
EFFECT OF NANO UREA IN COMBINATION WITH 
AZOTOBACTER ON GROWTH, YIELD AND QUALITY OF 

STRAWBERRY (Fragaria x ananassa Dutch.) Cv. WINTER DAWN 
 

Thesis Submitted for the Award of the Degree 

DOCTOR OF PHILOSOPHY 
 

In 
 

Fruit Science 
 By 

 

Shaifali  
Registration Number: 12109836 

 
Supervised By 

 

Dr. Manish Bakshi  

(Associate Professor)  

Department of Horticulture 

Lovely Professional University, Punjab 

 
Co-Supervised by 

 
   Dr. Jatinder Singh Dhaliwal  

   Department of Horticulture (Professor) 

                                                          Lovely Professional University, Punjab. 

 
     Dr. Rajeev Kumar Gupta  

      Department of Agronomy (Professor)  

      Lovely Professional University, Punjab. 
 

 

 

 
LOVELY PROFESSIONAL UNIVERSITY, PUNJAB  

2024 



DECLARATION 
 

I hereby declare that the presented work in the thesis entitled “Effect of nano urea in 

combination with Azotobacter on growth, yield and quality of strawberry (Fragaria x 

ananassa Dutch.) cv. Winter Dawn” in fulfilment of degree of Doctor of Philosophy 

(Ph.D.) is outcome of research work carried out by me under the supervision of Dr. Manish 

Bakshi, working as Associate Professor, in the Department of Horticulture, School of 

Agriculture at Lovely Professional University, Punjab, India. In keeping with general practice 

of reporting scientific observations, due acknowledgements have been made whenever work 

described here has been based on findings of other investigators. This work has not been 

submitted in part or full to any other University or Institute for the award of any degree. 

 

 
 
 
 

 
 

(Signature of Scholar) 

Name of the scholar: Shaifali 

Registration No.: 12109836 

Department/School: Horticulture, School of Agriculture 

Lovely Professional University, Punjab, India 



CERTIFICATE-I 
 

This is to certify that the work reported in the Ph. D. thesis entitled “Effect of nano urea in 

combination with Azotobacter on growth, yield and quality of strawberry (Fragaria x 

ananassa Dutch.) cv. Winter Dawn” submitted in fulfilment of the requirement for the award 

of degree of Doctor of Philosophy (Ph.D.) in the Department of Horticulture, School of 

Agriculture, is a research work carried out by Ms. Shaifali, 12109836, is Bonafede record of 

his original work carried out under my supervision and that no part of thesis has been 

submitted for any other degree, diploma or equivalent course. 

 
 
 
 
 
 
 
 
 
 
 

 

 
  

 
(Signature of Supervisor) 

Dr. Manish Bakshi 

Designation: Associate Professor 

Department/School: Horticulture, 

School of Agriculture, 

Lovely Professional University 

Punjab (144411). 





ACKNOWLEDGEMENT 
 

The accomplishment of this thesis reflects the support and contributions of numerous 

individuals to whom I owe deep gratitude. In particular, I wish to express my profound 

appreciation to my advisor, Dr. Manish Bakshi, for his invaluable mentorship and guidance 

throughout my doctoral journey. From the inception of the research idea to the finalization of 

results, Dr. Bakshi's profound expertise, constant encouragement, and remarkable patience 

have been pivotal in enabling me to navigate this complex area of study. His role transcended 

that of a traditional mentor, as he became an exceptional advisor whose involvement was 

crucial in exceeding the typical expectations of doctoral supervision. 

I am acutely aware of the profound assistance and harmonious collaboration extended 

to me by our Dean Dr. Ramesh Kumar Sadawarti and Associate Dean, Dr. Shailesh K. Singh 

for their expertise, encouragement and constructive feedback have been instrumental in 

shaping the trajectory of this research and enriching my academic growth, and co- advisors 

Dr. Jatinder Singh Dhaliwal and Dr. Rajeev Kumar Gupta for their unwavering support, 

guidance, and encouragement throughout this doctoral journey. Equally, I am obliged to Head 

of Department, Dr. Anis Ahmad Mirza for his expertise, mentorship, and genuine commitment 

to my success have been truly invaluable, and I am deeply grateful for the opportunity to learn 

from him. I am evenly grateful to Dr. Meenakshi Rana for her invaluable and unwavering 

support throughout the process of literature writing. Her guidance and expertise have been 

instrumental in shaping and refining this crucial aspect of my research publication journey. 

I am deeply grateful to Mr. Lakhwinder Singh for his unwavering support, dedication, 

and belief in my capabilities throughout this research endeavor. His steadfast presence has 

been influential in my personal and professional growth, infusing this academic pursuit with 

profound meaning and fulfillment. Evenly, to express my sincere gratitude to all my dear 

friends and dedicated supporters, Ms. Jabroot, Mr. Rahul R. Rodge, Mr. Dipak Kale, Ms. 

Nidhi Chauhan, Ms. Jyoti Bharti Sharma, Ms. Harjinder Kaur, Ms. Madhurima Chaudhari, 

Mr. Ankush Sheokand, and Mr. Atul Khalangre. Their unwavering positivity and enthusiasm 

have been a constant source of motivation, helping me navigate challenges and maintain my 

focus. Their support has been crucial in transforming this research project into a successful 

and significant achievement. 

 Equitably, I am especially grateful to Er. Vidisha, Er. Ankur Gupta, and Mr. Vishal 



Tondon, their unwavering positivity and enthusiasm have been a beacon of light during the 

challenging times of my research. Whenever I faced obstacles or felt overwhelmed, his 

encouraging words and optimistic outlook provided the motivation I needed to keep pushing 

forward. Their constant support, whether through late-night discussions, thoughtful advice, or 

simply being there to listen, has been invaluable to me. I deeply appreciate their presence, 

which has been a source of both personal and professional growth, I am profoundly thankful. 

When it comes to expressing heartfelt gratitude, words alone are insufficient to convey 

the immense appreciation I have for my dear parents, Mr. Thakur Dass and Mrs. Nanda, my 

sister, Er. Vidisha, and my dearest brother, Mr. Vaibhav. Their unwavering support, wise 

guidance, and steadfast belief in my abilities have been the driving force behind my 

educational journey, filling me with immense determination. Without their constant 

encouragement, reaching this level of achievement would have remained a distant dream. 

I would like to extend my deepest gratitude to my grandparents, late Sh. Ram Swaroop 

and late Mrs. Shakuntala Devi, whose unwavering love, wisdom, and support have been a 

guiding light throughout my life and family as well. Although they are no longer with us, their 

influence remains profoundly present in my journey. Their beliefs in the value of education 

and their encouragement have been a constant source of inspiration and strength. “Their 

legacy of resilience, kindness, and their unwavering encouragement for me to pursue the 

highest levels of education have shaped the person I am today and profoundly impacted my 

academic pursuits.” This thesis is, in many ways, a testament to their enduring influence and 

the values they instilled in me. 

 To late Sh. Ram Swaroop and late Mrs. Shakuntala Devi, I am eternally grateful for 

the foundation you provided and the example you set. Your memory continues to inspire me 

every day, and I hope to honor it through the work presented here. I am truly indebted to them, 

as they have been my pillars of strength, especially my grandmother, who has been a constant 

source of blessing and support. Their moral support, encouragement, and motivation have 

propelled me forward in achieving my personal goals. My family has always provided every 

support, allowing me to focus solely on my studies and pursue my objectives without any 

hindrances along the way. 

 
 
Place: LPU, Phagwara.                                                                                           (Shaifali) 

Date:                                                                                                            (Reg. No. 12109836) 



TABLE OF CONTENT 
 

 

Sr. no. 

 

Title 

 

Page no. 

 

1. 

 

INTRODUCTION 

 

1-8 

 

2. 

 

REVIEW OF LITERATURE 

 

9-45 

 

3. 

 

MATERIALS AND METHODOLOGY 

 

46-57 

 

4. 

 

RESULT AND DISCUSSION 

 

58-159 

 

5. 

 

SUMMARY AND CONCLUSION 

 

150-170 

 

6. 

 

REFERENCES 

 

i-xlv 

 

7. 

 

APPENDICES 

 



LIST OF TABLES 
 

 
Sr. no. 

 
Title 

 
Page no. 

 
3.1 

 
Detail of treatments 

 
47 

 
3.2 

 
Observations recorded 

 
50 

 
4.1 

Effect of nano urea in combination with Azotobacter on plant height in 

strawberry cv. Winter Dawn. 

 
61 

 
4.2 

Effect of nano urea in combination with Azotobacter on plant spread 

(NS) in strawberry cv. Winter Dawn. 

 
66 

 
4.3 

Effect of nano urea in combination with Azotobacter on plant spread 

(EW) in strawberry cv. Winter Dawn. 

 
71 

 
4.4 

Effect of nano urea in combination with Azotobacter on chlorophyll 

index in strawberry cv. Winter Dawn. 

 
76 

 
4.5 

Effect of nano urea in combination with Azotobacter on number of 

flowers in strawberry cv. Winter Dawn. 

 
81 

 
4.6 

Effect of nano urea in combination with Azotobacter on number of 

leaves in strawberry cv. Winter Dawn. 

 
85 

 
4.7 

Effect of nano urea in combination with Azotobacter on number of fruits 

in strawberry cv. Winter Dawn. 

 
90 

 
4.8 

Effect of nano urea in combination with Azotobacter on average fruit 

weight in strawberry cv. Winter Dawn. 

 
93 

 
4.9 

Effect of nano urea in combination with Azotobacter on fruit volume in 

strawberry cv. Winter Dawn. 

 
97 

 
4.10 

Effect of nano urea in combination with Azotobacter on yield per plant 

in strawberry cv. Winter Dawn. 

 
101 

 
4.11 

Effect of nano urea in combination with Azotobacter on titratable acidity 

in strawberry cv. Winter Dawn. 

 
105 



 
4.12 

Effect of nano urea in combination with Azotobacter on total soluble 

solid in strawberry cv. Winter Dawn. 

 
109 

 
4.13 

Effect of nano urea in combination with Azotobacter on TSS: acid ratio 

in strawberry cv. Winter Dawn. 

 
112 

 
4.14 

Effect of nano urea in combination with Azotobacter on ascorbic acid in 

strawberry cv. Winter Dawn. 

 
116 

 
4.15 

Effect of nano urea in combination with Azotobacter on total sugar in 

strawberry cv. Winter Dawn. 

 
119 

 
4.16 

Effect of nano urea in combination with Azotobacter on reducing sugar 

in strawberry cv. Winter Dawn. 

 
123 

 
4.17 

Effect of nano urea in combination with Azotobacter on non-reducing 

sugar in strawberry cv. Winter Dawn. 

 
126 

 
4.18 

Effect of nano urea in combination with Azotobacter on antioxidants in 

strawberry cv. Winter Dawn. 

 
130 

 
4.19 

Effect of nano urea in combination with Azotobacter on anthocyanin in 

strawberry cv. Winter Dawn. 

 
134 

 
4.20 

Effect of nano urea in combination with Azotobacter on plant nutrient 

status (NPK) in strawberry cv. Winter Dawn. 

 
139 

 
4.21 

Effect of nano urea in combination with Azotobacter on soil nutrient 

status (NPK) in strawberry cv. Winter Dawn. 

 
143 

 
4.22 

Effect of nano urea in combination with Azotobacter on soil (organic 

carbon) in strawberry cv. Winter Dawn. 

 
147 

 
4.23 

Effect of nano urea in combination with Azotobacter on Azotobacter 

count in strawberry cv. Winter Dawn. 

 
152 

 
4.24 

Effect of nano urea in combination with Azotobacter on economics in 

strawberry cv. Winter Dawn. 

 
157 

 
4.25 

Effect of nano urea in combination with Azotobacter on economics in 

strawberry cv. Winter Dawn. 

 
158 



LIST OF FIGURES 
 

Sr. 

no. 

 
Title 

 
Page no. 

 
4.1 

Effect of nano urea in combination with Azotobacter on plant height in 

strawberry cv. Winter Dawn. 

 
62 

 
4.2 

Effect of nano urea in combination with Azotobacter on plant spread 

(NS) in strawberry cv. Winter Dawn. 

 
67 

 
4.3 

Effect of nano urea in combination with Azotobacter on plant spread 

(EW) in strawberry cv. Winter Dawn. 

 
72 

 
4.4 

Effect of nano urea in combination with Azotobacter on chlorophyll 

index in strawberry cv. Winter Dawn. 

 
77 

 
4.5 

Effect of nano urea in combination with Azotobacter on number of 

flowers in strawberry cv. Winter Dawn. 

 
82 

 
4.6 

Effect of nano urea in combination with Azotobacter on number of 

leaves in strawberry cv. Winter Dawn. 

 
86 

 
4.7 

Effect of nano urea in combination with Azotobacter on number of 

fruits in strawberry cv. Winter Dawn. 

 
91 

 
4.8 

Effect of nano urea in combination with Azotobacter on average fruit 

weight in strawberry cv. Winter Dawn. 

 
94 

 
4.9 

Effect of nano urea in combination with Azotobacter on fruit volume in 

strawberry cv. Winter Dawn. 

 
98 

 
4.10 

Effect of nano urea in combination with Azotobacter on yield per plant 

in strawberry cv. Winter Dawn. 

 
102 

 
4.11 

Effect of nano urea in combination with Azotobacter on titratable 

acidity in strawberry cv. Winter Dawn. 

 
106 

 
4.12 

Effect of nano urea in combination with Azotobacter on total soluble 

solid in strawberry cv. Winter Dawn. 

 
110 

 
4.13 

Effect of nano urea in combination with Azotobacter on TSS: acid ratio 

in strawberry cv. Winter Dawn. 

