and low in calcium content. The lime was applied in

the plots having treatment T2 and T3 @ 500 and 600 kg ha"' respectively after bed
preparatioa The dolomite was applied in the plots having T4 @ 550 kg ha"'. After
one week of lime and dolomite appUcation, FYM appUcation and incorporation

was done on all plots uniformly @ 20 t ha"'. FertiUzers Uke urea, rajphos and

muriate of potash were appUed on all plots except for T2 as per Package of

Practices Recommendations 'Crops' (KAU, 2016) @ 110:35:70 kg ha' N: P2O5:

K2O. For plots having T2, 190.4 kg rock phosphate and 173 kg sulphate of potash

along with P. fluorescens @ 2 kg ha"' were given as basal dose at 3 leaf stage and

vermicompost appUcation was done @ 1 t ha"' after one month of sowing as per

Organic Package of Practices Recommendations (KAU, 2017). FoUar sprays



28

of calcium nitrate, calcium chloride, calcium acetate, water soluble calcium

extracted from eggshell and coconut vinegar were provided from bud stage at

fortnightly intervals (30, 45, 60 and 75 DAS). The calcium concentration in one

per cent calcium nitrate is 1600 ppm whereas the water soluble calcium extracted

from egg shell contains 12480 ppm Hence the developed source of water soluble

calcium extracted from egg shell was diluted to 5 times with water before spray.

Coconut water vinegar was also sprayed at the same dilution. The pH of the

coconut water vinegar is 3.1.

3.5.3 Maintenance of the crop

Hand weeding and earthing up were carried out at 15 DAS. Second and

third weeding was done at 30 and 60 DAS. Irrigation was given daily till 30 DAS

and later it was extended to once in two days.

3.5.4 Plant protection measures

Timely plant protection measures were taken up as per Package of

Practices Recommendations Crops and (Organic) Crops of KAU 2016 and 2017

respectively. The major pests noticed during the crop period were leaf roller and

fruit and shoot borer. Flubendiamide was sprayed at 0.3 % uniformly except for

plots having treatment T2. Beauveria bassiana @ 10 g per litre was sprayed for

the plots following organic practices.

3.5.5 Harvesting

The fruits were picked in morning hours on alternate days when they were

still tender. Picking of fruits was started from 43 days after sowing. The length,

diameter, weight, yield per plant, yield per plot were recorded immediately after

harvest.
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Plate 1. Field preparation
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Plate 2. Field layout
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Plate 3. Three leaf stage Plate 4. Bud stage

Plate 5. Flowering Plate 6. Fruit set

1

Plate 7. Fruit formation
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Plate 8. Foliar application

of calcium fertilizers
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Plate 9. Harvesting
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Plate 10. Genera! view of the field at 30 DAS
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Plate 11. General view of the field at 60 DAS
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3.6 OBSERVATIONS

3.6.1 Experiment I

3.6.1.1 Colour

Visual evaluation of change in the colour of solution was done after

filtering on lO"* day, 30"* and 60"' day of preparation.

3.6.1.2 pH

The pH of the solutions was estimated using Beckman glass electrode

method (Jackson, 1958) where sample solution and distilled water were taken in

the ratio of 1:2.5.

3.6.1.3 Electrical Conductivity

Electrical conductivity of the filtered solutions was estimated using

Conductometric method (Jackson, 1958) where the solution and distilled water

were taken in the ratio of 1:2.5.

3.6.1.4 Nutrient content

The water soluble calcium extracted from different calcium sources using

coconut water vinegar as solvent were analysed to find out the macronutrients

such as N, P, K, Ca and Mg at 10, 30 and 60 days after preparation using standard

analytical methods furnished in Table 2.

3.6.1.5 Shelf life

The shelf life of the solutions was determined by the odour released from

the preparations and presence of maggots in the solution.
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Table 1. Physico- chemical properties of soil

Particulars Content Method used

Physical properties

Bulk density (g cm' ) 1.33 Undisturbed core sample (Black et al.,

1965)

Particle density (g cm"^) 2.34 Pycnometer (Black et a/., 1965)

Mechanical

composition

Robinson international pipette method
(Piper, 1966)

Sand (%) 78.35

Silt (%) 16.8

Clay(%) 4.85

Textural class Loamy
sand

Chemical properties

pH 4.56 1:2.5 soil water suspension- pH meter

(Jackson, 1958)

EC (dS m'') 0.15 Conductivity meter (Jackson, 1958)
Organic carbon (%) 0.957 Walkley and Black method (Jackson,

1958)

Available N (kg ha"') 200.70 Alkaline permanganate method
(Subbiah and Asijah, 1956)

Available P (kg ha"') 26.97 Ascorbic acid reduced molybdo
phosphoric blue colour method
(Watnabe and Olsen, 1965)

Available K (kg ha"') 198.24 Neutral normal ammonium acetate

extractant flame photometry (Jackson,
1958)

Available Ca (mg kg"') 120 Atomic absorption spectroscopy
(Jackson, 1958)

Available Mg (mg kg"') 72 Atomic absorption spectroscopy
(Jackson, 1958)

Available Zn (mg kg"') 3.44 Atomic absorption spectroscopy
(Emmel et al, 1977)

Available B (mg kg"') 0.365 Photoelectric colorimetry method
(Bingham, 1982)
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Table 2. Analytical method used for the chemical characterization of
water- soluble calcium

SL

No.

Estimated

characters

Method used References

1 Total N(%) Microkjeldahl method Jackson, 1958

2 Total P (%) Vanadomolybdo phosphoric
yellow colour method

Bray and Kurtz,
1945

3 Total K (%) Flame photometer method Jackson, 1958

4 Total Ca (mg kg"') Atomic Absorption
Spectroscopy

Jackson, 1958

5 Total Mg (mg kg"') Atomic Absorption
Spectroscopy

Jackson, 1958

3.6.2 Experiment n

3.6.2.1 Growth characters

The growth parameters recorded were plant height and number of leaves.

The observations were taken from five randomly selected plants from each plot

which were tagged.

3.6.2.1.1 Plant height

The height of plants was recorded at 30, 60 and 90 DAS. The plant height

was measured from ground level to tip of the plant using meter scale and the mean

value was computed and expressed in era.

3.6.2.1.2 Number of leaves

Fully opened and photosynthetically active leaves were counted at 30, 60

and 90 DAS on tagged plants and the mean number of leaves per plant was

calculated.

9
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3.6.2.2 Yield attribute

3.6.2.2.1 Days to 50 per centflowering

The number of days taken for fifty per cent of the plant population to

flower fi-om the date of sowing was observed as 50 per cent flowering in each

plot.

3.6.2.2.2 Number of fruits per plant

The number of fimits harvested in all the plucking fi-om five tagged

plants was coxmted and the average was calculated. Total number of fimits per

plant was obtained by the addition of number of Suits thus calculated from each

harvest.

3.6.2.2.3 Length of fruit (cm)

In each harvest, the fruit length of five fruits was measured from each

treatment, from the base to the tip of the fruit and expressed in cm.

3.6.2.2.4 Girth of fruit (cm)

In each harvest, after recording the length, the girth of the same fruit was

measured and expressed in cm.

3.6.2.2.5 Fruit weight (g)

The same fruits after recording length and girth were weighed with the

help of electronic balance and mean was computed and expressed in grams.

3.6.2.2.6 Fruit yield per plant (kg)

Total weight of fruits recorded from five selected plants from each

plot at each harvest was taken and mean was computed. The fruit yield per plant

was computed by addition of mean value thus obtained from each harvest.
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3.6.2.2.7 Total fruit yield per hectare (kg ha'')

Total yield was obtained by addition of yield after harvest fi-om each plot

and expressed in kg ha"'.

3.6.2.3 Soil analysis

Soil was collected before the experiment and after the harvest of the crop

from the field.

3.6.2.3.1 Soil analysis before the experiment

Soil samples taken from the field before the experiment was analysed and

ensured that experiment was done in the soil having low calcium content. Soil

samples were drawn from different places of the field which was then mixed,

reduced to required quantity and air dried. The air dried soil samples were ground

and passed through sieve and was then stored for the analysis of pH, EC, organic

carbon and various nutrients like N, P, K, Ca, Mg, Zn and B.

3.6.2.3.2 Soil analysis after the experiment

The soil samples were collected from each plot after the experiment. It

was then dried under shade, pounded, sieved and stored. They were analysed for

organic carbon and available nutrients like N, P, K, Ca, Mg, Zn and B as per

standard procedures furnished in Table 3.

3.6.2.4 Plant analysis

3.6.2.4.1 Dry matter production (kg ha'')

The whole plants were uprooted and fresh weight was recorded

from each plot. The uprooted plants were shade dried and was then oven dried at

a temperature of 60 °C. The weight of biomass produced was recorded and

expressed in kg ha"' basis. Similarly harvested frmits were shade dried and oven
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dried at 60 °C. The dry matter production of the fruit was also expressed in kg ha*

' after recording the fresh weight and dry weight.

3.6.2.4.2 Nutrient content ofplant and fruit

Plant samples were collected from the field after the crop was uprooted.

Fruits were also collected after the harvest. Plant and fruit samples were shade

dried under open condition for some days and was then oven dried at a

temperatme of 60 °C. Then it was grinded and powdered and analysed for

nutrients such as N, P, K, Ca, Mg, Zn and B content using standard procedures as

given in the Table 4.

3.6.2.4.3 Nutrient uptake (kg ha'')

The uptake of nutrients such as N, P, K, Ca, Mg, Zn and B by plants and

fruits were calculated. It is calculated by multiplying dry matter production and

nutrient concentration in the plant and fiTiit respectively. Both plant and fiiiit

nutrient uptake is expressed in kg ha*'.

3.6.2.5 Quality aspects of fhiits

3.6.2.5.1 Shelf life (days)

Five fruits of okra from each plot were harvested and kept in ambient

conditions for checking the shelf life of fiaiits. When the fruits started shrivelling,

observations were taken.

3.6.2.5.2 Ascorbic acid content (mg lOOg'')

Ascorbic acid content of okra was determined using 2, 6- dichlorophenol

dye. The ascorbic acid from okra finits was extracted by blending with 4% oxalic

acid and then made up to 100 ml and centrifliged. From that 10 ml supernatant

was pipetted into a conical flask and 10 ml of 4 % oxahc acid was added. Then it

was titrated with standard dye to a pink end point which last for only few minutes
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(Sadasivam and Manickam, 1996). The vitamin C content was calculated using

the formula shown below and expressed as mg 100 g

Titre value * 0.5 * 100 * 100
Ascorbic acid content = yyoj-king standard titre value * 5 * weight of sample

3.6.2.5.3 Crude protein (%)

Crude protein was calculated by multiplying the nitrogen content (%) in

fruit with Simpson factor 6.25 (Simpson et at., 1965) and expressed in per cent.

3.6.2.5.4 Crude fibre (%)

Two g of dried fruit sample was boiled with 200 ml H2SO4 for 30 min,

washed and filtered through muslin cloth. It was then boiled with 200 ml NaOH

for another 30 minutes, washed and filtered. The sample was dried out, weighed

and ignited in muffle furnace at 600 °C. Loss in weight was considered as crude

fiber content and expressed in per cent (A.O.A.C, 1975).

3.6.2.6 Economic analysis

3.6.2.6.1 Net returns

The cost of cultivation is computed using price of each input such as

seed, fertilizer etc. in rupees at the time of experiment. The cost of cultivation is

calculated for one ha. Gross returns per hectare were calculated using the market

price of okra. While calculating gross returns marketable yield is considered
instead of total yield. The net returns were calculated by subtracting cost of

cultivation from gross returns.
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3.6.2.6.2 Benefit-cost ratio (BCR)

Benefit-cost ratio is the ratio of gross returns and cost of cultivation. It

was calculated using the following formula

BCR =
Gross returns

cost of cultivation

3.6.2.7 Statistical analysis

The data obtained from the experiment was analysed statistically by

following the techniques of Analysis of Variance (ANOVA) for Completely

Randomised Design and Randomized Block Design (Panse and Sukhatme, 1995).

