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1. INTRODUCTION 

Papaya (Carica papaya L.) belonging to Caricaceae family has long been 

recognized as a wonder fruit of the tropics and grown predominantly for its delicious 

taste and extraction of its digestive constituent papain. It bestows elevated production 

of fruits per hectare and an income next to banana. It is a native of tropical America 

and introduced to India during 16th century. This crop has achieved more significance 

among farmers on account to its palatability, fruiting ability round the year, early 

fruiting and highest productivity per unit area and multifold uses like food, medicine 

and industrial input. The fruit is a rich source of vitamin A, B and C. Green fruit of 

papaya contains protease enzyme ‘papain’ which has diverse use in pharmaceutical 

and food industries. Due to neutraceutical properties and multifold uses it is now 

slowly emerging as a commercial crop in Kerala.  

According to data of NHB (2019), India is the leading producer of papaya in 

the world with an area of 1,39,000 hectares and production of 58,31,000 MT. 

Nutrient loss and reduction in nutrient use efficiency, leading to situations of 

decreased productivity, soil health degradation and heightened environmental 

pollution apart from the wastage of a considerable portion of expensive and scarce 

inputs are the drawbacks of conventional method of nutrient application followed in 

papaya. Adoption of fertigation enhances the nutrient uptake efficiency to an extent 

of 30-40 per cent, deter degradation of soil, deducts fertilizer application cost besides 

boosting the productivity and produce quality.  

According to Kumar et al. (2008) supply of requisite amount of nutrients is 

necessary during the active growth period in papaya, as vegetative growth and 

flowering is simultaneous in this crop. This is possible through fertigation. 

Fertigation studies conducted in papaya revealed an increased fruit yield without 

compromising its fruit qualities over soil application.  



For enhancing the productivity of crop, knowledge on correct dose of 

fertilizers to be provided through fertigation is very crucial. Under Kerala conditions, 

no ample evidence is available on the correct dose of nutrients for fertigation in 

papaya. Hence, in this project an endeavor was done to elucidate the impact of 

fertigation on papaya growth and development. 

High amount of metabolic boron is needed by papaya plant, as it is latex 

yielding. Zinc and boron deficiencies have been increasingly documented in papaya. 

Soorianathasundaram (2005) reported that deficiency of boron may cause bumpiness 

in papaya fruits (tumor like eruptions) along with exudation of latex from fruit skin. 

To overcome this issue, foliar nutrition of micronutrients will be incredibly 

beneficial. Also, foliar feeding comes as a boon, under conditions like plant stress or 

in adverse soil conditions when nutrients become unavailable to plant roots and 

absorbtion will be at stake. When prompt correction of nutrient deficiencies is 

required, this is the method of choice as nutrient uptake through leaf stomata is 

considerably faster than through roots. Micronutrient foliar spray can also help the 

plant to shield itself from pest attacks by providing extra nutrients to maintain a 

healthy immune system. 

Research on foliar sprays of micronutrients boron (as boric acid) and zinc (as 

zinc sulphate) on papaya revealed a significant increase in both biometric and yield 

parameters apart from improved fruit set, fruit retention and also increased latex 

yield. Raja (2010) observed that papaya fruits with bigger size, smooth skin and 

healthy seeds where obtained in boron applied treatments whereas, fruits with rough 

skin and asymmetrically filled fruit cavity was the result of control (no boron 

treatment) and were unmarketable with small size and few aborted seeds. 

Being climacteric, papaya fruits are highly perishable and need to be handled 

with extreme care from the time they are harvested until they reach the consumer. 

Post harvest losses of papaya fruits is up to 75%, according to estimates of mainland 
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USA wholesalers and retailers. Therefore, developing a suitable technology for 

prolonging the storage life of papaya, which can help both in domestic as well as 

international trade is the need of the hour. The storage life of fruits can be extended 

by checking the rate of respiration, transpiration and disease infection through some 

postharvest treatment like precooling, sanitization, waxing and by the use of ethylene 

scrubber.  

In recent times, a lot of attention has been received for the use of biologically 

active natural products rather than synthetic fungicides for curbing decay and 

lengthening the shelf life of fruits (Tripathi and Dubey, 2004). Studies on use of bio-

waxes on papaya revealed significant changes in peel colour, firmness, internal CO2 

concentration and respiration rate in all bio-wax coated fruits without affecting its 

organoleptic characteristics. Also recent researches pointed that chitosan treated fruits 

registered reduced deterioration index compared to the control without significantly 

affecting the physicochemical properties of fruits. Hence, use of chitosan, carnauba 

wax etc. were resorted in the study. 

In this view, present study entitled “Fertigation studies in papaya (Carica 

papaya L.)” is proposed with the following objectives:  

1. To standardize the nutrient level for yield improvement through fertigation 

and foliar nutrition in papaya 

2. To study the postharvest management practices for extending the shelf life 

of fruits  
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2. REVIEW OF LITERATURE 

 Papaya (Carica papaya L.) belongs to the family Caricaceae, is an important 

fruit crop of tropical world and has long been realized as wonder fruit of the tropics. 

It occupies limited area for growth, reaches fruiting within a year, is easy to cultivate 

and contributes more income next to banana. Papaya has a broad spectrum of 

adaptability and had high monetary return per unit area. 

Papaya is a shallow rooted crop and is highly prone to the soil moisture 

instability. The growth and development of papaya will be affected under extended 

moisture stress, leading to the production of male flowers which steers to poor fruit 

set. Irrespective of varieties, papaya fruits produced in high rainfall and humid 

regions are larger than those grown in low rainfall regions. Singh and Singh, (2002) 

documented that higher moisture conditions in papaya leads to exorbitant production 

of unsatisfactory carpelloid types in which the stamens fuse with developing ovary, 

resulting in deformed fruits whereas, meagre soil moisture level can transform plants 

towards sterility and male floral characters. Under flood irrigation, the crop is 

extremely sensitive to collar rot, as water comes in direct contact with the trunk. 

Hence effective water application to this crop is essential. 

Water is the natural resource gifted by nature for sustainability of civilization. 

Any mishandling of this resource will steer to the devastation of civilization. Spears, 

(2003) forecasted that there will be an annual global water shortage of 640 billion 

cubic meters, by the year 2050. Agriculture sector consuming 71 % of the freshwater 

use across the world is the largest consumptive user of water. Fereres and Soriano 

(2007) opined that irrigation management practices should be diverted from 

emphasizing production per unit area towards maximizing the production per unit of 

water consumed. 

Drip irrigation may be considered as one of the latest innovations for applying 

water to widely spaced crops, especially in the water scarce areas. This technique 



provides a provision for precise application of water directly into the root zone 

without wetting the entire area, which aids in saving considerable amount of water 

(Ahluwalia et al., 1993). According to INCID (1994) drip irrigation reduces the 

requirement of water (45-50 per cent), labour (40-50 per cent) and fertilizer (25-30 

per cent). 

2.1 FERTIGATION AND FOLIAR NUTRITION STUDIES IN PAPAYA 

Fertilizers supplied at planting time and in split doses at critical growth 

periods to the plant root zone mostly offer lesser efficiency, as most of the 

conventionally applied nutrients will leach and become unavailable to the plant roots.  

By the technique of fertigation, accurate quantities of both water and fertilizer 

can be supplied to growing crops at the root zone. Roots develop vastly in a limited 

volume of soil moistened by drip irrigation and application of fertilizers through the 

irrigation system can significantly provide nutrients in that wetted zone, where the 

roots are present at highest concentration in the soil. The advantage of drip irrigation 

over conventional method includes reduced water requirement, enhanced yield and 

improved quality of produce. Goldberg and Shmuli (1970) reported that drip 

irrigation aids in controlled placement and acurate supply of water soluble fertilizers 

apart from providing highly efficient water application. 

As surface evaporation and deep percolation are reduced by drip fertigation, 

high water use efficiency and nitrogen use efficiency are the results (Darwish et al., 

2006). Chaudhri et al. (2001) documented that fertigation in papaya provides a 

substantial increase in yield along with 50 per cent and 53 per cent saving of fertilizer 

and water respectively. Deshmukh and Hardaha (2014) reported that drip irrigation is 

beneficial over conventional method of irrigation in saving water and increasing yield 

of papaya to the tune of 45 to 66 per cent and 21 to 36 per cent respectively. 

However, expensive investment of fertilizer injection system and safety devices are 

the limiting factors for fertigation (Imas, 1999). 
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Foliar nutrition is a widely used environmental friendly method for providing 

supplemental dose of major and minor nutrients, plant hormones, stimulants and 

other beneficial substances on the canopy. It aims at improving the yield and quality 

of crops with reduced environmental impacts associated with soil fertilization. 

Kuepper (2003) reported that foliar application of major nutrients was beneficial for 

promoting vegetative growth and size of fruits.  

As nutrients applied through foliar spray are readily absorbed through the leaf 

surface it gives a quicker response than application of nutrients to soil. Foliar sprays 

are also a boon in cases of immobilization processes, which make application to the 

soils ineffective. Apart from this foliar nutrition has multiple advantages like low 

cost, use of limited quantity of fertilizers and ability to combine with other 

agrochemicals in a single application (Oosterhuis, 2009). Studies have shown that 

micronutrient application to plants is highly effective since it can tremendously 

upgrade yield of crop and enhance fruit quality and shelf life of produce. Role of 

micronutrients as enzyme activators and its function in lignin biosynthesis gives 

disease resistance to plants upon its application (Raja, 2009). 

Kavitha et al. (2001) reported improvement in yield and fruit quality in 

papaya variety CO.5 upon foliar sprays with micronutrients, 0.1% boric acid and 

0.5% zinc sulphate at 4th and 8th month after planting. Hada (2013) documented that 

foliar application of boron reduces the fruit drop, as it plays a crucial role in 

carbohydrate translocation, auxin synthesis and augmenting pollen viability and 

fertilization.  

Application of micronutrient boron as pre-harvest foliar sprays was useful in 

strawberry cv. Chandler for ensuring elevated marketable fruit yield with better 

firmness and enhanced quality parameters (Singh et al., 2007), which was achieved 

by lowering the incidence of physiological disorders. Similar conclusions were also 

reported by Sajid et al. (2010) in sweet orange cv. Blood Orange. They concluded 
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that foliar sprays of 0.05% zinc and 0.04% boron significantly reduced the incidence 

of die back (13.77%), whereas, control treatment succumbs to higher percentage of 

die back incidence (25.56%). 

Low levels of zinc in soil affect the fruit yield in many tropical and 

subtropical fruits, as this micronutrient is a constituent of several enzymes required 

for metabolic reactions in the plant and also crucial for auxin and protein synthesis. 

Small leaves, shortened internodes giving a stunted appearance to plant are the zinc 

deficiency symptoms. Boron is a constituent of cell membrane and important for cell 

division. According to Trivedi et al. (2012) boron plays a role in absorption of 

nitrogen and translocation of sugars and acts as a regulator of potassium/calcium ratio 

in the plant. 

In the following pages review of literature on impact of fertigation and foliar 

spraying with micronutrients on various fruit crops are described. 

2.1.1 Biometric parameters 

2.1.1.1 Plant height 

In banana cv. Grand Naine, increase in plant height (185 cm) upon application 

of 100 % RD of N and K through drip was reported by Bhalerao et al. (2009), 

whereas supply of 100 % RD of N and K through soil resulted in a plant height of 

180 cm. Least plant height (170 cm) was observed in plants receiving 50 % RD of N 

and K through soil. 

According to Singh et al. (2010) application of 0.50% borax along with 

0.25% ZnSO4 gave maximum plant height (171.62 cm) in papaya cv. Ranchi and 

least plant height was recorded in control (153.58 cm). 

Impact of fertigation on plant height of Sapota cv. Kalipatti (Achras sapota 

Mill) was studied by Patel et al. (2017b). They reported that plant which received 100 
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% RD of NPK gave a maximum plant height of 618 cm which was followed by plants 

which received 75 % RD of NPK (602 cm). Lowest plant height was reported in 

control (572 cm). 

2.1.1.2 Plant girth 

Application of borax 0.50% along with 0.25% ZnSO4 was found to be best 

which gave maximum plant girth (39.74 cm) in papaya cv. Ranchi (Singh et al., 

2010), whereas control registered a girth of 34.29 cm. 

Babaji (2013) reported that application of N and K2O at 100 % RD resulted in 

highest stem girth of 28.33 cm, 42.21 cm and 48.15 cm respectively at 180 DAP, 270 

DAP and 360 DAP in papaya cv. Red Lady. Plants receiving 60 % RD of N and K2O 

recorded lowest stem girth of 22.39 cm, 36.50 cm and 42.09 cm respectively at 180 

DAP, 270 DAP and 360 DAP. 

Influence of different levels of fertigation (50, 60 and 80% of recommended 

NPK fertilizers) on growth attributes of banana cv. Martaman (AAB), Silk at 

shooting stage was studied by Pramanik and Patra (2016). Highest pseudostem girth 

of 75.48 cm was recorded in plants receiving 80 per cent RDN through fertigation 

and plants receiving 50 per cent RDN through fertigation recorded a shortest 

pseudostem girth of 66.22 cm in banana.  

2.1.1.3 Number of leaves 

In strawberry cv. Chandler, improvement in number of leaves per plant 

(24.93) upon foliar sprays of ZnSO4 (0.4%) was reported by Chaturvedi et al. (2005). 

Control plants recorded lowest number of leaves per plant (19.21). 

Jeyakumar et al. (2010) reported that application of 100 % RD of N and K2O 

through drip resulted in maximum number of leaves (34.20) in papaya cv. Co.7. 
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Plants receiving 50 % RD of N and K2O through drip recorded lowest number of 

leaves per plant (28.00).   

Application of ZnSO4 (0.25%) along with Borax (0.1%) recorded maximum 

number of leaves (39.11) in papaya cv. Red Lady compared to untreated control 

(31.67) (Manjunatha, 2012). 

According to Babaji (2013), papaya cv. Red Lady receiving 100 % RD of N 

and K2O registered highest number of leaves per plant of 24.25, 34.80 and 44.97 

respectively on 180, 270 and 360 days after transplanting whereas, plants receiving 

60 % RD of N and K2O recorded minimum number of leaves per plant (21.28, 30.89 

and 39.62 on 180, 270 and 360 days after transplanting). 

Maneesha et al. (2019) opined that application of 100 % RD of N and K2O as 

weekly fertigation improved the number of leaves per plant (17.82) in pineapple 

variety ‘Giant Kew’ during crop establishment stage. It was found to be on par 

(17.46) with plants receiving fertigation with 125 % RDN. Lowest number of leaves 

(11.16) was recorded in plants provided with surface irrigation and conventional 

application of 100 % RDN.    

2.1.1.4 Leaf Area Index  

Valji (2011) reported that leaf area increased linearly with level of fertigation 

(60 %, 80 % and 100 % RDN) in papaya var. Madhu Bindu. Maximum leaf area of 

6.88 m2 was noted by the plants receiving drip irrigation at 0.8 PEF along with N and 

K2O at 100 % RD. Control (surface irrigation at IW/CPE ratio of 1.0 along with 100 

% RDN of N, P2O5 and K2O through soil) registered a leaf area of 5.28 m2. Minimum 

total leaf area of 4.49 m2 was measured in plants receiving drip irrigation at 0.4 PEF 

along with N and K2O at 60 % RD. 
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Greatest leaf area of 628.21 cm2 was recorded in guava cv. L-49 receiving 

foliar application of 0.8% ZnSO4 and 0.4% borax, while the lowest leaf area (528.88 

cm2) was noted in control (Hada, 2013). 

Kachwaya and Chandel (2015) studied the impact of fertigation on leaf area 

of strawberry cv. Chandler. They opined that supply of 100 % and 75 % RD of NPK 

through drip increased the leaf area (129.2 and 128.2 cm2 respectively) whereas soil 

application of recommended dose of NPK gave a lesser leaf area of 122.5 cm2. 

Pramanik and Patra (2016) reported a highest leaf area index of 3.21 in 

banana cv. Martaman, AAB receiving 80 per cent RDN through fertigation and 

lowest value for leaf area index (2.28) was recorded in plants receiving 50 per cent 

RDN through fertigation.  

2.1.1.5 Height at first flowering (cm) 

Jeyakumar et al. (2010) documented that application of N and K2O through 

drip resulted in flowering at the lowest height (96.32 cm) in 100 % RD of papaya cv. 

CO 7. In control plants flowering occurred at a height of 103.41 cm. 

Significant differences with respect to height at first flowering due to different 

fertigation treatments was reported by Valji (2011) in papaya var. Madhu Bindu. The 

papaya plants which received 80 % RD of N and K through fertigation flowered at 

shortest height (60.45 cm) which was followed by fertigation at 100 % RD of N and 

K (62.65 cm), whereas, application of 100 % RD of nutrients through soil (control) 

registered a height of 74.71 cm at flowering. Fertigation with N and K2O at 60 % RD 

flowered at a maximum height of 83.28 cm. 

Parag et al. (2016) documented that adoption of fertigation level at 100 per 

cent RDN resulted in minimum first flowering height (76.57 cm) in papaya cv. Red 

Lady under Navsari (Gujarat) conditions, whereas papaya plants receiving 80 per cent 

and 60 per cent RDN flowered at a height of 78.74 cm and 84.16 cm respectively. 
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2.1.1.6 Days to flowering 

Application of 100 % RD of N and K through fertigation reduced the days for 

flowering (282 days) in banana cv. Grand Naine (Bhalerao et al., 2009), whereas 

plants received 100 % and 50 % RD of N and K through soil, took 291 days and 299 

days respectively for flowering. 

Singh et al. (2010) documented early flowering (104.42 days after 

transplanting) in papaya cv. Ranchi on foliar sprays with borax (0.50 %). Control 

took 124.83 days to flower.  

The fertigation study conducted by Valji (2011) in papaya var. Madhu Bindu 

revealed that plants which received drip irrigation at 0.8 PEF along with N and K2O 

at 100 % RD initiated first flower significantly in less number of days (69.10) after 

transplanting. The treatment which received drip irrigation at 0.4 PEF along with N 

and K2O at 60 % RD recorded maximum number of days (91.27) after transplanting 

for the appearance of first flower. 

Babaji (2013) reported significantly minimum days (109.46) to first flower 

initiation in papaya cv. Red Lady receiving N and K2O at 100 % RD as fertigation. 

Plants receiving 60 % RD of N and K2O recorded more days to first flower initiation 

(122.32 days). 

Foliar application of borax (30 mg l⁻1) was found to give earliness in initiation 

of flowering (93.40 days) in papaya cv. Taiwan Red Lady, whereas it took 128.40 

days for flower initiation in water spray (control) (Bhalerao et al., 2014). 

Days to first flowering in papaya cv. Red Lady was found lowest (108.58) in 

plants receiving 100 per cent RDN through fertigation under Navsari (Gujarat) 

conditions, whereas it took 122.56 days to appear first flower in plants receiving 60 

per cent RDN through fertigation (Parag et al., 2016). 
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2.1.1.7 Sex expression of plant 

 Highest number of hermaphrodite (63.05) flowers per plant was noticed upon 

application of 50 % RDN through fertigation in pomegranate cv. Mridula 

(Shanmugasundaram, 2013). It was followed by 75 % RDN through fertigation 

(57.70 hermaphrodite flowers per plant). However, control registered lowest number 

of hermaphrodite flowers per plant (39.30). 

Thanari and Suma (2018) documented that pomegranate plants receiving 100 

% RDN through fertigation resulted in higher number of hermaphrodite (107.0) and 

male flowers (92.0), while lesser numbers of hermaphrodite and male flowers (84.0 

and 78.0) were observed in treatment receiving 100 per cent RDN through soil 

application (control). 

2.1.1.8 Number of flowers cluster⁻1 

Kazemi (2014) suggested that foliar application of zinc sulfate at 150 mg l-1 

significantly increased the number of flowers (15.70), while plants with no spray 

(control) registered lowest number of flowers (7.20). 

Rahman et al. (2016) documented increased number of flowers buds per plant 

(31.53) in strawberry on foliar sparys with zinc (1.5 kg ha⁻1) and lowest number of 

flowers buds per plant (29.21) was reported in control. 

2.1.1.9 Fruit set percentage 

Hada (2013) revealed maximum fruit set percentage (78.57) in guava cv. L-49 

upon foliar spraying with 0.8% ZnSO4 and 0.4% borax. Minimum fruit set percentage 

(70.92) was recorded in control. 

A significantly higher fruit set percentage of 0.37 and 0.35 were observed in 

plants supplied with 125 per cent and 100 per cent RDN of NPK respectively in 

mango cultivar ‘Alphonso’ under ultra high density planting, whereas plants provided 
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with 50 per cent RDN recorded a lowest fruit set percentage of 0.29 (Prakash et al., 

2015). 

Makhmale and Delvadia (2016) noted that application of 0.5% zinc sulphate 

and 0.3% borax as foliar spray increased the fruit set percentage (16.30) in custard 

apple (Annona squamosa L.) cv. Sindhan. Control (water spray) plants recorded 

lowest fruit set percentage of 13.10 

Chander et al. (2017) opined that foliar application of borax (0.6 %) increased 

the fruit set per cent (59.92 %) in guava variety Lalit. The minimum fruit set per cent 

(54.16 %) was recorded in control. They also reported same results in guava variety 

Shweta. Foliar application of borax (0.6 %) increased the fruit set per cent (58.27 %). 

Control plants recorded a minimum fruit set per cent of 52.69. 

2.1.1.10 Time for first harvest (days) 

Bhalerao et al. (2009) reported that application of 100 % RD of N and K 

through fertigation reduced the days for harvest of fruits (388 days) in banana cv. 

Grand Naine whereas, plants received 100 % and 50 % RD of N and K through soil, 

took 398 days and 416 days respectively for harvest. 

Valji (2011) opined that application of varying levels of fertigation in papaya 

var. Madhu Bindu had significant influence on days taken to maturity of first fruit. 

The minimum days (249 days) to maturity of first fruit after transplanting was noted 

in the treatment which received drip irrigation at 0.8 PEF along with N and K2O at 

100 % RD. The application of drip irrigation at 0.4 PEF along with N and K2O at 60 

% RD had taken maximum days (278 days) to maturity of first fruit after 

transplanting. 

Shanmugasundaram, (2013) pointed that plants receiving 125 per cent RDN 

through fertigation recorded lowest number of days (141.85 days) from flowering to 

harvest in pomegranate cv. Mridula, whereas treatments receiving 100 per cent RDN 
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through fertigation registered 142.73 days from flowering to harvest. Highest number 

of days (145.90 days) from flowering to harvest was recorded in control. 

2.1.2 Yield parameters 

2.1.2.1 Fruit weight (g) 

Dutta (2004) illustrated that spraying mango trees cv. Himsagar with 3000 

ppm boric acid solution significantly increased fruit and pulp weight. 

According to Trivedi et al. (2012), maximum fruit weight of 162.01 g was 

recorded in application of boric acid (0.5%) and zinc sulphate (0.6%), however 

control recorded minimum fruit weight (85.55 g) in guava. 

Jadhav et al. (2016) evaluated the impact of varying levels of fertigation (100, 

80 and 60 % of RDN (200:200:250)) on fruit weight in papaya cv. Red Lady. The 

results showed that highest average fruit weight of 1.12 kg was obtained from plants 

receiving 100 per cent RDN and least average fruit weight of 0.83 kg was obtained 

from plants receiving 60 per cent RDN. 

Foliar sprays of zinc and boron significantly increased the fruit weight 

(301.74 g) in pomegranate cv. Ganesh (Dhurve et al., 2018). Fruits from control 

registered a fruit weight of 222.98 g.  

Mahida et al. (2018) suggested that foliar application of 0.50 % FeSO4 along 

with 0.50 % ZnSO4 was an effective method for increasing the fruit weight (289.77 g) 

of mango cv. Kesar and fruits from no foliar spray gave a significantly lower weight 

of 236.97g.  

2.1.2.2 Fruit length (cm) 

Adoption of fertigation level at 100 % RD of fertilizer (200g N, 200 g P2O5 

and 250 g K2O) recorded significantly highest fruit length (22.93 cm) in papaya cv. 
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Red Lady, whereas plants receiving 60 per cent RDN through fertigation recorded 

lowest fruit length of 18.63 cm (Jadhav et al., 2016). 

Mishra et al. (2017) documented that foliar spraying of borax (0.25%), ZnSO4 

(0.25%) along with CuSO4 (0.4%) increased the fruit length (3.72 cm) in aonla 

(Emblica officinalis) cv. Na-7, while control (water spray) recorded a fruit length of 

3.15 cm. 

According to Tirkey et al. (2018) foliar spraying with zinc sulphate 0.8% 

increased the fruit length (6.21 cm) in guava cv. Allahabad Safeda, while fruits from 

control treatment recorded a lesser fruit length of 5.84 cm. 

2. 1.2.3 Fruit girth (cm) 

 Khan et al. (2012) reported significantly highest fruit girth of 6.45 cm in 

mandarin cv. Feutrell’s Early upon foliar spray with 0.3% boric acid and 0.5% zinc 

sulphate at fruit set stage, whereas control treatment registered a lowest fruit girth of 

5.82 cm. 

 Maximum fruit girth of 6.07 cm was obtained by foliar application of ZnSO4 

(0.4%) in guava (Psidium guajava L.), while control recorded minimum fruit girth 

(5.22 cm) (Arshad and Ali, 2016). 

Kaur et al. (2019) revealed that highest fruit diameter of 13.04 cm was 

recorded with application of 100 per cent RDN through fertigation in cucumber 

(Cucumis sativus L.), while soil application of 100 per cent RDN gave lowest fruit 

diameter 9.78 cm. 

2. 1.2.4 Fruit volume (cc) 

According to Valji (2011) fertigation in papaya var. Madhu Bindu was found 

to be significant with respect to volume of fruits. The plants with drip and fertigation 

of N and K2O at 100 % RD produced the fruits with higher fruit volume (1357.95 cc). 
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The minimum fruit volume (1027.44 cc) was noted in the treatment with N and K2O 

at 60 per cent of RD.  

Baranwal et al. (2017) documented that application of ZnSO4 (1%) and Borax 

(0.6 %) significantly increased the fruit volume in guava (Psidium guajava L.) 

(141.83 cc and 144.66 cc respectively), whereas fruits from control recorded a fruit 

volume of 130.80 cc. 

Application of ZnSO4 (1.0 %) and borax (1.0 %) revealed significantly higher 

fruit volume (620.06 ml) in pineapple cv. Mauritius and lesser fruit volume (405.00 

ml) was recorded in control (Kumari and Deb, 2018a).  

2. 1.2.5 Physical composition (%) 

 Impact of fertigation on yield attributes of mango cv. Amrapali was studied 

by Thakur (2003). The result indicated that application of 100 per cent RDN through 

fertigation gave maximum pulp weight (147.75 g), minimum stone and peel weight 

(34.25 g and 30.25 g respectively), whereas minimum pulp weight of 108.65 g and 

maximum stone and peel weight of 40.75 g and 33.47 g respectively was observed in 

conventional method of fertilizer application and surface irrigation (control). 

 Influence of foliar spray of different nutrients on physical properties of guava 

cv. Pant Prabhat was studied by Kumar et al. (2015). Application of borax at 0.03% 

at fruit set stage significantly increased the pulp to seed ratio (87.59), while a lowest 

pulp to seed ratio of 53.41 was recorded in control. 

Foliar sprays of ZnSO4 (0.25%), borax (0.25%) along with CuSO4 (0.4%) 

increased the pulp stone ratio (21.59) in aonla (Emblica officinalis) cv. Na-7, whereas 

lowest pulp stone ratio (15.75) was documented in control (water spray) (Mishra et 

al., 2017).  
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Application of 100 per cent RDN through fertigation recorded significantly 

higher aril weight (183.4 g), peel weight (98.30 g) and aril to peel ratio (1.87) in 

pomegranate (Punica granatum L.) while lowest aril weight, peel weight and aril to 

peel ratio of 110.25, 79.75 and 1.32 respectively was registered in 100 per cent soil 

application of RDN (Tanari et al., 2019).  

2. 1.2.6 Flesh thickness (cm) 

The reports of Singh et al. (2010) pointed that spraying with Borax (0.50%) 

along with ZnSO4 (0.25%) increased the flesh thickness (3.12) in papaya cv. Ranchi 

whereas lowest flesh thickness was noticed in control (2.63).    

Influence of fertigation on pulp thickness of papaya cv. Red Lady was studied 

by Jadhav et al. (2016). They reported that a greater pulp thickness of 3.33 cm was 

obtained in plants receiving 100 per cent RDN through fertigation and a lesser pulp 

thickness of 3.06 cm was obtained in plants receiving 60 per cent RDN. 

Foliar sprays of 0.8% zinc sulphate and 0.8% borax alone to guava cv. 

Allahabad Safeda showed a pulp thickness of 1.84 cm and 1.87 cm respectively 

(Tirkey et al., 2018) whereas fruits from control treatment registered a pulp thickness 

of 1.42 cm. 

2. 1.2.7 Number of fruits per plant 

Sadarunnisa et al. (2010) documented that application of 75 % RD of N and K 

through fertigation recorded maximum number of fruits per plant (74.39) and lowest 

number of fruits per plant was observed in treatment receiving recommended dose of 

nutrients through soil (54.88). 

Babaji, (2013) reported highest number of fruits per plant (27.38) upon 

receiving N and K2O at 100 per cent RDN as fertigation in papaya cv. Red Lady, 
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whereas plants receiving 60 % RD of N and K2O as fertigation registered lowest 

number of fruits per plant (20.39). 

Application of boron and zinc on pomegranate (cv. Ardestani) significantly 

increased (65.9) the number of fruits per tree compared to control (50.6) (Davarpanah 

et al., 2016). 

Venkataramudu et al. (2017) revealed that application of RDN through 

fertigation improved the number of fruits per plant (67.11) in pomegranate cv. 

Ganesh and control (soil application of RD of NPK along with surface irrigation) 

recorded lowest number of fruits per plant (46.00). 

2. 1.2.8 Number of seeds per fruit 

 Foliar application of ZnSO4 (0.5%) reduced the number of seeds (8.27) in acid 

lime (Citrus aurantifolia) cv. Kagzi. Whereas, fruits from control treatment recorded 

9.87 seeds (Jagtap et al., 2013). 

Singh et al. (2018) suggested that foliar spraying with boric acid (0.3%), zinc 

sulphate (0.5%) along with 0.7% copper sulphate reduced the number of seeds (8.10) 

in sweet orange (Citrus sinensis L.) cv. Mosambi, whereas lowest number of seeds 

(11.33) was registered in water spray (control). 

Tirkey et al. (2018) reported a reduced seed number of 239.33 in guava cv. 

Allahabad Safeda upon foliar spraying with zinc sulphate (0.8%). They also 

registered a reduction in seed number (304.33) by foliar spraying with borax 0.8% 

and highest number of seeds (317.66) was noticed in fruits from control. 

2. 1.2.9 Seed germination percentage 

 Santhosh (2012) opined that foliar application of boron enhanced the seed 

germination percentage in tomato (Solanum lycopersicum L.). 
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2. 1.2.10 Yield per plant (kg) 

Bahadur et al. (1998) noticed that foliar sprays of 0.25% zinc sulphate during 

flower bud differentiation increased fruit yield (23.7 kg tree⁻1) in mango compared to 

control (16 kg tree⁻1). 

Usha and Singh (2002) documented that foliar spray of boron (Borax, 0.4%) 

in grape cv. Perlette at two growth stages i.e., at pre-bloom and at fruitset improved 

the yield per plant (7.5 kg plant⁻1) compared to untreated control (3.7 kg plant⁻1). 

Enhanced number of bunches per plant (20 in boron treated plant and 14 in control) 

and increased single berry weight (1.8g for boron treated plant and 1g for untreated 

control) contributed towards an improved bunch yield in response to Boron compared 

to untreated control.  

Tariq et al. (2007) opined that foliar sprays of boron and zinc significantly 

increased the fruit yield (115.3 kg tree⁻1) of sweet orange (Citrus sinensis L.) 

compared to control (63 kg tree⁻1). 

Bhalerao et al. (2009) evaluated the impact of fertigation and conventional 

method of fertilizer application on yield parameters of banana cv. Grand Naine. They 

noted that supply of 100 % RD of N and K through drip increased the yield in banana 

(91.4 t ha-1), whereas application of 50 % RD of N and K through soil gave a lowest 

yield of 68.4 t ha-1. 

Yield per plant in papaya (31.03 kg plant⁻1) cv. Red Lady was significantly 

highest in plants treated with N and K2O at 100 per cent RDN through drip 

application, whereas N and K2O at 60 per cent RDN recorded lowest yield per plant 

(16.60 kg plant⁻1) (Babaji, 2013). 

Influence of fertigation on yield parameters of papaya was studied by 

Prajapati et al. (2017). Highest fruit yield plant-1 (22.38 kg) was recorded in 100 per 
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cent RDN and lowest yield of 14.94 kg was reported in conventional irrigation 

methods.   

2. 1.2.11 Yield ha-1 

Singh et al. (2010) revealed that 0.50% borax with 0.25% ZnSO4 increased 

the yield ha-1 (93.00 tonnes) in papaya cv. Ranchi and control treatment recorded a 

minimum yield ha-1 of 61.56 tonnes. 

Baranwal et al. (2017) documented the impact of foliar sprays of borax (0.2, 

0.4, 0.6% solution) and ZnSO4 (0.50, 0.75, 1.00% solution) on yield ha-1 in guava 

(Psidium guajava L.). They concluded that foliar spray of 0.6% borax and 1.00% 

ZnSO4 on guava (Psidium guajava L.) plants twice i.e. once before first flowering 

and again after fruit setting are beneficial to get higher yield (45.17 kg ha⁻1 and 44.10 

kg ha⁻1), whereas control plants gave a lower yield of 32.70 kg ha⁻1. 

Highest fruit yield of 69.07 MT ha-1 was reported in papaya upon application 

of 100 per cent RDN through fertigation whereas, conventional irrigation system 

gave a lowest fruit yield (46.11 MT ha-1) (Prajapati et al., 2017). 

2. 1.2.12 Days taken for maturity and ripening 

Early maturity of fruits for harvest (249.00 days) was obtained in plants 

receiving drip irrigation at 0.8 PEF along with N and K2O at 100 per cent RDN in 

papaya cv. Madhu Bindu (Tank et al., 2011). Delayed maturity (278.00 days) was 

noticed in treatments receiving drip irrigation at 0.4 PEF along with N and K2O at 60 

per cent RDN.  

Gonge et al. (2015) noticed that supply of 80 per cent RDN by fertigation in 

banana cv. Grand Naine significantly reduced the number of days (336.52 days) 

required for achieving maturity and maximum days (360.50 days) for achieving 

maturity was observed in plants supplied with 40 per cent RDN by fertigation. 
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 Parag et al. (2016) revealed minimum days (260.99 days) to attain fruit 

maturity in papaya cv. Red Lady upon receiving 100 per cent RDN through 

fertigation and plants receiving 60 per cent RDN recorded more number of days 

(276.90 days) to attain fruit maturity after transplanting. 

2.1.3 Fruit quality parameters 

 In general, horticultural crops respond to the changes in water and nutrient 

management, and therefore to the fertigation techniques also. These improved water 

and nutrient supply management of to horticultural crops were found to have 

beneficial impact on product quality.    

2.1.3.1 Total soluble solids (°Brix)  

Trivedi et al. (2012) documented highest total soluble solids (15.40 °Brix) 

upon foliar sprays with zinc sulphate (0.6%) and boric acid (0.5%) in guava, whereas 

control registered minimum total soluble solids (9.62 °Brix). 

Application of N and K2O at 100 per cent RDN gave maximum total soluble 

solids (7.47 °Brix) in fruits of papaya cv. Red Lady, whereas a minimum total soluble 

solid content of 5.96 °Brix was registered in plants receiving 60 % RD of N and K2O 

as fertigation (Babaji, 2013). 

Pramanik and Patra (2016) reported that total soluble solid content was found 

to be significantly highest (23.51°Brix) in banana cv. Martaman, AAB receiving 80 

per cent of RDN through fertigation and a lowest value of 21.21°Brix was recorded in 

plants receiving 50 per cent of RDN through fertigation. 

Impact of drip irrigation and fertigation on biochemical parameters of sapota 

cv. Kalipatti was studied by Patel et al. (2017a). Highest TSS of 19.30 °Brix was 

recorded in plants receiving 100 per cent RDN and lowest TSS (18.30 °Brix) was 

obtained in plants receiving 50 per cent RDN.    
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2.1.3.2 Acidity (%)  

Singh et al. (2010) documented that foliar spray with borax at 0.25% reduced 

the titratable acidity (0.107 %) of fruits of papaya cv. Ranchi and highest titratable 

acidity (0.151 %) was registered in control fruits. 

A study was performed by Venkataramudu et al. (2017) in pomegranate cv. 

Ganesh to elucidate the impact of fertigation on fruit qualities. The study pointed that 

supply of 125 % RD through fertigation reduced the acidity of fruits (0.36 %) and 

fruits obtained from control (soil application of RD of NPK along with surface 

irrigation) plants recorded highest acidity (0.40 %). 

Kumari and Deb (2018b) investigated the impact of zinc and boron on quality 

attributes of pineapple cv. Mauritius. The study documented that application of 

ZnSO4 (0.5%) in combination with borax (0.5%) resulted in lowest acidity of 0.67 %, 

whereas highest acidity was recorded in control plants (0.86). 

2.1.3.3 Total carotenoids (mg100g-1) 

 Singh et al. (2010) pointed that foliar spraying with borax 0.50 % in 

combination with ZnSO4 0.25 % significantly increased the carotenoid content 

(3327.14 µg 100 g⁻1) in papaya cv. Ranchi, while control registered lowest carotenoid 

content of 2119.62 µg 100 g⁻1. 

Tank et al. (2011) recorded no significant differences in total carotenoid 

content of fruits of papaya cv. Madhu Bindu receiving different levels of fertigation. 

Plants receiving drip irrigation at 0.4 PEF along N and K2O at 60 per cent RDN 

recorded a more total carotenoid content of 2.33 mg 100 g⁻1 pulp and lower 

carotenoid content (2.17 mg 100 g⁻1 pulp) was noticed in treatments receiving drip 

irrigation at 0.8 PEF along with N and K2O at 100 per cent RDN. 
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Foliar spray with boric acid (0.02 %) significantly increased the carotenoid 

content (12.34 mg 100 g⁻1) of mango cv. Alphonso, while control registered lowest 

carotenoid content (9.66 mg 100 g⁻1) (Sankar et al., 2013). 

Effect of different doses of fertigation on carotenoid content of Citrus sinensis 

cv. Mosambi was studied by Nirgude et al. (2016). They concluded that plants 

supplied with 60 per cent RDN recorded highest carotenoid content (0.578 mg 100 

g⁻1) and plants supplied with 120 per cent RDN registered lowest carotenoid content 

(0.362 mg 100 g⁻1).  

2.1.3.4 Ascorbic acid (mg 100g-1) 

Supply of 100 % RD of N and K2O through drip recorded highest ascorbic 

acid content (69.54 mg g-1) in papaya cv. Co.7 and plants receiving 50 % RD of N 

and K2O through drip registered lowest value (62.10 mg g-1) (Jeyakumar et al., 2010). 

The reports of Baranwal et al. (2017) on foliar sprays of ZnSO4 and borax on 

guava (Psidium guajava L.) revealed that application of ZnSO4 (1.00 %) and borax 

(0.6 %) significantly increased the ascorbic acid content (186.67 mg 100g⁻1 and 

186.92 mg 100g⁻1 respectively) of fruits compared to control (171.0 mg 100g⁻1). 

The ascorbic acid content of pomegranate cv. Early Bhagwa was found to be 

highest (15.05 mg 100g⁻1) in treatment receiving 100 per cent RDN and minimum 

(14.13 mg 100g⁻1) was found in plants receiving 75 per cent RDN (Garg, 2018). 

2.1.3.5 Total sugar (%) 

Singh et al. (2010) reported highest total sugar content of 6.88 % in papaya 

cv. Ranchi upon foliar sprays with borax (0.50%) and ZnSO4 (0.25%) and lowest 

value (4.44 %) was noticed in control. 

23 



Trivedi et al. (2012) documented that foliar sprays of zinc sulphate (0.6%) 

and boric acid (0.5%) increased the total sugar content (8.66 %) of guava. Minimum 

total sugar content of 5.81 % was found in control. 

Patel et al. (2018) revealed that foliar sprays of ZnSO4 (0.5%) and borax 

(0.2%) alone to aonla cv. NA-6 improved the total sugar content (5.70 and 5.94% 

respectively). Aonla plants provided with water spray (control) recorded lowest total 

sugar content of 4.46%. 

Drip irrigation in combination with fertigation and foliar spray of 

micronutrient increased the total sugar content (21.53 %) in banana cv. Grand Naine, 

while soil application of region specific RDN along with flood irrigation (control) 

registered a lower total sugar content of 19.26 % (Das and Bhattacharyya, 2019). 

2.1.3.6 Reducing sugar (%) 

Impact of fertigation on reducing sugar content of fruits of papaya cv. Red 

Lady was studied by Babaji (2013). The study pointed that application of N and K2O 

at 100 per cent RDN through fertigation gave a maximum reducing sugar content of 

8.44 % and lowest reducing sugar content of 6.89 % was reported in plants receiving 

60 % RD of N and K2O as fertigation. 

Foliar application of borax at 0.03% and 0.01% respectively on fruit set and 

two weeks after fruit set improved the reducing sugar content (4.10 and 4.91 % 

respectively) of guava cv. Pant Prabhat compared to control which registered a 

reducing sugar content of 3.24 % (Kumar et al., 2015). 

Venkataramudu et al. (2017) pointed that 125 % RD of N and K through 

fertigation increased the reducing sugar content (11.36 %) of fruits of pomegranate 

cv. Ganesh and fruits from control (soil application of RD of NPK + surface 

irrigation) plants recorded lowest reducing sugar content (10.01 %).  
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2.1.3.7 Non reducing sugar (%) 

 Foliar application of boric acid 0.02% on mango cv. Alphonso increased the 

non reducing sugar content (10.70 %) of fruits, while control (water spray) recorded a 

minimum nonreducing sugar content of 9.04 % (Sankar et al., 2013). 

Application of nutrients as per POP (soil application) with basin irrigation 

resulted in a highest non reducing sugar content of 2.58 % in banana cv. Nendran. 

Fertigation using urea and MOP along with soil application of rock phosphate 

recorded lowest non reducing sugar content of 2.43 % (Shimi, 2014). 

Effect of foliar spray of different nutrients on non reducing sugar content of 

guava cv. Pant Prabhat was studied by Kumar et al. (2015). Application of borax 

(0.01%) on fruit set increased non reducing sugar content (2.75 %) of guava fruits, 

while a lowest non reducing sugar content of 1.79 % was reported in control. 

2.1.3.8 Shelf life (days) 

Effect of micronutrients, ZnSO4 (0.25%) and borax (0.1%) on shelf life of 

papaya cv. Red Lady was studied by Manjunatha, (2012). Application of 

micronutrients significantly prolonged the storage life of papaya fruits (8.67 days), 

whereas untreated control recorded a shorter shelf life of six days. 

Foliar application of borax at 30 mg l⁻1 was found to give longest shelf life of 

6.71 days in papaya cv. Taiwan Red Lady, and fruits from control plants recorded 

shortest shelf life of 3.86 days (Bhalerao et al., 2014). 

Thirupathaiah et al. (2017) reported a maximum shelf life of 12 days in fruits 

of sapota cv. Kalipatti upon foliar spraying with 0.5% ZnSO4, 0.5% FeSO4 along with 

0.3% Borax, whereas minimum shelf life of 8.00 days was noticed in control. 

Nayak et al. (2018) documented that fertigation with 100 per cent RDN in 

pointed gourd (Trichosanthes dioica Roxb.) recorded maximum shelf life of 11.40 
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days, while soil application of RDN along with irrigation in furrow had lowest shelf 

life of 7.80 days.  

2.1.3.9 Organoleptic evaluation (nine point hedonic scale) 

 Influence of foliar sprays of boron and zinc singly or in combination on 

flavour, colour, taste and texture of guava cv. Allahabad Safeda was studied by 

Pandita (2000). Foliar spraying with zinc sulphate (0.3 %) and boric acid (0.3 %) 

were distinctly superior in organoleptic rating (19.11) to other sprays and lowest 

rating of 11.60 was noticed in control.   

Porro et al. (2013) investigated the effect of fertigation on sensory qualities of 

apple (Malus × domestica) fruits. They concluded that fertigation improved firmness, 

crunchiness, juiciness, aromatic compounds, sweet taste and reduced the bitterness 

and acidic taste. 

Haneef et al. (2014) opined that fertigation with 125 per cent RDN in 

pomegranate cv. Bhagwa resulted in highest organoleptic rating of 7.52, which was 

followed by 100 per cent RDN (7.46) and lowest score was recorded with 50 per cent 

RDN (6.94). 

A study on sapota cv. Kalipatti by Thirupathaiah et al. (2017) was done to 

elucidate the impact of micronutrients zinc, iron and boron on organoleptic 

characters. The study documented that application of ZnSO4 (0.5%), FeSO4 (0.5%) 

and borax (0.3%) as foliar sprays gave highest score for skin colour (6.00), 

appearance (6.01), texture (6.20), taste (6.00) and overall acceptance (5.94) compared 

to water spray which secured a score of 4.63, 5.25, 5.13, 5.63, 5.16 respectively for 

skin colour, appearance, texture, taste and overall acceptance. 
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2.1.4 Index leaf analysis for primary, secondary and micronutrients (B and Zn) 

Jeyakumar et al. (2001) reported a higher zinc content of 63.44 ppm in 

treatments receiving foliar application of ZnSO4 (0.5 %) and H3BO3 (0.1 %) in leaves 

of papaya cv. Co5. Control plants recorded a lowest zinc content of 44.42 ppm. They 

also reported a higher boron content of 39.89 ppm in foliar application of ZnSO4 (0.5 

%) and H3BO3 (0.1 %), whereas control recorded a lowest boron content of 33.35 

ppm. 

Differences in leaf nutrient status of papaya cv. Co.7 upon application of 

different doses of fertigation were studied by Jeyakumar et al. (2010). 100 % RD of 

N and K2O through drip resulted in highest leaf N and leaf K (1.72 % and 2.91 % 

respectively). Control plants receiving RDN through soil application recorded a leaf 

N and leaf K content of 1.37 % and 2.46 % respectively. Lowest leaf N and K (1.28 

% and 2.23 % respectively) was found in plants supplied with 50 % RD of N and 

K2O through drip.  

Valji (2011) concluded that nitrogen content in leaf of papaya (Carica papaya 

L.) var. Madhu Bindu was significantly influenced due to different treatments of 

fertigation. The plants receiving the treatment, drip irrigation at 0.8 PEF along with N 

and K2O at 100 % RD registered maximum nitrogen content (1.82 %) in leaves of 

papaya. The minimum nitrogen content (1.15 %) in leaves was noted in papaya plant 

grown under the treatment drip irrigation at 0.4 PEF + N and K2O at 60 % RD. 

Higher phosphorus content in leaves (0.43 %) was registered in treatment 

receiving 100 % RD of N and K2O through fertigation in papaya var. Madhu Bindu 

(Valji, 2011), whereas lowest phosphorus content in leaves (0.38 %) was recorded in 

in plants receiving N and K2O at 60 % RD. 

Valji (2011) noticed a significant difference in potash content of leaves upon 

application of different levels of fertigation in papaya (Carica papaya L.) var. Madhu 
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Bindu. Highest potash content of 2.91 % in leaves of papaya was recorded in plants 

which received higher level of fertigation (drip irrigation at 0.8 PEF along with N and 

K2O at 100 % RD). The plants treated with lower level of fertigation (drip irrigation 

at 0.4 PEF along with N and K2O at 60 % RD) resulted in minimum leaf potash 

content (2.25 %). 

Tank and Patel (2013) conducted field investigation to study the influence of 

fertigation on nutrient status in leaf of papaya (Carica papaya L.) var. Madhu Bindu 

under South Gujarat conditions. The assessment on nutritional status in leaf of papaya 

revealed that the N and K content were significantly influenced by fertigation while, 

P did not show significant variation. 

Foliar spray with 30 gm of zinc sulphate twice a year significantly increased 

the Zn concentration (28 µg g-1) in persimmon (Diospyros kaki L.) leaves. Lowest Zn 

concentration of 10 µg g-1 in leaves was noticed in control (Ali et al., 2014).      

2.1.5 Pest and diseases incidence (%)  

High levels of nitrogen fertigation tend to increase occurrence of rotting in 

strawberry (Nestby, 1998). 

Batal et al. (1994) reported increased susceptibility to pests and decreased 

marketing quality upon fertigation with excessive nitrogen. In addition, Patnaik et al. 

(1998) pointed a decreased damage to fruits upon use of balanced fertilizer dose.  

Ndereyimana et al. (2013) reported lowest shoot borer (7.74 per cent) and 

fruit borer (8.91 per cent) incidence in eggplant (Solanum melongena L.) grafts 

receiving lowest fertigation level (75 per cent RDN), whereas highest shoot borer 

(11.54 per cent) and fruit borer (13.28 per cent) incidence was documented under 

highest nutrition level (125 per cent RDN). 
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Effect of different levels of fertigation (50, 75, 100 and 125 per cent RDN) on 

response to fruit borer (Virachola isocrates) and bacterial blight (Xanthomonas 

axonopodies pv.punicae) incidence was studied by Shanmugasundaram, (2013). The 

fruit borer and bacterial blight incidence ranged from 8.6 to 12.0 % and 5.4 to 7.7 % 

respectively. The plants which received 50 per cent RDN through fertigation 

registered the lowest fruit borer (8.6 %) and bacterial blight incidence (5.4 %), 

whereas highest fruit borer incidence (12.0 %) was recorded in control and highest 

bacterial blight incidence of 7.7 % was documented in plants receiving 125 per cent 

RDN through fertigation.   

Xu et al. (2013) opined that increasing nitrogen input via fertigation led to 

increased mildew development in strawberry (cv. Elsanta) leaves.   

2.1.6 Nutrient (N, P, K) concentration studies of fruits at peak harvest stage 

 Chater (2015) reported that foliar spraying with ZnSO4 (4000 mg l-1) 

increased the fruit N, P, K concentrations (1260, 161, 1292 mg 100 g-1 respectively) 

in pomegranate var. Wonderful, while spraying with deionized water registered 

lowest fruit N, P, K concentrations (1139, 141, 1256 mg 100 g-1 respectively). 

2.1.7 Soil analysis (available N,P,K ) before and after the experiment 

 In pomegranate cv. Mridula, highest available soil nitrogen, phosphorus and 

potassium contents (226.80 kg ha-1, 23.01 kg ha-1 and 317.45 kg ha-1 respectively) at 

harvesting stage was noticed in plants receiving 125 per cent RDN through fertigation 

(Shanmugasundaram, 2013), whereas lowest value of soil nitrogen, and potassium 

content (172.29 kg ha-1 and 272.15 kg ha-1 respectively) was recorded in control and 

lowest available soil phosphorus content (21.25 kg ha-1) was registered in plants 

receiving 50 per cent RDN at harvesting stage.  

In papaya var. Madhu Bindu, Tank and Patel (2013) studied the role of 

different levels of fertigation on soil nutrient status. The results revealed that the plots 
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treated with higher level of fertilizers recorded higher available N and K2O in soil and 

no significant difference was noticed in phosphorus status of soil which received 

different treatments. 

2.1.8 Economic analysis 

Valji (2011) indicated that fertigation enabled to achieve higher yield in 

papaya var. Madhu Bindu and it was economically viable also. Treatment receiving 

80 % RD of N and K2O registered higher benefit cost ratio of 3.58. Moreover, 

fertigation was found more beneficial and recorded higher benefit cost ratio than 

control (100 % of N, P2O5 and K2O through soil) (1.91).  

Improved net returns and B: C ratio was reported by Hada (2013) in guava 

(Psidium guajava L.) cv. L-49 upon foliar spraying with zinc and boron. Highest net 

return (Rs. 3,15,506.89 ha⁻1) was recorded in spraying with 0.8% ZnSO4 and 0.4% 

borax and the lowest (Rs 1,27,793.51 ha⁻1) was recorded in control. Highest B: C 

ratio (8.43: 1) was also documented in foliar application of 0.8% ZnSO4 and 0.4% 

borax whereas, lowest B: C ratio (3.70: 1) was observed in control. 

Fertigation with urea and MOP along with soil application of rock phosphate 

recorded highest net income (Rs. 8,67,172 ha⁻1) and B: C ratio (5.01) in banana cv. 

Nendran, whereas application of nutrients as per POP (soil application) with basin 

irrigation reported a net income of Rs. 8,43,292 ha⁻1 with B: C ratio of 4.25 (Shimi, 

2014). 

2.2 POSTHARVEST MANAGEMENT PRACTICES FOR EXTENSION OF 

SHELF LIFE IN PAPAYA 

Papaya is a climacteric fruit that is highly perishable due to rapid ripening and 

softening and susceptibility to biotic or abiotic stresses, resulting in large losses 

during storage. Major contributing factor to this postharvest loss is anthracnose 
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caused by fungus Colletotrichum gloeosporioides. Sunken stains that are round and 

watery on the surface of mature fruits are the symptoms of this disease. Traditionally, 

people resort to the application of synthetic chemical fungicides on the crop and to 

the fruits during storage to control the disease. But their repeated use has caused 

resistance in microorganisms and toxicity for humans.   

Hence, nowadays there has been increasing interest in using postharvest 

practices like precooling, surface sanitization, hot water treatment and use of natural 

alternatives like waxing, etc. Postharvest changes in fresh fruits cannot be stopped but 

can be slowed down within certain limits by these practices. Aglar et al. (2017) 

opined that both pre and postharvest treatments have inevitable role in improving the 

quality and storage life of produce. Review of literature on merits of certain 

postharvest practices followed in this study are scribbled below.    

 Manganaris et al. (2007) reported reduced stem browning and surface 

shriveling in cherry (Prunus avium L. cv. Tragana Edessis) fruit, as a result of 

hydrocooling which delayed the deterioration, senescence and thereby maintaining a 

higher quality. A reduced pericarp temperature by 6.2 ± 0.3 °C in litchi (Litchi 

chinensis cv. Feizixiao) was reported by Liang et al. (2013) upon hydrocooling for 

30 minutes. Further, delayed electrolyte leakage and reduced enzymatic activity of 

polyphenol oxidase and peroxidase in pericarp, prolonged the storage life of litchi 

fruit also. 

Chlorinated compounds, particularly hypochlorites, are widely used in 

microbial control. According to Nishijima (1994) sodium hypochlorite was found to 

be safe to use in a five minute dip at 8,000 ppm for papaya fruits instead of mancozeb 

(which is still having concern for residues of ethylene bisdithiocarbamate and 

ethylene thiourea) for the prevention of major postharvest disease as well as blight 

caused by Phytophthora palmivora. Kazemi et al. (2013) reported a reduction in 
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weight loss (29.74 per cent) for pomegranate fruits sanitized with 10 per cent sodium 

hypochlorite against fruits (35.80 per cent) washed with distilled water. 

In Eksotika II papaya, Ali et al. (2011) reported that chitosan is effective in 

weight loss reduction, maintaining firmness, and delaying the peel colour changes 

during five weeks of storage. Barrera et al. (2015) reported that papaya fruits coated 

with chitosan were damage free until day eight, while it was two in control. Also 

chitosan treated fruits registered reduced deterioration index compared to the control 

without significantly affecting the physicochemical properties of fruits. Kaya et al. 

(2016) suggested three possible action mechanisms for extending the shelf life of 

chitosan coated fruit. Those are: chitosan coating decreases polyphenol oxidase 

activity and prevents enzymatic degradation of the fruit, reduces the respiration rate 

and weight loss and antimicrobial activity. 

Discovery and commercialization of ethylene absorbents or inhibitors has 

emerged as a breathtaking new technique for regulating ethylene production. 

Ethylene can profoundly influence the quality of harvested products. Forsyth et al. 

(1967) demonstrated the ability of potassium permanganate to readily oxidize 

ethylene concentration in the atmosphere around apples. Wills and Warton (2004) 

reported delay in ripening of many climacteric fruits upon addition of potassium 

permanganate to the storage atmosphere. In papaya, elevated ethylene evolution and 

increased respiratory rate are the factors contributing to the rapid ripening of 

physiologically mature fruit after harvesting. To enhance the postharvest life of 

papaya, it is essential to utilize technologies that lessen or eliminate the ethylene of 

the storage atmosphere, and this can be attained by using products such as KMnO4. 

Resende et al. (2001) reported that this product oxidizes the ethylene produced by the 

fruit during ripening, lengthening the pre-climacteric period and storage life. In 1980, 

Stead and Chithambo noticed a delay in ripening of mango by five days when stored 

in polythene bags containing potassium permanganate (KMnO4) at ambient 
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temperature of 20-30 °C. Correa et al. (2010) observed delay in ripening by nine days 

in papaya cv. Sunrise Solo on storage with ethylene absorber. Further it had kept the 

fruits firmer and with less intensity of colour changes, without affecting the fresh 

matter loss. Ethylene scrubber hindered the ripening of fruit upto 35.20 days in 

banana cv. Dwarf Cavendish whereas, control fruits ripened within 19.80 days 

(Saravanan et al., 2013). 