 
113 



 
4.14 

Effect of nano urea in combination with Azotobacter on ascorbic acid 

in strawberry cv. Winter Dawn. 

 
117 

 
4.15 

Effect of nano urea in combination with Azotobacter on total sugar in 

strawberry cv. Winter Dawn. 

 
120 

 
4.16 

Effect of nano urea in combination with Azotobacter on reducing sugar 

in strawberry cv. Winter Dawn. 

 
124 

 
4.17 

Effect of nano urea in combination with Azotobacter on non-reducing 

sugar in strawberry cv. Winter Dawn. 

 
127 

 
4.18 

Effect of nano urea in combination with Azotobacter on antioxidants in 

strawberry cv. Winter Dawn. 

 
131 

 
4.19 

Effect of nano urea in combination with Azotobacter on anthocyanin in 

strawberry cv. Winter Dawn. 

 
135 

 
4.20 

Effect of nano urea in combination with Azotobacter on plant nutrient 

status (NPK) in strawberry cv. Winter Dawn. 

 
140 

 
4.21 

Effect of nano urea in combination with Azotobacter on soil nutrient 

status (NPK) in strawberry cv. Winter Dawn. 

 
144 

 
4.22 

Effect of nano urea in combination with Azotobacter on soil (organic 

carbon) in strawberry cv. Winter Dawn. 

 
148 

 
4.23 

Effect of nano urea in combination with Azotobacter on Azotobacter 

count in strawberry cv. Winter Dawn. 

 
153 

 
4.24 

Effect of nano urea in combination with Azotobacter on economics in 

strawberry cv. Winter Dawn. 

 
158 



LIST OF ABBREVIATIONS 
 

Abbreviations Description 
 

% : Percentage 
 

@ : at the rate 
 

°C: Degree celcius 
 

C.D.: Critical difference 
 

CV: Co-efficient of Variation 
 

Cm : Centimeter 
 

cm2 : centimeter square 
 

DPPH : 2,2-diphenylpicrylhydrazyl 
 

et al. : et alii (Co-workers) 
 

RBD : Randomized Block Design 
 

Fig . : Figure 
 

g or gm : Gram 
 

ha : Hectare 
 

i.e; : That is 
 

kg : Kilogram 
 

L. : Linneous 
 

L-1 : per liter 
 

m : Meter 
 

mg : Milligram 
 

mg/g : milligram per gram 
 

No. : Number 



NS : Non-significant 

ppm : Parts per million 

SE(d) : Standard error deviation 

SE(m) : Standard error mean 

TSS : Total soluble solids 

Zn : Zinc 

B : Boron 

nano-Zn : Nano Zinc 

nano-Cu : Nano Copper 

N : Nitrogen 

P : Phosphorous 

K : Potassium 

Cu : Copper 

RH : Relative Humidity 



Name of Student  :    Shaifali 

Registration no        :    12109836 

Year of Admission                       : 2021 

Name of Research Guide            :    Dr. Manish Bakshi 
Designation   :    Associate Professor           
                                                           School of Agriculture 

                                                                        Lovely Professional University, Phagwara, Punjab 
 
 

Abstract 
 

Title: Effect of nano urea in combination with Azotobacter on growth, yield and quality of 

strawberry (Fragaria x ananassa Dutch.) cv. Winter Dawn. 

 
Abstract: 

This study investigates the synergistic effects of nano urea and Azotobacter application on the 

agronomic and qualitative traits of strawberry cv. Winter Dawn. Through a series of controlled 

experiments, it was demonstrated that the combined application of these treatments significantly 

enhances both vegetative growth and fruit development while improving soil and plant nutrient 

profiles. Among the various treatment regimens evaluated, T9, which comprised 25% of the 

recommended dose of fertilizers augmented with 400 ppm nano urea and Azotobacter, emerged as 

the most effective in promoting vegetative growth indices and yield-related attributes. 

Furthermore, treatments T9 and T11 (50% RDF + N2 + Azotobacter) significantly enhanced critical 

quality indicators such as titratable acidity, total soluble solids, ascorbic acid content, and 

antioxidant capacities. The utilization of nano urea was found to enhance nutrient uptake in the 

strawberry plants, as evidenced by the analysis of leaf and soil nutrient contents. These findings 

underscore the efficacy of nano urea and Azotobacter as potent agronomic amendments in 

strawberry cultivation, promising not only improved agricultural productivity but also fruit of 

superior nutritional quality. Maximum growth viz. plant height (12.66 cm), plant spread (NS 

22.58 cm and EW 22.26 cm), number of flowers (2.35 at 120 DAP), number of leaves (17.78), 

total number of fruits per plant (30.69), average fruit weight (20.74 g), average yield per plant 

(0.634 kg) were recorded with the application of 400 ppm nano urea and Azotobacter along with 

25 per cent recommended dose of fertilizers (RDF). This treatment also resulted in highest TSS 

(6.95  ֩brix), ascorbic acid content (55.83 mg per 100g), total sugars (8.90 %) reducing sugars 

(7.23%), 



non-reducing sugar (1.58%) and anthocyanin content (0.275 mg/ g fresh tissue), plant nitrogen 

(2.49 per cent). However, application of 400 ppm nano urea and Azotobacter along with 50 per 

cent RDF resulted in maximum antioxidant content (1.89 µ mol TE/g FW), 400 ppm nano urea 

along with 25 per cent RDF reflected organic carbon (3.90 g/ kg), treatment control (100% RDF) 

showed maximum soil nitrogen (228.38 kg ha-1) and T14 (25% RDF + Azotobacter) had maximum 

presence of Azotobacter count (11.75 CFU 106). Qualitative and biochemical parameters showed 

consistent correlations, endorsing the use of urea nanoparticles as a viable nitrogen source. This 

supports the exploration of alternative nitrogen fertilization approaches, aiming for refined dosage 

ratios to foster environmentally friendly and sustainable strawberry cultivation practices. These 

findings provide robust evidence for the efficacy of urea nanoparticles as a nitrogen source, 

enabling the formulation of alternative fertilization strategies. This approach, focusing on 

optimizing dosage ratios, holds significant promise for ecologically sound and contemporary 

strawberry cultivation methods. 

Keywords: Azotobacter, nano urea, growth, yield, quality, nutrient analysis strawberry and Winter 

Dawn. 
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Chapter I 
 

Introduction 
 

The history of strawberries traces back to ancient times, with evidence suggesting 

their cultivation as early as the ancient Romans and Greeks (Giesecke, 2023). Native to 

Europe (Zhou et. al. 2023), strawberries were initially cultivated for their medicinal 

properties rather than as a culinary delight (Newerli-Guz et. al. 2023). In the 14th century, 

they gained popularity in France when they were presented as a gift to French kings 

(Dickenson, 2020). The modern cultivated strawberry, Fragaria × ananassa (Vondracek et. 

al. 2024), is a hybrid of two wild strawberry species from North and South America (Fan and 

Whitaker, 2024). Its development began in the 18th century in Europe and gained momentum 

in the 19th century with the introduction of new varieties and cultivation techniques (Stearns 

et. al. 2024). Today, strawberries are one of the most beloved and widely consumed fruits 

worldwide (Bezerra et. al. 2024), celebrated for their sweet flavour (Do et. al. 2024), vibrant 

colour (Shahida and Swarup, 2024), and nutritional benefits (Hurtado, 2024). Their rich 

historical legacy continues to inspire research in areas such as breeding, genetics, and 

agricultural practices, ensuring the enduring relevance of this iconic fruit (Kumar and 

Konyak, 2024). 

Strawberry (Fragaria × ananassa Duch.) is considered as one of the most paramount 

exotic fruits globally. It’s a small fruit plant from the family Rosaceace, which also includes 

numerous economical species like roses which are ornamental or edible fruits like apple, 

peach, pear etc. Strawberry is a perennial herbaceous plant, and it is said to be the native of 

North America, since it is grown in Europe, Asia, America and Africa (Habeeb and Ali, 

2013). The name of strawberry “fragrant” and “fragrance” is derived from the Latin and so it 

is called Strawberry in English, “Fragola” in Italian, “Fraise” in French, in Egypt, the name 

was derived from “Chillaik” called in Iraq and Syria, which was taken from Turkey as 

“Chillaik” (Al-Saidi, 2000). 

Strawberry crop is known to be an early production fruit crop and is also grown as a 

cash crop. The strawberry fruits are proven to be effective against the cardiovascular and 

vascular diseases, also in cancerous diseases due to the presence of high number of 

substances which are effective inhibitors against these diseases (Al-Khayri et. al. 2018). 



2  

Strawberry has been reported to contain the antioxidants and anthocyanin pigment which 

gives the fruit its characteristic red colour. It even has distinctive flavour and taste which is 

utilized in food industries for preparation of various processed goods like Jelly, juices, jams 

etc. The peculiar aroma and fragrance of strawberry makes it a choicest fruit for preparation 

of ice creams and pastries or dairy products (Giampiri et. al. 2014). Cultivation of strawberry 

was initially introduced to Iraq and was planted in home gardens during the year 1946 to 

1951 (Al-Saidi, 2000). The allure of strawberries among consumers is primarily attributed to 

their unparalleled taste, a sensory symphony orchestrated by a fusion of mouth-watering 

flavours and aromatic notes (Civille et. al. 2021). This sensory experience encompasses not 

only the tactile sensations perceived in the mouth, such as sweetness, acidity, and juiciness 

but also the olfactory delight elicited by volatile compounds. Throughout the ripening 

process, fruits emit an array of volatile organic compounds (VOCs), serving as tangible 

indicators of their maturation. The content and composition of these molecules reflect both 

genetic traits and environmental influences, exhibiting a rich tapestry of diversity (Maffei et. 

al. 2010). Research indicates that strawberries possess remarkable adaptability, flourishing 

across a spectrum of environments and soil types, showcasing their resilience and versatility 

in agricultural landscapes (Gordon et. al. 2010). 

In the vibrant patchwork of agricultural landscapes, the cultivation of strawberries 

emerges as a fragrant emblem of horticultural prowess (Salsedo, 2008). Delving into the 

verdant depths of this berry domain, one uncovers a tapestry woven with statistical intricacy 

Brooks, 2022). The expanse of land dedicated to strawberries unfurls like a verdant quilt, 

spanning vast hectares across diverse continents (Retzinger, 1992). Concurrently, the annual 

production figures paint a picture of abundance, each berry a testament to meticulous 

cultivation practices and the harmonious dance of soil, sun, and water. 

Strawberry fruits are highly rich with significant minerals and vitamins. Within the 

nutritional realm, strawberries stand as veritable treasure troves, boasting abundant reserves 

of Vitamin C that surpass other vitamin counterparts. The gustatory allure of these berries 

unfolds through a trifecta of flavor components: sugars, acids, and aromatic compounds, each 

lending its distinct note to the sensory symphony. Among the orchestra of volatile 

compounds responsible for the fruit's signature taste, ethyl esters, including ethyl hexanoate 

and ethyl butanoate, emerge as prominent conductors. Exploring the botanical intricacies, one 

unearths the presence of ellagic acid, a potent plant phenol revered for its anti-mutagenic and 

anti-carcinogenic properties, nestled within the leaf tissues and ruby-red achenes of the 
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strawberry fruit. Due to presence of more oleic acid and less linoleic acid, ripe fruit contains 

more lipids than unripe fruits (Chattopadhyay, 2014). In the comparison to other fragile berry 

fruits, strawberry fruits are having higher content of vitamin C, flavonoids and phenolic 

(Torronen and Hakkinen, 2000). 

Due to new technologies and varieties, strawberries are available in the market 

throughout the year. They can be produced using many different cultivation systems. The 

goal of all production technologies is a high yield with good properties and flavour. 

Nowadays, high yield and adequate fruit quality are often the result of intense inputs like 

chemical fertilization, use of growth promoters, LED lamps, plant protection, and optimal 

irrigation (Weber et. al. 2016 and Ojeda-Real et. al.2009). With less intensive organic 

production, it is also possible to achieve the same or even better strawberry quality (Reganold 

et. al. 2010), with little or no loss of yield. Consumers prefer strawberries with a uniform 

colour, sweet taste, intense fruity aroma and that will be moderately juicy (Ponti et. al. 2012 

and Bhat et. al. 2015). Most of these characteristics can be regulated with attentive 

fertilization (Ojeda-Real et. al. 2009). 

Given its esteemed status among consumers, aroma stands as a paramount attribute 

defining the appeal of strawberries. In shaping consumer acceptance, volatile flavour 

compounds wield significant influence, serving as the architects of the fruit's sensory allure. 

The volatile repertoire of strawberries encompasses a staggering array of over 360 

constituents, spanning esters, aldehydes, ketones, alcohols, terpenes, furanones, and sulphur 

compounds, rendering it one of the most intricate and multifaceted fruit flavours known (Jetti 

et. al. 2007). Despite the complexity, many of these compounds are present in trace amounts 

that challenge conventional analytical methods, yet their impact on sensory perception 

remains discernible to human senses, underscoring the nuanced interplay between analytical 

precision and sensory acuity in fruit evaluation (Goff and Klee, 2006). 

The intricate tapestry of aroma compounds within strawberries orchestrates a 

symphony of flavours (Jetti et. al. 2007), where a select few, numbering fewer than 20, stand 

as significant contributors to the fruit's distinctive taste profile. Among these aromatic 

virtuosos, furanones reign supreme, imbuing strawberries with their characteristic caramel- 

like sweetness and fruity essence (Jetti et. al. 2007). Constituting the lion's share of volatile 

compounds, esters emerge as pivotal players in shaping the strawberry's aromatic bouquet, 

evoking notes of delectably sweet fruitiness. Following closely behind, terpenoids assert their 
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presence, comprising a substantial portion of the volatile ensemble in select strawberry 

varieties, thus adding another layer of complexity to the fruit's aromatic allure (Jetti et. al. 