It was then used for corrqjarison and interpretation of result.

Table 3. Methods followed for soil analysis

SLNo Parameter Method Reference

1 Ph pH meter Jackson (1958)

2 EC Conductivity Jackson (1958)

3 Organic

carbon

Wet digestion method Walkley and Black

(1934)

4 Available N Alkaline permanganate method Subbiah and Asija

(1956)

5 Available P Bray extraction and photoelectric

colorimetry

Jackson (1958)

6 Available K Ammonium acetate method Pratt (1965)

7 Available Ca Atomic absorption spectroscopy Jackson (1958)

8 Available Mg Atomic absorption spectroscopy Jackson (1958)

9 Available B Photoelectric colorimetry Bingham (1982)

10 Available Zn Atomic absorption spectroscopy Emmel et al. (1977)

§
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Table 4. Methods followed for plant analysis

LNo Parameter Method Reference

1 Total N Modified kjeldhal digestion method Jackson (1958)

2 Total? Vanadomolybdate yellow colour

method

P^er (1966)

3 Total K Flame photometry Jackson (1958)

4 Total Ca Atomic absorption spectroscopy Issac and Kerber

(1971)

5 Total Mg Atomic absorption spectroscopy Issac and Kerber

(1971)

6 Total Zn Atomic absorption spectroscopy Emmel et al., (1977)

7 Total B Azomethine- H colorimetric method Bingham (1982)



^suCts

V
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4. RESULTS

The results of the study on 'Evaluation of calcium nutrition in okra

(Abelmoschus esculentus (L.) Moench)' are presented below after statistical

analysis.

4.1 EXPERIMENT!

STANDARDISATION OF ORGANIC SOURCE OF CALCIUM FOR FOLIAR

SPRAY AND ITS CHARACTERIZATION

4.1.1 Colour

Initially, colour of coconut water vinegar purchased from CPCRI,

Kasaragod was light brown (Plate. 15). Later changed to dark brown after

filtering on the tenth day of addition of calcium sources. The colom development

was observed from tenth day up to 2 months of preparation and was shown in the

Table 5, 6, 7 and Plate. 20.

4.1.2 Chemical characters after ten days of preparation

The pH, EC, N, P, K, Ca and Mg content of water soluble calcimn filtered

on 10*^ day of preparation was statistically analysed and given in the Table 5.

The pH of the solutions was acidic in nature and ranged from 3.76 - 4.59.

The pH differed significantly between the treatments. The lowest pH was

recorded with T2 which was found more acidic than other solutions.

There was significant difference in EC with treatments. The range of EC

was 0.06-0.13 dS m"'. The highest EC was observed in the solution extracted

from powdered lime shell and lowest for the solution prepared from bone pieces.

The nitrogen and magnesium content of the solutions didn't differ

significantly with the treatments whereas phosphorus content varied. The highest

phosphorus content was observed from solution extracted using bone pieces.
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The potassium content in the solution was found significantly influenced

by the treatments. The potassium content was obtained highest in the solution

extracted using powdered lime shell and it was on par with that of bone pieces.

The calcium content in the solutions were analysed and foimd that

treatments were significantly influenced. The highest calcium content was

recorded in solution prepared fi-om powdered lime shell (16440 ppm).

4.1.3 Chemical characters after 30 days of preparation

The data of chemical analysis after 30 days of preparation are given in the

Table 6.

The pH of the solutions remained acidic in nature and ranged from 4.22-

4.29. They did not vary with the treatments.

The EC of the solution varied significantly with treatments and highest EC

was recorded from the solutions extracted from powdered lime shell.

The nitrogen and potassium content of the solution showed no significant

difference with the treatments. The phosphorus and magnesium content of the

solution differed significantly and highest value for phosphorus content was

recorded in bone pieces. The solutions extracted from egg shell recorded highest

magnesium which was on par with powdered lime shell.

The calcium content in solution was significantly influenced by the

treatments with highest value recorded for powdered lime shell (13640 ppm) and

was on par with egg shells (13440 ppm).

4.1.4. Chemical characters after 60 days of preparation

The data pertaining to pH, EC, N, P, K, Ca and Mg content of organic

calcium after 60 days of preparation was furnished in Table 7.

The pH of solution differed significantly with the treatments. The

solutions extracted from egg shell and powdered lime shell were acidic and that of

bone pieces was increased to almost neutral
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The EC of the solution showed variation among the treatments. The

highest vahie was recorded for powdered lime shell

The nitrogen and phosphorus content of solutions didn't differ

significantly. Solution containing eggshell showed a decreasing trend in N and P

with iacreasing days of storage.

The potassium content of solution was significantly influenced by

treatment and highest value was recorded for bone pieces. The calcium content

was significantly superior in the solution extracted from powdered lime shell

(14880 ppm). The calcium content increased with increasing storage hfe from 10

to 30 days of preparation in case of eggshell solution, thereafter decreased. The

significant influence of treatments on magnesium content was observed with

highest concentration in the solutions extracted from egg shells and was on par

with powdered lime shell

4.1.5 Shelf life

The maggots was observed in the solutions extracted from Ikne shell and

bone pieces two days after filtering whereas in solutions prepared from egg shells

maggots was developed 15 days after filtering.

The solution extracted from bone pieces gave rotten smell 10 days after

filtering. Whereas no rotten smell was released in the solution extracted from egg

shell and lime shell. Hence it is recommended to use the fresh solution extracted

after filtering from egg shells within 15 days.



4
5

Ta
bl
e 
5.
 C
o
l
o
u
r
 a
n
d
 c
he

mi
ca

l 
ch

ar
ac

te
rs

 a
ft

er
 t
en
 d
a
y
s
 o
f
 p
re

pa
ra

ti
on

T
r
e
a
t
m
e
n
t
s

C
o
l
o
u
r

P
H

E
C

(
d
S
 m
-*
)

N
 (
%
)

P
(
%
)

K
(
%
)

C
a

(
m
g
 k
g-

')
M
g

(
m
g
 k
g-
')

Ti
 -
 Eg

gs
he

ll
B
r
o
w
n

4
.
1
9

0
.
1
1

0
.
6
9

0
.
0
5

0
.
0
9

1
2
4
8
0

1
6
6
8

T
2
 -
 B
o
n
e
 p
ie

ce
s

B
r
o
w
n

3
.
7
6

o
;
o
6

0
.
5
6

0
.
1
3

0
.
1
9

3
6
6
0

1
0
5
6

T
3
 -
 P
o
w
d
e
r
e
d
 U
m
e
 s
he
ll

B
r
o
w
n

4
.
5
9

0
.
1
3

0
.
5
4

0
.
0
4

0
.
2
0

1
6
4
4
0

1
0
8
0

S
E
(
m
)
±

0
.
0
4
0

0
.
0
0
1

0
.
0
4
8

0
.
0
1
7

0
.
0
1
3

1
8
4
.
9
3
2

1
8
5
.
5
8
0

C
D
 (
0.

05
)

0
.
1
2
0

0
.
0
0
4

N
S

0
.
0
5
4

0
.
0
4
1

5
7
6
.
1
4
5

N
S

Ta
bl
e 
6.
 C
o
l
o
u
r
 a
n
d
 c
he

mi
ca

l 
ch

ar
ac

te
rs

 a
ft

er
 3
0
 d
a
y
s
 o
f 
pr
ep
ar
at
io
n

T
r
e
a
t
m
e
n
t
s

C
o
l
o
u
r

p
H

E
C
 (
d
S
 m
"'

)
N
 (
%
)

P
(
%
)

K
(
%
)

C
a

(
m
g
 k
g-

')
M
g

(
m
g
 k
g-
')

Ti
 -
 Eg

gs
he
ll

B
r
o
w
n

4
.
2
2

0
.
1
0

0
.
5
3

0
.
0
4

0
.
2
9

1
3
4
4
0

1
5
5
2
.
0
0

T
2
 -
 B
o
n
e
 p
ie

ce
s

B
r
o
w
n

4
.
1
6

0
.
0
5

0
.
5
4

0
.
1
2

0
.
3
0

3
2
4
0

6
9
0
.
0
0

T
3
 -
 P
o
w
d
e
r
e
d
 l
im
e 
sh

el
l

B
r
o
w
n

4
.
2
9

0
.
1
1

0
.
4
9

0
.
0
3

0
.
2
4

1
3
6
4
0

1
1
4
0
.
0
0

S
E
(
m
)
±

0
.
1
9
6

0
.
0
0
1

0
.
0
2
8

0
.
0
0
3

0
.
0
1
9

4
2
4
.
1
8
5

1
9
8
.
6
6
0

C
D
 (
0.
05
)

N
S

0
.
0
0
4

N
S

0
.
0
1
0

N
S

1
3
2
1
.
5
2
2

6
1
8
.
9
2
9



4
6

Ta
bl
e 
7.
 C
o
l
o
u
r
 a
n
d
 c
he

mi
ca

l 
ch

ar
ac

te
rs

 a
ft

er
 6
0
 d
ay
s 
of

 p
re
pa
ra
ti
on

T
r
e
a
t
m
e
n
t
s

C
o
l
o
u
r

P
H

E
C
 (
d
S
 m
 '
)

N
 (
%
)

P
(
%
)

K
(
%
)

C
a

(
m
g
 k
g-

')
M
g

(
m
g
 k
g-
')

Ti
 -
 Eg

gs
he
ll

B
r
o
w
n

4
.
5
4

0
.
1
1

0
.
5
0

0
.
0
3
5

0
.
2
4

1
0
1
6
0

1
5
8
8
.
0
0

T
2
 -
 B
o
n
e
 p
ie

ce
s

B
r
o
w
n

6
.
6
7

0
.
0
5

0
.
5
5

0
.
0
4
0

0
.
2
7

2
5
0
4

9
0
7
.
2
0

T
3
 -
 P
o
w
d
e
r
e
d
 l
im
e 
sh

el
l

B
r
o
w
n

4
.
5
1

0
.
1
3

0
.
5
1

0
.
0
3
1

0
.
1
6

1
4
8
8
0

1
2
9
2
.
0
0

S
E
(
m
)
±

0
.
2
7
2

0
.
0
0
2

0
.
0
3
0

0
.
0
0
3

0
.
0
1
8

6
2
1
.
2
9
3

2
0
0
.
0
2
0

C
D
 (
0.

05
)

0
.
8
4
8

0
.
0
0
6

N
S

N
S

0
.
0
5
6

1
9
3
5
.
5
9
8

6
5
0
.
7
4
8



47

*  -j , 1l

f ̂

:*k
-.1 -

•  *'

Plate 12. Removal of inner membrane of egg shell followed by
crushing

Plate 13. Lime shell
Plate 14. Bone pieces after

boiling in water and drying

Plate 15. Coconut water vinegar
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Plate 16. Roasting of egg shells, lime shells and bone pieces

Plate 17. Addition of roasted eggshells, lime shells and bone pieces to

coconut water vinegar followed by covering with cloth
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Plate 18. Bubble formation

on addition of calcium

sources to coconut water

vinegar

Plate 19. Filtering on tenth

day of addition of calcium

sources

Plate 20. Solutions stored after filtering

Gi
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4.2 EXPERIMENT II - EVALUATION OF SOURCE AND METHOD OF

CALCIUM APPLICATION IN OKRA

The field experiment was conducted at Regional Agricultural Research

Station, Pilicode to identify best source and method of calcium nutrition and

thereby assessing its impact on growth, productivity, profitability and quality of

okra. The data recorded during the conduct of field experiment were subjected to

statistical analysis and results are presented below.