Heat treatment (hot water, hot air, vapour heat) of fruits, done as a postharvest 

measure to prevent fungal infection and for insect eradication (Paull, 1994; Lurie, 

1998) will gives a significant benefit as it will leaves no chemical residues on the 

fruits. It is useful in controlling diseases like anthracnose on mango and crown rot on 

banana and for insect control to satisfy quarantine requirements for some 

commodities, such as mango and papaya (Kader, 2013). In 1991, Golan and Phillips 

reported that most of the fruits can tolerate a temperature of 50 - 60 °C for up to 10 

minutes. But if the temperatures for heat treated disinfestation are below 50 °C, it 

takes 60 minutes or more (Lurie, 1998). Arina et al. (2010) reported that hot water 

treatment at specific temperature can conserve postharvest quality of Eksotika papaya 

fruit and suggested it as a viable techniue for fruit fly disinfestation which is a 

quarantine statute for the papaya exportation businesses. The carrier rate of 

Colletotrichum gloeosporioides in fruit peel can be reduced by hot water treatment at 

54°C for 4 minutes (Li et al., 2013). They further elaborated that this method can 

significantly inhibit the anthracnose and stem-end rot incidence and can efficiently 

delay the fruit softening. No negative impact on quality parameters of pulp and skin 

of papaya cv. Maradol at their colour brake stage of ripeness was diagnosed by 

Sanchez et al. (2013) upon anti-fungal hot water treatment of 55 °C for 3 minutes. 

So, this treatment can be used in order to postone decay advancement during the 

papaya trade at non-refrigerated temperatures (25 °C).  
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 Waxing of fruits and vegetables reduces water loss from the commodity and 

thus reducing shriveling, weight loss, improve the appearance of fruit, protects from 

minor infections and increase the shelf life of the commodity (Sharma, 2010). 

Carnauba palm (Copernicia prunifera) which is a native of Brazil, is the source of 

Carnauba wax. The leaves of carnauba palm yields wax in profusion, which on 

heating in a limited water can yield upto 5-10 grams of wax from each leaf.  

Review of literature on effects of various post harvest treatments on fruits are 

described below.  

2.2.1 Physical quality (Sensory analysis) 

After 30 days of storage at 2°C, Jiang and Li (2001) reported good eating 

quality in chitosan treated longan fruit. 

In mango cv. Kesar, hot water treatment at 520C for 10 minutes registered a 

significantly higher overall organoleptic score of 7.20, while fruits without any 

treatment gave a lesser overall organoleptic score 6.40 (Waskar and Gaikwad, 2005).  

Papaya fruits of variety Eksotika II treated with 1.5 per cent chitosan 

concentration after 5 weeks of cold storage showed significant superiority in sensory 

attributes with a firm, crisp pulp (Ali et al., 2011).  However, untreated fruits and 

ripened after 3 weeks of storage, thereafter began to decompose. 

Mango cv. Kesar fruits subjected to hot water dip treatment at 50oC for 20 

minutes reported maximum consumer preference and higher score for all organoleptic 

parameters (Mayani et al., 2017). However fruits without any dip obtained lowest 

organoleptic scores. 

Paramesha et al. (2017) observed that with respect to appearance, taste and 

overall acceptability, fig fruits packed with 2 per cent KMnO4 secured significantly 

higher score of 3.68, 3.43 and 3.43 respectively out of 4.00, whereas appearance taste 
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and overall acceptability scores of control fruits was too low (2.06, 2.50 and 2.75 

respectively out of 4.00). 

2.2.2 Physiological quality 

2.2.2.1 Shelf life (days) 

Influence of potassium permanganate on shelf life of mango fruits was studied 

by Azad et al. (2008). Fruits treated with 20 g potassium permanganate recorded 

longest shelf life of 19.95 days, whereas shortest shelf life of 7.08 days was noticed in 

control. 

In banana cv. Dwarf Cavendish, treatment with wax (6 %) along with hot 

water treatment and ethylene absorbent significantly improved the green life upto 

54.60 days (Saravanan et al., 2013) whereas, control treatment recorded a green life 

of 21.8 days.  

Jayasheela (2014) reported that fruits of papaya var. Coorg Honeydew treated 

with hot water 50°C for 20 minutes with waxing and ethylene absorbent (KMnO4) 

recorded highest shelf life of 11 days and lowest shelf life (4 days) was noticed in 

control fruits.   

Delayed ripening and prolonged storage life up to 7 days at ambient 

conditions (28-32°C and 32 - 41% RH) was noticed in guava var. Allahabad Safeda 

treated with 1 per cent chitosan (Krishna and Rao, 2014). 

Hewajulige et al. (2015) noticed enhanced storage period upto 14 days at 

13±1°C in papaya cv. Ratna coated with 1 per cent chitosan.  

2.2.2.2 Physiological loss in weight (PLW) (%) 

Least physiological loss in weight of 9.68 % even after five days of storage 

was noticed in pointed gourd (Trichosanthes dioica) fruits treated with 100 mg litre⁻1 
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sodium hypochlorite in combination with 500 mg litre⁻1 potassium metabisulphite and 

carnauba wax, whereas highest physiological loss in weight (23.72%) was noticed in 

control (Koley et al., 2009). 

Impact of waxing on storage behaviour of papaya was studied by Dikki et al. 

(2010). Fruits treated with 6 per cent wax recorded minimum physiological loss in 

weight (21.57 %) while the highest (26.81 %) was recorded in control. 

Saravanan et al. (2013) documented that the fruits of banana cv. Dwarf 

Cavendish treated with 8 % wax along with ethylene absorbent recorded least 

physiological loss in weight (3.02 per cent) as against 7.27 per cent in control. 

Jayasheela (2014) opined that fruits of papaya var. Coorg Honeydew treated 

with hot water 50°C for 20 minutes with waxing and ethylene absorbent (KMnO4) 

recorded lowest physiological loss in weight of 2.98 per cent and highest 

physiological loss in weight (6.85 per cent) was noted in control. 

Fruits of papaya cv. Rathna treated with 1 per cent chitosan had least 

physiological loss in weight (4.1%) whereas untreated control fruits recorded 

maximum physiological loss in weight (5.3%) (Hewajulige et al., 2015). 

Reduction in weight loss from mango fruit was reported on treatment with 

KMnO4 in combination with wax on storage by Elzubeir et al. (2018). Weight loss 

was reduced by 38.1 per cent and 46.0 per cent in fruits packed in carton boxes with 

1.0 and 2.0 g potassium permanganate, respectively, compared with the control. 

2.2.2.3 Ion leakage (%) 

Percentage ion leakage is an indicator of loss of membrane integrity occurring 

from membrane injury. Membrane injury can occur because of water (Pimental and 

Walder, 2002) or by salt stress (Amor et al., 2006), ripening or senescence of 

detached plant organs due to cell destruction (Azevedo et al., 2008) which may lead 
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to an increase in membrane permeability and further leakage of intracellular volume 

(electrolytic leakage). 

Azevedo et al. (2008) documented that the increase in electrolyte leakage in 

papaya fruit may be an expression of the fruit ripening and senescence program and 

may represent a starting point for additional studies on a putative hormonally 

regulated programmed cell death process during fruit maturation.  

2.2.3 Chemical quality 

2.2.3.1 Total Carotenoid (mg 100g-1) 

 Anwar and Malik (2007) studied the impact of hot water treatment on 

physicochemical characters of mango cv. Sindhri. Fruits subjected to hot water 

treatment (48°C for 60 minutes) recorded lowest carotenoid content of 66.18 µg g-1, 

while fruits with no treatment registered highest carotenoid content of 72.52 µg g-1. 

2.2.3.2 TSS (°Brix) 

Dikki et al. (2010) noticed that papaya fruits coated with 6 per cent wax 

resulted in highest TSS (11.58 °Brix), however minimum TSS (9.30 °Brix) was found 

in control. 

Effect of pre storage treatments on TSS of papaya (Carica papaya L.) fruits 

was studied by Jayasheela et al. (2016). Highest total soluble solids (12.66 °Brix) was 

documented in fruits subjected to hot water treatment (50° C for 20 minutes) 

followed by waxing and storage with ethylene absorbent. Lowest TSS (10.33° B) was 

found in the control sample. 

Paramesha et al. (2017) observed that eight days after storage of fig fruits, 

maximum TSS of 15.40 °Brix was noticed in untreated fruits (control) whereas fruits 

packed along with 2% KMnO4 recorded a TSS of 14.37 °Brix. Untreated fruits lost 
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their keeping quality after eight days of storage, and fruits packed along with 2% 

KMnO4 registered a TSS of 15.20 °Brix after 10 days of storage. 

2.2.3.3 Total sugar (%) 

Effect of wax coating on total sugar content of papaya (Carica papaya L.) 

fruits was elucidated by Dikki et al. (2010). They indicated that coating of fruits with 

6 per cent wax resulted in highest total sugar content (7.69 %). However, minimum 

total sugar (6.71 %) was noticed in control. 

Lowest total sugar of 10.99 % was registered in banana cv. Grand Naine fruits 

stored in unperforated polythene bags with KMnO4 and maximum total sugar content 

of 16.78 % was observed in fruits without any treatment after eight days of storage 

(Kaur and Kaur, 2018). Removal of ethylene and ripening inhibition achieved by the 

inclusion of KMnO4 in polythene bags contributed to the delay in the increase of the 

sugars. 

2.2.3.4 Reducing sugar (%) 

Ripening inhibiting effect of KMnO4 in banana cv. Grand Naine was studied 

by Kaur and Kaur (2018). Untreated fruits recorded maximum reducing sugar content 

(10.30 %) whereas minimum reducing sugar content (7.89 %) were noticed in the 

fruits stored in unperforated polythene bags with KMnO4 after eight days of storage, 

because fruits were unripe even after eight days of storage. 

Mayani et al. (2017) reported minimum reducing sugar content of 3.54% on 

25th day of storage in mango cv. Kesar treated with hot water dip treatment at 50oC 

for 20 min, whereas control recorded maximum reducing sugar content (4.69%). 

Abrupt decomposition of starch into soluble sugars, sucrose and glucose during 

ripening leads to the maximum reducing sugar in untreated fruits than treated fruits.  
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2.2.3.5 Acidity (%) 

The titrable acidity is an important physico-chemical parameter which affects 

the product quality and protects against the development of microorganism to a large 

extent. 

Hot water treatment (55°C for 12 min) of litchi fruits recorded minimum 

acidity of 0.15 % after 18 days of storage, while fruits without any treatment 

registered an acidity of 0.18 % (Marboh et al., 2012). 

Drop in titratable acidity during storage was significantly delayed in mango 

cvs. Kitchner and Abu-Samaka subjected to waxing followed by packaging with 

KMnO4 (Elzubeir et al., 2018).   

2.2.4 Percentage disease index 

The most common pathogen in papaya is Colletotrichum gloeosporioides 

which causes anthracnose (Yon, 1994; Carrillo et al., 2002; Aires et al., 2004).  

According to Abbasi et al. (2009) chitosan coating of mango cv. Summer 

Bahisht Chaunsa hintered the growth of a broad variety of bacteria and fungi. Study 

pointed that after 2 weeks of storage, fruit spoiling fungi (Colletotrichum 

gleosporioides) were observed in control, whereas it took 5 weeks to cause damage in 

chitosan coated fruits. The percentage infection was 13.30 in control fruits after 14 

days of storage while, it was 6.90 in chitosan coated fruits. 

Hai et al. (2014) noticed that longan (cv. Long) fruits treated with 200 ppm 

sodium hypochlorite in combination with 6% bees carnauba mixed wax did not 

showed decay throughout 25 days of storage, whereas fruits without any treatment 

began to decay (3.3%) after 10 days of storage, and thereafter decay accelerated to 

50.4 % after 25 days storage.   
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The disease severity index was significantly low in chitosan treated fruits 

(0.74), whereas it was high (6.17) in untreated control fruits of papaya cv. Rathna 

(Hewajulige et al., 2015). 

2.2.5 Microbial load (cfg g-1) 

Effect of 200 ppm sodium hypochlorite in combination with 6% bees 

carnauba mixed wax on microbial population on longan fruit surface was studied by 

Hai et al. (2014). They concluded that after 25 days of storage, fruits treated with 

sodium hypochlorite and 6% bees carnauba mixed wax maintained relatively low 

total microorganism levels (2.2-5.9 x 10⁶ CFU ml⁻1) compared to untreated fruits 

(19.6 x 10⁶ CFU ml⁻1).  

Jayasheela (2014) investigated efficacy of different sanitizing agents on 

surface decontamination of fruits of papaya cv. Coorg Honeydew. The results 

revealed that papaya fruits harvested at ¼ yellow for local market and fully mature 

green fruits for distant market, washed and subjected to hot water treatment at 50°C 

for 20 minutes and warm sodium hypochlorite at 150 ppm was found effective in 

reducing bacterial and fungal population.  

Dotto et al. (2015) documented that coating of papaya fruits with 150 kDa 

chitosan solution preserved the fruits during storage at room temperature and the 

product was microbiologically safe. 

According to Minh et al. (2019), prolonged shelf life of chitosan (0.75%) 

coated soursop (Annona muricata) is due to effective inhibition of growth of 

microorganisms. 
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3. MATERIALS AND METHODS 

The present investigation on the ‘Fertigation studies in papaya (Carica 

papaya L.)’ was carried out at the Department of Fruit Science, College of 

Agriculture, Vellayani, Thiruvananthapuram during 2017-2020. 

The whole programme was divided into two major experiments 

3.1 Fertigation and foliar nutrition studies in papaya 

3.2 Postharvest management practices for extension of shelf life in papaya 

3.1 FERTIGATION AND FOLIAR NUTRITION STUDIES IN PAPAYA 

3.1.1 Experimental site 

3.1.1.1 Location 

 The experimental field was laid out in the Instructional Farm attached to the 

College of Agriculture, Vellayani. The field was located at 8⁰ 25’ 46’’ N latitude and 

76⁰ 59’ 24’’ E longitude and at an altitude of 19 m above mean sea level. 

3.1.1.2 Soil 

 The soil of the experimental site is sandy clay loam which belongs to the 

order oxisols, Vellayani series. Chemical properties of soil prior to experiment are 

summarized in Table 1. 

Table 1. Chemical characteristics of soil prior to experiment 

Particulars Value Method used 

Organic C (%) 1.30 
Walkley and Black rapid titration method 

(Jackson, 1973) 

Available N (kg ha-1) 160.00 
Alkaline KMnO4 method (Subbiah and 

Asija, 1956) 



Available P (kg ha-1) 18.50 
Bray’s colorimetric method (Jackson, 

1973) 

Available K (kg ha-1) 207.50 
Ammonium acetate method (Jackson, 

1973) 

Soil reaction (pH) 4.50 
pH meter with glass electrode (Jackson, 

1973) 

Electrical conductivity 

(d S m-1) 
0.10 

Digital conductivity meter (Jackson, 

1973) 

 

3.1.2 Season and weather conditions 

 The field experiment was conducted from August 2018 to February 2020. The 

data on weather parameters (monthly rainfall, maximum temperature, minimum 

temperature, relative humidity, evaporation and sunshine hours) during the cropping 

period are presented in Fig. 1 a and Fig. 1 b and in Appendix I. 

3.1.3 Experimental material 

 Papaya variety Surya released from IIHR by crossing Sunrise Solo with Pink 

Flesh Sweet was used for conducting the experiment. The variety is gynodioecious in 

nature with no male plants. Healthy seeds of papaya variety Surya were procured 

from Indian Institute of Horticultural Research, Bangalore. 

3.1.4 Experimental design and layout 

The experiment was carried out to evaluate the effect of different levels of 

fertigation and different foliar nutrition in papaya. 

Design                   : RBD 

No. of treatments    : 14 

No. of replication    : 3 

No. of plants plot-1             : 6 

Plot size                  : 24 m2 

Spacing                          : 2m x 2m 
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Fig. 1 a. Weather parameters during the cropping period (Jun. to Dec. 2018) 
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Fig. 1 b. Weather parameters during the cropping period (Jan. 2019 to Feb. 2020) 
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3.1.4.1 Treatments 

A.  Fertigation levels (N) 

Fertigation treatments were fixed based on the N and K recommendation as 

per KAU POP (240: 480 g NK plant-1 year-1, soil application of nutrients) for papaya 

(KAU, 2016) and fertilizers were applied based on soil test data. 

N1 – 75 % of recommended dose of N and K          

N2 – 100 % of recommended dose of N and K 

N3– 125 % of recommended dose of N and K 

N4 – 150 % of recommended dose of N and K 

B. Foliar nutrition (F) 

F1 –19:19:19 (1.0 %)  (at bimonthly interval starting from 4 month after planting to  

16 month after planting) 

F2 – ZnSO4 (0.5 %) + Borax (0.3 %) (4th, 8th, 12th and 16th month after planting) 

F3 – Water spray (at bimonthly interval starting from 4 month after planting to 16 

month after planting) 

Control 

Control 1. KAU POP (187:170:341 g NPK plant-1 year-1 based on soil test data, soil 

application of nutrients with conventional land management) 

Control 2. 100% of recommended dose of NPK as organic (soil application of 

nutrients based on soil test data with conventional land management). In these 

organic manures were applied on nitrogen equivalent basis in six splits at an interval 

of two months for 20 months. Combination of farm yard manure, poultry manure and 
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vermicompost in the ratio 2:1:1 were added. Additional phosphorus and potassium 

requirement were fulfilled through the application of rock phosphate and potassium 

sulphate respectively.  

3.1.4.2 Treatment combinations (4x3) + 2 = 14 

T1- N1F1           T2- N1F2                          T3- N1F3 

T4- N2F1                 T5- N2F2                 T6- N2F3 

T7-  N3F1                T8 -  N3F2                          T9- N3F3 

T10- N4F1               T11- N4F2                     T12- N4F3  

T13- Control 1      T14- Control 2 

Layout of the experiment was depicted in Fig 2. 

 The water for fertigation was diverted with pump from Vellayani lake. Disc 

filter and screen filter were used for removing the impurities in water. Injector was 

also provided for fertigation. Four submains were laid out in the field to dispense 

water and fertilizer to the respective plots. From each submain, lateral was linked to 

the respective plots. Pressure compensating drippers with a discharge rate of 8 litres 

hour-1 were connected on the laterals to supply water and fertilizer to individual plots.  

The submains and laterals were provided with flushing devices to discard water and 

fertilizer after each application.  

3.1.5 Cultivation practices of papaya 

3.1.5.1 Raising of seedlings 

 Seeds were treated with 200 ppm GA3 for 8 hours for uniform germination 

and were sown in portrays filled with a mixture of FYM, soil and sand in equal 

proportions. Seeds were germinated in two weeks (Plate 1). 15 days old seedlings 
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were transplanted into polythene bags of 20 cm x 15 cm size filled with a mixture of 

FYM, soil and sand in equal proportions (Plate 2). 45 days old seedlings were 

transplanted into main field.  

3.1.5.2 Field preparation and planting 

Deep ploughing up to 50 cm depth was done and raised beds of 30 cm height 

and 1.5 m width were taken with channels of 1 m width in between beds for proper 

drainage and to prevent capillary movement of water to the adjacent plots (Plate 3). 

Seedlings were planted at a depth of 15-20cm at 2 m x 2 m spacing (Plate 4). The 

requirement of lime and phosphorus was calculated based on the initial soil status and 

the same (500g and 850g respectively based on soil test data) was applied uniformly 

to all treatments. Organic manure (15 kg FYM plant-1) was given uniformly to all 

treatments as basal.  

For control 1 (T13) and control 2 (T14) pits of 50 cm x 50 cm x 50 cm were 

taken at a spacing of 2 m x 2m. For organic treatment potassium sulphate was used as 

source of potassium.   

3.1.5.3 Fertigation scheduling 

 Fertigation was done at weekly interval and a total of 76 fertigations were 

given from one month after planting to 20 month after planting. Urea and Muriate of 

Potash were used as fertilizer sources for fertigation. Quantity of different fertilizers 

(g plant⁻¹ year⁻¹) used in fertigation are furnished in Table 2. Nutrient solution for 

fertigation was prepared by dissolving required quantity of fertilizers. The tube 

attached to the injector unit was immersed in the nutrient solution and the system was 

operated to supply the nutrients along with irrigation water. Flushing of mains and 

laterals were done before the start of fertigation. After every fertigation, drip 

irrigation was continued for five to ten minutes. Cleaning of disc filter and screen 

filter were also being carried out once in three days.  
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Fig. 2. Layout plan of Experiment 1 

1. Source 2. Control valve 3. Screen filter 4. Disc filter 5. Injector 6. Submains 7. Laterals 
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Plate 1. Seedlings in protrays            

 

Plate 2. Seedlings in polybag 

 



 

 

 

             

     Plate 4. Field at initial stage 

 

Plate 3. Field preparation 

 



         

 

 

Plate 4a. Field at 4 MAP 

Plate 5. General view of experiental plot 



Table 2. Quantity of fertilizers (g plant⁻¹ year⁻¹) used in fertigation 

Fertigation  Urea 

(g plant⁻¹ year⁻¹) 

MOP 

(g plant⁻¹ year⁻¹) 

75 per cent RDF 304.89 426.25 

100 per cent RDF 406.52 568.33 

125 per cent RDF 508.15 710.41 

150 per cent RDF 609.78 852.50 

 

The other cultural operations were carried out as per KAU POP. 

3.1.6 Observations  

3.1.6.1 Biometric parameters 

3.1.6.1.1 Planth height 

 Height of plants were recorded in centimeters from soil level to the tip of 

growing point from all observation plants at bimonthly intervals up to peak 

harvesting stage and average were worked out. 

3.1.6.1.2 Plants girth  

Girth of the stem was assessed at 10 cm above the ground level with help of 

measuring tape at bimonthly intervals up to peak harvesting stage and average were 

worked out and expressed in centimeters. 

3.1.6.1.3 Number of leaves  

 Total number of active leaves per plant was counted from all observation 

plants at bimonthly intervals up to peak harvesting stage and the average number of 
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leaves was worked out. Fully developed and newly emerged leaves, excluding dead 

and dry leaves were considered as active leaves. 

3.1.6.1.4 Leaf Area Index  

 Leaf area was measured with the help of graph paper in square centimetre and 

average was worked out. The index leaf (sixth leaf) from all observation plants were 

collected at 6, 12, 18 months after planting and at final harvest for the measurement. 

Leaf area index was calculated using the formula  

LAI   =   Leaf area 

              Spacing (m2) 

3.1.6.1.5 Height at first flowering  

 Height at which first flower appeared was recorded in centimeters from the 

ground level in all observation plants and average was worked out.  

3.1.6.1.6 Days to flowering 

 Number of days from transplanting to the opening of first female or 

hermaphrodite flower was recorded in all observation plants and average was worked 

out. 

3.1.6.1.7 Sex expression of plant 

 Total number of hermaphrodite and female flowers in all observation plants 

were noted throughout the crop period and expressed in per cent and average was 

worked out. 

3.1.6.1.8 Number of flowers cluster⁻1 

 Number of flowers found in a cluster was counted and recorded in all 

observation plants and average was worked out. 
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3.1.6.1.9 Fruit set percentage 

 Total number of hermaphrodite and female flowers and fruits produced were 

recorded in all observation plants and expressed in per cent and average was worked 

out. 

Fruit set percentage   =    Number of fruits set plant⁻1   x    100 

                                          Number of flowers plant⁻1 

3.1.6.1.10 Time for first harvest  

 The number of days taken from transplanting to the harvest of first formed 

fruit in all observation plant was recorded and average was worked out. 

3.1.6.2 Yield parameters 

3.1.6.2.1 Fruit weight  

Five fruits were randomly selected from each observation plant and average 

fruit weight was worked out and recorded in grams. 

3.1.6.2.2 Fruit length  

 Fruit length was measured from the stalk end to the floral end of five 

randomly selected fruits from each observation plant and average fruit length was 

worked out and expressed in centimeters. 

3.1.6.2.3 Fruit girth  

The girth of five randomly selected fruits from each observation plant was 

assessed at the maximum width point with measuring tape and average girth was 

worked out and expressed in centimeters. 
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3.1.6.2.4 Fruit volume  

 Five randomly selected fruits from each observation plant were taken and fruit 

volume was calculated by water displacement method. It’s average was worked out 

and expressed in cc. 

3.1.6.2.5 Physical composition  

Fruits were randomly selected from each observation plant. Weight of fruit 

was recorded and then separated into different components. Weight of peel, pulp and 

seed were recorded separately and relative proportion of each of the component to 

total weight was worked out. 

Further pulp/ peel ratio was calculated using the formula: 

Pulp/ peel ratio    =   Percentage of pulp 

            Percentage of peel 

3.1.6.2.6 Flesh thickness  

 Flesh thickness of five randomly selected fruits from each observation plant 

was measured and average was worked out and expressed in centimeters. 

3.1.6.2.7 Number of fruits per plant 

 Total number of fruits from each observation plant was counted and average 

worked out. 

3.1.6.2.8 Number of seeds per fruit 

Seeds were extracted from five randomly selected fruits from each 

observation plant, counted and average was worked out. 
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3.1.6.2.9 Seed germination percentage 

 Seeds were extracted from the fruit when ¾th of the fruit skin turned yellow 

and mucilage was removed by rubbing with hands. 50 seeds were collected from 

fruits of each observation plants and allowed to germinate. The germinated seed 

count was taken after 10 days. 

Germination percentage = Number of seeds germinated    X   100 

 Total number of seeds sown 

3.1.6.2.10 Total yield plant-1  

 Total number of fruits from each plant was multiplied with average fruit 

weight for getting total yield per plant and expressed in kilogram plant-1. 

3.1.6.2.11 Yield ha-1 

 Yield per hectare was calculated by multiplying per plant yield with number 

of plants per hectare. 

3.1.6.2.12 Days taken for maturity  

 Flowers of each observation plant were tagged on the day of anthesis and 

number of days taken from fruit set to reach harvest maturity (full green mature 

stage) was counted. 

3.1.6.2.13 Days taken for ripening 

Number of days taken by fruits to reach fully ripe stage while on tree from 

attaining harvest maturity was counted and reported as days taken for fruit ripening. 
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3.1.6.3 Fruit quality parameters                      

3.1.6.3.1 Total soluble solids  

TSS of the fruit pulp was measured using a hand refractometer (Erma) (range 

0-32°Brix) expressed in degree brix (A.O.A.C, 1980). 

3.1.6.3.2 Acidity  

The titrable acidity was estimated by titrating with 0.1 N sodium hydroxide 

(NaOH) solution using phenolphthalein as an indicator and expressed as per cent of 

citric acid. A known weight of fruit was ground using distilled water and made upto 

100 ml in a standard flask. An aliquot of 10 ml from this was titrated against 0.1 N 

NaOH (Ranganna, 1997). 

 Acidity = Normality x Titre value x Equivalent weight x Volume made up x  100 

                              Weight of sample x Aliquot of sample x 1000 

3.1.6.3.3 Total carotenoids  

Determination of total carotenoids was done by extraction with acetone and 

petroleum ether. The colour was measured at 452 nm using petroleum ether as blank 

in spectrophotometer. Total carotenoids were expressed as μg 100g-1 of material 

(Ranganna, 1997).  

Total carotenoids (μg 100g-1) = 3.857 x Optical density x Volume made up x 100  

                                                                       Weight of the sample 
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3.1.6.3.4 Ascorbic acid  

Five grams of the fruit was taken and extracted with four per cent oxalic acid. 

Ascorbic acid was estimated by using standard indicator dye 2,6- dichlorophenol 

indophenol and expressed as mg 100g⁻¹ of fruit (Sadasivam and Manickam, 1996). 

3.1.6.3.5 Total sugar  

Total sugar was determined according to the procedure described by 

Ranganna (1997) using Fehling’s solution and expressed as gram of glucose per 100 

grams of pulp.  

3.1.6.3.6 Reducing sugar  

Reducing sugar was determined according to the procedure described by 

Ranganna (1997) using Fehling’s solution and expressed as gram of glucose per 100 

grams of pulp.  

3.1.6.3.7 Non reducing sugar  

The estimation of nonreducing sugar was done by subtracting the reducing 

sugar from the total sugar and expressed as grams of glucose per 100 grams of pulp. 

3.1.6.3.8 Shelf life  

Shelf life was computed by counting the days required to fully ripe the papaya 

fruits as to possessing optimum marketing and eating qualities. 

3.1.6.3.9 Sugar / acid ratio 

 Sugar/ acid ratio was calculated using the following formula: 
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Sugar/ acid ratio  = Total sugar content (%) in fruits 

                    Acidity (%) in fruits 

3.1.6.3.10 Organoleptic evaluation  

 The fruits obtained from each treatment were assessed using a nine point 

hedonic scale to evaluate the appearance, colour, flavour, texture, taste, after taste and 

overall acceptability of the products by a panel of 15 semi trained judges (Appendix 

II).  

3.1.6.4 Index leaf analysis for primary, secondary and micronutrients (B and Zn) 

 Petiole of sixth leaf at six month after planting (index leaf) was taken for 

analysis. The plant samples were dried in a hot air oven at 70°C till constant weight 

was obtained and powdered. The required quantity of powdered samples were then 

weighed out accurately and analysed for primary, secondary and micronutrients viz., 

boron and zinc. The methods adopted for the chemical analysis are given in the Table 

3. 

Table 3. Methods adopted for plant nutrient status estimation 

Particulars Method  References 

N (%) Digestion with H2SO4 and Microkjeldahl 

distillation 

Jackson (1973) 

P (%) Digestion with Nitric-perchloric (9:4) acid and 

spectrophotometry 

Jackson (1973) 

K (%) Digestion with Nitric-perchloric (9:4) acid and 

flamephotometry 

Jackson (1973) 

Ca (%) Digestion with Nitric-perchloric (9:4) acid and 

atomic absorption spectrophotometry 

Piper (1967) 

Mg (%) 
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S (%) Turbidimetric method (Chesnin and 

Yien, 1950) 

Zn (ppm) Digestion with Nitric-perchloric (9:4) acid and 

atomic absorption spectrophotometry 

Jackson (1973) 

B (ppm) Dry ashing, azomethane-H method Gupta (1967) 

 

3.1.6.5 Pest and disease incidence  

 Foot rot caused by Phytophthora sp. was observed as the major disease in the 

field in the early stages. Scoring of foot rot in papaya was done using score chart 

devised by Tesoriero and Bertus (2004). (Appendix III). It was effectively controlled 

by drenching copper oxychloride @ 0.4 per cent. From one to six month after 

planting, systematic pesticides were applied as a prophylactic measure to control leaf 

sucking insects.       

3.1.6.6 Nutrient (N, P, K) concentration studies of fruits at peak harvest stage  

 Fruit samples were selected for analysis at 16 month after planting (peak 

harvest stage). The fruit samples were dried in a hot air oven at 70°C till constant 

weight was attained, powdered, required quantity of powdered samples were then 

weighed out accurately and analysed for primary nutrients. Analysis for fruit 

nitrogen, phosphorus and potassium was done using modified kjeldahl method 

(Jackson, 1973), single acid digestion & colorimetry method (Piper, 1967) and single 

acid digestion & flame photometry method (Piper, 1967) respectively. 

3.1.6.7 Soil analysis (available N, P, K) after the experiment 

 Soil samples were collected after the experiment from experimental plot. The 

composite samples drawn from the individual plots were air dried, powdered, sieved 
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through 2 mm sieve and analysed for N, P and K as per the methods mentioned in 

Table 1. 

3.1.6.8 Economic analysis 

3.1.6.8.1 Cost of cultivation 

 The cost of inputs that were prevailing at the time of their purchase was 

considered for working out cost of cultivation. While calculating cost of cultivation, 

drip installation cost was distributed over 10 years by amortization (Appendix IV). 

Cost of cultivation under different treatments are presented in Appendix V. 

3.1.6.8.2 Gross income 

 Gross income per hectare-1 was calculated by taking into consideration the 

market price of the papaya fruit that was prevailing during the investigation period 

and expressed as ha-1. Market price of the produce is shown in Appendix VI.  

3.1.6.8.3 Net income 

 Net income was computed by subtracting cost of cultivation from gross 

income and expressed in ha-1. 

3.1.6.8.4 B: C ratio 

 B : C ratio was figured out as the ratio of gross income to cost of cultivation. 

 B : C ratio  =    Gross income (ha-1) 

   Cost of cultivation (ha-1) 

3.1.6.9 Statistical analysis 

 The data was analysed statistically by applying the techniques of analysis of 

variance (Panse and Sukhatme, 1985).  
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For organoleptic test, Kruskal Wallis test was performed and the mean rank 

scores were taken to differentiate the best treatment. 

 Experiment II 

3.2 POSTHARVEST MANAGEMENT PRACTICES FOR EXTENSION OF 

SHELF LIFE IN PAPAYA 

 Papaya variety Surya was raised according to KAU POP for studying the 

extension of shelf life. Fruits were collected at fully mature green stage, subjected to 

different postharvest management practices, packaged in CFB boxes and stored under 

ambient conditions till the end of shelf life (Plate 6). Observations on changes in 

physical quality, physiological quality, chemical quality, percentage disease index 

and microbial load were recorded at three days interval till the end of shelf life. 

The postharvest management practices given were; 

S1 – Precooling (Hydro cooling) 

S2 – Surface sanitization with sodium hypochlorite (150 ppm) 

S3 – External coating with chitosan (1%) 

S4 – Precooling followed by external coating with 1% chitosan 

S5 – Packaging with ethylene scrubber KMnO₄ (8g per Kg of fruit weight) 

S6 – Precooling followed by packaging with ethylene scrubber KMnO₄ 

S₇ - Precooling followed by external coating with 1% chitosan and packaging with 

ethylene scrubber KMnO₄  

S8 – Hot water treatment followed by waxing with 6% carnauba wax and packaging 

with ethylene scrubber KMnO₄ 
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S9 - Control 

3.2.1 Observations 

Observations were noted at three days interval till the end of shelf life. 

3.2.1.1 Physical quality (Sensory analysis) 

Same as mentioned in 3.1.6.3.9 

3.2.1.2 Physiological quality 

3.2.1.2.1 Shelf life  

Shelf life of papaya fruits as influenced by different postharvest treatments 

was calculated by counting the days required to ripe fully as to retaining optimum 

marketing and eating qualities. 

3.2.1.2.2 Physiological Loss in Weight (PLW) 

PLW was calculated on the initial weight basis as suggested by Srivastava and 

Tandon (1968) at three days interval and expressed as percentage. 

PLW     =    Initial weight - Final weight   X 100 

                                           Initial weight 

3.2.1.2.3 Ion leakage (%) 

 The uniform sized fruit pieces were made into thin slices, immersed in 100 ml 

distilled water for three hours and absorbance was read in UV spectrophotometer at 

273 nm. The immersed slices were heated in water bath at 100° C for 20 minutes, 

filtered, filtrate was made upto 100 ml and the absorbance was read in UV 

spectrophotometer at 273 nm. The loss of membrane integrity was expressed in per
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Plate 6. CFB boxes used for packaging of papaya fruits 

 

 

                              

 

                        Plate 6a. Papaya fruits packaged in CFB boxes  

 



 

cent ion leakage. Percent leakage was calculated using the formula and expressed as 

percentage (Amith, 2012): 

                     Initial absorbance of bathing medium 

Percent leakage:     --------------------------------------------------   x Dilution factor 

                    Final absorbance of bathing medium 

 

3.2.1.3 Chemical quality 

3.2.1.3.1 Total Carotenoid  

Same as mentioned in 3.1.6.3.3 

3.2.1.3.2 TSS  

Same as mentioned in 3.1.6.3.1 

3.2.1.3.3 Total sugar  

Same as mentioned in 3.1.6.3.5 

3.2.1.3.4 Reducing sugar  

Same as mentioned in 3.1.6.3.6 

3.2.1.3.5 Acidity  

Same as mentioned in 3.1.6.3.2  
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3.2.1.4 Percentage disease index 

 Papaya fruits subjected to different postharvest management practices were 

visually observed for fungal spoilage and fruit rots. The number of fruits infected or 

spoiled was recorded periodically to assess the effect of treatments on retarding fruit 

spoilage. It was reported as percentage disease index and was calculated by the 

following formula (Marpudi et al., 2011). 

Percentage disease index = (0xa) + (1xb) + (2xc) + (3xd) + (4xe) + (5xf)     x    100 

                                                                    a + b + c + d + e + f                             X 

 

Where 0,1,2,3,4,5 are infection categories 

0 –    no lesions (no disease symptoms) 

1 –    5 to ≤ 15 per cent disease symptoms (spot first appearing) 

2 -     ≥ 16 to ≤ 25 per cent disease symptoms (spots increasing in size and number) 

3 -     ≥ 26 to ≤ 50 per cent disease symptoms (small to large brownish sunken spots    

         with slight to moderate mycelium growth) 

4 -     ≥ 51 to ≤ 75 per cent disease symptoms (large spots with wide spread mycelium  

         growth, fruit is partially or completely rotten) 

5 -     ≥ 75 per cent disease symptoms 

a, b, c, d, e and f are number of fruits that fall into the infection categories 

X = maximum number of infection categories 
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3.2.1.5 Microbial load  

 The enumeration of microbial load in pre and post treated sample was carried 

out by serial dilution technique. Nutrient agar and Martin’s Rose Bengal agar 

medium were used for enumeration of bacterial and fungal population of the fruit 

surfaces respectively. The details of media composition are furnished in Appendix 

VII. 

The fruit was washed with 100 ml sterile distilled water and shaken 

thoroughly for two minutes. One ml of supernatant was accurately pipetted out into 

eppendroff tube containing 900 µl of sterile distilled water to get 10⁻3 dilution. This 

procedure was repeated to get 10⁻5 dilution. 100 µl each of 10⁻3, 10⁻4, 10⁻5 and 10⁻6 

were used for enumeration of total bacterial and fungal count. Bacterial count was 

enumerated for three days countinuouly from the next day of inoculation whereas 

fungal count was taken from three days after inoculation and the count just before the 

damage of the treatment was represented. Number of microorganisms (bacteria and 

fungi) per cm2 of post treated sample was calculated as per the following formula 

(Amith, 2012). 

No. of colony forming units (cfu) / ml of the sample  = 

                                            Total number of colony formed X Dilution factor  

                                                                               Aliquot plated 
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4. RESULTS 

The present experiment was conducted in the Instructional Farm attached to 

the College of Agriculture, Vellayani during June 2018 to February 2020 to 

standardize the nutrient level for yield improvement through fertigation and foliar 

nutrition in papaya and to investigate the postharvest management practices for 

extending the shelf life of fruits. The experimental data collected were assessed 

statistically and the findings are illustrated in this chapter under the following 

sections. 

4.1 Fertigation and foliar nutrition studies in papaya 

4.2 Postharvest management practices for extension of shelf life in papaya 

4.1 FERTIGATION AND FOLIAR NUTRITION STUDIES IN PAPAYA 

4.1.1 Biometric parameters 

4.1.1.1 Plant height (cm) 

Height of papaya plants were recorded at bimonthly interval from 2 MAP 

(Month After Planting) up to peak harvesting stage (16 MAP) and are presented in 

Table 4. Plant height differed significantly among the treatments at each month. 

At 2 MAP, highest plant height of 85.70 cm was recorded for the treatment 

receiving 125 % RD of N and K through fertigation and foliar sprays of 1.0% 

19:19:19 (T7). It was on par with treatments receiving 125 % RD of N and K through 

fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax (T8) and 125 % RD of N 

and K through fertigation with water spray (T9) (85.36 cm and 84.98 cm 

respectively). However this effect was solely due to fertigation, as foliar sprays with 

1.0% 19:19:19, 0.5% ZnSO4 and 0.3% borax and water spray was done from 4 MAP. 

Control 1 (T13) which received KAU POP (soil application of 187:170:341 g NPK 

plant-1 year-1 based on soil test data, with conventional land management) and control 



2 (T14) which received 187:170:341 g NPK plant-1 year-1 based on soil test data as 

organic manures registered a plant height of 73.86 cm and 73.17 cm respectively. 

Lowest plant height (60.16 cm) was witnessed in treatment receiving 75 % RD of N 

and K through fertigation and foliar sprays of 1.0% 19:19:19 (T1). It was on par with 

treatment receiving 75 % RD of N and K through fertigation with water spray (T3) 

and 75 % RD of N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 

0.3% borax (T2) which registered a plant height of 61.21 cm and 63.15 cm 

respectively. 

 Observations recorded at 4 MAP revealed that T7 registered a highest plant 

height of 112.53 cm. It was found to be on par with T9 and T8 (111.03 cm and 110.62 

cm. Control 1 (T13) which received KAU POP recorded a plant height of 103.87 cm 

and control 2 (T14) registered a plant height of 102.04 cm. However T3 recorded 

lowest plant height of 88.18 cm, which was found to be on par with treatments T2 and 

T1 with 90.72 cm and 91.53 cm respectively. 

Results of data on plant height at 6 MAP recorded highest height of 149.19 

cm in plants receiving 100 % RD of N and K through fertigation and foliar sprays of 

1.0% 19:19:19 (T4), which was found to be on par with T5 (147.11 cm) which 

received 100 % RD of N and K through fertigation and foliar sprays of 0.5% ZnSO4 

and 0.3% borax and differed significantly from other treatments. Control 2 (T14) 

recorded a plant height of 135.22 cm and control 1 (T13) which received KAU POP 

registered a plant height of 132.05 cm. Lowest plant height of 108.46 cm was noticed 

in T3 and differed significantly from other treatments. 

Plant height recorded at 8 MAP indicated that T4 registered highest plant 

height of 190.23 cm, which differed significantly from other treatments. This was 

followed by T5 (184.50 cm) which also had significant difference over other 

treatments. Control 2 (T14) recorded a plant height of 167.88 cm and control 1 (T13) 
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which received KAU POP registered a plant height of 153.53 cm. T3 recorded least 

plant height of 144.09 cm, which had significant difference over other treatments. 

Statistical analysis at 10 MAP revealed a highest plant height of 214.80 cm 

for T4, which was on par (211.88 cm) with T5 and differed significantly from other 

treatments. Control 2 (T14) recorded a plant height of 188.50 cm, whereas plants 

received KAU POP (control 1 - T13) registered a plant height of 173.29 cm. Lowest 

plant height of 164.10 cm was noticed in T3, which had significant difference over 

other treatments. 

Results recorded at 12 MAP registered highest plant height (236.40 cm) for 

T4, which differed significantly from other treatments. It was followed by T5 with a 

plant height of 230.15 cm, which also had significant difference over other 

treatments. Control 2 (T14) recorded a plant height of 209.19 cm and control 1 (T13) 

which received KAU POP registered a plant height of 185.69 cm. T3 recorded least 

plant height of 176.52 cm, which had significant difference over other treatments. 

Plant height recorded at 14 MAP showed that T4 had highest score of 249.25 

cm. It was found to be on par with T5 (245.39 cm) and differed significantly from 

other treatments. Control 2 (T14) recorded a plant height of 223.02 cm, whereas plants 

received KAU POP (control 1 - T13) registered a plant height of 202.09 cm. Lowest 

plant height of 192.47 cm was noticed in T3, and differed significantly from other 

treatments. 

At 16 MAP, highest plant height of 262.56 cm was recorded for the treatment 

receiving T4 which differed significantly from other treatments. It was followed by T5 

(258.28 cm), which also had significant difference over other treatments. Control 2 

(T14) recorded a plant height of 238.30 cm, whereas plants received KAU POP 

(control 1 - T13) registered a plant height of 213.50 cm. Lowest plant height (201.73 

cm) was recorded T3, which had significant difference over other treatments. 
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Table 4. Effect of fertigation and foliar sprays on height (cm) of papaya plants 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures 

 

Treat

ments 

Plant height (cm) 

2 MAP 4 MAP 6 MAP 8 MAP 10 MAP 12 MAP 14 MAP 16 MAP 

T1 60.16 91.53 124.19 165.14 187.49 208.55 219.19 235.36 

T2 63.15 90.72 123.25 162.81 185.96 205.27 218.87 233.49 

T3 61.21 88.18 108.46 144.09 164.10 176.52 192.47 201.73 

T4 82.37 106.56 149.19 190.23 214.80 236.40 249.25 262.56 

T5 81.36 106.55 147.11 184.50 211.88 230.15 245.39 258.28 

T6 82.17 104.72 139.08 158.76 179.32 199.98 210.80 224.41 

T7 85.70 112.53 145.57 171.46 205.08 221.62 234.22 250.96 

T8 85.36 110.62 145.09 175.71 208.56 226.05 238.50 254.72 

T9 84.98 111.03 142.60 161.01 181.50 201.64 215.51 229.38 

T10 68.83 92.59 122.74 155.38 174.98 194.23 207.58 217.76 

T11 72.31 95.97 127.67 170.76 197.17 219.33 232.36 244.30 

T12 70.09 93.12 118.32 151.02 170.16 183.54 199.99 210.12 

T13 73.86 103.87 132.05 153.53 173.29 185.69 202.09 213.50 

T14 73.17 102.04 135.22 167.88 188.50 209.19 223.02 238.30 

SEm (±) 1.13 1.49 0.78 0.74 1.06 1.38 1.80 1.19 

CD(5%) 3.30 4.35 2.26 2.14 3.10 4.02 5.22 3.45 
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4.1.1.2 Plant girth (cm) 

 Data of plant girth influenced by application of different levels of fertigation 

and different foliar sprays are presented in Table 5. Observations on girth of plant 

recorded at bimonthly intervals from 2 MAP to 16 MAP (peak harvest stage) showed 

significant variation among treatments. 

 Plant girth recorded at 2 MAP showed that T7 which received 125 % RD of N 

and K through fertigation and foliar sprays of 1.0% 19:19:19 had highest score (11.29 

cm). It was found to be on par with treatments T8 (125 % RD of N and K through 

fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax), T5 (100 % RD of N and 

K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax), T6 (100 % 

RD of N and K through fertigation with water spray), T4 (100 % RD of N and K 

through fertigation and foliar spraying of 1.0% 19:19:19) and T9 (125 % RD of N and 

K through fertigation with water spray) with a plant girth of 11.25 cm, 10.89 cm, 

10.85 cm, 10.85 cm and 10.77 cm respectively and differed significantly from other 

treatments. Control 1 (T13) and control 2 (T14) registered a plant girth of 8.31 cm and 

7.52 cm respectively. Lowest plant girth of 6.79 cm was recorded in T3 which 

received 75 % RD of N and K through fertigation with water spray. It was found to 

be on par with treatments T1 (75 % RD of N and K through fertigation and foliar 

sprays of 1.0% 19:19:19) and T2 (75 % RD of N and K through fertigation and foliar 

sprays of 0.5% ZnSO4 and 0.3% borax) with a plant girth of 7.04 cm and 7.08 cm 

respectively and differed significantly from other treatments. However this effect on 

plant girth recorded at 2 MAP was solely due to fertigation, as foliar sprays with 

1.0% 19:19:19, 0.5% ZnSO4 and 0.3% borax and water spray was done from 4 MAP. 

 At 4 MAP, highest stem girth (21.99 cm) was observed in treatment T7, which 

was on par with T8 with a plant girth of 21.94 cm, but differed significantly from all 

other treatments. Control 2 (T14) recorded 17.99 cm plant girth, which was found to 

be on par with control 1 (T13) with a plant girth of 17.79 cm. Lowest plant girth 
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observed at 4 MAP (12.23 cm) was for T3, which was on par with T2 with a plant 

girth of 12.80 cm and differed significantly from other treatments. 

 Results of data on plant girth at 6 MAP showed that the highest girth of 25.92 

cm was registered in T4. It was on par with T5 and T7 with a plant girth of 25.36 cm 

and 24.94 cm respectively, and differed significantly from all other treatments. 

Control 2 (T14) recorded a plant girth of 20.99 cm. However, control 1 (T13) 

registered 19.82 cm plant girth. T3 had lowest plant girth (18.32 cm) at 6 MAP, which 

was on par with T12 (150 % RD of N and K through fertigation with water spray) 

with a plant girth of 18.39 cm and differed significantly from other treatments. 

Observations recorded at 8 MAP revealed that T4 registered highest plant 

girth of 39.33 cm, which differed significantly from other treatments. It was followed 

by T5 with a plant girth of 37.46 cm which differed significantly from other 

treatments. T14 (control 2) recorded 30.70 cm plant girth at 8 MAP. However, control 

1 (T13 which received KAU POP) registered a plant girth of 26.19 cm. Lowest plant 

girth of 21.86 cm was recorded in T3. It was followed by T12 with a plant girth of 

23.94 cm. 

 Statistical analysis at 10 MAP revealed a highest plant girth of 45.80 cm for 

T4, which was on par with T5 with 45.75 cm plant girth and differed significantly 

from other treatments. It was followed by T8, T7, T11 (150 % RD of N and K through 

fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) and T1 with a plant girth 

of 43.31 cm, 40.24 cm, 37.92 cm and 36.23 cm respectively at 10 MAP, which 

differed significantly among treatments and other treatments. T14 (control 2), which 

recorded 36.08 cm plant girth was found to be on par with T1. Control 1 (T13) 

registered a plant girth of 30.11 cm. Lowest plant girth of 25.09 cm at 10 MAP was 

observed in T3. It was found to be on par with T12 with 25.31 cm plant girth and 

differed significantly from other treatments. 
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Table 5. Effect of fertigation and foliar sprays on girth (cm) of papaya plants 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures 

 

   

Treat

ments 

Plant girth (cm) 

2 MAP 4 MAP 6 MAP 8 MAP 10 MAP 12 MAP 14 MAP 16 MAP 

T1 7.04 13.68 21.16 30.04 36.23 40.00 43.12 46.09 

T2 7.08 12.80 20.47 28.57 34.35 37.94 41.04 44.20 

T3 6.79 12.23 18.32 21.86 25.09 30.92 33.92 36.48 

T4 10.85 20.08 25.92 39.33 45.80 51.65 54.78 56.92 

T5 10.89 20.15 25.36 37.46 45.75 49.99 53.03 55.17 

T6 10.85 19.50 20.78 28.00 32.29 37.01 40.69 43.41 

T7 11.29 21.99 24.94 32.94 40.24 45.27 47.28 50.16 

T8 11.25 21.94 23.08 34.30 43.31 48.90 51.06 52.97 

T9 10.77 20.72 21.17 30.03 34.09 39.99 43.26 45.69 

T10 8.50 13.68 19.87 24.01 28.49 32.01 34.78 37.58 

T11 8.36 14.29 21.31 32.88 37.92 43.91 47.74 49.79 

T12 8.21 14.28 18.39 23.94 25.31 31.00 34.61 37.53 

T13 8.31 17.79 19.82 26.19 30.11 35.17 36.86 38.92 

T14 7.52 17.99 20.99 30.70 36.08 39.73 41.40 44.00 

SE (±) 0.31 0.31 0.34 0.39 0.47 0.42 0.60 0.42 

CD(5%) 0.89 0.92 0.99 1.15 1.38 1.21 1.75 1.23 
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 At 12 MAP, highest plant girth (51.65 cm) was recorded in T4 which differed 

significantly from all other treatments. It was followed by T5 with a plant girth of 

49.99 cm, which was on par with T8 with 48.90 cm plant girth and differed 

significantly from other treatments. T14 (Control 2) registered 39.73 cm plant girth 

whereas, plants receiving KAU POP - control 1 (T13) recorded 35.17 cm. Lowest 

plant girth of 30.92 cm was noticed in T3, which was on par with T12 and T10 (150 % 

RD of N and K through fertigation and foliar sprays of 1.0% 19:19:19) with a plant 

girth of 31.00 cm and 32.01 cm respectively, which differed significantly from other 

treatments. 

  Plant girth recorded at 14 MAP showed that T4 had highest score (54.78 cm), 

which was on par with T5 with a plant girth of 53.03 cm, which differed significantly 

from other treatments. It was followed by T8 and T11 with 51.06 cm and 47.74 cm 

plant girth respectively. T7 with 47.28 cm plant girth was found to be on par with T11. 

Control 2 (T14) recorded a plant girth of 41.40 cm. However, control 1 (T13) registered 

36.86 cm plant girth. T3 had lowest plant girth (33.92 cm) at 14 MAP, which was on 

par with T12 and T10 with a plant girth of 34.61 cm and 34.78 cm respectively which 

differed significantly from other treatments. 

 Results recorded at 16 MAP registered highest plant girth (56.92 cm) for T4, 

which differed significantly from other treatments. It was followed by T5 with a plant 

girth of 55.17 cm, which also differed significantly from other treatments. Control 2 

(T14) and control 1 (T13) which received KAU POP recorded a plant girth of 44.00 cm 

and 38.92 cm respectively. Lowest plant girth of 36.48 cm was noticed in T3, which 

was on par with T12 and T10 with a plant girth of 37.53 cm and 37.58 cm respectively 

which differed significantly from other treatments. 

4.1.1.3 Number of leaves 

 Number of leaves influenced by application of different levels of fertigation 

and different foliar sprays are presented in Table 6. Observations on number of leaves 
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recorded at bimonthly intervals from 2 MAP to 16 MAP (peak harvest stage) showed 

significant variation among treatments. 

 At 2 MAP, maximum number of leaves (13.67) was noted in T8 (125 % RD of 

N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax), which 

was on par with T9 (125 % RD of N and K through fertigation with water spray) with 

13.00 leaves and differed significantly from other treatments. It was followed by T7 

(125 % RD of N and K through fertigation and foliar sprays of 1.0% 19:19:19), T4 

(100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19) and 

T10 (150 % RD of N and K through fertigation and foliar sprays of 1.0% 19:19:19) 

with a leaf count of 12.22, 11.89 and 11.89 respectively, which were on par. Control 

1 (T13) which received KAU POP and control 2 (T14) recorded 11.78 and 11.66 

number of leaves respectively. Least number of leaves (8.89 each) was recorded in T3 

(75 % RD of N and K through fertigation with water spray) and T2 (75 % RD of N 

and K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax), which 

was on par with T1 (75 % RD of N and K through fertigation and foliar sprays of 

1.0% 19:19:19) with a leaf count of 9.44 and differed significantly from other 

treatments. However this effect on number of leaves recorded at 2 MAP was solely 

due to fertigation as foliar sprays with 1.0% 19:19:19, 0.5% ZnSO4 and 0.3% borax 

and water spray was done from 4 MAP. 

 Results recorded at 4 MAP registered a maximum leaf number of 16.56 in T7, 

which was on par with T8, T9 and T4 with a leaf count of 16.22, 15.89 and 15.78 

respectively, and differed significantly from other treatments. Control 1 (T13) 

registered 13.66 number of leaves and control 2 (T14) recorded a leaf number of 

13.56. The minimum number of leaves (10.67) was noted in T3, which was on par 

with T1 (11.33) and T2 (12.00) and differed significantly from other treatments. 

 Number of leaves recorded at 6 MAP indicated maximum leaves (18.11) in 

T4, which was on par with T5, T8 and T7 with a leaf score of 17.78, 17.44 and 17.22 
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respectively, and differed significantly from other treatments. Control 2 (T14) 

recorded 14.78 number of leaves. Minimum number of leaves (11.00) was noted in T3 

which differed significantly from other treatments. This was followed by T12 (150 % 

RD of N and K through fertigation with water spray) with 13.56 number of leaves, 

which was on par with T13 (control 1), T2, T1 and T10 with 14.00, 14.00, 14.11 and 

14.11 leaves respectively and differed significantly from other treatments. 

 Statistical analysis at 8 MAP revealed that T4 recorded highest number of 

leaves (22.34), which was on par with T5 and T8 with 21.78 and 21.56 leaves 

respectively and differed significantly from other treatments. Control 2 (T14) recorded 

19.89 leaves and control 1 (T13) registered 17.22 leaves. Lowest value of 14.89 was 

reported in T3 which was on par with T12 with 16.00 leaves and differed significantly 

from other treatments. 

Results recorded at 10 MAP indicated a highest number of leaves (29.11) in 

T4 and differed significantly from other treatments. It was followed by T5, which was 

on par with T8 with 27.89 and 27.78 leaves respectively and differed significantly 

from other treatments. T14 (control 2) recorded 25.22 leaves. Least number of leaves 

(15.11) was documented in T3, and differed significantly from other treatments. It 

was followed by T12 which was on par with T13 (control 1) with 17.11 and 18.00 

leaves respectively and differed significantly from other treatments. 

Data on number of leaves recorded at 12 MAP, revealed a highest number of 

leaves (31.22) in T4 which differed significantly from other treatments. It was 

followed by T5 which was found on par with T8 with 29.33 and 29.22 leaves 

respectively, and differed significantly from other treatments. Control 2 (T14) 

recorded 26.67 leaves. Among the treatments receiving 150 % RD of N and K as 

fertigation (T10, T11 and T12), T11 (150 % RD of N and K through fertigation and 

foliar sprays of 0.5% ZnSO4 and 0.3% borax) recorded a maximum number of leaves 

(26.66) at 12 MAP. However, among the treatments receiving 75 % RD of N and K
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Table 6. Effect of fertigation and foliar sprays on number of leaves of papaya 

plants 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures

Treatm

ents 

Number of leaves 

2 MAP 4 MAP 6 MAP 8 MAP 10 MAP 12 MAP 14 MAP 16 MAP 

T1 9.44 11.33 14.11 19.67 24.33 26.22 24.34 19.78 

T2 8.89 12.00 14.00 19.22 22.22 23.89 22.89 19.00 

T3 8.89 10.67 11.00 14.89 15.11 16.56 15.00 11.67 

T4 11.89 15.78 18.11 22.34 29.11 31.22 28.67 25.11 

T5 11.33 14.44 17.78 21.78 27.89 29.33 27.78 23.00 

T6 11.55 14.33 15.56 17.89 19.00 21.00 19.78 17.22 

T7 12.22 16.56 17.22 20.78 26.44 27.66 26.11 21.22 

T8 13.67 16.22 17.44 21.56 27.78 29.22 27.00 21.78 

T9 13.00 15.89 16.33 18.44 20.67 23.11 22.67 17.78 

T10 11.89 13.22 14.11 17.67 18.22 19.45 17.11 14.33 

T11 11.22 13.33 15.78 20.11 25.78 26.66 25.22 21.22 

T12 11.33 12.67 13.56 16.00 17.11 19.11 15.22 12.67 

T13 11.78 13.66 14.00 17.22 18.00 19.78 17.67 14.00 

T14 11.66 13.56 14.78 19.89 25.22 26.67 25.00 20.00 

SE (±) 0.41 0.49 0.32 0.48 0.35 0.36 0.36 0.34 

CD 

(5%) 
1.20 1.41 0.92 1.38 1.01 1.07 1.07 0.97 
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as fertigation (T1, T2 and T3), T1 witnessed a maximum leaf number of 26.22. 