2007). This intricate interplay underscores the multifaceted nature of strawberry aroma, 

where a delicate balance of key compounds orchestrates a sensory experience cherished by 

consumers worldwide (Menager, et. al. 2004). 

Terpenoids, exemplified by linalool (Jetti et. al. 2007), nerolidol, and terpineol, lend a 

distinctive character to strawberries with their spicy and citrusy notes, a feature often 

intricately tied to specific strawberry varieties. Conversely, compounds like hexenal, trans-2- 

hexenal, and cis-3-hexenal, while equally significant, contribute unwelcome green and 

underripe nuances to the fruit's flavour profile (Jetti et. al. 2007). Beyond aroma, the holistic 

nutritional value of strawberries emerges as a cornerstone, underscored by their abundant 

reserves of essential nutrients such as vitamin C and phenolic compounds. These primary and 

secondary metabolites, including sugars, organic acids, and phenolic, not only sustain the 

plant's vitality but also play a crucial role in enhancing human health and well-being. 

Moreover, studies indicate that fertilization practices exert a discernible influence on the 

phenolic content of strawberries (Giampieri et. al. 2012)., further underscoring the intricate 

interplay between agricultural practices and nutritional quality in strawberry production 

(Anttonen et. al. 2006). 

In adherence to government recommendations, strawberry producers have embraced 

advanced agricultural technologies, notably fertilizing with nitrogen at the onset of the 

growing season, a practice aimed at optimizing yield potential (Mihelic et. al. 2010). The 

rapid growth cycle of strawberries, spanning a mere two to three months from inflorescence 

emergence to harvest, necessitates a robust supply of both macro and micronutrients to fuel 

photosynthesis and sustain fruit development (Gordon et. al. 2010; Taghavi et. al. 2014). 

Despite their shallow root system, strawberries face limitations in nitrogen uptake from 

deeper soil layers. Consequently, historical cultivation practices have often leaned towards 

intensive nitrogen fertilization, predicated on the belief that it fosters vigorous vegetative 

growth and enhances fruit yield. This synthesis of traditional wisdom and modern agricultural 

science underscores the dynamic evolution of strawberry cultivation techniques in pursuit of 

maximizing productivity while maintaining environmental sustainability (Guinto 2016). 

Nitrogen stands as a vital element essential for the synthesis of enzymes and amino 

acids pivotal in constructing the cellular framework of plants, thus facilitating their growth 
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and development (Leghari 2016). In strawberries, a deficiency of nitrogen, indicated by foliar 

nitrogen content below 1.9%, manifests in chlorotic leaves, diminished leaf area, reduced root 

mass, smaller fruit size, and decreased anthocyanin levels (Mareike Jezek et. al. 2018). 

Conversely, an excess of nitrogen, reflected in foliar nitrogen content exceeding 4%, fosters 

excessive vegetative growth, retards fruit maturation, and compromises fruit firmness, 

ultimately diminishing its overall quality. This delicate balance underscores the critical role 

of nitrogen management in optimizing strawberry growth, development, and fruit quality, 

thereby highlighting the intricate interplay between nutrient availability and plant physiology 

in agricultural practices (Guinto, 2016). 

Elevated concentrations of nitrogen fertilization, particularly mineral nitrogen, have 

been observed to exert a pronounced adverse effect on the taste profile of strawberries, as 

highlighted by Ojeda-Real et. al. (2009). Beyond nitrogen, calcium emerges as another 

crucial macro-nutrient pivotal for optimizing fruit quality. Calcium ions play multifaceted 

roles in plant cell physiology, serving as integral intracellular messengers that facilitate 

responses to various stimuli including hormones, biotic and abiotic stressors, and 

developmental cues, as elucidated by Reddy and Reddy (2004). Additionally, calcium 

contributes significantly to the structural integrity of membranes and cell walls, thereby 

influencing fruit firmness. Pre-harvest applications of calcium have been demonstrated by 

Bakshi et. al. (2005) studied to enhance fruit firmness, underscoring the importance of 

calcium management in augmenting the overall quality of strawberries. This intricate 

interplay between nutrient management and fruit quality underscores the multifaceted 

approach required for optimizing strawberry cultivation practices. 

 
Most of the macro nutrient demands of strawberry crop are met with the soil 

application of macro nutrients. Urea which is the major source of nitrogen and the most 

extensively applied chemical fertilizer in the crop is prone to leaching. Apart from polluting 

the rhizosphere area, it also contaminates the under-ground water and other water bodies 

leading to eutrophication. Also due to leaching, it becomes very imperative to precisely go 

for urea application at the most critical stages of the growth and development. This extensive 

application of nitrogenous and other chemical fertilizers is a burden for not only the soil but 

also to the farmer in particular and humanity as a whole. So, the new approach is to minimize 

the soil application of the chemical fertilizers and find out ways to compensate the nutrient 

requirement of the crops through alternative methods. 
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Nano-fertilizer technology is a new technological intervention and is very innovative, 

and there is only a small amount of reported literature in scientific journals. However, some 

reports and patented products strongly suggest that nano-fertilizer formulation has a lot of 

room for improvement. Foliar application of nano-particles as fertilizer has resulted in 

increased production (Raliya, 2012; Tarafdar, 2012). Now-a-days, a lot of nano formulations 

are available for macro and micro nutrients which can be applied in a more efficient manner 

to achieve an equitable desired result from the plant. However, the challenge is that being a 

new cultivation practice, the dosage of the formulations is yet to be standardized. 

 
Bio-fertilizers represent a promising avenue for supplying essential nutrients to crop 

plants by bolstering soil microorganism populations while preserving the innate properties of 

the soil. This approach holds considerable potential in agricultural sustainability efforts, as 

bio-fertilizers aid in nutrient fixation, solubilisation, and accessibility for both macro and 

micronutrients. In lieu of relying solely on synthetic fertilizers, pesticides, and growth 

regulators, minimizing their use in favour of bio-fertilizers aligns with holistic soil health 

practices. Strategies such as crop rotations, integration of animal manures, cultivation of 

legumes and green manures, alongside mechanical cultivation and biological pest control, 

collectively contribute to maintaining soil vitality. Particularly, Plant Growth Promoting 

Bacteria (PGPB), a type of bio-fertilizer, emerges as a beneficial microorganism capable of 

enhancing plant growth by supplying essential nutrients. Studies by Esitken et al., (2005) 

underscore the potential of PGPBs to augment both yield and quality in strawberries, thereby 

promoting environmental sustainability and soil productivity. This paradigm shift towards 

bio-fertilizers reflects a holistic approach to agricultural management that prioritizes both 

crop productivity and ecosystem health. 

Bio-fertilizers play a pivotal role in enhancing soil nutrient quality, thereby 

influencing the productivity of strawberry crops. Plants foster beneficial relationships with 

these organisms, which contribute to their growth through various mechanisms. Notably, bio- 

fertilizers augment nutrient availability in the soil by fixing nitrogen biologically, 

mineralizing phosphorus and potassium, and releasing other essential plant nutrients. This 

nutrient enrichment reduces the reliance on nitrogenous and phosphate fertilizers, promoting 

sustainable agricultural practices. Additionally, microorganisms in bio-fertilizers release plant 

growth-stimulating hormones, promoting root and shoot elongation and thereby enhancing 
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overall plant growth and crop yield. Furthermore, certain antagonistic microorganisms within 

bio-fertilizers mitigate the population and activity of phytopathogens, contributing to disease 

suppression in strawberry crops. Given the escalating costs of chemical fertilizers and the 

imperative to minimize environmental pollution, bio-fertilizers are increasingly recognized as 

valuable tools for improving soil fertility and achieving high-quality horticultural production, 

as underscored by Sindhu et. al. (2010). This growing emphasis on bio-fertilizers reflects a 

concerted effort to harmonize agricultural productivity with ecological sustainability. 

Azotobacter stands as a crucial genus of free-living bacteria integral to fostering 

sustainable fruit crop production. Among the diverse array of free-living nitrogen-fixing 

bacteria, Azotobacter emerges as the subject of extensive investigation. Under controlled in 

vitro conditions, isolated cultures of Azotobacter demonstrate the capacity to fix 

approximately 10 milligrams of nitrogen per gram of carbon source. Despite its importance, 

the population of Azotobacter in the rhizosphere of crop plants tends to be relatively low. 

However, this organism has been documented in the rhizosphere of numerous fruit crops, 

where it derives sustenance from soil organic matter and root exudates while simultaneously 

fixing atmospheric nitrogen. Beyond nitrogen fixation, Azotobacter exhibits the ability to 

synthesize biologically active growth-promoting substances, including Indole Acetic Acid 

(IAA) and Gibberellic acid. When applied to strawberry plants, Azotobacter engages in non- 

symbiotic nitrogen fixation, thereby supplying the necessary nitrogen for optimal metabolic 

functioning and sustained growth. This multifaceted role underscores the significance of 

Azotobacter in enhancing fruit crop productivity while promoting ecological sustainability. 

This study hypothesizes that the integration of bio-fertilizers, specifically Plant 

Growth Promoting Bacteria (PGPB) and nitrogen-fixing organisms like Azotobacter, will 

enhance the growth, yield, and quality of strawberries (Fragaria × ananassa) by improving 

soil nutrient availability, reducing the reliance on chemical fertilizers, and promoting 

environmental sustainability. Additionally, it is proposed that nano-fertilizer application can 

optimize nutrient uptake and fruit quality, offering a more efficient and sustainable alternative 

to conventional fertilization methods. The research will explore the synergistic effects of 

these innovative practices on strawberry cultivation, focusing on their impact on fruit 

nutritional content, flavor profile, and overall crop productivity. 
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Objectives: 

 
In this context, a study was planned to study the effect of nano urea in combination 

with Azotobacter on growth, yield and quality of strawberry (Fragaria x ananassa Dutch.) 

cv. Winter Dawn with the following objectives: 

 
1. To study the effect of nano urea in combination with Azotobacter on growth and 

yield of strawberry plants. 

 
2. To study the effect of nano urea in combination with Azotobacter on the quality of 

strawberry fruits. 

3. To evaluate the effect of nano urea in combination with Azotobacter on nutrient 

status (NPK) of the plant. 

 
4. To evaluate the effect of nano urea in combination with Azotobacter on soil 

fertility status. 

 
5. To workout the economics of different treatments. 
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Chapter II 
 

Review of Literature 
 

A comprehensive review has been done in relation to the work carried out in various 

aspects related to the topic of the study in strawberry crop. The salient findings reported by 

different researchers have been mentioned under suitable headings below in this section. 

 
A. To study the effect of nano urea in combination with Azotobacter on growth and 

yield of strawberry plants. 

 
Poniker et. al. (2006) observed that in turmeric use of NPK + Azotobacter + PSB 

(each at 250 g/kg seed) + FYM (10 t per ha) resulting in maximum of height related to the 

plant, number of leaves per plant, size in case of leaves and surface area related to leaves and 

number of tillers per plant with highest C:B ratio. 

 
Saraswat et. al. (2006) evaluated the effects of NAA (naphthalene acetic acid) and 

zinc sulphate on various aspects of litchi cv. Calcuttia, including fruit set, fruit drop, 

cracking, fruit size, and yield. The findings clearly demonstrated that the treatment 

combination of NAA at a concentration of 20 parts per million (ppm) and ZnSO4 at conc. of 

0.6% resulted in highest no. of inflorescences/tree (414.00), fruit set/panicle (238.00), and 

fruit retention (7.43%). 

 
Wassel et. al. (2007) investigated micronutrients and growth regulators impact on 

various parameters of cv. white banaty seedless grapes. Zn, Fe, and Mn led to significant 

improvements in various growth parameters. These included enhanced leaf area, increased 

cane thickness, higher pruning weight, heavier berry weight, and longer bunch length. 

 
Singh et. al. (2007) discovered that application of a mixture containing zinc (0.5%), 

copper (0.4%), and NAA @10 ppm resulted in maximum fruit weight, pulp weight, and yield 

in the 'Narendra Aonla 10' variety of aonla. Additionally, this treatment combination 

significantly improved various quality attributes of the fruit, including reduced acidity, 

increased TSS, elevated levels of vitamin C, reducing sugars, non-reducing sugars, total 

sugars, total phenols, juice content, and fiber content. 
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Medhi et. al. (2007) found that ½ the recommended amount of NP, along with 20 

grams of Azotobacter and 20 grams of PSB per plant/year, in addition to K at rate of 

600grams/plant and 7.5 kg of mustard oil cake, led to significantly higher levels of TSS, total 

sugar, and vitamin C in citrus crops. Moreover, this treatment combination resulted in the 

highest yield and economic return (5.75). 

 
Rasha et. al. (2008) studied that 80%N in nano form with recommended 

requirment+0.6% carbon nano tubes (CNTs) increased significantly leaf area, fresh and dry 

weight, total carbohydrate% and concentration of N, P, K, Mg, and Fe in leaves, weight of 

100 berries, and juice weight of 100 berries compared with control. Also results showed that 

yield of combined application of 80% conventional fertilizer of nitrogen and nano-carbon at 

0.6%was equal to that with supplied 100% conventional fertilizer (control). This 

indicated that the utilization rate of nitrogen fertilizer was increased after combined 

application of nano-carbon, which can save the N fertilizer amounts in production practice. 