4.2.1 Growth characters

The growth characters such as plant height and number of leaves were

recorded at 30, 60 and 90 DAS.

4.2.1.1 Plant height

The plant height at 30, 60 and 90 DAS are presented in Table 8.

The plant height showed significant difference among treatments at

different stages of growth at 30, 60 and 90 DAS. The plant height was recorded

the lowest in T2 followed by T4 and Ti at 60 DAS. At 90 DAS, lowest height was

exhibited in T2 followed by T9 and Ti respectively. However all the treatments

involving inorganic fertilizers with calcium nutrition recorded significant increase

in plant height at later stages of growth.

4.2.1.2 Number of leaves per plant

The number of leaves per plant as influenced by source and method of

calcium nutrition at 30, 60 and 90 DAS are depicted in Table 9.

Significant variation on number of leaves per plant among the treatments

was observed at 30, 60 and 90 DAS. At 60 and 90 DAS, number of leaves per

plant was highest in T5 and was on par with Te. Fohar sprays of calcium nitrate

and calcium chloride increased number of leaves at 60 and 90 days after sowing

and were significantly superior to other treatments.
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It was observed that at 30 and 60 DAS, treatment having highest plant

height recorded maximum number of leaves indicating a linear relationship

between the parameters. But this trend was not noticed in plants at 90 DAS.

Table 8. Effect of source and method of calcium application on plant height

at 30, 60 and 90 DAS

Treatments Plant height (cm)

30 DAS 60 DAS 90 DAS

Ti-KAUPOP 2016 22.40 114.33 153.53

T 2 - Organic POP 25.25 105.53 149.93

T3 - T 1+ Lime as soil application 26.17 124.43 155.47

T 4 - T 1+ Dolomite as soil application 26.46 114.07 162.00

T 5 - T 1+ Calcium nitrate foliar spray (1 %) 21.71 132.07 158.17

T 6 -T 1+ Calcium chloride foliar spray (0.5%) 25.54 128.33 163.13

T 7 - T 1+ Calcium acetate fohar spray (0.5%) 20.80 123.87 155.07

T 8 - T 1+ Organic calcium from Exp.l 25.10 126.17 161.00

T 9 - T 1+ Coconut Vinegar 25.58 119.87 150.83

SE(m)± 0.893 4.171 1.663

CD (0.05) 2.675 12.490 4.981

Table 9. Effect of source and method of calcium application on number of

leaves per plant at 30, 60 and 90 DAS

Treatments Number of leaves per plant

30 DAS 60 DAS 90 DAS

T 1 -KAUPOP 2016 10.47 25.7 20.00

T 2 - Organic POP 12.07 22.67 17.40

T3 - T 1+ Lime as soil application 12.53 26.53 19.53

T 4 - T 1+ Dolomite as soil application 14.13 25.67 22.40

T 5 - T 1+ Calcium nitrate foliar spray (1 %) 10.27 35.27 25.13

T 6 - T 1+ Calcium chloride foliar spray (0.5%) 11.80 32.00 23.50

T 7 - T 1+ Calcium acetate foliar spray (0.5%) 9.60 28.87 19.33

T 8 - T 1+ Organic calcium from Exp. 1 12.77 30.67 20.80

T 9 - T 1+ Coconut Vinegar 13.00 24.67 18.87

SE(m)± 0.267 1.107 0.631

CD (0.05) 0.801 3.313 1.908



52

4.2.2 Yield attributes

4.2.2.1. Days to 50 per centflowering

The data on days taken to 50 per cent flowering as influenced by source

and method of calcium application are given in Table 10.

The days taken to 50 per cent flowering showed no significant difference

with the treatments.

4.2.2.2 Number offruits per plant

The numbers of finits per plant are furnished in Table 10 after statistical

analysis.

The source and method of calcium application significantly influenced

number of fhiits per plant. The maximum number of fiuits per plant (38.94) was

recorded in Ts and was on par with all treatments involving calcium nutrition.

The low values were recorded in T2, Ti and Tg respectively. All the calcium

apphcation treatments increased number of fimits and was significantly superior to

other treatments having no calcium applicatiom

4.2.2.3 Fruit characters

The effect of source and method of calcium application on finit characters

such as girth (cm), length (cm) and weight (g) of fruit are presented in Table 11.

The girth and weight of fruit were influenced significantly by treatments.

The fruit girth was maximum in T5 (5.97 cm) and was on par with Te, T4 and T3.

The highest fruit weight was exhibited by Te (25.16 g) and was statistically on par

with Ts (24.54 g) and T7 (23.26 g). Fohar application of all inorganic forms of

calcium increased fruit weight. Treatment did not produce any significant

influence on the length of fruit.
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4.2.2,4 Per plant (kg) and Total fruit yield (kg ha"')

The per plant and total fruit yield as influenced by source and method of

calcium application are presented in Table 12.

Ts recorded maximum fruit yield (0.657 kg) per plant and it was on par

with Ts (0.652 kg), T7 (0.642 kg), T3 (0.634 kg), T4 (0.626 kg) and Tg (0.613 kg).

The minimum fruit yield was recorded in T2 followed by Ti and T9 respectively.

The results revealed that total fruit yield was significantly influenced by

treatments. Highest total fruit yield was recorded in T5 (24.93 t ha"') and lowest

fruit yield was recorded in T2 (18.17 t ha"') followed by Ti and T9 respectively.

The treatment T5 was on par Ts, T7, T4, Tg, and T3. The per cent increase in the

yield of these treatments over recommended dose of nutrients as per KAU

Package of Practices Recommendations 'Crops' (2016) ranged from 12.38 per

cent to 25.02 per cent. Treatments receiving calcium either as soil or foUar spray

along with inorganic fertilizers produced highest fruit yield and total firuit yield.

Table 10. Effect of source and method of calcium application on days to 50

per cent flowering and number of fruits plant

Treatments Days to 50 per
cent flowering

Number of

fruits plant

T i-KAUPOP 2016 38.67 33.55

T 2 - Organic POP 37.67 31.11

T3 - T 1+ Lime as soU application 37.67 37.43

T 4 - T 1+ Dolomite as soil application 37.67 36.72

T 5 - T 1+ Calcium nitrate foliar spray

(1 %)

38.33 38.94

T s - T 1+ Calcium chloride foliar spray
(0.5%)

38.00 38.46

T 7 - T 1+ Calcium acetate fohar spray
(0.5%)

38.00 37.69

T 8 - T 1+ Organic calcium from Exp. 1 38.33 35.96

T 9 - T 1+ Coconut Vinegar 38.00 34.65

SE(m)± 0.401 1.264

CD (0.05) NS 3.789
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Table 11. Effect of source and method of calcium application on fruit characters

Treatments Fruit girth
(cm)

Fruit length
(cm)

Fruit weight

(g)

T i-KAUPOP 2016 5.36 18.29 21.38

T 2 - Organic POP 5.27 17.88 19.11

T3 - T 1+ Lime as soil application 5.57 18.84 22.47

T 4 - T 1+ Dolomite as soil
application

5.58 19.13 21.45

T 5 - T 1+ Calcium nitrate foliar
spray (1 %)

5.97 20.05 24.54

T 6 - T 1+ Calcium chloride foliar

spray (0.5%)

5.81 19.60 25.16

T 7 - T 1+ Calcium acetate foliar
spray (0.5%)

5.44 18.55 23.26

T 8 - T 1+ Organic calcium from
Exp.l

5.39 19.19 22.60

T 9 - T 1+ Coconut Vinegar 5.35 18.02 20.56

SE(m)± 0.135 0.609 0.783

CD (0.05) 0.410 NS 2.348

Table 12. Effect of source and method of calcium application on fruit yield

per plant and total fruit yield

Treatments Fruit yield
per plant (kg)

Total fruit

yield (t ha"')
Ti-KAUPOP 2016 0.537 19.94

T 2 - Organic POP 0.519 18.17

T3 - T 1+ Lime as soil application 0.634 22.41

T 4 - T 1+ Dolomite as soil application 0.626 23.85

T 5 - T 1+ Calcium nitrate foliar spray

(1 %)
0.657 24.93

T 6 - T 1+ Calcium chloride foliar spray
(0.5%)

0.652 24.88

T 7 - T 1+ Calcium acetate foliar spray
(0.5%)

0.642 24.17

T 8 - T 1+ Organic calcium from Exp. 1 0.613 22.48

T 9 - T 1+ Coconut Vinegar 0.562 20.14

SE(m)± 0.027 1.085

CD (0.05) 0.081 3.280

/p
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4.2.3 Soil nutrient status after the experiment

The available nutrient content of the soil recorded after the harvest of the

crop are presented in Table 13 and 14.

Organic carbon, available form of nitrogen, magnesium, boron and zinc in

soil did not differ with source and method of calcium application. However

available soil phosphoras showed significant influence with treatment.

Significant difference in available potassium and calcium was observed

with treatments. Soil application of lime and dolomite increased available

calcium and potassium in soft. Treatment involving recommended dose of

nutrients alone and with foliar apphcation showed lower values for available

potassium and calcium.

4.2.4 Plant analysis

4.2.4.1 Dry matter production (kg ha'')

Dry matter produced by the fhiit and plant expressed in kg ha ' are given
in Table 15.

The effect of treatments significantly influenced finit dry matter. The dry

matter production recorded higher value with Te (1648.99 kg ha') which was on
par with Ts (1486.64 kg ha"'). However dry matter produced recorded minimum

value for T2 viz., organic POP (956 kg ha ') followed by T1 and Tg respectively.

The dry matter produced by the plant showed significant influence with

treatments and maximum dry matter was accumulated at Te (2692.84 kg ha"'). It
was statistically on par with T5 (2620.49 kg ha'). Foliar apphcation of calcium

chloride and calcium nitrate increased finit and plant dry matter production

significantly over other treatments.
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Table 13, Effect of source and method of calcium application on soil organic carbon,

available N, P and K after the harvest

Treatments Organic
carbon

(%)

Available

N

(kg ha ')

Available

P

(kg ha')

Available

K

(kg ha"')
T i-KAUPOP 2016 1.55 217.43 62.47 231.66

T 2 - Organic POP 1.46 217.42 65.74 238.21

T3 - T 1+ Lime as soil application 1.54 225.79 61.77 342.18

T 4 - T 1+ Dolomite as soil application 1.60 229.98 63.94 307.15

T 5 - T 1+ Calcium nitrate foliar spray

(1 %)

1.33 192.34 47.41 214.02

T 6 - T 1+ Calcium chloride foliar

spray (0.5%)

1.60 229.97 57.50 231.63

T 7 - T 1+ Calcium acetate foliar
spray (0.5%)

1.48 20.9.09 62.51 225.23

T 8 - T 1+ Organic calciiun from
Exp.l

1.45 238.34 52.40 244.58

T 9 - T 1+ Coconut Vinegar 1.05 229.97 61.72 221.30

SE(m)± 0.162 14.400 2.286 13.152

CD (0.05) NS NS 6.914 39.770

Table 14. Effect of source and method of calcium application on soil available Ca, Mg, B

and Zn after the harvest

Treatments AvaUable

Ca

(mg kg"')

Available

Mg
(mg kg"')

Available

B

(mg kg-')

AvaUable

Zn

(mg kg"')
T i-KAUPOP 2016 200.00 80.00 0.260 5.27

T 2 - Organic POP 250.00 82.00 0.250 5.23

T3 - T 1+ Lime as soil application 286.33 66.67 0.254 4.28

T 4 - T 1+ Dolomite as soil application 283.33 85.83 0.248 4.69

T 5 - T 1+ Calcium nitrate foliar spray

(1 %)

170.00 50.00 0.256 3.75

T 6 - T 1+ Calcium chloride foliar
spray (0.5%)

213.33 69.60 0.247 6.15

T 7 - T 1+ Calcium acetate fohar
spray (0.5%)

170.00 72.33 0.241 4.53

T g - T 1+ Organic calcium from Exp. 1 220.00 76.33 0.233 4.21

T 9 - T 1+ Coconut Vinegar 176.670 62.000 0.253 4.510

SE(m)± 26.559 9.190 0.005 0.823

CD (0.05) 80.31 NS NS NS
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Table 15. Effect of source and method of calcium nutrition on plant and

fruit dry matter production

Treatments Dry matter production
(kg ha-')

Plant Fruit

Ti-KAUPOP 2016 2055.93 1223.79

T 2 - Organic POP 2009.97 956.02

T3 - T 1+ Lime as soil application 2283.33 1328.10

T 4 - T 1+ Dolomite as soil application 2177.10 1367.46

T 5 - T 1+ Calcium nitrate foUar spray (1 %) 2620.49 1486.64

T s - T 1+ Calcium chloride foliar spray (0.5%) 2692.84 1648.99

T 7 - T 1+ Calcium acetate foHar spray (0.5%) 2189.51 1309.72

T g - T 1+ Organic calcium from Exp. 1 2189.88 1226.05

T 9 - T 1+ Coconut Vinegar 1794.17 1224.05

SE(m)± 115.803 89.750

CD (0.05) 350.167 271.388

4.2.4.2 Nutrient content in plant

The available nutrient content of the plant at the harvest of the crop are

presented in Table 16.