Minimum number of leaves (16.56) was noticed in T3 and it differed significantly 

from other treatments. 

 Observations recorded at 14 MAP indicated that in all the treatments number 

of leaves reduced in papaya as month progress from 12 MAP. Maximum number of 

leaves (28.67) was noted in T4 at 14 MAP. It was on par with T5 with 27.78 leaves 

and differed significantly from other treatments. It was followed by T8 and T7 with 

27.00 and 26.11 leaves and were on par. Among the treatments receiving 75 % RD of 

N and K as fertigation (T1, T2 and T3), T1 recorded maximum number of leaves 

(24.34) at 14 MAP and was found to be on par with T14 (control 2). Minimum number 

of leaves (15.00) was reported in T3, which was on par with T12 with 15.22 leaves and 

differed significantly from other treatments. 

 At 16 MAP, maximum number of leaves (25.11) was observed in T4 which 

differed significantly from other treatments. It was followed by T5 with 23 leaves and 

had significant difference over other treatments. Control 2 (T14) registered 20.00 

leaves. Among the treatments receiving 75 % RD of N and K as fertigation (T1, T2 

and T3), T1 recorded maximum number of leaves (19.78) at 16 MAP. Control 1 (T13) 

which received KAU POP registered 14.00 leaves. T3 recorded minimum number of 

leaves (11.67) at 16 MAP and differed significantly from other treatments. 

4.1.1.4 Leaf area index 

 Data on leaf area index recorded at 6, 12, 18 MAP and at last harvest (20 

MAP) showed significant variation among treatments (Table 7). 

At 6 MAP, highest leaf area index of 1.71 was recorded in T4 (100 % RD of N 

and K through fertigation and foliar spraying of 1.0% 19:19:19), which differed 

significantly from other treatments. It was followed by T5 (100 % RD of N and K 

through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax) with a leaf 
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area index of 1.62. Among treatments receiving 125 % RD of N and K through 

fertigation (T7, T8 and T9), T7 (125 % RD of N and K through fertigation and foliar 

sprays of 1.0% 19:19:19) and T8 (125 % RD of N and K through fertigation and foliar 

sprays of 0.5% ZnSO4 and 0.3% borax) recorded highest leaf area index of 1.58 each 

at 6 MAP, which was found to be on par with T11 (150 % RD of N and K through 

fertigation and foliar sprays of 1.0% 19:19:19) with a leaf area index of 1.57. Leaf 

area index of 1.50 was recorded in control 2 (T14). Among treatments receiving 75 % 

RD of N and K through fertigation (T1, T2 and T3), T1 (75 % RD of N and K through 

fertigation and foliar spraying of 1.0% 19:19:19) registered highest leaf area index of 

1.45. Lowest value for leaf area index (1.18) was recorded in T3 (75 % RD of N and 

K through fertigation with water spray), which was found to be on par with T12 (150 

per cent of RD of N and K through fertigation with water spray) and T13 (KAU POP - 

control 1) with a leaf area index of 1.19 and 1.22 respectively. 

  Observations on leaf area index recorded at 12 MAP registered highest value 

(4.20) for T4, which was on par with T5 with a leaf area index of 4.11 and differed 

significantly from other treatments. Among treatments receiving 125 % RD of N and 

K through fertigation (T7, T8 and T9), T8 recorded highest leaf area index of 4.00, 

which was on par with T7 with 3.95. Among treatments receiving 150 % RD of N and 

K through fertigation (T10, T11 and T12), T11 recorded highest leaf area index of 3.85. 

However, T14 - control 2 registered a leaf area index of 3.79. T1 recorded highest leaf 

area index (3.60) among T1, T2 and T3 which received 75 % RD of N and K through 

fertigation. Control 1 (T13) which received KAU POP, registered a leaf area index of 

3.05. Lowest leaf area index of 2.71 was recorded in T3, which was found to be on 

par with T12 with a leaf area index of 2.83. 

 Results on leaf area index recorded at 18 MAP indicated a highest value 

(2.43) in T4. It was followed by T5, T8, T7 and T11 with a leaf area index of 2.34, 2.25, 

2.11 and 2.03 respectively which differed significantly among each other and among 

other treatments. Leaf area index of 1.98 was registered in T14 (control 2), which was 
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found to be on par with T1 with a leaf area index of 1.97. Application of KAU POP 

(T13 - control 1) registered a leaf area index of 1.71, which was on par with T10 (150 

% RD of N and K through fertigation and foliar sprays of 1.0% 19:19:19) (1.70). 

Lowest value for leaf area index (1.55) was recorded in T3, which was found to be on 

par with T12 (1.56). 

Leaf area index recorded at final harvest (20 MAP) revealed significant 

difference among treatments. Highest leaf area index of 2.28 was witnessed in T4, 

which was on par with T5 (2.23) and differed significantly from other treatments. 

Among treatments receiving 125 % RD of N and K through fertigation (T7, T8 and 

T9), T8 recorded highest leaf area index of 2.13, which was followed by T7 with 2.05. 

Among treatments receiving 150 % RD of N and K through fertigation (T10, T11 and 

T12), T11 recorded highest leaf area index of 1.97, whereas, T14 (control 2) witnessed a 

leaf area index of 1.94 which was on par. T1 recorded highest leaf area index (1.91) 

among treatments receiving 75 % RD of N and K through fertigation (T1, T2 and T3). 

Application of KAU POP (T13 - control 1) registered a leaf area index of 1.69. Lowest 

leaf area index of 1.52 was recorded in T3, which was found to be on par with T12 

with a leaf area index of 1.53 which differed significantly from other treatments. 

4.1.1.5 Height at first flowering (cm) 

 Data on height at first flowering showed significant variation among 

treatments (Table 8). 

It is apparent from the data that application of 100 % RD of N and K through 

fertigation and foliar sprays of 1.0% 19:19:19 (T4) flowered at shortest height of 

74.38 cm and differed significantly from other treatments. It was followed by T5 (100 

% RD of N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% 

borax) which flowered at 81.43 cm also differed significantly from other treatments. 

Control 2 (T14) flowered at a height of 104.94 cm. Flowering started at maximum 

height (113.53 cm) in the treatment T3 (75 % RD of N and K through fertigation with 
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water spray) which was on par with the treatments T12 (150 % RD of N and K 

through fertigation with water spray) (110.88 cm) and T13 (control 1 - KAU POP) 

(110.85 cm). 

4.1.1.6 Days to flowering   

 The data obtained on days taken to first flowering in papaya after application 

of different levels of fertigation and different foliar sprays are illustrated in Table 8. 

 Statistical analysis of the results indicated that the number of days taken for 

flowering in papaya provided with different levels of fertigation and different foliar 

sprays differed significantly. T5 (100 % RD of N and K through fertigation and foliar 

spraying of 0.5% ZnSO4 and 0.3% borax) registered significantly minimum days 

(142.67 days) to first flowering. It was found to be on par with T4 (100 % RD of N 

and K through fertigation and foliar spraying of 1.0% 19:19:19) which flowered at 

145.78 days. T8 (125 % RD of N and K through fertigation and foliar sprays of 0.5% 

ZnSO4 and 0.3% borax) and T11 (150 % RD of N and K through fertigation and foliar 

sprays of 0.5% ZnSO4 and 0.3% borax) also recorded minimum days to flowering 

(150.00 days and 150.44 days respectively) after T4. Control 2 (T14) took 156.55 days 

for appearance of first flower, whereas plants received KAU POP (control 1 - T13) 

took 174.11 days. However, significantly maximum days (186.00 days) for flowering 

was registered in T3 (75 % RD of N and K through fertigation with water spray), 

which was found to be on par with treatment receiving 150 % RD of N and K through 

fertigation with water spray (T12) which took 181.78 days for appearance of first 

flower. 

4.1.1.7 Sex expression of plant  

 The sex expression of papaya plant influenced by different levels of 

fertigation and different foliar sprays are presented in Table 9. 
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Table 7. Effect of fertigation and foliar sprays on leaf area index of papaya 

plants 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures 

 

Treatments 
Leaf area index 

6 MAP 12 MAP 18 MAP At last harvest 

T1 1.45 3.60 1.97 1.91 

T2 1.39 3.44 1.93 1.87 

T3 1.18 2.71 1.55 1.52 

T4 1.71 4.20 2.43 2.28 

T5 1.62 4.11 2.34 2.23 

T6 1.50 3.27 1.79 1.76 

T7 1.58 3.95 2.11 2.05 

T8 1.58 4.00 2.25 2.13 

T9 1.54 3.31 1.82 1.78 

T10 1.33 3.14 1.70 1.64 

T11 1.57 3.85 2.03 1.97 

T12 1.19 2.83 1.56 1.53 

T13 1.22 3.05 1.71 1.69 

T14 1.50 3.79 1.98 1.94 

SE (±) 0.02 0.07 0.02 0.02 

CD(5%) 0.06 0.20 0.07 0.06 
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Table 8. Effect of fertigation and foliar sprays on height at first flowering and 

days to flowering of papaya plants 

  

 

 

 

 

 

 

 

 

 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures 

 

Treatments 
Height at first 

flowering (cm) 
Days to flowering 

T1 108.10 164.00 

T2 109.71 162.89 

T3 113.53 186.00 

T4 74.38 145.78 

T5 81.43 142.67 

T6 89.35 161.22 

T7 100.50 153.33 

T8 92.32 150.00 

T9 102.04 159.22 

T10 110.07 170.00 

T11 104.51 150.44 

T12 110.88 181.78 

T13 110.85 174.11 

T14 104.94 156.55 

SE (±) 1.93 1.88 

CD (5%) 5.60 5.46 
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The data implies that application of different levels of fertigation and different 

foliar sprays on sex expression of papaya differed significantly among treatments. 

The number of female plants was found to be highest (83.33 %) in T4 which received 

100 % RD of N and K through fertigation and foliar sprays of 1.0% 19:19:19. It was 

found to be on par with T5 (100 % RD of N and K through fertigation and foliar 

sprays of 0.5% ZnSO4 and 0.3% borax) and T8 (125 % RD of N and K through 

fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax) with 77.78 % female 

plants for both. Control 2 (T14) and control 1 (T13) registered 66.67 % and 61.11 % 

female plants respectively. Whereas, lowest number of female plants (38.89 %) were 

found in treatments T3 (75 % RD of N and K through fertigation and water spray) and 

T12 (150 % RD of N and K through fertigation and water spray), which was found to 

be on par with T1 (44.44 %) which received 75 % RD of N and K through fertigation 

and foliar sprays of 1.0% 19:19:19. 

Lowest hermaphrodite plants (16.67 %) was recorded in T4. It was found to be 

on par with treatments T5 and T8 with 22.22 % hermaphrodite plants for both. 

However, highest number of hermaphrodite plants (61.11 %) was observed in 

treatments T3 and T12. It was found to be on par with T1 (55.56 %). 

4.1.1.8 Number of flowers cluster⁻1 

 Data on number of flowers per cluster showed significant variation among 

treatments (Table 10). 

 Among different treatments T5 (100 % RD of N and K through fertigation and 

foliar spraying of 0.5% ZnSO4 and 0.3% borax) registered highest number of flowers 

per cluster (2.78), which was on par with treatments T4 (100 % RD of N and K 

through fertigation and foliar spraying of 1.0% 19:19:19) and T8 (125 % RD of N and 

K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax), both 

recorded 2.67 flowers per cluster. Control 2 (T14) produced two flowers per cluster,
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Table 9. Effect of fertigation and foliar sprays on sex expression of papaya 

plants 

 

 

 

 

 

 

 

 

 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures 

 

 

Treatments 
Sex expression 

Female plants (%) Hermaphrodite plants (%) 

T1 44.44 55.56 

T2 55.56 44.44 

T3 38.89 61.11 

T4 83.33 16.67 

T5 77.78 22.22 

T6 66.67 33.33 

T7 72.22 27.78 

T8 77.78 22.22 

T9 66.67 33.33 

T10 55.56 44.44 

T11 66.67 33.33 

T12 38.89 61.11 

T13 61.11 38.89 

T14 66.67 33.33 

SE (±) 5.87 5.87 

CD (5%) 17.06 17.06 
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whereas plants receiving KAU POP - control 1 (T13) recorded 1.78 flowers per 

cluster. T3 (75 % RD of N and K through fertigation with water spray) registered 

lowest number of flowers per cluster (1.44) which was on par with T12 (150 % RD of 

N and K through fertigation and water spray) with 1.67 flowers per cluster. 

4.1.1.9 Fruit set (%)   

 Significant difference in fruit set was observed among the treatments in the 

present study (Table 10). The fruit set was highest (86.27 %) in the treatment T4 (100 

% RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19), which 

was on par with T5 (100 % RD of N and K through fertigation and foliar spraying of 

0.5% ZnSO4 and 0.3% borax) with a fruit set of 85.43 per cent, which differed 

significantly from all other treatments. It was followed by treatments T8 (125 % RD 

of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax), 

T7 (125 % RD of N and K through fertigation and foliar sprays of 1.0% 19:19:19), 

T11 (150 % RD of N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 

0.3% borax) and T14 (control 2) which recorded a fruit set of 83.18 %, 82.12 %, 81.47 

% and 80.80 % respectively. T3 (75 % RD of N and K through fertigation with water 

spray) registered lowest fruit set of 64.50 %. 

4.1.1.10 Time for first harvest (days) 

 The data on time taken for first harvest in different treatments are presented in 

table 10 and that exhibited significant differences. It revealed that application 100 % 

RD of N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax 

(T5) had reduced the days (275.00 days) taken for harvest of first papaya fruit and 

differed significantly from other treatments. This was followed by T4 (100 % RD of 

N and K through fertigation and foliar sprays of 1.0% 19:19:19) which was on par 

with T8 (125 % RD of N and K through fertigation and foliar sprays of 0.5% ZnSO4 

and 0.3% borax) took 278.89 days and 280.78 days respectively for the first harvest. 

Fruits were harvested after 304.00 days from control 2 (T14). It was found to be on 
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par with treatments T1 (75 % RD of N and K through fertigation and foliar sprays of 

1.0% 19:19:19) and T2 (75 % RD of N and K through fertigation and foliar sprays of 

0.5% ZnSO4 and 0.3% borax which took 305.11 days and 306.89 days respectively 

for harvest of first fruit. Application of KAU POP - control 1 (T13) commenced first 

harvest at 313.67 days. Among the treatments, T3 (75 % RD of N and K through 

fertigation with water spray) took more number of days (327.56 days) for first harvest 

and it differed significantly from other treatments. 

4.1.2 Yield parameters  

 Influence of different levels of fertigation and different foliar sprays on yield 

parameters were recorded and analysed data is furnished below. 

4.1.2.1 Fruit weight (g) 

 Fruit weight of 14 treatments influenced by different levels of fertigation and 

different foliar sprays are presented in table 11, which showed significant difference 

among the treatments (Plate 7). Highest fruit weight of 797.51 g was noticed in plants 

receiving 100 % RD of N and K through fertigation and foliar sprays of 1.0% 

19:19:19 (T4), which was on par with T5 (100 % RD of N and K through fertigation 

and foliar sprays of 0.5% ZnSO4 and 0.3% borax) with a fruit weight of 792.42 g 

which differed significantly from other treatments. It was followed by T8 (125 % RD 

of N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) 

(754.60 g), which was found to be on par with T7 (125% RD of N and K through 

fertigation and foliar sprays of 1.0% 19:19:19) with 747.95 g. Among the treatments 

receiving 150 % RD of N and K through fertigation (T10, T11 and T12), T11 (150 % 

RD of N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) 

registered significantly higher fruit weight of 741.49 g. It was followed by T14 

(control 2) with 711.31 g and the treatments T1 (75 % RD of N and K through 

fertigation and foliar sprays of 1.0% 19:19:19) and T2 (75 % RD of N and K through 

fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) was on par with a fruit
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Table 10. Effect of fertigation and foliar sprays on number of flowers per 

cluster, fruit set (%) and time for first harvest of papaya plants 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures 

 

Treatments 
Number of flowers 

per cluster 
Fruit set (%) 

Time for first 

harvest 

T1 2.00 80.57 305.11 

T2 2.11 79.34 306.89 

T3 1.44 64.50 327.56 

T4 2.67 86.27 278.89 

T5 2.78 85.43 275.00 

T6 1.89 75.13 299.56 

T7 2.44 82.12 285.67 

T8 2.67 83.18 280.78 

T9 2.00 77.25 292.67 

T10 1.89 70.87 311.78 

T11 2.11 81.47 288.67 

T12 1.67 66.70 322.89 

T13 1.78 70.20 313.67 

T14 2.00 80.80 304.00 

SE (±) 0.15 0.57 1.29 

CD (5%) 0.42 1.67 3.75 
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weight of 708.93 g and 703.47 g respectively. Application of KAU POP - control 1 

(T13) exhibited a fruit weight of 608.71 g. Lowest fruit weight of 569.84 g was 

noticed in plants receiving 75 % RD of N and K through fertigation with water spray 

(T3) which differed significantly from other treatments. 

4.1.2.2 Fruit length (cm) 

   Fruit length influenced by different treatments are illustrated in table 11. 

Highest fruit length (16.90 cm) was noticed in T4 (100 % RD of N and K through 

fertigation and foliar sprays of 1.0% 19:19:19), which was on par with T5 (100 % RD 

of N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) 

with 16.79 cm fruit length which differed significantly from other treatments. Among 

the treatments receiving 125 % RD of N and K through fertigation (T7, T8 and T9), T8 

(125 % RD of N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% 

borax) registered highest fruit length of 16.31 cm, which was on par with T7 (125 % 

RD of N and K through fertigation and foliar sprays of 1.0% 19:19:19) with 16.09 

cm. Among the treatments receiving 150 % RD of N and K through fertigation (T10, 

T11 and T12), treatment T11 which received foliar sprays of 0.5% ZnSO4 and 0.3% 

borax in addition to 150 % RD of N and K through fertigation registered highest fruit 

length of 15.62 cm. Fruit length of 15.01 cm was noticed in control 2 (T14). T1 which 

received 75 % RD of N and K through fertigation and foliar sprays of 1.0% 19:19:19 

recorded highest fruit length of 14.60 cm among treatments receiving 75 % RD of N 

and K through fertigation (T1, T2 and T3). It was on par with T2 (75 % RD of N and K 

through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) with a fruit 

length of 14.45 cm. Application of KAU POP - control 1 (T13) exhibited a fruit length 

of 10.43 cm. Lowest fruit length of 9.15 cm was noticed in T3 (75 % RD of N and K 

through fertigation with water spray) which differed significantly from other 

treatments. 
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Plate 7. Fruits of papaya receiving different treatments 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  
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Plate 7a. Fruits of papaya receiving different treatments 

 

 

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 
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Plate 7b. Fruits of papaya receiving different treatments 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 
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Plate 7c. Fruits of papaya receiving different treatments 

 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures 

 

 

 
 

T13 T14 



4.1.2.3 Fruit girth (cm)  

 Effect of different levels of fertigation and different foliar sprays on fruit girth 

of 14 treatments are presented in table 11 and it exhibited significant variation among 

treatments. T4 (100 % RD of N and K through fertigation and foliar sprays of 1.0% 

19:19:19) reported highest fruit girth of 13.90 cm, which was on par with T5 (100 % 

RD of N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) 

with a fruit girth of 13.74 cm which differed significantly from other treatments. It 

was followed by T8 (125 % RD of N and K through fertigation and foliar sprays of 

0.5% ZnSO4 and 0.3% borax) with 12.98 cm fruit girth which was on par with T7 

(125 % RD of N and K through fertigation and foliar sprays of 1.0% 19:19:19) and 

T11 (150 % RD of N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 

0.3% borax) with fruit girth of 12.74 cm and 12.68 cm respectively. Control 2 (T14) 

recorded 11.90 cm fruit girth. It was found to be on par with T1 (75 % RD of N and K 

through fertigation and foliar sprays of 1.0% 19:19:19) with 11.83 cm. Application of 

KAU POP - control 1 (T13) exhibited a fruit girth of 8.51 cm. Lowest fruit girth of 

7.86 cm was noticed in T3 (75 % RD of N and K through fertigation with water 

spray) which differed significantly from other treatments. 

4.1.2.4 Fruit volume (cc) 

 From table 11 it is evident that application of different levels of fertigation 

and different foliar sprays had significant effect on fruit volume. Highest fruit volume 

(751.76 cc) was reported in T4. It was on par with T5 with a fruit volume of 744.58 cc 

which differed significantly from other treatments. Among the treatments receiving 

125 % RD of N and K through fertigation (T7, T8 and T9), T8 registered highest fruit 

volume of 709.02 cc. T11 recorded highest fruit volume of 693.91 cc among 

treatments receiving 150 % RD of N and K through fertigation (T10, T11 and T12). 

Fruit volume of 664.22 cc was noticed in control 2 (T14). It was on par with T1 which 

registered a fruit volume of 661.11 cc. Application of KAU POP - control 1 (T13) 

95 



exhibited a fruit volume of 551.71 cc. Plants receiving 75 % RD of N and K through 

fertigation with water spray (T3) recorded lowest fruit volume of 501.91 cc which 

differed significantly from other treatments. 

4.1.2.5 Physical composition (%)   

 The percentage of each component of the fruit namely skin, flesh and seed is 

the physical composition of fruit and in the current study significant difference was 

observed in the physical composition among the treatments (Table 12). The pulp 

percentage ranged from 64.02 to 83.53 %. Plants receiving 100 % RD of N and K 

through fertigation and foliar sprays of 1.0% 19:19:19 (T4) showed maximum pulp 

percentage (83.53 %). It was found to be on par with T5 (100 % RD of N and K 

through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) and T8 (125 % 

RD of N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) 

with 82.85 % and 81.59 % pulp respectively which differed significantly from other 

treatments. Pulp percentage of 79.04 was noticed in control 2 (T14). It was on par with 

T1 (75 % RD of N and K through fertigation and foliar sprays of 1.0% 19:19:19) and 

T2 (75 % RD of N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 

0.3% borax) with 78.58 % and 77.89 % pulp respectively. Application of KAU POP - 

control 1 (T13) registered a pulp percentage of 68.33 %. While the minimum pulp 

percentage (64.02 %) was observed in T3 (75 % RD of N and K through fertigation 

with water spray), which was on par with T12 (150 % RD of N and K through 

fertigation with water spray) with 64.65 % of pulp and differed significantly from 

other treatments. 

 Seed percentage ranged from 9.10 to 24.79 % exhibited significant difference 

among treatments. Lowest seed percentage of 9.10 was registered in T5. It was on par 

with T4 and T8 with 9.24 and 9.38 % seed respectively which differed significantly 

from other treatments. Among treatments receiving 150 % RD of N and K through 

fertigation (T10, T11 and T12), T11 (150 RD of N and K through fertigation and foliar
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Table 11. Effect of fertigation and foliar sprays on fruit weight, fruit length, fruit 

girth and fruit volume of papaya 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures 

 

 

Treatments Fruit weight (g) Fruit length (cm) Fruit girth (cm) Fruit volume (cc) 

T1 708.93 14.60 11.83 661.11 

T2 703.47 14.45 11.13 652.56 

T3 569.84 9.15 7.86 501.91 

T4 797.51 16.90 13.90 751.76 

T5 792.42 16.79 13.74 744.58 

T6 634.60 13.03 9.98 586.49 

T7 747.95 16.09 12.74 702.40 

T8 754.60 16.31 12.98 709.02 

T9 644.11 13.37 10.20 594.00 

T10 631.38 10.98 8.96 582.05 

T11 741.49 15.62 12.68 693.91 

T12 592.45 9.89 8.45 528.82 

T13 608.71 10.43 8.51 551.71 

T14 711.31 15.01 11.90 664.22 

SE (±) 2.80 0.14 0.16 3.18 

CD (5%) 8.13 0.41 0.46 9.24 
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sprays of 0.5% ZnSO4 and 0.3% borax) recorded least seed percentage of 10.60. 

Control 2 (T14) registered 11.83 % seed. T1 registered lowest seed percentage (11.92 

%) among treatments receiving 75 % RD of N and K through fertigation (T1, T2 and 

T3). Seed percentage of 19.77 was observed in treatment receiving KAU POP - 

control 1 (T13). Among all the 14 treatments, T3 recorded highest seed percentage 

(24.79 %) and differed significantly from other treatments. 

 Peel percentage of different treatments influenced by different levels of 

fertigation and different foliar sprays ranged from 7.23 to 11.98 %. T4 registered 

lowest peel percentage (7.23 %). It was on par with T5 with 8.05 % peel which 

differed significantly from other treatments. Among treatments receiving 125 % RD 

of N and K through fertigation (T7, T8 and T9), T8 recorded lowest peel percentage of 

9.03. It was on par with T7 (125 % RD of N and K through fertigation and foliar 

sprays of 1.0% 19:19:19) and T14 (control 2) with 9.05 % and 9.13 % peel 

respectively. T1 registered lowest peel percentage (9.49 %) among T1, T2 and T3 

(which received 75 % RD of N and K through fertigation). It was on par with T2 and 

T6 (100 % RD of N and K through fertigation with water spray) with 9.56 % and 9.63 

% peel respectively. Among treatments receiving 150 % RD of N and K through 

fertigation (T10, T11 and T12), T11 recorded lowest peel percentage of 9.83. Highest 

peel percentage of 11.98 was registered in T12, which was on par with T13 (KAU POP 

- control 1), T10 (150 % RD of N and K through fertigation and foliar sprays of 1.0% 

19:19:19 and T3 with 11.89 %, 11.46 % and 11.19 % respectively which differed 

significantly from other treatments. 

 Pulp/ peel ratio of papaya fruits ranged from 5.40 to 11.55 showed significant 

difference among treatments (Table 12). T4 recorded highest pulp/ peel ratio of 11.55 

which was on par with T5 (10.29). T14 registered a pulp/ peel ratio of 8.66 whereas, in 

T13 it was 5.75. Least pulp/ peel ratio of 5.40 was noticed in T12. 
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4.1.2.6 Flesh thickness (cm) 

 The observation on flesh thickness of papaya fruit showed significant 

difference among treatments (Table 13). T4 (100 % RD of N and K through 

fertigation and foliar sprays of 1.0% 19:19:19) recorded highest flesh thickness of 

3.42 cm, which was on par with T5 receiving 100 % RD of N and K through 

fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax (3.39 cm) and differed 

significantly from other treatments. Plants receiving 125 % RD of N and K through 

fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax (T8) recorded highest 

flesh thickness (3.18 cm) among treatments receiving 125 % RD of N and K through 

fertigation (T7, T8 and T9), whereas among treatments receiving 150 % RD of N and 

K through fertigation (T10, T11 and T12), T11 (150 % RD of N and K through 

fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) registered highest flesh 

thickness (2.90 cm). Application of 187:170:341 g NPK plant-1 year-1 based on soil 

test data as organic manures (control 2 – T14) gave fruits with flesh thickness of 2.69 

cm. Among treatments receiving 75 % RD of N and K through fertigation (T1, T2 and 

T3), T1 (75 % RD of N and K through fertigation and foliar sprays of 1.0% 19:19:19) 

had highest flesh thickness of 2.48 cm which was found to be on par with T2 (75 % 

RD of N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) 

with a flesh thickness of 2.41 cm. Plants receiving KAU POP - control 1 (T13) 

recorded 1.80 cm flesh thickness in fruits. Fruits with lowest flesh thickness of 1.55 

cm were observed in treatment receiving 75 % RD of N and K through fertigation 

with water spray (T3) which differed significantly from other treatments. 

4.1.2.7 Number of fruits per plant 

 Influence of different levels of fertigation and foliar sprays on number of 

fruits per plant are presented in table 13, which depicted significant difference among 

the treatments. Application of 100 % RD of N and K through fertigation and foliar 

sprays of 1.0% 19:19:19 (T4) registered highest number of fruits per plant (48.11). It 
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Table 12. Effect of fertigation and foliar sprays on physical composition and 

pulp/ peel ratio of papaya fruits 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures 

 

 

Treatments 
Physical composition (%) 

Pulp/ peel ratio 
Pulp Seed Peel 

T1 78.58 11.92 9.49 8.28 

T2 77.89 12.55 9.56 8.15 

T3 64.02 24.79 11.19 5.72 

T4 83.53 9.24 7.23 11.55 

T5 82.85 9.10 8.05 10.29 

T6 72.35 18.02 9.63 7.51 

T7 80.02 10.92 9.05 8.84 

T8 81.59 9.38 9.03 9.04 

T9 71.91 17.20 10.89 6.60 

T10 68.50 20.04 11.46 5.98 

T11 79.57 10.60 9.83 8.09 

T12 64.65 23.37 11.98 5.40 

T13 68.33 19.77 11.89 5.75 

T14 79.04 11.83 9.13 8.66 

SE (±) 0.82 0.47 0.48 0.51 

CD (5%) 2.39 1.37 1.40 1.48 
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was on par with T5 (100 % RD of N and K through fertigation and foliar sprays of 

0.5% ZnSO4 and 0.3% borax) with 47.45 fruits which differed significantly from 

other treatments. Among treatments receiving 125 % RD of N and K through 

fertigation (T7, T8 and T9), T8 receiving 125 % RD of N and K through fertigation and 

foliar sprays of 0.5% ZnSO4 and 0.3% borax recorded highest number of fruits per 

plant (45.00). It was found to be on par with T7 (125 % RD of N and K through 

fertigation and foliar sprays of 1.0% 19:19:19) with 44.33 fruits per plant. Control 2  

(T14) recorded 42.56 fruits per plant. Among treatments receiving 150 % RD of N and 

K through fertigation (T10, T11 and T12), T11 (150 % RD of N and K through 

fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) registered highest 

number of fruits per plant (42.00), whereas T1 (75 % RD of N and K through 

fertigation and foliar sprays of 1.0% 19:19:19) recorded highest fruit per plant (41.00) 

among treatments receiving 75 % RD of N and K through fertigation (T1, T2 and T3). 

34.55 fruits per plant was observed in KAU POP (control 1 - T13). T3 registered 

lowest number of fruits per plant (28.45) and it differed significantly from other 

treatments. 

4.1.2.8 Number of seeds per fruit 

 Table 13 indicates the observation on number of seeds per fruit among 

different treatments under study. T4 (100 % RD of N and K through fertigation and 

foliar sprays of 1.0% 19:19:19) reported lowest number of seeds (383.00) and it 

differed significantly from other treatments. It was followed by T5 (100 % RD of N 

and K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) with 

407.13 seeds and it also differed significantly from other treatments. Among 

treatments receiving 125 % RD of N and K through fertigation (T7, T8 and T9), T8 

receiving 125 % RD of N and K through fertigation and foliar sprays of 0.5% ZnSO4 

and 0.3% borax recorded lowest number of seeds per fruit (439.09). However, among 

treatments receiving 150 % RD of N and K through fertigation (T10, T11 and T12), T11 

(150 % RD of N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% 
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borax) registered lowest number of seeds per fruit (475.80). Control 2 (T14) recorded 

532.53 seeds. T1 (75 % RD of N and K through fertigation and foliar sprays of 1.0% 

19:19:19) registered lowest seed count of 591.40 among treatments receiving 75 % 

RD of N and K through fertigation (T1, T2 and T3). 780.93 seeds per fruit was 

observed in control 1 (T13). Highest number of seeds per fruit (829.69) was registered 

in T3 (75 % RD of N and K through fertigation with water spray) and it also differed 

significantly from other treatments. 

4.1.2.9 Seed germination (%) 

 The data with regard to germination percentage of papaya seeds are shown in 

table 13, which exhibited significant differences among treatments. T5 registered 

highest seed germination (87.78 %) which differed significantly from other 

treatments. It was followed by T8 and T4 with 84.67 per cent and 82.89 per cent seed 

germination respectively which were on par. Among treatments receiving 150 % RD 

of N and K through fertigation (T10, T11 and T12), T11 (150 % RD of N and K through 

fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) registered highest 

germination percentage of 80.22. Control 2 (T14) recorded 78.44 per cent seed 

germination, whereas in treatments receiving KAU POP (control 1 - T13) seed 

germination was 75.33 per cent. Among treatments receiving 75 % RD of N and K 

through fertigation (T1, T2 and T3), T2 which received foliar spray of 0.5% ZnSO4 and 

0.3% borax in addition to 75 % RD of N and K through fertigation registered highest 

germination percentage of 74.22. Lowest seed germination percentage of 67.78 was 

reported in T3 (75 % RD of N and K through fertigation with water spray). 

Treatments T12 (150 % RD of N and K through fertigation with water spray) and T1 

(75 % RD of N and K through fertigation and foliar sprays of 1.0% 19:19:19) with 

68.89 per cent and 69.56 per cent seed germination repectively was on par. 
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4.1.2.10 Yield per plant (kg) 

 Table 14 depicts the data on fruit yield per plant of different treatments 

influenced by different levels of fertigation and different foliar sprays. There was 

significant difference among the treatments under study. Application of 100 % RD of 

N and K through fertigation and foliar sprays of 1.0% 19:19:19 (T4) registered 

highest fruit yield of 38.30 kg plant⁻1, which was on par with T5 (100 % RD of N and 

K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) with 37.60 

kg plant⁻1. It was followed by T8 (125 % RD of N and K through fertigation and foliar 

sprays of 0.5% ZnSO4 and 0.3% borax) and T7 (125 % RD of N and K through 

fertigation and foliar sprays of 1.0% 19:19:19) with a fruit yield of 33.96 kg plant⁻1 

and 33.16 kg plant⁻1 respectively which varied significantly from other treatments. T11 

which received 150 % RD of N and K through fertigation and foliar sprays of 0.5% 

ZnSO4 and 0.3% borax recorded highest fruit yield per plant (31.14 kg plant⁻1) among 

treatments provided with 150 % RD of N and K through fertigation (T10, T11 and T12) 

and it was found to be on par with T14 (control 2) which yielded 30.27 kg plant⁻1. 

Among treatments receiving 75 % RD of N and K through fertigation (T1, T2 and T3), 

T1 (75 % RD of N and K through fertigation and foliar sprays of 1.0% 19:19:19) 

recorded highest fruit yield of 29.06 kg plant⁻1, which was on par with T2 (75 % RD 

of N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax with 

28.21 kg plant⁻1 fruit yield. Lowest fruit yield of 16.21 kg plant⁻1 was noticed in T3 

(75 % RD of N and K through fertigation with water spray) which differed 

significantly from other treatments. It was followed by T12 (150 % RD of N and K 

through fertigation with water spray) and T13 (KAU POP - control 1) with 17.78 kg 

plant⁻1 and 21.03 kg plant⁻1 fruit yield respectively. 
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Table 13. Effect of fertigation and foliar sprays on flesh thickness, number of 

fruits per plant, number of seeds per fruit and seed germination percentage of 

papaya 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures 

Treatments 
Flesh thickness 

(cm) 

Number of fruits 

per plant 

Number of seeds 

per fruit 

Seed germination 

percentage 

T1 2.48 41.00 591.40 69.56 

T2 2.41 40.11 612.95 74.22 

T3 1.55 28.45 829.69 67.78 

T4 3.42 48.11 383.00 82.89 

T5 3.39 47.45 407.13 87.78 

T6 2.14 37.22 697.49 79.56 

T7 3.04 44.33 461.65 81.33 

T8 3.18 45.00 439.09 84.67 

T9 2.16 38.44 686.75 79.78 

T10 1.90 33.78 704.84 72.22 

T11 2.90 42.00 475.80 80.22 

T12 1.72 30.00 799.91 68.89 

T13 1.80 34.55 780.93 75.33 

T14 2.69 42.56 532.53 78.44 

SE (±) 0.05 0.40 2.67 0.71 

CD (5%) 0.15 1.15 7.78 2.07 
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4.1.2.11 Yield ha-1  

  Data on fruit yield ha⁻1 showed significant difference among treatments under 

study (Table 14). T4 (100 % RD of N and K through fertigation and foliar sprays of 

1.0% 19:19:19) registered highest fruit yield per hectare (95.76 t ha⁻1). It was on par 

with treatments receiving 100 % RD of N and K through fertigation and foliar sprays 

of 0.5% ZnSO4 and 0.3% borax (T5) with a fruit yield of 93.99 t ha⁻1 and differed 

significantly from other treatments. It was followed by T8 receiving 125 % RD of N 

and K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax (84.89 t 

ha⁻1), which was on par with T7 (125 % RD of N and K through fertigation and foliar 

sprays of 1.0% 19:19:19) with 82.89 t ha⁻1 fruit yield. Among treatments receiving 

150 % RD of N and K through fertigation (T10, T11 and T12) T11 recorded highest fruit 

yield of 77.84 t ha⁻1, which was on par with control 2 - T14 (75.67 t ha⁻1). Among 

treatments receiving 75 % RD of N and K through fertigation (T1, T2 and T3), T1 (75 

% RD of N and K through fertigation and foliar sprays of 1.0% 19:19:19) recorded 

highest fruit yield of 72.66 t ha⁻1. Application of KAU POP (control 1 - T13) 

registered 52.58 t ha⁻1 fruit yield. Lowest fruit yield per hectare (40.52 t ha⁻1) was 

noticed in T3 receiving 75 % RD of N and K through fertigation with water spray 

which differed significantly from other treatments. 

4.1.2.12 Days taken for maturity 

 The days taken for attaining maturity of papaya fruits in different treatments 

are presented in table 14, which differed significantly among the treatments. Least 

number of days for fruit maturity (119.44 days) was noticed in T4 (100 % RD of N 

and K through fertigation and foliar sprays of 1.0% 19:19:19). Treatments T5 (100 % 

RD of N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax), 

T8 (125 % RD of N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 

0.3% borax) and T7 (125 % RD of N and K through fertigation and foliar sprays of 

1.0% 19:19:19) which reported 120.22 days, 120.33 days and 122.33 days 
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respectively for fruit maturity were on par. Among treatments receiving 150 % RD of 

N and K through fertigation (T10, T11 and T12), T11 (150 % RD of N and K through 

fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) registered least days for 

fruit maturity (123.00 days). It was followed by T9 (125 % RD of N and K through 

fertigation with water spray) (123.89 days), which was on par with T14 (control 2), T1 

and T2 (75 % RD of N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 

0.3% borax which took 124.67 days, 124.89 days and 125.22 days respectively for 

attaining fruit maturity. Application of KAU POP (control 1 - T13) resulted in 129.11 

days for fruit maturity. T3 recorded maximum days (132.33 days) for attaining fruit 

maturity. T12 receiving 150 % RD of N and K through fertigation with water spray 

(131.00 days) was on par. 

4.1.2.13 Days taken for ripening 

 Days taken for ripening of papaya fruits as influenced by different levels of 

fertigation and foliar sprays are presented in table 14, which exhibited significant 

differences among treatments. Number of days taken by fruits to reach fully ripe 

stage while on tree from attaining harvest maturity is counted as days taken for 

ripening. T5 (100 % RD of N and K through fertigation and foliar sprays of 0.5% 

ZnSO4 and 0.3% borax) reported maximum days for fruits ripening (10.44 days) 

which differed significantly from other treatments. It was followed by treatments T8 

(125 % RD of N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% 

borax), T4 (100 % RD of N and K through fertigation and foliar sprays of 1.0% 

19:19:19) and T11 (150 % RD of N and K through fertigation and foliar sprays of 

0.5% ZnSO4 and 0.3% borax) with 9.89 days, 9.67 days and 9.55 days respectively 

which was on par. Among treatments receiving 75 % RD of N and K through 

fertigation (T1, T2 and T3), T2 (100 % RD of N and K through fertigation and foliar 

sprays of 0.5% ZnSO4 and 0.3% borax) recorded maximum days to ripening of fruits 

(7.89 days), which was same in T14 (control 2). Application of KAU POP (control 1 - 

T13) registered 7.55 days for fruit ripening. Minimum days for ripening (6.11 days) 
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was recorded in T3 (75 % RD of N and K through fertigation with water spray) which 

differed significantly from other treatments. 

 4.1.3 Fruit quality parameters 

Effect of different levels of fertigation and foliar sprays on quality parameters 

of papaya fruits were recorded and statistically analysed data is furnished below. 

4.1.3.1 Total soluble solids (°Brix) 

 Table 15 depicts the data on Total Soluble Solids (TSS) of fruits influenced 

by different levels of fertigation and different foliar sprays. There was significant 

difference in TSS among the treatments under study. Highest TSS of 15.10°Brix was 

noticed in fruits from T5 (100 % RD of N and K through fertigation and foliar sprays 

of 0.5% ZnSO4 and 0.3% borax), which was on par with T8 (125 % RD of N and K 

through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) with a TSS of 

14.90°Brix for fruits which differed significantly from other treatments. It was 

followed by T4 (100 % RD of N and K through fertigation and foliar sprays of 1.0% 

19:19:19) and T7 (125 % RD of N and K through fertigation and foliar sprays of 1.0% 

19:19:19) with a TSS of 14.73°Brix and 14.43°Brix respectively for fruits. Among 

treatments receiving 150 % RD of N and K through fertigation (T10, T11 and T12), T11 

(150 % RD of N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% 

borax) produced fruits with highest TSS of 14.32°Brix. Control 2 (T14) registered 

13.61°Brix for fruits, was found to be on par with plants receiving KAU POP (control 

1 - T13) which produced fruits with 13.40°Brix. T2 which received 75 % RD of N and 

K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax recorded 

highest TSS of 13.36°Brix in fruits, among T1, T2 and T3 which received 75 % RD of 

N and K through fertigation in common. T3 (75 % RD of N and K through fertigation 

with water spray) registered lowest TSS (12.50°Brix), which differed significantly 

from other treatments. 
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Table 14. Effect of fertigation and foliar sprays on yield per plant,  

yield ha-1 and days taken for maturity and ripening of papaya 

 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures

Treatments 
Yield per plant 

(kg) 
Yield (t ha-1) 

Days taken for 

maturity  

Days taken for  

ripening 

T1 29.06 72.66 124.89 7.33 

T2 28.21 70.53 125.22 7.89 

T3 16.21 40.52 132.33 6.11 

T4 38.30 95.76 119.44 9.67 

T5 37.60 93.99 120.22 10.44 

T6 23.62 59.05 125.89 8.00 

T7 33.16 82.89 122.33 8.67 

T8 33.96 84.89 120.33 9.89 

T9 24.76 61.90 123.89 8.55 

T10 21.33 53.32 127.11 7.11 

T11 31.14 77.84 123.00 9.55 

T12 17.78 44.45 131.00 6.89 

T13 21.03 52.58 129.11 7.55 

T14 30.27 75.67 124.67 7.89 

SE (±) 0.32 0.80 1.11 0.18 

CD (5%) 0.93 2.32 3.24 0.54 
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4.1.3.2 Acidity (%) 

 Titrable acidity of papaya fruits was influenced significantly by the 

application of different levels of fertigation and different foliar sprays (Table 15). T5 

registered lowest titratable acidity (0.13 %), which differed significantly from other 

treatments. It was followed by T8 (125 % RD of N and K through fertigation and 

foliar sprays of 0.5% ZnSO4 and 0.3% borax) with a titratable acidity of 0.15% for 

fruits, which was on par with T4 (100 % RD of N and K through fertigation and foliar 

sprays of 1.0% 19:19:19) and T7 (125 % RD of N and K through fertigation and foliar 

sprays of 1.0% 19:19:19) with 0.16 % titratable acidity each. Among treatments 

receiving 150 % RD of N and K through fertigation (T10, T11 and T12), T11 (150 % 

RD of N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) 

produced fruits with lowest titratable acidity (0.17 %). It was on par with treatments 

T6 (100 % RD of N and K through fertigation with water spray), T9 (125 % RD of N 

and K through fertigation with water spray) and T14 (control 2) with titratable acidity 

of 0.17 %, 0.17 % and 0.18 % respectively for fruits. Application of KAU POP 

(control 1 - T13) to plants produced fruits with a titratable acidity of 0.22 %, was on 

par with T2 (75 % RD of N and K through fertigation and foliar sprays of 0.5% 

ZnSO4 and 0.3% borax with 0.23 % titratable acidity. T3 (75 % RD of N and K 

through fertigation with water spray) registered highest titratable acidity (0.28 %) 

which was on par with T12 (150 % RD of N and K through fertigation with water 

spray) with 0.27 % titratable acidity for fruits and it differed significantly from other 

treatments.      

4.1.3.3 Total carotenoids (mg100g-1) 

 Data on total carotenoid content of papaya fruits differed significantly among 

the treatments under study (Table 15). Application of 100 % RD of N and K through 

fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax (T5) resulted in highest 

total carotenoids (2.21 mg 100g-1) in fruits which differed significantly among other 
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treatments. It was followed by T8 which was found to be on par with T4 (100 % RD of 

N and K through fertigation and foliar sprays of 1.0% 19:19:19) with 2.09 mg 100g-1 

and 2.08 mg 100g-1 carotenoids respectively. T11 which received 150 % RD of N and 

K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax produced 

highest carotenoid content of 1.98 mg 100g-1, among treatments receiving 150 % RD 

of N and K through fertigation (T10, T11 and T12). It was on par with T9 (125 % RD of 

N and K through fertigation with water spray) with 1.96 mg 100g-1 carotenoids in 

fruits. Carotenoid content of 1.91 mg 100g-1 in fruits was reported in T14 (control 2), 

whereas application of KAU POP (control 1 - T13) resulted in fruits with 1.86 mg 

100g-1 carotenoid content. Among treatments receiving 75 % RD of N and K through 

fertigation (T1, T2 and T3), T2 (75 % RD of N and K through fertigation and foliar 

sprays of 0.5% ZnSO4 and 0.3% borax) recorded highest carotenoid content of 1.81 

mg 100g-1. It was followed by T1 (75 % RD of N and K through fertigation and foliar 

sprays of 1.0% 19:19:19) with 1.64 mg 100g-1 carotenoid content. T3 (75 % RD of N 

and K through fertigation with water spray) recorded lowest carotenoid content of 

1.46 mg 100g-1. It was on par with T12 (150 % RD of N and K through fertigation 

with water spray) with 1.49 mg 100g-1 carotenoid content for fruits and differed 

significantly from other treatments.       

4.1.3.4 Ascorbic acid (mg 100g-1) 

 It was clear from the table 15 that ascorbic acid content of papaya fruits 

differed significantly among treatments under study. T5 (100 % RD of N and K 

through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) registered 

highest ascorbic acid content of 68.38 mg 100g-1. It was on par with T8 (125 % RD of 

N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) with 

67.69 mg 100g-1 ascorbic acid in fruits which differed significantly from other 

treatments. T11 recorded highest ascorbic acid content of 63.93 mg 100g-1 among 

treatments receiving 150 % RD of N and K through fertigation. Control 2 (T14) 

registered 62.22 mg 100g-1 ascorbic acid, whereas plants receiving KAU POP 
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(control 1 - T13) recorded an ascorbic acid content of 58.12 mg 100g-1. It was on par 

with T2 receiving 75 % RD of N and K through fertigation and foliar sprays of 0.5% 

ZnSO4 and 0.3% borax with an ascorbic acid content of 57.78 mg 100g-1. T3 (75 % 

RD of N and K through fertigation with water spray) recorded lowest ascorbic acid 

content (43.42 mg 100g-1) in fruits which differed significantly from other treatments. 

4.1.3.5 Total sugar (%) 

 Table 16 showed total sugar content of papaya fruit as influenced by 

application of different levels of fertigation and different foliar sprays. T5 (100 % RD 

of N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) 

recorded highest total sugar content of 9.66 % which differed significantly from other 

treatments. It was followed by treatments T8 (125 % RD of N and K through 

fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax), T4 (100 % RD of N and 

K through fertigation and foliar sprays of 1.0% 19:19:19) and T7 (125 % RD of N and 

K through fertigation and foliar sprays of 1.0% 19:19:19) with 9.45 %, 9.30 % and 

9.15 % total sugar respectively which differed significantly among each other and 

among other treatments. Among treatments receiving 150 % RD of N and K through 

fertigation (T10, T11 and T12), T11 which received 150 % RD of N and K through 

fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax recorded highest total 

sugar content of 9.00 % in fruits. It was on par with T9 (125 % RD of N and K 

through fertigation with water spray) which recorded 8.92 % total sugar content. 

Control 2 (T14) registered 8.36 % total sugar, whereas plants receiving KAU POP 

(control 1 - T13) recorded a total sugar content of 8.15 %. T2 recorded highest total 

sugar content of 7.80 % in fruits, among treatments receiving 75 % RD of N and K 

through fertigation (T1, T2 and T3). Lowest total sugar content of 7.15 % was 

registered in T3 receiving 75 % RD of N and K through fertigation with water spray 

which differed significantly from other treatments. 
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4.1.3.6 Reducing sugar (%) 

 Table 16 shows data on reducing sugar content of papaya fruits and they 

differed significantly among the treatments under study. Highest reducing sugar 

content of 8.05 % was recorded in plants receiving 100 % RD of N and K through 

fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax (T5). It was on par with 

T8 (125 % RD of N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 

0.3% borax) having 7.98 % reducing sugar content in fruits which differed 

significantly from other treatments. It was followed by treatments T4 (100 % RD of N 

and K through fertigation and foliar sprays of 1.0% 19:19:19) and T7 (125 % RD of N 

and K through fertigation and foliar sprays of 1.0% 19:19:19) with reducing sugar 

content of 7.84 % each. Among treatments receiving 150 % RD of N and K through 

fertigation (T10, T11 and T12), T11 which received 150 % RD of N and K through 

fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax recorded highest 

reducing sugar content of 7.79 % in fruits. Reducing sugar content of 6.80 % in fruits 

was reported in T14 (control 2), whereas application of KAU POP (control 1 - T13) 

resulted in fruits with 6.72 % reducing sugar content. Among treatments receiving 75 

% RD of N and K through fertigation (T1, T2 and T3), T2 (75 % RD of N and K 

through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) recorded 

highest reducing sugar content of 6.22 %. T3 (75 % RD of N and K through 

fertigation with water spray) registered lowest reducing sugar content of 5.97 % in 

fruits which differed significantly from other treatments. 

4.1.3.7 Non reducing sugar (%) 

 Non reducing sugar content of papaya fruits was significantly influenced by 

the application of different levels of fertigation and different foliar sprays (Table 16). 

Plants receiving 100 % RD of N and K through fertigation and foliar sprays of 0.5% 

ZnSO4 and 0.3% borax (T5) registered highest non reducing sugar content (1.61 %). It 

was on par with treatments T2 (75 % RD of N and K through fertigation and foliar 

112 



Table 15. Effect of fertigation and foliar sprays on total soluble solids, acidity, 

total carotenoids and ascorbic acid content of papaya fruits 

 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures

Treatments 
Total soluble 

solids (°Brix) 
Acidity (%) 

Total carotenoids 

(mg100g-1) 

Ascorbic acid 

(mg 100g-1) 

T1 13.15 0.26 1.64 54.36 

T2 13.36 0.23 1.81 57.78 

T3 12.50 0.28 1.46 43.42 

T4 14.73 0.16 2.08 65.30 

T5 15.10 0.13 2.21 68.38 

T6 14.01 0.17 1.92 62.91 

T7 14.43 0.16 2.02 64.96 

T8 14.90 0.15 2.09 67.69 

T9 14.11 0.17 1.96 63.59 

T10 13.10 0.26 1.56 51.28 

T11 14.32 0.17 1.98 63.93 

T12 12.89 0.27 1.49 49.23 

T13 13.40 0.22 1.86 58.12 

T14 13.61 0.18 1.91 62.22 

SE (±) 0.07 -- 8.50 1.64 

CD (5%) 0.22 0.01 24.71 4.77 
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sprays of 0.5% ZnSO4 and 0.3% borax) and T14 (control 2) which recorded non 

reducing sugar content of 1.58 % and 1.56 % respectively which differed 

significantly from other treatments. It was followed by treatments T6 (100 % RD of N 

and K through fertigation with water spray), T8 (125 % RD of N and K through 

fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax), T9 (125 % RD of N and 

K through fertigation with water spray) and T4 (100 % RD of N and K through 

fertigation and foliar sprays of 1.0% 19:19:19) with 1.51 %, 1.47 %, 1.47 % and 1.46 

% non reducing sugar respectively which was on par with each other. Application of 

KAU POP (control 1 - T13) recorded 1.43 % non reducing sugar content in fruits. 

Lowest non reducing sugar content of 1.12 % was noticed in fruits obtained from 

plants receiving 150 % RD of N and K through fertigation with water spray (T12), 

which was on par with T3 (75 % RD of N and K through fertigation with water spray) 

with 1.18 % non reducing sugar content which differed significantly from other 

treatments. 

4.1.3.8 Shelf life (days) 

 Application of different levels of fertigation and different foliar sprays have 

significant effect on shelf life of papaya fruits (Table 16). T5 registered longest shelf 

life of 5.78 days, which was on par with T8 (125 % RD of N and K through 

fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) (5.22 days) which 

differed significantly from other treatments. It was followed by T4 (100 % RD of N 

and K through fertigation and foliar sprays of 1.0% 19:19:19) with 5.11 days shelf 

life. Among treatments receiving 150 % RD of N and K through fertigation (T10, T11 

and T12), T11 which received 150 % RD of N and K through fertigation and foliar 

sprays of 0.5% ZnSO4 and 0.3% borax recorded highest shelf life of 5.00 days. 

Control 2 (T14) registered 4.45 days shelf life, whereas plants receiving KAU POP, 

(control 1 - T13) and T2 (75 % RD of N and K through fertigation and foliar sprays of 

0.5% ZnSO4 and 0.3% borax) recorded a shelf life of 4.44 days each. T3 (75 % RD of 
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N and K through fertigation with water spray) registered shortest shelf life of 3.78 

days which differed significantly from other treatments. 

4.1.3.9 Sugar/ acid ratio 

 Sugar/ acid ratio of papaya fruits ranged from 25.54 to 74.31 and exhibited 

significant difference among treatments (Table 16). Highest sugar/ acid ratio was 

reported in T5, which was followed by T8 (63.00). T14 registered a sugar/ acid ratio of 

46.44 whereas, it was 37.05 in T13. Least sugar/ acid ratio of 25.54 was noticed in T3.    

4.1.3.10 Organoleptic evaluation (nine point hedonic scale)  

 Papaya fruits obtained from plants of 14 treatments after application of 

different levels of fertigation and different foliar sprays were organoleptically 

evaluated by a panel of 15 semi trained judges. The mean rank scores of appearance, 

colour, flavour, texture, taste, after taste and overall acceptability of fruits are given 

in the table 17. The mean rank scores for appearance (8.20), colour (8.07), flavour 

(7.87), texture (8.00), odour (8.07), taste (8.27), after taste (8.07) and overall 

acceptability (8.00) were highest for fruits obtained from T5 receiving 100 % RD of N 

and K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax. Highest 

total score (64.55) was also noticed in fruits from T5 which differed significantly from 

other treatments. Fruits obtained from T4, T8 (125 % RD of N and K through 

fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) and T7 (125 % RD of N 

and K through fertigation and foliar sprays of 1.0% 19:19:19) recorded next highest 

total scores of 62.92, 62.86 and 61.46 respectively. Least total score of 53.93 was 

recorded in fruits obtained fromT3 (75 % RD of N and K through fertigation with 

water spray) which differed significantly from other treatments. 

4.1.4 Index leaf analysis for primary, secondary and Micronutrients (B and Zn) 

The statistical report on plant analysis done at 6 MAP indicated highest 

percentage of nitrogen (2.29 %) in treatment T10 (150 % RD of N and K through 

115 



fertigation and foliar sprays of 1.0% 19:19:19) which differed significantly from 

other treatments (Table 18). It was followed by T11 (150 % RD of N and K through 

fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) and T12 (150 % RD of N 

and K through fertigation with water spray) with nitrogen content of 2.20 % and 1.99 

% respectively, which differed significantly among each other and among other 

treatments. Among treatments receiving 125 % RD of N and K through fertigation 

and different foliar sprays (T7, T8 and T9), highest nitrogen content (1.87 %) was 

observed in T7 (125 % RD of N and K through fertigation and foliar sprays of 1.0% 

19:19:19), which was found to be on par with T8 (125 % RD of N and K through 

fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) with 1.84 % nitrogen 

content. Among treatments receiving 100 % RD of N and K through fertigation and 

different foliar sprays (T4, T5 and T6), T4 (100 % RD of N and K through fertigation 

and foliar sprays of 1.0% 19:19:19) registered highest nitrogen content (1.75 %), 

which was found to be on par with T5 (100 % RD of N and K through fertigation and 

foliar sprays of 0.5% ZnSO4 and 0.3% borax) (1.71 %). Control 2 (T14) recorded 1.51 

% nitrogen content. Among treatments receiving 75 % RD of N and K through 

fertigation and different foliar sprays (T1, T2 and T3), highest nitrogen content (1.41 

%) was observed in T1 (75 % RD of N and K through fertigation and foliar sprays of 

1.0% 19:19:19). Nitrogen content of 1.28 % was reported in leaf petiole of plants 

receiving KAU POP (control 1 - T13). Lowest nitrogen content of 1.18 % was noticed 

in T3 (75 % RD of N and K through fertigation with water spray) which differed 

significantly from other treatments. 

Application of different levels of fertigation and different foliar sprays did not 

register any significant difference in phosphorus content of leaf petiole (Table 18). 