 
Dutta et. al. (2008) examined bio-fertilizers impact on papaya cv. Ranchi. Various 

treatments investigated, the combination of Azotobacter, Azospirillum, vesicular-arbuscular 

mycorrhizae (VAM), and 2 kg of farmyard manure (FYM) exhibited the highest plant height, 

width, and no. of fruits. The treatment consisting of Azotobacter, VAM, and 2 kg FYM also 

showed favorable growth characteristics. In contrast, the control group exhibited the least 

growth parameters. Furthermore, the treatment with Azotobacter, Azospirillum, VAM, and 2 

kg FYM resulted in the highest fruit weight. The application of bio-fertilizers also influenced 

the bio-chemical constituents of the papaya fruit. The treatment with Azotobacter, 

Azospirillum, VAM, and 2 kg FYM recorded the highest levels of TSS, total sugars, and 

beta-carotene content, while exhibiting the lowest acidity. 

 
Singh et. al. (2008) observed zinc @0.5%, copper @0.4%, and NAA @10 ppm 

resulted in the highest measurements of plant height, spread, and plant width in the Narendra 

Aonla-10 cultivar. 

 
Jeyabaskaran and Pandey (2008) documented that the spray of zinc and boron 

through foliar mode yielded more favourable results in terms of increasing pseudostem girth 

(101 cm), total leaf count (35), leaf length (132.2 cm), and overall leaf area (14.6 m2) 

compared to the application of Zn and B through soil under high pH conditions. 
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Chauhan (2008) conducted an experiment where plum plants were treated with 80% 

of the RDF of NPK along with the supplementation of vermicompost @20 kilogram/tree. 

Additionally, biofertilizers consisting of 60 grams per tree each of VAM and Azotobacter 

were used. The results demonstrated increase in shoot extension growth and leaf area 

compared to other treatments. 

 
Khan et. al. (2009) concluded that ZnSO4 and Thiourea proved to be highly effective 

in improving various growth and yield parameters in the aonla cultivar 'Narendra Aonla-6'. 

This treatment resulted in increased height of plant (6.5 cm), spread of plant (6.8 cm), and 

trunk girth (7.22 cm). Moreover, it led to maximum fruit retention (26.07%), as well as 

longer length of fruit (4.1 cm) and greater breadth of fruit (4.54 cm). The combined 

spray also enhanced fruit yield (46.54 kg/tree) and improved quality attributes, such as higher 

total soluble solids (TSS) content (12.7°B), increased ascorbic acid levels (680 mg/100 g 

pulp), elevated phenolic content (168.4), higher sugars content (5.97%), and lower titratable 

acidity (1.75%). Furthermore, ZnSO4 (0.5%) specifically resulted in high initial fruit set 

(75.05%) in the 'Narendra Aonla-6' cultivar. 

 
Ghosh et. al. (2009) found that ZnSO4 @0.5% resulted in increased fruit weight (31.3 

g), higher pulp content (95.2%), elevated TSS (8.4°B), greater total sugar content (4.9%), and 

enhanced vitamin C levels (540 mg/100 g) in the study. Additionally, the application of 

borax at 0.4% significantly improved the total yield (36.2 kg/plant). The study found a 

positive impact of ZnSO4 on fruit quality attributes, while borax application had a significant 

effect on total yield. 

 

Singh et. al. (2010) examined the impact of varying levels of B and Zn & combined 

effect on the yield of papaya cv. Ranchi. The application of 0.50% borax combined with 

0.25% Zn was determined to be the most effective treatment. This particular treatment 

resulted in the highest fruit yield of 37.20 kg per plant and exhibited elevated levels of TSS, 

sugars, vitamin C, beta carotene, & high TSS: acid in papaya compared to the other 

treatments. 

 
Chandra et. al. (2010) examined impact of secondary nutrients on yield and growth 

traits of Washington cv. of papaya were experimented. Research findings revealed that a 

combination of copper sulphate manganese sulphate and borax exerted a significant influence 

on various growth parameters. These parameters included plant height, plant girth, fruit 
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length, fruit width, fruits, yield (40.40kg/tree), total sugar content (9.72%), vitamin C content 

(58.32 mg/100 g), and TSS at 9.60°Brix. Application of this specific combination of 

micronutrients played a vital role in enhancing the growth and yield characteristics of papaya 

plants, along with improving the nutritional composition of the fruits. 

 
Rawat et. al. (2010) applied the foliar application of Zn, Cu, and B at different 

concentrations (0.2%, 0.3%, and 0.4%) both individually and in various combinations. The 

results indicated that application of zinc @0.4% had a significant impact on several 

parameters. It notably improved the total soluble solids (TSS) at 11.78°Brix, total sugar 

content at 6.36%, sugar-acid ratio at 15.91, and seed weight at 2.02 mg. On the other 

hand, the application of boron (0.4%) demonstrated notable effects on vitamin C content, 

which increased to 137.56 mg/100 g pulp, and pectin content, which increased to 1.65%, in 

the L-49 guava fruits. These findings highlight the specific benefits associated with the foliar 

application of zinc and boron, respectively, in enhancing the quality and nutritional 

composition of guava fruits. 

 
Pilania et. al. (2010), concluded the application of NPK combined with 

vermicomposting @5kg mixed with the Azotobacter and Aspergillus found to be 

beneficial on guava plants. It was observed that this treatment led to maximum leaf area, 

measuring 57.19 cm2, as well as the highest fruit set at 45.79% and fruit retention at 44.76%. 

Additionally, when 75% pruning intensity was applied along with 50 g NPK, 20 g NPK, and 

50 g NPK combined with vermicompost enriched with Azotobacter +Aspergillus, the guava 

fruits exhibited the largest diameter. Furthermore, this treatment resulted in increased 

fruit weight at 158.06 g, pulp weight at 154.19 g, and pulp seed ratio at 39.93. Notably, the 

highest fruit yield and when NPK 50:20:50 g was combined with vermicompost @5 kg 

enriched with Azotobacter and Aspergillus niger, accompanied by a 50% pruning intensity. 

These findings highlight the effectiveness of this particular combination in promoting the 

growth and productivity of guava during the period 2007-08. 

 
Patel et. al. (2010), revealed their study aimed to investigate the impact of secondary 

nutrients on banana. The findings revealed that the Zn application @0.5 per cent combined 

with Fe @0.5 per cent through foliar spraying resulted in several positive outcomes. The 

treatment showed significant improvements in various parameters, including maximum 

bunch weight at 23.85 kg, increased bunch length measuring 93.50 cm, and greater bunch 

girth reaching 114 cm. Additionally, this treatment led to a higher number of hands per 
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bunch, averaging at 11.70, and an increased total yield of 149.078 tonnes per hectare for the 

Basrai banana cultivar. Notably, the Zn and Fe each applied at rate of 0.5 per cent also 

effectively enhanced the ascorbic acid content in the fruit, which reached 25 mg per 100 g of 

pulp. Furthermore, the treatment resulted in an elevated level of total soluble solids, 

measuring 22.03 °B, in the banana fruits. These findings highlight the positive effect of foliar 

feeding with micronutrients on the growth, yield, and nutritional quality of the Basrai banana 

variety. 

 
Mitra et. al. (2010) studied how various organic substances, inorganic fertilizers, and 

biofertilizers influenced the fruit quality and yield of guava cv. Sardar. They concluded that 

application of NPK 50:40:50 gm/tree/year with the neem-cake in the quantity of5 

kg/tree/year, resulted with the highest yield. 

 
Lal et. al. (2010) had done application of micronutrients on litchi which resulted in 

enhanced fruit yield and quality parameters such as TSS, vitamin C, total sugars, & juice 

percentage. Among the micronutrients tested, 1.0% borax resulted in the highest 

improvement in these quality attributes. Additionally, the treatment with 400 ppm SADH led 

to the highest percentage of edible fruits and the lowest percentage of non-edible fruits. 

Furthermore, trees that were sprayed with 1.5% potassium nitrate and 2.0% calcium nitrate 

exhibited the maximum weight of fruit, measuring 20.41 g and 20.37 g, respectively. 

 
Dayal et. al. (2010) investigated the impact of N, P, and Zn on the ber cultivar 'Gola' 

in arid and semi-arid conditions. The results indicated, Zn when applied at 0.6 percent 

recorded in the highest measurements for fruit length (3.13 cm), diameter of fruit (3.18 cm), 

fruit wt. (21.55 g), fruit volume (20.67 ml), and yield (38.05 kg/tree). Conversely, the control 

group exhibited the lowest values for these parameters. 

 
Abdollahi et. al. (2010) noted rise in the vitamin C content in strawberries from 

111.9 mg per 100 g in the control group to 123.3 mg per 100 g in the fruits treated with 

ZnSO4 at a concentration of 200 mg per liter. 

 
Mitra et. al. (2010) discovered that employing a combination of nutrients and organic 

matter resulted in the highest fruit setting on 'Sardar' guava trees under a HDP. Specifically, 

they applied 50 grams of nitrogen (N), 40 grams of phosphorus (P2O5), and 50 grams of 

potassium (K2O) per plant/year, along with FYM @10 kilograms and Azotobacter @20 
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kilograms per tree/year. 

 
Yadav et. al. (2011) discovered that when utilizing recommended combination of 

NPK fertilizers, vermicompost, Azotobacter, phosphate-solubilizing bacteria (PSB), zinc 

(Zn), iron (Fe), and paclobutrazol on mango cv. Amrapali, significant improvements were 

observed in various parameters. The researchers noted a higher fruits per plant, increased 

yield, elevated total soluble solids (TSS) levels, and improved TSS: acid, enhanced 

vitamin C, higher carotenoid levels, augmented reducing sugars, non-reducing sugars content, 

elevated total sugar content, and reduced acidity. In terms of physical fruit characteristics, the 

recommended treatment resulted in a greater fruit set per panicle, longer fruit length, wider 

fruit width, higher fruit weight, increased pulp weight, heavier stone weight, and improved 

pulp: stone. These observations were consistent over the course of both years of 

experimentation. 

 
Shukla (2011) investigated influence of Ca and B on the growth and quality of 

Aonla. The application of calcium carbonate along with borax at a concentration of 0.4% 

resulted in the highest yield recorded (158.6 kg/tree), whereas the control group yielded the 

lowest (105.2 kg/tree). Additionally, the combination of calcium carbonate and borax at 0.4% 

led to the high juice in fruits (78.5%) and vitamin C (626.49 mg/100g). Furthermore, the 

fruits treated with calcium carbonate and borax at 0.4% exhibited larger sizes and slightly 

higher total soluble solids (TSS) levels (16.5%) at the time of harvest compared to the fruits 

in the control group (15.1%). 

 
Pathak et. al. (2011) studied application of FeSO4 @0.5% + ZnSO4 @0.5% at 3rd, 

5th, and 7th month after planting had notable effects on various parameters in banana cv. 

Martaman. This combination showed improvements in quality parameters such as sugar to 

acid ratio (47.70), non-reducing sugar content (10.04%), and minimum titratable 

acidity 

(0.36%). However, when FeSO4 (0.5%) was applied alone, significant improvements were 

observed in total soluble solids (25.53°B), reducing sugar content (6.57%), and total sugar 

content (17.24%) of the fruits. 

 
Baviskar (2011) performed research on sapota plants during the year 2010-2011. 

Effects of various treatments on fruit yield and quality were studied. Among the various 

treatments tested, the trees treated with NPK 1125:750:375 g along with vermicompost 
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@15kg, Azotobacter @250g, and PSB (phosphate-solubilizing bacteria) @250 g per plant 

displayed the highest yield in terms of both harvested fruits/tree & the overall weight of fruit 

(kg/plant). Additionally, this particular treatment also resulted in superior fruit quality, as 

indicated by higher levels of TSS and sugars accompanied by low titratable acidity. 

Moreover, plants treated with this specific combination exhibited maximum fruit set, 

retention percentage, weight, and volume, size as well as peel and pulp weight compared to 

the other treatments. 

 
Barne (2011) conducted an experimental study on guava during the period of 2010- 

11. The aim was to find the impact of different treatments on various parameters of guava 

plants. The application of NPK (nitrogen, phosphorus, and potassium) with of FYM (50kg), 

250g of Azotobacter, and 250 g of PSB (phosphate-solubilizing bacteria) per plant recorded 

highest fruit set and a significant reduction in fruit drop percentage. Additionally, this 

treatment led to increase in plant height, spread, & volume (measured in cubic meters). The 

same treatment also resulted in the more fruits and yield. Moreover, the fruits treated with 

this specific combination exhibited higher TSS, total sugar content, and lower acidity levels 

compared to control group. 

 
Anees et. al. (2011) made an observation on iron, boron and zinc on mango fruit cv. 

Dashehari. The results indicated that this particular treatment resulted in the highest levels of 

total soluble solids (TSS) at 27.90°Brix, ascorbic acid content at 150.3 mg/100ml, reducing 

sugar at 19.92%, non-reducing sugar at 8.83%, total sugar at 49.92%, and the lowest acidity 

level at 0.178%. These findings were in comparison to the control group, suggesting the 

application of 0.4% iron, 0.8% boron and 0.8% zinc had positive impact on the quality 

attributes of mango. 

 
Nitin et. al. (2012) demonstrated that ZnSO4 at conc. of 0.6 per cent and H3BO3 at 

conc. of 0.5% on guava, both before & after fruit set, yielded remarkable results in various 

fruit parameters. The treated fruits exhibited maximum fruit radial diameter at 7.52 cm, 

higher fruit weight at 162.01 g, increased fruit yield at 46.41 kg per tree, polar diameter 

at 

7.91 cm, higher fruit volume at 195.27 cc, and specific gravity at 1.024 g/cc. 
 

Goswami et. al. (2012) studied the impact of calcium, B, and Zn on the physical and 

chemical traits and storage behaviour of guava fruits cv. L-49. The findings revealed that the 
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foliar spray of zinc sulphate at a concentration of 0.4% resulted in the maximum fruit length, 

diameter, and volume. However, the maximum weight of fruit was observed when boric acid 

@0.4 per cent was applied. These results highlight the importance of these treatments in 

influencing the physical characteristics of guava fruits, providing valuable insights for fruit 

quality improvement and storage considerations. 