The nutrient content in the plant such as nitrogen, phosphorus, potassium,

calcium, magnesium, zinc and boron showed significant influence with

treatments.

The treatment Ts (2.61 per cent) recorded maximum nitrogen content and

was on par with T? (2.58 per cent), T4 (2.46 per cent), Ti (2.28 per cent) and Ts

(2.24 per cent). The highest phosphorus and calcium content was observed in T5

and it was on par with Ts and T?. All the treatments receiving inorganic calcium

foUar apphcation significantly resulted in increased phosphorus and calcium

content in the plant. The calcium content was found to be comparatively more in

plant than ftuit. T9 recorded the lowest calcium content in plant.

The potassium (3.91 per cent) and magnesium content (1.21 per cent) in

the plant was highest in T5 and was superior to all other treatments.
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The highest values for zinc (71.14 ppm) and boron (28.31 ppm) was

observed in Te. The zinc content in Tg was on par with T2 and T5.

4.2.4.3 Nutrient content in fruit

The data regarding the nutrient content in the fruit are furnished in Table 17.

The results revealed that nutrient content in the okra fruit such as nitrogen,

phosphorus, calciiun, magnesium and zinc had influence from the treatments

whereas potassium and boron content showed no variation.

The nitrogen content in the fruit was highest in T5 (3.81 per cent) and was

statistically on par with Te, Tj, T4, T? and Tg. All the calcium treatments

increased nitrogen content of fruits significantly over other non-calcium

treatments. The phosphorus (0.76 per cent) content was highest in T5 and was on

par with all treatments except T9. The minimum values for nitrogen was in T2.

The calcium content was highest in Te (1.33 per cent) which was on par

with T7 (1.23 per cent), Tg (1.22 per cent) and T5 (1.21 per cent). Fohar

application of calcium increased fiuit calcium content.

The highest value for magnesium content was in Tg and was statistically

on par with T4 (1.13 per cent).

The zinc content was highest in Te and was on par with Tg,T4, T7 and T5.
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Table 16. Effect of source and method of calcium application on nntrient content in

plant at harvest

Treatment N

(%)

P

(%)

K

(%)

Ca

(%)

Mg

(%)

Zn

(mg kg ')
B

(mg kg ')

T, 2.28 0.35 1.77 2.31 0.72 59.13 20.11

T2 1.83 0.30 2.70 1.83 0.73 69.27 19.51

T3 1.90 0.33 2.21 2.04 0.75 53.70 17.87

Ta 2.46 0.29 2.55 2.14 0.77 61.70 20.93

Ts 2.61 0.43 3.91 2.77 1.21 68.60 21.35

Te 2.24 0.38 2.91 2.75 0.99 71.14 28.31

T? 2.58 0.38 3.27 2.57 0.88 63.62 24.65

Tg 1.83 0.34 2.79 2.25 0.87 58.40 18.81

T9 1.79 0.33 2.20 1.47 0.83 51.67 20.65

SE(m)± 0.141 0.021 0.143 0.111 0.038 1.907 0.711

CD (0.05) 0.423 0.064 0.428 0.333 0.113 5.717 2.132

Table 17. Effect of source and method of calcium application on nutrient content in
fruit at harvest

Treatment N

(%)

P

(%)

K

(%)

Ca

(%)

Mg

(%)

Zn

(mg kg"')
B

(mg kg"')

T, 3.17 0.72 3.12 1.07 1.03 29.49 17.05

T2 2.51 0.70 3.14 1.03 0.97 29.30 17.19

T3 3.62 0.69 3.21 1.13 0.94 32.19 16.74

T4 3.58 0.71 3.16 1.11 1.13 34.73 17.13

Ts 3.81 0.76 3.25 1.21 1.07 33.83 19.71

Te 3.73 0.69 3.27 1.33 1.06 36.74 16.93

T? 3.51 0.75 3.16 1.23 1.07 33.85 18.83

Tg 3.51 0.72 3.12 1.22 1.24 34.81 17.50

T9 3.17 0.61 3.08 1.04 0.98 30.92 14.95

SE(m)± 0.206 0.028 0.207 0.052 0.041 1.058 1.720

CD (0.05) 0.618 0.084 NS 0.155 0.124 3.171 NS
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4.2.4.4 Nutrient uptake of plant

The nutrient uptake of the plant expressed in kg ha"' is presented in Table 18.

The results revealed that plant uptake of nitrogen, phosphorus, potassium,

calcium, magnesium, zinc and boron showed significant influence with

treatments.

The nitrogen uptake by plant was obtained highest in T5 (68.92 kg ha"')
and was on par with Tg and T7. The plant uptake of phosphorus (11.13 kg ha')
was the highest in T5 and was on par with Te. The uptake of potassium by plant

was significantly superior in T5.

The calcium (73.54 kg ha"') and zinc (0.193 kg ha"') uptake of plant was

highest in Te which was found on par with T5. The lowest value for the calcium

uptake was in T9. Fohar appUcation of calcium nitrate and calcium chloride

significantly increased phosphorus, calcium and zinc uptake by plants over other

treatments.

The magnesium (31.11 kg ha"') and boron (0.076 kg ha"') uptake by plant

was significantly superior in Ts and Te respectively.

4.2.4.5 Nutrient uptake of fruit

The data pertaining to the finit uptake of nutrients are presented in Table 19.

Significant difference among the treatments was observed on finrit uptake

of nitrogen, phosphorus, potassium, calcium, magnesium and zinc.

The firuit uptake of nitrogen was maximum in Te (61.52 kg ha"') and it was

on par with T5 (56.51 kg ha"') and T4 (49.40 kg ha"'). The fimit uptake of
nitrogen was lowest in T2.

The highest uptake of phosphorus by the finits was obtained in T5 and was

statistically on par with Te, T7, T4 and T3. The finit P uptake was significantly

superior in all the treatments where calcium is appUed in the soil or as fohar

along with inorganic sources.
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The potassium (53.94 kg ha"') uptake by the fruits was highest in Te and

was on par with T5. The calcium (21.94 kg ha"') uptake was significantly
superior in Te. The miniTniim value for calcium uptake by fruit was obtained in

organic POP followed in T9 and Ti respectively.

Te recorded the highest values for magnesium uptake (17.57 kg ha"') and
was statistically on par with T5, T4, Ts, T7. The zinc uptake (0.061kg ha ) of

finit was obtained highest in Te and was statistically on par with T5.

Treatments were statistically non-significant on boron uptake of the fruit.

4.2.5 Quality aspects of fruits

4.2.5.1 Shelf life (days)

The data obtained were statistically analysed and presented in the Table 20.

The results revealed that shelf life of the fruit was significantly influenced

by treatments. The shelf life was highest in Te (7.33 days) and was on par with

Ts, T7 and Tg. All treatments with fohar application of calcium significantly

increased shelf life of fruits. The per cent increase in the shelf life of foliar treated

fruits over the soil application ranged from 17.63 per cent to 29.27 per cent.

4.2.5.2 Ascorbic acid content of okra fruit (mg lOOg')

Data pertaining to the ascorbic acid content of okra fruit was statistically

analysed and presented in Table 20.

Significant influence of treatments on ascorbic acid content of fruit was

noticed. The ascorbic acid content was superior in T5 (28.95 mg 100 g ') and it

was found on par with Te (26.31 mg 100 g"') andTg (25.44 mg lOOg ').
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Table 18. Effect of source and method of calcium application on nutrient uptake of plant at

harvest

Treatment N

(kg ha"')
P

(kg ha"')
K

(kg ha"')
Ca

(kg ha"')
Mg

(kg ha"')
Zn

(kg ha"')
B

(kg ha"')

T, 46.57 7.17 36.28 47.25 14.72 0.122 0.041

T2 36.78 6.03 54.28 36.96 14.65 0.139 0.039

Ta 43.52 7.49 50.60 46.58 17.17 0.123 0.041

T4 53.29 6.37 55.97 47.01 16.97 0.135 0.046

Ts 68.92 11.13 95.30 72.59 31.11 0.180 0.056

T6 60.67 10.32 77.89 73.54 26.69 0.193 0.076

Tt 56.65 8.22 71.49 56.45 19.27 0.139 0.054

Tg 40.00 7.40 61.11 48.97 19.01 0.128 0.041

T9 32.15 5.86 39.66 26.31 14.96 0.093 0.037

SE(m)± 4.683 0.611 4.004 3.379 1.444 0.011 0.004

CD (0.05) 14.162 1.831 12.107 10.630 4.329 0.034 0.011

Table 19. Effect of source and method of calcium application on nutrient uptake of fruit at
harvest

Treatment N

(1^ ha"')
P

(kg ha"')
K

(kg ha"')
Ca

(kg ha"')
Mg

(kg ha"')
Zn

(kg ha')
B

(kg ha"')

t, 38.98 8.83 38.42 13.08 12.54 0.036 0.021

T2 23.91 6.66 29.90 9.79 9.28 0.028 0.016

Ta 48.08 9.11 42.83 14.94 12.42 0.043 0.022

T4 49.40 9.72 43.54 15.12 15.43 0.048 0.024

Ts 56.51 11.44 48.96 17.87 15.91 0.050 0.022

Te 61.52 11.30 53.94 21.94 17.57 0.061 0.028

Tt 46.00 9.87 41.42 16.11 14.15 0.044 0.026

Tg 42.99 8.88 38.00 15.01 15.23 0.043 0.022

T9 38.86 7.41 37.49 12.71 11.96 0.038 0.024

SE(m)± 4.275 0.841 3.430 1.211 1.251 0.004 0.004

CD (0.05) 12.815 2.521 10.284 3.631 3.751 0.011 NS
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4.2.5.3 Crude protein content (per cent)

The crude protein content of okra fruit as influenced by source and method

of calcium application are presented in Table 20.

The highest value of 23.80 per cent was recorded with T5 while the lowest

value was noticed with T2. The treatment T5 was on par with Te, T3, T4, T7 and

Tg. All the treatments involving soil or foliar apphcation of calcium were

significantly superior in crude protein content.

4.2.5.4 Fibre content (per cent)

Data pertaining to fibre content of okra fruits are presented in Table 20.

The effect of treatment on fibre content of okra fruit remained not

significant.