Plant petiole analysis revealed highest potassium content (2.99 %) in T10 

which differed significantly from other treatments (Table 18). It was followed by T12 

and T11 with potassium content of 2.94 % and 2.89 % respectively, which differed 

significantly among each other and among other treatments. Among treatments 
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Table 16. Effect of fertigation and foliar sprays on total sugar, reducing sugar, 

non reducing sugar, shelf life and sugar/ acid ratio of papaya fruits 

 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures 

Treatments 
Total sugar 

(%) 

Reducing sugar 

(%) 

Non reducing 

sugar (%) 

Shelf life 

(days) 

Sugar/ acid 

ratio 

T1 7.46 6.13 1.32 4.22 28.69 

T2 7.80 6.22 1.58 4.44 33.91 

T3 7.15 5.97 1.18 3.78 25.54 

T4 9.30 7.84 1.46 5.11 58.12 

T5 9.66 8.05 1.61 5.78 74.31 

T6 8.73 7.21 1.51 4.56 51.35 

T7 9.15 7.84 1.30 4.78 57.19 

T8 9.45 7.98 1.47 5.22 63.00 

T9 8.92 7.45 1.47 4.56 52.47 

T10 7.45 6.05 1.40 4.22 28.65 

T11 9.00 7.79 1.21 5.00 52.94 

T12 7.16 6.03 1.12 4.00 26.52 

T13 8.15 6.72 1.43 4.44 37.05 

T14 8.36 6.80 1.56 4.45 46.44 

SE (±) 0.03 0.07 0.08 0.20 1.35 

CD (5%) 0.10 0.19 0.23 0.60 3.93 

117 



Table 17. Effect of fertigation and foliar sprays on organoleptic qualities of papaya fruits 

Treatments Appearance Colour Flavour Texture Odour Taste 
After 

taste 

Overall 

acceptability 

Total 

score 

T1 
6.87 

(69.60) 

6.87 

(66.90) 

6.87 

(75.40) 

7.00 

(82.07) 

6.87 

(85.50) 

6.80 

(61.34) 

6.33 

(68.73) 

6.93 

(75.97) 
54.54 

T2 
7.20 

(89.83) 

7.33 

(89.57) 

6.93 

(83.20) 

6.93 

(82.63) 

6.73 

(84.47) 

6.80 

(71.40) 

6.80 

(76.50) 

7.00 

(80.27) 
55.72 

T3 
7.00 

(75.13) 

6.93 

(62.47) 

6.67 

(72.90) 

6.73 

(77.80) 

6.80 

(84.83) 

6.53 

(69.57) 

6.47 

(58.33) 

6.80 

(65.93) 
53.93 

T4 
8.13 

(139.50) 

7.93 

(136.33) 

7.80 

(132.60) 

7.73 

(122.20) 

7.53 

(127.73) 

8.00 

(135.73) 

7.93 

(145.30) 

7.87 

(138.07) 
62.92 

T5 
8.20 

(152.33) 

8.07 

(143.27) 

7.87 

(141.80) 

8.00 

(142.60) 

8.07 

(161.43) 

8.27 

(152.23) 

8.07 

(153.97) 

8.00 

(144.97) 
64.55 

T6 
7.4 

(109.13) 

7.53 

(108.43) 

7.27 

(101.10) 

7.47 

(106.80) 

6.93 

(101.20) 

7.67 

(115.37) 

7.47 

(115.40) 

7.40 

(103.10) 
59.14 

T7 
7.67 

(116.10) 

7.60 

(110.13) 

7.60 

(121.90) 

7.93 

(135.70) 

7.13 

(104.77) 

8.00 

(135.40) 

7.73 

(131.80) 

7.80 

(135.47) 
61.46 

T8 
7.73 

(122.30) 

7.80 

(126.63) 

7.80 

(136.80) 

7.87 

(134.00) 

7.53 

(130.07) 

8.20 

(146.90) 

8.00 

(149.13) 

7.93 

(143.37) 
62.86 
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T9 
7.8 

(125.93) 

7.73 

(123.37) 

7.67 

(130.00) 

7.27 

(94.90) 

7.27 

(114.20) 

7.73 

(118.90) 

7.40 

(107.41) 

7.67 

(126.43) 
60.54 

T10 
7.13 

(93.90) 

7.47 

(100.83) 

6.87 

(83.70) 

7.33 

(97.80) 

6.87 

(90.20) 

7.20 

(89.70) 

7.07 

(94.33) 

7.13 

(87.73) 
57.07 

T11 
7.33 

(97.40) 

7.47 

(102.80) 

7.13 

(94.30) 

7.53 

(112.10) 

7.13 

(104.47) 

7.20 

(91.83) 

7.20 

(99.03) 

6.93 

(88.70) 
57.92 

T12 
7.07 

(85.97) 

7.33 

(91.53) 

7.00 

(90.30) 

7.20 

(91.60) 

6.73 

(84.47) 

6.87 

(75.50) 

6.73 

(77.20) 

7.07 

(88.27) 
56.00 

T13 
7.47 

(104.17) 

7.40 

(100.93) 

7.27 

(101.10) 

7.27 

(93.30) 

7.07 

(98.67) 

7.47 

(102.07) 

7.20 

(98.07) 

7.27 

(94.07) 
58.42 

T14 
7.60 

(107.44) 

7.67 

(113.80) 

7.47 

(111.90) 

7.40 

(103.50) 

7.07 

(105.00) 

7.73 

(121.03) 

7.33 

(108.70) 

7.40 

(104.67) 
59.67 

K W value 32.31 33.20 32.87 26.12 27.99 52.47 53.43 43.46  

ᵡ2 – 22.36 (13, 0.05) 
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receiving 125 % RD of N and K through fertigation and different foliar sprays (T7, T8 

and T9), highest potassium content (2.83 %) was observed in treatments T7 and T8. 

Among treatments receiving 100 % RD of N and K through fertigation and different 

foliar sprays (T4, T5 and T6), T4 registered highest potassium content (2.66 %), which 

was followed by T5 (2.62 %). Control 2 (T14) recorded 2.50 % potassium content. 

Among treatments receiving 75 % RD of N and K through fertigation and different 

foliar sprays (T1, T2 and T3), highest potassium content (2.40 %) was observed in T1. 

Plants receiving KAU POP, (control 1 - T13) registered potassium content of 2.09 % 

in leaf petiole. Lowest potassium content of 1.98 % was noticed in T3 which differed 

significantly from other treatments. 

Data on calcium content of papaya petiole influenced by different levels of 

fertigation and foliar nutrition are recorded in table 19. There was significant 

difference among the treatments under study. Highest calcium content of 0.57 % was 

registered in T5 which differed significantly from other treatments. It was followed by 

T8, T4, T7 and T11 with a calcium content of 0.55 %, 0.50 %, 0.48 % and 0.45 % 

respectively which differed among each other and among other treatments. Control 2 

(T14) recorded 0.42 % calcium content. Among treatments receiving 75 % RD of N 

and K through fertigation (T1, T2 and T3), T2 (100 % RD of N and K through 

fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) registered highest 

calcium content of 0.38 %, which was on par with T1 with 0.37 % calcium content. 

Among treatments T3, T6 (100 % RD of N and K through fertigation with water 

spray), T9 (125 % RD of N and K through fertigation with water spray) and T12 which 

received different levels of fertigation with water spray, T9 recorded highest calcium 

content (0.33 %) in leaf petiole, which was followed by T6 (100 % RD of N and K 

through fertigation with water spray) (0.30 %). Application of KAU POP (control 1 - 

T13) recorded calcium content of 0.26 % in leaf petiole. Lowest calcium content of 

0.16 % was noticed in T3 which differed significantly from other treatments. 
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 Data pertaining to magnesium content of leaf petiole influenced by different 

levels of fertigation and different foliar sprays are presented in table 19. Significant 

difference was noticed among the treatments under study. Highest magnesium 

content (0.29 %) was noticed in T5 which differed significantly from other treatments. 

It was followed by T8, T4, T7 and T11 with a magnesium content of 0.24 %, 0.22 %, 

0.20 % and 0.18 % respectively which differed among each other and among other 

treatments. Among treatments receiving 75 % RD of N and K through fertigation (T1, 

T2 and T3), T2 recorded highest magnesium content of 0.17 %, which was same in T14 

(control 2). It was found to be on par with T1 with 0.16 % magnesium content. 

Among treatments receiving different levels of fertigation with water spray (T3, T6, 

T9 and T12), T9 registered highest magnesium content (0.14 %). Application of KAU 

POP (control 1 - T13) recorded magnesium content of 0.11 % in leaf petiole. T3 

recorded lowest magnesium content of 0.08 % which differed significantly from other 

treatments. 

Table 19 depicts the influence of different levels of fertigation and foliar 

sprays on sulphur content of papaya petiole. T5 registered highest sulphur content of 

0.33 % which differed significantly from other treatments. It was followed by T8, T4, 

T7 and T11 with a sulphur content of 0.29 %, 0.28 %, 0.25 % and 0.23 % respectively 

which differed among each other and among other treatments. Among treatments 

receiving 75 % RD of N and K through fertigation (T1, T2 and T3), T2 recorded 

highest sulphur content of 0.21 % which was same in T14 (control 2) also. It was 

found to be on par with T1. Among treatments receiving different levels of fertigation 

with water spray (T3, T6, T9 and T12), T9 registered highest sulphur content of 0.18 %. 

Application of KAU POP (control 1 - T13) recorded 0.14 % sulphur content in leaf 

petiole, which was the same in T12 also. Lowest sulphur content of 0.12 % was 

noticed in T3 which differed significantly from other treatments. 

Data on micronutrient, zinc content of papaya petiole influenced by different 

levels of fertigation and foliar nutrition are recorded in table 20. There was significant 

121 



Table 18. Effect of fertigation and foliar sprays on primary nutrients (NPK) 

content of index leaf 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures 

Treatments Nitrogen (%) Phosphorus (%) Potassium (%) 

T1 1.41 0.41 2.40 

T2 1.29 0.41 2.13 

T3 1.18 0.40 1.98 

T4 1.75 0.41 2.66 

T5 1.71 0.40 2.62 

T6 1.42 0.40 2.45 

T7 1.87 0.41 2.83 

T8 1.84 0.41 2.83 

T9 1.76 0.41 2.69 

T10 2.29 0.41 2.99 

T11 2.20  0.41 2.89 

T12 1.99 0.40 2.94 

T13 1.28 0.41 2.09 

T14 1.51 0.41 2.50 

SE (±) 0.02 0.00 0.01 

CD (5%) 0.06 NS 0.03 
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difference among the treatments under study. Highest zinc content of 32.00 ppm was 

noticed in treatment T8 which differed significantly from other treatments. It was 

followed by T5, T11 and T2 with zinc content of 31.01 ppm, 27.88 ppm and 27.36 ppm 

respectively in leaf petiole, which differed significantly among each other and among 

other treatments. Among treatments receiving different dose of fertigation and foliar 

sprays of 1.0% 19:19:19 (T1, T4, T7 and T10), T7 recorded highest zinc content of 

25.75 ppm. It was followed by T4 with zinc content of 23.01 ppm in leaf petiole. T14 

(control 2) registered 22.39 ppm zinc content. It was found to be on par with T1 with 

22.14 ppm zinc content. Among treatments receiving different dose of fertigation 

with water spray (T3, T6, T9 and T12), T9 registered highest zinc content of 20.08 ppm, 

which was followed by T6 (18.27 ppm). Application of KAU POP  (control 1 - T13) 

recorded 17.40 ppm zinc content in leaf petiole. T3 recorded lowest zinc content of 

14.97 ppm in leaf petiole which differed significantly from other treatments. 

Table 20 depicts the influence of different levels of fertigation and different 

foliar sprays on boron content of papaya leaf petiole. T8 recorded highest boron 

content of 38.93 ppm which differed significantly from other treatments. It was 

followed by T5, T11 and T2 with boron content of 37.93 ppm, 34.80 ppm and 33.28 

ppm respectively in leaf petiole, which differed significantly among each other and 

among other treatments. Among treatments receiving foliar sprays of 1.0% 19:19:19 

with different dose of fertigation (T1, T4, T7 and T10), T7 registered highest boron 

content of 28.01 ppm, which was followed by T4 with boron content of 27.10 ppm in 

leaf petiole. T14 (control 2) recorded 26.15 ppm boron content. Among treatments 

receiving different dose of fertigation with water spray (T3, T6, T9 and T12), T9 

registered highest boron content of 25.10 ppm. Application of KAU POP (control 1 - 

T13) recorded 19.87 ppm boron content in leaf petiole. T3 recorded lowest boron 

content of 17.92 ppm in leaf petiole which differed significantly from other 

treatments. 
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Table 19. Effect of fertigation and foliar sprays on secondary nutrient (Ca, Mg, 

S) content of index leaf 

 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures 

Treatments Calcium (%) Magnesium (%) Sulphur (%) 

T1 0.37 0.16 0.20 

T2 0.38 0.17 0.21 

T3 0.16 0.08 0.12 

T4 0.50 0.22 0.28 

T5 0.57 0.29 0.33 

T6 0.30 0.12 0.17 

T7 0.48 0.20 0.25 

T8 0.55 0.24 0.29 

T9 0.33 0.14 0.18 

T10 0.28 0.12 0.17 

T11 0.45 0.18 0.23 

T12 0.21 0.10 0.14 

T13 0.26 0.11 0.14 

T14 0.42 0.17 0.21 

SE (±) 0.00 0.00 0.00 

CD (5%) 0.02 0.01 0.01 
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4.1.5 Pest and diseases incidence (%)  

 Though the incidence of foot rot disease was noticed in the initial stage of 

seedling establishment, there was no significant variation among treatments. Hence a 

uniform score of one was given as depicted in the score chart presented in Appendix 

III. 

4.1.6 Nutrient (N, P, K) concentration studies of fruits at peak harvest stage  

 Fruit nitrogen content estimated at peak harvest stage (16 MAP) revealed 

significant difference among treatments due to application of different levels of 

fertigation and different foliar sprays (Table 21). Highest fruit nitrogen content (1.89 

%) was noticed in T12 (150 % RD of N and K through fertigation with water spray) 

which differed significantly from other treatments. It was followed by T10 (150 % RD 

of N and K through fertigation and foliar sprays of 1.0% 19:19:19) and T9 (125 % RD 

of N and K through fertigation with water spray) with 1.81 % and 1.76 % fruit 

nitrogen content respectively which differed significantly among each other and 

among other treatments. Application of KAU POP (control 1 - T13) registered fruit 

nitrogen content of 1.58 % whereas, T14 (control 2) recorded 1.54 % nitrogen content 

in fruits. Among treatments receiving 100 % RD of N and K through fertigation (T4, 

T5 and T6), T6 (100 % RD of N and K through fertigation with water spray) registered 

highest fruit nitrogen content of 1.44 %. It was on par with T11 (150 % RD of N and 

K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) with fruit 

nitrogen content of 1.42 %. Lowest fruit nitrogen content of 1.19 % was reported in 

T3 receiving 75 % RD of N and K through fertigation with water spray which differed 

significantly from other treatments. 

 Phosphorus content of fruits estimated at peak harvest stage (16 MAP) 

revealed no significant variation among treatments (Table 21). 
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Table 20. Effect of fertigation and foliar sprays on zinc and boron content of 

index leaf 

 

 

 

 

 

 

 

 

 

 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures 

 

Treatments Zinc (ppm) Boron (ppm) 

T1 22.14 25.28 

T2 27.36 33.28 

T3 14.97 17.92 

T4 23.01 27.10 

T5 31.01 37.93 

T6 18.27 22.11 

T7 25.75 28.01 

T8 32.00 38.93 

T9 20.08 25.10 

T10 17.60 20.92 

T11 27.88 34.80 

T12 16.77 19.10 

T13 17.40 19.87 

T14 22.39 26.15 

SE (±) 0.17 0.21 

CD (5%) 0.49 0.61 
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Potassium content of fruits estimated at peak harvest stage (16 MAP) showed 

significant difference among treatments on application of different levels of 

fertigation and different foliar sprays (Table 21). T12 registered highest fruit 

potassium content (2.45 %) which differed significantly from other treatments. It was 

followed by T10 and T9 with 2.33 % and 2.10 % fruit potassium respectively which 

differed significantly among each other and among other treatments. Application of 

KAU POP (control 1 - T13) registered fruit potassium content of 2.01 % whereas, T14 

(control 2) recorded 1.95 % potassium content in fruits. Among treatments receiving 

100 % RD of N and K through fertigation (T4, T5 and T6), T6 registered highest fruit 

potassium content of 1.74 %. T3 recorded minimum potassium content in fruits (1.33 

%) which differed significantly from other treatments. 

4.1.7 Soil analysis (available N, P, K) after the experiment 

 The statistical analysis of soil nitrogen content estimated after the experiment 

revealed significant variation among treatments (Table 22). Highest soil nitrogen 

content of 243.13 kg ha-1 was observed in field receiving 150 % RD of N and K 

through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax (T11), which was 

found to be on par with T12 (150 % RD of N and K through fertigation with water 

spray) with a soil nitrogen content of 242.90 kg ha-1 which differed significantly from 

other treatments. It was followed by T10 (241.30 kg ha-1). Among treatments receiving 

125 % RD of N and K through fertigation and different foliar sprays (T7, T8 and T9), 

highest soil nitrogen content (222.61 kg ha-1) was observed in treatments T7 (125 % 

RD of N and K through fertigation and foliar sprays of 1.0% 19:19:19). It was 

followed by treatments T8 (125 % RD of N and K through fertigation and foliar 

sprays of 0.5% ZnSO4 and 0.3% borax) and T9 with 219.91 kg ha-1 and 219.82 kg ha-1 

soil nitrogen respectively which were on par. Among treatments receiving 100 % RD 

of N and K through fertigation and different foliar sprays (T4, T5 and T6), highest soil 

nitrogen content (206.80 kg ha-1) was observed in treatment T4 (100 % RD of N and 

K through fertigation and foliar sprays of 1.0% 19:19:19), which was found to be on 
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par with T6 (100 % RD of N and K through fertigation with water spray) with soil 

nitrogen content of 206.64 kg ha-1. Among treatments receiving 75 % RD of N and K 

through fertigation and different foliar sprays (T1, T2 and T3), highest soil nitrogen 

content (192.75 kg ha-1) was observed in treatment T1 (75 % RD of N and K through 

fertigation and foliar sprays of 1.0% 19:19:19). T14 (control 2) recorded 191.31 kg ha-

1 soil nitrogen content, which was on par with T2 (75 % RD of N and K through 

fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax) (190.65 kg ha-1). 

Lowest soil nitrogen content of 179.32 kg ha-1 was observed in T13 (KAU POP - 

control 1) which differed significantly from other treatments. 

Application of different levels of fertigation and different foliar sprays did not 

register any significant difference in soil phosphorus content and ranged from 42.40 

to 43.04 kg ha-1 (Table 22). 

Application of different levels of fertigation and different foliar sprays had 

significant effect on soil potassium content (Table 22). Highest soil potassium content 

(326.89 kg ha-1) was noticed in T10, which was on par with T12 (326.66 kg ha-1) which 

differed significantly from other treatments. It was followed by T11 (325.71 kg ha-1). 

Among treatments receiving 125 % RD of N and K through fertigation and different 

foliar sprays (T7, T8 and T9), highest soil potassium content (315.11 kg ha-1) was 

observed in treatments T8. It was followed by T7 and T9 (125 % RD of N and K 

through fertigation with water spray) with 313.68 kg ha-1 and 312.72 kg ha-1 soil 

potassium content respectively, which differed significantly among each other and 

among other treatments. Among treatments receiving 100 % RD of N and K through 

fertigation and different foliar sprays (T4, T5 and T6), highest soil potassium content 

(288.54 kg ha-1) was observed in treatment T6, which was on par with T5 (100 % RD 

of N and K through fertigation and foliar sprays of 0.5% ZnSO4 and 0.3% borax 

(288.28 kg ha-1). T14 (control 2) registered soil potassium content of 274.12 kg ha-1. 

Among treatments receiving 75 % RD of N and K through fertigation and different 

foliar sprays (T1, T2 and T3), highest soil potassium content (271.34 kg ha-1) was
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Table 21. Effect of fertigation and foliar sprays on nutrient (N, P, K) content of 

fruits at peak harvest stage 

 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures 

Treatments Fruit N (%) Fruit P (%) Fruit K (%) 

T1 1.22 0.25 1.37 

T2 1.28 0.25 1.39 

T3 1.19 0.25 1.33 

T4 1.36 0.25 1.65 

T5 1.30 0.26 1.45 

T6 1.44 0.25 1.74 

T7 1.49 0.25 1.87 

T8 1.33 0.25 1.50 

T9 1.76 0.26 2.10 

T10 1.81 0.25 2.33 

T11 1.42 0.25 1.70 

T12 1.89 0.25 2.45 

T13 1.58 0.25 2.01 

T14 1.54 0.25 1.95 

SE (±) 0.00 0.00 0.00 

CD (5%) 0.01 NS 0.01 
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observed in treatment T2, which was on par with T3 (75 % RD of N and K through 

fertigation with water spray (270.65 kg ha-1). Application of KAU POP (control 1 - 

T13) registered lowest soil potassium content of 263.51 kg ha-1 which differed 

significantly from other treatments. 

4.1.8 Economic analysis 

 Data on economic analysis presented in Table 23 revealed significant 

difference in gross income, net income and B : C ratio among treatments receiving 

different levels of fertigation and different foliar sprays.  

Application of 100 % RD of N and K through fertigation and foliar sprays of 

1.0% 19:19:19 (T4) recorded significantly higher net income of 11,73,356.83 ha-1. It 

was on par with T5 (100 % RD of N and K through fertigation and foliar sprays of 

0.5% ZnSO4 and 0.3% borax) (11,40,623.49 ha-1) which differed significantly from 

other treatments. Plants receiving 75 % RD of N and K through fertigation with water 

spray (T3) recorded significantly lowest net income of 81,118.54 ha-1 which differed 

significantly from other treatments. 

Significantly higher B : C ratio of 2.58 was registered by T4, which was on 

par with T5 with a B : C ratio of 2.54 which differed significantly from other 

treatments. However, T3 recorded lowest B : C ratio of 1.11 which differed 

significantly from other treatments. 

4.2 POSTHARVEST MANAGEMENT PRACTICES FOR EXTENSION OF 

SHELF LIFE IN PAPAYA 

Papaya, as a living entity is a highly perishable commodity that is affected by 

number of factors leading to postharvest losses which is a major concern. This 

underlines the necessity to develop new and effective methods of controlling 

postharvest losses that are perceived as safe by the public and pose negligible risk to
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Table 22. Effect of fertigation and foliar sprays on available N, P, K content of 

soil after the experiment 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures 

 

 

Treatments 
Soil nitrogen  

(Kg ha-1) 

Soil phosphorus  

(Kg ha-1) 

Soil potassium  

(Kg ha-1) 

T1 192.75 42.49 268.84 

T2 190.65 42.98 271.34 

T3 189.83 42.94 270.65 

T4 206.80 43.00 287.07 

T5 204.23 42.62 288.28 

T6 206.64 42.65 288.54 

T7 222.61 42.59 313.68 

T8 219.91 42.55 315.11 

T9 219.82 42.81 312.72 

T10 241.30 42.68 326.89 

T11 243.13 43.04 325.71 

T12 242.90 42.51 326.66 

T13 179.32 42.40 263.51 

T14 191.31 42.71 274.12 

SE (±) 0.28 0.00 0.26 

CD (5%) 0.80 NS 0.77 
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human health and environment. Hence, postharvest management practices for 

extension of shelf life in papaya were resorted in this study. 

Papaya variety Surya was raised according to KAU POP and fruits were collected at 

fully mature green stage, different postharvest management practices were given and 

packaged in CFB boxes and stored under ambient conditions till the end of shelf life. 

4.2.1 Physical quality (Sensory analysis) 

 Effect of different postharvest treatments on sensory parameters of papaya 

variety Surya is shown in table 24, 25 and 26. Papaya fruits harvested at fully mature 

green stage, subjected to different postharvest treatments and packaged in CFB boxes 

and stored under ambient conditions showed significant difference in sensory 

parameters at 3 DAS (Table 24). The mean scores of appearance (8.47), colour 

(7.60), flavour (7.47), texture (7.93), odour (8.07), taste (8.20), after taste (7.93) and 

overall acceptability (7.93) were highest for control (S9) with a total score of 63.60. 

Fruits subjected to surface sanitization with sodium hypochlorite (150 ppm) (S2) 

registered a total score of 56.34 at 3 DAS, whereas for precooling (Hydro cooling) 

(S1) of fruits a total score of 52.99 was noticed. Minimum total score of 45.47 was 

observed for postharvest treatments S3 (external coating with chitosan (1%)), S4 

(precooling followed by external coating with 1% chitosan), S5 (packaging with 

ethylene scrubber KMnO₄), S6 (precooling followed by packaging with ethylene 

scrubber KMnO₄), S7 (precooling followed by external coating with 1% chitosan and 

packaging with ethylene scrubber KMnO₄) and S8 (hot water treatment followed by 

waxing with 6% carnauba wax and packaging with ethylene scrubber KMnO₄) at 3 

DAS. 

 After six days of storage, significant difference was noticed in sensory 

qualities of papaya fruits subjected to different postharvest treatments. Highest mean 

score for appearance (8.67), colour (8.40), flavour (8.33), texture (8.53), odour (8.33),      
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Table 23. Effect of fertigation and foliar sprays on economics of papaya 

cultivation 

 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures 

Treatments Gross income (ha-1) Net income (ha-1) B : C ratio 

T1 1453166.67 716085.21 1.97 

T2 1410666.67 676185.21 1.92 

T3 810500.00 81118.54 1.11 

T4 1915166.67 1173356.83 2.58 

T5 1879833.33 1140623.49 2.54 

T6 1181000.00 446890.16 1.61 

T7 1657833.33 886904.03 2.27 

T8 1697833.33 929504.03 2.21 

T9 1238000.00 474770.70 1.62 

T10 1066500.00 278646.91 1.35 

T11 1556833.33 771580.24 1.98 

T12 889166.67 109013.58 1.14 

T13 1051666.67 383126.17 1.58 

T14 1513500.00 694128.85 1.85 

SE (±) 15989.37 15989.37 0.41 

CD (5%) 46491.07 46491.07 0.11 
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taste (8.53), after taste (8.47) and overall acceptability (8.87) was observed in fruits 

externally coated with chitosan (1%) (S3), with a total score of 68.13 after six days of 

storage. It was followed by S5 (packaging with ethylene scrubber KMnO₄) with a 

total score of 68.00, whereas fruits subjected to precooling followed by external 

coating with 1% chitosan and packaging with ethylene scrubber KMnO₄ (S7) and hot 

water treatment followed by waxing with 6% carnauba wax and packaging with 

ethylene scrubber, KMnO₄ (S8) recorded lowest total score of 57.59 after six days of 

storage. 

 Fruits subjected to precooling followed by external coating with 1% chitosan 

and packaging with ethylene scrubber KMnO₄ (S7) and hot water treatment followed 

by waxing with 6% carnauba wax and packaging with ethylene scrubber KMnO₄ (S8) 

recorded highest total score of 69.19 after nine days of storage. Their mean score for 

appearance, colour, flavour, texture, odour, taste, after taste and overall acceptability 

were 8.53, 9.00, 8.60, 8.33, 8.60, 8.73, 8.73 and 8.67 respectively. 

4.2.2 Physiological quality 

4.2.2.1 Shelf life (days) 

The effect of different postharvest treatments on shelf life of papaya variety 

Surya fruits packaged in CFB boxes and stored under ambient conditions is shown in 

table 27. Significantly higher shelf life of 9.67 days was observed in fruits treated 

with precooling followed by external coating with 1% chitosan and packaging with 

ethylene scrubber KMnO₄ (S7), which was on par with S8 (hot water treatment 

followed by waxing with 6% carnauba wax and packaging with ethylene scrubber 

KMnO₄)) with a shelf life of 9.00 days (Plate 8). It was followed by S4 (precooling 

followed by external coating with 1% chitosan) with 7.67 days shelf life. Application 

of precooling followed by packaging with ethylene scrubber KMnO₄ (S6) was on par 

(7.33 days). External coating with chitosan (1%) (S3) and packaging with ethylene 
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Table 24. Effect of postharvest management practices on sensory qualities of papaya fruit (3 DAS) 

Treatments Appearance Colour Flavour Texture Odour Taste 
After 

taste 

Overall 

acceptability 

Total 

score 

S1 
6.93 

(90.13) 

7.00 

(96.50) 

6.73 

(87.47) 

6.73 

(95.87) 

6.60 

(90.53) 

6.27 

(81.63) 

6.13 

(76.80) 

6.60 

(90.60) 
52.99 

S2 
7.67 

(110.33) 
7.00 

(94.90) 
7.07 

(97.40) 
7.00 

(100.00) 
6.93 

(102.17) 
6.93 

(100.83) 
6.67 

(97.73) 
7.07 

(100.73) 
56.34 

S3 
5.73 

(47.83) 

5.80 

(50.80) 

5.87 

(52.17) 

5.60 

(48.83) 

5.60 

(49.17) 

5.60 

(50.70) 

5.60 

(52.07) 

5.67 

(49.73) 
45.47 

S4 
5.73 

(47.83) 
5.80 

(50.80) 
5.87 

(52.17) 
5.60 

(48.83) 
5.60 

(49.17) 
5.60 

(50.70) 
5.60 

(52.07) 
5.67 

(49.73) 
45.47 

S5 
5.73 

(47.83) 

5.80 

(50.80) 

5.87 

(52.17) 

5.60 

(48.83) 

5.60 

(49.17) 

5.60 

(50.70) 

5.60 

(52.07) 

5.67 

(49.73) 
45.47 

S6 
5.73 

(47.83) 

5.80 

(50.80) 

5.87 

(52.17) 

5.60 

(48.83) 

5.60 

(49.17) 

5.60 

(50.70) 

5.60 

(52.07) 

5.67 

(49.73) 
45.47 

S7 
5.73 

(47.83) 

5.80 

(50.80) 

5.87 

(52.17) 

5.60 

(48.83) 

5.60 

(49.17) 

5.60 

(50.70) 

5.60 

(52.07) 

5.67 

(49.73) 
45.47 

S8 
5.73 

(47.83) 

5.80 

(50.80) 

5.87 

(52.17) 

5.60 

(48.83) 

5.60 

(49.17) 

5.60 

(50.70) 

5.60 

(52.07) 

5.67 

(49.73) 
45.47 

S9 
8.47 

(124.53) 
7.60 

(115.80) 
7.47 

(114.13) 
7.93 

(123.13) 
8.07 

(124.30) 
8.20 

(125.33) 
7.93 

(125.07) 
7.93 

(122.27) 
63.60 

K W value 83.36 59.42 52.72 76.03 75.53 70.11 63.56 71.80  

ᵡ2 – 15.51 (8, 0.05) 
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Table 25. Effect of postharvest management practices on sensory qualities of papaya fruit (6 DAS) 

Treatments Appearance Colour Flavour Texture Odour Taste 
After 

taste 

Overall 

acceptability 

Total 

score 

S1 - - - - - - - - - 

S2 - - - - - - - - - 

S3 
8.67  

(71.33) 

8.40 

(62.70) 

8.33 

(59.17) 

8.53 

(67.57) 

8.33 

(59.17) 

8.53 

(62.70) 

8.47 

(63.37) 

8.87 

 (68.70) 
68.13 

S4 
7.80 

 (48.10) 

8.13 

(53.90) 

8.07 

(49.83) 

7.93 

(47.97) 

8.07 

(49.83) 

8.07 

(46.17) 

8.00 

(47.23) 

8.27   

(47.10) 
64.34 

S5 
8.67  

(71.33) 

8.40 

(62.70) 

8.33 

(59.17) 

8.40 

(63.30) 

8.33 

(59.17) 

8.53 

(62.70) 

8.47 

(63.37) 

8.87  

(68.70) 
68.00 

S6 
7.67 

 (43.93) 

8.13 

(53.90) 

8.07 

(49.83) 

7.93 

(47.97) 

8.07 

(49.83) 

8.07 

(46.17) 

8.00 

(47.23) 

8.27  

(47.10) 
64.21 

S7 
6.67  

(19.07) 

6.80 

(19.90) 

7.33 

(27.50) 

7.13 

(23.10) 

7.33 

(27.50) 

7.53 

(27.63) 

7.40 

(25.90) 

7.40  

(20.70) 
57.59 

S8 
6.67 

 (19.07) 

6.80 

(19.90) 

7.33 

(27.50) 

7.13 

(23.10) 

7.33 

(27.50) 

7.53 

(27.63) 

7.40 

(25.90) 

7.40  

(20.70) 
57.59 

S9 - - - - - - - - - 

K W value 65.60 54.89 30.12 48.29 30.12 33.56 38.52 58.88  

ᵡ2 – 11.07 (5, 0.05) 
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Table 26. Effect of postharvest management practices on sensory qualities of papaya fruit (9 DAS) 

 

Treatments Appearance Colour Flavour Texture Odour Taste 
After 

taste 

Overall 

acceptability 

Total 

score 

S1 - - - - - - - - - 

S2 - - - - - - - - - 

S3 - - - - - - - - - 

S4 - - - - - - - - - 

S5 - - - - - - - - - 

S6 - - - - - - - - - 

S7 8.53 9.00 8.60 8.33 8.60 8.73 8.73 8.67 69.19 

S8 8.53 9.00 8.60 8.33 8.60 8.73 8.73 8.67 69.19 

S9 - - - - - - - - - 

K W value - - - - - - - -  
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scrubber KMnO₄ (S5) registered a shelf life of 6.33 days. Precooling (hydro cooling) 

(S1) and surface sanitization with sodium hypochlorite (150 ppm) (S2) gave a shelf 

life of 5.67 days and 5.00 days respectively. Significantly lowest shelf life of 4.33 

days was observed in control (S9).  

4.2.2.2 Physiological Loss in Weight (%) 

 The weight of fruit reduced after harvest due to the water loss and the loss in 

weight of fruits affects the quality of produce. Physiological loss in weight of papaya 

variety Surya fruits increased in all the treatments during storage under ambient 

conditions (Table 28). Papaya fruits subjected to precooling followed by external 

coating with 1% chitosan and packaging with ethylene scrubber KMnO₄ (S7) had 

significantly lowest physiological loss in weight (1.49 %) after three days of storage. 

It was on par with S8 (hot water treatment followed by waxing with 6% carnauba wax 

and packaging with ethylene scrubber KMnO₄)) with 1.59 per cent physiological loss 

in weight. Application of precooling followed by packaging with ethylene scrubber 

KMnO₄ (S6) to papaya fruits recorded a physiological loss in weight of 2.47 per cent, 

which was on par with S4 (precooling followed by external coating with 1% chitosan) 

(2.77 %). In control fruits (S9) the weight loss reached 7.54 per cent after three days 

of storage and was significantly higher. 

After six days of storage, significant difference was noticed in physiological 

loss in weight of papaya fruits subjected to different postharvest treatments. S7 

(precooling followed by external coating with 1% chitosan and packaging with 

ethylene scrubber KMnO₄) and S8 (hot water treatment followed by waxing with 6% 

carnauba wax and packaging with ethylene scrubber KMnO₄) registered lowest 

physiological loss in weight of 3.63 per cent and 3.96 per cent respectively after six 

days of storage which was on par with each other. However, highest physiological 

loss in weight of 6.80 per cent and 6.47 per cent was recorded for S3 (external coating 
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with chitosan (1%)) and S5 (packaging with ethylene scrubber KMnO₄) respectively 

after six days of storage. 

 Lowest physiological loss in weight of 5.64 per cent was noticed in S7 

(precooling followed by external coating with 1% chitosan and packaging with 

ethylene scrubber KMnO₄) after nine days of storage, whereas highest physiological 

loss in weight (6.50 %) was witnessed in S8 (hot water treatment followed by waxing 

with 6% carnauba wax and packaging with ethylene scrubber KMnO₄). 

4.2.2.3 Ion leakage (%) 

 Initial analysis (0 DAS) of papaya fruits revealed no significant difference in 

ion leakage (%) of fruits among treatments (Table 29). However, after three days of 

storage, fruits treated with various postharvest treatments, packaged in CFB box and 

stored under ambient condition witnessed significant differences in ion leakage of 

papaya fruits. Fruits subjected to precooling followed by external coating with 1% 

chitosan and packaging with ethylene scrubber KMnO₄ (S7) had least ion leakage 

(34.63 %) after three days of storage, which was on par with S8 (hot water treatment 

followed by waxing with 6% carnauba wax and packaging with ethylene scrubber 

KMnO₄)) (37.02 %). Control sample (S9) had highest ion leakage (90.25 %), which 

was followed by surface sanitization with sodium hypochlorite (150 ppm) (S2) (81.07 

%) after three days of storage. 

After six days of storage, significant differences in ion leakge (%) of papaya 

fruits subjected to different postharvest management practices was noticed. Least ion 

leakage of 63.14 % was observed in fruits subjected to precooling followed by 

external coating with 1% chitosan and packaging with ethylene scrubber KMnO₄ 

(S7), which was on par with fruits subjected to hot water treatment followed by 

waxing with 6% carnauba wax and packaging with ethylene scrubber KMnO₄ (S8)
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Table 27. Effect of postharvest management practices on shelf life of papaya 

fruit 

 

 

 

 

 

 

 

 

 

 

S1 – Precooling (Hydro cooling) 

S2 – Surface sanitization with sodium hypochlorite (150 ppm) 

S3 – External coating with chitosan (1%) 

S4 – Precooling followed by external coating with 1% chitosan 

S5 – Packaging with ethylene scrubber KMnO₄ (8g per Kg of fruit weight) 

S6 – Precooling followed by packaging with ethylene scrubber KMnO₄ 

S₇ - Precooling followed by external coating and packaging with ethylene scrubber  

       KMnO₄ 

S8 - Hot water treatment followed by waxing with 6% carnauba wax and packaging  

      with ethylene scrubber KMnO₄ 

S9 - Control 

Treatments Shelf life (days) 

S1 5.67 

S2 5.00 

S3 6.33 

S4 7.67 

S5 6.33 

S6 7.33 

S7 9.67 

S8 9.00 

S9 4.33 

SEm (±) 0.29 

CD (0.05) 0.87 
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Table 28. Effect of postharvest management practices on physiological loss in 

weight (%) of papaya fruit 

 

Treatments Physiological loss in weight (%) 

Initial (0 DAS) 3 DAS 6 DAS 9 DAS 

S1 

0.00 

4.48(2.12) - - 

S2 5.75 (2.40) - - 

S3 3.51 (1.87) 6.80 (2.61) - 

S4 2.77 (1.66) 5.83 (2.41) - 

S5 3.16 (1.78) 6.47 (2.54) - 

S6 2.47 (1.57) 5.64 (2.37) - 

S7 1.49 (1.21) 3.63 (1.90) 5.64 

S8 1.59 (1.26) 3.96 (1.99) 6.50 

S9 7.54 (2.74) - - 

SEm (±) - 0.18 (0.05) 0.18 (0.04) 0.17 

CD (0.05) - 0.52 (0.15) 0.56 (0.12) 4.64* 

     DAS: Days after storage 

     Values in bracket are square root transformed values 

     *T statistic value 

      T- Table (0.05) :  2.048 

 

S1 – Precooling (Hydro cooling) 

S2 – Surface sanitization with sodium hypochlorite (150 ppm) 

S3 – External coating with chitosan (1%) 

S4 – Precooling followed by external coating with 1% chitosan 

S5 – Packaging with ethylene scrubber KMnO₄ (8g per Kg of fruit weight) 

S6 – Precooling followed by packaging with ethylene scrubber KMnO₄ 

S₇ - Precooling followed by external coating and packaging with ethylene scrubber  

       KMnO₄ 

S8 - Hot water treatment followed by waxing with 6% carnauba wax and packaging  

       with ethylene scrubber KMnO₄ 

S9 - Control 
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Plate 8. Papaya fruits after three days of storage in each treatments 

 

S1 – Precooling  

(Hydro cooling) 

 

S2 – Surface sanitization 

with sodium hypochlorite 

(150 ppm) 
 

S3 – External coating with 

1% chitosan  

 

S4 – Precooling + external 

coating with 1% chitosan 
 

S5 – Packaging with 

ethylene scrubber KMnO₄ 
 

S6 – Precooling + 

packaging with ethylene 

scrubber KMnO₄ 
 

S₇ - Precooling + external 

coating + packaging with 

ethylene scrubber KMnO₄ 
 

S8 - Hot water treatment + 

waxing with 6% carnauba 

wax + packaging with 

ethylene scrubber KMnO₄ 
 

S9 - Control 

 



(64.23 %). S3 (external coating with chitosan (1%)) recorded highest ion leakage of 

92.24 per cent after six days of storage. 

After nine days of storage, least ion leakage of 93.41 per cent was noticed in 

fruits subjected to precooling followed by external coating with 1% chitosan and 

packaging with ethylene scrubber KMnO₄ (S7), whereas S8 (hot water treatment 

followed by waxing with 6% carnauba wax and packaging with ethylene scrubber 

KMnO₄)) registered highest ion leakage (95.78 %). 

4.2.3 Chemical quality 

4.2.3.1 Total Carotenoids (mg 100g-1) 

 Initial analysis (0 DAS) of papaya fruits revealed no significant difference in 

total carotenoid content among treatments whereas, it varied significantly among 

treatments after three days of storage (Table 30). Highest total carotenoid content 

(2.70 mg 100g-1) was recorded in control (S9) after three days of storage. It was 

followed by surface sanitization with sodium hypochlorite (150 ppm) (S2) and 

precooling (hydro cooling) (S1) with total carotenoid content of 2.55 mg 100g-1 and 

2.50 mg 100g-1 respectively which was on par. Lowest total carotenoid content of 

1.40 mg 100g-1 was found in fruits subjected to precooling followed by external 

coating with 1% chitosan and packaging with ethylene scrubber KMnO₄ (S7) after 

three days of storage. It was on par with S8 (hot water treatment followed by waxing 

with 6% carnauba wax and packaging with ethylene scrubber KMnO₄) with 1.45 mg 

100g-1 total carotenoid content. 

 After six days of storage, significant difference in total carotenoid content was 

noticed among different treatments. Highest total carotenoid content (2.77 mg 100g-1) 

was recorded in S3 (external coating with chitosan (1%)), whereas S7 (precooling 

followed by external coating with 1% chitosan and packaging with ethylene scrubber 

KMnO₄) recorded lowest total carotenoid content (1.89 mg 100g-1). 
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Table 29. Effect of postharvest management practices on ion leakage (%) of 

papaya fruit 

 

Treatments Ion leakage (%) 

Initial (0 DAS) 3 DAS 6 DAS 9 DAS 

S1 11.37 64.39 - - 

S2 11.04 81.07 - - 

S3 11.21 60.47 92.24 - 

S4 10.64 51.43 84.33 - 

S5 10.63 57.80 91.85 - 

S6 10.60 46.50 80.07 - 

S7 10.70 34.63 63.14 93.41 

S8 10.74 37.02 64.23 95.78 

S9 11.37 90.25 - - 

SEm (±) 0.29 0.98 0.97 - 

CD (0.05) NS 2.91 3.01 6.09* 

     DAS: Days after storage 

     *T statistic value 

      T-Table (0.05) :  2.048 

 

S1 – Precooling (Hydro cooling) 

S2 – Surface sanitization with sodium hypochlorite (150 ppm) 

S3 – External coating with chitosan (1%) 

S4 – Precooling followed by external coating with 1% chitosan 

S5 – Packaging with ethylene scrubber KMnO₄ (8g per Kg of fruit weight) 

S6 – Precooling followed by packaging with ethylene scrubber KMnO₄ 

S₇ - Precooling followed by external coating and packaging with ethylene scrubber  

       KMnO₄ 

S8 - Hot water treatment followed by waxing with 6% carnauba wax and packaging  

      with ethylene scrubber KMnO₄ 

S9 - Control
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Treatment S8 (hot water treatment followed by waxing with 6% carnauba wax 

and packaging with ethylene scrubber KMnO₄) recorded highest total carotenoid 

content (2.64 mg 100g-1) after nine days of storage, whereas fruits subjected to 

precooling followed by external coating with 1% chitosan and packaging with 

ethylene scrubber KMnO₄ (S7) registered lowest total carotenoid content (2.50 mg 

100g-1). 

4.2.3.2 TSS (°Brix) 

 Impact of different postharvest management practices on TSS of papaya 

variety Surya showed significant variation (Table 31) after three days of storage. 

Highest TSS of 13.23°Brix was observed in S9 (control). Fruits subjected to surface 

sanitization with sodium hypochlorite (150 ppm) (S2) recorded 12.70°Brix, which 

were on par. Lowest TSS (10.20°Brix) was found in fruits treated with precooling 

followed by external coating with 1% chitosan and packaging with ethylene scrubber 

KMnO₄ (S7) after three days of storage. It was on par with S8 (hot water treatment 

followed by waxing with 6% carnauba wax and packaging with ethylene scrubber 

KMnO₄)) and S4 (precooling followed by external coating with 1% chitosan) with 

10.33°Brix and 10.73°Brix respectively. 

 Present study also found significant variation in TSS of papaya fruits 

subjected to different post harvest treatments after six days of storage. S3 (external 

coating with chitosan (1%)) recorded highest TSS (14.33°Brix) after six days of 

storage, which was on par with S5 (packaging with ethylene scrubber KMnO₄) and S4 

(precooling followed by external coating with 1% chitosan) with TSS of 14.03°Brix 

and 13.67°Brix respectively. However, S7 (precooling followed by external coating 

with 1% chitosan and packaging with ethylene scrubber KMnO₄) recorded lowest 

TSS (11.20°Brix) and S8 (hot water treatment followed by waxing with 6% carnauba 
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Table 30. Effect of postharvest management practices on total carotenoid (mg 

100g-1) content of papaya fruit 

 

Treatments Total carotenoid (mg 100g-1) 

Initial (0 DAS) 3 DAS 6 DAS 9 DAS 

S1 0.98 2.50 - - 

S2 1.15 2.55 - - 

S3 1.29 2.34 2.77 - 

S4 1.05 1.83 2.61 - 

S5 1.01 2.20 2.69 - 

S6 1.11 2.11 2.67 - 

S7 1.02 1.40 1.89 2.50 

S8 1.01 1.45 2.11 2.64 

S9 1.12 2.70 - - 

SEm (±) 0.07 0.04 0.07 - 

CD (0.05) NS 0.13 0.22 8.25* 

     DAS: Days after storage 

     *T statistic value 

      T- Table (0.05) :  2.048 

 

S1 – Precooling (Hydro cooling) 

S2 – Surface sanitization with sodium hypochlorite (150 ppm) 

S3 – External coating with chitosan (1%) 

S4 – Precooling followed by external coating with 1% chitosan 

S5 – Packaging with ethylene scrubber KMnO₄ (8g per Kg of fruit weight) 

S6 – Precooling followed by packaging with ethylene scrubber KMnO₄ 

S₇ - Precooling followed by external coating and packaging with ethylene scrubber  

       KMnO₄ 

S8 - Hot water treatment followed by waxing with 6% carnauba wax and packaging  

      with ethylene scrubber KMnO₄ 

S9 - Control 
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wax and packaging with ethylene scrubber KMnO₄) with 11.70°Brix was on par after 

six days of storage.   

Fruits subjected to hot water treatment followed by waxing with 6% carnauba 

wax and packaging with ethylene scrubber KMnO₄ (S8) had highest TSS 

(13.97°Brix) after nine days of storage, whereas S7 (precooling followed by external 

coating with 1% chitosan and packaging with ethylene scrubber KMnO₄) registered 

lowest TSS (13.50°Brix). 

4.2.3.3 Total sugar (%) 

 Significant difference was noticed in total sugar content of papaya variety 

Surya fruits subjected to different postharvest treatments after three days of storage 

(Table 32). Highest total sugar content of 9.40 per cent was noticed in S9 (control) 

after three days of storage. Fruits subjected to surface sanitization with sodium 

hypochlorite (150 ppm) (S2) recorded total sugar content of 8.94 per cent, which were 

on par. Lowest total sugar content (5.73 %) was recorded in fruits treated with 

precooling followed by external coating with 1% chitosan and packaging with 

ethylene scrubber KMnO₄ (S7) after three days of storage. It was on par with S8 (hot 

water treatment followed by waxing with 6% carnauba wax and packaging with 

ethylene scrubber KMnO₄)) and S6 (precooling followed by packaging with ethylene 

scrubber KMnO₄) with 5.90 per cent and 6.35 per cent total sugar content 

respectively. 

 After six days of storage, significant difference was noticed in total sugar 

content of fruits subjected to different postharvest treatments. Highest total sugar 

content (9.87 %) was noticed in S3 (external coating with chitosan (1%)), which was 

on par with S5 (packaging with ethylene scrubber KMnO₄), S4 (precooling followed 

by external coating with 1% chitosan) and S6 (precooling followed by packaging with 

ethylene scrubber KMnO₄) with a total sugar content of 9.70 %, 9.49 % and 9.20 % 
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Table 31. Effect of postharvest management practices on TSS (°Brix) of papaya 

fruit 

DAS: Days after storage      

*T statistic value 

  T- Table (0.05) :  2.048 

 

S1 – Precooling (Hydro cooling) 

S2 – Surface sanitization with sodium hypochlorite (150 ppm) 

S3 – External coating with chitosan (1%) 

S4 – Precooling followed by external coating with 1% chitosan 

S5 – Packaging with ethylene scrubber KMnO₄ (8g per Kg of fruit weight) 

S6 – Precooling followed by packaging with ethylene scrubber KMnO₄ 

S₇ - Precooling followed by external coating and packaging with ethylene scrubber  

       KMnO₄ 

S8 - Hot water treatment followed by waxing with 6% carnauba wax and packaging  

      with ethylene scrubber KMnO₄ 

S9 – Control 

Treatments TSS (°Brix) 

Initial (0 DAS) 3 DAS 6 DAS 9 DAS 

S1 8.07 11.80 - - 

S2 8.37 12.70 - - 

S3 7.83 12.13 14.33 - 

S4 8.17 10.73 13.67 - 

S5 7.97 12.03 14.03 - 

S6 8.13 10.93 13.40 - 

S7 8.17 10.20 11.20 13.50 

S8 8.03 10.33 11.70 13.97 

S9 8.03 13.23 - - 

SEm (±) 0.14 0.22 0.30 - 

CD (0.05) NS 0.65 0.91 3.45* 
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respectively. However fruits treated with precooling followed by external coating 

with 1% chitosan and packaging with ethylene scrubber KMnO₄ (S7) recorded lowest 

total sugar content (7.75 %). 

Fruits subjected to hot water treatment followed by waxing with 6% carnauba 

wax and packaging with ethylene scrubber KMnO₄ (S8) had highest total sugar 

content (9.17 %) after nine days of storage, whereas S7 (precooling followed by 

external coating with 1% chitosan and packaging with ethylene scrubber KMnO₄) 

registered lowest total sugar content (8.58 %). 

4.2.3.4 Reducing sugar (%) 

 A significant difference in reducing sugar was noticed between fruits 

subjected to different postharvest treatments after three days of storage (Table 33). 

Highest reducing sugar content (8.16 %) was noticed in S9 (control) after three days 

of storage. S2 (surface sanitization with sodium hypochlorite (150 ppm)) which 

recorded 7.59 per cent and S1 (precooling (hydro cooling)) which recorded 7.52 per 

cent reducing sugar content were on par. Lowest reducing sugar content (5.36 %) was 

noticed in S7 (precooling followed by external coating with 1% chitosan and 

packaging with ethylene scrubber KMnO₄). S8 (hot water treatment followed by 

waxing with 6% carnauba wax and packaging with ethylene scrubber KMnO₄)), S4 

(precooling followed by external coating with 1% chitosan) and S6 (precooling 

followed by packaging with ethylene scrubber KMnO₄) which recorded 5.52 %, 5.71 

% and 5.77 % reducing sugar content were on par. 

 Fruits subjected to different postharvest treatments witnessed significant 

difference in reducing sugar content after six days of storage. S3 (external coating 

with chitosan (1%)) recorded highest reducing sugar content (8.63 %) after six days 

of storage, which was on par with S5 (packaging with ethylene scrubber KMnO₄), S6 

(precooling followed by packaging with ethylene scrubber KMnO₄) and S4 
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(precooling followed by external coating with 1% chitosan) (8.43 %, 8.35 % and 8.07 

% respectively). However, S7 (precooling followed by external coating with 1% 

chitosan and packaging with ethylene scrubber KMnO₄) registered lowest reducing 

sugar content (6.59 %). S8 (hot water treatment followed by waxing with 6% 

carnauba wax and packaging with ethylene scrubber KMnO₄) with 6.89 % reducing 

sugar was on par. 

 Fruits subjected to hot water treatment followed by waxing with 6% carnauba 

wax and packaging with ethylene scrubber KMnO₄ (S8) had highest reducing sugar 

content (8.43 %) after nine days of storage, whereas S7 (precooling followed by 

external coating with 1% chitosan and packaging with ethylene scrubber KMnO₄) 

registered lowest reducing sugar content (8.00 %).    

4.2.3.5 Acidity (%) 

 Acidity showed significant difference between treatments after three days of 

storage (Table 34). Lowest acidity (0.16 %) was noticed in S9 (control) after three 

days of storage. It was followed by fruits subjected to precooling (hydro cooling) (S1) 

and surface sanitization with sodium hypochlorite (150 ppm) (S2) which recorded 

0.19 per cent acidity each. Highest acidity of 0.27 per cent was noticed in papaya 

fruits subjected to precooling followed by external coating with 1% chitosan and 

packaging with ethylene scrubber KMnO₄ (S7). It was followed by S8 (hot water 

treatment followed by waxing with 6% carnauba wax and packaging with ethylene 

scrubber KMnO₄)) with 0.25 per cent acidity, which differed significantly among 

other treatments. 

 Significant differences in acidity were noticed in fruits subjected to different 

postharvest practices after six days of storage. Lowest acidity (0.14 % each) was 

noticed in S3 (external coating with chitosan (1%)) and S5 (packaging with ethylene 

scrubber KMnO₄). Highest acidity (0.22 %) was observed in S7 (precooling followed   
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Table 32. Effect of postharvest management practices on total sugar (%) content 

of papaya fruit 

DAS: Days after storage      

*T statistic value 

  T- Table (0.05) :  2.048 

 

S1 – Precooling (Hydro cooling) 

S2 – Surface sanitization with sodium hypochlorite (150 ppm) 

S3 – External coating with chitosan (1%) 

S4 – Precooling followed by external coating with 1% chitosan 

S5 – Packaging with ethylene scrubber KMnO₄ (8g per Kg of fruit weight) 

S6 – Precooling followed by packaging with ethylene scrubber KMnO₄ 

S₇ - Precooling followed by external coating and packaging with ethylene scrubber  

       KMnO₄ 

S8 - Hot water treatment followed by waxing with 6% carnauba wax and packaging  

       with ethylene scrubber KMnO₄ 

S9 - Control 

Treatments Total sugar (%) 

Initial (0 DAS) 3 DAS 6 DAS 9 DAS 

S1 5.03 8.58 - - 

S2 5.08 8.94 - - 

S3 4.75 7.26 9.87 - 

S4 4.99 6.54 9.49 - 

S5 5.10 7.53 9.70 - 

S6 5.01 6.35 9.20 - 

S7 5.00 5.73 7.75 8.58 

S8 4.92 5.90 8.14 9.17 

S9 4.99 9.40 - - 

SEm (±) 0.07 0.24 0.30 - 

CD (0.05) NS 0.72 0.94 4.82* 
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by external coating with 1% chitosan and packaging with ethylene scrubber KMnO₄). 

S8 (hot water treatment followed by waxing with 6% carnauba wax and packaging 

with ethylene scrubber) with 0.21 % acidity was on par. 

Fruits subjected to hot water treatment followed by waxing with 6% carnauba 

wax and packaging with ethylene scrubber KMnO₄ (S8) registered lowest acidity 

(0.15 %) after nine days of storage, whereas treatment S7 (precooling followed by 

external coating with 1% chitosan and packaging with ethylene scrubber KMnO₄) 

recorded highest acidity (0.16 %). 

4.2.4 Percentage disease index 

 Percentage disease index can be used as a criterion to demonstrate the impact 

of different postharvest treatments on the microbial quality of fruits registered 

significant differences among treatments after three days of storage (Table 35). Fruits 

subjected to precooling followed by external coating with 1% chitosan and packaging 

with ethylene scrubber KMnO₄ (S7) and S8 (hot water treatment followed by waxing 

with 6% carnauba wax and packaging with ethylene scrubber KMnO₄) recorded no 

fungal spoilage and fruit rots after three days of storage, with zero per cent disease 

index. It was on par with S6 (precooling followed by packaging with ethylene 

scrubber KMnO₄) with 5.56 per cent disease index. It was followed by S4 (precooling 

followed by external coating with 1% chitosan) with 11.11 % disease index. Highest 

disease index of 38.89 per cent was observed in control (S9) after three days of 

storage. It was on par with fruits subjected to precooling (hydro cooling) (S1) (33.33 

%). 
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Table 33. Effect of postharvest management practices on reducing sugar (%) 

content of papaya fruit 

       DAS: Days after storage      

      *T statistic value 

        T- Table (0.05) :  2.048  

S1 – Precooling (Hydro cooling) 

S2 – Surface sanitization with sodium hypochlorite (150 ppm) 

S3 – External coating with chitosan (1%) 

S4 – Precooling followed by external coating with 1% chitosan 

S5 – Packaging with ethylene scrubber KMnO₄ (8g per Kg of fruit weight) 

S6 – Precooling followed by packaging with ethylene scrubber KMnO₄ 

S₇ - Precooling followed by external coating and packaging with ethylene scrubber  

       KMnO₄ 

S8 - Hot water treatment followed by waxing with 6% carnauba wax and packaging  

      with ethylene scrubber KMnO₄ 

S9 - Control 

  

Treatments Reducing sugar (%) 

Initial (0 DAS) 3 DAS 6 DAS 9 DAS 

S1 4.14 7.52 - - 

S2 4.53 7.59 - - 

S3 4.16 6.34 8.63 - 

S4 4.45 5.71 8.07 - 

S5 4.26 6.43 8.43 - 

S6 4.28 5.77 8.35 - 

S7 4.41 5.36 6.59 8.00 

S8 4.41 5.52 6.89 8.43 

S9 4.48 8.16 - - 

SEm (±) 0.06 0.23 0.31 - 

CD (0.05) NS 0.68 0.95 3.11* 
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 Fruits subjected to different postharvest treatments witnessed significant 

difference in disease index percenatge after six days of storage. Packaging with 

ethylene scrubber KMnO₄ (S5) recorded highest disease index (33.33 %) after six 

days of storage. S3 (external coating with chitosan (1%)) and S4 (precooling followed 

by external coating with 1% chitosan) which recorded 30.55 % and 27.78 % disease 

index respectively after six days of storage, was on par.  