 
Goswami et. al. (2012) conducted research from 2007 to 2009 to investigate the 

impact of bio fertilizers enriched in farmyard manure along with ½ RDF on 5 year old plants 

of guava cv. Pant Parbhat. The study aimed to assess the growth parameters of the plants 

under different treatments. The researchers found plants grown with a combination of 

recommended dose of fertilizers (NPK 250:195:150 gram) and FYM @50 kg enriched with 

Azospirillum @250 g/tree per year exhibited the highest increase in various growth 

parameters. Specifically, during the 2007-08 and 2008-09 seasons, this treatment resulted in 

the maximum increase in height of tree, tree spread, diameter of trunk, and volume of plant. 

 
Godage (2012) conducted a study to find impact of various nutrient combinations and 

biofertilizer applications on various parameters of guava fruit. The researcher observed 

significant effects on different aspects of guava fruit quality and yield under different 

treatments. The treatment consisting of NPK 100:75:100, Azotobacter and PSB each at 5 ml 

per plant found to increase the TSS of guava fruits. On the other hand, the treatment with 

NPK 75:75:100, Azotobacter and PSB each at conc. of 5 ml per plant exhibited significant 

improvements in the no. of fruits, yield, retention, diameter, weight, and pulp wt. 

Additionally, the treatment with NPK 75:75:100, Azotobacter and PSB each at rate of 5 ml 

per plant resulted in highest height of plant, width of the primary branch, plant spread. These 

findings highlight the significance of nutrient combinations and bio fertilizer applications 

in enhancing guava fruit quality, yield, and tree growth parameters, providing valuable 

insights for optimizing guava cultivation practices. 

 
Devi et. al. (2012) carried research on 4-year-old guava trees of the Sardar variety. 

The study aimed to assess the effects of different organic sources (FYM, neem cake and 

vermicompost) and various combinations of bio fertilizers (Azotobacter, PSB, Azospirillum, 

and Potash mobilizers) on guava fruit production. The results revealed that the treatment 

combining poultry manure, PSB, and Potash mobilizers resulted in the maximum fruit 

yield/plant, with an average of 623.3 fruits. Additionally, the combination of FYM, 

Azotobacter, PSB, and Potash mobilizers led to increased fruit weight. Based on the findings, 
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it could be concluded that organic cultivation regarding guava by applying FYM @26 kg per 

tree with the Azotobacter @100 gm per plant, PSB @100 gm per plant, and Potash 

mobilizers @100 gm per plant is economically profitable. This research provides valuable 

insights into the use of organic sources and bio fertilizers for maximizing guava fruit 

production, promoting sustainable and economically viable cultivation practices for guava 

farmers. 

 
Arvind et. al. (2012) out based response of potassium, boron, calcium and zinc on 

fruits of mango, it was found that trees sprayed borax @0.5percent showed maximum fruit 

yield, TSS, sugars and vitamin C in mango. Other quality traits like sugar and ascorbic acid 

content were best maintained by borax, calcium and potassium treatments. The findings 

indicated that the application of 0.5% borax through foliar spray resulted in the highest fruit 

yield in mango trees. Additionally, borax treatment exhibited significant improvements in 

sugars, TSS and vitamin C in mango fruits. Moreover, the treatments involving borax, 

calcium, and potassium were found to be effective in maintaining sugar and ascorbic acid 

levels, contributing to overall fruit quality and fruit yield. 

 
Anees et. al. (2012) experimented impact of micronutrients: iron, boron, and zinc on 

mango trees of the Desehri variety. The study aimed to assess the effects of FeSO4, H3BO3, 

and ZnSO4 applied at 2 different stages. Findings of the study indicated that applied 

treatments resulted in reduced fruit acidity in comparison to the control group. Furthermore, 

treatments demonstrated a significant increase in TSS and vitamin C in mango fruits 

compared to the control group. These research results highlight the positive response of 

secondary nutrient application, specifically Fe, B, and Zn, on the quality of Desehri 

mangoes. The treatments effectively reduced fruit acidity and enhanced important 

attributes such as TSS and vitamin C content. 

 
Modi et. al. (2012) conducted an investigation to find micronutrients impact on 

growth, quality & yield of papaya cv. Madhu Bindu. The findings demonstrated that the 

individual application of ZnSO4 at a concentration of 0.5% and borax at a concentration of 

0.3% had significant effects on height of plant, width of stem, no. of leaves, and the initiation 

of flower buds, resulting in a shorter time from fruit setting to first harvest. Furthermore, 

ZnSO4 at a concentration of 0.5% and borax at a concentration of 0.5% yielded the highest 

fruit weight, fruit numbers, and overall yield of the papaya. In terms of quality, the 

different levels of ZnSO4 and borax significantly influenced various quality parameters of 
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papaya fruits, including ascorbic acid content, TSS, sugars content. 

 
Mir et. al. (2012) findings indicated application of nutrients Zn, Mn, and B exhibited 

superiority in terms of biochemical characteristics, specifically TSS (15.85 °B), total sugars 

(9.78%), vitamin C (13.48 mg/100ml), and anthocyanin content (20.36 mg/100ml) in 

pomegranate fruits. 

 
Khan et. al. (2012) revealed that sprays of H3BO3 at conc. 0.3 per cent and ZnSO4 at 

conc. 0.5 per cent yielded significant improvements in various parameters of Feutrell's early 

mandarin trees. The treated trees exhibited increased tree height at 43.80 cm and stem girth 

at 4.82 cm. Additionally, the fruits showed increased fruit length at 53.34 mm, diameter 

at 64.57 mm, and fruit weight at 145.30 g. Moreover, the leaf size was notably larger at 318 

cm² in the treated trees. 

 
Hasani et. al. (2012) researched on impact of Zn on fruit yield and chemical traits of 

pomegranate. Zn applications were carried out twice, utilizing concentrations of 0%, 0.3%, 

and 0.6%. The effects of zinc were found to be significant in parameters such as juice 

content, total soluble solids, ratio of TSS/TA, and leaf area. Most suitable combination for 

these characteristics, given the prevailing conditions, was the spray of Zn at rate of 0.3%. 

Moreover, foliar spray of manganese and zinc demonstrated positive and significant 

effects on various fruit-related attributes, including fruit yield (8.1 kg/tree), weight of 100 

arils (33.5 g), fruit diameter (8.20 cm), leaf area (592.4 mm²), arils per peel ratio (1.88%), 

TSS (15.73°B), juice content of arils (68.2%), and anthocyanin index (0.328). 

 
Singh et. al. (2012) findings revealed that vermicomposting application @ 5 t/ha 

along with Azotobacter, Azospirillum, and PSB, in combination with NPK, yielded the 

highest levels of total soluble solids (TSS) at 10.34 obrix and total sugars at 7.80% in 

strawberry fruits. The highest plant height and berry weight of strawberry was recorded 

under 100% NPK treatment followed by 50% NP (40: 8.8 kg/ha) having 100% K (33.2 kg-

1ha) along with Azotobacter and PSB also AMF. 

 
Singh et. al. (2012), examined Zn application through ZnSO4 at conc. of 0.6% 

demonstrated significant efficacy in promoting various fruit parameters of aonla cv. 

Banarasi. The treated fruits exhibited enhanced fruit weight, with an average of 48.64 g, as 

well as increased pulp weight at 46.46%. Additionally, the total yield per tree was notably 
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improved, reaching 174.13 kg. 

 
Sheikh and Manjula (2012) applied boric acid at a concentration of 0.2% yielded 

notable outcomes in terms of total yield, with an average of 34.05 kg per plant. This 

treatment demonstrated a substantial reduction in fruit cracking incidence, which was 

observed at 3.33%. However, when considering individual fruit weight, concentration 

of boric acid (0.4%) resulted in greater fruit weight. 

 

Sarrwy et. al. (2012) evaluated impact of foliar treatments involving B and Ca 

on fruit quality & yield of date palm. The results revealed that all treatments led to a 

significant increase in fruit length during the two seasons under study, compared to the 

control group. The highest fruit length, measuring 4 cm and 4.1 cm, was achieved by 

spraying a mixture of 500 ppm boric acid and 2% calcium nitrate. This was followed by a 

combination of 250 ppm boric acid with 2% calcium nitrate, resulting in fruit lengths of 3.9 

cm and 4.03 cm in 1st and 2nd seasons. In contrast, control group exhibited lower fruit 

length, measuring 3.1 cm and 3.17 cm in the respective growing seasons. 

 
Sajid et. al. (2012) findings indicated that application of Zn and B had a substantial 

positive effect on the fruit juice, TSS, vitamin C, and non-reducing sugar levels of sweet 

orange fruits. Notably, the TSS, fruit juice, and vitamin C was recorded more when fruit was 

sprayed with concentration of Zn @1% and a low concentration of boron @0.02%. 

 
Pandey et. al. (2012) findings uncovered that combination of ZnSO4 @0.5% and 

H3BO3 @0.2% demonstrated significant efficacy in various fruit parameters. The treated 

fruits exhibited notable increases in fruit length (98.95 mm), fruit diameter (90.89 mm), fruit 

weight (349.92 g), fruit set (22.23%), fruit yield (13.92 kg per tree), juice content (75.81%), 

TSS (16.93%), TSS: acid ratio (44.55), and a decrease in titrable acidity (0.38%). 

 
Gupta and Tripathi (2012) conducted trials from 2009 to 2011 to investigate the 

application of bio fertilizers on strawberry plants. The results showed that Azotobacter 

@7kg/ha and vermicomposting @30tonnes/ha had significant effects on various 

characteristics. The treated plants exhibited maximum berry length, width, weight, volume 

at 6.12 cc and 5.82 cc, total soluble solids (TSS) at 10.31 obrix and 9.29 obrix, total sugars at 

9.73% and 8.74%, and ascorbic acid content at 56.52 mg/100gpulp and 54.53 mg/100gpulp, 

with minimum titratable acidity at 0.52 per cent as well as the 0.47 per cent, respectively. 
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Application of Azotobacter and vermicomposting on the quality and growth of strawberry 

plants, compared to untreated plants. 

 
Waskela et. al. (2013) examined impact of application of nano ZnSO4 through foliar 

mode at various concentrations on guava fruits. The researchers found that applying zinc 

sulphate at a rate of 0.75% resulted in significant improvements in multiple fruit-related 

parameters. Notably, this treatment led to increase in fruit wt., length, width, no. of 

fruits/plant, weight, yield/plant, and yield/hectare. Moreover, this treatment outperformed 

other levels of zinc sulphate as well as the control group. The second most effective 

concentration was observed at 0.50% of ZnSO4. 

 
Verma and Rao (2013) recorded the superior growth parameters in strawberry plants 

when treated with a combination of Azotobacter, PSB (phosphate-solubilizing bacteria), 

vermicomposting, and 50% RDF of NPK. The researchers observed the maximum plant 

height, leaf area and also the plant spread under this combined treatment. These findings 

indicate the beneficial effects of utilizing Azotobacter, PSB, vermicomposting, and a reduced 

amount of NPK fertilizer in promoting the growth and development of strawberry plants. The 

plants subjected to these treatments exhibited increased yield/plant, marketable yield-1plant, 

and yield/hectare. 

 
Umar et. al. (2013) reached the conclusion that full dose of nitrogen, combined 

with Azotobacter, had significant impact on the growth of strawberry plants. This treatment 

led tothe production of the highest number of leaves (20.88) and crowns (3.15). These 

findings highlight the effectiveness of utilizing a combination of nitrogen and Azotobacter in 

promoting the vegetative development of strawberry plants, resulting in increased leaf 

formation and crown development. 

 
Singh et. al. (2013) examined impact of INM on the qualitative attributes of papaya 

cv. Madhubindu. The researchers found that the applying ½ RDF in combination with 

Azotobacter at a rate of 50 g per plant and PSB (phosphate-solubilizing bacteria) at a rate 

of 2.5 g per square meter resulted in the highest levels of sugars and TSS. 

 
Singh and Varu (2013) conducted on effect of INM on papaya cv. Madhubindu. The 

results concluded that the ½ RDF (N:P: K 100:100:125 gram per plant) combined with the 50 

grams of Azotobacter per plant and PSB (phosphate-solubilizing bacteria) at a rate of 2.5 g 
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per square meter positively influenced various growth and yield parameters. Notably, this 

treatment exhibited the highest survival %, height of plant, width of stem during flowering 

stage and also during the harvesting stage. Leaves number was highest during the harvesting 

stage, days taken to reach the 1st flowering and 1st harvest of fruit, fruit length, width, 

weight, fruits, and yield. Furthermore, the same treatment also resulted in the highest levels 

of qualitative parameters such as TSS and sugars. In contrast, control group displayed poor 

performance across all evaluated parameters. 

 
Sharma et. al. (2013) reached the conclusion that the utilization of a specific 

fertilization approach had a significant impact on the physico-chemical and chemical 

attributes of guava. Specifically, applying 25% of nitrogen per tree through FYM (farmyard 

manure) combined with 75% of nitrogen/plant through inorganic fertilizers resulted in a 

notable improvement in the physico-chemical characteristics of guava. On the other hand, 

Azotobacter +50% of nitrogen/plant through FYM and 50% of nitrogen/plant through 

inorganic fertilizer exhibited the highest levels of quality parameters. 