4.2.6 Pest and disease Incidence

The major pests in the experimental area noticed during crop period were

leaf roller and fruit and shoot borer. The attack was noticed at 43 and 48 DAS

respectively. The number of larvae of leaf roller (Sylepta derrogatd) noticed from

each plot and per cent damage caused by fruit and shoot borer (Earias vitella) per

plant were recorded and thereafter control measures were taken effectively. The

data obtained were subjected to statistical analysis and presented in Table 21.

The results revealed that lowest number of leaf roller larvae was in T5

Treatments viz., T? (0.67), Tg (0.67), Te (1.00) and T9 (1.00) was on par with T5.

The mean per cent of damage caused by Earias vitella was calculated and

it was observed that lowest per cent of damage was on Te and it was on par with

T5,T7, TgandTj.
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Table 20. Effect of source and method of calcium application on quality aspects of

fruit

Treatments Shelf Ufe

(days)

Ascorbic

acid

content

(mg lOOg"')

Crude

protein
content

(%)

Fibre

content

(%)

T i-KAUPOP 2016 5.33 21.05 19.83 5.688

T 2 — Organic POP 5.33 20.72 15.68 5.398

T3 - T 1+ Lime as soil application 5.67 23.68 22.63 5.127

T 4 - T 1+ Dolomite as soil
appUcation

5.67 18.42 22.40 5.842

T 5 - T 1+ Calcium nitrate foliar
spray (1 %)

7.00 28.95 23.80 5.660

T 6 - T 1+ Calcium chloride foliar
spray (0.5%)

7.33 26.31 23.33 6.493

T 7 - T 1+ Calcium acetate foUar
spray (0.5%)

7.00 23.68 21.93 5.100

T 8 - T 1+ Organic calcium from
Exp.l

6.67 25.44 21.93 6.067

T 9 - T 1+ Coconut Vinegar 5.33 23.68 19.83 5.487

SE(m)± 0.412 1.459 1.289 0.552

CD (0.05) 1.235 4.375 3.865 NS

4.2.7 Economic analysis

Net returns (Rs.) and BCR as influenced by source and method of calcium

application are presented in Table 22.

Net returns and BCR had significant influence with the treatments. The

highest net returns (Rs. 3.38 lakh ha"') and BCR (3.29) was obtained in Te and

was on par with Ts, T4, T? and T3. The lowest net returns and BCR was with T2

followed by T9. All the inorganic calcium foliar appUcation and soil application

of lime and dolomite were significantly superior to other treatments in BC ratio

and net returns.
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Table 21. Effect of source and method of calcium application on pest and

disease incidence

Treatments No. of larvae per Mean per cent of
plot damage per plant

(Sylepta derrogata) (Earias vitelld)

T i-KAUPOP 2016 3.33 14.41

(2.06) (3.84)

T 2 - Organic POP 8.67 26.56

(3.07) (5.25)

T3 - T 1+ Lime as soil application 6.00 13.02

(2.65) (3.731)

T 4 -T 1+ Dolomite as soil application 3.67 17.07

(2.16) (4.22)

T 5 -T 1+ Calcium nitrate foliar spray 0.00 9.45

0 %) (1.00) (3.23)

T 6 -T 1+ Calcium chloride foliar 1.00 7.60

spray (0.5%) (1.38) (2.92)

T 7 - T 1+ Calcium acetate foliar spray 0.67 9.62

(0.5%) (1.24) (3.18)

T 8 - T 1+ Organic calcium from Exp.l 0.67 12.15

(1.28) (3.59)

T 9 - T 1+ Coconut Vinegar 1.00 16.64

(1.38) (4.20)

SE(m)± 0.189 0.296

CD (0.05) 0.572 0.895

Figures in parenthesis denotes + 1 transformed values

Table 22. Effect of source and method of calcium application on economics

Treatments Net Returns

(Rs. lakh ha"')
B:C ratio

T i-KAUPOP 2016 2.50 2.81

T 2 — Organic POP 1.56 1.78

T3 - T 1+ Lime as soil application 2.90 2.97

T 4 - T 1+ Dolomite as soil application 3.20 3.20

T s - T 1+ Calcium nitrate foliar spray (1 %) 3.35 3.21

T 6 - T 1+ Calcium chloride foliar spray (0.5%) 3.38 3.29

T 7 - T 1+ Calcium acetate foliar spray (0.5%) 3.19 3.09

T 8 - T 1+ Organic calcium from Exp. 1 2.39 2.20

T 9 - T 1+ Coconut Vinegar 1.94 1.97

SE(m)± 0.212 0.137

CD (0.05) 0.640 0.414
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Plate 21. Harvested fruits

%

Plate 22. Fruit and shoot borer

attack

Plate 23. Leaf roller larvae

Plate 24. Leaf scorching after foliar application of coconut water vinegar
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5. DISCUSSION

An investigation was designed to study the possibility of utilizing egg

shell, lime shell and bone pieces extracted with coconut water vinegar as source of

calcium for foliar spray to enhance productivity of okra. This study was also

intended to assess the best source and method of calcium nutrition and thereby its

impact on growth, productivity, profitability and quahty of okra.

The results obtained on the experiment "Evaluation of calcium nutrition in

okra (Abelmoschus esculentus (L.) Moench)" presented in the previous chapter

are discussed below.

5.1 EXPERIMENT I; STANDARDISATION OF ORGANIC SOURCE OF

CALCIUM FOR FOLIAR SPRAY AND ITS CHARACTERIZATION

The pH of the solutions differed significantly with the treatments. The

solutions were acidic in nature at 10 days of preparation and ranged from 3.76 -

4.59. This was in line with the findings of Chang et al. (2008) and

Dhanalakshami (2017). The acidic nature of the solution might be due to the

acetic acid content in the coconut water vinegar. The lowest pH was recorded in

the solutions extracted from bone pieces. The pH of the coconut water vinegar

(3.1) has increased after the addition of the lime shells, bone pieces and egg

shells. This indicates the role of calcium in decreasing the acidity. Kannan

(1980) reported that spray solutions should have pH ranged from 3.0 to 5.5 for the

uptake of nutrients. Blanpied (1979) found that maximum absorption of calcium

occurred in apple leaves when pH of spray solution ranged from 3.3 to 5.2. The

cuticle having isoelectric point of pH 3 will become negatively charged when

solutions greater than this pH are sprayed resulting in the easy binding of carboxyl

groups of cuticle with positively charged cations (Schonherr and Huber, 1977).

After 30 days of preparation, all solutions remained acidic and pH ranged from

4.22- 4.29. They did not vary with the treatments. The solutions extracted from

egg shell and powdered lime shell were acidic and that of bone pieces was

increased to almost neutral at 60 days of preparation.
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The EC of the solutions differed significantly at 10, 30 and 60 days of

preparation and varied from 0.05-0.13 dS m"'. The highest EC was in the solution

prepared from powdered lime shell.

The nitrogen content in the solution showed no variation with the

treatments at 10, 30 and 60 days after preparation.

The phosphorus content differed significantly with treatments at 10 and 30

days after preparation and the highest was recorded in the solution extracted from

bone pieces. At 60 days of preparation, phosphorus content of the solution didn't

differ significantly. The highest phosphorus content in the solution extracted from

bone pieces may be due to dissolution of high amount phosphorus present in the

bone pieces under the action of acid. The phosphorus content of bones is 18.66

per cent on dry weight basis (A1 Ghuzaili et al., 2019). Solution contaming

eggshell showed a decreasing trend in N and P with increasing days of storage.

At ten days after preparation, potassium content was the highest recorded

in the solution extracted using powdered hme shell and was on par with bone

pieces. The potassium content varied significantly at 60 days after preparation

and highest value was recorded for bone pieces.

The calcium content in the solutions showed significant influence with

treatments at 10, 30 and 60 days of preparation. When the calcium sources such

as egg shells, bone pieces and lime shells are mixed with a weak acid such as

coconut water vinegar, the chemical reaction converts calcium iato an available

form, creating carbondixoide escaping as gas and water as by products (Mitchell,

2005). It was highest in the solution extracted from powdered lime shell at 10

days after preparation. At 30 days after preparation, the highest value recorded

for powdered lime shell (13640 ppm) which was on par with eggshells. At 60

days after preparation, calcium content (14880 ppm) was the highest in the

solution prepared from powdered lime shell. This indicates that more number of

calcium ions might have been dissociated in the powdered lime shell than egg

t
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shell and bone pieces under the action of acetic acid leading to the formation of

calcium acetate. The calcium content in dried bones is 38.97 per cent (A1

Ghuzaili et ai, 2019). Nys et al. (2004) reported that about 750-800 mg of

elemental calcium is present in a medium sized egg shell. The calcium content

increased with increasing storage life from 10 to 30 days of preparation in case of

eggshell solution, thereafter decreased.

The magnesium content in the different sources didn't vary significantly at

10 days of preparatiorL The solutions extracted from egg shell recorded highest

magnesium content at 30 and 60 days of preparation and was on par with

powdered lime shell. This indicates dissolving of shells in the coconut water

vinegar can provide magnesium. About 95 per cent of an eggshell is made up of

calcium carbonate (CaCOs) crystals and the remaining mass is made up of

calcium phosphate and magnesium carbonate (Nelson et al., 1966). This is in

conformity with findings of Taylor (1970) and Shwetha et al. (2018).

The maggot development was observed in the solutions prepared from

powdered lime shell and bone pieces after two days of filtering. The solution

extracted from egg sheU showed maggot formation only 15 days after filtering.

The rotten smell was released from solutions prepared using bone pieces at 10

days after filtering. It may be due to fermentation resulting in the production of

compounds responsible for foul smell. Hence it is recommended to use solutions

prepared from egg shells within the 15 days. This all indicates the short life span

of organic calcium sources. The calcium concentration in organic solutions

prepared from lime shells and egg shells were comparable with other spray

solutions of calcium fertilizers such as calcium nitrate, calcium chloride and

calcium acetate upon dilution to five times (Appendix II).

The solution prepared from egg shell is suggested as a source of calcium

for foUar spray in plants considering the calcium content, easy availability of egg

shells for the farmers and comparatively longer period of storage than other

calcium sources. It is having an added advantage of providing appreciable

amoimt of magnesium along with calcium to the plants.
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5.2 EXPERIMENT U: EVALUATION OF SOURCE AND METHOD OF

CALCIUM APPLICATION IN OKRA

5.2.1 Growth characters

5.2.1.1 Plant height

The plant height was significantly influenced by various sources of

calcium appUcation at 30, 60 and 90 DAS. However all the treatments involving

inorganic fertilizers with calcium nutrition recorded significant increase in plant

height at later stages of growth. This was in line with the fmdings of

Oluwatoyinbo et at. (2005), Oluwatoyinbo et al. (2009), Al-Hamzavi (2010),

Uwah et al. (2010), Rab and Haq (2012), Shafeek et al. (2013), Badak et al.

(2015), Ashraf et al. (2018) and Sidhu et al. (2018). Marschner (1995) reported

that growth rate can be enhanced through calcium application which regulates the

activities of lAA having role in cell division and metabolism. Motamedi et al.

(2013), Mengel et al. (2001) and Kazemi (2013) also observed that calcium salts

positively influences the vegetative growth.

The plant height was recorded the lowest in organic POP followed by

dolomite apphcation and KAU POP at 60 DAS respectively. At 90 DAS, organic

POP followed by foliar spray of coconut water vinegar and KAU POP obtained

lowest height. The lowest height in organic POP was attributed to the nutrients

which are readily available for absorption by the plant in inorganic fertilizers

compared to organics during critical stages of growth. Sanwal et al. (2007)

reported that organic fertilizers have less nutrient content, solubihty and nutrient

release rates than inorganic fertilizers. The direct decon^osition is not required

as the nutrients in mineral fertilizers are relatively high, and the release of these

nutrients is quick and can improve yield of crop significantly (Ojeniyi, 2002).