However after six and nine days of storage, lowest disease index (16.67 % 

and 27.78 % each respectively) was noticed in S7 (precooling followed by external 

coating with 1% chitosan and packaging with ethylene scrubber KMnO₄) and S8 (hot 

water treatment followed by waxing with 6% carnauba wax and packaging with 

ethylene scrubber KMnO₄). 

4.2.5 Microbial load (cfg g-1) 

 The impact of different postharvest treatments on microbial load of papaya 

variety Surya is shown in Table 36 and 37. Significant difference in bacterial and 

fungal count was noticed among fruits receiving different postharvest treatments after 

three six and nine days of storage. 

 Lowest bacterial count was witnessed in fruits subjected to precooling 

followed by external coating with 1% chitosan and packaging with ethylene scrubber 

KMnO₄ (S7) and hot water treatment followed by waxing with 6% carnauba wax and 

packaging with ethylene scrubber KMnO₄) (S8) (4.67 cfu ml⁻1 x 106 and 5.67 cfu ml⁻1 

x 106 respectively) after three days of storage (Table 37) (Plate 9). It was followed by 

S6 (precooling followed by packaging with ethylene scrubber KMnO₄) and S4 

(precooling followed by external coating with 1% chitosan) with a bacterial 

population of 14.00 cfu ml⁻1 x 106 and 14.33 cfu ml⁻1 x 106 respectively, which was 

on par with each other. Highest bacterial count of 89.33 cfu ml⁻1 x 106 was witnessed 

in control (S9) after three days of storage. It was followed by S2 (surface
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Table 34. Effect of postharvest management practices on acidity (%) of papaya 

fruit 

       DAS: Days after storage      

      *T statistic value 

        T- Table (0.05) :  2.048 

 

S1 – Precooling (Hydro cooling) 

S2 – Surface sanitization with sodium hypochlorite (150 ppm) 

S3 – External coating with chitosan (1%) 

S4 – Precooling followed by external coating with 1% chitosan 

S5 – Packaging with ethylene scrubber KMnO₄ (8g per Kg of fruit weight) 

S6 – Precooling followed by packaging with ethylene scrubber KMnO₄ 

S₇ - Precooling followed by external coating and packaging with ethylene scrubber  

       KMnO₄ 

S8 - Hot water treatment followed by waxing with 6% carnauba wax and packaging  

      with ethylene scrubber KMnO₄ 

S9 - Control 

 

 

Treatments Acidity (%) 

Initial (0 DAS) 3 DAS 6 DAS 9 DAS 

S1 0.29 0.19 - - 

S2 0.30 0.19 - - 

S3 0.29 0.22 0.14 - 

S4 0.30 0.23 0.16 - 

S5 0.29 0.21 0.14 - 

S6 0.29 0.23 0.15 - 

S7 0.30 0.27 0.22 0.16 

S8 0.29 0.25 0.21 0.15 

S9 0.30 0.16 - - 

SEm (±) 0.00 0.00 0.00 - 

CD (0.05) NS 0.02 0.03 1.47* (NS) 
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sanitization with sodium hypochlorite (150 ppm)) and S1 (precooling (hydro cooling)) 

with a bacterial population of 54.00 cfu ml⁻1 x 106 and 43.33 cfu ml⁻1 x 106 

respectively, which differed significantly among each other and among other 

treatments. 

Fruits subjected to different postharvest treatments witnessed significant 

difference in bacterial count after six days of storage. Lowest bacterial count (16.00 

cfu ml⁻1 x 106) after six days of storage was noticed in fruits subjected to precooling 

followed by external coating with 1% chitosan and packaging with ethylene scrubber 

KMnO₄ (S7). It was found to be on par with S8 (hot water treatment followed by 

waxing with 6% carnauba wax and packaging with ethylene scrubber KMnO₄) with a 

bacterial count of 16.33 cfu ml⁻1 x 106. Whereas S5 (packaging with ethylene scrubber 

KMnO₄) registered highest bacterial count (51.67 cfu ml⁻1 x 106) after six days of 

storage.  

Fruits treated with precooling followed by external coating with 1% chitosan 

and packaging with ethylene scrubber KMnO₄ (S7) had lowest bacterial count (24.33 

cfu ml⁻1 x 106) after nine days of storage. However S8 (hot water treatment followed 

by waxing with 6% carnauba wax and packaging with ethylene scrubber KMnO₄)) 

witnessed highest bacterial count (25.67 cfu ml⁻1 x 106). 

Papaya fruits subjected to precooling followed by external coating with 1% 

chitosan and packaging with ethylene scrubber KMnO₄ (S7) had a lowest fungal 

count of 1.67 cfu ml⁻1 x 103 after three days of storage (Table 37) (Plate 10). Fruits 

treated with hot water treatment followed by waxing with 6% carnauba wax and 

packaging with ethylene scrubber KMnO₄) (S8) (2.00 cfu ml⁻1 x 103) was on par. 

Control sample (S9) registered highest fungal count (22.33 cfu ml⁻1 x 103). It was 

followed by S2 (surface sanitization with sodium hypochlorite (150 ppm)) and S1
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Table 35. Effect of postharvest management practices on disease index (%) of 

papaya fruit 

 Values in bracket are angular transformed values 

   DAS: Days after storage      

*T statistic value 

  T- Table (0.05) :  2.048 

S1 – Precooling (Hydro cooling) 

S2 – Surface sanitization with sodium hypochlorite (150 ppm) 

S3 – External coating with chitosan (1%) 

S4 – Precooling followed by external coating with 1% chitosan 

S5 – Packaging with ethylene scrubber KMnO₄ (8g per Kg of fruit weight) 

S6 – Precooling followed by packaging with ethylene scrubber KMnO₄ 

S₇ - Precooling followed by external coating and packaging with ethylene scrubber  

       KMnO₄ 

S8 - Hot water treatment followed by waxing with 6% carnauba wax and packaging  

      with ethylene scrubber KMnO₄ 

S9 - Control 

Treatments Disease index (%) 

Initial (0 DAS) 3 DAS 6 DAS 9 DAS 

S1 

0.00 

33.33 (35.26) - - 

S2 27.78 (31.75) - - 

S3 16.67 (24.10) 30.55 (33.51) - 

S4 11.11 (16.45) 27.78 (31.75) - 

S5 16.67 (24.10) 33.33 (35.16) - 

S6 5.56 (8.81) 22.22 (28.03) - 

S7 0.00 (1.17) 16.67 (24.10) 27.78 

S8 0.00 (1.17) 16.67 (24.10) 27.78 

S9 38.89 (38.56) - - 

SEm (±) - 3.05 (3.69) 2.78 (1.76) - 

CD (0.05) - 9.16 (10.97) 8.56 (5.44) 0.00* (NS) 
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 (precooling (hydro cooling)) with a fungal population of 14.67 cfu ml⁻1 x 103 and 

13.67 cfu ml⁻1 x 103 respectively, which was on par with each other. 

Significant difference in fungal count was noticed in fruits subjected to 

different postharvest practices after six days of storage. Lowest fungal count was 

noticed in fruits subjected to precooling followed by external coating with 1% 

chitosan and packaging with ethylene scrubber KMnO₄ (S7) (4.67 cfu ml⁻1 x 103), 

after six days of storage. It was on par with S8 (hot water treatment followed by 

waxing with 6% carnauba wax and packaging with ethylene scrubber KMnO₄) with a 

fungal count of 5.33 cfu ml⁻1 x 103. Whereas, S3 (external coating with chitosan (1%)) 

and S5 (packaging with ethylene scrubber KMnO₄) registered highest fungal count 

(9.33 cfu ml⁻1 x 103 each) after six days of storage. 

Fruits subjected to precooling followed by external coating with 1% chitosan 

and packaging with ethylene scrubber KMnO₄ (S7) recorded lowest fungal count 

(13.33 cfu ml⁻1 x 103) after nine days of storage, whereas fruits treated with hot water 

treatment followed by waxing with 6% carnauba wax and packaging with ethylene 

scrubber KMnO₄) (S8) registered highest fungal count (14.00 cfu ml⁻1 x 103). 
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Table 36. Effect of postharvest management practices on bacterial count of 

papaya fruit 

DAS: Days after storage      

*T statistic value 

  T- Table (0.05) :  2.048 

 

S1 – Precooling (Hydro cooling) 

S2 – Surface sanitization with sodium hypochlorite (150 ppm) 

S3 – External coating with chitosan (1%) 

S4 – Precooling followed by external coating with 1% chitosan 

S5 – Packaging with ethylene scrubber KMnO₄ (8g per Kg of fruit weight) 

S6 – Precooling followed by packaging with ethylene scrubber KMnO₄ 

S₇ - Precooling followed by external coating and packaging with ethylene scrubber  

       KMnO₄ 

S8 - Hot water treatment followed by waxing with 6% carnauba wax and packaging  

      with ethylene scrubber KMnO₄ 

S9 - Control 

 

Treatments 
Bacterial count (cfu / ml x 106) 

Initial (0 DAS) 3 DAS 6 DAS 9 DAS 

S1 2.67 43.33 - - 

S2 3.33 54.00 - - 

S3 2.67 22.33 46.33 - 

S4 3.33 14.33 36.00 - 

S5 2.67 19.33 51.67 - 

S6 2.67 14.00 31.67 - 

S7 2.67 4.67 16.00 24.33 

S8 2.67 5.67 16.33 25.67 

S9 3.67 89.33 - - 

SEm (±) 0.38 0.91 0.64 - 

CD (0.05) NS 2.74 1.97 2.83* 
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         Plate 9. Effect of postharvest treatments on bacterial population (3 DAS) of papaya fruits 

 

 

S1 – Precooling  

(Hydro cooling) 
 

S2 – Surface sanitization 

with sodium hypochlorite 

(150 ppm) 
 

S3 – External coating with 

1% chitosan 
 

S4 – Precooling + external 

coating with 1% chitosan 
 

S5 – Packaging with 

ethylene scrubber KMnO₄ 
 

S6 – Precooling + 

packaging with ethylene 

scrubber KMnO₄ 
 

S₇ - Precooling + external 

coating + packaging with 

ethylene scrubber KMnO₄ 
 

S8 - Hot water treatment + 

waxing with 6% carnauba 

wax + packaging with 

ethylene scrubber KMnO₄ 
 

S9 - Control 

 



Table 37. Effect of postharvest management practices on fungal count of papaya 

fruit 

DAS: Days after storage      

 *T statistic value 

 T- Table (0.05) :  2.048 

 

S1 – Precooling (Hydro cooling) 

S2 – Surface sanitization with sodium hypochlorite (150 ppm) 

S3 – External coating with chitosan (1%) 

S4 – Precooling followed by external coating with 1% chitosan 

S5 – Packaging with ethylene scrubber KMnO₄ (8g per Kg of fruit weight) 

S6 – Precooling followed by packaging with ethylene scrubber KMnO₄ 

S₇ - Precooling followed by external coating and packaging with ethylene scrubber  

       KMnO₄ 

S8 - Hot water treatment followed by waxing with 6% carnauba wax and packaging  

      with ethylene scrubber KMnO₄ 

S9 - Control 

Treatments 
Fungal count (cfu / ml x 103) 

Initial (0 DAS) 3 DAS 6 DAS 9 DAS 

S1 0.67 13.67 - - 

S2 0.33 14.67 - - 

S3 0.67 7.33 9.33 - 

S4 0.67 6.00 8.67 - 

S5 1.00 6.67 9.33 - 

S6 0.67 5.00 8.33 - 

S7 0.33 1.67 4.67 13.33  

S8 0.33 2.00 5.33 14.00 

S9 1.33 22.33 - - 

SEm (±) 0.31 0.40 0.41 - 

CD (0.05) NS 1.20 1.26 2.65* 
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Plate 10. Effect of postharvest treatments on fungal population (3 DAS) of papaya fruits 

 

 

S1 – Precooling  

(Hydro cooling) 

 

S2 – Surface sanitization 

with sodium hypochlorite 

(150 ppm) 

 

S3 – External coating with 

1% chitosan  
 

S4 – Precooling + external 

coating with 1% chitosan 

 

S5 – Packaging with 

ethylene scrubber KMnO₄ 
 

S6 – Precooling + 

packaging with ethylene 

scrubber KMnO₄ 
 

S₇ - Precooling + external 

coating + packaging with 

ethylene scrubber KMnO₄ 
 

S8 - Hot water treatment + 

waxing with 6% carnauba 

wax + packaging with 

ethylene scrubber KMnO₄ 
 

S9 - Control 
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5. DISCUSSION 

Papaya is one of the most widely cultivated tropical fruit crops, which 

amassed popularity due to its nutraceutical properties. It is gradually arising from the 

level of a homestead crop to that of commercial crop in Kerala. The existing scenario 

requires immediate attention of researchers to improve the yield and quality of 

papaya. Veerannah and Selvaraj (1984) and Sathya et al. (2008) opined that 

nutritional requirement of papaya differs from other fruit crops because of its 

enormous yield capability, precocious bearing and indeterminate growth pattern 

which coincides with vegetative growth, flowering and fruiting. Smith et al. (1979) 

and Syvertsen and Smith, (1996) documented that fertigation which supplies accurate 

quantity of fertilizers along with water to the active root zone helps maintain 

optimum soil fertility level according to the precise requirement of each crop and 

ensuing in elevated yields and satisfactory quality of fruits. Plant growth in fruit crops 

can be controlled by the integrated supply of micronutrients with macronutrients in 

adequate amount and suitable proportions. Apart from promoting plant growth, 

micronutrients also helps imparts disease resistance in cultivated crop species. Foliar 

application of micronutrients and fertilizers has been one of the approaches to achieve 

an improvement in yield and quality of different fruit crops and to optimise use of 

chemical fertilisers (Moustafa et al., 1986; Bacha et al., 1997). 

Hence, the study on “Fertigation studies in papaya (Carica papaya L.)” was 

carried out in the Department of Fruit Science, College of Agriculture, Vellayani, 

during 2018-2020. 

The results obtained from the study are critically discussed in this chapter under the 

following heads.  

5.1 Fertigation and foliar nutrition studies in papaya 

5.2 Postharvest management practices for extension of shelf life in papaya 



5.1 FERTIGATION AND FOLIAR NUTRITION STUDIES IN PAPAYA 

5.1.1 Biometric parameters 

Impact of fertigation in combination with foliar nutrition can be easily 

diagnosed by observing biometric parameters. 

5.1.1.1 Plant height (cm) 

The study revealed a significant difference in plant height between treatments 

from 2 MAP to 16 MAP.  

At 2 MAP and 4 MAP, supply of 125 % RD of N and K through fertigation 

(T7, T8 and T9) registered highest plant height irrespective of the foliar spray (85.70 

cm, 85.36 cm and 84.98 cm respectively at 2 MAP and 112.53 cm, 110.62 cm and 

111.03 cm respectively at 4 MAP). Nevertheless, plants supplied with 75 % RD of N 

and K through fertigation (T1, T2 and T3) recorded lowest plant height irrespective of 

the foliar spray (60.16 cm, 63.15 cm and 61.21 cm respectively at 2 MAP and 91.53 

cm, 90.72 cm and 88.18 cm respectively at 4 MAP). The higher availability of major 

nutrient at initial stages, owing to their high amount of application and uptake by 

plant might have increased the plant height in these treatments at 2 and 4 MAP. 

From 6 MAP to 16 MAP, application of 100 % RD of N and K through 

fertigation and foliar sprays of 1.0 % 19:19:19 (T4) registered highest plant height 

(149.19 cm, 190.23 cm, 214.80 cm, 236.40 cm, 249.25 cm and 262.56 cm 

respectively) which was on par with treatments receiving 100 % RD of N and K 

through fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 % borax (T5) at 6 MAP, 

10 MAP and 14 MAP (147.11 cm, 211.88 cm and 245.39 cm respectively). However, 

T3 which received 75 % RD of N and K through fertigation with water spray 

registered lowest plant height from 6 MAP to 16 MAP (108.46 cm, 144.09 cm, 

164.10 cm, 176.52 cm, 192.47 cm and 201.73 cm respectively). Split application of 

adequate quantity of fertilizers during growth and development of papaya through 

164 



fertigation that enhanced fertilizer use efficiency inaddition to the foliar application 

of 19:19:19 (1.0%) might have contributed to the maximum plant height in T4. 

Similar results of enhanced plant height under 100 % fertigation was reported by 

Agrawal et al. (2010) in papaya cv. Red Lady. According to Krishnamoorthy (2011), 

fertigation which provides optimum dose of water and nutrients significantly 

increased the plant height in cocoa. Shimi (2014) reported that foliar application of 

19:19:19 at 4 MAP was beneficial in improving the plant height in banana cv. 

Nendran. 

Increase in plant height in the T5 plants can be discussed in the light of fact 

that foliar spray with zinc helps in tryptophan synthesis which is a precursor of indole 

acetic acid synthesis, which thereby results in increased tissue growth and 

development. Dawood et al. (2001) reported similar results in Washington Navel 

orange due to foliar application of zinc sulphate. Reed (1946) opined that zinc plays a 

significant function in basic processes in the cellular mechanism and respiration. 

Wood and Sibley (1950) reported the presence of zinc in chloroplast cell was deemed 

the possible causes of increased growth of plants. 

In control 1 (T13 which received KAU POP), the similar amount of nutrients 

were supplied to the soil and the performance could not be contested with any of that 

fertigation treatment. Lower nutrient use efficiency as a result of loss of nutrients 

and/or nutrient fixation in the soil might have contributed to this. 

The minimum plant height obtained in T3 can be due to the insufficient supply 

of fertilizers through fertigation (75 % RDF). Shirgure et al. (2001) reported less 

plant height with lower fertilizer dose in Nagpur mandarin. The findings of 

Deshmukh and Hardaha (2014) in papaya cv. Taiwan 786 was also in accordance 

with the study.     
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5.1.1.2 Plant girth (cm) 

 The findings obtained from the present research revealed that girth of plants 

varied significantly among treatments from 2 MAP to 16 MAP. 

At 2 MAP and 4 MAP, highest plant girth (11.29 cm and 21.99 cm 

respectively) was noticed in T7 which received 125 % RD of N and K through 

fertigation and foliar sprays of 1.0 % 19:19:19 and T3 (75 % RD of N and K through 

fertigation with water spray) registered least plant girth (6.79 cm and 12.23 cm 

respectively). The higher availability of major nutrient at initial stages, owing to their 

high amount of application and uptake by plant might have increased the plant girth 

in these treatments at 2 and 4 MAP. 

Application of 100 % RD of N and K through fertigation and foliar sprays of 

1.0 % 19:19:19 (T4) registered highest plant girth at 6 MAP, 8 MAP, 10 MAP, 12 

MAP, 14 MAP and 16 MAP (25.92 cm, 39.33 cm, 45.80 cm, 51.65 cm, 54.78 cm and 

56.92 cm). It was on par with T5 (100 % RD of N and K through fertigation and foliar 

sprays of 0.5 % ZnSO4 and 0.3 % borax) at 6 MAP, 10 MAP and at 14 MAP with 

25.36 cm, 45.75 cm and 53.03 cm plant girth respectively. However, T3 registered 

lowest plant girth (18.32 cm, 21.86 cm, 25.09 cm, 30.92 cm, 33.92 cm and 36.48 cm 

respectively) from 6 MAP to 16 MAP. Increased uptake of nutrients, nitrogen and 

potassium under optimum dose of fertigation and foliar application of 19:19:19 (1.0 

%) and ZnSO4 (0.5 %) + borax (0.3 %) might have contributed to expansion of stem 

girth. Jeyakumar et al. (2010) reported significantly higher stem girth upon 

fertigation with 100 % RD of N and K in papaya. Protein and amino acids formed by 

utilizing the absorbed nitrogen and potash might have contributed to the formation of 

new tissues (Childers, 1966). Also the nutrient doses supplied at reasonable quantity 

contributed to the increased synthesis of IAA, further facilitating the cell elongation 

and improved stem girth. Enhanced photosynthetic efficiency achieved due to 

elevated uptake and deposition of nutrients in leaf tissues contributed to the greater 
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synthesis, translocation and accumulation of carbohydrates which in turn improved 

the trunk girth (Ghanta et al., 1995). 

Shimi (2014) documented that foliar application of 19:19:19 at 6 MAP was 

beneficial in improving the pseudostem girth in banana cv. Nendran. 

Enzyme carbonic anhydrase which is involved in photosynthesis has zinc as a 

constituent. Activation of this enzyme by zinc sulphate foliar spray might have 

contributed to the enhanced photosynthesis and increase in plant girth in T5. Bahadur 

et al. (1998) reported greatest increase in stem girth upon foliar application of 1.0 % 

zinc sulphate in mango. Alloway (2008) demonstrated a 50–70 % reduction in net 

photosynthesis in different plant species without the activity of this enzyme. The 

study also revealed a reduction in food reserve and adverse tree growth based on the 

severity of enzyme deficiency.  

5.1.1.3 Number of leaves  

Observations on number of leaves recorded at bimonthly intervals from 2 

MAP to 16 MAP (peak harvest stage) showed significant variation among treatments. 

At 2 MAP, maximum number of leaves (13.67) was noted in T8 (125 % RD of 

N and K through fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 % borax), 

which was on par with T9 (125 % RD of N and K through fertigation with water 

spray) with 13.00 leaves and least number of leaves (8.89 each) was recorded in T2 

(75 % RD of N and K through fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 % 

borax) and T3 (75 % RD of N and K through fertigation with water spray). At 4 

MAP, T7 (125 % RD of N and K through fertigation and foliar sprays of 1.0 % 

19:19:19) registered a maximum leaf number (16.56), which was on par with T8 and 

T9 with a leaf count of 16.22 and 15.89 respectively and minimum number of leaves 

(10.67) was noted in T3. The higher availability of major nutrient at initial stages, 
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owing to their high amount of application and uptake by plant might have increased 

the number of leaves in these treatments at 2 and 4 MAP. 

From 6 MAP to 16 MAP, application of 100 % RD of N and K through 

fertigation and foliar sprays of 1.0 % 19:19:19 (T4) registered maximum number of 

leaves (18.11, 22.34, 29.11, 31.22, 28.67 and 25.11 respectively), which was on par 

with T5 (100 % RD of N and K through fertigation and foliar sprays of 0.5 % ZnSO4 

and 0.3 % borax) at 6 MAP, 8 MAP and 14 MAP (17.78, 21.78 and 27.78 leaves 

respectively). T3 registered minimum number of leaves from 6 MAP to 16 MAP 

(11.00, 14.89, 15.11, 16.56, 15.00, 11.67 leaves respectively).   

 Improved number of leaves in T4 and T5 could be attributed to improved 

nutrient uptake because of optimum quantity of fertigation and foliar spray with 

19:19:19 and ZnSO4 + borax. Consistent moisture level and nutrient reserve 

developed in the soil as a result of drip fertigation at frequent intervals makes the 

roots remain active for a longer period (Wuertz et al., 2000). Mishra et al. (2005) 

noticed increase in accessibility of nutrients and enhanced movement of food 

materials to the plant, grown in soil equipped with adequate and continuous moisture 

in the soil, which further accelerated the vegetative growth of plant parts.  The 

findings was in accordance with the records of Martinsson et al. (2006) in ‘Elsanta’ 

strawberries. Kachwaya and Chandel (2015) also registered more number of leaves in 

strawberry plants fertigated with full nutrient package compared to soil fertilization. 

Shimi (2014) reported that foliar spray with 19:19:19 at 4 and 6 MAP significantly 

enhanced the number of functional leaves per plant in banana cv. Nendran.  

Amino acid, tryptophan which is the precursor of auxin has zinc in its 

structure. Thus foliar spray with zinc sulphate increased the production of auxin and 

thereby enhanced the vegetative growth in papaya. Singh et al. (2010) reported 

increased metabolic activities upon foliar spray with zinc and boron which lead to 

increased plant metabolites are accountable for cell division, cell elongation and 
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ultimate plant growth. Sajid et al. (2010) noticed reduced leaf drop in plants provided 

with micronutrient foliar spray, which is achieved by increased production of 

photosynthetic compounds inside the plant tissue which ultimately give strength for 

their persistency. Singh et al. (2002) documenetd that foliar application of zinc and 

boron reduced the leaf drop and enhanced the leaf number in papaya.  

Less frequent application of nutrients and nutrients loss or fixation in the soil 

because of leaching or volatilization might have contributed to the low performance 

in control 1 (T13) when compared with fertigation method.  

5.1.1.4 Leaf Area Index 

 Leaf area index, a measure of intercepted radiation and hence a crucial 

determinant of crop growth and productivity, observed at 6, 12, 18 MAP and at last 

harvest (20 MAP) exhibited significant differences among treatments. 

 At 6, 12, 18 and 20 MAP, highest leaf area index (1.71, 4.20, 2.43 and 2.28 

respectively) was recorded in T4 supplied with 100 % RD of N and K through 

fertigation and foliar sprays of 1.0 % 19:19:19. It was found to be on par with T5 (100 

% RD of N and K through fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 % 

borax) at 12 and 20 MAP (4.11 and 2.23). Lowest value for leaf area index (1.18, 

2.71, 1.55 and 1.52) was recorded in T3 (75 % RD of N and K through fertigation 

with water spray) at all the stages of observation.  

Higher leaf area index in T4 might be due to optimum receival of major 

nutrients round the crop growth period by increased split supply through fertigation in 

relatively smaller quantity in addition to the foliar application of 19:19:19. Greater 

uptake and aggregation of nutrients in leaf tissues, contributes to the higher synthesis, 

transport and accumulation of carbohydrates further resulting in higher 

photosynthetic efficiency (Ghanta et al., 1995). Similar observations were 

documented by Srinivas (2000). Shimi (2014) reported that foliar supply with 
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19:19:19 at 4 and 6 MAP significantly increased the leaf area index in banana cv. 

Nendran. 

According to Supriya et al. (1993), amino acid tryptophan which requires zinc 

as a prerequisite for its production, is the raw material for auxin generation and auxin 

plays a significant part in improving leaf area and tree canopy, which might have 

contributed to the increased leaf area index in T5 upon foliar spray with ZnSO4. Singh 

and Rajput (1976) and Rajput et al. (1976) documented increase in leaf area per shoot 

in mango on foliar spray with zinc sulphate.  

 5.1.1.5 Height at first flowering (cm) 

 Height at first flowering in papaya plants registered significant differences 

among treatments. T4 (100 % RD of N and K through fertigation and foliar sprays of 

1.0 % 19:19:19) flowered at shortest height of 74.38 cm (Fig. 3). Flowering at 

maximum height (113.53 cm) was registered in treatment T3 (75 % RD of N and K 

through fertigation with water spray). Fertigation gives an advantage of providing 

optimum dose of nutrients to the root zone on weekly basis which can be utilized 

efficiently. Foliar application of 1% 19:19:19 in addition to fertigation might have 

contributed to the flowering at shortest height in T4. Jeyakumar et al. (2010), 

Sadarunnisa et al. (2010) and Jadhav et al. (2016) elaborated the association between 

optimum fertigation dosage and low flowering height in papaya. 

5.1.1.6 Days to flowering 

Significantly minimum number of days (142.67 days) for flowering was 

found in T5 (100 % RD of N and K through fertigation and foliar sprays of 0.5 % 

ZnSO4 and 0.3 % borax) which was found to be on par with T4 (145.78 days) (Fig. 4). 

However, T3 took significantly higher number of days (186.00 days) for flowering.
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Fig. 3. Effect of fertigation and foliar sprays on height at first flowering in 

papaya variety Surya 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures
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The explanation for least days to first flowering can be ellaborated in the light of 

evidence that fertigation plays a significant role in plant metabolism by virtue of 

being a vital constituent of distinct type of metabolically active compounds like 

amino acids, proteins, nucleic acids, prophytins, nucleotide and co- enzymes and 

promote early flowering (Agrawal et al., 2010). Improved vegetative growth and 

delayed flower initiation are the aftermath of higher N and K dose, whereas, balanced 

nutrition attained as a result of application of 100 % RDF ensured satisfactory 

growth, development and facilitated early flowering. These outcomes are in harmony 

with the findings of Shree et al. (2018) and Gonge et al. (2015).  

Also early flowering in fertigated plants could be interpreted by immediate 

production of leaves with enormous leaf area which would have resulted in 

reasonable photosynthetic activity, thus the mandatory net assimilation probably 

would have reached quickly in plants obtaining both N and K through fertigation 

(Mahalakshmi, 2000). This might have accelerated the process of flowering in papaya 

in the current study. 

Also it can be inferred from the results that treatments T5, T4, T8, T11 and T7 

which received nutrients through fertigation and different foliar sprays, significantly 

lessened the number of days for flowering (142.67 days, 145.78 days, 150.00 days, 

150.44 days and 153.33 days respectively) in comparison with control 2 (T14) (156.55 

days). Madhumathi et al. (2004) reported vigorous growth and early flowering in 

banana cv. Robusta upon effective utilization of accurately placed fertilizers to the 

active root zone in soluble form. Breakage of apical dominance achieved as a result 

of transport of growth promoting substances like cytokinin to the auxiliary buds 

resulted in the early flowering in drip fertigated plants (Gonge et al., 2015). 

According to Katyal and Dutta (1971) high C/N ratio achieved as result of frequent 

irrigation and fertigation with optimum dose might have promoted early flowering in 

mango. Nitrogen which is a component of protoplasm, available at optimum level had        
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Fig. 4. Effect of fertigation and foliar sprays on days to flowering in papaya 

variety Surya 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures
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contributed to the earliness in flowering and assisted in chlorophyll production which 

increases the photosynthetic rate leading to more production of carbohydrates, flower 

initiation and profuse flowering (Chermahini et al. 2010).  

It is clear from the study that treatments T2, T5, T8 and T11 (receiving foliar 

spray of 0.5% ZnSO4 and 0.3% borax) took minimum number of days for flowering 

at all the levels of fertigation (75 %, 100 %, 125 % and 150 % RD of N and K) than 

their respective treatments provided with foliar spray of 1.0% 19:19:19 and water 

spray. Muhammad et al. (2010) reported early flowering in sweet orange cv. Blood 

Red upon foliar spray with borax and zinc. Rahman et al. (2016) opined that foliar 

application of zinc reduced the days required to flowering (38.6 days) in strawberry 

compared to control (44.9 days). Singh et al. (2010) reported an early flowering 

(104.42 days) in papaya cv. Ranchi treated with borax at 0.50 per cent, whereas, 

control plants took 124.83 days to flower. In papaya cv. Taiwan Red Lady, Bhalerao 

et al. (2014) observed earliness in flower initiation (days) upon foliar application with 

borax. The earliness in flowering acheived in treatments receiving borax spray may 

be due to the role of boron in early flower initiation, formation of flower bud and 

production of indigenous and florigenic substances, besides incitation of pollen 

germination, pollen tube growth and fertilization process. Also, the role of boron in 

regulating the metabolism involved in transortation of carbohydrates, cell-wall 

development and RNA synthesis might contributed to the early flowering (Ram and 

Bose, 2000).  

5.1.1.7 Sex expression of plant 

T4 (100 % RD of N and K through fertigation and foliar sprays of 1.0 % 

19:19:19) recorded highest number of female plants (83.33 %) in the study. Foliar 

spray with 1 per cent 19:19:19 in addition to the application of optimum quantity of 

nutrients through fertigation might have contributed to the production of more female 
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plants. The findings are in harmony with the observation of Oliveira et al. (2004) 

where optimum availability of nitrogen to papaya plants increased the femaleness. 

In all the fertigation levels (75 %, 125 % and 150 % RD of N and K) except 

treatments receiving 100 per cent RD of N and K, foliar application of ZnSO4 (0.5 %) 

and borax (0.3 %) resulted in more number of female plants. Brahmachari et al. 

(1997) opined that foliar application of zinc sulphate 1.0 % significantly improved 

the number of pistilate flowers in litchi. Jena et al. (2018) opined that supply of 

ZnSO4 at 0.5 % in cashew cv. BPP- 8 gave highest number of perfect flowers (66.33), 

whereas, control registered lowest number of perfect flowers (49.17). Transoprtation 

of reserve food material from vegetative part to reproductive part due to application 

of ZnSO4 might have contributed to this. Physiological changes in the tissues 

influencing the flowering characters are stimulated by zinc and role of zinc in auxin 

biosynthesis also stimulated the flowering. 

Lowest hermaphrodite plants (16.67 %) was found in treatments receiving T4. 

Treatments T5 (100 % RD of N and K through fertigation and foliar sprays of 0.5 % 

ZnSO4 and 0.3 % borax) and T8 (125 % RD of N and K through fertigation and foliar 

sprays of 0.5 % ZnSO4 and 0.3 % borax) with 22.22 % hermaphrodite plants for both 

was on par. Highest number of hermaphrodite plants (61.11 %) was found in 

treatments T3 (75 % RD of N and K through fertigation with water spray) and T12 

(150 per cent of RD of N and K through fertigation with water spray). 

5.1.1.8 Number of flowers cluster⁻1 

The data on number of flowers per cluster in papaya showed significant 

difference among treatments. Highest number of flowers per cluster (2.78) was 

reported in T5. Treatments T4, T8 and T7 (125 % RD of N and K through fertigation 

and foliar sprays of 1.0 % 19:19:19) which recorded 2.67, 2.67 and 2.44 flowers per 

cluster respectively was found to be on par. Optimum availability of nutrient through 

fertigation and foliar spray leading to better flower bud differentiation and primordial 
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development might have contributed to the increased flower production in treatments 

T5, T4, T8 and T7. Jeyakumar et al. (2010) supported the findings of the present study.  

Plants which received foliar spray of ZnSO4 (0.5 %) and borax (0.3 %) (T5, 

T8, T11 and T2) registered higher number of flowers per cluster (2.78, 2.67, 2.11 and 

2.11 respectively), among treatments with different levels of fertigation (75 %, 100 

%, 125 % and 150 % RD of N and K). Increase in number of flowers per shoot upon 

foliar sray with zinc and boron was reported by Dhurve et al. (2018) in pomegranate 

cv. Ganesh. It can also be due to role of zinc in promoting the reproductive growth of 

plants and thereby causing increment in the number of flower buds. Foliar spray with 

zinc in strawberry resulted in increased number of flower buds (Rahman et al. 2016).  

However, treatments T10 (150 % RD of N and K through fertigation and foliar 

sprays of 1.0 % 19:19:19) and T12 (150 % RD of N and K through fertigation with 

water spray) recorded lowest number of flowers per cluster than control 2 (T14). 

Receival of higher dose of nitrogen to papaya plants might have contributed to this. 

Substantial nitrogen supply with considerable chance for carbohydrate synthesis is 

known to stimulate vegetative growth and lower flowering (Corbesier et al., 2002). 

ie, elevated nitrogen availability will result in low C: N ratio, which facilitates 

vegetative growth (Bernier et al., 1981 and Rideout et al., 1992). 

5.1.1.9 Fruit set (%) 

 Treatment T4 (100 % RD of N and K through fertigation and foliar sprays of 

1.0 % 19:19:19) recorded highest fruit set (86.27 %) among different treatments, 

which was found to be on par with plants receiving 100 % RD of N and K through 

fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 % borax (T5) (85.43 %) (Fig. 5). 

However, T3 (75 % RD of N and K through fertigation with water spray) recorded 

lowest fruit set (64.50 %). Enhanced synthesis of the hormones auxin and gibberellin 

achieved in plants due to increased uptake of nutrients in treatment T4 contributed to 

the highest fruit set. Several studies pointed out minimal fruit drop in crops receiving 
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water through drip irrigation. This is because water is supplied nearer to the root zone 

in this technique and soil moisture is always maintained in the field capacity range 

and no moisture stress is experienced during the flowering and fruit development 

stage, which might have contributed to the higher fruit set per cent. Singh et al. 

(2006) and Krishnamoorthy (2011) reported similar findings in mango and cocoa 

respectively.   

Zinc influences flowering and fruit set through its role in auxin biosynthesis 

as auxin play a major role in flowering and fruit set. This might have resulted in the 

increased fruit set in plants receiving T5 and T8 (125 % RD of N and K through 

fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 % borax). Also, such an 

enhanced fruit set could have been due to blended effect of zinc and boron which 

have aided in improving pollen germination, growth of pollen tube that facilitate 

timely fertilization before the stigma loses its receptivity or the style become 

nonfunctional and higher metabolites synthesis (Peres-Lopez and Reyes, 1983). 

Reduced nutrient competition among fruitlets and enhanced hormonal balance 

achieved as a result of sprays with zinc and boron aided in preventing fruit drop and 

increased their survival. Yadav et al. (2011) opined that transportation of hormones, 

food substances and other factors stimulating fruit formation to the tissue of ovary in 

higher amount was achieved as a result of micronutrients application which thereby 

contributes to higher fruit set. Jeyakumar et al. (2001) documented that in papaya cv. 

Co 5, foliar spray of boron enhanced the fruit set. Motesharezade et al. (2001) 

reported increased fruit set upon foliar spray of zinc and boron in sweet cherry. Foliar 

spraying with 1.0 per cent ZnSO4 increased the fruit set per cent in guava cv. L 49 

(Yadav et al., 2017). 

Increased foliar zinc content as a result of application of zinc at higher level, 

encourages the endogenous production of auxin thereby reducing fruit drop (Meena 

et al., 2014). 
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5.1.1.10 Time for first harvest (days) 

 The findings of the present study revealed a significant impact on time taken 

for first harvest in papaya upon application of different levels of fertigation and foliar 

sprays. Treatment T5 (100 % RD of N and K through fertigation and foliar sprays of 

0.5 % ZnSO4 and 0.3 % borax) recorded least number of days for first harvest of 

fruits (275.00 days), whereas T3 (75 % RD of N and K through fertigation with water 

spray) took more number of days (327.56 days) for first harvest (Fig. 6). Fertigation 

with nitrogen and potassium were done at weekly intervals in present study. Thus, 

papaya plants efficiently utilized the optimum application of fertilizers in solution 

form at the active root zone area leading to synthesis and deposition of 

photoassimilates. This further promoted higher growth, fruit bud differentiation and 

incited precocious flowering and early harvest (Babaji, 2013). Pandey et al. (2001) 

and Bhalerao et al. (2009) reported similar findings in banana. Balanced nutrition 

received as a result of application with 100% RDF in bitter gourd contributed to 

better growth, development and promoted early harvest (Shree et al., 2018). Foliar 

spraying with zinc sulphate and boric acid gave minimum days to first harvesting in 

pomegranate cv. Sindhuri (Yadav et al., 2018). 

5.1.2 Yield parameters 

 The findings obtained from the present study regarding the yield parameters 

of papaya are discussed below. 

5.1.2.1 Fruit weight (g) 

Treatment T4 (100 % RD of N and K through fertigation and foliar sprays of 

1.0 % 19:19:19) recorded significantly highest fruit weight (797.51 g), which was on 

par with treatment receiving 100 % RD of N and K through fertigation and foliar 

sprays of 0.5 % ZnSO4 and 0.3 % borax (T5) (792.42 g) (Fig. 7). Treatments 

receiving optimum doses of nutrients through fertigation and different foliar sprays 
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Fig. 5. Effect of fertigation and foliar sprays on fruit set (%) in papaya variety 

Surya 

 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures
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were found to have highest fruit weight. According to Sharma et al. (2013) internal 

nutritive condition of plant have improved as a result of fertigation with 100 % RD of 

N and K, resulting in enhanced photosynthesis contributing to increased growth and 

vigour. Apart from this, the fertigation accelerated transportation of photosynthates 

from source to sink and further to fruits as influenced by the growth hormones 

thereby increasing the fruit weight. Fertigation with 100 % RD of N and K improved 

the fruit weight in papaya cv. Red Lady (Jadhav et al., 2016). Similar findings were 

put forth by Jeyakumar et al. (2010) and Tank et al. (2011) in papaya cv. Co.7 and 

cv. Madhu Bindu respectively. 

Increase in fruit weight with foliar sprays of borax may be due to involvement 

of boron in hormonal metabolism, and thereby improvement in cell division and cell 

expansion.  

Zinc plays a crucial role in facilitating formation of starch and transportation 

of carbohydrates in plants. Bhatt et al. (2012) reported a significantly highest fruit 

weight in mango cv. Dashehari treated with Borax 0.5%. Suganiya et al. (2015) 

reported an increased fruit weight in brinjal by foliar application of borax at 150 ppm. 

Treatment T3 (75 % RD of N and K through fertigation with water spray) 

registered lowest fruit weight (569.84 g) in present study, which was in agreement 

with the conclusions of Deshmukh and Hardaha (2014). They documented lowest 

fruit weight in plants receiving lower dose through fertigation in papaya cv. Taiwan 

786. 

5.1.2.2 Fruit length (cm) 

 Application of 100 % RD of N and K through fertigation and foliar sprays of 

1.0 % 19:19:19 (T4) resulted in highest fruit length (16.90 cm), which was on par with 

T5 (100 % RD of N and K through fertigation and foliar sprays of 0.5 % ZnSO4 and 

0.3 % borax) (16.79 cm). The increase in fruit length upon receiving optimum doses
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Fig. 6. Effect of fertigation and foliar sprays on time for first harvest in papaya 

variety Surya 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures
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of nutrients through fertigation inaddition to foliar spraying of 19:19:19 and ZnSO4 

(0.5 %) + borax (0.3 %) may be due to the incitation in the growth of flesh. Also it 

seems that under fertigation, uniform distribution of N and K, and its confinement to 

root zone might have increased its uptake and enhanced synthesis of metabolites 

resulting increase in fruit size. Jadhav et al. (2016) inferred that application of 100 % 

RD of N and K through fertigation was favourable for higher fruit length in papaya 

cv. Red Lady. A same findings was also put forth by Kaur et al. (2019) in cucumber. 

Increase in fruit length in T5 might be due to the function of zinc in governing 

the semi-permeability of cell walls, thus mobilizing more water into fruits resulted in 

increased fruit size. Similar findings were observed in papaya by Pant and Lavania 

(1989). 

In the current study, lowest fruit length of 9.15 cm was observed in plants 

provided with 75 % RD of N and K through fertigation with water spray (T3). The 

findings are in confirmity with Sharma et al. (2005), Singh and Singh (2006) in 

papaya and Thakur (2003) in mango cv. Amrapali. 

5.1.2.3 Fruit girth (cm) 

 Plants receiving 100 % RD of N and K through fertigation and foliar sprays of 

1.0 % 19:19:19 (T4) registered highest fruit girth of 13.90 cm in the present study. It 

was on par with T5 (100 % RD of N and K through fertigation and foliar sprays of 0.5 

% ZnSO4 and 0.3 % borax) (13.74 cm). In papaya cv. Red Lady, application of 100 

% RD of N and K through fertigation registered highest fruit girth (Jadhav et al., 

2016). A related finding was also put forth in cucumber by Kaur et al. (2019). Similar 

result of increment in fruit girth due to combined application of zinc and boron was 

reported by Trivedi et al. (2012) in guava. 

Lowest fruit girth of 7.86 cm was noticed in T3 (75 % RD of N and K through 

fertigation with water spray) in present investigation. Deshmukh and Hardaha (2014)
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Fig. 7. Effect of fertigation and foliar sprays on fruit weight in papaya variety 

Surya 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures
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reported less fruit girth in plants receiving lower fertilizer dose in papaya cv. Taiwan 

786. Goud et al. (2017) also registered similar conclusions in Nagpur mandarin. 

5.1.2.4 Fruit volume (cc) 

Significant variation in fruit volume was observed among different treatments. 

Among the 14 treatments, highest fruit volume of 751.76 cc was registered in T4 (100 

% RD of N and K through fertigation and foliar sprays of 1.0 % 19:19:19), which was 

on par with T5 (100 % RD of N and K through fertigation and foliar sprays of 0.5 % 

ZnSO4 and 0.3 % borax) (744.58 cc). The increase in fruit volume in T4 and T5 could 

be ascribed to bigger size of fruits on application of optimum dose of fertilizer 

through fertigation and foliar sprays of 19:19:19 (1.0 %) and ZnSO4 (0.5 %) + borax 

(0.3 %).  

Increased fruit volume in guava cv. Bhavnagar Red due to application of zinc 

(0.6%) as foliar spray was reported by Parmar et al. (2014). Related conclusions were 

also documented by Haque et al. (2000) in Mandarin orange. Also, this may be due to 

role of boron in cell division, cell expansion and heightened volume of intercellular 

space in mesocarpic cells which might have increased the fruit volume. Shreekant et 

al. (2017) reported the role of boron in increasing the fruit volume in guava cv. L-49. 

In the present study, plants receiving 75 % RD of N and K through fertigation 

with water spray (T3) registered lowest fruit volume of 501.91 cc. The lowest fruit 

volume in T3 could be ascribed to smaller size of fruits obtained from treatment 

receiving lower fertilizer dose through fertigation. Valji (2011) supported the findings 

of present study in papaya var. Madhu Bindu. 

5.1.2.5 Physical composition (%) 

 Physical composition of papaya fruits differed significantly (Fig. 8) among 

treatments. Highest pulp percentage (83.53 %) was observed in 100 % RD of N and 

K through fertigation and foliar sprays of 1.0 % 19:19:19 (T4). It was on par with T5 
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(100 % RD of N and K through fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 

% borax) with 82.85 % pulp. Minimum pulp percentage (64.02 %) was observed in 

T3 (75 % RD of N and K through fertigation with water spray). Thakur (2003) also 

reported maximum pulp weight upon application of 100 % RDF through fertigation 

in mango cv. Amrapali.      

The weight of fruit pulp in T5 increased with the foliar sprays of zinc and 

boron in addition to application of 100 % RD of N and K through fertigation. The 

findings are in accordance with reports of Pandita (2000), who opined that foliar 

sprays of zinc (0.3 %) and boron (0.3 %) resulted in highest pulp weight (116.06 g) 

over control (70.22 g) in guava cv. Allahabad Safeda. Das and Bhattacharyya (2019) 

opined that pulp weight was influenced by the application of micronutrients in banana 

cv. Grand Naine. It indicates that both the micronutrients are very effective in 

producing more pulp either by more translocation of photosynthates (Sistler et al., 

1956), or by increasing the photosynthesis and uptake of nutrients by roots (Humble 

et al., 1970) or by synthesis of more auxin through tryptophan (Nason and Mcelroy, 

1963). Ningavva et al. (2014) studied foliar nutrition of micronutrients boron and 

zinc in banana cv. Grand Nain and reported improved quality of fruits with regard to 

higher pulp content which was attributed mainly to the role of micronutrients in rapid 

synthesis of carbohydrates and their translocation to fruits. 

Seed percentage in this study ranged from 9.10 to 24.79 per cent and it 

exhibited significant difference among treatments. Lowest seed percentage was 

registered in T5. It was on par with T4 and T8 (125 % RD of N and K through 

fertigation in combination with foliar spraying of ZnSO4 (0.5 %) + borax (0.3 %)) 

with 9.24 and 9.38 % seed respectively. T3 recorded highest seed percentage. This 

was in accordance with the findings of Yadaw (2017) who revealed a significantly 

minimum seed weight upon foliar spray with micronutrients zinc sulphate and borax 

in papaya cv. Red Lady. Hada (2013) also observed similar results in guava cv. L-49. 
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Minimum stone weight in mango cv. Amrapali was reported by Thakur (2003) upon 

receiving 100 % RDF. 

 Application of different levels of fertigation and different foliar sprays 

exhibited significant differences in peel percentage. T4 registered least peel 

percentage (7.23 %), which was on par with T5 with 8.05 % peel. Highest peel 

percentage of 11.98 was registered in T12 (150 % RD of N and K through fertigation 

with water spray). The results are in good agreement with the findings of Pathak et al. 

(2011) in banana upon foliar application of micronutrients.  

Application of optimum dose of nutrients contributed to the highest pulp/ peel 

ratio (11.55) in T4, which was followed by T5 (10.29), whereas it was lowest in T12 

(5.40). Raskar (2003) documented highest pulp/ peel ratio in banana fertigated with 

100% RDN. Das and and Bhattacharyya (2019) reported that fruit qualities like pulp/ 

peel ratio is significantly influenced by application of micronutrients along with 

fertigation in banana cv. Grand Naine.     

5.1.2.6 Flesh thickness (cm) 

 Present study revealed significant variation on flesh thickness of papaya fruit 

upon application of different levels of fertigation and different foliar sprays. Highest 

flesh thickness (3.42 cm) was observed in T4 (100 % RD of N and K through 

fertigation and foliar sprays of 1.0 % 19:19:19), which was on par with T5 receiving 

100 % RD of N and K through fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 

% borax (3.39 cm).  Treatment receiving 75 % RD of N and K through fertigation 

with water spray (T3) registered lowest flesh thickness (1.55 cm). 

Highest flesh thickness observed in T4 and T5 may be due to the efficient and 

timely usage of optimum dose of nutrients through fertigation and foliar sprays of 

19:19:19 (1.0 %) and ZnSO4 (0.5 %) + borax (0.3 %). According to Jadhav et al. 

(2016) fertigation with 100 % RD of N and K registered highest flesh thickness in 
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fruits of papaya cv. Red Lady. Rapid synthesis of carbohydrates and their 

translocation to the Banana cv. Grand Naine as a result of foliar application of zinc 

and boron was reported by Ningavva et al. (2014), which might have caused 

relatively higher flesh thickness in T5. Hada (2013) reported highest flesh thickness in 

guava cv. L-49 fruit on spraying with ZnSO4 (0.8%) and borax (0.4%). 

5.1.2.7 Number of fruits per plant 

T4 (100 % RD of N and K through fertigation and foliar sprays of 1.0 % 

19:19:19) registered highest number of fruits (48.11) in papaya (Fig. 9). It was on par 

with T5 (100 % RD of N and K through fertigation and foliar sprays of 0.5 % ZnSO4 

and 0.3 % borax) with 47.45 fruits. Efficient and timely use of optimum quantity of 

nutrients through fertigation and foliar sprays might have contributed to the highest 

number of fruits registered in T4 and T5. Similar results of increment in number of 

fruits on supply of 100 % RD of N and K was reported by Tank and Patel (2013) and 

Jadhav et al. (2016) in papaya cv. Madhu Bindu and Red Lady respectively. 

This was in confirmity with reports of Khan et al. (2012) which registered 

highest number of fruits per tree in mandarin cv. Feutrell’s Early on foliar sprays with 

boron and zinc. Gurjar et al. (2015) also reported similar results in mango cv. 

Alphonso treated with borax (0.5%) and ZnSO4 (1%) compared to plants which 

received water spray. Decrease in the fruit drop achieved as a result of micronutrient 

spray with borax and ZnSO4 might have increased the fruit number. Nijjar (1985) 

elucidated the role of zinc in preventing the formation of abscission layer and 

reducing the pre-harvest fruit drop. According to Whiley et al. (1996) foliar 

application of micronutrients in avocado during flowering increased the number of 

fruits. 

Edward (2009) opined that zinc stabilizes membrane permeability and boron 

increases photosynthesis and provides carbohydrates for calcium uptake which 

ultimately increase the number of fruits. 
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Fig. 8. Effect of fertigation and foliar sprays on physical composition (%) of 

papaya variety Surya 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures
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T3 (75 % RD of N and K through fertigation with water spray) registered 

lowest number of fruits per plant (28.45) in the present investigation. Deshmukh and 

Hardaha (2014) reported less number of fruits in plants receiving lower fertilizer dose 

in papaya cv. Taiwan 786.  

5.1.2.8 Number of seeds per fruit 

 Number of seeds per fruit was found to be significantly different among 

treatments. T4 (100 % RD of N and K through fertigation and foliar sprays of 1.0 % 

19:19:19) registered least number of seeds (383.00). It was followed by T5 (100 % 

RD of N and K through fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 % 

borax) with 407.13 seeds. Highest number of seeds per fruit (829.69) was registered 

in T3 (75 % RD of N and K through fertigation with water spray). Singh et al. (2018) 

reported that foliar application of 0.5% zinc and 0.3% boron significantly reduced the 

number of seeds in sweet orange cv. Mosambi. The reduction of seed content of 

papaya fruits as the result of supply of boron was also documented by Shanmugavelu 

et al. (1973). According to Khan et al. (2012) spraying of mandarin cv. Feutrell’s 

Early with 0.5% zinc sulphate reduced the number of seeds. Hada (2013) also 

observed reduced number of seeds in guava sprayed with ZnSO4 and borax.  

5.1.2.9 Seed germination percentage 

 Significant variation in seed germination percentage was observed among 

different treatments. T5 (100 % RD of N and K through fertigation and foliar sprays 

of 0.5 % ZnSO4 and 0.3 % borax) registered highest seed germination percentage 

(87.78 %), which was followed by T8 (125 % RD of N and K through fertigation and 

foliar sprays of 0.5 % ZnSO4 and 0.3 % borax) and T4 (100 % RD of N and K through 

fertigation and foliar sprays of 1.0 % 19:19:19) with 84.67 % and 82.89 % 

respectively. Lowest seed germination percentage of 67.78 was reported in T3 (75 % 

RD of N and K through fertigation with water spray). In tomato, highest germination 

percentage upon foliar spray with boron was reported by Santhosh, (2012). 
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5.1.2.10 Yield per plant (kg) 

Significant difference in yield per plant was reported among treatments in the 

present investigation. T4 (100 % RD of N and K through fertigation and foliar sprays 

of 1.0 % 19:19:19) recorded highest yield (38.30 kg plant⁻1). It was on par with T5 

(100 % RD of N and K through fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 

% borax) with 37.60 kg plant⁻1 (Fig. 10). 

Higher yield per plant obtained in treatments T4 and T5 might be due to supply 

of optimum dose of fertilizers through fertigation (100 % RD of N and K) in addition 

to foliar spray with 19:19:19 and ZnSO4 + borax, leading to more preferential inflow 

of photosynthates to the sink leading to increased fruit weight. Precise and timely 

supply of fertilizers through fertigation reduces nutrient loss and increases the 

nutrient use efficiency which contributes to high yied (Kumar et al., 2007). 

According to Gutal et al. (2005), fertigation significantly improved the yield 

of strawberry compared to soil application of fertilizers. Raina et al. (2005) also 

noticed appreciably improved apricot fruit yield under fertigation trial over 

conventional soil fertilization. Higher yield obtained upon application of fertilizers 

through an irrigation system by the use of drippers, as a result of increased fertilizer 

use efficiency, reduced fertilizer application dosages and enhanced return on the 

fertilizer invested was reported by Hagin et al. (2002). Bravdo and Proebsting (1993) 

pointed that application of optimum quantity of fertilizing solutions and higher root 

density in the wetted soil volume as the potential factors on which effectiveness of 

fertigation depends upon. 

Shimi (2014) reported that foliar sprays of 19:19:19 at 2, 4 and 6 MAP 

significantly enhanced the number of hands in banana cv. Nendran. 
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Fig. 9. Effect of fertigation and foliar sprays on number of fruits per plant of 

papaya variety Surya 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures
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 These observations are in concordance with the work of Kavitha et al. (2000). 

They documented that in papaya cv. CO.5, foliar application of 0.1% boric acid and 

0.5% zinc sulphate at 4th and 8th month after planting increased the yield. Role of zinc 

in regulating the semi-permeability of cell walls helps mobilize more water into fruits 

resulting in increased fruit size, thereby enhancing fruit yield. According to Sahota 

and Arora (1981), foliar application of zinc in sweet orange increased the fruit yield 

by enhancing the fruit weight. 

Mansour et al. (1985) reported increased fruit set, reduced pre-harvest fruit 

drop and increased yield in guava trees upon foliar spray with 1.0 % zinc sulphate 

applied at full bloom stage. Garcia et al. (1984) documented that enhanced flowering 

and minimal fruit drop in sweet orange as a result of increased leaf zinc concentration 

contributed to higher fruit yield. Also boron application might have uplifted the 

movement of metabolites from source (leaf) to sink (fruit) and promoted the 

accumulation of dry matter within the fruits, resulting into higher yield. Usenik and 

Stampar (2002) reported higher yield in zinc + boron treated trees of sweet cherry. 

The present study noticed lowest yield (16.21 kg plant⁻1) in T3 (75 % RD of N 

and K through fertigation with water spray) which obtained lowest nutrient dose. 

Deshmukh and Hardaha (2014) also reported lowest yield in plants receiving lower 

fertilizer dose in papaya cv. Taiwan 786. In banana cv. Grand Naine, Mane et al. 

(2016) reported similar findings. 