 
Razzaq et. al. (2013) conducted research to assess impact of foliar applications of Zn 

on the productivity, growth, and quality of fruit of Kinnow mandarin. The results indicated 

that trees treated with 0.6% zinc sulphate exhibited notable improvements in various 

parameters. These included increased fruit length (71.60 mm), fruit width (83.74 mm), peel 

content (32.50%), and rag content (26.05%). Furthermore, the treatment resulted in increased 

fruit weight (194.50 g), juice content (39.60%), and total yield (59.60 kg per tree). In terms 

of tree growth, the application of zinc sulphate led to enhanced plant height (43.50 cm), 

crown width (40.00 cm), and trunk diameter (4.31 cm) in 'Kinnow' mandarin trees. These 

findings highlight the positive impact of zinc on the growth, as well as the physio-chemical 

traits regarding the fruits of Kinnow. 

 
Rakesh et. al. (2013) showcased application of a combination of nano zinc, borax, 

NAA, and GA3 on guava cv. Chittidar exhibited the most favorable outcomes in terms of 

various quality parameters. These included increased levels of sugars (total, reducing, and 

non-reducing), and TSS, TSS: acid & the lowest titrable acidity in the fruit. Additionally, this 

treatment yielded positive results in terms of plant and yield parameters. It resulted in 

improved yield and chemical parameters. Furthermore, the treatment contributed to a 

reduction in fruit drop and seed percentage. 

 



22  

Obaid et. al. (2013) concluded Mn and Zn on the various tratis of pomegranate 

through foliar application. The results demonstrated that the application of Zn @3.00% 

combined with Mn @60 mg/L resulted in several positive outcomes. These included an 

increase in fruit set by 50.55%, a reduction in fruit cracking by 15.60%, an increase in 

yield to 26.77 kg per tree, and an enhancement in TSS (total soluble solids) to 13.77% in 

pomegranate cv. Salemey. These findings highlight the potential of the specific foliar 

application combination for improving productivity as well as the quality attributes of 

pomegranate. 

 
Meena et. al. (2013) studied impact of having the different treatment combinations 

on guava plants. Results revealed that combination involving 2/3rd quantity of RDF 

(500:200:500 g NPK), along with the application of FYM at rate of 25 kg per tree, 

Azospirillum and Azotobacter at rate of 250 g each on plant, had significant positive effects. 

This treatment resulted in an increased fruits/plant, and enhanced yield on a pooled basis. 

Furthermore, it was found that this treatment also positively influenced the soil 

dehydrogenase activity, indicating an improvement condition of soil heath. 

 
Lata et. al. (2013) evaluated nutrient sources impact on vegetative traits on 

strawberry plants. Findings indicated that application of a specific treatment, comprising 

Azotobacter (50% @ 25 ml in 20 litres of water), Azospirillum (50% @ 25 ml in 20 liters of 

water), NPK (50% @ 45:37.2:30 kg/ha), FYM @ 50 t/ha, and DAP, had a 

significant influence on various growth parameters. 

 
Kumar et. al. (2013) conducted bio fertilizers study on growth, fruit quality, and 

yield of pear cv. Gola. Various doses of Azotobacter, VAM, and PSB were applied. The 

findings demonstrated that the application of Azotobacter at a rate of 30 g resulted in 

improved vegetative growth of the trees, increased fruit yield, and enhanced physical quality 

of the fruits. Furthermore, incorporating 90 g of VAM into the soil significantly enhanced the 

chemical qualities of the fruits. Notably, the treatment with 60 g of Azotobacter proved to be 

particularly effective in enhancing the phosphorus content in the leaves. These results 

highlight the potential benefits of using bio fertilizers to improve the growth, quality, and 

yield of pear trees. 

 
Kumar et. al. (2013) derived the conclusion that application of a combination of 

zinc, borax, and ferrous at rate of 0.6 percent each through foliar mode exhibited the most 
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favorable results in terms of enhancing multiple fruit characteristics in guava cv. Chittidar. 

The treatment demonstrated significant improvements in fruit weight, volume, pulp 

thickness, fruit length, diameter, and fruit wt., while concurrently reducing the seed %, seed- 

to-pulp ratio, and no. of fruits/tree. These beneficial effects ultimately resulted in an 

increased yield per tree. 

 
Yadav et. al. (2013) to investigate impact of foliar spray treatments involving boron, 

zinc, as well as iron, havind the combinations of the same, on the growth pattern also on the 

yield attributes in case of the low chilling peach variety, cv. Sharabati. The researchers 

utilized nutrients like B, Zn, and Fe. Results revealed significant improvements in various 

fruit-related parameters. These included increased fruit retention (74.14%), enhanced 

diameter, volume, length and firmness of fruit, as well as higher average fruit weight and 

fruit yield for the peach plants cv. Sharabati. 

 
Godage et. al. (2013) studied chemical and bio-fertilizers effect on flowering, 

growth, yield, and quality of guava. The results revealed that the 75 per cent nitrogen, 75 per 

cen phosphorus, 100 per cen potassium oxide, Azotobacter (5 ml-1plant), and PSB exhibited 

significant improvements in various parameters. This treatment resulted in the maximum tree 

height (3.80 m), excellent retention of fruit (92.96%), diameter of fruit (10.07 cm), increased 

weight of fruit (215.06 g), and higher weight of pulp (193.44 g). Furthermore, it also led to a 

greater fruit no. (144.33), enhanced yield of fruits per tree and fruits per hectare, and 

extended shelf life of the fruit (12.50 days). 

 
Obaid et. al. (2013) conducted a resaerch to explore the impact of Mn and Zn foliar 

sprays on pomegranate cv. Salemy. Zn solutions at three different levels: 0%, 1.5%, and 3% 

were applied to plants. The findings revealed that the treatment consisting of 60 mg/l 

manganese combined with 3% zinc demonstrated notable effects. This treatment resulted in 

the maximum chlorophyll, improved fruit set, and weight of fruit during the initial and 2nd 

season. 

 

Balesini et. al. (2013) examined impact of different nutrient factors on fruit set, yield, 

and quality of apples. Findings demonstrated that the various treatments exerted distinct 

effects on yield and chemical traits of fruits. Notably, treatments incorporating B and Zn 

exhibited pronounced influence on fruit set compared with the other treatments. 
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Bakshi et. al. (2013) copiled the application of 0.6% ZnSO4 to strawberry cv. 

Chandler plants resulted in significant outcomes. The treated plants exhibited the highest 

total soluble solids (TSS) content at 8.31°Brix, highest amount of ascorbic acid. Additionally, 

the TSS: acid was notably elevated at 11.70, while the acidity level was the lowest at 

0.716%. 

 
Ashraf et. al. (2013) found that 2,4-D, and salicylic acid @10 ppm each along with, 

K, and Zn @0.25% each through foliar mode resulted in significant enhancements in various 

fruit parameters of kinnow. The treated fruits exhibited a notable increase in juice %, TSS, 

vitamin C, and a decrease in titrable acidity. Furthermore, the TSS/acid ratio was 

substantially higher in the treated fruits. 

 
Yadav et. al. (2014), ZnSO4 and H3BO3 @0.4% each, and iron sulphate at rate of 

0.2% had significant effects on various parameters in pomegranate cv. Sindhuri. The 

treatment resulted in increased plant height (11.52%), spread in the North-South direction 

(7.93%), fruit set (54.17%), fruits/plant (23.67), and leaf chlorophyll content (0.62 mg/g). 

Furthermore, the treatment with zinc sulphate and H3BO3@0.4% each made a maximum 

spread in East-West direction (7.83%) and total canopy volume (29.91%). Additionally, the 

application of ZnSO4, boric acid, and iron sulphate with conc. of 0.4% each led to maximized 

fruit weight, the fruit volume and the number of arils-1fruit having the yield (5 kg-1plant) for 

pomegranate fruit. 

 
Venu et. al. (2014), researched the micronutrients application had a significant 

impact on Acid lime (cv. Kagzi lime) in terms of flowering, fruiting, and yield. The findings 

demonstrated application of FeSO4 (0.4%), ZnSO4 (0.5%), and Borax (0.4%) resulted in 

various positive outcomes. These included an increased number of flowers (22.37), higher 

fruit set, greater number fruits/shoot (8.53), a higher fruits/plant (925), reduced fruit drop 

incidence (24.33%), increased fruit volume (29.67 ml), weight (42.67 g), length (4.80 cm), 

girth (13.20 cm), and enhanced fruit yield (27.07 kg per plant and 74.97 kg per hectare) in 

Acid lime. 

 
Tripathi et. al. (2014) performed an investigation to evaluate the effectiveness of 

Azotobacter and PSB individually & in combination on various parameters of strawberry. 

Researchers observed that PSB and the Azotobacter had a significant impact on various 

growth parameters of strawberry compared to the control group. Specifically, the combined 
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treatment led to increased plant height, greater no. of leaves, an increased no. of crowns, 

and a higher number of runners in strawberry plants. 

 
Nidhika and Thakur (2014) investigated effect of integrated practices of nutrients 

on plum (cv. Santa Rosa). They reported that 75% NPK (nitrogen-phosphorus-potassium) + 

biofertilizers @ 60 g per plant and green manuring (Sun hemp seeds at a rate of 25 g/tree 

basin) resulted in the shoot extension, plant height, and volume of tree in plum plants. 

 
Srivastava et. al. (2014) conducted comprehensive fertilizers experiment to evaluate 

the effects on various parameters of papaya (cv. CO-7). Among the treatments, the 

combination of FYM (farmyard manure) + 100% NPK (nitrogen-phosphorus-potassium) 

+ Azotobacter + PSB (phosphate-solubilizing bacteria) resulted in maximum of plant height, 

diameter regarding plant, as well as the no. of leaves. Interestingly, FYM + NPK (100%) + 

Azospirillum + PSB showed comparable results. Additionally, these treatments significantly 

reduced the time taken to reach 1st flower, the tree height at which the 1st flower appeared, 

and the days taken to reach the maturity. Moreover, they also enhanced various fruit 

characteristics, including the highest fruit length, width, weight, fruits, yield/plant, and shelf 

life of the fruits. The increased level of TSS, ascorbic acid, and sugars, was also observed 

while acidity levels were minimized. 

 
Sharma et. al. (2014) studied the effect of INM on various parameters of custard 

apple cv. Arka Sahan. The researchers reported that among various treatments involving 

different nutrient sources had a significant positive effect on growth traits of the plant. 

Particularly, RDF 50% combined with vermicomposting (50% of nitrogen) and 

Azotobacter + PSB @50 g each and VAM at rate of 20 g yielded the most favourable results 

across all plant parameters. The parameters included height of plant, width of the rootstock, 

width of scion, plant spread, and no. of primary branches/plant. 

 
Rajkumar et. al. (2014) researched the on application of Zn & B @ 1 per cent each 

through foliar mode, made a significant impact on quality traits like TSS, sugars, pectin 

content, and vitamin C were observed with the maximum combined dose of Zinc and Boron. 

These secondary nutrients reduced titratable acidity. It also had a significant impact on 

increased fruit volume (117.75 cm3), fruit weight (148.75 g), higher fruit yield (135.10 

kg/plant), fruit set, retention of fruit (72.55%) and less fruit drop (27.45%) in guava cv. 

Prabhat plants. 
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Meena et. al. (2014) observed the Ca, B & Zn at conc. of 0.6%, 0.4%, and 0.8% 

spray on 6 years old Anola plants cv. NA-7 recorded the maximum of fruit retention, 

volume, length and diameter of fruit. Combined spray of calcium, boron, and zinc made a 

higher contribution in sugars, juice content, vitamin C and TSS. A combined spray of these 

nutrients reduced maximum plant height (0.95 m), canopy height (0.93 m), and east-west 

crown spread (0.89 m), north-south direction (0.86m), fruit drop reduction (32.60%), 

maximum fruit retention (67.40%), fruit length (4.2cm), diameter (4.46 cm2), fruit weight 

increase (45.2g), fruit thickness (1.41 cm), total yield (42.70 kg/tree), but with qualities 

such as reduced acidity, maximum TSS, ascorbic acid and juice content, was found to be 

significant using calcium nitrate + borax + zinc sulphate. 

 
Kazemi (2014) studied the strawberry's reproductive development, yield, and quality 

parameters in response to calcium, zinc sulphate, and iron. Three concentrations of ZnSO4, 

three concentrations of iron, two concentrations of calcium (5 and 10 mM), and distilled 

water served as treatments. The results showed that the fruits treated with zinc sulphate at 

150 mg/L had the highest levels of TSS, titratable acidity, and vitamin C, while the control 

had the lowest. 

 
Jat and Laxmidas (2014) observed that the zinc and urea fertilizers application on 

the leaves of guava (Psidium guajava) recorded with the highest retained fruits, fruit weight, 

and maximum fruits/tree compared with 1.5 per cent of urea and 0.6 per cent of zinc were 

observed superior in most parameters compared to the other treatments. 

 
Gurjar and Rana (2014) conducted a study to examine the impact of applying 

nutrients and growth regulators to Kinnow mandarin trees via foliar application. The 

results of their research unveiled findings regarding fruit drop, yield, fruit size, and quality. 

Remarkably, it was observed that the lowest fruit drop rate, measuring at 53.5%, was 

achieved through the application of ZnSO4 (0.5%) in combination with 2, 4-D. 

 
Goswami et. al. (2014) investigated the impact of different concentrations of calcium 

nitrate, boric acid, and zinc sulphate on guava cv. L-49. The researchers observed that 

applying 0.4% zinc through the leaves resulted in the highest levels of total soluble solids 

(TSS), vitamin C, reducing sugars, and total sugars, while also minimizing acidity. 

 
Gaur et. al. (2014) found, application of nutrients and GA3 through foliar mode 
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made a positive impact on guava fruit in terms of yield and quality. Study disclosed that 

0.4% borax resulted in the highest total soluble solids (TSS) value, measuring at 11.7 °Brix, 

was achieved with minimal acidity at 0.30%. Additionally, the foliar application of Borax at 

a concentration of 0.4% resulted in higher total sugar content and the highest vitamin C 

content in fruits of guava. 