The calcium uptake was lower in organic POP compared to treatments involving

foliar nutrition of calcium thereby retarding cell division and plant height. The

reduced plant height in foliar spray of coconut water vinegar and KAU POP is due

to low amount of calcium supphed.
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5.2.1.2 Number of leaves per plant

The number of leaves showed significant influence with the treatments at

30, 60 and 90 DAS. The plant fohar treated with calcium nitrate recorded highest

number of leaves at 60 and 90 DAS and was on par with foliar spray of calcium

chloride. Foliar sprays of calcium nitrate and calcium chloride increased number

of leaves at 60 and 90 days after sowing and were significantly superior to other

treatments. It may be due to more calcium uptake by the plant resulting in

increased plant growth which is evident fî om Table 18. The increased calcium

uptake through foliar application of calcium chloride and calcium nitrate than

other treatments having foliar application may be due to its less POD value

(Fernandez et al., 2013). Similar results were reported by Kaya et al. (2002),

Ayyub et al., (2012), Shafeek et al. (2013) and Sidhu et al. (2018). These two

treatments increased leaf area which led to increased photosynthesis creating a

source sink relationship. These factors ultimately reflected in production.

It was observed that plant height and number of leaves showed linear

relationship at 30 and 60 DAS i.e. treatment having highest plant height exhibited

maximum number of leaves. But this trend was not observed in growth characters

recorded at 90 DAS.

5.2.2 Yield attributes

The effect of source and method of calcium application showed significant

influence on girth of fiiiit, weight of fiuit, number of fraits per plant. Suit yield

per plant and total finit yield. The length of the fiuit and days taken to 50 per cent

flowering did not significantly vary with the treatments.

The maximum number of fiuits per plant (38.94) was recorded in the foliar

spray of calcium nitrate and was on par with treatments involving calcium

nutrition. It is found that all treatments having calcium nutrition with KAU POP

showed highest number of fiaiits which were significantly superior to other

treatments. This may be due to enhanced absorption of nitrogen which was

evident fî om Table 17. Similar findings are observed by Uwah et al. (2010) in

0^
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okra, Rab and Haq (2012) in tomato, Kassa et al. (2014) in bean, Ashraf et al.

(2018) in tomato, Dixit et al. (2018) in tomato and Souri and Dehnavard (2018) in

tomato. The low values were recorded in Organic POP, KAU POP and foliar

spray of coconut water vinegar respectively.

The fruit girth was highest with foliar spray of calcium nitrate and was on

par with fohar spray of calcium chloride, dolomite and hme apphcation in the

soil. This result was in conformity with Budak and Erdal (2016) in tomato,

Youssef ef al. (2017) in lettuce, Dixit et al. (2018) in tomato and Chowdhury et

al. (2019) inbroccoU.

The highest fruit weight was exhibited by fohar spray of calcium chloride

and was statistically on par with fohar spray of calcium nitrate and calcium

acetate. Fohar applications of aU inorganic forms of calcium increased fruit

weight since calcium is available directly through fohar apphcation and in readily

forms. Fernandez et al. (2013) found that fohar feeding of nutrients was target-

oriented and had quick response than soil fertilization since nutrients are directly

available to plant tissues. Similar results were reported by Rab and Haq (2012) in

tomato, Shafeek et al. (2013) in cucumber, Rajasekhar and Swaminathan (2015)

in bitter gourd and Budak and Erdal (2016) in tomato. The increased fruit weight

can be attributed to the increase in the fruit characters such as girth and length

(Fig. 3 and 4). The increased fruit calcium content and its accumulation as

calcium pectate might have resulted in highest individual fruit weight (Subbaih,

1994). This indicates the importance of calcium in increasing fruit weight

(Toivonen and Bowen, 1999). Treatment did not produce any significant

influence on the length of fruit.

The maximum fruit yield per plant and total fruit yield was obtained in

fohar spray of calcium nitrate and was on par with all treatments having calcium

nutrition. Treatments receiving calcium either as soil or fohar spray along with

inorganic fertilizers produced highest fruit yield and total fruit yield. This

indicated importance of calcium nutrition in increasing total yield. Calcium might

have influenced endogenous growth regulators (Bangerth, 1979) and resulted in
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thickening of pericarp walls due to enhanced cytokinin activity (Leopold and

Kriedeman, 1975). Similar results were reported by Asiegbu and Uzo (1983),

Smith et al. (1986), Kotur (1998), Sarkar and Pal (2006), Balasubramanian et al.

(2010), Budak and Erdal (2016) , Ashraf et al. (2018) and Dixit et al. (2018).

The Suit yield per plant is reflected by fruit weight and fruit number as indicated

in the graph (Fig. 3 and 4). The total fruit yield per hectare is decided by the

number of fruits per plant and plants per hectare. The increased fruit yield per

plant might have contributed to the higher fruit yield per hectare. The results

were in line with findings of Kuchay et al. (2018) in apple and Rajasekhar and

Swaminathan (2015) in bitter gourd. This emphasises the importance of calcium

in okra cultivation. The number of fruits per plant, fruit yield per plant and total

fruit yield was found lowest in organic practices followed by KAU POP and fohar

spray of coconut water vinegar respectively. The low yield in orgamc cultivation

is due to the exclusion of chemical fertilizers and increased damage caused by the

pests. This is in conformity with the findings of Kawaski and Fujimoto (2009)

and de Ponte et al. (2012). The lesser number of fruits per plant, fruit yield per

plant and total fruit yield with KAU POP and foliar spray of coconut water

vinegar may be due to lack of calcium nutrition.

5.2.3 Soil nutrient status after the experiment

The source and method of calcium apphcation didn't have any significant

effect on organic carbon content. It indicate that lime and dolomite application on

the soil have no influence on the organic carbon content. However the content

was increased generally in all treatments after the experiment than the initial value

(0.95 per cent) which may be due to the addition of farm yard manures and

decomposition of fallen leaves. The results are in accordance with Kisanrao

(2005) and Prasad and Singh (1980).

The available nitrogen content in the soil didn't differ with treatments but

nitrogen content was increased from initial value (200.70 kg ha') after the
experiment. This may be due to the addition of nitrogenous fertilizers and farm

yard manure.
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The significant influence of treatments was noticed on available

phosphorus content in the soil The general increase in the content after the

experiment was recorded in all treatments which may be due to the addition of

phosphatic fertilizers.

The available potassium and calcium content in the soil was significantly

influenced with treatments. The available potassium and calcium content were

highest with hme apphcation followed by dolomite application. Soil application

of lime and dolomite increased available potassium and calcium in soil. This was

in conformity with the findings of Kumar and Haider (1996), Kisanrao (2005),

Oluwatoyinbo et al. (2009) and Ewulo (2012). Treatment involving recommended

dose of nutrients alone and with foUar apphcation showed lower values for

available potassium and calcium. Perusal of data indicates that available calcium

content in soil is increased by soil application rather than foliar apphcation of

calcium sources. The available form of magnesium, zinc and boron in the soil

didn't differ significantly with the treatments.



75

30

1
23 1

♦J

^fl
20 •

^ s

€ M 15 .
M £
g»
"i'i 10 i-
a s 1

^ a 1
M 3 } -.
A
U 1

0
T4 T5

TreatDieats

• Girth (cut) • Leugth (cm) Weight (g) I Number of fruits per plant — Fruit yield per plant (g)

Fig. 3. Relationship of fruit characters, number of fruits and yield per plant as
influenced by the treatments in the first half harvests

20

3  18
16

Of S

S P-14

1^12
5 5 10

r-s 8
- 6B e

rl <
s
o

2

0

T1

300 S

T4 T5 T6

Trentments

Girth (cm) Length (cm) Weight (g) Ntimber of ftuits per plant — Fruit yield per plant (g)

Fig. 4. Relationship of fruit characters, number of fruits and yield per plant as
influenced by the treatments in the second half harvests

Ol'^



76

5.2.4 Plant analysis

5.2.4.1 Dry matter production

The fruit and plant dry matter production showed significant influence

with the treatments and maximum dry matter was obtained with foliar spray of

calcium chloride and it was on par with foliar spray of calcium nitrate. The fruit

and plant dry matter production increased significantly with foliar application of

calcium chloride and calcium nitrate. It was observed that nutrient uptake of the

nutrients such as phosphorus and calcium (both in fruit and plant) are relatively

higher in these treatments. The availability of these nutrients in early stages might

have increased photosynthetic rate, meristematic activity and build-up of protein

molecules (Marschner, 1995). These two treatments also increased number of

leaves which acted as a strong source to fest developing sink. The results was in

conformity with Giskin and Nerson (1984) in musk melon and other cucurbits,

Al- Hamzavi (2010) in cucumber, Shimaa and Abd-Elkader (2016) in cabbage

and Souri and Dehnavard (2018) in tomato. Organic POP, KAU POP and foliar

spray of coconut water vinegar had low fruit and plant dry matter.

5.2.4.2 Nutrient content in the plant

The nitrogen content in the plant was the highest with foliar spray of

calcium nitrate and was found on par with foliar spray of calcium acetate,

dolomite application, KAU POP and foliar spray of calcium chloride. The

maximum nitrogen content in foliar application of calcium nitrate may be due to

additional supply of nitrogen through fohar apphcation of calcium nitrate.

The phosphorus content in the plant was highest in the foliar spray of

calcium nitrate and was found on par with foliar spray of calcium chloride and

calcium acetate. All the inorganic calcium foliar application significantly

increased the phosphorus in the plant over other treatments. Calcium acts as co-

factor or activator of enzymes like hydrolases. It activates phospholipase,

arginine kinase, amylase and ATPase enzyme (Marschner, 2012).
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The foliar application of calcium nitrate had highest calcium content in the

plant and was on par with foUar spray of calcium chloride and calcium acetate.

Fohar apphcation of inorganic calcium significantly increased the calcium content

in the plant over other treatments. This is in conformity with the results of Kaya

et al. (2002), Dong et al (2004), Dordas et al. (2007), Al-Hamzavi (2010) and

Heidari et al. (2014). The inorganic foliar application of calcium showed an

increasing trend in nitrogen content which was superior to other treatments. Since

this calcium is readily available it might have helped the translocation of nitrogen.

Addition of either nitrogen or a calcium salt increased nitrogen concentrations

(Banath et al., 1966). Increase in calcium concentration enhanced nitrogen in the

leaf (Banijamalia et al., 2018). This might be due to the role of calcium in protein

formation in the plant (Faust and Klein, 1974). Calcium favours assimilation of

nitogen into organic constituents especially proteins (Tejashvini and

Thippeshappa, 2017; Ali et al., 2016).

The calcium content was foimd lowest with foliar spray of coconut water

vinegar. This rnay be because of low calcium content in coconut water vinegar.

The spraying of coconut water vinegar caused scorching of leaves. The pH of the

spray solution affect rate of penetration and degree of phytotoxicity due to the

poly electrolytic nature of cuticle (Schonherr and Huber, 1977). The high osmotic

potential and low pH of the spray solution can cause phytotoxicity, affecting

photosynthesis and stomata opening (Bai et al., 2008; Fageria et al., 2009, Kluge,

1990). This indicates that coconut water vinegar cannot be considered as a source

of calcium as fohar spray. It was observed that calcium content in the plant was

less where calcium sources were given through soil application than fohar

apphcation Clarkson and Sanderson (1978) reported that uptake of calcium ions

can be done through young root tips only due to the presence of unsuberized cell

waU of endodermis.

The magnesium and potassium content in the plant was significantly

superior with fohar spray of calcium nitrate. The zinc content in the plant was

highest with fohar apphcation of calcium chloride and was on par with organic
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POP and foliar spray of calcium nitrate. The boron content in the plant was

superior with fohar spray of calcium chloride. Similar results were reported by

Tejashvini and Thippeshappa (2017) and Sidhu et al. (2018).