5.1.2.11 Yield ha-1 

Highest yield per hectare (95.76 t ha⁻1) was recorded in T4 (100 % RD of N 

and K through fertigation and foliar sprays of 1.0 % 19:19:19), which was on par 

with T5 (100 % RD of N and K through fertigation and foliar sprays of 0.5 % ZnSO4 

and 0.3 % borax) with an yield of 93.99 t ha⁻1. Lowest yield per hectare (40.52 t ha⁻1) 
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was noticed in T3 receiving 75 % RD of N and K through fertigation with water 

spray. 

Optimum nutrient concentration in the root zone maintained throughout the 

crop growth period by supply of optimum dose of nutrients through fertigation 

enhanced the fruit yield in T4 and T5 by way of increasing weight, diameter and 

length of fruit. Also, these increase in yield can be justified by the fact that timely 

application of judicious amounts of nutrients directly to the crop root zone by 

fertigation improved the nutrient use efficiency of crops and reduced the N and K 

losses through leaching and percolation (Rolston et al., 1986; Mahalakshmi et al., 

2001; Kavino et al., 2002). Growth attributes of plants witnessed an increasing trend 

with fertigation due to enhanced uptake of moisture and nutrients which increases the 

photosynthetic rate and absorption of photosynthetically active radiation. It will 

further leads to translocation of photosynthates towards reproductive organ (sink) 

which results in increased yield of plant (Kaur et al., 2019). Also, the cumulative 

effect of fertigation with optimum dose and foliar sprays of 19:19:19 and zinc 

sulphate with borax might have helped to increase the fruit size and fruit weight and 

thereby increase in fruit yield. Lesser availability of nutrients might have contributed 

to the low yield in T3. 

5.1.2.12 Days taken for maturity  

 The results of present study revealed significant difference in days taken for 

maturity among treatments. Least number of days for fruit maturity (119.44 days) 

was noticed in T4 (100 % RD of N and K through fertigation and foliar sprays of 1.0 

% 19:19:19) (Fig. 11). Treatments T5 (100 % RD of N and K through fertigation and 

foliar sprays of 0.5 % ZnSO4 and 0.3 % borax), T8 (125 % RD of N and K through 

fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 % borax) and T7 (125 % RD of 

N and K through fertigation and foliar sprays of 1.0 % 19:19:19) which reported
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Fig. 10. Effect of fertigation and foliar sprays on yield per plant (kg) of papaya 

variety Surya 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures
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120.22 days, 120.33 days and 122.33 days respectively for fruit maturity were on par. 

Plants receiving 75 % RD of N and K through fertigation with water spray (T3) 

recorded maximum days (132.33 days) for attaining fruit maturity.   

Tank et al. (2011) reported minimum days for attaining fruit maturity after 

flowering in papaya cv. Madhu Bindu receiving 100 per cent RDF through 

fertigation. The findings of current study are in concordance with those of Sharma et 

al. (2005) and Sadarunnisa et al. (2010) in papaya. Kolesnik and Cerevitinov (1966) 

reported that spray of zinc sulphate during flowering and again in August not only 

increased the enzymatic activity but promotes early maturity in apple. Mane et al. 

(2016) noticed maximum days for attaining fruit maturity after flowering in plants 

receiving lower fertilizer dose in banana cv. Grand Naine.  

5.1.2.13 Days taken for ripening  

Significant difference in days taken for fruit ripening was noticed among 

treatments in the present study. Significantly highest days to ripening of fruits (10.44 

days) was reported in T5 (100 % RD of N and K through fertigation and foliar sprays 

of 0.5 % ZnSO4 and 0.3 % borax). It was followed by treatments T8 (125 % RD of N 

and K through fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 % borax), T4 (100 

% RD of N and K through fertigation and foliar sprays of 1.0 % 19:19:19) and T11 

(150 % RD of N and K through fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 

% borax), which was on par. Minimum days for fruit ripening (6.11 days) was 

observed in treatment T3 which received 75% RD of N and K through fertigation with 

water spray. Optimum nutrients available throughout the plant growth and fruiting 

period in T5  might have increased the membrane resistance to bio-chemical changes 

(Bhatt et al., 2012) and leads to maximum days for fruit ripening, but the insufficient 

availability of nutrients might have caused rapid ripening of fruits in T3. 

Thirupathaiah et al. (2017) reported maximum number of days to ripening in sapota 

cv. Kalipatti sprayed with ZnSO4 and borax. 
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5.1.3 Fruit quality parameters 

 Fertilizer application through fertigation improves water and nutrient 

availability in soil and therefore, it is readily available to trees and facilitates positive 

effects on several aspects of fruit quality (Nirgude et al., 2018). 

5.1.3.1 Total soluble solids (°Brix)  

Significant difference in TSS of fruits was observed among the treatments in 

the present study. T5 (100 % RD of N and K through fertigation and foliar sprays of 

0.5 % ZnSO4 and 0.3 % borax) recorded highest TSS (15.10°Brix). It was on par with 

T8 (125 % RD of N and K through fertigation and foliar sprays of 0.5 % ZnSO4 and 

0.3 % borax) with a TSS of 14.90°Brix. Treatment T3 (75 % RD of N and K through 

fertigation with water spray) registered lowest TSS (12.50°Brix). 

Maximum TSS in Kinnow mandarin upon treatment with 100 % NPK as 

fertigation was reported by Grace (2011). Trivedi et al. (2012) reported highest TSS 

in guava (Psidium guajava L.) applied with 0.5 % boric acid and 0.6 % zinc sulphate. 

Similar findings of higher TSS content due to foliar application of boron and zinc 

have also been reported by Kavitha et al. (2000), Singh et al. (2010) in papaya and 

Singh and Kaur (2016) in litchi cv. Dehradun.  

Efficient translocation of photosynthates from source to the fruit by regulation 

of boron might have contributed to the higher total soluble solids in T5 and T8. 

Marschner (1995) documented that boron facilitates sugar transport within the plant. 

Sugar-borate complex can more easily transverse the membrane (Singh et al., 2009). 

Since boron helps in the trans-membrane sugar transport, this may be the cause of 

TSS improvement (Gauch and Dugger, 1953). Also increase in TSS content with the 

micronutrient spray may be associated with the quick metabolic transformation of 

starch and pectin into soluble compounds and rapid translocation of sugars from 

leaves to developing fruits (Brahmachari and Rani, 2001). 
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5.1.3.2 Acidity (%)  

The present study revealed significant difference in acidity of fruits upon 

application of different levels of fertigation and foliar sprays. Fruits from treatment 

T5 (100 % RD of N and K through fertigation and foliar sprays of 0.5 % ZnSO4 and 

0.3 % borax) recorded lowest titratable acidity (0.13 %), whereas T3 (75 % RD of N 

and K through fertigation with water spray) registered highest titratable acidity (0.28 

%). 

Abedy (2001) reported that zinc has an important role in photosynthesis and 

enzyme activation, resulting in increasing sugar and decreasing acidity. Earliness in 

ripening achieved due to borax treatment leads to degradation of acid and aided in 

preventing polymerization of sugar and accumulation of more sugar in the cells of 

fruits (Hada, 2013). Similar findings of reduced acidity in papaya upon foliar sprays 

of boron and zinc with other nutrients was reported by Singh et al. (2010). Similar 

observations were also documented by Patel et al. (2010) in banana cv. Basrai and 

Yadav et al. (2018) in pomegranate cv. Sindhuri. Rashmi and Singh (2007) found that 

foliar spray of boron on mango trees cv. Langra reduced the titratable acidity of fruit. 

5.1.3.3 Total carotenoids (mg100g-1) 

Significant difference in total carotenoid content of fruits was observed 

among treatments in the present study. Treatments receiving balanced nutrition 

inclusive of major and micro nutrients (T5 - (100 % RD of N and K through 

fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 % borax) recorded highest total 

carotenoid content (2.21 mg 100g-1), whereas plants receiving lower dose of nutrients 

ie., 75 % RD of N and K through fertigation with water spray (T3) registered lowest 

total carotenoid content (1.46 mg 100g-1). Foliar spray with boric acid 0.02 per cent 

significantly increased the carotenoids content in mango when compared to control 

(Sankar et al., 2013). Nirgude et al. (2016) documented that carotenoid contents were 
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Fig. 11. Effect of fertigation and foliar sprays on days for fruit maturity in 

papaya variety Surya 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures
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found to be decreased in the treatments with higher doses of fertigation in Citrus 

sinensis cv. Mosambi; this might be because of the fact that higher potassium levels 

results in fruits with poor carotenoids. 

5.1.3.4 Ascorbic acid (mg 100g-1) 

Ascorbic acid content of papaya fruits showed significant difference among 

treatments. T5 (100 % RD of N and K through fertigation and foliar sprays of 0.5 % 

ZnSO4 and 0.3 % borax) recorded highest ascorbic acid content of 68.38 mg 100g-1. 

It was found to be on par with T8 which received 125 % RD of N and K through 

fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 % borax (67.69 mg 100g-1). T3 

(75 % RD of N and K through fertigation with water spray) recorded lowest ascorbic 

acid content (43.42 mg 100g-1). 

Application of optimum levels of nitrogen might have enhanced the synthesis 

and catalytic activity of several enzymes and co-enzymes which are required for 

ascorbic acid synthesis (Boora and Devi, 2000), which have contributed to the higher 

ascorbic acid content in T5. Fertigation with 100 % RD of N and K significantly 

enhanced the ascorbic acid content in papaya (Jeyakumar et al., 2010). 

The positive influence of zinc and boron sprays on ascorbic acid content may 

be due to efficient synthesis and translocation of vitamin C content to the developing 

fruits. Apart from this zinc plays a crucial role in the production of auxin in plant 

species (Alloway, 2008), and according to Nakhlla (1998) in Navel orange and 

Nawaz et al. (2008) in Kinnow mandarin the ascorbic acid content increases with 

production of auxin. 

Higher synthesis of nucleic acid by virtue of plant metabolism on application 

of 0.6 per cent ZnSO4 with 0.5 per cent boric acid contributed to the augmented 

synthesis of ascorbic acid in guava fruit (Trivedi et al., 2012). The role of ZnSO4 and 
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borax in improving the ascorbic acid content have also been elucidated by Singh and 

Chhonkar (1983), Wahid et al. (1991) in guava, and Rai et al. (1988) in orange. 

5.1.3.5 Total sugar (%) 

Plants receiving 100 % RD of N and K through fertigation and foliar sprays of 

0.5 % ZnSO4 and 0.3 % borax (T5) recorded highest total sugar content (9.66 %) 

which may be due to receival of well balanced nutrition inclusive of major and micro 

nutrients. However, T3 (75 % RD of N and K through fertigation with water spray) 

which received lower dose of nutrients performed inferiorly with lowest total sugar 

content of 7.15 %. Nutrition has a significant positive role on plant physiological 

mechanisms related to quality especially activation of many important enzymes 

aiding in accumulation and translocation of sugars (Malvi, 2011). Absorption of 

optimum quantity of nitrogen from 100 % RD of N and K through drip might have 

exerted a regulatory role in affecting the fruit quality, contributing to higher sugar 

content of fruits. 100 % RD of N and K through drip irrigation registered higher total 

sugar content in papaya (Jeyakumar et al., 2010). 

The increase in sugar content in T5 and T8 could be due to enhanced sugar 

movement from leaves to developing fruits by boron. Dugger (1983) and Singh et al. 

(2009) explained the mechanism of such rapid translocation of sugar under boron 

application. Sugar-borate complex formed by the reaction of borate with sugar can 

more easily transported within the plant (able to transverse membrane). Findings are 

in agreement with the documents of Babu and Yadav (2005) who reported that 

application of zinc and boron increased the total sugar percentage in Khasi mandarin. 

Bauri et al. (2014) also documented maximum total sugar in banana cv. Martaman on 

application with borax (0.1 %). 
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5.1.3.6 Reducing sugar (%) 

 Reducing sugar content of papaya fruits registered significant difference 

among the treatments under study. Highest reducing sugar content (8.05 %) was 

noticed in T5 (100 % RD of N and K through fertigation and foliar sprays of 0.5 % 

ZnSO4 and 0.3 % borax), which was on par with T8 (125 % RD of N and K through 

fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 % borax) (7.98 %). However, T3 

(75 % RD of N and K through fertigation with water spray) registered lowest 

reducing sugar content (5.97 %) in fruits. 

Highest reducing sugar content in T5 may be due to role of zinc in improving 

the auxin content and it also acts as a catalyst in oxidation reduction processes in 

plants. Zinc also aids in other enzymatic reaction like transformation of 

carbohydrates, activity of hexokinase and formation of cellulose and change in sugar. 

Also the highest reducing sugar content in T5 and T8 might be due to the role of 

micronutrient in photosynthetic processes, translocation of photosynthates and other 

metabolic and physiological processes in the plant (Das and Bhattacharyya, 2019). 

Kumari and Deb (2018b) documented that foliar sprays of borax (0.5 %) and ZnSO4 

(0.5 %) significantly influenced the reducing sugar content of pineapple cv. 

Mauritius. Sankar et al. (2013) also reported maximum reducing sugar in mango cv. 

Alphonso on application with borax (0.02 %). Thakur and Singh (2004) registered 

highest reducing sugar in mango, supplied with 100 % RD of N and K applied 

through drip irrigation. 

5.1.3.7 Non reducing sugar (%) 

 Present study revealed significant variation on non reducing sugar content of 

papaya fruit upon application of different levels of fertigation and foliar sprays. 

Highest non reducing sugar content (1.61 %) was observed in T5 (100 % RD of N and 

K through fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 % borax). However, 
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plants receiving 150 % RD of N and K through fertigation with water spray (T12) 

registered lowest non reducing sugar content (1.12 %). 

In guava cv. Apple Colour foliar spray with zinc sulphate significantly 

influenced the non reducing sugar (Rajesh et al., 2016). Sankar et al. (2013) also 

reported maximum non reducing sugar in mango cv. Alphonso on application with 

borax (0.02 %).    

5.1.3.8 Shelf life (days) 

 Longest shelf life of 5.78 days was recorded in fruits from T5 (100 % RD of N 

and K through fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 % borax) (Fig. 

12), which was on par with T8 (125 % RD of N and K through fertigation and foliar 

sprays of 0.5 % ZnSO4 and 0.3 % borax) (5.22 days). In addition to foliar sprays with 

zinc and boron, application of nutrients and water through fertigation in a sustainable 

manner and their optimum utilisation by the papaya plants contributed to the 

increased shelf life of fruits. The findings are in confirmity with Raja (2010) and 

Shekhar et al. (2010) in papaya. Improvement in post harvest shelf life of pointed 

gourd upon application with 100 % RDF through fertigation was documented by 

Nayak et al. (2018). 

Chaturvedi et al. (2005) opined that foliar spraying with 0.6% zinc sulphate 

bestowed the maximum shelf life in strawberry cv. Chandler. Raja (2010) reported 

that boron nutrition had significant influence on post harvest life of papaya, because 

of its role in calcium mobility and cell wall formation. Also, the probable reason for 

increase in shelf life might be due to increase in concentration of boron in middle 

lamella of cell wall which provides physical strength to cell wall (Singh et al. 2017). 

Shear (1980) opined that the reduction in total nitrogen in fruit due to boron nutrition 

is also another reason for better shelf life since nitrogen is known to increase 

respiration and reduce post harvest life. 
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In the present study shortest shelf life of 3.78 days was observed in fruits from 

T3 (75 % RD of N and K through fertigation with water spray). 

5.1.3.9 Sugar/ acid ratio 

 Highest sugar/ acid ratio (74.31) reported in T5 may be due to an increase in 

sugar content at ripening stage with lower acidity of papaya fruits. Haneef et al. 

(2014) noticed a higher sugar/ acid ratio on fertigation with 100 % RD in 

pomegranate cv. Bhagwa. Trivedi et al. (2012) documented increased sugar/ acid 

ratio in guava fruits on foliar spraying with micronutrients zinc and boron. Similar 

findings were also reported by Singh et al. (2010) in papaya cv. Ranchi.  

In present study, least sugar/ acid ratio of 25.54 was noticed in T3. Nirgude et 

al. (2016) reported least sugar/ acid ratio in treatments receiving lowest dose of 

fertigation in Citrus sinensis cv. Mosambi.    

5.1.3.10 Organoleptic evaluation (nine point hedonic scale)  

Apart from the supply of major nutrients in optimum quantities, foliar spray 

of micronutrients have positive impact on organoleptic qualities of papaya fruits. The 

mean rank scores for appearance, colour , flavour, texture, odour, taste, after taste and 

overall acceptability were highest for fruits obtained from T5 (100 % RD of N and K 

through fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 % borax) with highest 

total score of 64.55. Sugar/ acid ratio in T5 was found to be highest among different 

treatments which might have contributed to this better organoleptic score. Haneef et 

al. (2014) observed highest organoleptic rating in pomegranate cv. Bhagwa 

supplemented with 100 per cent fertilizer through drip. Paul and Nair (2015) reported 

the efficiency of foliar spray with micronutrients on improving the sweetness and 

overall acceptability of banana cv. Nendran. Bhoyar and Ramdevputra (2016) also 

reported that foliar sparys of micronutrients zinc, iron and boron on guava cv. Sardar 
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L-49 enhanced the sensory parameters of fruits. Thirupathaiah et al. (2017) also 

witnessed similar findings in sapota cv. Kalipatti.  

 In the present study least total score of 53.93 was recorded in fruits obtained 

from T3 (75 % RD of N and K through fertigation with water spray). 

5.1.4 Index leaf analysis for primary, secondary and Micronutrients (B and Zn) 

 Plant analysis for leaf nitrogen content done at 6 MAP indicated significant 

difference between treatments which ranged from 1.18 per cent to 2.29 per cent. 

Highest percentage of leaf nitrogen was observed in T10 (150 % RD of N and K 

through fertigation and foliar sprays of 1.0 % 19:19:19), which was followed by T11 

(150 % RD of N and K through fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 

% borax) and T12 (150 % RD of N and K through fertigation with water spray). 

Lowest leaf nitrogen content was noticed in T3 (75 % RD of N and K through 

fertigation with water spray), which was followed by T13 (KAU POP - control 1). 

According to Smith, (2001) nitrogen losses in the soil tree system by way of 

ammonia volatilization and nitrate leaching can be reduced by delivering nitrogen 

through fertigation, which has contributed to highest leaf nitrogen content in 

treatments T10, T11 and T12. Also application of higher dose (150 % RD) of N through 

fertigation may have contributed to this. Similar results were put forth by Wold and 

Opstad (2007) in strawberry wherein, higher leaf nitrogen was recorded in treatment 

receiving higher dose of nitrogen fertilizer through fertigation. The application of 

nitrogen in one time or in bulk is likely to convert into nitrate which being highly 

mobile, has tendency to move to the periphery of the water front and remain 

unavailable to the tree (Haynes, 1985), which might have contributed to the reduced 

leaf nitrogen content in T13 (KAU POP - control 1). Jeyakumar et al. (2010) also 

observed similar findings in papaya cv. Co.7.  

Considering the nature of precipitation and clogging in drippers, phosphorus 

was applied directly into soil as basal dose and statistical analysis of phosphorus 
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content of leaf petiole did not register any significant difference between treatments. 

Similar reports were observed by Jeyakumar et al. (2010) in papaya cv. Co.7 and 

Babaji (2013) in papaya cv. Red Lady. 

Plant petiole analysis done at 6 MAP revealed significant variation in leaf 

potassium content. Highest leaf potassium content (2.99 %) was noticed in T10, which 

was followed by T12 and T11 (Table 18). Whereas, lowest leaf potassium content (1.98 

%) was noticed in T3, which was followed by T13 (KAU POP - control 1). Better 

diffusion of potassium achieved under optimum moisture conditions leads to higher 

K concentration in leaf petioles (Balasubramanian and Rao, 1984). Also, application 

of higher dose (150 % RD) of K through fertigation may have contributed to the 

increased potassium content in leaves. In strawberry plants, higher leaf potassium 

was recorded in treatments supplied with higher dose of potassium fertilizer through 

fertigation (Wold and Opstad, 2007). In papaya cv. Red Lady, Babaji (2013) 

documented similar findings. 

Increased availability of N and K in soil, in addition to regular and optimum 

supply of water near root zone area through drip might be resulted in better 

absorption of these nutrients by papaya plants which might be reflected as increased 

content of N and K in leaves. Intermitent application of nutrients through drip system 

in fertigation improved the nutrients uptake in plants (Sathya et al., 2008). It is 

achieved because of the continuous replenishment of nutrients in the depletion zone 

at the vicinity of root interface and by enhanced transport of dissolved nutrients by 

mass flow, due to the higher water content in the medium. Leaching loss and fixation 

in the soil might have reduced availability of nutrients to plants in treatments 

receiving full dose of N, P and K through conventional method, resulting in low N, P 

and K content in the leaves of papaya. 

Calcium content of papaya petiole observed at 6 MAP revealed significant 

difference among treatments. Highest calcium content (0.57 %) was registered in T5, 
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Fig. 12. Effect of fertigation and foliar sprays on shelf life (days) of papaya fruits 

variety Surya 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures
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which was followed by T8 (125 % RD of N and K through fertigation and foliar 

sprays of 0.5 % ZnSO4 and 0.3 % borax) and T4. Lowest calcium content of 0.16 % 

was noticed in T3. Synergetic relationship between calcium and zinc might have 

contributed to the increased leaf calcium content in treatment receiving foliar spray 

with zinc. Razzaq et al. (2013) reported that foliar sprays with zinc sulphate increased 

leaf calcium content in Kinnow mandarin. Similar findings were put forth by Samra 

(1985) in Balady mandarin. 

Present study revealed significant variation on magnesium content of leaf 

petiole between treatments at 6 MAP. Highest magnesium content (0.29 %) was 

noticed in T5, which was followed by T8 and T4. T3 recorded lowest magnesium 

content (0.08 %). Kachwaya and Chandel (2015) observed highest leaf magnesium 

content in drip fertigated strawberry (cv. Chandler) plants with RD of N and K.  

Sulphur content of leaf petiole estimated at 6 MAP revealed significant 

variation among treatments. T5 registered highest sulphur content (0.33 %), which 

was followed by T8 and T4. However, lowest sulphur content (0.12 %) was noticed in 

T3. 

In the present study, zinc content of papaya petiole registered significant 

variation among treatments. Leaf zinc content ranged from 14.97 ppm to 32.00 ppm 

at 6 MAP. Highest zinc content was noticed in treatment T8, which was followed by 

T5, T11 and T2 (75 % RD of N and K through fertigation and foliar sprays of 0.5 % 

ZnSO4 and 0.3 % borax). However, T3 recorded lowest zinc content. According to 

Davarpanah et al. (2016) tree nutrient status in pomegranate was improved due to 

application of zinc and boron which resulted in increased leaf concentrations of both 

microelements. Nijjar et al. (1976) registered a higher zinc concentration in leaves of 

mango supplied with 0.2% zinc sulphate as foliar spray. Bahadur et al. (1998) also 

reported significantly higher concentration of zinc in leaf tissue of mango, foliar 

sprayed with zinc sulphate. 
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Plant petiole analysis for boron done at 6 MAP revealed significant variation 

among treatments. Boron content ranged from 17.92 ppm to 38.93 ppm. T8 registered 

highest boron content. It was followed by T5, T11 and T2. T3 registered lowest boron 

content in leaf petiole. In 1999, Maurer and Taylor reported that boron sprays 

increased the leaf boron concentration in navel orange. A similar result was also put 

forth by Raja (2010) in papaya cv. Surya and Khan et al. (2012) in mandarin cv. 

Feutrell’s Early. 

5.1.5 Pest and diseases incidence (%) 

 Pest and disease incidence did not show any variation due to different 

treatments. 

5.1.6 Nutrient (N, P, K) concentration studies of fruits at peak harvest stage 

 Nitrogen content of fruit estimated at peak harvest stage (16 MAP) revealed 

significant difference among treatments. Fruit nitrogen content ranges from 1.19 per 

cent to 1.89 per cent. Highest fruit nitrogen content was noticed in T12 (150 % RD of 

N and K through fertigation with water spray). It was followed by T10 (150 % RD of 

N and K through fertigation and foliar sprays of 1.0 % 19:19:19) and T9 (125 % RD 

of N and K through fertigation with water spray). Lowest fruit nitrogen content was 

reported in T3 receiving 75 % RD of N and K through fertigation with water spray. 

Nikzad et al. (2020) reported that total uptake of nitrogen by cabbage curds increased 

with increasing fertilizer doses through fertigation. 

 Phosphorus content of fruits estimated at peak harvest stage (16 MAP) 

revealed no significant variation among treatments. 

 Statistical analysis of fruit potassium content estimated at peak harvest stage 

(16 MAP) revealed significant variation among treatments. T12 registered highest 

fruit potassium content (2.45 %). It was followed by T10. Lowest fruit potassium 

content (1.33 %) was recorded in fruits obtained from T3.  
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5.1.7 Soil analysis (available N, P, K) after the experiment 

 The statistical analysis of soil nitrogen content estimated after the experiment 

revealed significant variation among treatments. Soil nitrogen content ranged from 

179.32 kg ha-1 to 243.13 kg ha-1. Highest soil nitrogen content was observed in field 

receiving 150 % RD of N and K through fertigation and foliar sprays of 0.5 % ZnSO4 

and 0.3 % borax (T11), which was found to be on par with T12 (150 % RD of N and K 

through fertigation with water spray). Lowest soil nitrogen content was observed in 

T13 (KAU POP - control 1). Available nitrogen and potassium content of soil showed 

increasing trend with increasing fertilizer doses. The increased available nitrogen in 

soil with higher level of fertilizer application might be due to direct contribution 

towards the available nitrogen pools in the soil (Nikzad et al., 2020). Tank and Patel 

(2013) opined that the plots treated with higher level of fertilizers recorded higher 

available N in soil, which might be due to higher availability on higher the dose of 

application. 

 The phosphorus status in soil was not influenced significantly due to different 

treatment under study. This may be due to immobile nature of phosphorus in soil. 

 Highest soil potassium content (326.89 kg ha-1) was observed in T10 (150 % 

RD of N and K through fertigation and foliar sprays of 1.0 % 19:19:19), which was 

on par with T12 (326.66 kg ha-1). Application of KAU POP (control 1 - T13) registered 

lowest soil potassium content of 263.51 kg ha-1. Available potassium content of soil 

showed increasing trend with increasing fertilizer doses. The increased available 

potassium in soil with higher level of fertilizer application might be due to direct 

contribution towards the available potassium pools in the soil (Nikzad et al., 2020). 

Tank and Patel (2013) opined that the plots treated with higher level of fertilizers 

recorded higher available K2O in soil, which might be due to higher availability on 

higher dose of application.  
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5.1.8 Economic analysis 

 In the present study, application of different levels of fertigation and foliar 

sprays caused significant variation in gross income, net income and B : C ratio. 

Treatment receiving 100 % RD of N and K through fertigation and foliar sprays of 

1.0 % 19:19:19 (T4) registered significantly higher gross income and net income, 

which was on par with T5 receiving 100 % RD of N and K through fertigation and 

foliar sprays of 0.5 % ZnSO4 and 0.3 % borax. High yield obtained in these 

treatments have contributed to increased gross income. Drip fertigation with 

considerable saving in labour resulted in high net income. Moreover, the cost of drip 

installation for fertigation treatments was equally distributed over 10 years by 

following amortization. All these factors favourably enhanced the B : C ratio in T4 

(2.58) (Fig. 13), which was found to be on par with T5 (2.54). Significantly minimum 

gross income, net income and B : C ratio was recorded in plants receiving 75 % RD 

of N and K through fertigation with water spray (T3). Higher gross returns, net returns 

and return per rupee investment make fertigation economically viable when 

compared to conventional method of fertilizer application. The high initial investment 

cost for the system is one of the major constraints, but considering the benefits in 

terms of water saving, increased crop productivity and higher returns, the study can 

suggest its wider dissemination. 

5.2 POSTHARVEST MANAGEMENT PRACTICES FOR EXTENSION OF 

SHELF LIFE IN PAPAYA 

Worldwide popularity and widespread consumption of papaya fruits is due to 

its peculiar flavour and nutritional characteristics. However, rapid deterioration and 

high incidence of rots during handling and storage limits its shelf life. Diseases 

caused by fungi limits the postharvest storage life of this commodity. Couey et al. 

(1984) and Sulsusi et al. (1993) opined that diseases of fruit crops can be effectively 

controlled by pre and postharvest fungicide treatments. However, fungicides may 
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leave residues on the fruit surfaces posing a health hazard to consumers. Use of 

edible films, coatings, ethylene absorbers, precooling of fruits etc. are other 

alternatives to these. Therefore to enhance the shelf life and to improve the market 

value of papaya an attempt was done by adopting different postharvest practices. Liu 

(2002) opined that proper postharvest handling ensures preservation of quality until 

the produce reaches the consumers. 

In the present study papaya variety Surya was raised according to KAU POP 

and fruits were collected at fully mature green stage. Later fruits were subjected to 

different postharvest management practices and packaged in CFB boxes and stored 

under ambient conditions till the end of shelf life. 

5.2.1 Physical quality (Sensory analysis) 

 Papaya fruits harvested at fully mature green stage, subjected to different 

postharvest treatments and stored in CFB boxes showed significant difference in 

sensory parameters at 3 DAS. The mean scores of all parameters were highest for 

control (S9) with a total score of 63.60 after three days of storage (Fig. 14). Minimum 

total score of 45.47 was observed for postharvest treatments S3 (External coating with 

chitosan (1%)), S4 (Precooling followed by external coating with 1% chitosan), S5 

(Packaging with ethylene scrubber KMnO₄), S6 (Precooling followed by packaging 

with ethylene scrubber KMnO₄), S7 (Precooling followed by external coating with 

1% chitosan and packaging with ethylene scrubber KMnO₄) and S8 (hot water 

treatment followed by waxing with 6% carnauba wax and packaging with ethylene 

scrubber KMnO₄) at 3 DAS. This indicates that ripening of fruits was hastened in 

control, which was depicted by the highest sensory scores for all the parameters. 

Whereas, in all other treatments ripening was delayed due to postharvest management 

measures adopted. Reduction in field heat in shortest possible time, lower moisture 

loss, restricted metabolic and respiratory activities and reduction in ethylene 
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production by the fruits might have contributed to the delayed ripening (Hardenburg 

et al., 1990). 

 After six days of storage, highest total score (68.13) was observed for fruits 

externally coated with chitosan (1%) (S3). Whereas, fruits subjected to precooling 

followed by external coating with 1% chitosan and packaging with ethylene scrubber 

KMnO₄ (S7) and hot water treatment followed by waxing with 6% carnauba wax and 

packaging with ethylene scrubber KMnO₄ (S8) had lowest total score of 57.59.  

 Fruits subjected to precooling followed by external coating with 1% chitosan 

and packaging with ethylene scrubber KMnO₄ (S7) and hot water treatment followed 

by waxing with 6% carnauba wax and packaging with ethylene scrubber KMnO₄ (S8) 

retained the maximum sensory quality with highest total score of 69.19 after nine 

days of storage. 

 Reduced field heat with restricted respiratory activities achieved in the fruits 

as a result of pre-cooling done immediately after the harvest, delayed the fruit 

ripening and contributed to the sensory qualities of fruits up to nine days under 

treatment S7. Jawandha et al. (2016) reported that sensory quality rating of peach cv. 

Shan-i-Punjab fruits subjected to precooling (hydrcooling) increased up to 21 days of 

storage. In mango, a similar conclusion was recorded by Ram et al. (2003). Kittur et 

al. (2001) chitosan coated mangoes had significantly higher sensory scores than the 

control, after 21 days of storage. Freitas et al. (2015) opined that chitosan coating 

preserved brightness and visual quality of grapes. Bhanushree et al. (2018) reported 

higher score of overall acceptability in papaya fruits coated with chitosan after seven 

days of storage. 
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Fig. 13. Effect of fertigation and foliar sprays on B: C ratio of papaya cultivation  

 

 

T1 - 75 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T2 - 75 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax  

T3 - 75 % RD of N and K through fertigation and water spray 

T4 - 100 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19  

T5 - 100 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T6 - 100 % RD of N and K through fertigation and water spray 

T7 - 125 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T8 - 125 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T9 - 125 % RD of N and K through fertigation and water spray 

T10 - 150 % RD of N and K through fertigation and foliar spraying of 1.0% 19:19:19 

T11 - 150 % RD of N and K through fertigation and foliar spraying of 0.5% ZnSO4 and 0.3% borax 

T12 - 150 % RD of N and K through fertigation and water spray 

T13 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data 

T14 - Soil application of 187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures
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5.2.2 Physiological quality 

5.2.2.1 Shelf life (days) 

 The present study found significant difference in shelf life of papaya cv. 

Surya fruits subjected to different postharvest treatments and stored in CFB boxes. 

Higher shelf life (9.67 days) was registered in fruits treated with precooling followed 

by external coating with 1% chitosan and packaging with ethylene scrubber KMnO₄ 

(S7), which was on par with S8 (Hot water treatment followed by waxing with 6% 

carnauba wax and packaging with ethylene scrubber KMnO₄)) (9.00 days). Control 

(S9) fruits registered lowest shelf life of 4.33 days) (Fig. 15). 

Rapid removal of field heat from the freshly harvested papaya by precooling 

and ability of potassium permanganate to absorb ethylene produced by the fruit 

during ripening process aids in retarding respiration, ripening, senescence, water loss 

and decay in treatment S7. In addition to this, external coating with chitosan (1%) 

helped in forming an excellent film over the produce which retards the respiration 

rate and also helped in maintaining the optimum quality and prolonged shelf life of 

fruits in S7. Brosnan and Sun (2001) depicted precooling as the first and most crucial 

line of defense in reducing the field heat of horticultural produce thereby reducing its 

metabolic activity and enter a low energy consumption state and prolongs its shelf 

life. The findings are in concordance with the observations of Ravikumar et al. 

(2018) who revealed that precooling extended the shelf life in banana, whereas lowest 

shelf life was observed in control. Ali et al. (2011) elaborated the commercial 

application of chitosan as a promising edible coating for extending the storage life of 

the papaya cv. Eksotika. Dotto et al. (2015) reported that coating of papaya fruits 

with chitosan was microbiologically safe during storage. Potassium permanganate 

(KMnO4) is a potent oxidizing agent which has long been used to remove ethylene 

from the storage atmosphere. It aids in reducing ethylene levels by oxidizing it to 

carbon dioxide and water (Salunkhe and Desai, 1984). Ethylene absorbents or 
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ethylene scrubers works by absorbing the ethylene or blocking the ethylene binding 

to its receptor, thus hamper the build up of ethylene around produce. Use of ethylene 

absorbents to delay ripening was recorded by Hopfman et al. (2001) in avocado, 

custard apple, mango and papaya; Manenoi et al. (2007) in papaya; Zewter et al. 

(2012) in banana; Ahmed et al. (2013) and Razali et al. (2013) in papaya. 

 Jayasheela (2014) reported that hot water treatment followed by waxing with 

carnauba wax and ethylene scrubber significantly improved the shelf life of papaya 

cv. Coorg Honeydew. Doshi and Sutar (2010) and Kechinski et al., (2012) opined 

that wax treatment exerted a significant influence on shelf life and it retards the fruit 

ripening. 

 Also, the elevated carbondioxide level which develops in the CFB boxes, with 

the progress of storage have been shown to retard fruit ripening due to the inhibition 

of ethylene activity (Kader et al., 1989), thereby improving the shelf life. This will 

protect the fruit from physiological, pathological and physical deterioration in the 

marketing channel and retains its freshness. Al-Ati and Hotchkiss (2003) also 

reported that the modified atmospheric storage enhance the shelf life of produce by 

reducing the respiration rate, delaying senescence, and inhibiting the growth of many 

spoilage organisms. 

 The barrier properties of edible films and coatings to gases and moisture can 

create a modified atmosphere inside the fruit that can extend the shelf life and 

improve the quality of fruits and vegetables (Coma et al., 2001). Wax treated fruits of 

banana cv. Robusta stored in polythene bags containing KMnO4 improved shelf life 

(Rao and Rao, 1979). 

5.2.2.2 Physiological Loss in Weight (%) 

In the present study significant difference in physiological loss in weight was 

found among fruits provided with different postharvest treatments during storage 
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Fig. 14. Effect of postharvest management practices on organoleptic qualities of 

papaya fruit 

 

S1 – Precooling (Hydro cooling) 

S2 – Surface sanitization with sodium hypochlorite (150 ppm) 

S3 – External coating with chitosan (1%) 

S4 – Precooling followed by external coating with 1% chitosan 

S5 – Packaging with ethylene scrubber KMnO₄ (8g per Kg of fruit weight) 

S6 – Precooling followed by packaging with ethylene scrubber KMnO₄ 

S₇ - Precooling followed by external coating and packaging with ethylene scrubber  

       KMnO₄ 

S8 - Hot water treatment followed by waxing with 6% carnauba wax and packaging  

      with ethylene scrubber KMnO₄ 

S9 - Control 
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compared to control. Papaya fruits subjected to precooling followed by external 

coating with 1% chitosan and packaging with ethylene scrubber KMnO₄ (S7) had 

lowest physiological loss in weight (1.49 %, 3.63 % and 5.64 % respectively) after 

three, six and nine days of storage. It was on par with S8 (hot water treatment 

followed by waxing with 6% carnauba wax and packaging with ethylene scrubber 

KMnO₄)) (1.59 % and 3.96 %) at three and six days after storage. Highest 

physiological loss in weight (7.54 %) was noticed in control (S9) after three days of 

storage (Fig 16). 

Physiological loss in weight depicts the total moisture lost during storage and 

ripening, ultimately resulting in desiccation and shriveled appearance of fruit (Davies 

and Hobson, 1981). This physiological loss in weight is essentially due to 

transpiration and respiration (Krishnamurthy and Subramanyam, 1970). Retardation 

of transpiration and respiration in treated fruits might have contributed to the 

reduction in weight loss as substantiated by results of Bhullar and Farmahan (1980) 

in guava; Manenoi and Paull (2007) and Dikki et al. (2010) in papaya. 

The combined effect of precooling, external coating with chitosan (1%) and 

packaging with ethylene scrubber might have contributed to the reduced 

physiological loss in weight of S7 treatment after three, six and nine days after 

storage. Also, hot water treatment combined with waxing (carnauba wax 6%) and 

packaging with ethylene scrubber might have contributed to the reduced 

physiological loss in weight of S8 treatment after three and six days after storage. 

Jawandha et al. (2016) reported that pre-cooled fruits of peach cv. Shan-i-Punjab 

exhibited relatively slower loss in weight on all the storage intervals as compared to 

the non pre-cooled (control) fruits. Delayed egress of moisture from the fruit into the 

environment as a result of the chitosan film formed on the surface of the papaya 

reduced the weight loss during storage (Ali et al., 2011). Garcia et al. (1996) also 

reported similar findings in strawberry. Paull and Chen (1989) observed that chitosan 
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Fig. 15. Effect of postharvest management practices on shelf life of papaya fruit 

 

S1 – Precooling (Hydro cooling) 

S2 – Surface sanitization with sodium hypochlorite (150 ppm) 

S3 – External coating with chitosan (1%) 

S4 – Precooling followed by external coating with 1% chitosan 

S5 – Packaging with ethylene scrubber KMnO₄ (8g per Kg of fruit weight) 

S6 – Precooling followed by packaging with ethylene scrubber KMnO₄ 

S₇ - Precooling followed by external coating and packaging with ethylene scrubber  

       KMnO₄ 

S8 - Hot water treatment followed by waxing with 6% carnauba wax and packaging  

      with ethylene scrubber KMnO₄ 

S9 - Control 
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coating has the capability to develop a film on fruit surface and thereby provide a 

barrier against diffusion of moisture through stomata, contributing towards reduced 

weight loss. This might have also contributed to the reduced weight loss in S7 

(precooling followed by external coating with 1% chitosan and packaging with 

ethylene scrubber KMnO₄).  

Jayasheela (2014) also reported least physiological loss in weight in papaya 

cv. Coorg Honeydew subjected to hot water treatment followed by waxing with 

carnauba wax and ethylene scrubber compared to control. Waskar and Gaikwad 

(2005) reported that physiological loss in weight of hot water treated mango (cv. 

Kesar) fruits increased at slower rate. Water and fat binding properties of carnauba 

wax augmented with lower activities of enzymes might have contributed to the lower 

moisture loss in wax treated fruits (Koley et al., 2009). According to McGuire and 

Hallman (1995) and Baldwin et al. (1999) carnauba wax coating reduced the weight 

loss in guava and mango cv. Tommy Atkins respectively. Elzubeir et al. (2018) 

supported the findings of the present study. They reported that reduction in weight 

loss from the mango fruits on storage was due to the use of KMnO4 along with 

waxing. Delayed ripening achieved due to presence of KMnO4 further reduced the 

tissue permeability and weight loss from fruits. 

Higher physiological loss in weight in the untreated fruits (control) may be 

due the normal accelerated metabolic activities of the fruits and breakdown of 

reserved carbohydrates during respiration. Whereas, reduction in the respiratory 

activities slowed down various vital processes and helped to prolong the maintenance 

of postharvest quality such as reduction in weight loss and retention of textural 

quality in all the treatments except control. 

5.2.2.3 Ion leakage (%) 

 The present study revealed significant differences in ion leakage of papaya 

fruits treated with various postharvest treatments after three days of storage. Fruits
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Fig. 16. Effect of postharvest management practices on physiological loss in 

weight of papaya fruit (3 DAS) 

 

S1 – Precooling (Hydro cooling) 

S2 – Surface sanitization with sodium hypochlorite (150 ppm) 

S3 – External coating with chitosan (1%) 

S4 – Precooling followed by external coating with 1% chitosan 

S5 – Packaging with ethylene scrubber KMnO₄ (8g per Kg of fruit weight) 

S6 – Precooling followed by packaging with ethylene scrubber KMnO₄ 

S₇ - Precooling followed by external coating and packaging with ethylene scrubber  

       KMnO₄ 

S8 - Hot water treatment followed by waxing with 6% carnauba wax and packaging  

      with ethylene scrubber KMnO₄ 

S9 - Control 
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subjected to precooling followed by external coating with 1% chitosan and packaging 

with ethylene scrubber KMnO₄ (S7) had least percent leakage (34.63 %, 63.14 % and 

93.41 % respectively) after three, six and nine days of storage, which was on par with 

S8 (hot water treatment followed by waxing with 6% carnauba wax and packaging 

with ethylene scrubber KMnO₄)) (37.02 %) after three days of storage. Control 

sample (S9) had highest percent leakage (90.25 %), which was followed by fruits 

subjected to surface sanitization with sodium hypochlorite (150 ppm) (S2) (81.07 %) 

after three days of storage (Fig. 17). 

 The lower ion leakage of treatments S7 and S8 might be due to the intact 

membrane which resulted from the better treatments like precooling followed by 

external coating with 1% chitosan and packaging with ethylene scrubber in S7 and hot 

water treatment coupled with waxing and ethylene absorbent application in S8. 

Jayasheela et al. (2016) supported the findings of the present study. They concluded 

that fruits of papaya cv. Coorg Honeydew subjected to HWT at 50° C for 20 minutes 

with waxing and with ethylene absorbent had least percent leakage.  

According to Parker and Maalekuu (2013) there is a very high and positive 

correlation with membrane ion leakage and high water loss rate. A similar 

proportional relationship between water loss and membrane ion leakage was depicted 

by Walter et al. (1990).  The higher percent ion leakage in control might be due to the 

loss of physical integrity of cellular membrane leading to the loss of ion and 

unrestricted travel of fluids within cellular compartments, a condition deleterious to 

fruits (Maalekuu et al., 2004).  

5.2.3 Chemical quality 

5.2.3.1 Total Carotenoids (mg 100g-1) 

 Significant variation in total carotenoid content was noticed in papaya cv. 

Surya fruits subjected to different postharvest treatments after three days of storage. 
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Highest total carotenoid content (2.70 mg 100g-1) was recorded in control (S9) after 

three days of storage. It was followed by surface sanitization with sodium 

hypochlorite (150 ppm) (S2) with total carotenoid content of 2.55 mg 100g-1. Lowest 

total carotenoid content of 1.40 mg 100g-1, 1.89 mg 100g-1 and 2.50 mg 100g-1 

respectively was found in fruits subjected to precooling followed by external coating 

with 1% chitosan and packaging with ethylene scrubber KMnO₄ (S7) after three, six 

and nine days of storage. It was on par with S8 (hot water treatment followed by 

waxing with 6% carnauba wax and packaging with ethylene scrubber KMnO₄)) with 

1.45 mg 100g-1 total carotenoid content at three days after storage. Petriccione et al. 

(2015) noticed that chitosan treatment delayed the senescence rate and consequently 

there was a delay in increase in carotenoid content throughout the storage in loquat 

(Eriobotrya japonica Lindl.) fruits compared to control. Kumar et al. (2009) 

documented that total carotenoids content increased in stored pointed gourd 

(Trichosanthes dioica Roxb.) fruits and in untreated fruits the increment in total 

carotenoids content was faster when compared to treated fruits. They observed that 

even after 10 days of storage, the total carotenoid formation was effectively slowed 

down in carnauba wax and sodium hypochlorite treated fruits. This may be achieved 

due to meagre activity of pectin methyl esterase enzyme and delayed chlorophyll 

degradation in conjunction with enzymatic action. Khaleghi et al. (2014) noted that 

hot water treatment at 45°C delayed degradation of chlorophyll and the development 

of carotenoids compared to control in tomato cv. Chef. 

5.2.3.2 TSS (°Brix) 

 TSS content of papaya fruits increased in all the treatments during storage, 

and varied significantly among each treatment after three, six and nine days of 

storage in the present study. Untreated fruits sample (control - S9) stored in CFB box 

had highest TSS (13.23°Brix) after three days of storage. Whereas, lowest TSS was 

found in fruits treated with precooling followed by external coating with 1% chitosan 
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Fig. 17. Effect of postharvest management practices on ion leakage (%) of 

papaya fruit (3 DAS) 

 

S1 – Precooling (Hydro cooling) 

S2 – Surface sanitization with sodium hypochlorite (150 ppm) 

S3 – External coating with chitosan (1%) 

S4 – Precooling followed by external coating with 1% chitosan 

S5 – Packaging with ethylene scrubber KMnO₄ (8g per Kg of fruit weight) 

S6 – Precooling followed by packaging with ethylene scrubber KMnO₄ 

S₇ - Precooling followed by external coating and packaging with ethylene scrubber  

       KMnO₄ 

S8 - Hot water treatment followed by waxing with 6% carnauba wax and packaging  

      with ethylene scrubber KMnO₄ 

S9 - Control 
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and packaging with ethylene scrubber KMnO₄ (S7) after three, six and nine days of 

storage (10.20°Brix, 11.20°Brix and 13.50°Brix respectively). Fruits subjected to hot 

water treatment followed by waxing with 6% carnauba wax and packaging with 

ethylene scrubber KMnO₄ (S8) also registered lowest TSS after three and six days of 

storage (10.33°Brix and 11.70°Brix respectively). 

 Breakdown of starch and polysaccharides into simple sugars during ripening 

contributes to the increment in the TSS during storage. Therefore the higher TSS 

observed in S9 after three days of storage indicates that ripening was hastened in 

untreated fruits, whereas cumulative effect of precooling, external coating with 

chitosan (1%) and packaging with ethylene scrubber KMnO₄ delayed the ripening in 

S7, which is proved by the lowest TSS after three, six and nine days of storage. 

Similarly the collective effect of hot water treatment, waxing (carnauba wax 6%) and 

packaging with ethylene scrubber KMnO₄ contributed to the delayed ripening in S8, 

indicated by the lowest TSS after three and six days after storage. Jawandha et al. 

(2016) opined that slower increment in TSS under pre-cooling treatments might be 

due to immediate removal of field heat after the harvest from the fruit, which limits 

the respiratory activities and reduced the moisture loss and hydrolysis of starch into 

simple sugars. Similar findings were also pointed by Makwana et al. (2014) in mango 

cv. Kesar. Waskar and Gaikwad (2005) reported a significantly lower rate of increase 

in TSS of hot water treated mango (cv. Kesar) fruits. 

5.2.3.3 Total sugar (%) 

 Papaya fruits registered an increasing trend in total sugar during storage. 

Untreated fruits (control – S9) recorded significantly higher percent of total sugar 

(9.40 %) at 3 DAS. Fruits subjected to surface sanitization with sodium hypochlorite 

(150 ppm) (S2) recorded total sugar content of 8.94 per cent, which was on par. 

Lowest total sugar content (5.73 %) was recorded in treatment with precooling 

followed by external coating with 1% chitosan and packaging with ethylene scrubber 
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KMnO₄ (S7) after three days of storage. It was on par with S8 (hot water treatment 

followed by waxing with 6% carnauba wax and packaging with ethylene scrubber 

KMnO₄)) and S6 (precooling followed by packaging with ethylene scrubber KMnO₄) 

with 5.90 per cent and 6.35 per cent total sugar content respectively. 

Higher percent of total sugar in untreated fruits (control – S9) is due to rapid 

increase in respiration rate. The rate of increase of total sugar was at normal in all 

other treatments due to slow degradation of polysaccharides to sugars and gradual 

buildup of sugars concomitant with reduced utilization of sugars as substrates during 

respiration. The slow buildup of sugars in S7 and S8 treated fruits after three days of 

storage is attributed to more shelf life. In papaya cv. Coorg Honeydew, similar 

findings have been documented by Jayasheela (2014). 

5.2.3.4 Reducing sugar (%) 

 The amount of reducing sugar showed an upward trend with the advancement 

of storage period. Highest reducing sugar content (8.16 %) was noticed in S9 (control) 

after three days of storage. Lowest reducing sugar content (5.36 %, 6.59 % and 8.00 

% respectively) was noticed in S7 (precooling followed by external coating with 1% 

chitosan and packaging with ethylene scrubber KMnO₄) after three, six and nine days 

of storage. S8 (hot water treatment followed by waxing with 6% carnauba wax and 

packaging with ethylene scrubber KMnO₄)) which recorded 5.52 % and 6.89 % 

reducing sugar content respectively after three and six days of storage was on par. 

Low respiration rate coupled with lower enzymatic activity contribed to low 

reducing sugar content in S7 and S8. This slow buildup of reducing sugar was 

achieved by the reduced utilization of sugars in respiration. 

Kaur and Kaur (2018) reported that banana cv. Grand Naine fruits stored in 

unperforated polythene bags with KMnO4 witnessed minimum reducing sugar after 

eight days of storage compared to control and opined that it is due to ripening 
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inhibiting effect of KMnO4. They further registered increment in reducing sugar as 

ripening progresses.  

5.2.3.5 Acidity (%) 

 In the present study it was found that titratable acidity of papaya fruits 

decreases with increasing storage time in all the treatments. The decrease in acidity 

during storage is attributed to the utilisation of acids in respiration process and 

conversion to sugars which demonstrates the fruit ripening. Lowest acidity (0.16 %) 

was noticed in S9 (control) after three days of storage, whereas papaya fruits 

subjected to precooling followed by external coating with 1% chitosan and packaging 

with ethylene scrubber KMnO₄ (S7) recorded highest acidity after three, six and nine 

days of storage (0.27 %, 0.22 % and 0.16 % respectively). The result indicates that, 

fruits subjected to combination of different postharvest treatments delayed the 

ripening in papaya whereas in fruits with no postharvest treatments (control) ripening 

was hastened. Slow ripening of papaya fruits in all treatments except that of control 

(S9) resulted in the delayed breakdown of organic acid and higher titratable acidity 

after three days of storage. According to Jawandha et al. (2016), precooling 

(hydrocooling) retained maximum acid content than control in peach cv. Shan-i-

Punjab fruits after 35 days of storage. Slower conversion of acids into sugars after 

pre-cooling and utilization of acids during respiration might have contributed to this. 

Ali et al. (2011) opined that in chitosan coated fruits of papaya cv. Eksotika, the 

titratable acidity declined throughout the storage period though at a slower rate, as 

compared to the control. 

Sanches et al. (2019) reported higher titratable acidity in pinha (Anonna 

squamosa L.) fruits packed with KMnO4 sachets in relation to the control, indicating 

a less advancement of ripening in KMnO4 supplied packs due to the slower 

consumption of organic acids. Delayed drop in titratable acidity during storage in 
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mango cv. Kitchner was reported by Elzubeir et al. (2018) upon waxing and KMnO4 

treatment. 

5.2.4 Percentage disease index 

 Anthracnose and stem end rot are the major postharvest fungal diseases 

affecting papaya during storage.  

Number of fruits infected with anthracnose showed significant difference 

among treatments in the present study. Lowest disease incidence of zero per cent was 

witnessed in S7 (precooling followed by external coating with 1% chitosan and 

packaging with ethylene scrubber KMnO₄) and S8 (hot water treatment followed by 

waxing with 6% carnauba wax and packaging with ethylene scrubber KMnO₄)) after 

three days of storage. However, higher sign of lesions (38.89 %) was observed in 

control after three days of storage (Fig. 18).  

Packaging with ethylene scrubber KMnO₄ (S5) recorded highest disease index 

(33.33 %) after six days of storage. However after six days and nine days of storage, 

lowest disease index was noticed in S7 (precooling followed by external coating with 

1% chitosan and packaging with ethylene scrubber KMnO₄) and S8 (hot water 

treatment followed by waxing with 6% carnauba wax and packaging with ethylene 

scrubber KMnO₄) (16.67 % and 27.78 % respectively for each at six and nine days of 

storage). Combined application of three postharvest management measures in S7 

(precooling followed by external coating with 1% chitosan and packaging with 

ethylene scrubber KMnO₄) and S8 (hot water treatment followed by waxing with 6% 

carnauba wax and packaging with ethylene scrubber KMnO₄) might have contributed 

to the reduced disease incidence. Jawandha et al. (2016) opined that precooling 

(hydrocooling) effectively reduced the spoilage of peach cv. Shan-i-Punjab fruits. 

Pre-cooling reduced fruit spoilage by reducing metabolic, respiration and ripening 

rate and prolonging keeping quality. These observations are in concordance with the 
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Fig. 18. Effect of postharvest management practices on percentage disease index 

of papaya fruit (3 DAS) 

 

S1 – Precooling (Hydro cooling) 

S2 – Surface sanitization with sodium hypochlorite (150 ppm) 

S3 – External coating with chitosan (1%) 

S4 – Precooling followed by external coating with 1% chitosan 

S5 – Packaging with ethylene scrubber KMnO₄ (8g per Kg of fruit weight) 

S6 – Precooling followed by packaging with ethylene scrubber KMnO₄ 

S₇ - Precooling followed by external coating and packaging with ethylene scrubber  

       KMnO₄ 

S8 - Hot water treatment followed by waxing with 6% carnauba wax and packaging  

      with ethylene scrubber KMnO₄ 
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findings of Dhemre (2001) and Sondkar (2002) in mango. Eryani-Raqeeb et al. 

(2009) reported that chitosan controlled the disease incidence in papaya cv. Eksotika. 

According to Abbasi et al. (2009) chitosan treatment can inhibit the growth of 

bacteria and fungi as observed in mango cv. Summer Bahisht Chaunsa. Shiekh et al. 

(2013) attributed natural antimicrobial activity of chitosan responsible for delayed 

fruit deterioration in commodities by inhibiting the growth of microorganisms. 

Li et al. (2013) and Zhao et al. (2013) opined hot water treatment of papaya 

fruit as an effective technique in reducing the carrier rate of Colletotrichum 

gloeosporioides in fruit peel. Mango fruits coated with carnauba wax exhibited 

reduced fruit decay during storage (Baldwin et al., 1999). According to Issar et al. 

(2010) the reduced spoilage in waxed fruits was probably due to the covering of 

bruised points with wax and restricting the entry of microorganisms into the fruit.      

5.2.5 Microbial load (cfu g-1) 

Lowest bacterial count was witnessed in fruits treated with precooling 

followed by external coating with 1% chitosan and packaging with ethylene scrubber 

KMnO₄ (S7) after three, six and nine days of storage (4.67 cfu/ml x 106, 16.00 cfu/ml 

x 106 and 24.33 cfu/ml x 106 respectively). Fruits subjected to hot water treatment 

followed by waxing with 6% carnauba wax and packaging with ethylene scrubber 

KMnO₄) (S8) was on par with S7 at three and six days of storage (5.67 cfu/ml x 106 

and 16.33 cfu/ml x 106 respectively) (Fig. 19). The present study also revealed 

significant reduction in bacterial count in all the treatments except control after three 

days of storage. Highest bacterial count of 89.33 cfu/ml x 106 was witnessed in 

control (S9) after three days of storage. 

Papaya fruits subjected to precooling followed by external coating with 1% 

chitosan and packaging with ethylene scrubber KMnO₄ (S7) had a lowest fungal 

count of 1.67 cfu/ml x 103, 4.67 cfu/ml x 103 and 13.33 cfu/ml x 103 respectively after 

three days, six days and nine days of storage (Fig. 20). Fruits treated with hot water 
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treatment followed by waxing with 6% carnauba wax and packaging with ethylene 

scrubber KMnO₄) (S8) was on par at three days and at six days after storage (2.00 

cfu/ml x 103 and 5.33 cfu/ml x 103 respectively). Control sample (S9) registered 

highest fungal count (22.33 cfu/ml x 103) after three days of storage. 