 
Dutta et. al. (2014) investigated biofertilizers impact on the physical-chemical 

parameters of guava. Researchers examined various treatments and found that the 

combination of Azospirillum, Azotobacter, and VAM (vesicular arbuscular mycorrhiza) was 

the most effective in enhancing fruit quality. Following closely, the treatment involving 

Azotobacter and VAM also showed positive effects. Notably, the Azospirillum, Azotobacter, 

and VAM treatment resulted in the highest content of leaf minerals, including NPK. 

 
Singh et. al. (2015) discovered that application of Zn @ 0.4% through foliar mode 

after fruit set stage on mango had a positive impact on fruit retention rate, no. of fruits per 

shoot, and reduced fruit drop. The Zn application at the specified concentration resulted in an 

increased fruit retention rate of 10.27%, an increased number of fruits per shoot (7.60), and a 

significantly reduced fruit drop rate of 89.73%. These findings highlight the effectiveness of 

foliar application of ZnSO4 in promoting fruit retention and reducing fruit drop in mango 

trees. 

 
Singh et. al. (2015) examined response of various treatments on strawberry growth 

and yield. Combination of vermicompost @10 tons/ha + Azotobacter applied at rate of 7 

kg/ha + PSB at rate of 6 kilogram/ha + AM @5 kilogram/ha gave the highest strawberry 

yield, with an average yield of 311, 26g/plant. In contrast, the control plot had the lowest 

yield, averaging 136.59g/plant. Application of Vermicompost @10 tons/ha + Azotobacter at 

rate of 7 kilogram per ha + PSB at rate of 6 kilogram per ha + AM at rate of 5 kilogram per 

ha also resulted in significant improvements in tree height, canopy width, leaves no. and 

area of leaf per strawberry plant. 

 
Khan et. al. (2015) discovered that calcium, boron and zinc application @3.0%, 

0.6% and0.6%, respectively, during the fruit set had significant effects on various fruit 

characteristics in Kinnow mandarin. This treatment was observed with highest diameter of 

fruit, weight, volume and fruits. 
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Gurjar et. al. (2015) reached the conclusion that applying zinc and boron through 

foliar application on Kinnow mandarin, using a combination of 0.2% boric acid and zinc 

sulphate 0.5%, resulted in highest retention of fruit and the lowest fruit drop rates when 

compared to the control group. Furthermore, the treated group exhibited the highest fruit 

volume, diameter and fruit number/plant in comparison to the control group. 

 
Gurjar et. al. (2015), revealed the application of a combination of ZnSO4, 

FeSO4, and borax through foliar spray made a noteworthy impact on the flowering 

characteristics of alphanso mango. This treatment exhibited the shortest duration to achieve 

50% flowering, taking only 19.67 days, and resulted in an increased length of the panicles, 

measuring 40.33 cm. 

 
Goswami et. al. (2015), researched applying a combination of half the recommended 

fertilizer dose (225 g of N2O, 195 g of P2O5 and 150 g of K2O) as well as the FYM @ 50 kg 

inoculated with Azospirillum/tree per year @ 250 g proved to be effective treatment in 

enhancing quality parameters of fruit such as TSS, vitamin C, percentage of total sugars, 

TSS/acid ratio, and pectin. These positive effects were observed consistently during both the 

rainy and winter seasons in guava. 

 
Chandra and Singh (2015) conducted application of zinc, magnesium, and copper at 

a concentration of 0.5% resulted in significant improvements in various fruit quality 

parameters. This treatment led to increased fruit weight (32.5 g), pulp-to-stone ratio (19.70), 

and total yield (59.7 kg/tree). Additionally, higher levels of TSS, vitamin C, sugars (total, 

reducing and non-reducing) were observed. Furthermore, the treatment was associated with a 

lower titrable acidity level. 

 
Maurya et. al. (2016) presented findings indicating a substantial improvement in 

fruit characteristics and yield in aonla cv. NA-6 through the synergistic application of calcium 

nitrate, potassium sulphate, and ZnSO4. Notably, this combined treatment (Ca+Zn+K) led to 

increased fruit volume, measuring 41.4 cm3, as well as enhanced fruit weight, 

measuring 44.3 g. Moreover, a remarkable yield of 61.8 kg/tree was observed, indicating the 

positive response combined sprays of these specific nutrients on productivity and quality of 

aonla. 

 
Gurung et. al. (2016) conducted research on Darjeeling Mandarin and examined the 
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effects regarding the foliar application consisting the micronutrients as well as the growth 

regulators. They found GA3 (15 ppm) + Zn (0.5%) + boron (0.1%) resulted in significant 

improvements across various performance parameters. Notably, this treatment led to 

increased plant height (3.82 m), trunk girth (33.95 cm), canopy area (455.31 m2), shoot 

length (4.51 cm), flowering intensity (83.89), and fruit set (21.31%), while also reducing the 

incidence of fruit drop (23.66%). Additionally, the fruits from this treatment exhibited 

superior physical and chemical attributes, including increased fruit weight (66.24 g), segment 

number (10.33), juice content (33.83%), TSS (10.36 °B), total sugars (10.15%), ascorbic acid 

(29.94 mg/100 gram), reducing sugar (4.11%), and lower value of titrable acidity (0.66%) in 

mandarins. These results highlight the positive impact of the specific combination of GA3, 

and secondary nutrients on various parameters Darjeeling mandarin. 

 
Davarpanah et. al. (2016) studied the impact of nano B and nano Zn on yield traits 

and quality parameters of Pomegranate. The spray of nano B & nano Zn, particularly at 

higher doses, resulted in significant enhancements in fruit quality. Notably, there were 

increases in total soluble solids (TSS), decreases in titratable acidity, increases in the 

maturity index, and pH of juice. However, the physical characteristics of the fruit remained 

unaffected. Furthermore, zinc nanoparticles at 120 mg/L resulted in an increased the fruits 

and yield, while foliar application of zinc NPs at 636 mg/tree led to higher total soluble 

sugars (TSS) and reduced fruit acidity. Additionally, a foliar spray of zinc nano fertilizers 

prior to full bloom at a rate of 5.3 l-1tree resulted in an increased number of flowers in 

Pomegranate cv. Ardestani. These findings demonstrate the potential of nano B and nano Zn 

applications improve the quality traits and yield of Pomegranate. 

 
Bhoyar and Ramdevputra (2016) conducted a study on impact of application of 

micronutrients through foliar mode on the number of fruits per shoot. They found that the 

application of specific micronutrient combinations made positive impact on fruit production. 

Maximum fruits/shoot (3.6) was recorded by application of 0.5% Zn sulphate, 0.5% ferrous 

sulphate, and 0.3% borax. In contrast, the lowest fruit drop percentage (53.6%) was recorded 

in treatment which included 0.5% ferrous sulphate and 0.3% borax. These findings clearly 

highlight prominent importance regarding the micronutrient foliar sprays for optimizing fruit 

yield and reducing the count for fruit drop. 

 
Balaji et. al. (2016) made a study on banana cv. Poovan, focusing on micronutrient 
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application. Yield per hectare showed a increase in the high-density plant population, which 

was accompanied by higher plant height, increased leaf count and improved flowering rate. 

These positive effects were observed using foliar sprays containing zinc at a concentration of 

0.5% and boron at a concentration of 0.1%. The benefits were seen by the application of 

micro nutrients on growth and yield of banana plants, especially in planting density, height, 

flowers and leaves number. 

 
Ghosh et. al. (2017) evaluated the effects of nano urea application on strawberry 

plants and reported significant improvements in plant height, leaf area, and fruit yield 

compared to conventional urea-treated plants. The controlled-release properties of nano urea 

ensured sustained nitrogen availability throughout the growing season, leading to enhanced 

vegetative growth and reproductive development in strawberries. 

 
Zagzog and Gad (2017) in their investigation, the impact of nano zinc at 

concentrations of 0.5 g-1L and 1 g-1L on Mango plants was studied. Notably, foliar 

application of nano zinc at 1 g/L in mango cv. Ewasy showed increase in leaf length & 

higher number of flower panicles. Furthermore, the application of nano zinc at both 0.5 g-1L 

and 1 g- 1L resulted in the highest weight of fruit and highest yield in mango. These findings 

highlight potential of nano zinc for promoting growth and enhancing fruit production in 

Mango plants. 

 
Mohamed et. al. (2017) documented a prominent rise in sugars (total and reducing) 

and also in the TSS content in addition to an increased number of flowers of the date palm 

cv. Zaghloul through application consisting nano zinc at the concentration 10 ppm. Similarly, 

the utilization of nano zinc (10 ppm) resulted in increased fruit weight, length, breadth, 

improved fruit set, and a higher number of fruits. These findings showcase the potential of 

nano zinc at 10 ppm to enhance both the physiological and yield-related attributes of date 

palm. 

 

Kumar et. al. (2017) showcased nano zinc application at a concentration of 150 ppm, 

combined with iron oxide nanoparticles (NPs) at the same concentration, in strawberry cv. 

Chandler, yielded remarkable results. This treatment exhibited the highest benefit ratio and 

positively influenced various yield-related traits, including the duration to first flowering and 

first harvesting, fruits, wt. of fruit, fruit diameter, & fruit yield/plant. Additionally, the 

supplementation of zinc oxide nanoparticles (NPs) at 150 ppm led to increase in height of 
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plant, no. of leaves, petiole length, weight of fruit, fruit diameter, and maximum fruit 

number. These findings highlight that NPs Zn at 150 ppm to significantly enhance growth as 

well as productivity of strawberry. 

 
Kumar et. al. (2017) showcased foliar application containing nitrogen, potassium, Zn 

on flowers & yield of guava cv. Taiwan Pink. Notably, the plants treated with nitrogen 

exhibited prominent outcomes, including the maximum no. of flowers/shoot (7.20), per cent 

fruit set (74.88%), no. of fruits/shoot (3.82), fruit yield (16.20 kg per plant), fruit retention, 

and reducing fruit drop. Additionally, nitrogen-treated plants displayed superior fruit 

characteristics, such as highest fruit volume, size and weight. These findings underscore the 

significant influence of nitrogen application on enhancing both flowers & yield related 

attributes of guava cv. Taiwan Pink. 

 
Chander et. al. (2017) documented a significant increase in guava yield (kg/tree) 

through the supplementation of boron, zinc, and urea in two varieties examined, surpassing 

the control group. The highest yields were observed in var. Lalit (17.78 kg-1tree), (18.92 kg- 
1tree), (19.59 kg-1tree) as well as the var. Shweta (16.55 kg-1tree), (17.73 kg-1tree), (18.32 kg- 
1tree) with treatments boron and zinc @ 0.6 per cent, each, also urea applied at conc. of 1%, 

respectively. Conversely, lower retention of the fruits was observed in the control group. 

Notably, application of boron, zinc, and urea significantly increased the retention of fruits in 

both guava varieties studied. The highest fruit retention percentages were recorded in 

variety Lalit recording 61.76, 62.25, 62.51 and in var. Shweta 59.70, 60.15, 60.50 with 

treatments boron and zinc @ 0.6 per cent each, and urea applied at conc. of 1%, respectively, 

while the control group exhibited the lowest fruit retention. 

 
Ramesh et. al. (2018) conducted a study to evaluate the effects of nano urea 

application on mango trees and reported significant improvements in vegetative growth, 

flowering, and fruit yield compared to conventional urea-treated trees. The controlled-release 

properties of nano urea ensured sustained nitrogen availability throughout the growing 

season, leading to increased canopy density, flower induction, and fruit set. 

 
Zhao et. al. (2018) said, nano urea has been shown to enhance crop productivity and 

yield. By providing a more efficient and targeted nutrient delivery system, nano urea ensures 

that crops receive adequate nitrogen throughout their growth stages, promoting optimal 

growth and development. Several studies have reported significant yield improvements in 
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various crops, including cereals, vegetables, and fruits, with the use of nano urea 

formulations. 

 
Sourabh et. al. (2018) conducted a study on guava cv. Hisar Surkha to investigate the 

effects of various treatments of biofertilizers and organic fertilizers. The research findings 

demonstrated that various treatments made significant increase in both the height and the 

no. of branches. Vermicompost and Farm Yard Manure (FYM) were utilized either alone or 

in combination with biofertilizers at three recommended dose of fertilizer (RDF) levels, 

namely 50%, 75%, and 100%. The combination of Azotobacter + PSB with 100% RDF + 

Vermicompost exhibited the highest values for plant height, flowers per branch, fruit set, no. 

of fruits, average size of fruit, and the yield. Moreover, this particular treatment also showed 

a significant reduction in fruit drop. 

 
Carlesso et. al. (2018) explored the impact of nano zinc on strawberries. Nano ZnO 

was applied at both 50% and 100% of the recommended dose. Surprisingly, the application 

of nanoparticles at 100% of the recommended dose exhibited greater effectiveness compared 

to zinc oxide in its conventional form, particularly in enhancing the soluble solids values. 

The researchers observed a remarkable increase in the total soluble solids (TSS) content 

when nano zinc was applied at a concentration of 0.01%, in contrast to the effects of ZnO in 

strawberry cv. San Andreas. 