5.2.4.3 Nutrient content in the fruit

The nitrogen content in fruit was highest in fohar spray of calcium nitrate

and was statistically on par with fohar spray of calcium chloride, lime application,

dolomite application, fohar spray of calcium acetate and organic calcium

extracted from egg shell. All the calcium treatments along with KAU POP

increased nitrogen content of fruits significantly over other treatments. The

results were in conformity with Jena et al. (2009), Peyvast et al. (2013),

Tejashvini and Thippeshappa (2017) and Abd-El- Hamied and El-Hady (2018).

The minimal nitrogen content was with organic POP.

The phosphorus content was recorded maximum with fohar spray of one

per cent calcium nitrate and was par with all treatments except fohar spray of

coconut water vinegar.

The calciiun content was the highest with fohar spray of calcium chloride.

This was found on par with fohar spray of calcium acetate, organic calcium

extracted from egg shell and calcium nitrate. Fohar apphcation of calcium

increased fruit calcium content. Calcium is an immobile nutrient and transfer take

place only through xylem along with transpiration stream (Epstein, 1972).

Moreover rate of transpiration in fruits is less (Bangerth, 1979). This indicates

soil apphcation of calcium sources is less efficient in increasing fruit calcium

content whereas, fohar fertilization ensures immediate uptake and translocation of

nutrients (Fageria et al., 2009), increasing the fruit calcium content. Similar

results are reported by McGuire and Kelman (1984), Woo et al. (2000),

Balasubramanian et al. (2010), Badak et al. (2015), Madam et al. (2015), Shimaa

and Abd-Elkade (2016) and Kuchay et al. (2018). Fohar apphcation of both

organic and inorganic forms of calcium increased calcium content in plants and

fruits than other treatments. It was observed that calcium content in the fruit was



79

less compared to the plant. It indicate that only very low amount of calcium is

mobilized from sprayed leaves to firuit. Wittwer (1955) reported that polarity and

phloem immobility are the causes for calcium immobihty. Marschner (2012) also

reported limited rates of distribution of calcium from the site of fohar uptake to

other plant parts due to phloem mobility. Abundance of negative charges in

apoplast may also restrict the calcium movement to other plant parts. But foxmd

to have short term and positive effect on plant growth (Fernandez and Brown,

2013). Hence calcium should be applied at frequent intervals than single

application (Maynard and Hochmuth, 1996).

The fohar spray of organic calcium extracted from egg shell obtained

highest magnesium content and was on par with dolomite apphcation. The high

magnesium content in the solution extracted from egg shells and dolomite may be

the reason for this. The fohar spray of calcium chloride obtained highest zinc

content in the frnit. This was found on par with fohar spray of organic calcium

from eggs shell, dolomite apphcation, fohar spray of calcium acetate and calcium

nitrate.

5.2.4.4 Nutrient uptake ofplant and fruit

The plant uptake of nitrogen was highest with fohar spray of calcium

nitrate and was on par with fohar spray of calcium chloride and calcium acetate.

However highest phosphorus uptake of plant was obtained with fohar spray of

calcium nitrate and was on par with fohar apphcation of calcium chloride. The

calcium and zinc uptake in plant was highest in fohar spray of calcium chloride

which was on par with calcium nitrate. Fohar apphcation of calcium nitrate and

calcium chloride significantly increased phosphorus, calciiun and zinc uptake by

plants over other treatments. The minimal values of calcium uptake by plant were

with fohar spray of coconut water vinegar which may be due to the low calcium

content. The potassium and magnesium uptake by plant was significantly superior

in fohar spray of calcium nitrate, whereas boron uptake by plant was highest in

Te. Shete et at. (2018) reported that fohar apphcation of calcium nitrate increased

N, P, K, Ca, Mg, Zn and B uptake by groundnut crop. Tejashvini and
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Thippeshappa (2017) also observed that foliar application of different calcium

sources increased nutrient uptake by tomato.

The nitrogen uptake by fruit was highest with foliar spray of calcium

chloride and was on par with that of calcium nitrate and dolomite application.

The uptake of phosphorus by fruits was obtained highest in foliar spray of calcium

nitrate and was statistically on par with foliar spray of calcium chloride and

calcium acetate, dolomite and lime application. The fruit P uptake was

significantly superior in all the treatments where calcium is applied in the soil or

as foliar through inorganic sources. The potassium uptake by the fruits was

highest in foliar spray of calcium chloride and was on par with foliar spray of

calcium nitrate. The calcium uptake was significantly superior in foliar spray of

calcium chloride. The fohar spray of calcium chloride obtained highest values for

magnesium uptake by fruits and was on par with foliar spray of calcium nitrate,

dolomite application, foliar spray of organic calcium from egg shell and calcium

acetate. The zinc uptake by fruits was also obtained highest with foliar spray of

calcium chloride and was on par with calcium nitrate foliar application. Foliar

nutrition enhanced the intake of mineral nutrients by roots (Adamec, 2002).

Kaushal et al. (2014) reported that feeding of nutrients through leaves

resulted in higher nutrient uptake than soil application. The point of

deliquescence (POD) of calcium chloride, calcium nitrate and calcium acetate are

33 per cent, 56 per cent and 100 per cent respectively (Schonherr, 2000). Salts

with points of deliquescence (POD) above the prevailing relative humidity, when

applied in the leaves, remain as solutes and leaf penetration is prolonged

(Fernandez et al., 2013). This may be the reason for the less effectiveness of

calcium acetate than calcium chloride and calcium nitrate in the calcium uptake.

The compounds having high point of deliquescence can be reduced by the

addition of adjuvants. Schreiber and Schonherr (2009) reported that permeability

of cuticle is size selective preventing high molecular weight compounds than low

molecular weight compoimds. Similar results were reported by Eichert and

Goldbach (2008) on the uptake of particles through stomata. Moreover spray
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solution of calcium chloride is more acidic than calcium nitrate increasing water

solubility. The penetration through leaf smface decreases with the diameter of

hydrated ion in case of cations having same valency (Franke, 1967).

5.2.5 Quality aspects of fruits

Foliar spray of calcium chloride had maximum shelf life of about 7.33

days and it was found on par with foliar spray of calcium nitrate, fohar spray of
calcium acetate and foliar spray of organic calcium extracted from egg shell. The

shelf life was lowest in KAU POP, Organic POP, coconut water vinegar, lime

application and dolomite application respectively. All treatments with foliar
application of calcium significantly increased shelf life of fruits. The per cent

increase in the shelf life of fohar treated fruits over the soil application ranged

from 17.63 per cent to 29.27 per cent. Similar results were reported by Subbaiah

and Perumal (1990) in tomato, Toivonen and Bowen (1999) in bell pepper,

Balasubramanian et al. (2012) in okra and Islam et al. (2016) in tomato. The

increased shelf Ufe may be attributed to presence of more amount of calcium in

the fruit accumulating as calcium pectate through foliar application and thus

preventing loss of turgidity and moisture. This process reduces the evolution of
ethylene and the respiration rate and thereby prevents early spoilage of fruits

(Singh et al., 1993). This is in conformity with Subbiah (1994), Sumathi et al.
(2011) and Kazemi (2014).

The ascorbic acid content was highest in fohar spray of calcium nitrate and

it was on par with fohar spray of calcium chloride and orgamc calcium extracted

from egg shell. Similar results were shown by Bao et al. (2000), Sumathi et al.

(2011), Kazemi (2014), Shimaa and Abd-Elkader (2016), Asharf et al. (2018) and
Souri and Dehnavard (2018).

Highest per cent of crude protein was observed with fohar spray of calcium

nitrate and was on par with fohar spray of calcium chloride, lime application,

dolomite apphcation, fohar spray of calcium acetate and fohar spray of organic

calcium extracted from egg shell. Both soil and fohar application of calcium
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along with KAU POP increased protein content of finits. It may be due to

increased nitrogen content in fruits. Similar results were reported by Kisanrao

(2005) and Jena et al. (2009). The lowest values were recorded with Organic POP

which is due to low nitrogen content in fruit. The effect of treatment on fibre

content of okra fruit remained non-significant.

5.2.6 Pest and disease incidence

The lowest number of leaf roller larvae was noticed with foliar spray of

calcium nitrate and it was found on par with foliar spray of calcium acetate, foliar

spray of organic calcium extracted from egg shell, foliar spray of calcium chloride

and foliar spray of coconut water vinegar. The mean per cent of damage caused

by fruit and shoot borer was found less when plants were foliar treated with

calcium chloride. It was on par with foliar spray of calcium nitrate, calcium

acetate, organic calcium extracted from egg shell and lime application in the soil.

The reduced number of leaf roller larvae with foliar spray of coconut water

vinegar may be due to the repellent action produced by its smell or taste (Ware

and Whitacre, 2004). The increased fruit calcium content and accumulation as

calcium pectate enhanced cell wall thickness of fruit reducing the larval incidence.

John (1987) reported that cell wall rigidity and membrane stability can be

achieved through the addition of calcium.

5.2.7 Economic analysis

The net returns and BCR were generated highest with foliar spray of

calcium chloride and was on par with foliar spray of calcium nitrate, dolomite

application, foliar spray of calcium acetate and lime applicatioa It was observed

that both inorganic calcium foliar apphcation and soil application of lime and

dolomite were significantly superior in BC ratio and net returns. These results are

in conformity with Baneijee et al. (2014), Katiyar et al. (2015), Nazrul and

Shaheb (2016) and Muhammad et al. (2019). The increased net returns in these

treatments are due to higher yield involving calcium nutrition. More over cost and
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quantity required for inorganic fertilizers is less compared to organic fertilizers

added the effect.

The low net returns and BCR in Organic POP and fohar spray of coconut

water vinegar are due to low yield. The increased cost of coconut water vinegar

in market decreased the same. The high quantity requirement of organic

fertilizers also increased cost of cultivation (Agbede and Kalu, 1995; Okigbo,

2000), thereby decreased BC ratio.
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6. SUMMARY

An investigation entitled "Evaluation of calcium nutrition in okra

(Abelmoschus esculentus (L.) Moench)" was undertaken during 2017-18. The

study was conducted in two experiments, development and characterization of

organic source for fohar spray and field experiment using okra as test crop at

College of Agriculture, Padannakkad and Regional Agricultural Research Station,

Pilicode respectively. Experiment 1 was intended to develop and characterize an

organic calcium source for fohar spray. Experiment 11 was aimed to identify the

best source and method of calcium nutrition and thereby assessing its impact on

growth, productivity, profitability and quality of okra.

The development and characterization of organic source for fohar spray

was carried out in completely randomized design with three treatments and five

rephcations. The solutions were prepared by dissolving egg shells (Ti), bone

pieces (T2) and powdered lime sheU (T3) in coconut water vinegar used as solvent.

The colour of the solutions was darker after filtering fi-om tenth day up to 2

months of preparation. The pH of the solutions was acidic in nature except for the

solutions extracted fi'om bone pieces at 60 days of preparation which was almost

increased to neutral. The EC ranged fi-om 0.05-0.13 dS m"'. The nitrogen content

in the solution showed no variation with treatments at 10, 30 and 60 days of

preparation. The phosphorus content was highest with solutions extracted fi'om

bone pieces at 10 and 30 days of preparation, whereas at 60 days of preparation,

showed no significance. The potassium content varied with treatments at 10 and

60 days of preparation. The calcium content differed significantly with the

treatments at 10 and 60 days of preparation. The highest calcium content was

obtained fiom the solution prepared fiom lime shells. At 30 days of preparation,

calcium content was obtained highest with lime shells followed by egg shells.