Fruits subjected to different postharvest treatments recorded significantly 

lower bacterial and fungal count after three days of storage compared to untreated 

fruits (control). Minh et al. (2019) documented that chitosan coating effectively 

inhibited the growth of microorganisms on soursop. Youwei and Yinzhe (2013) 

opined that chitosan coating had preventive effect against microbes and can reduce 

decay. Hewajulige et al. (2015) pointed that chitosan have antifungal properties 

against anthracnose causing fungi isolated from papaya. Martins et al. (2010) was of 

the opinion that papaya fruit treated with hot water at 48-50°C for 20 minutes 

controlled the anthracnose disease in papaya. Jayasheela (2014) reported that papaya 

fruits sanitized with hot water treatment at 50°C for 20 minutes with waxing and with 

ethylene absorbent had lowest number of bacterial and fungal populations. Edible 

films and coatings can acts as a barrier against microbial invasion (Kester and 

Fennema 1986). Bhowmik and Pan (1992) observed a significant reduction in 

microbial count of tomato fruit sanitized with sodium hypochlorite before packaging. 
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Fig. 19. Effect of postharvest management practices on bacterial count of 

papaya fruit (3 DAS) 
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S5 – Packaging with ethylene scrubber KMnO₄ (8g per Kg of fruit weight) 
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Fig. 20. Effect of postharvest management practices on fungal count of papaya 

fruit (3 DAS) 

 

S1 – Precooling (Hydro cooling) 

S2 – Surface sanitization with sodium hypochlorite (150 ppm) 

S3 – External coating with chitosan (1%) 

S4 – Precooling followed by external coating with 1% chitosan 

S5 – Packaging with ethylene scrubber KMnO₄ (8g per Kg of fruit weight) 

S6 – Precooling followed by packaging with ethylene scrubber KMnO₄ 
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6. SUMMARY  

An investigation on “Fertigation studies in papaya (Carica papaya L.)” was 

carried out at Department of Fruit Science, College of Agriculture, Vellayani, during 

2018-2020 to standardize the nutrient level for yield improvement through fertigation 

and foliar nutrition in papaya variety Surya and to study the postharvest management 

practices for extending the shelf life of papaya fruits. The experiment was undertaken 

in two parts. In part I, standardization of nutrient level for fertigation and foliar 

nutrition was carried out in RBD with 14 treatments replicated thrice. A combination 

of four fertigation doses of 75 %, 100 %, 125 % and 150 % RDF of N (304.89, 

406.52, 508.15 and 609.78 g urea plant⁻¹ year⁻¹ respectively based on soil test data in 

76 fertigation) and K (426.25, 568.33, 710.42 and 852.50 g MOP plant⁻¹ year⁻¹ 

respectively based on soil test data in 76 fertigation) and three foliar sprays (1.0 % 

19:19:19 at bimonthly interval starting from 4 MAP to 16 MAP, 0.5% ZnSO4  + 

0.3% borax at 4th, 8th, 12th and 16th MAP and water spray at bimonthly interval 

starting from 4 MAP to 16 MAP) were compared with soil application of RD of NPK 

(187:170:341 g NPK plant-1 year-1 based on soil test data) (control 1) and 

187:170:341 g NPK plant-1 year-1 based on soil test data as organic manures as 

combination of FYM, poultry manure and vermicompost in the ratio of 2:1:1 (control 

2). In control 2, additional requirement of P and K were met through the application 

of rock phosphate and potassium sulphate respectively. The general practices such as 

deep ploughing (50 cm) and taking raised beds (30 cm height, 1.5 m width) were 

uniformly followed except in two controls. Organic manure (15 kg FYM plant-1) was 

given uniformly to all treatments as basal. Lime and rock phosphate (500g and 850g 

respectively based on soil test data) was applied uniformly for all treatments as basal 

except controls. Urea and Muriate of Potash (MOP) were used as fertilizer sources for 

fertigation and applied weekly from 1 MAP to 20 MAP. Separate submains were laid 

out in the field, to deliver water and fertilizer to the respective plots and fertigation 

was done using injector.  



The salient results of part I are summarized below: 

Application of different levels of fertigation and different foliar sprays had 

significant effect on growth of papaya. Growth parameters viz., plant height, stem 

girth and number of leaves were significantly higher in plants receiving 100 % RD of 

N and K through fertigation and foliar sprays of 1.0 % 19:19:19 (T4) at bimonthly 

interval starting from 6 MAP to 16 MAP. T4 also recorded highest leaf area index at 

6, 12, 18 MAP and at final harvest, flowering at the shortest height (74.38 cm), 

highest number of female plants (83.33 %) and highest fruit set (86.27 %). However, 

application of 100 % RD of N and K through fertigation and foliar sprays of 0.5 % 

ZnSO4 and 0.3 % borax at 4th, 8th, 12th and 16th MAP (T5) initiated earliness in 

flowering (142.67 days) and harvest (275.00 days).   

Yield contributing characters like fruit length (16.90 cm), fruit girth (13.90 

cm), fruit volume (751.76 cc), pulp percentage (83.53 %), flesh thickness (3.42 cm), 

fruit weight (797.51 g) and number of fruits per plant (48.11) was found highest in T4 

(100 % RD of N and K through fertigation and foliar sprays of 1.0 % 19:19:19). T5 

(100 % RD of N and K through fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 

% borax) was found on par with T4 (100 % RD of N and K through fertigation and 

foliar sprays of 1.0 % 19:19:19) in all these yield contributing characters with 16.79 

cm fruit length, 13.74 cm fruit girth, 744.58 cc fruit volume, 82.85 % pulp, 3.39 cm 

flesh thickness, 792.42 g fruit weight, and 47.45 number of fruits per plant. Highest 

yield per plant of 38.30 kg was noticed in T4 (100 % RD of N and K through 

fertigation and foliar sprays of 1.0 % 19:19:19) which was on par with T5 (100 % RD 

of N and K through fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 % borax) 

with 37.60 kg. Lowest number of seeds (383.00) and least number of days for fruit 

maturity (119.44 days) was noticed in T4 (100 % RD of N and K through fertigation 

and foliar sprays of 1.0 % 19:19:19). T5 (100 % RD of N and K through fertigation 

and foliar sprays of 0.5 % ZnSO4 and 0.3 % borax) registered highest seed 

germination (87.78 %) and maximum days to ripening of fruits (10.44 days). Fruit 
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quality parameters viz., TSS (15.10°Brix), carotenoids (2.21 mg100g-1), ascorbic acid 

(68.38 mg100g-1), total sugar (9.66 %), reducing sugar (8.05 %) and non reducing 

sugar (1.61 %) were found highest in T5 (100 % RD of N and K through fertigation 

and foliar sprays of 0.5 % ZnSO4 and 0.3 % borax). Fruits from T5 (100 % RD of N 

and K through fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 % borax) also 

registered longest shelf life (5.78 days) and highest mean sensory score for 

appearance (8.20), colour (8.07), flavour (7.87), texture (8.00), odour (8.07), taste 

(8.27), after taste (8.07) and overall acceptability (8.00) with a highest total score of 

64.55. Index leaf analysis at 6 MAP revealed highest nitrogen (2.29 %) and 

potassium (2.99 %) content of leaf in T10 (150 % RD of N and K through fertigation 

and foliar sprays of 1.0 % 19:19:19). Highest calcium (0.57 %), magnesium (0.29 %) 

and sulphur content (0.33 %) in leaf were found in T5 (100 % RD of N and K through 

fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 % borax), whereas highest zinc 

(32.00 ppm) and boron content (38.93 ppm) were witnessed in T8 (125 % RD of N 

and K through fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 % borax). 

Highest nitrogen (1.89 %) and potassium (2.45 %) content of fruit were observed in 

T12 (150 % RD of N and K through fertigation with water spray). However highest 

nitrogen (243.13 kg ha-1) content of soil was noticed in T11 (150 % RD of N and K 

through fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 % borax) and T10 (150 

% RD of N and K through fertigation and foliar sprays of 1.0 % 19:19:19) witnessed 

highest potassium (326.89 kg ha-1) content in soil. Pest and disease incidence did not 

show any variation due to different treatments.  

T4 (100 % RD of N and K through fertigation and foliar sprays of 1.0 % 

19:19:19) was most economically viable in terms of net income and B: C ratio (2.58). 

T5 was equally effective in enhancing the B: C ratio (2.54).  

In part II, papaya variety Surya was raised according to KAU POP 

recommendations for studying the extension of shelf life. Fruits harvested at fully 
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mature green stage were subjected to different postharvest management practices, 

packaged in CFB boxes and stored under ambient conditions till the end of shelf life. 

Postharvest treatments were precooling (hydro cooling) (S1), surface sanitization with 

150 ppm sodium hypochlorite (S2), external coating with 1% chitosan (S3), 

precooling followed by external coating with 1% chitosan (S4), packaging with 

ethylene scrubber KMnO₄ (8g per Kg of fruit weight) (S5), precooling followed by 

packaging with ethylene scrubber KMnO₄ (S6), precooling followed by external 

coating with 1% chitosan and packaging with ethylene scrubber KMnO4 (S₇), hot 

water treatment followed by waxing with 6% carnauba wax and packaging with 

ethylene scrubber KMnO₄ (S8) and control (S9). 

Papaya fruits harvested at fully mature green stage and subjected to 

precooling followed by external coating with 1% chitosan and packaging with 

ethylene scrubber KMnO₄ (S7) recorded the longest shelf life of 9.67 days, which was 

on par with S8 (hot water treatment followed by waxing with 6% carnauba wax and 

packaging with ethylene scrubber KMnO₄) (9.00 days). These treatments also 

retained maximum sensory quality with highest total score of 69.19 after nine days of 

storage. Lowest physiological loss in weight of 5.64 per cent and least ion leakage of 

93.41 per cent were noticed in S7 after nine days of storage. S7 (precooling followed 

by external coating with 1% chitosan and packaging with ethylene scrubber KMnO₄) 

and S8 (hot water treatment followed by waxing with 6% carnauba wax and 

packaging with ethylene scrubber KMnO₄) recorded maximum total carotenoids, 

total soluble solids, total sugar, reducing sugar and minimum acidity after nine days 

of storage which indicated extended shelf life. No fungal spoilage and fruit rot were 

recorded in S7 and S8 after three days of storage, with zero per cent disease index. 

After six and nine days of storage also lowest disease index (16.67 % and 27.78 % 

each respectively) was noticed in S7 (precooling followed by external coating with 

1% chitosan and packaging with ethylene scrubber KMnO₄) and S8 (hot water 

treatment followed by waxing with 6% carnauba wax and packaging with ethylene 
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scrubber KMnO₄). Lowest bacterial count of 24.33 cfu/ml x 106 and lowest fungal 

count of 13.33 cfu/ml x 103 after nine days of storage were noticed in S7 (precooling 

followed by external coating with 1% chitosan and packaging with ethylene scrubber 

KMnO₄).  

Application of 100 % RD of N and K (406.52 g urea plant⁻¹ year⁻¹ and 568.33 

g plant⁻¹ year⁻¹ respectively) through weekly fertigation from one to 20 MAP and 

foliar sprays of 0.5 % ZnSO4 + 0.3 % borax at 4th, 8th, 12th and 16th MAP, along with 

basal application of 850g rock phosphate and 15 kg FYM was standardised as the 

fertigation dose for papaya. This schedule is effective when followed along with 

better land management practices of deep ploughing (50 cm deep) and raised beds 

(30 cm height).   

Further studies are required on fertigation scheduling in papaya for enhancing 

the fruit yield. 

By comparing the economics of postharvest treatments (Appendix VIII) it was 

found that S7 had more shelf life (9.67 days) with a benefit cost ratio of 1.14. Hence, 

fruits harvested at fully mature green stage and subjected to precooling followed by 

external coating with 1% chitosan and packaging with ethylene scrubber KMnO₄ was 

identified as the suitable practice for enhancing the shelf life in papaya variety Surya. 

 

 

 

 

 

 

 

237 



 

 

 

 

References  
 

 



REFERENCES 

 

Abbasi, N. A., Iqbal, Z., Maqbool, M., and Hafiz, I. A. 2009. Postharvest quality of 

mango (Mangifera indica L.) fruit as affected by chitosan coating. Pakist. J. 

Bot. 41(1): 343-357. 

Abedy, A. 2001. Effects of zinc sulfate and citric acid spray on fruit characteristics of 

tomato cultivar Urbana. MSc. Thesis, Shiraz University, Iran, 113p. 

Aglar, E., Ozturk, B., Guler, S. K., Karakaya, O., Uzun, S., and Saracoglu, O. 2017. 

Effect of modified atmosphere packaging and ‘parka’ treatments on fruit 

quality characteristics of sweet cherry fruits (Prunus avium L.) during cold 

storage and shelf life. Sci. Hortic. 222: 162-168. 

Agrawal, N., Panigrahi, H. K., Tiwari, S. P., Agrawal. R., Sharma, D. and Dikshit, S. 

N. 2010. Effect of fertigation through water-soluble fertilizers on growth, 

yield and quality of papaya (Carica papaya L). Acta Hortic. 23: 507-510. 

Ahluwalia, M. S., Singh, B. and Gill. B. S. 1993. Drip irrigation system – its 

hydraulic performance and influence on tomato and cauliflower crops. J. 

Water Manag. 1(1): 6-9. 

Ahmed, A., Ali, Z. and Zainal, Z. 2013. Effect of 1-Methylcyclopropane (1-MCP) 

treatments on firmness and softening related enzymes of sekaki papaya fruit 

during ripening at ambient. Sains Malaysiana. 42(7): 903-909. 

Aires, V. J., Costa, H. and Silvia, D. T. J. 2004. Papaya diseases and integrated 

control. In: Naqvi, S.A.M.H. (2nd Ed.), Diseases of Fruits and Vegetables. 

Diagnosis and Management, Kuwler Academic Publisher, Netherlands, 201-

268p. 



Al-Ati, T., and Hotchkiss, J. H. 2003. The role of packaging film permselectivity in 

modified atmosphere packaging. J. Agric. Food Chem. 51(14):4133-4138. 

Ali, A., Muhammad, M. T. M., Sijam, K. and Siddiqui, Y. 2011. Effect of chitosan 

coatings on the physicochemical characteristics of Eksotika II papaya (Carica 

papaya L.) fruit during cold storage. Food Chem. 124(2): 620-626. 

Ali, H., Shah, A. H., Naeem, M., Khan, J., Majid, A., Iqbal, Z., and Ahmad, H. 2014. 

Effect of foliar application of micronutrients on persimmon fruit quality and 

yield. Int. J. Biosci. 4(7): 82-88. 

Alloway, B. J. 2008. Zinc in soils and crop nutrition. International Zinc Association 

Brussel, Belgium. Available: 

https://www.fertilizer.org/images/Library_Downloads/2008_IZA_IFA_ZincIn

Soils.pdf [11 June 2011]. 

Amith, P. K. 2012. Protocol development for fresh cut fruits and fruit mix 

preparation. M.Sc. (Hort.) thesis, Kerala Agricultural University, Thrissur, 

21p. 

Amor, B. A., Jimenez, W., Megdiche, M., Lundqvist, M., Sevilla, F. and Abdelly, C. 

2006. Response of antioxidant systems to NaCl stress in the halophyte Cakile 

maritime. Physiol. Plant. 126: 446-457. 

Anwar, R. and Malik, A. U. 2007. Hot water treatment affects ripening quality and 

storage life of mango (Mangifera indica L.). Pakist. J. Agric. Sci. 44(2): 304- 

311. 

AOAC [Association of Official Analytical Chemists]. 1980. AOAC home page 

[online]. Available: http://www.aoac.org/iMIS15 pROD/AOAC. [18 Jan 

2017]. 

ii 



Arina, M. A., Boyce, A. N. and Chandran, S. 2010. Effects of postharvest hot water 

treatment on physiological and biochemical properties of Eksotica papaya 

during ripening. Acta Hortic. 875: 177-184. 

Arshad, I. and Ali, W. 2016. Effect of foliar application of zinc on growth and yield 

of guava (Psidium guajava L.). Adv. Sci. Technol. Eng. Syst. J. 1(1): 19-22. 

Azad, M. I., Mortuza, M. G., Nahar, N. A., Huq, S. and Alam, M. A. 2008. Effect of 

potassium permanganate on physico-chemical changes and shelf life of 

mango (Mangifera indica L.). The Agric. 6(1): 54-59. 

Azevedo, I. G., Oliveira, J. G., Silva, M. G., Pereira, T., Correa, S. F., Vargas, H. and 

Fancanha, A. R. 2008. P-type H+ - ATPases activity, membrane integrity, and 

apoplastic pH during papaya fruit ripening. Postharvest Biol. Technol. 48: 

242-247. 

Babaji, J. P. 2013. Effect of fertigation and mulching on growth, yield and quality of 

papaya (Carica papaya L.) cv. Red lady. Ph. D. thesis, Navsari Agricultural 

University, Navsari, 131p. 

Babu, K. D. and Yadav. D. S. 2005. Foliar spray of micronutrients for yield and 

quality improvement in Khasi mandarin (Citrus reticulata Blanco.). Indian 

Hort. J. 62: 280-281. 

Bacha, M. A., Sabbah, S. M. and Hamady, M. A. 1997. Effect of foliar application of 

iron, zinc and manganese on yield, berry quality and leaf mineral composition 

of Thompson Seedless and Roumy Red grape cultivars. J. King Saudi Uni. 

Agric. Sci. 9: 127-140. 

Bahadur, L., Malhi, C. S. and Singh, Z. 1998. Effect of foliar and soil applications of 

zinc sulphate on zinc uptake, tree size, yield, and fruit quality of mango. J. 

Plant Nutr. 21(3): 589-600. 

iii 



Balasubramanian, S. and Rao, M. V. N. 1984.. Effect of varying soil moisture regime 

on papaya petiole nutrient composition. In: Proceedings of National Seminar 

on Papaya and Papain Production. 26-27 March 1984, Coimbatore. Tamil 

Nadu Agricultural University, pp. 82-84. 

Baldwin, E. A., Burns, J. K., Kazokas, W., Brecht, J. K., Hagenmaier, R. D., Bender, 

R. J. and Pesis, E. 1999. Effect of two edible coatings with different 

permeability characteristics on mango (Mangifera indica L.) ripening during 

storage. Postharvest Biol. Technol. 17: 215-226. 

Baranwal, D., Tomar, S., Singh, J. P. and Maurya. J. K. 2017. Effect of foliar 

application of zinc and boron on fruit growth, yield and quality of winter 

season guava (Psidium guajava L.). Int. J. Curr. Microbiol. Appl. Sci. 6(9): 

1525-1529. 

Barrera, E., Gil, J., Restrepo, A., Mosquera, K., and Durango, D. 2015. A coating of 

chitosan and propolis extract for the postharvest treatment of papaya (Carica 

papaya L. cv. Hawaiiana). Rav. Fac. Nac. Agron. 68(2): 7667-7678. 

Batal, K., Bondari, K., Granberry, D., and Mullinix, B. 1994. Effects of source, rate, 

and frequency of N application on yield, marketable grades and rot incidence 

of sweet onion (Allium cepa L. cv. Granex-33). J. Hortic. Sci. 69(6): 1043-

1051. 

Bauri, F. K., De, A., Misra, D. K., Bandyopadhyay, B., Debnath, S., Sarkar, S. K., 

and Avani, P. 2014. Improving yield and quality of banana cv. Martaman 

(Musa AAB, Silk) through micronutrient and growth regulator application. J. 

Crop Weed. 10(2): 316-319. 

Bernier, G., Kinet, J. M. and Sachs, R. M. 1981. The Physiology of Flowering, 1: 

CRC Press, Boca Raton, 384p. 

iv 



Bhalerao, P. P., Patel, B. N., Patil, S. J. and Gaikwad, S. S. 2014. Effect of foliar 

application of Ca, Zn, Fe and B on growth, yield and quality of papaya 

(Carica papaya) cv. Taiwan Red Lady. Current Hortic. 2(2): 35-39. 

Bhalerao, V. P., Pujari, C. V., Jagdhani, A. D. and Mendhe, A. R. 2009. Performance 

of banana cv. Grand Naine under nitrogen and potassium fertigation. Asian J. 

Soil Sci. 4(2): 220-224. 

Bhanushree, L. S., Vasudeva, K. R., Suresha, G. J., Sadananda, G. K., Tayeebulla, M. 

H. and Halesh, G. K. 2018. Influence of chitosan on postharvest behavior of 

papaya (Carica papaya L.) fruits under different storage conditions. J. 

Pharmacognosy Phytochem. 7(2): 2010-2014. 

Bhatt, A., Mishra, N. K., Mishra, D. S., and Singh, C. P. 2012. Foliar application of 

potassium, calcium, zinc and boron enhanced yield, quality and shelf life of 

mango. HortFlora Res. Spectrum 1(4): 300-305. 

Bhowmik, S. R. and Pan, J. C. 1992. Shelf life of mature green tomatoes stored in 

controlled atmosphere and high humidity. J. Food Sci. 57: 948-953. 

Bhoyar, M. G. and Ramdevputra, M. V. 2016. Effect of foliar spray of zinc, iron and 

boron on the growth, yield and sensory characters of guava (Psidium guajava 

L.) cv. Sardar L-49. J. Appl. Nat. Sci.F 8(2): 701-704. 

Bhullar, J. S. and Farmahan, H. L. 1980. Studies on the ripening and storage 

behaviour of guava (Psidium guajava L.). Indian Food Packer. 32(4): 5-7. 

Boora, R. S. and Devi, S. 2000. Effect of NPK on growth, yield and quality of sapota 

(Manilkara achras (Mill.) Forberg) cv. Cricket Ball. Haryana J. Hortic. 

Sci. 29(3): 188-189. 

v 



Brahmachari, V. S. and Rani, R. 2001. Effect of growth substances on fruit drop, 

yield and physico-chemical composition of litchi fruits. Progressive Hortic. 

32: 50-55. 

Brahmachari, V. S., Yadav, G. S. and Kumar, N. 1997. Effect of foliar feeding of 

calcium, zinc and boron on yield and quality attributes to litchi (Litchi 

chinensis L.). Orissa J. Hortic. 25(1): 49-53. 

Bravdo, B. and Proebsting, E. L. 1993. Use of drip irrigation in orchards. Hort. Tech. 

3: 44-49. 

Brosnan, T. and Sun, D. W. 2001. Precooling techniques and applications for 

horticultural products - a review. Int. J. Refrigeration 24: 154-170. 

Carrillo, U., Soriano, C. E., Angel, N. D. and Alonso, G. G. 2002. Histopatologia de 

frutos de papaya (Carica papaya L.) infectados por Colletotrichum 

gloeosporioides Penz. Mex. J. Phytopathol. 20: 88-93. 

Chander, S., Jain, M. C., Pareek, P. K., Bola, P. K., Meena, R. R., Sharma, Y. K., and 

Renuka. 2017. Effect of foliar feeding of borax, zinc sulphate and urea on 

fruiting and yield of guava (Psidium guajava L.) cvs. Lalit and Shweta under 

high density planting system. Chem. Sci. Rev. Lett. 6(22): 874-883. 

Chater, J. M. 2015. The effects of foliar nutrient applications on split, yield, and 

internal fruit quality of Wonderful pomegranate (Punica granatum L.). M.Sc. 

thesis, California Polytechnic State University. 85p. 

Chaturvedi, O. P., Singh, A. K., Tripathi, V. K., and Dixit, A. K. 2005. Effect of zinc 

and iron on growth, yield and quality of strawberry cv. Chandler. Acta Hortic. 

696: 237-240. 

vi 



Chaudhri, S. M., Shinde, S. H., Dahiwalkar, S. D., Danawale, N. J., Shirsath, H. K. 

and Berad, S. M. 2001. Effect of fertigation through drip on productivity of 

papaya. J. Maharashtra  Agric. Univ.  26 (1): 18-20. 

Chermahini, A. S., Moallemi, N. and Zargar, A. S. 2010. Effect of winter foliar 

application of urea on some quantitative and qualitative characters of flower 

and fruit set of orange cv. Valencia. J. Appl. Hortic. 12(1): 59-61. 

Chesnin, L. and Yien, C. H. 1950. Turbidimetric determination of available sulfates. 

Soil Sci. Soc. Amer. Proc. 15: 149-151. 

Childers, N. F. 1966. Fruit Nutrition. Hort. Publication. New Brundwick. New 

Jersey, USA. 559p. 

Coma, V., Sebti, I., Pardon, P., Deschamps, A., and Pichavant, F. H. 2001. 

Antimicrobial edible packaging based on cellulosic ethers, fatty acids, and 

nisin incorporation to inhibit Listeria innocua and Staphylococcus aureus. J. 

Food Prot. 64(4): 470-475. 

Corbesier, L., Bernier, G. and Perilleux, C. 2002. C: N ratio increases in the phloem 

sap during floral transition of the long-day plants Sinapis alba and 

Arabidopsis thaliana. Plant Cell Physiol. 43(6): 684- 688. 

Correa, P. C., Finger, F. L., Ribeiro, D. M. and Marques, L. C. S. 2010. Influence of 

ethylene absorber on shelf life of papaya. Acta Hortic. 864: 357-360. 

Couey, H. H., Alvarez, A. M. and Nelson, M. G. 1984. Comparison of hot water 

spray and immersion treatment for control of postharvest decay of papaya. 

Plant Dis. 68: 436-437. 

Darwish, T. M., Atallah, T. W., Hajhasan, S. and Haidar, A. 2006. Nitrogen and 

water use efficiency of fertigated processing potato. Agric. Water Manag. 85: 

95-104. 

vii 



Das, U. and Bhattacharyya, R. K. 2019. Fruit quality of Grand Naine (AAA) banana 

as influenced by varied components of precision farming system. Int. J. 

Chem. Stud. 7(3): 4475-4478. 

Davarpanah, S., Tehranifar, A., Davarynejad, G., Abadia, J. and Khorasani, R. 2016. 

Effects of foliar applications of zinc and boron nano-fertilizers on 

pomegranate (Punica granatum cv. Ardestani) fruit yield and quality. Sci. 

Hortic. 210: 57-64. 

Davies, J. N. and Hobson, G. E. 1981. The constituents of Tomato fruit. The influence 

of environment, nutrition and genotype. CRC, Critical Review of Food 

Science and Nutrition, CRC Press, 205-208p. 

Dawood, S. A., Meligy, M. S. and El-Hamady, M. M. 2001. Influence of zinc 

sulphate application on tree leaf and fruit characters of three young citrus 

varities grown on slightly alkaline soil. Ann. Agri. Sci. Moshtohor. 39: 433-

447. 

Deshmukh, G. and Hardaha, M. K. 2014. Effect of irrigation and fertigation 

scheduling under drip irrigation in papaya. J. AgriSearch 1(4): 216-220. 

Dhemre, J. K. 2001. Studies on extending the shelf life of mango (Mangifera indica 

L.) cv. Kesar. Ph.D. thesis, Mahatma Phule Krishi Vidyapeeth, Rahuri, 181p. 

Dhurve, M. K., Sharma, T. R., Bhooriya, M.S. and Lodha, G. 2018. Effect of foliar 

application of zinc and boron on growth, reproductive and yield of 

pomegranate cv. Ganesh in hast bahar. Int. J. Chem. Stud. 6(5): 499-503. 

Dikki, K., Singh, D. B., Yadav, M., Roshan, R. K. and Pebam, N. 2010. Effect of wax 

coating and NAA on storage behaviour of papaya (Carica papaya L.). Acta 

Hortic. 851: 533-536. 

viii 



Doshi, J. S. and Sutar, R. F. 2010. Studies on pre-cooling and storage of banana for 

extension of shelf life. J. Agric. Eng. 47(2): 14-19. 

Dotto, G. L., Vieira, M. L. and Pinto, L. A. 2015. Use of chitosan solutions for the 

microbiological shelf life extension of papaya fruits during storage at room 

temperature. LWT-Food Sci. Technol. 64(1): 126-130. 

Dugger, W. M. 1983. Boron in plant metabolism. In: Lauchli, A. and Bieleski, R. L. 

(eds.), Encyclopedia of plant physiology, New Series, Springer-Verlag, Berlin 

and New York, pp. 626-650. 

Dutta, P. 2004. Effect of boron application on panicle growth, fruit retention and 

physicochemical characters of mango cv Himsagar. Indian J. Hortic. 61(3): 

265-266. 

Edward, R. M. 2009. Importance of micronutrients in changing horticultural scenario 

in India. J. Hortic. Sci. 4(1): 1-27. 

Elzubeir, M. M., Abu-bakr, A., Abu-Goukh, Osman, O. A. and Safi, A. I. A. 2018. 

Effect of waxing and potassium permanganate on quality and shelf-life of 

mango fruits. Am. J. Biol. Life Sci. 6(1): 1-7. 

Eryani-Raqeeb, A. Al., Mahmud, T. M. M., Omar, S. R. S., Zaki, A. R. M. and 

Eryani, A. R. Al. 2009. Effects of calcium and chitosan treatments on 

controlling anthracnose and postharvest quality of papaya (Carica papaya L.). 

Int. J. Agric. Res. 4(2): 53-68. 

Fereres, E. and Soriano, M. A. 2007. Deficit irrigation for reducing agricultural water 

use. J. Exp. Bot. 58: 147-159. 

Forsyth, F. R., Eaves, C. A. and Lockhard, C. L. 1967. Controlling ethylene levels in 

the atmosphere of small containers of apples. Can. J. Plant Sci. 47: 717-718. 

ix 



Freitas, P. M., Lopez-Galvez, F., Tudela, J. A., Gil, M. I. and Allende, A. 2015. 

Postharvest treatment of table grapes with ultraviolet-C and chitosan coating 

preserves quality and increases stilbene content. Postharvest Biol. Technol. 

105: 51-57. 

Garcia, A., Haydar, N. E. and Ferrer, C. 1984. Influence of Zn and Mn on the 

physiological behaviour and yields of Valencia oranges. Center Agricola. 10: 

57-58. 

Garcia, M. A., Martino, M. N. and Zaritzky, N. E. 1996. Plasticized starch based 

coatings to improve strawberry (Frageria ananassa) quality and stability. J. 

Agric. Food Chem. 46: 3758-3767. 

Garg, S. 2018. Effect of fertigation and micronutrient spray on growth, yield and 

quality of pomegranate cv. Early Bhagwa. Ph.D thesis. S. K. N. Agriculture 

University, Jobner. 171p. 

Gauch, H. G. and Dugger, W. M. 1953. The role of boron in the translocation of 

sucrose. Plant Physiol. 28: 457-466. 

Ghanta, P. K., Dhua, R. S. and. Mitra, S. K. 1995. Effect of varying levels of 

nitrogen, phosphorus and potassium on growth, yield and quality of papaya 

(Carica papaya L.). Ann. Agric. Res. 16(4): 405-408. 

Golan, B. R. and Phillips, D. J. 1991. Postharvest heat treatment of fresh fruits and 

vegetables for decay control. Plant Dis. 75:1085-1089. 

Goldberg, S. D. and Shmuli, M. 1970. Drip irrigation, a method used under desert 

conditions of high water and soil salinity. Trans. Am. Soc. Agric. Eng. 13: 38-

41. 

Gonge, A. P., Patel, B. N., Sonavane, S. S., Zala, J. N., and Solia, B. M. 2015. 

Comparative performance of water soluble and routinely used fertilizer with 

x 



respective to different fertigation levels and frequencies on growth parameters 

and crop duration of banana cv. Grand Naine under drip irrigation. Indian J. 

Sci. Technol. 8(29): 1-6. 

Goud, S., Pimpale, A. and Kharche, V. 2017. Effect of fertigation on growth, yield 

and quality of Nagpur mandarin. Bull. Environ. Pharmacol. Life Sci. 6(1): 

172-176. 

Grace, U. M. 2011. Study on fertigation scheduling in Kinnow mandarin. M.Sc. 

(Hort.) thesis, Indian Agricultural Research Institute, New Delhi, 81p. 

Gupta, U. C. 1967. A simplified method for determining hot-water soluble form 

boron in podzols. Soil Sci. 103: 424-428. 

Gurjar, T. D., Patel, N. L., Panchal, B., and Chaudhari, D. 2015. Effect of foliar spray 

of micronutrients on flowering and fruiting of Alphonso mango (Mangifera 

indica L.). The Bioscan 10(3): 1053-1056. 

Gutal, G. B., Barai, V. N., Mane, T. A., Purkar, J. K. and Bote, N. L. 2005. 

Scheduling of nitrogen through drip method of irrigation for strawberry. J. 

Maharashtra Agric. Univ. 30: 215-6. 

Hada, T. S. 2013. Effect of different levels of boron and zinc on growth, fruiting, 

yield and quality of winter season guava (Psidium guajava L.) cv. L-49. Ph.D 

thesis. Banaras Hindu University, Varanasi. 66p. 

Hagin, J., Sneh, M. and Lowengart-Aycicegi, A. 2002. Fertigation – Fertilization 

through Irrigation. IPI Research Topics No. 23. International Potash Institute, 

Basel, Switzerland, 81p. 

Hai, L. H., Uthaibutra, J. and Changbang, Y. 2014. Effects of sodium hypochlorite 

soaking in combination with wax coating to control fruit decay and to 

xi 



maintain visual appearance of fresh vietnamese longan fruit cv. Long. Int. J. 

Biotechnol. Res. 4(6): 33-44. 

Haneef, M., Kaushik, R. A., Sarolia, D. K., Mordia, A. and Dhakar, M. 2014. 

Irrigation scheduling and fertigation in pomegranate cv. Bhagwa under high 

density planting system. Indian J. Hortic. 71(1): 45-48. 

Haque, R., Roy, A. and Pramanick, M. 2000. Response of foliar application of Mg, 

Zn, Cu and B on improvement of growth, yield and quality of Mandarin 

orange in Darjeeling hills of West Bengal. Hortic. J. 13(2): 15-20. 

Hardenburg, R. E., Watada, A. E. and Wang, C. Y. 1990. The commercial storage of 

fruits, vegetables, florist and nursery stock. United States Department of 

Agriculture, 130p. 

Haynes, R. J. 1985. Principles of fertilizer use for trickle irrigated crops. Fertil. Res. 

6: 235-255. 

Hewajulige, I. G. N., Wijeratnam, R. S. W., Perera, M. G. D. S., Fernando, S. A. 

2015. Extending storage life of commercially important tropical fruits using 

bio-waxes. Acta Hortic. 1091: 283-289.  

Hopfman, P. J., Décor, J. M., Meiburg, G. F., Macnish, A. J. and Joyce, D. C. 2001. 

Ripening and quality responses of avocado, custard apple, mango and papaya 

fruit to 1-methylcyclopropane. Aus. J. Exp. Agric. 41: 567-572.  

Humble, C. D., Fisher, R. R., Hsiao, T. C. 1970. Potassium role found essential in 

stomatal functions for plant life. California Agric. 24(4): 10. 

Imas, P. 1999. Recent techniques in fertigation of horticultural crops in Israel. In: 

Recent Trends in Nutrition Management in Horticulture Crops. Dapoli, 

Maharashtra, p.11-12. 

xii 



INCID. 1994. Drip irrigation in India. Indian National Committee on Irrigation and 

Drainage, Ministry of Water Resources, Govt. of India. In: Jackson, M. L. 

(ed.), Soil chemical analysis. Prentice Hall of India Pvt. Ltd., New Delhi, 

pp.42-48. 

Issar, K., Sharma, S. K. and Nautiyal, M. C. 2010. Effect of waxing on shelf life and 

quality of apple. Indian J. Hortic. 67: 488-491. 

Jackson, M. L. 1973. Soil Chemical Analysis (2nd Ed.). Prentice Hall of India. New 

Delhi, 498p. 

Jadhav, P. B., Padhiar, B. V., Senapati, A. K., Gaware, N. D., Bhor, R. A. and 

Nawalkar, D. P. 2016. Effect of fertigation and mulching on yield and yield 

attributes studies in papaya under South Gujarat conditions. Res. Environ. Life 

Sci. 9(12): 1457-1460. 

Jadhav, P. B., Padhiar, B. V., Senapati, A. K., Gaware, N. D. and Pokharkar, K. K. 

2016. Effect of fertigation, splitting and mulching on first flowering height 

(cm), first flower initiation and days to fruit maturity after transplanting of 

papaya cv. Red Lady (786). Int. J. Curr. Res. 8(6): 32898-32900. 

Jagtap, V. M., Patel, H. C., Nehete, D. S. and Godage, S. S. 2013. Effect of foliar 

application of plant growth regulators and micronutrients on yield and quality 

of acid lime cv. Kagzi (Citrus aurantifolia Swingle). Asian J. Hortic. 8(1): 57-

59. 

Jawandha, S. K., Singh, H., Kaur, K. and Arora, A. 2016. Effect of pre-cooling on 

storage behaviour of peach fruit. Eco. Environ. Cons. 22: 311-315. 

Jayasheela, D. S. 2014. Postharvest management practices in Papaya (Carica papaya 

L.) for improving shelf life. M.Sc. (Hort.) thesis, Kerala Agricultural 

University, Thrissur, 117p. 

xiii 



Jayasheela, D. S., Sreekala, G. S., Mini, C., Nair, C. S. J. and Meenakumari, K. S. 

2016. Postharvest management of papaya. Res. Environ. Life Sci. 9(1): 120-

123. 

Jena, C., Panda, P. K., and Karna, A. K. 2018. Effect of growth promoting substances 

on flowering behaviour of cashew cv. BPP-8 grown in the coastal region of 

Odisha. Int. J. Chem. Stud. 6(6): 908-911. 

Jeyakumar, P., Amutha, R., Balamohan, T. N., Auxcilia, J. and Nalina, L. 2010. 

Fertigation improves fruit yield and quality of papaya. Acta Hortic. 851: 369- 

376. 

Jeyakumar, P., Durgadevi, D. and Kumar, N. 2001. Effects of zinc and boron 

fertilisation on improving fruit yields in papaya (Carica papaya L.) cv. Co5. 

In: Horst, W. J., Schenk, M. K., Bürkert, A., Claassen, N., Flessa, 

H., Frommer, W. B., Goldbach, H., Olfs, H. W., Römheld, V., Sattelmacher, 

B., Schmidhalter, U., Schubert, S., Wirén, N. and Wittenmayer, L. (eds), 

Plant nutrition – Food security and sustainability of agro-ecosystems. Kluwer 

Academic Publishers. pp. 356-357. 

Jiang, Y. M. and Li, Y. B. 2001. Effect of chitosan coating on the post harvest life 

and quality of longan fruit. J. Food Chem. 73(2): 139-143. 

Kachwaya, D. S. and Chandel, J. S. 2015. Effect of fertigation on growth, yield, fruit 

quality and leaf nutrients content of strawberry (Fragaria × ananassa) cv. 

Chandler. Indian J. Agric. Sci. 85(10): 1319-1323. 

Kader, A. A. 2013. Postharvest technology of horticultural crops- An overview from 

farm to fork. Ethiop. J. Appl. Sci. Technol. 1: 1-8. 

Kader, A. A., Zagory, D. and Kerbel, E. L. 1989. Modified atmosphere packaging of 

fruits and vegetables. Critical Rev. Food Sci. Nutr. 28(1): 1-30. 

xiv 



Katyal, S. L. and Dutta, C. P. 1971. Irregular bearing in mango and remedial 

measures. Andhra Agric. J. 18: 237-241. 

KAU (Kerala Agricultural University). 2016. Package of Practices 

Recommendations: Crops (15th Ed.). Kerala Agricultural University, Thrissur, 

393p. 

Kaur, A., Raturi, H. C., Kachwaya, D. S., Singh, S. K. and Singh, T. 2019. Effect of 

fertigation on growth and fruit yield of cucumber (Cucumis sativus L.) grown 

under open ventilated polyhouse condition. J. Pharmacognosy Phytochem. 

8(2): 202-204. 

Kaur, M. and Kaur, A. 2018. Role of ethrel, polythene bags and KMnO4 on storage 

life of banana cv. Grand Naine. J. Exp. Agric. Int. 23(3): 1-8. 

Kavino, M., Kumar, N., Soorianathasundaram, K. and Jeyakumar, P. 2002. Effect of 

source of fertilizers for fertigation on yield and quality of banana cv. robusta 

(AAA). South Indian Hortic. 50: 301-307. 

Kavitha, M., Kumar, N., and Jeyakumar, P. 2000. Role of zinc and boron on fruit 

yield and associated characters in papaya cv. Co-5. S. Indian Hortic. 48(1): 6-

10. 

Kavitha, M., Kumar, N. and Jeyakumar, P. 2001. Effect of zinc and boron on 

biochemical and quality characters of papaya cv. Co.5. S. Indian Hortic. 

48(6): 1-5. 

Kaya, M., Cesoniene, L., Daubaras, R., Leskauskaite, D. and Zabulione, D. 2016. 

Chitosan coating of red kiwifruit (Actinidia melanandra) for extending of the 

shelf life. Int. J. Biol. Macromolecules 85: 355-360. 

xv 



Kazemi, F., Jafararpoor, M., and Golparvar, A. 2013. Effects of sodium and calcium 

treatments on the shelf life and quality of pomegranate. Int. J. Farming Allied 

Sci. 2(2): 1375-1378.  

Kazemi, M. 2014. Influence of foliar application of iron, calcium and zinc sulfate on 

vegetative growth and reproductive characteristics of strawberry cv. Pajaro. 

Trakia J. Sci. 1: 21-26. 

Kechinski, C. P., Montero, C. R. S., Norena, C. P. Z., Tessaro, I. C., Marczak, L. D. 

F. and Bender, R. J. 2012. Effects of ozone in combination with hydrothermal 

treatment and wax on physical and chemical properties of papayas. Ozone. 

Sci. Eng. 34: 57-63. 

Kester, J. J. and Fennema, O. R. 1986. Edible films and coatings: A review. Food 

Technol. 40(12): 47-59. 

Khaleghi, S. S., Ansari, N. A., Rahemi, M. and Peidayesh, M. 2014. Effect of hot 

water treatment and surface disinfection with NaCl on storage life and 

reducing decay of tomato fruit. Int. J. Farming Allied Sci. 3(2): 155-160. 

Khan, A. S., Ullah, W., Malik, A. U., Ahmad, R., Saleem, B. A. and Rajwana, I. A. 

2012. Exogenous applications of boron and zinc influence leaf nutrient status, 

tree growth and fruit quality of feutrell’s early (Citrus reticulata Blanco). 

Pakist. J. Agri. Sci. 49(2): 113-119. 

Kittur, F. S., Saroja, N. S., Habibunnisa and Tharanathan, R. N. 2001. 

Polysaccharidebased composite coating formulations for shelf-life extension 

of fresh banana and mango. European Food Res. Technol. 213: 306-311. 

Kolesnik, A. A. and Cerevitinov, B. D. 1966. The effect of zinc on accumulation of 

calcium, magnesium, phosphorus, iron on the state of water in apple. Fizid 

Rast. 13: 14-19. 

xvi 



Koley, T. K., Asrey, R. and Samuel, D. V. K. 2009. Effect of sanitizers and storage 

environment on shelf-life and quality of pointed gourd (Trichosanthes dioica). 

Indian J. Agric. Sci. 79(3): 170-173. 

Krishna, K. R. and Rao, D. S. 2014. Effect of chitosan coating on the physiochemical 

characteristics of guava (Psidium guajava L.) fruits during storage at room 

temperature. Indian J. Sci. Technol. 7(5): 554- 558. 

Krishnamoorthy, C. 2011. Effect of fertigation through drip and micro sprinkler on 

growth, physiology, yield and quality in Cocoa (Theobroma cacao L.) Ph.D 

(Hort.) thesis, Tamil Nadu Agricultural University, Coimbatore. 194p. 

Krishnamurthy, S. and Subramanyam, H. 1970. Respiratory climacteric and chemical 

changes in the mango fruit (Mangifera indica L.). J. Am. Soc. Hortic. Sci. 

95(3): 333-337. 

Kuepper, G. 2003. Foliar Fertilization. ATTRA (Appropriate Technology Transfer 

for Rural Areas). Available: http//www.attra.ncat.org. 

Kumar, A., Singh, R. K., Sinha, A. K., Singh, H. K. and Mishra, A. P. 2007. Effect of 

fertigation on banana through drip irrigation in North Bihar. J. Res. Birsa 

Agric. Univ. 19: 81-86. 

Kumar, J., Kumar, R., Rai, R. and Mishra, D. S. 2015. Response of Pant Prabhat 

guava trees to foliar sprays of zinc, boron, calcium and potassium at different 

plant growth stages. Bioscan. 10(2): 495-498. 

Kumar, K. T., Ram, A., Pal, R. K. and Samuel, D. V. K. 2009. Shelf-life extension in 

pointed gourd (Trichosanthes dioica Roxb.) by post-harvest application of 

sodium hypochlorite, potassium metabisulphite and carnauba wax. J. Food 

Sci. Technol. 46(6): 581-584. 

xvii 



Kumar, N., Suresh, J. and Manivannan, M. I. 2008. Balanced fertilization for papaya. 

In: Training manual on role of balanced fertilization for horticultural crops. 

Tamil Nadu Agricultural University, Coimbatore, India p. 64-71. 

Kumari, U. and Deb, P. 2018a. Effect of foliar application of zinc and boron on 

physical parameters of pineapple cv. Mauritius. Int. J. Curr. Microbiol. Appl. 

Sci. 7: 397-402. 

Kumari, U. and Deb, P. 2018b. Effect of foliar application of zinc and boron on 

quality of pineapple cv. Mauritius. J. Pharmacognosy Phytochem. 7(6): 1166-

1168. 

Li, X., Zhu, X., Zhao, N., Fu, D., Li, J., Chen, W., and Chen, W. 2013. Effects of hot 

water treatment on anthracnose disease in papaya fruit and its possible 

mechanism. Postharvest Biol. Technol. 86: 437-446. 

Liang, Y. S., Wongmetha, O., Wu, P. S., and Ke, L. S. 2013. Influence of 

hydrocooling on browning and quality of litchi cultivar Feizixiao during 

storage. Int. J. Refrigeration. 36(3): 1173-1179. 

Liu, F. W. 2002. [online]. Available: www.fftc.agnet.org/library/article/eb465b.html. 

[13 April]. 

Lurie, S. 1998. Review: Postharvest heat treatments. Postharvest Biol. Technol. 14: 

257-269. 

Maalekuu, K., Elkind, Y., Alkalai, T.S., Shalom, Y. and Fallik, E. 2004. The 

influence of harvest season and cultivar type on several quality traits and 

quality stability of three commercial sweet peppers during the harvest period. 

Adv. Hortic. Sci. 18: 21-25. 

Madhumathi, C., Sadarunnisa, S. and Purushottam, K. 2004. Fertigation studies in 

Robusta banana. In: Proceedings of National Seminar on Banana Industry. 

xviii 



Present Scenario and Future Strategies. B.C.K.V., Kalyani, West Bengal, pp 

120-124. 

Mahalakshmi, M. 2000. Water and fertigation management studies in banana cv. 

Robusta (AAA) under normal planting and high density planting systems. 

Ph.D Thesis, Tamil Nadu Agricultural University, Coimbatore 362p. 

Mahalakshmi, M., Kumar, N., Jeyakumar, P. and Soorianathasundaram. K. 2001. 

Fertigation studies in banana under normal system of planting. South Indian 

Hortic. 49: 80-83. 

Mahida, A., Tandel, Y. N., Mantri, A, Patel, N. and Parmar, V. K. 2018. Effect of Fe 

and Zn fertilization on fruit setting and yield attributes of mango cv. Kesar. 

Int. J. Chem. Stud. 6(5): 532-534. 

Makhmale, S. J. and Delvadia, D. V. 2016. Effect of foliar sprays of zinc, iron & 

boron on flowering, yield and quality of custard apple (Annona squamosa  L.) 

cv. Sindhan. Green Farming 7(1): 179-181. 

Makwana, S. A., Polara, N. D. and Viradia, R. R. 2014. Effect of Pre-cooling on post 

harvest life of mango (Mangifera Indica L.) cv. Kesar. Food Sci. 

Technol. 2(1): 6-13. 

Malvi, U. R. 2011. Interaction of micronutrients with major nutrients with special 

reference to potassium. Karnataka J. Agric. Sci. 24(1): 106-109. 

Mane, S. R., Jadhav, Y. T. and Barkade, D. P. 2016. Response of water soluble 

fertilizers on maturity days, productivity per day and yield of banana (Musa 

paradisiaca L.) cv. Grand Naine. Asian J. Hortic. 11(1): 75-80. 

Maneesha, S. R., Devi, S. P., Vijayakumar, R. M. and Soorianathasundaram, K. 2019. 

Effect of fertigation on vegetative growth of pineapple (Ananas comosus (L.) 

Merr.) Variety ‘Giant Kew’. Int. J. Chem. Stud. 7(3): 28-32. 

xix 

 



Manenoi, A. and Paull, R. E. 2007. Effect of 1-Methylcyclopropane (MCP) on 

papaya fruit ripening. Acta Hortic. 740: 323-326. 

Manenoi, A., Bayogan, E. R. V., Thumdee, S. and Paull, R. E. 2007. Utility of 1-

methylcyclopropane as a papaya postharvest treatment. Postharvest. Biol. 

Technol. 44: 55-62. 

Manganaris. G. A., Ilias, I. F., Vasilakakis, M., and Mignani, I. 2007. The effect of 

hydrocooling on ripening related quality attributes and cell wall 

physicochemical properties of sweet cherry fruit (Prunus avium L.). Int. J. 

Refrigeration. 30(8): 1386-1392. 

Manjunatha, S. 2012. Effect of micronutrients and silica on growth and yield of 

papaya cv. Red Lady. M.Sc. thesis, University of Horticultural Sciences, 

Bagalkot, 91p. 

Mansour, N. M., Sied, E. L. and Zi, A. H. 1985. Effect of zinc sulphate on fruit set 

and yield of guava. Agric. Res. Rev. 59(3): 119-135. 

Marboh, E. S., Lal, R. L., Mishra, D. S., and Goswami, A. K. 2012. Effect of hot 

water treatment and oxalic acid on colour retention and storage quality of 

litchi fruit cv. Rose Scented. Indian J. Hortic. 69(4): 484-488. 

Marpudi, S. L., Abirami, L. S. S., Pushkala, R. and Srividya, N. 2011. Enhancement 

of storage life and quality maintenance of papaya fruits using Aloe vera based 

antimicrobial coating. Indian J. Biotechnol.10: 83-89. 

Marschner, H. 1995. Mineral nutrition of higher plants (2nd Ed.). Academic Press, 

London, UK, 889p. 

Martins, D. M. S., Blum, L. E. B., Sena, M. C., Dutra, J. B., Freitas, L. F., Lopes, L. 

F., Yamanishi, O. K. and Dianese, A. C. 2010. Effect of hot water treatment 

xx 

 



on the control of papaya (Carica papaya L.) postharvest diseases. Acta 

Hortic. 864: 181-186. 

Martinsson, M., Kwast, A., Cieslinski, G. and Treder, W. 2006. Impact of production 

systems and fertilizer application on yield and quality of strawberries. Acta 

Hortic. 708: 59-64. 

Maurer, M. A. and Taylor, K. C. 1999. Effect of Foliar Boron Sprays on Yield and 

Fruit Quality of Navel Oranges. Citrus and Deciduous Fruit and Nut Research 

Report, College of Agriculture, University of Arizona, Tucson, 156p. 

Mayani, J. M., Patel, N. I., Raj, D., Padhiar, B. V., Tandel, Y. N. and Chhatrola, H. 

N. 2017. Effect of hot water dip treatment physico-chemical and sensory 

quality of mango (cv. Kesar). Int. J. Chem. Stud. 5(6): 220-227. 

McGuire, R. G. and Hallman, G. J. 1995. Coating guavas with cellulose- or carnauba-

based emulsions interferes with postharvest ripening. HortSci. 30: 294-295. 

Meena, D., Tiwari, R. and Singh, O. P. 2014. Effect of nutrient spray on growth, fruit 

yield and quality of aonla. Annals Plant Soil Res. 16(3): 242-245. 

Minh, N. P., Vo, T. S., Tram, D. N., Nga, N. H., Bang, N. T., and Trinh, M. T. D. 

2019. Application of chitosan edible coating for soursop (Annona muricata) 

storage. J. Pharm. Sci. Res. 11(2): 284-288. 

Mishra, D. R., Singh, R. P., Sahoo, A. K. and Dey, S. 2005. Spatial and temporal 

variability of soil moisture over India using IRS P4 MSMR data. Int. J. 

Remote Sensing. 26(10): 2241-2247. 

Mishra, S. M., Ram, D., Pandey, A. and Meena, A. K. 2017. Effect of foliar feeding 

of micro-nutrients on physico-chemical attributes of aonla (Emblica officinalis 

Gaertn) cv. Na-7 under high density planting. Int. J. Curr. Microbiol. Appl. 

Sci. 6(5): 605-609. 

xxi 



Motesharezade, B., Malakuty, M. J. and Nakhoda, B. 2001. Effects of N, Zn and B 

sprays on photochemical efficiency of sweet cherry. Hort Newsletter 12: 106-

111. 

Moustafa, A. A., El-Shazly, S. A., Eissa, A. M. and Zahran, M. A. 1986. Effect of 

foliar application of chelated Fe, Zn, Mn on leaf mineral content yield and 

fruit quality of Roumi Red grape-vines. Ann. Agric. Sci. 31(1): 623-635. 

Muhammad, S., Abdur, R., Nawab, A., Muhammad, A., Louise, F. and Masood, A. 

2010. Effect of foliar application of zinc and boron on fruit production and 

physiological disorders in sweet orange cv. Blood Red. Sarhad J. Agric. 

26(3): 282-291. 

Nakhlla, F. G. 1998. Zinc spray on navel orange in newly reclaimed desert areas and 

its relation to foliar IAA level and fruit drop. Bulletin, Faculty of Agriculture, 

University of Cairo, Egypt. 49: 69-88. 

Nason, A. and Mcelroy, W. D. 1963. Mode of action of essential mineral elements. 

In: Steward, F. C. (ed.), Plant Physiology A Treatise. Academic Press, New 

York, pp. 166-169. 

Nawaz, M. A., Ahmad, W., Ahmad, S. and Khan. M. M. 2008. Role of growth 

regulators on preharvest fruit drop, yield and quality in Kinnow mandarin. 

Pak. J. Bot. 40: 1971-1981. 

Nayak, H., Sahoo, D., Swain, S. C., Jena, B., Paramjita, D., and Bisoyi, B. S. 2018. 

Influence of fertigation doses and mulching on yield attributing characters and 

post-harvest shelf life of pointed gourd (Trichosanthes dioica Roxb.). Int. J. 

Curr. Microbiol. Appl. Sci. 7(4): 3212-3220. 

Ndereyimana, A., Praneetha, S., Pugalendhi, L., Pandian, B. J. and Hategekimana, A. 

2013. Effect of spacing and fertigation on incidence of shoot and fruit borer 

xxii 



(Leucinodes orbonalis Guenee) in eggplant (Solanum melongena L) grafts. J. 

Renewable Agric. 1(5): 102-105. 

Nestby, R. 1998. Effect of N fertigation on fruit yield, leaf N and sugar content in 

fruits of two strawberry cultivars. J. Hortic. Sci. Biotechnol. 73(4): 563-568. 

NHB [National Horticuture Board]. 2019. NHB home page [online]. Available: 

www.http://nhb.gov.in/statistics/areaproduction-statistics.html [14 April 

2020]. 

Nijjar, G. S. 1985. Nutrition of Fruit Trees. Kalyani Publishers, New Delhi, India. 

320p. 

Nijjar, G. S., Arora, J. S., Singh, G. and Dwivedi, R. S. 1976. Symptoms of zinc 

deficiency in mango. Punjab Hortic. J. 16: 113-114. 

Nikzad, M., Kumar, J. S. A., Dhananjaya, B. N., Anjanappa, M. and 

Amarananjundeswara, H. 2020. Effect of fertigation levels on soil available 

nutrients status and nutrients uptake by cabbage (Brassica Oleracea L. var. 

capitata). Int. J. Curr. Microbiol. Appl. Sci. 9(2): 1856-1862. 

Ningavva, B. V., Hipparagi, K., Paramappa, M. K., and Nadukeri, S. 2014. Effect of 

soil application and foliar spray of zinc and boron on quality of ratoon banana 

cv. Grand Naine under hill zone of Karnataka. Trends Biosci. 7(20): 3294-

3296. 

Nirgude, V., Karuna, K., Kumar, V., and Spandana, M. 2016. Optimization of 

fertigation doses vis-a-vis fruit qualities for growing Citrus sinensis Osbeck 

cv. Mosambi under high density orchard conditions in India. 22(4): 421-427. 

Nirgude, V., Misra, K. K., Singh, P. N., Singh, A. K. and Singh, N. 2018. NPK 

fertigation of stone fruit crops: A review. Int. J. Chem. Stud. 6(2): 3134-3142. 

xxiii 



Nishijima, W. T. 1994. Papaya fungicide research update. [on-line]. Available: 

https://www.ctahr.hawaii.edu/oc/freepubs/pdf/HITAHR_05-08-94_39.pdf [22 

Aug 2019]. 

Oliveira, A. M. G., Souza, L. F. S. and Coelho, E. F. 2004. Papaya. Available: 

http://www.ipipotash.org/udocs/8_Papaya.pdf. [27 Feb 2020]. 

Oosterhuis, D. 2009. Foliar fertilization: mechanisms and magnitude of nutrient 

uptake. In: Proceedings on Fluid Fertilizer Foundation, 6-9 February 2009, 

Arizona. pp. 15-17. 

Pandey, S. D., Jayabhaskaran, K. J., Laxman, R. H., Santhi, V. P. and Mustaffa, M. 

M. 2001. Effect of irrigation, N fertigation and planting geometry on growth 

and yield of banana. cv. Nendran. South Indian Hortic. 49: 76-77. 

Pandita, N. J. 2000. Studies on the foliar application of zinc and boron in guava 

(Psidium guajava L.) cv. Allahabad Safeda. M.Sc. (Ag) thesis, Sher-E-

Kashmir University of Agricultural Sciences and Technology, Jammu 

Kashmir. 56p. 

Panse, V. G. and Sukhatme, P. V. 1985. Statistical Method for Agricultural Workers. 

Indian Council of Agricultural Research, New Delhi, 347p.  