The organic solutions (lime shell and egg shell) upon five times dilution gave

calcium concentration comparable with one per cent calcium nitrate, 0.5 per cent

calcium chloride and 0.5 per cent calcium acetate. The solutions extracted fiom
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egg shell obtained highest magnesium content which was on par with powdered

lime shell at 30 and 60 days of preparation. The maggot development was

observed earlier in solutions extracted from lime shells and bone pieces than egg

shells. The solution prepared from egg shells are preferred to those from bone

pieces and lime shell due to its easy availability and relatively longer period of

storage. Hence the solution prepared from egg shells can be used as a som-ce of

calcium for foliar spray like calcium nitrate and calcium chloride available in

market as foliar fertilizers.

The field experiment was carried out in randomized block design with

nine treatments and three replications. The treatment combination were, KAU

POP (Ti), Organic POP (T2), KAU POP + lime as soil application (T3), KAU POP

+ dolomite as soil application (T4), KAU POP + foliar spray of one per cent

calcium nitrate (T5), KAU POP + fohar spray of 0.5 per cent calcium chloride

(Te), KAU POP + fohar spray of 0.5 per cent calcium acetate (T?), KAU POP +

fohar spray of organic calcium extracted from egg sheU (Tg) and KAU POP +

foliar spray of coconut water vinegar (T9). The fohar sprays were given at 30,45,

60 and 75 DAS. The study was carried out with yeUow mosaic resistant var. Arka

Anamika developed at IIHR, Hesaraghatta. The results of the experiments are

summarized below;

1) The plant height and number of leaves was influenced with treatments

at 30, 60 and 90 DAS. At 30 DAS, plant height was highest with dolomite

apphcation and was on par with T3, T9, Te, T2 and Tg. The plant height was

highest in T5 at 60 DAS and was on par with Te, Tg, T3, T7, T4 and T9. The plant

height was highest with fohar apphcation of calcium chloride at 90 DAS and was

on par with T4, Tg and T5. At 30 DAS, number of leaves per plant was

significantly superior with dolomite apphcation. At 60 DAS and 90 DAS, number

of leaves per plant was highest in fohar spray of calcium nitrate and was on par

with Tfi. At 30 and 60 DAS, treatment having highest plant height recorded

maximum number of leaves indicating a linear relationship between the

parameters. But this trend was not observed at 90 DAS.
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2) The fiaiit girth was highest in fohar spray of calcium nitrate (5.97 cm)

and was on par with Tg, T4 and T3. The highest fiuit weight was exhibited by

fohar application of calcium chloride (25.16 g) and was statistically on par with

Ts and T7. Fohar spray of calcium nitrate recorded maximum number of fruits per

plant (38.94), yield per plant (0.657 kg) and total fruit yield (24.93 t ha"') and was

statistically on par with all treatments except T2, Ti and T9. The minimum value

for number of fruits per plant, fruit yield per plant and total fruit yield was in Tj

followed by Ti and T9 respectively. The highest fruit and plant dry matter was

accumulated with fohar spray of calcium chloride and was on par with T5.

3) The available soil phosphorus content in the soil was highest in organic

POP and was on par with T4, T7, Ti, T3 and T9. The maximum value for soil

available potassium and calcium was with hme apphcation foUowed by T4.

Organic carbon, available form of nitrogen, magnesium, boron and zinc in soil did

not differ with treatments.

4) Ts recorded maximum nitrogen content in plant and was on par with T7,

T4, Ti and Te. The highest phosphorus and calcium content in the plant was

observed in fohar spray of calcium nitrate and it was on par with Te and T7. The

calcium content was found to be comparatively more in plant than fruit. T9

recorded lowest calcium content in plant. The potassium and magnesium contents

in the plant were significantly superior in T5. The zinc in the plant was highest in

Te and was on par with T2 and T5. The boron content was significantly superior in

Te.

5) The nitrogen content in fruit was highest in T5 and was statisticaUy on

par with Ts, T3, T4, T7 and Ts. Ts recorded highest phosphorus content and was

on par with ah treatments except T9. The fruit calcium content was highest with

foliar spray of calcium chloride and it was on par with T7, Ts and T5. The

magnesium content was highest in Ts and was on par with T4. Te obtained highest

fruit zinc content and was on par with Ts,T4, T7 and Ts.
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6) The nitrogen uptake by plant was the highest in Ts and was on par with

Te and T?. The plant uptake of phosphorus was the highest in T5 and was on par

with Te. The uptake of potassium and magnesium by plant was significantly

superior in T5. The calcium and zinc uptake of plant was the highest in Te which

was found on par with T5. The boron uptake by plant was significantly superior

inTe.

7) The fruit uptake of nitrogen was highest in Te and it was on par with Ts

and T4. The maximum uptake of phosphorus by the fruits was obtained in T5

and was statistically on par with Tg, T7, T4 and T3. The potassium uptake was

obtained highest in Tg which was on par with T5. The uptake of calcium by

froxits was significantly superior in fohar spray of calcium chloride. The

minitniim value for calcium uptake by fruit was obtained in organic POP

followed in T9 and Ti respectively. The uptake of magnesium in the fruit was

highest in Tg and was on par with Ts, T4, Tg and T?. The zinc uptake of fruit was

obtained maximum in Tg and was statistically on par with Ts.

8) The shelf life was highest in foliar spray of calcium chloride (7.33 days)

and it was on par with Ts, T7 and Tg. The ascorbic acid content was superior in

calcium nitrate fohar spray and it was found on par with Tg and Tg. The crude

protein content was obtained highest in fohar apphcation of calcium nitrate and

was on par with Tg, T3, T4, T7 and Tg. Organic POP obtained lowest crude protein

content.

9) The larval number of leaf roUer was lowest in fohar spray of calcium

nitrate and was found on par with T7, Tg. Tg and T9. The per cent damage caused

by frnit and shoot borer was lowest in foliar spray of calcium chloride and was

statistically on par with Ts, T7, Tg and T3.

10) The highest net returns (Rs. 3.38 lakh ha"') and BCR (3.29) was

obtained in fohar spray of calcium chloride and was on par with T s, T4, T7 and T3.

The lowest net returns and BCR was with T2 foUowed by T9.
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Perusal of the results revealed that calcium nutrition is having a significant

role in enhancement on yield, nutrient uptake, quahty, economic returns and

lowering pest and disease incidence in okra. Application of recommended dose of

nutrients as per KAU POP coupled with foliar spray of either with 0.5 per cent

calcium chloride or one per cent calcium nitrate can be suggested for improving

calcium nutrition and thereby productivity.

Future line of work

1. Further research is required to explore the possibility of using organic calcium

prepared from egg shells in different dilutions and intervals to standardise its

efficiency and with reduced number of sprays.

2. Experiments on effect of organic calcium should be conducted in different

crops.

V
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Appendix 11

Calcium content (ppm) in different calcium sources used for foliar spray

Calcium compounds Calcium concentration (ppm)

Calcium nitrate (1 %) 1600 ppm

Calcium chloride (0.5 %) 1360 ppm

Calcium acetate (0.5 %) 1250 ppm

Organic calcium solutions from egg shells 12480 ppm

Appendix III

Effect of source and method of calcium application on marketable yield, cost of cultivation
and gross returns

Treatments Cost of

cultivation

(Rs. lakh ha'*)

Marketable

yield (t ha'*)
Gross Returns

(Rs. lakh ha'*)

Ti-KAUPOP 2016 1.37 14.95 3.88

T 2 - Organic POP 1.98 13.62 3.54

T3 - T 1+ Lime as soil application 1.47 16.80 4.37

T 4 - T 1+ Dolomite as soil application 1.45 17.89 4.65

T 5 - T 1+ Calcium nitrate foliar spray

(1 %) 1.51
18.70 4.86

T 6 - T 1+ Calcium chloride foliar spray
(0.5%) 1.47

18.66 4.85

T 7 - T 1+ Calcium acetate foliar spray
(0.5%) 1.52

18.13 4.71

T 8 - T 1+ Organic calcium from Exp. 1 1.99 16.86 4.38

T 9 - T 1+ Coconut Vinegar 1.99 15.10 3.93

SE(m)± 0.814 0.212

CD (0.05) 2.46 0.64
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ABSTRACT

The investigation on "Evaluation of calcium nutrition in okra

(Abelmoschus esciilentiis (L.) Moench)" was undertaken with the objectives to

develop and characterize an organic calcium source for foliar spray and to identify

the best source and method of calcium nutrition, thereby assessing its impact on

growth, productivity, profitability and quality of okra. The study was conducted

in two experiments. Experiment I was done to develop and characterize an

organic calcium source for foliar spray at College of Agriculture, Padannakkad.

The field experiment was intended for the evaluation of source and method of

calcium application in okra at Regional Agricultural Research Station, Pilicode

during 2017-2018.

The first investigation was laid out in completely randomized design with

three treatments replicated five times. The resultant solutions were obtained by

dissolving egg shells (Ti), bone pieces (T2) and powdered lime shell (T3) in

coconut water vinegar used as solvent. Perusal of the results indicated that the

solutions were acidic. The calcium content was highest with solutions extracted

from lime shell followed by eggshell. The maggot development was observed

earlier in solutions extracted from lime shells and bone pieces (2 DAF) than egg

shells (15 DAF). The solution prepared from egg shells are preferred to those

from bone pieces and lime shell due to its easy availability and relatively longer

period of storage. Hence the solution preparedfrom egg shells can be used as a

source of calcium for foliar spray like calcium nitrate and calcium chloride

available in market as foliar fertilizers.

The field experiment was carried out in randomized block design

with nine treatments and three replications. The treatment combination were,

KAU POP (Ti), Organic POP (T2), KAU POP + lime as soil application (T3),

KAU POP + dolomite as soil application (T4), KAU POP + foliar spray of one per

cent calcium nitrate (Tj), KAU POP + foliar spray of 0.5 per cent calcium

chloride (Te), KAU POP + foliar spray of 0.5 per cent calcium acetate (T?), KAU

POP + foliar spray of organic calcium extracted from egg shell (Tg) and KAU

\
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POP + foliar spray of coconut water vinegar (T9). The foliar sprays were given at

30, 45, 60 and 75 DAS.

Considering the yield and yield attributes, the highest fruit weight was

exhibited by Te and was statistically on par with T5 and T7. The treatment T5

recorded maximum number of fruits per plant (38.94), yield per plant (0.657 kg)

and total fruit yield (24.93 t ha ') and was statistically on par with all treatments

except T2, Ti and T9. Fohar apphcation of calcium chloride and calcium nitrate

along with KAU POP increased fruit and plant dry matter production significantly

over other treatments.

Organic carbon, available form of nitrogen, magnesium, boron and zinc in

soil did not differ with treatments. The maximum value for soil available

potassium and calcium was with T3 followed by T4.

The highest calciiun content in the plant was observed in T5 and it was on

par with Te and T?. T9 recorded lowest calcium content in plant. The fruit

calcium content was highest with Ta and it was statistically on par with T7, Tg

and T5. Fohar application of calcium nitrate and calcium chloride significantly

increased calcium uptake by plants over other treatments. The calcium uptake

by fruits was maximum in Te.

The shelf life of fruits was highest in Te (7.33 days) and was on par with

Ts, T7 and Tg. The larval incidence of leaf roller was lowest with T5 and was on

par with T7, Tg, Te and T9. The highest net returns (Rs. 3.38 lakh ha"') and BCR

(3.29) was obtained in Te and was on par with Ts, T4, T7 and T3.

Therefore it can be concluded from the study that application of calcium

along with recommended dose of nutrients (110:35:70 kg NPK ha'^) either

through soil or as foliar spray has a significant role In maximizing the yield of

okra. However foliar application of 0.5 per cent calcium chloride or one per

cent calcium nitrate Is beneficial for getting higher yield per unit area and

maximum economic returns. Moreover this nutrient schedule Is economically

viable and maintaining soil fertility.
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