Pant, V. and Lavania, M. L. 1989. Effect of foliar sprays of iron, zinc and boron on 

growth and yield of papaya (Carica papaya L.). Progressive Hort. 21: 165-

167. 

Parag, J. B., Padhiar, B. V., Senapati, A. K., Gaware, N. D., Pokharkar, K. K. 2016. 

Effect of fertigation, splitting and mulching on first flowering height (cm), 

first flower initiation and days to fruit maturity after transplanting of papaya 

cv. Red Lady. Int. J. Curr. Res. 8(6): 32898-32900.  

xxiv 



Paramesha, D., Keerthishree, M. and Prasad, H. P. C. 2017. Effect of CaCl2 and 

KMnO4 on shelf life of fig fruits. Int. J. Agric. Sci. 9(18): 4170-4176. 

Parker, R. and Maalekuu, B. K. 2013. The effect of harvesting stage on fruit quality 

and shelf life of four tomato cultivars (Lycopersicon esculentum Mill). Agric. 

Biol. J. North Am. 4(3): 252-259. 

Parmar, J. M., Karetha, K. M. and Rathod, P. J. 2014. Effect of foliar spray of urea 

and zinc on growth and flowering attributes of guava (Psidium guajava) cv. 

Bhavnagar Red. Advance Res. J. Crop Improv. 5(2): 140-143. 

Patel, A. R., Saravaiya, S. N., Patel, A. N., Desai, K. D., Patel, N. M. and Patel, J. B. 

2010. Effect of micronutrients on yield and fruit quality of banana (Musa 

paradisiaca L.) cv. Basrai under pair row planting method. Asian J. Hortic. 

5(1): 245-248. 

Patel, K. M., Patel, H. C. and Jethava, B. A. 2017a. Effect of fertigation management 

on fruit yield and quality of sapota (Achras sapota Mill) cv. Kalipatti. Trends 

Biosci. 10(27): 5862-5864. 

Patel, K. M., Patel, H. C. and Jethava, B. A. 2017b. Effect of fertigation management 

on growth and fruit yield of sapota (Achras sapota Mill) cv. Kalipatti. Trends 

Biosci. 10(27): 5897-5898. 

Patel, Y., Yadav, A., Pratap, B., Shivam. and Tiwari, D. K. 2018. Effect of foliar 

spray of micro nutrients on yield and quality of aonla (Emblica officinallis 

Gaertn. L.) cv. NA-6. J. Pharmacognosy Phytochem. 1: 1659-1662. 

Pathak, M., Bauri, F. K., Mishra, D. K., Bandyopadhyay, B. and Chakraborty, K. 

2011. Application of micronutrients on growth, yield and quality of banana. J. 

Crop Weed. 7(1): 52-54. 

xxv 



Patnaik, H., Singh, D. and Mohapatra, S. 1998. Effect of NPK fertilizers on the 

incidence of shoot and fruit borer (Leucinodes orbonalis Guen) in brinjal 

under insecticidal protection. Orissa J. Hortic. 26 (2): 56-60. 

Paul, A. A. and Nair, C. S. J. 2015. Effect of foliar application of nutrients on quality 

characters of banana (Musa AAB) Nendran. Int. J. Appl. Pure Sci. Agric. 1(7): 

101-104. 

Paull, R. E. 1994. Response of tropical horticultural commodities to insect 

disinfestation treatments. Hortic. Sci. 29: 988-996. 

Paull, R. E. and Chen, N. J. 1989. Waxing and plastic wraps influence water loss 

from papaya fruit during storage and ripening. J. Am. Soc. Hortic. Sci. 114: 

937-942. 

Peres-Lopez, A. and Reyes, R. D. 1983. Effect of nitrogen and boron application on 

Carica papaya L. growth and yield. J. Agric. Uni. Puerto Rico. 67: 181-187. 

Petriccione, M., Pasquariello, M. S., Mastrobuoni, F., Zampella, L., Di Patre, D. and 

Scortichini, M. 2015. Influence of a chitosan coating on the quality and 

nutraceutical traits of loquat fruit during postharvest life. Sci. Hortic. 197: 

287-296. 

Pimental, R. M. A. and Walder, J. M. M. 2002. Gamma radiation in papaya harvested 

at three stages of maturation. Sci. Agric. 61(2): 146-150. 

Piper, C. S. 1967. Soil and Plant Analysis. Hans Publication, Bombay, 368p. 

Porro, D., Pantezzi, T., Pedò, S., and Bertoldi, D. 2013. Interaction of fertigation and 

water management on apple tree productivity, orchard nutrient status, and 

fruit quality. Acta Hortic. 984: 203-210. 

xxvi 



Prajapati, P., Sahu, G. D. and Prajapati, M. 2017. Studies on effect of fertigation level 

and response of mulching on growth and yield parameters of papaya (Carica 

papaya L.) under Chhattisgarh plains. J. Pharmacognosy Phytochem. 614-

618. 

Prakash, K., Vijayakumar , R. M., Balamohan, T. N., and Singh, S. D. S. 2015. Effect 

of drip irrigation regimes and fertigation levels on yield and quality of mango 

cultivar Alphonso under ultra high density planting. Acta Hortic. 1066: 147- 

150. 

Pramanik, S. and Patra, S. K. 2016. Growth, yield, quality and irrigation water use 

efficiency of banana under drip irrigation and fertigation in the gangetic plain 

of West Bengal. World J. Agric. Sci. 12(3): 220-228. 

Rahman, M. M., Sahadat, M., Rahul, S., Roni, M. Z. K., and Jamal Uddin, A. F. M. 

2016. Effect of preharvest B and Zn spray on yield and quality of strawberry. 

Int. J. Bus. Soc. Sci. Res. 5(1): 41-46. 

Rai, R. M., Tewari, P. and Pathak, C. P. 1988. Effect of micro nutrient sprays on fruit 

quality of orange (Citrus reticulata Blame). Progressive Hortic. 20(1-2): 133-

135. 

Raina, J. N., Thakur, B. C., Suman, S. and Spehia, R. S. 2005. Effect of fertigation 

through drip system on nitrogen dynamics, growth, yield and quality of 

apricot. Acta Hortic. 696: 408-419. 

Raja, M. E. 2009. Importance of micronutrients in the changing horticultural scenario 

in India. J. Hortic. Sci. 4(1): 1-27. 

Raja, M. E. 2010. Boron nutrition on yield and post harvest life of papaya in semi 

arid tropics of South India. Acta Hortic. 851: 513-518. 

xxvii 



Rajesh, J., Kanpure, R. N. and Rajesh, T. 2016. Effect of foliar spray of urea and zinc 

sulphate on morphological, yield and quality attributes of guava (Psidium 

guajava L.) cv. Apple Colour. Int. J. Agric. Sci. 8(58): 3263-3268. 

Rajput, C. B. S., Singh, B. P. and Singh, S. B. 1976. Effect of foliar application of 

zinc sulphate on vegetative growth of mango (Mangifera indica L.). 

Bangladesh Hortic. 4: 23-24. 

Ram, R. A. and Bose, T. K. 2000. Effect of foliar application of magnesium and 

micronutrients on growth, yield and fruit quality of mandarin orange. Indian J. 

Hortic. 57(3): 215-220. 

Ram, S., Kumar, J. and Goyal, R. K. 2003. Effect of oil emulsion and pre-cooling on 

shelf life of mango. Haryana J. Hortic. Sci. 32(1): 54-55. 

Ranganna, S. 1997. Handbook of Analysis and Quality Control for Fruits and 

Vegetable Products (3rd Ed.). Tata McGraw and Hill Publication Co. Ltd., 

New Delhi, 634p. 

Rao, D. M. and Rao, M. R. 1979. Post harvest changes in banana cv. Robusta. Indian 

J. Hortic. 36: 387-393. 

Rashmi, P. and Singh, C. P. 2007. Effect of pre harvest foliar spray of micronutrients 

on chemical properties of mango fruit cv. Langra. Pantnagar J. Res. 5: 56-61. 

Raskar, B. S. 2003. Effect of planting technique and fertigation on growth, yield and 

quality of banana (Musa sp.) Indian. J. Agron. 48 (3): 95-97. 

Ravikumar, M., Desai, C. S., Raghavendra, H. R. and Pooja, N. 2018. Effect of pre-

cooling in extending the shelf life of banana cv. Grand naine stored under 

different storage conditions. Int. J. Chem. Stud. 6(3): 872-878. 

xxviii 



Razali, M., Ali, Z. M. and Othman, R. 2013. 1-Methylcyclopropane and heat 

treatment affected weight loss and ethylene biosynthesis of sekaki papaya 

stored at low temperature. Acta Hortic. 1012: 375-382. 

Razzaq, K., Khan, A. S., Malik, A. U., Shahid M. and Ullah, S. 2013. Foliar 

application of zinc influences the leaf mineral status, vegetative and 

reproductive growth, yield and fruit quality of Kinnow mandarin. J. Plant 

Nutr. 36(10): 1479-1495. 

Reed, H. S. 1946. Effects of zinc deficiency on phosphate mmetabolism of the tomato 

plant. Am. J. Bot. 33: 778-784. 

Resende, J. M., Boas, V. E. V. and Chitarra, M. I. F. 2001. Use of modified 

atmospheric packaging in passion fruit. Agric. Res. 25: 159-168. 

Rideout, J. W., Raper, C. D. and Miner, G. S. 1992. Changes in ratio of soluble 

sugars and free amino nitrogen in the apical meristem during floral transition 

of tobacco. Int. J. Plant Sci. 153: 78-88. 

Rolston, D. E., Miller, R. J. and Schulbauch. H. 1986. Management principles- 

fertilization. In: Nakayama, and Bucks, D. A. (eds.), Trickle Irrigation for 

Crop Production, Design, Operation and Management, Amsterdam, The 

Netherlands, 317. 

Sadarunnisa, S., Madhumathi, C., Babu, K. H., Sreenivasulu, B., and Krishna, M. R.  

2010. Effect of fertigation on growth and yield of papaya cv. Red Lady. Acta 

Hortic. 851: 395-400. 

Sadasivam, S. and Manikam, A. 1996. Biochemical Methods. (92nd Ed.). New Age 

International Publishers, 256p. 

Sahota, G. S. and Arora, J. S. 1981. Effect of N and Zn on Hamlin sweet orange. Jap. 

J. Hortic. Sci. 50: 281-286. 

xxix 



Sajid, M., Abdur-Rab., Ali, N., Arif, M., Ferguson, L., and Ahmed, M. 2010. Effect 

of foliar application of Zn and B on fruit production and physiological 

disorders in sweet orange cv. Blood Orange. Sarhad J. Agric. 26(3): 355-360. 

Salunkhe, D. K. and Desai, B. B. 1984. Postharvest Biotechnology of Vegetables. 

University of Wisconsin, Madison. 232p. 

Samra, N. R. 1985. Yield and fruit quality of Balady mandarin as affected by zinc 

and GA3 application. J. Agric. Sci. Mansoura University 10: 1427-1432. 

Sanches, A. G., Silva, M. B., Moreira, E. G. S., Santos, E. X., Menezes, K. R. P., 

Cordeiro, C. A. M. 2019. Ethylene absorber (KMnO4) in postharvest quality 

of pinha (Anona squamosa L.). Emirates J. Food Agric. 31(8): 605-612. 

Sanchez, I. C., Lopez, C. A., Garcia, V. M. and Yahia, E. M. 2013. The effect of 

antifungal hot water treatments on papaya postharvest quality and activity of 

pectinmethylesterase and polygalacturonase. J. Food Sci. Technol. 50(1): 101-

107. 

Sankar, C., Saraladevi, D. and Parthiban, S. 2013. Effect of foliar application of 

micronutrients and sorbitol on fruit quality and leaf nutrient status of mango 

cv. Alphonso. Asian J. Hortic. 8(2): 714-719. 

Santhosh, K. 2012. Effect of micronutrients on quality of fruit and seed in tomato, 

Solanum lycopersicum L. Int. J. Farm Sci. 2(1): 43-46. 

Saravanan, S., Suchitra, V. and Kumar, R. 2013. Influence of wax coating and 

indigenous potassium permanganate based ethylene absorbents on shelf life of 

banana cv. Dwarf Cavendish. Progressive Hortic. 45(1): 83-88. 

Sathya, S., Pitchai, G. J., Indirani, R. and Kannathasan, M. 2008. Effect of fertigation 

on availability of nutrients (N, P & K) in soil – A Review. Agric. Rev. 29(3): 

214-219. 

xxx 



Shanmugasundaram, T. 2013. Standardization of fertigation and plant growth 

substances for pomegranate (Punica granatum L.) cv. Mridula under ultra 

high density planting. M.Sc. (Hort.) thesis, Tamil Nadu Agricultural 

University, Coimbatore, 159p. 

Shanmugavelu, K. G., Rao, V. N. M. and Srinivasan, C. 1973. Studies on the effect of 

certain plant growth regulator and boron on papaya (Carica papaya L.). South 

Indian Hortic. 21: 19-26. 

Sharma, A., Wali, V. K., Bakshi, P. and Jasrotia, A. 2013. Effect of organic and 

inorganic fertilizers on quality and shelf life of guava (Psidium guajava L.) 

cv. Sardar. Bioscan 8(4): 1247-1250. 

Sharma, H. G., Dubey, P., Agrawal, N. and Satpute, P. 2005. Effect of fertigation 

through water soluble fertilizers on growth, yield and quality of papaya. In: 

International Conference on Plasticulture and Precision Farming. 17-21 

November, 2005, New Delhi, pp.250-255. 

Sharma, S. K. 2010. Postharvest Management and Processing of Fruits and 

Vegetables. New India Publishing Agency, New Delhi, 390p. 

Shear, C. B. 1980. Interaction of nutrition and environment on mineral composition 

of fruits. Acta Hortic. 92: 41-50. 

Shekhar, C., Yadav, A. L., Singh, H. K. and Singh, M. K. 2010. Influence of 

micronutrients of plant growth, yield and quality of papaya fruit (Carica 

papaya L.) cv. Washington. Asian J. Hortic. 5(2): 326-329. 

Shiekh, R. A., Malik, M. A., Al-Thabaiti, S. A. and Shiekh, M. A. 2013. Chitosan as 

a novel edible coating for fresh fruits. Food Sci. Technol. Res. 19: 139-155. 

Shimi, G. J. 2014. Input management for precision farming in banana. Ph.D (Ag) 

thesis, Kerala Agricultural University, Thrissur, 153p. 

xxxi 



Shirgure, P. S., Srivastava, A. K. and Singh, S. 2001. Growth, yield and quality of 

Nagpur mandarin (Citrus reticulata Blanco) in relation to irrigation and 

fertigation. Indian J. Agric. Sci. 71(8): 547-550. 

Shree, S., Regar, C. L., Ahmad, F., Singh, V. K., Kumari, R., Kumari, A. 2018. 

Effect of organic and inorganic fertilizers on growth, yield and quality 

attributes of hybrid bitter gourd (Momordica charantia L). Int. J. Curr. 

Microbiol. Appl. Sci. 7(4): 2319-7706. 

Shreekant, Ram, D. and Kumar, U. 2017. Effect of foliar application of 

micronutrients on fruit set, yield attributes and yield of winter season guava 

(Psidium guajava L.) cv. L-49. Int. J. Pure Appl. Biosci. 5(5): 1415-1419. 

Singh, A. K. and Singh, G. 2002. Precision Farming in Horticulture. In: H. P. Singh, 

H. P., Singh, G., Samuel, J. C. and Pathak, R. K. (eds), Proceedings of the 

National Seminar cum Workshop on Hi- Tech Horticulture and Precision 

Farming, Lucknow, 26-28 July 2002, pp. 164- 175. 

Singh, D. K., Ghosh, S. K., Paul, P. K. and Suresh, C. P. 2010. Effect of different 

micronutrients on growth, yield and quality of papaya (Carica papaya L.) cv. 

Ranchi. Acta Hortic. 851: 351-356. 

Singh, D. K., Paul, P. K., and Ghosh, S. K. 2002. Response of papaya to foliar 

application of boron, zinc and their combinations. M.Sc. (Hort.) thesis, Uttar 

Bangla Krishi Viswavidyalaya, Pundibari. 165p. 

Singh, H. K. and Singh A. K. P. 2006. Effect of fertigation on growth and yield of 

papaya with drip irrigation. Progressive Hortic. 38(2): 214-217. 

Singh, K. K., Singh, P. K., Pandey, P. K. R. and Shukla, K. N. 2006. Integrated water 

and nutrient management of young mango crop in tarai region of Uttaranchal. 

xxxii 



In: 3rd Asian Regional Conference. 10-16 Sept 2006, PWTC, Kuala Lumpur. 

p.314. 

Singh, N. and Kaur, A. 2016. Response of quality attributes of litchi cv. Dehradun to 

foliar application of zinc and boron. Int. J. Adv. Res. 4(10): 339-342. 

Singh, P. N. and Chhonkar, V. S. 1983. Effect of zinc, boron and molybdenum as 

foliar sprays on chemical composition of guava (Psidium guajava L.) fruits, 

Pinijah Hortic. J. 23(1): 34-37. 

Singh, R., Sharma, R. R. and Tyagi, S. K. 2007. Pre-harvest foliar application of 

calcium and boron influences physiological disorders, fruit yield and quality 

of strawberry (Fragaria ananassa Duch.). Sci. Hortic. 112: 215-220. 

Singh, R. R. and Rajput, C. B. S. 1976. Effect of various concentrations of zinc on 

vegetative growth characters, flowering, fruiting and physio-chemical 

composition of fruits in mango (Mangifera indica L.) cv. Chausa. Haryana J. 

Hortic. Sci. 5: 10-14. 

Singh, S., Parekh, N. S. and Pradeep, K. V. 2017. Effect of soil and foliar application 

of multi-micronutrients on fruit quality, shelf life of fruits and nutrient content 

of leaf of mango (Mangifera indica L.) var. Amrapali. Int. J. Chem. Stud. 

5(4): 305-308. 

Singh, V. K., Chatterjee, C., Bhriguvanshi, S. R. and Yadava, L. P. 2009. Effect of 

foliar application of Zn, B, and Mn on fruit quality and yield of mango 

(Mangifera indica L.). Plant Arch. 9(1): 73-77. 

Singh, Y., Bhatnagar, P., Meena, N. K. and Gurjar, S. C. 2018. The effect of foliar 

spray of Zn, Cu and B on physico-chemical parameters of sweet orange 

(Citrus sinensis L.) cv. Mosambi. J. Pharmacognosy Phytochem. 7(6): 1606-

1610. 

xxxiii 



Sistler, E. C., Dugger, W. M, Gauch, H. O. 1956. The role of boron in translocation 

of organic compounds in plants. Plant Physiol. 31: 11-17. 

Smith, M. W., Kenworthy, A. L. and Bedford, C. L. 1979. The response of fruit trees 

to injection of nitrogen through a trickle irrigation system. J. Am. Soc. Hortic. 

Sci. 104: 311-313. 

Smith, S. 2001. Agricultural Irrigation – Fertigation Facts: The Fundamentals of 

Applying Fertilizer Through an Irrigation System. [e-book]. IBT. Available: 

http:// www.irrigation.org/ibt/0103/p33.html. [12 June 2020]. 

Sondkar, S.A. 2002. Studies on effect of pre-cooling and storage on shelf-life of 

mango. B.Tech. Thesis. Mahatma Phule Krishi Vidyapeeth, Rahuri. 104p. 

Soorianathasundaram, K. 2005. Management of production constraints in papaya. In: 

Balamohan, T. N., Vijayakumar, R. M., Soorianathasundaram, K., Poornima, 

K. and Vadivel, E. (eds), Management of Production Problems in Tropical 

Fruit Crops, Horticultural College and Research Institute, Tamil Nadu 

Agricultural University, Coimbatore, pp. 38-45. 

Spears, T. D. 2003. Irrigating efficiently to feed the world in 2050. In: Irrigation 

Association Conference Proceedings. IA, Falls Church, Va, pp.411- 422. 

Srinivas, K. 2000. Micro irrigation and fertigation in fruit crops. In: Khan (ed.), Use 

of Plastics in Horticulture with Special Emphasis on Drip 

Irrigation/Fertigation and Plastic Mulching. University of Agricultural 

Sciences, Bangalore, India, pp 38-42. 

Srivastava, M. P. and Tandon, R. N. 1968. Influence of temperature on Botrydiplodia 

rots of citrus and sapodilla. Indian Phytopath. 21: 195-197. 

Stead, D. E. and Chithambo, G. S. G. 1980. Studies on the storage of tropical fruits in 

polyethylene bags. Lusso J. Sci. Technol. 1: 3-9. 

xxxiv 



Subbiah, B. V. and Asija, G. L. 1956. A rapid procedure for the estimation of 

available nitrogen in soils. Curr. Sci. 25: 259-260.  

Suganiya, S., Kumuthini, D. and Harris. 2015. Effect of boron on flower and fruit set 

and yield of ratoon brinjal crop. Int. J. Sci. Res. Innovative Technol. 2(1): 135- 

141. 

Sulsusi, P., Sjaifullah and Sudjana, R. 1993. The effect of hot water treatment, 

fungicide and storage temperature on anthracnose and quality of papaya fruits. 

Penel. Hortic. 5: 86-96. 

Supriya, L., Bhattacharya, R. K. and Langthasa, S. 1993. Effect of foliar application 

of chelated and non-chelated Zinc on growth and yield of Assam lemon. 

M.Sc. thesis, Assam Agricultural University, Assam. 99p. 

Syvertsen, J. P. and Smith, M. L. 1996. Nitrogen uptake efficiency and leaching 

losses from lysimeter-grown citrus trees fertilized at three nitrogen rates. J. 

Am. Soc. Hortic. Sci. 121(1): 57-62. 

Tanari, N., Ramegowda, S., Thottan, A. and Girigowda, M. 2019. Effect of 

fertigation of primary nutrients on pomegranate (Punica granatum L.) fruit 

productivity and quality. Trop. Plant Res. 6(3): 424-432. 

Tank, R. V. and Patel, N. L. 2013. Influence of fertigation on yield and nutrient status 

in soil and leaf of papaya (Carica papaya L.) var. Madhu Bindu under south 

Gujarat condition. Asian J. Hortic. 8(1): 170-173. 

Tank, R. V., Patel, N. L. and Naik, J. R. 2011. Effect of fertigation on growth, yield 

and quality of papaya (Carica papaya L.) cv. Madhu Bindu under south 

Gujarat conditions. Asian J. Hortic. 6(2): 339-343. 

xxxv 



Tariq, M., Sharif, M., Shah, Z. and Khan, R. 2007. Effect of foliar application of 

micronutrients on the yield and quality of sweet orange (Citrus sinensis L.). 

Pakist. J Biol. Sci. 10(11): 1823-1828. 

Tesoriero, L. and Bertus, F. 2004. Integrated Management of Greenhouse Cucumber 

and Capsicum Diseases. NSW agriculture. Horticultural Australia, Sydney, 

65p. 

Thakur, S. K. 2003. Effect of fertigation on growth, yield and quality attributes of 

mango (Mangifera indica L.) cv. Amrapali. M.Sc. Thesis. Indira Gandhi 

Agricultural University, Raipur, 99p. 

Thakur, S. K. and Singh, P. 2004. Studies on fertigation of mango cv. Amarpali. Ann.  

Agric. Res. 25: 415-417. 

Thanari, N. and Suma, R. 2018. Effect of fertigation and soil application of major 

nutrients on growth and yield of pomegranate cv. Bhagwa. Int. J. Chem. Stud. 

6(5): 3062-3065. 

Thirupathaiah, G., Shirol, A. M., Nagesh, N., Venugopal, U. and Sampath, P. M. 

2017. Effect of micronutrients on post harvest quality and shelf life of sapota 

cv. Kalipatti. Int. J. Agric. Sci. 9(14): 4084-4086. 

Tirkey, N. R., Kanpure, R. N., Kachouli, B. K., Bhandari, J. and Patidar, D. K. 2018. 

Effect of foliar nutrition of Zinc sulphate, borax and NAA on yield and 

quality of Guava (Psidium guajava L.) cv. Allahabad Safeda. Int. J.  Chem. 

Stud. 6(4): 2295-2298. 

Tripathi, P. and Dubey, N. 2004. Exploitation of natural products as an alternative 

strategy to control postharvest fungal rotting of fruit and vegetables. 

Postharvest Biol. Technol. 32(3): 235-245. 

xxxvi 



Trivedi, N., Singh, D., Bahadur, V., Prasad, V. M., and Collis, J. P. 2012. Effect of 

foliar application of zinc and boron on yield and fruit quality of guava 

(Psidium gujava L.). HortFlora Res. Spectrum 1(3): 281-283. 

Usenik, V. and Stampar, F. 2002. Effect of foliar application of zinc plus boron on 

sweet cherry fruit set and yield. Acta Hortic. 594: 245-249. 

Usha, K. and Singh, B. 2002. Effect of macro and micro-nutrient spray on fruit yield 

and quality of grape (Vitis vinifera L.) cv. Perlette. Acta Hortic. 197-202. 

Valji, T, R. 2011. Fertigation studies in papaya (Carica papaya L.) var. Madhu Bindu 

under south Gujarat conditions. Ph. D. thesis, Navsari Agricultural University, 

Navsari, 220p. 

Veerannah, L. and Selvaraj, P. 1984. Studies on growth, dry matter partitioning and 

pattern of nutrient uptake in papaya. In: Proceedings of National Seminar on 

Papaya and Papain Production, 26-27 March 1984, Tamil Nadu Agricultural 

University, Coimbatore, pp.76-78. 

Venkataramudu, K., Srinivasulu, B. and Lakshmi, K. S. 2017. Pomegranate a boon to 

dry-land farmers. Int. J. Agric. Sci. Res. 7(5): 457-478. 

Wahid, A., Pathak, R. K. and Yadav, A. L. 1991. Effect of foliar application of 

nutrients on guava (Psidium guajava L.) cv. Allahabad safeda. Progressive 

Hortic. 23(1-4): 18-21. 

Walter, W. M., Epley, D. G. and Mefethers, N. 1990. Effect of water stress on stored 

pickling cucumbers. J. Agric. Food Chem. 38: 2185-2191. 

Waskar, D. P. and Gaikwad, R. S. 2005. Postharvest hot water treatment for disease 

control in kesar mango fruits. Indian J. Agric. Res. 39(3): 186-191. 

xxxvii 



Whiley, I. E. A. W., Smith, B. N., Wolstenholme, J. B. and Saranah, 1996. Boron 

Nutrition of Avocados. In: South African Avocado Growers’ Association 

Yearbook. 19: 1-7. 

Wills, R. B. H. and Warton, M. A. 2004. Efficacy of potassium permanganate 

impregnated into alumina beads to reduce atmospheric ethylene. J. Am. Soc. 

Hortic. Sci. 129(3): 433-438. 

Wold, A. B. and Opstad, N. 2007. Fruit quality in strawberry (Fragaria × ananassa 

Duch. cv. Korona) at three times during the season and with two fertilizer 

strategies. J. Appl. Bot. Food Qual. 81: 36-40. 

Wood, J. G. and Sibley, P. M. 1950. The distribution on zinc in oat plants. Ans. J. Sci. 

Res. Series. B. Biol. Sci. 3: 14-27. 

Wuertz, H., Farms, S. and Ariz. 2000. Subsurface Drip Irrigation: On-Farm 

Responses and Technical Advances. In: Beverage, K. (ed.),  Drip Irrigation 

for Row Crops. Las Cruces, New Mexico, pp. 5-10. 

Xu, X., Robinson, J. and Else, M. A. 2013. Effects of nitrogen input and deficit 

irrigation within the commercial acceptable range on susceptibility of 

strawberry leaves to powdery mildew. Eur. J. Plant Pathol. 135: 695–701. 

Yadav, H. C., Yadav, A. L., Yadav, D. K. and Yadav, P. K. 2011. Effect of foliar 

application of micronutrients and GA3 on fruit yield and quality of rainy 

season guava (Psidium guajava L.) cv. L-49. Plant Arch. 11(1): 147-149. 

Yadav, P., Sharma, J. R., Rupakshi, Baloda, S. and Kant, G. 2017. Influence of foliar 

application of nutrients on growth, flowering, fruiting and yield of guava 

(Psidium guajava) cv. L-49. Int. J. Pure App. Biosci. 5(5): 1217-1222. 

Yadav, V. K., Jain, M. C., Sharma, M. K. and Suman, M. 2018. Effect of 

micronutrients spray on physical and chemical characteristics of pomegranate 

xxxviii 



(Punica granatum L.) cv. Sindhuri. Int. J. Curr. Microbiol. Appl. Sci. 7: 998-

1005. 

Yadaw, B. 2017. Effect of foliar application of urea and micronutrients on growth, 

yield and quality of papaya (Carica papaya L.) cv. Red Lady. M.Sc. (Hort.) 

thesis, Indira Gandhi Krishi Vishwavidyalaya, Chhattisgarh, 161p. 

Yon, R. M. 1994. Papaya fruit development, postharvest physiology, handling and 

marketing in ASEAN. ASEAN Food Handling Bureau, SP-Muda Printing Sdn 

Bhd, Kuala Lumpur, Malaysia, 144p. 

Youwei, Y. and Yinzhe, R. 2013. Effect of chitosan coating on preserving character 

of post-harvest fruit and vegetable: a review. J. Food Process Technol. 4(8): 

1-3. 

Zewter, A., Woldetsadik, K. and Workneh, T. S. 2012. Effect of 1-

methylcyclopropane, potassium permanganate and packaging on quality of 

banana. Afr. J. Agric. Res. 7(16): 2425-2437. 

Zhao, N., Li, X., Chen, W., Shi, J., 2013. Effect of hot water treatment on the 

inhibition of anthracnose, PG, PME activity and PGIP gene expression in 

harvested papaya fruits. Acta Hortic.  975: 487-493. 

 

 

xxxix 



 

 

 

Appendices 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX – I 

Weather parameters during the cropping period (Aug. 2018 to Feb. 2020) 

Month and 

year 

Temperature (⁰C) RH (%) 

Max. 

Bright 

sunshine 

hours 

Rainfall 

(mm) 

Evaporation 

(mm day
-1

) Max. Min. 

Jun -18 31.06 24.66 93.37 5.37 10.88 2.91 

Jul -18 39.83 23.75 90.03 5.71 7.74 2.45 

Aug -18 30.29 23.59 91.10 5.06 12.28 2.41 

Sept -18 32.40 24.25 87.80 8.00 2.23 3.90 

Oct -18 31.42 24.43 92.55 4.36 9.19 2.32 

Nov -18 31.56 23.99 121.13 5.58 7.79 2.54 

Dec -18 32.01 23.52 92.97 6.86 1.66 3.03 

Jan -19 31.98 21.13 92.10 8.73 0.08 3.68 

Feb -19 33.65 23.61 88.00 9.27 0.02 4.18 

Mar -19 34.56 24.79 85.26 9.20 0.00 4.82 

Apr -19 34.99 25.80 82.62 8.48 0.59 5.20 

May -19 34.11 26.29 83.55 8.13 3.61 4.66 

Jun -19 31.91 25.37 90.40 5.33 10.67 2.72 

Jul -19 30.89 24.91 91.42 4.73 5.89 2.46 

Aug -19 30.76 24.24 92.03 4.27 10.70 2.10 

Sept -19 31.00 24.43 91.30 5.27 9.32 2.66 

Oct -19 30.76 24.14 92.84 3.41 13.06 2.27 

Nov -19 31.90 24.55 91.50 7.37 3.04 3.36 

Dec -19 31.91 23.84 92.22 1.17 6.48 2.79 

Jan -20 32.32 22.93 92.48 8.71 1.77 3.51 

Feb -20 33.04 23.26 90.31 9.28 0.00 4.44 

 



APPENDIX - II 

Score card for organoleptic evaluation of papaya variety Surya fruits 

Name of the judge:  

Date: 

 

 

 

Characteristics 

Score 

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 

Appearance               

Colour               

Flavour               

Texture               

Odour               

Taste               

After taste               

Overall 

acceptability 
              

 

                                                   

9 point Hedonic scale 

Like extremely  9 

Like very much 8 

Like moderately 7 

Like slightly 6 

Neither like nor dislike 5 

Dislike slightly 4 

Dislike moderately 3 

Dislike very much 2 

Dislike extremely  1 

 

 

 Signature:  

 



APPENDIX – III 

Score chart for foot rot disease 

Grade Description 

0 No visible symptoms 

1 
Pale coloured hypocotyls or stem base, no wilting; or leaves angled 

down  

2 
Yellow/ brown hypocotyls or stem base, slight wilt and / or 

yellowing 

3 

Fungal mycelium visible or brown hypocotyl lesion or stem base, 

moderate wilt (leaves angled down, dehydration in 20 – 40 % of 

leaves) and leaf yellowing 

4 
Brown, necrotic lesion or stem base, severe wilt (leaves angled down, 

dehydration in 40 – 100 % of leaves) and leaf yellowing 

5 Dead (Permanently wilted) 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX – IV 

Cost of drip installation 

 

A) Fixed cost of drip installation per annum 

Life span of drip system (n)                 = 10 years 

Interest rate (i)                                      = 9 % per annum 

Cost of installation of drip system (S) = 100000 

Fixed cost of drip system                      = i (i + 1) n   x S 

                           (i + 1) n -1 

                  = 0.09 (0.09 + 1)10 x 100000 

               (0.09 + 1)10 - 1 

   = 15569.34 

B) Variable cost per annum  

Maintenance cost of drip system          = 10 % of cost of installation of drip system 

   = 10000 

 

Cost of drip installation                        = A + B 

                                                              = 25569.34 

 

 

 

 

 



APPENDIX –V 

Cost of cultivation of papaya with different levels of fertigation and different 

foliar sprays 

Treatments Cost of cultivation (ha-1) 

T1 737081.46 

T2 734481.46 

T3 729381.46 

T4 741809.84 

T5 739209.84 

T6 734109.84 

T7 770929.30 

T8 768329.30 

T9 763229.30 

T10 787853.09 

T11 785253.09 

T12 780153.09 

T13 668540.50 

T14 819371.15 

 

 

 

APPENDIX – VI 

Market price of produce 

Produce Market price 

Fruit 20 / kg 



APPENDIX – VII 

Media composition for microbial study 

 

1. Nutrient agar medium 

Sl.No. Reagents Quantity 

1. Peptone 5.00 g 

2. Sodium chloride 5.00 g 

3. Beef extract 3.00 g 

4. Agar 20.00 g 

5. Distilled water 1000.00 ml 

6. pH 7.00 

 

 

2. Martin’s Rose Bengal agar medium 

 

Sl.No. Reagents Quantity 

1. Glucose 10.00 g 

2. Peptone 5.00 g 

3. KH2PO4 1.00 g 

4. MgSO4. 7 H2O 0.50 g 

5. Streptomycin 30.00 mg 

6. Agar 15.00 g 

7. Rose Bengal 35.00 mg 

8. Distilled water 1000.00 ml 



APPENDIX – VIII 

Economics of postharvest treatments 

Particulars Rate Quantity S1 S2 S3 S4 S5 S6 S7 S8 S9 

Cost of production 

of fruits 
Rs. 8/ kg 18 kg 144 144 144 144 144 144 144 144 144 

CFB boxes Rs. 25/ box 3 75 75 75 75 75 75 75 75 75 

Precooling Rs. 0.1/ kg - 1.80 - - 1.80 - 1.80 1.80 - - 

Sodium 

hypochlorite 
Rs. 100/ litre 500 ml - 50 - - - - - - - 

Chitosan Rs. 80/ litre 500 ml - - 40.00 40.00  - 40.00 - - 

Potassium 

permanganate 
Rs. 720/ kg 144 g - - - - 103.68 103.68 103.68 103.68 - 

Hot water treatment 0.50/ kg - - - - - - - - 9.00 - 

Waxing  Rs. 1000/ litre 70 ml - - - - - - - 70.00 - 

Labour - - 10 10 10 20 10 20 20 20 10 

Miscellaneous - - 10 10 10 10 10 10 10 10 10 

Cost of production 

(Rs.) 
- 18 kg 240.80 289.00 279.00 290.80 342.68 354.48 394.48 431.68 239 

Cost of production 

per kilo (Rs.) 
-  13.38 16.05 15.50 16.15 19.04 19.69 21.91 23.98 13.28 

Selling price per 

kilo 
Rs. 24/kg  25 25 25 25 25 25 25 25 25 

B : C ratio (Rs.)   1.87 1.56 1.61 1.55 1.31 1.27 1.14 1.04 1.88 

Profit (Rs.)   11.62 8.95 9.50 8.85 5.96 5.31 3.09 1.02 11.72 
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ABSTRACT 

The investigation entitled “Fertigation studies in papaya (Carica papaya L.)” 

was carried out in Instructional Farm, College of Agriculture, Vellayani during the 

period 2018 – 2020 with the objectives to standardize the nutrient level for yield 

improvement through fertigation and foliar nutrition in papaya variety Surya and to 

study the postharvest management practices for extending the shelf life of papaya 

fruits. 

The experiment was undertaken in two parts. In part I, standardization of 

nutrient level for fertigation and foliar nutrition was carried out in RBD with 14 

treatments replicated thrice. A combination of four fertigation doses of 75 %, 100 %, 

125 % and 150 % RDF of N (304.89, 406.52, 508.15 and 609.78 g urea plant⁻¹ year⁻¹ 

respectively based on soil test data in 76 fertigation) and K (426.25, 568.33, 710.42 

and 852.50 g MOP plant⁻¹ year⁻¹ respectively based on soil test data in 76 fertigation) 

and three foliar sprays (1.0 % 19:19:19 at bimonthly interval starting from 4 MAP to 

16 MAP, 0.5% ZnSO4  + 0.3% borax at 4th, 8th, 12th and 16th MAP and water spray at 

bimonthly interval starting from 4 MAP to 16 MAP) were compared with soil 

application of recommended dose of NPK (187:170:341 g NPK plant-1 year-1 based 

on soil test data) (control 1) and 187:170:341 g NPK plant-1 year-1 based on soil test 

data as organic manures as combination of FYM, poultry manure and vermicompost 

in the ratio of   2:1:1 (control 2). In control 2, additional requirement of P and K were 

met through the application of rock phosphate and potassium sulphate respectively. 

Organic manure (15 kg FYM plant-1) was given uniformly to all treatments as basal. 

Lime and rock phosphate (500g and 850g respectively based on soil test data) was 

applied uniformly for all treatments as basal except controls. Urea and Muriate of 

Potash (MOP) were used as fertilizer sources for fertigation and applied weekly from 

1 MAP to 20 MAP.  



Application of different levels of fertigation and different foliar sprays had 

significant effect on growth, yield and quality of papaya. Growth parameters viz., 

plant height, stem girth and number of leaves were significantly higher in plants 

receiving 100 % RD of N and K through fertigation and foliar sprays of 1.0 % 

19:19:19 (T4) at bimonthly interval starting from 6 MAP to 16 MAP. T4 also recorded 

highest leaf area index at 6, 12, 18 MAP and at final harvest, flowering at the shortest 

height, highest number of female plants and highest fruit set (86.27 %). However, 

application of 100 % RD of N and K through fertigation and foliar sprays of 0.5 % 

ZnSO4 and 0.3 % borax at 4th, 8th, 12th and 16th MAP (T5) initiated earliness in 

flowering (142.67 days) and harvest (275.00 days).  

Treatments T4 and T5 were on par in fruit length, fruit girth, fruit volume, pulp 

percentage, flesh thickness and yield contributing characters like fruit weight, number 

of fruits per plant and yield per plant (38.30 kg plant⁻1 and 37.60 kg plant⁻1 

respectively). Fruit quality parameters viz., TSS, carotenoids, ascorbic acid, total 

sugar, reducing sugar and non reducing sugar were found highest in T5. Fruits from 

T5 also registered longest shelf life (5.78 days) and highest mean sensory score for all 

parameters. Index leaf analysis at 6 MAP revealed highest nitrogen and potassium 

content of leaf in T10 (150 % RD of N and K through fertigation and foliar sprays of 

1.0 % 19:19:19). Calcium, magnesium and sulphur content of leaves were highest in 

T5, whereas boron and zinc content were highest in T8 (125 % RD of N and K 

through fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 % borax). Highest 

nitrogen and potassium of fruits were observed in T12 (150 % RD of N and K through 

fertigation with water spray). Highest nitrogen content in soil was noticed in T11 (150 

% RD of N and K through fertigation and foliar sprays of 0.5 % ZnSO4 and 0.3 % 

borax) and T10 witnessed highest potassium content. T4 and T5 were at par regarding 

B : C ratio (2.58 and 2.54 respectively).  



In part II of the investigation, postharvest management for extending shelf life 

of papaya was carried out with nine treatments replicated thrice. Different postharvest 

treatments given were precooling - hydro cooling (S1), surface sanitization with 150 

ppm sodium hypochlorite (S2), external coating with 1% chitosan (S3), precooling 

followed by external coating with 1% chitosan (S4), packaging with ethylene scrubber 

8% KMnO₄ (S5), precooling followed by packaging with ethylene scrubber 8% 

KMnO₄ (S6), precooling followed by external coating with 1% chitosan and 

packaging with ethylene scrubber 8% KMnO4 (S₇), hot water treatment followed by 

waxing with 6% carnauba wax and packaging with ethylene scrubber 8% KMnO₄ 

(S8) and control (S9). Papaya variety Surya was raised at Instructional Farm, 

Vellayani and fruits at fully mature green stage were harvested, subjected to different 

postharvest treatments and packaging was done in CFB boxes and stored under 

ambient conditions till the end of shelf life. 

Papaya fruits subjected to precooling followed by external coating with 1% 

chitosan and packaging with ethylene scrubber KMnO₄ (S7) recorded the longest 

shelf life of 9.67 days, which was at par with S8 (hot water treatment followed by 

waxing with 6% carnauba wax and packaging with ethylene scrubber KMnO₄). 

Physiological loss in weight, ion leakage, percentage disease index, bacterial and 

fungal count were significantly lowest in S7 and S8 after three days of storage. These 

treatments also recorded maximum total carotenoids, total soluble solids, total sugar, 

reducing sugar and minimum acidity after nine days of storage which indicated 

extended shelf life. Highest mean rank score for sensory attributes were also recorded 

in treatments S7 and S8 after nine days of storage.  

In conclusion, application of 100 % recommended dose of N and K (406.52 g 

urea plant⁻¹ year⁻¹ and 568.33 g plant⁻¹ year⁻¹ respectively) through weekly 

fertigation from one to 20 months after planting and foliar sprays of 0.5 % ZnSO4 + 

0.3 % Borax at 4th, 8th, 12th and 16th MAP, along with basal application of 850g rock 



phosphate and 15 kg FYM resulted in increased growth, yield and quality characters 

of papaya variety Surya with highest B: C ratio. Fruits at fully mature green stage 

when subjected to precooling followed by external coating with 1% chitosan and 

packaging with ethylene scrubber 8% KMnO₄ in CFB boxes exhibited a shelf life of 

9.67 days in storage under ambient condition in papaya variety Surya. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



സംഗ്രഹം 

 വെള്ളായണി അഗ്രികൾച്ചർ കകാകേജിവെ ഇൻസ ്ഗ്രക ്ഷണൽ 

ഫാമിൽ െച്ച  2018 – 2020 കാെയേെിൽ പപ്പായയിവെ 

െേകസചനവെക്കുറിച്ച  പഠനം നരക്കുകയുണ്ടായി. പപ്പായയുവര 

െേർച്ചയും െിേെും െർധിപ്പിക്കുന്നതിന  അനുകയാജയമായ 

െേകസചനെിൻവ റ അേെും, പഗ്തകപാഷണെും കവണ്ടെുകയും, 

െിെിധ െിേവെരുപ്പാനന്തര മാർരങ്ങൾ അെെംബിക്കുന്നതിെൂവര 

പഴങ്ങേുവര സൂക്ഷിപ്പുകാെം കൂട്ടുകയും ആയിരുന്നു പഠനെിൻവറ 

െക്ഷയം. 

റാൻഡമമസ്ഡ  കലാക്ക  ഡിമസനിൽ (ആർ ബി ഡി), 

ഗ്രീറ്റ വമൻറുകൾ മൂന്ന  തെണ ആെർെിച്ചുവകാണ്ടുള്ള ഫീൽഡ  

പരീക്ഷണം, ഇന്തയൻ ഇൻസ്റ്റിറ റയൂട്ട  ഓഫ  ക ാർട്ടികൾച്ചറൽ റിസർച്ച  

ഇനമായ സൂരയയിൊണ  നരെിയത . 75%, 100%, 125%, 150% വനഗ്രജൻ 

(മണ്ണ  പരിക ാധന ഗ്പകാരം 304.89, 406.52, 508.15, 609.78 ഗ്രാം യൂറിയ), 

വപാട്ടാഷയം (മണ്ണ  പരിക ാധന ഗ്പകാരം 426.25, 568.33, 710.42, 852.50 ഗ്രാം 

മ ൂറികയറ്റ  ഓഫ  വപാട്ടാഷ ) എന്നി  നാെ  െേകസചന അേെുകേും, മൂന്ന  

പഗ്തകപാഷണെും (നട്ട  4 മാസങ്ങൾക്ക  ക ഷം മുതൽ 16 മാസം െവര 

രണ്ടുമാസവെ ഇരകെേയിൽ 1% 19:19:19, നട്ട   4, 8, 12, 16 മാസങ്ങൾക്ക  

ക ഷം 0.5% സിങ്ക  സൾമഫററ  + 0.3% കബാറാക്സ , നട്ട  4 മാസങ്ങൾക്ക  

ക ഷം മുതൽ 16 മാസം െവര രണ്ടുമാസവെ ഇരകെേയിൽ വെള്ളം 

സ മഗ്പ)  കകരേ കാർഷിക സർവ്വകൊ ാെയുവര  ുപാർ  

ഗ്പകാരമുള്ള വനഗ്രജൻ: കഫാസ്ഫറസ : വപാട്ടാഷയം (മണ്ണ  പരിക ാധന 

ഗ്പകാരം 187:170:341 ഗ്രാം) എന്ന ഗ്രീറ്റ വമൻറുമായും, വനഗ്രജൻ: 

കഫാസ്ഫറസ : വപാട്ടാഷയം എന്നിെ  പരിപൂർണമായും മജെെേമായി 

നൽകുന്ന ഗ്രീറ്റ വമൻറുമായുമാണ  താരതമയ  പഠനം നരെിയത . എല്ലാ 

ഗ്രീറ്റ വമൻറുകൾക്കും അരിെേമായി 15 കികൊ കാെിെേം നൽകി. 

െേകസചനെും പഗ്തകപാഷണെും െഭിക്കുന്ന ഗ്രീറ്റ വമൻറുകൾക്ക  

മണ്ണ  പരിക ാധന ഗ്പകാരം 500 ഗ്രാം കുമ്മായെും 850 ഗ്രാം കറാക്ക  

കഫാസ കഫറ്റും വചരി നട്ടതിനു ക ഷം നൽകി. നട്ട  ഒരു 

മാസെിനുക ഷം മുതൽ 20 മാസം െവര നൽകിയ െേകസചനെിന  

യൂറിയയും മ ൂറികയറ്റ  ഓഫ  കപാട്ടാഷുമാണ  ഉപകയാരിച്ചത .  

പെ അേെിെുേേ െേകസചനെും പഗ്തകപാഷണെും 

പപ്പായയുവര െേർച്ചയിെും, െിേെിെും, പഴങ്ങേുവര 



രുണനിെൊരെിെും ഗ് ക  ധയമായ മാറ്റമുണ്ടാക്കുന്നതായി 

കവണ്ടെി. 100% വനഗ്രജൻ, വപാട്ടാഷയം െേകസചനെും, 1% 19:19:19 

പഗ്തകപാഷണെും (T4) നൽകുക െഴി സസ ങ്ങേുവര ഉയരെും െണ്ണെും, 

ഇെകേുവര എണ്ണെും െർദ്ധിച്ചു. ഇത  െഴി പപ്പായ വചരി 

പൂെിരുന്നതിൻവ റ ഉയരം കുറയുന്നതായും കൂരുതൽ 

വപണ സസ ങ്ങേുണ്ടാകുന്നതായും, പഴങ്ങേുണ്ടാകുന്ന  തമാനം 

ഏറുന്നതായും കവണ്ടെി. എന്നാൽ, 100% വനഗ്രജൻ, വപാട്ടാഷയം 

െേകസചനെും, 0.5% സിങ്ക  സൾമഫററ  + 0.3% കബാറാക്സ  

പഗ്തകപാഷണെും (T5) നൽകുക െഴി പൂെിരാവനരുക്കുന്ന 

 ിെസങ്ങേും, െിേവെരുക്കാവനരുക്കുന്ന  ിെസങ്ങേും 

കുറഞ്ഞതായും കവണ്ടെി. 

T4 T5 ഗ്രീറ്റ വമൻറുകൾ നൽകുക െഴി ഫെങ്ങേുവര ഭാരം, 

പഴെിൻവ റ നീേം, പഴെിൻവ റ മ ർഘ ം, പഴെിൻവ റ അേെ , 

പൾപ്പ   തമാനം, പഴെിൻവ റ മാംസകനം, ഒരു വചരിയിവെ 

പഴങ്ങേുവര എണ്ണം, ഒരു വചരിയിവെ ആവക െിേെ  എന്നിെ 

അഭിെ ദ്ധിവപ്പട്ടതായി കവണ്ടെി. T5 ഗ്രീറ്റ വമൻറ  സവീകരിച്ച 

വചരികേിവെ ഫെങ്ങേിൽ ഏറ്റെും കൂരുതൽ കരാട്ടൽ കസാെുബിൾ 

കസാേിഡ്സ , കരാട്ടൽ  കകരാട്ടികനായിഡ്സ , അസ കകാർബിക  ആസിഡ , 

കരാട്ടൽ ഷൂകരഴ്സ  എന്നിെയും, കുറഞ്ഞ അസിഡിറ്റിയും കവണ്ടെി. T4 

T5 ഗ്രീറ്റ വമൻറുകേിൽ മറ്റ  ഗ്രീറ്റ വമൻറുകവേ അകപക്ഷിച്ച  െരുമാനം 

കൂരുതൽ െഭിച്ചു.  

പപ്പായ പഴങ്ങേുവര സൂക്ഷിപ്പുകാെം കൂട്ടുന്നതിനുേേ 

പഠനെിന  കെണ്ടി ഫെങ്ങൾ ഉത പാ ിപ്പിച്ചത  കകരേ കാർഷിക 

സർവ്വകൊ ാെയുവര  ുപാർ  ഗ്പകാരമുള്ള 240: 240: 480 ഗ്രാം 

വനഗ്രജൻ: കഫാസ്ഫറസ : വപാട്ടാഷയം നൽകിയുേേ ഫീൽഡ  പരീക്ഷണം 

െഴിയായിരുന്നു. മൂന്ന  തെണ ആെർെിച്ച 9 ഗ്രീറ്റ വമൻറുകൾ 

ഉണ്ടായിരുന്ന പഠനെിൽ, പൂർണ്ണമായും മൂെ, പച്ച നിറെിെുേേ 

പപ്പായ പഴങ്ങൾ ആണ  ഉപകയാരിച്ചത . തണുപ്പിക്കൽ (S1), കസാഡിയം 

മ കപ്പാകലാമററ്റ  ഉപകയാരിച്ച  അണുെിമുക്തമാക്കൽ (S2), 1% 

മകകറ്റാസാൻ ഉപകയാരിച്ച  ഒരു  കനരിയ ആെരണം 

ഉണ്ടാക്കിവയരുക്കൽ (S3), തണുപ്പിക്കൽ കൂരാവത 1% മകകറ്റാസാൻ 

ഉപകയാരിച്ച  ഒരു  കനരിയ ആെരണം ഉണ്ടാക്കിവയരുക്കൽ (S4), 

എെിെീൻ നീക്കം വചയ്യാൻ കഴിെുള്ള വപാട്ടാസയം 

വമറ്റാമബസൾമഫറ്റ   ഉപകയാരിക്കൽ (S5), തണുപ്പിക്കൽ കൂരാവത 



എെിെീൻ നീക്കം വചയ്യാൻ കഴിെുള്ള വപാട്ടാസയം 

വമറ്റാമബസൾമഫറ്റ   ഉപകയാരിക്കൽ (S6), തണുപ്പിക്കൽ കൂരാവത 1% 

മകകറ്റാസാൻ ഉപകയാരിച്ച  ഒരു കനരിയ ആെരണം 

ഉണ്ടാക്കിവയരുക്കെും, എെിെീൻ നീക്കം വചയ്യാൻ കഴിെുള്ള 

വപാട്ടാസയം വമറ്റാമബസൾമഫറ്റ   ഉപകയാരിക്കെും (S7), ചൂരു വെള്ളം 

ഉപകയാരിച്ചുള്ള പരിചരണം കൂരാവത 6% കാർണൗബാ വമഴുക  

വകാണ്ട  കനരിയ ആെരണം ഉണ്ടാക്കിവയരുക്കെും, എെിെീൻ നീക്കം 

വചയ്യാൻ കഴിെുള്ള വപാട്ടാസയം വമറ്റാമബസൾമഫറ്റ   

ഉപകയാരിക്കെും (S8), നിയഗ്ന്തണം - െിേവെരുപ്പാനന്തര മാർരങ്ങൾ 

അെെംബിക്കാെത  (S9) എന്നിെയായിരുന്നു ഗ്രീറ്റ വമൻറുകൾ. 

െിേവെരുപ്പിനു ക ഷം െിെിധ സാകങ്കതിക  െി യകൾ അെെംബിച്ച , 

പഴങ്ങൾ കകാർകരറ്റഡ  മഫബർ കബാർഡ  കബാക്സിനുേേിൽ  

സൂക്ഷിപ്പുകാൊെധി കഴിയുന്നത  െവര അന്തരീക്ഷ ഊഷ്മാെിൽ 

സൂക്ഷിച്ചു. 

തണുപ്പിക്കൽ കൂരാവത 1% മകകറ്റാസാൻ ഉപകയാരിച്ച  ഒരു  

കനരിയ ആെരണം ഉണ്ടാക്കിവയരുക്കെും, എെിെീൻ നീക്കം 

വചയ്യാൻ കഴിെുള്ള വപാട്ടാസയം വമറ്റാമബസൾമഫറ്റ   

ഉപകയാരിച്ചുേേ പാകക്കജിംങ്ങും (S7) കചർന്ന ഗ്രീറ്റ വമൻറ  ആണ  

സൂക്ഷിപ്പുകാെം 9.67  ിെസമായി കൂട്ടാൻ സ ായിച്ചത . ഈ 

ഗ്രീറ്റ വമൻറ  സവീകരിച്ച ഫെങ്ങേിൽ, ജൊം ം നഷ്ടവപ്പരുന്ന തും, 

ചർമപാേിക്ക  പുറകെക്കുേേ അകയാണുകേുവര നഷ്ടെും, 

അണുജീെികേുവര എണ്ണെും, മൂന്നു  ിെസെിനു ക ഷം മറ്റ  

ഗ്രീറ്റ വമൻറുകവേ അകപക്ഷിച്ച  കുറെുേേതായും പഠനം 

സൂചിപ്പിക്കുന്നു. അതുകപാവെ ഈ ഗ്രീറ്റ വമൻറ  സവീകരിച്ച പപ്പായ 

പഴെിൻവ റ രൂപം, നിറം, ഘരന, രുചി, രസം, സവീകാര ത തുരങ്ങിയ 

രുണങ്ങൾ ഒൻപതാം  ിെസെും മികച്ചതായി കവണ്ടെി. 

ചുരുക്കെിൽ, പപ്പായ ഇനം സൂരയ വചരികൾ നട്ട  ഒരു 

മാസെിനു ക ഷം മുതൽ 20 മാസം െവര െേകസചനമായി 100% 

വനഗ്രജൻ (406.52 ഗ്രാം യൂറിയ ഒരു വചരിക്ക , ഒരു െർഷം), വപാട്ടാഷയം 

(568.33 ഗ്രാം മ ൂറികയറ്റ  ഓഫ  വപാട്ടാഷ  ഒരു വചരിക്ക , ഒരു െർഷം) 

എന്നിെയും, 0.5% സിങ്ക  സൾമഫററ  + 0.3% കബാറാക്സ  

പഗ്തകപാഷണെും, അരിെേമായി 15 കികൊ കാെിെേെും, മണ്ണ  

പരിക ാധനയ ക്ക  ക ഷം 850 ഗ്രാം കറാക്ക  കഫാസ കഫറ്റും 

നൽകിയകപ്പാൾ വചരികേുവര െേർച്ചയും, െിേെും, പഴങ്ങേുവര 



രുണനിെൊരെും വമച്ചവപ്പട്ടതായി കവണ്ടെി. പൂർണ്ണമായും മൂെ, 

പച്ച നിറെിെുേേ പപ്പായ പഴങ്ങൾ, തണുപ്പിക്കൽ കൂരാവത 1% 

മകകറ്റാസാൻ ഉപകയാരിച്ച  ഒരു കനരിയ ആെരണം 

ഉണ്ടാക്കിവയരുക്കെും, എെിെീൻ നീക്കം വചയ്യാൻ കഴിെുള്ള 

വപാട്ടാസയം വമറ്റാമബസൾമഫറ്റ   ഉപകയാരിച്ചുേേ പാകക്കജിംങ്ങും 

കചർന്ന ഗ്രീറ്റ വമൻറ  നൽകി കകാർകരറ്റഡ  മഫബർ കബാർഡ  

കബാക്സിനുേേിൽ സൂക്ഷിച്ചകപ്പാൾ, സംരക്ഷണ കാൊെധി 9.67 

 ിെസമായി െർദ്ധിച്ചതായി കവണ്ടെി. 

    

    