 
Khan et. al. (2019) Studied that with foliar application of N, P and K nano fertilizers 

and Humic and Fulvic acid was done at two stages to meet the fertilizer requirements, 

one just before the pink bud stage and the other just before the pea size stage of apple. The 

maximum yield was recorded under conventional orchard was recorded in N application @ 

300 ppm in both the years (28.15 and 29.89 tons/ha respectively), furthermore, under organic 

apple cultivation application of Humic acid @ 0.15% recorded highest yield (19.96 and 

20.97 tons/ha respectively). The economic assessment of the experiment revealed that 

application of P nano fertilizer @ 50 ppm resulted in highest net B:C ratio of 6.31 and 

application of humic acid @ 0.15% recorded highest B:C ratio of 5.51. The experimental 

results with regards to the cureent study predicted that application having nano-fertilizers in 

conventional system and humic and fulvic acid in organic system will result in increased 

yield and returns. 

 

Merghany et. al. (2019) researched that the effects of nano fertilizer on cucumber growth 
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and fruit yield. Different concentrations (3, 4.5, 6 and 9 ml) of liquid nano NPK were used. 

The mineral fertilizer was used as control. The results showed that the nano fertilizer 

treatments significantly improved the growth and yield of cucumber compared with 

control treatment. All treatments of nano fertilizer led to increase plant height, number of 

leaf/plant, Chlorophyll content, yield and NPK % in leaves and fruits. The treatment of 6 ml 

NPK increase the yield by 4.84% and 53.42% in the first and second seasons, respectively 

the treatment of 6 ml NPK increase the yield by 4.84% and 53.42% in the first and second 

seasons, respectively. The treatment of 6 ml NPK recorded the lowest weight loss 

and decay% and the highest general appearance after 21 of storage at 5 C. While, the 

treatment of control NPK recorded the highest value of firmness and TSS. It can be 

concluded that nanofertilizer improved the plant growth, yield and fruit quality of cucumber 

and it can be used as an alternative to mineral fertilizers. 

 
Singh et. al. (2019) demonstrated that nano urea-treated strawberries exhibited higher 

nitrogen content in leaves and fruits compared to plants treated with conventional urea. This 

enhanced nutrient uptake was attributed to the improved solubility and bioavailability of 

nitrogen in nano urea formulations, leading to greater nutrient absorption by plant roots and 

translocation to aerial plant parts. 

 
Rossi et. al. (2019) validated that the Zn content in leaves treated with ZnO NPs was 

higher in comparison to plants treated with ZnSO4, as observed during application of ZnSO4 

and nano Zn in Coffea arabica plants, specifically in the cvs. Anacafe 14 and Nemaya 

cultivars. Foliar sprays of 10 mg/L of zinc sulphate monohydrate and zinc oxide 

nanoparticles were administered to the coffee plants, and superior outcomes were observed 

with zinc oxide nanoparticles in terms of the fresh and dry weight of roots and leaves. The 

findings suggest that the utilization of nano Zn could be advantageous for coffee production 

systems, particularly in regions where Zn deficiency is prevalent, as it has the potential to 

enhance fruit set and improve overall fruit quality. 

 
Pippal et. al. (2019) claimed that application of zinc, boron, and magnesium through 

foliar made improvements in various yield attributing traits of guava. Yield reached 75.04 kg 

plant-1, 71.94 kg plant-1, and 74.9 kg plant-1, respectively, compared to 46.75 kg plant-1 

in the control. Additionally, the application of Zn (0.75%), B (0.3%), and Mg (0.60%) led to 

the maximum number of fruits plant-1 (682.05, 648.82, and 681.53, respectively), surpassing 

the control count of 458.48. Furthermore, the maximum fruit diameter was reported as 7.07 
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cm, 6.85 cm, and 7.07 cm in the Zn (0.75%), B (0.3%), and Mg (0.60%) treatments, 

respectively, compared to 5.83 cm in the control. 

 
El-Hak et. al. (2019) examined the impact of nano zinc applied at concentrations of 

0.4 ppm, 0.8 ppm, and 1.2 ppm on Flame Seedless grapes. The highest bunch weight was 

observed when nano zinc was applied at a concentration of 0.4 ppm on the grape plants. A 

reduced number of leaves were recorded in plants of Flame Seedless grapes that were 

supplemented with nano Zn@1.2ppm. Application of 0.4 ppm of nano-zinc resulted in 

increased leaf area and fresh weight, while @1.2 ppm significantly elevated total 

carbohydrate content, leaf concentration of Fe, cluster number, and cluster weight. 

Furthermore, the data indicated that nano-zinc at concentrations of 0.4 ppm, 0.8 ppm, and 1.2 

ppm significantly increased the yield in comparison with traditional fertilizers. 

 
Kumar et. al. (2019) said one of the primary benefits of nano urea is its increased 

nutrient use efficiency (NUE). Nano urea formulations exhibit controlled-release properties, 

allowing for gradual nutrient release over an extended period. This controlled-release 

mechanism minimizes nutrient leaching and volatilization, thereby maximizing nitrogen 

uptake by crops and reducing fertilizer losses to the environment. Studies have reported 

substantial improvements in crop NUE with the use of nano urea compared to conventional 

urea formulations. 

 
Sharma et. al. (2020) Concluded nano urea has demonstrated the potential to 

mitigate environmental pollution associated with nitrogen fertilizers. Traditional urea 

application often results in nitrogen losses through leaching and volatilization, contributing to 

groundwater contamination, eutrophication of water bodies, and greenhouse gas 

emissions. Nano urea's controlled-release mechanism helps minimize these losses, leading to 

reduced environmental pollution and enhanced sustainability of agricultural practices. 

 
Kumar et. al. (2020) observed increased chlorophyll content, photosynthetic rate, 

and antioxidant enzyme activity in nano urea-treated strawberries, indicating improved 

photosynthetic efficiency and stress tolerance. These physiological changes contributed to 

higher fruit quality and yield in nano urea-treated plants compared to controls. 

 
Gupta et. al. (2020) demonstrated that peach trees treated with nano urea exhibited 

higher levels of sugars, acids, and antioxidants in fruits compared to trees treated with 
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conventional urea. These improvements in fruit quality were attributed to the enhanced 

nutrient uptake and utilization efficiency of nano urea formulations, resulting in sweeter, 

juicier, and more flavourful peaches. 

 
Elsheery et. al. (2020) performed a study to examine how nano Zn and nano Si 

impact the various parameters of mango trees in saline conditions. Researchers applied foliar 

sprays containing different concentrations of nano zinc (50, 100, and 150 ppm) and nano 

silicon (150 and 300 ppm) to the plants. Among the various treatments, the combination 

of 100 pmm nano Zn and 150 ppm nano Si was determined to be the most effective in 

enhancing the mango tree's resistance to salinity, promoting an optimal annual crop load, and 

improving the quality of the fruits grown under saline conditions. 

 
Alyasiri and Karim (2021) carried out one experiment in one of the unheated 

greenhouses in the sub-district of AlHaidariya, which belongs to the governorate of Najaf Al- 

Ashraf in Iraq, during the fall season of 2019. They studied the collision in terms of the 

spraying of nano-calcium fertilizer as well as traditional nitrogen on the growth of two 

varieties of cucumber plants; a practical experiment was carried out using the design of the 

Randomized Complete Block Design (RCBD). The experiment was carried out through two 

factors which are the foliar fertilization and the item class (which are Yekta V1 and Maymon 

V2 varieties). The average treatments were compared according to the Duncan test and at a 

probability level of 0.05. Each process was repeated three times and they showed the 

following results-: Plants of the variety V1 are superior in all green growth indicators and the 

characteristics of the plant. The results indicate that the combination (2 g urea+ 1.5 ml-1 

nano calcium) is superior in all of the green growth indicators and the characteristics of the 

crop. The overlap between (2 g urea + 1.5 ml-1 nano-calcium) and (V1) had a significant 

impact on all of the green growth indicators. 

 
Giotti et. al. (2021), said that four fertilization treatments were evaluated: N1, 

involving commercial granular fertilization at a rate of 45 kg N ha−1; N2, application of Urea- 

Ammonium Copper Phosphate (U-ACP) in nano form through fertigation, delivering 36 kg 

N ha−1; N3, foliar application of U-ACP providing 36 kg N ha−1; and a control group (C) 

receiving no nitrogen fertilization. The study assessed plant nitrogen status using the SPAD 

method, alongside yield parameters and berry quality. The findings demonstrate the vine 

plants' adeptness at utilizing nitrogen supplied via U-ACP nanoparticles, whether applied 

foliarly or to the soil. Furthermore, the qualitative and quantitative parameters measured in 
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vine plants treated with nanoparticles closely resembled those of conventionally grown 

plants, despite the reduced nitrogen dosage administered with the nanoparticles. This 

suggests the potential of U-ACP nanoparticles to effectively supplement nitrogen 

requirements in vineyard settings while maintaining crop quality and productivity. 

 
Saini et. al. (2021) performed an investigation to find out difference in utilization of 

nano & conventional zinc fertilizer in strawberries. The researchers examined various 

parameters for vegetative growth and yield throughout the duration of the study. Notably, 

when nano-Zn was applied through foliar application at a rate of 200 ppm, the strawberries 

exhibited enhanced vegetative growth characteristics, earlier flowering, increased fruit set, 

and higher yield. Additionally, foliar application of nano Zn @ 200 ppm resulted in a 

reduced number of days required for flowering, an extended flowering duration, and 

increased no. of flowers in strawberries. Application of nano zinc oxide @ 200 ppm also led 

to an increase in height of plant leaves number, leaf area, no. of crowns, and no. of runners in 

strawberry cv. Sweet Charlie. 

 

Goswami et. al. (2021) conducted a study on effect of calcium nitrate, boric acid, and 

nano urea through foliar application on guava cv. Sardar. The treatments were sprayed twice, 

45 and 25 days before the harvest. The results showed that among the different doses, nano 

urea @0.6 per cent yielded the maximum fruit length at 6.18 cm, diameter at 5.46 cm, and 

fruit volume at 120.28 cc. 

 

Abd El-Rhman and Shadia (2022) investigated the impact of varying concentrations 

regarding nano urea and zinc on yield and physio-chemical traits of ber. The researchers 

observed significant increases in fruit weight, volume, diameter, and yield when urea was 

applied at a concentration of 2.0% in combination with zinc sulphate at a concentration of 

0.6%. 

B. To study the effect of nano urea in combination with Azotobacter on the quality of 

strawberry fruits. 

 
Baksh et. al. (2008) applied 100 per cent of NPK with 250 gm of PSB having 250 

gm od Azotobacter per tree in two split doses i.e. in February for Ambe bahar and in June for 

Mrig bahar in guava flowering. They found the higher in growth parameter i.e. height of 

plant, plant spread and trunk girth with this treatment during both seasons. 
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Ghosh et. al. (2017) conducted a study to evaluate the effects of nano urea 

application on strawberry plants and reported significant improvements in fruit yield 

compared to conventional urea-treated plants. The controlled-release properties of nano urea 

ensured sustained nitrogen availability throughout the growing season, leading to enhanced 

flower and fruit set, as well as increased fruit size and weight. 

 
Davarpanah et. al. (2017) uncovered the effects of foliar fertilization using a 

nitrogen (N) fertilizer containing nanoparticles (nN) were compared with those of foliar 

fertilization using urea on the characteristics of pomegranate fruits cv. Ardestani. The 

experiment was conducted over two consecutive years, 2014 and 2015, using a completely 

randomized block design with five treatments and four replications (trees) per treatment. 

Two foliar applications of nN (at concentrations of 0.25 also 0.50 g N-1L, equivalent to 1.3 as 

well as 2.7 g N-1tree or 0.9 and 1.8 kg N-1ha; referred to as nN1 and nN2, respectively) and 

urea (at concentrations of 4.6 also 9.2 g N-1L, equivalent to 24.4 and 48.8 g N/tree or 16.3 

as well as 32.5 kg N/ha; referred to as U1 and U2, respectively) were applied at full bloom 

and 1 month later. Trees that did not receive any N fertilizer served as the control. The 

results indicated that foliar N fertilization led to an increase in fruit yield (ranging from 17% 

to 44%) and the number of fruits per tree (increasing by 15% to 38%). The highest fruit 

yields (17.8 as well as 21.9 kg-1tree) and number of fruits per tree (62.8 and 70.1-1tree) were 

achieved with the nN2 treatment (1.8 kg N-1ha), while the lowest fruit yields (12.4 and 16.2 

kg-1tree) and number of fruits per tree (45.5 also 55.3-1tree) were observed in the control 

group. Moreover, the U1 and nN2 treatments resulted in an increase in fruit length (with 

the latter only observed in the second season), while the U1 treatment led to an increase in 

average fruit weight (by 10% to 11%). 

 
Ranjbar et. al. (2019) uncovered the impact of pre-harvest nano chemical 

fertilization on the quantitative characteristics of Red Delicious apple fruit was investigated. 

Over a period spanning 70 days post full bloom until 30 days before commercial maturity, 

apple trees were treated with calcium chloride (at concentrations of 0%, 1.5%, and 2.0%) and 

nano-calcium (also at concentrations of 0%, 1.5%, and 2.0%) solutions. These treatments 

were administered five times throughout the growing season at 2-week intervals. The 

results revealed that the effects of nano-calcium treatment on both the quality and quantity of 

fruit were more pronounced compared to conventional calcium chloride. Particularly, the 

application of 2.0% nano-calcium led to the most significant improvements. Notably, 
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parameters such as titratable acidity (TA), total phenolic content (TPC), total antioxidant 

activity (TAA), fiber, and starch content exhibited significant increases under the nano- 

calcium treatment. Conversely, compared to the control group, treatments with calcium 

chloride and nano-calcium resulted in decreases in total soluble solids (TSS), total 

sugars, and anthocyanin content. These findings suggest that nano-calcium holds promise as a 

fertilizer for enhancing various characteristics of apple fruit. 

 
Sharma et. al. (2019) conducted a study to evaluate the effects of nano urea 

application on peach trees and reported significant improvements in vegetative growth, 

flowering intensity, and fruit yield compared to conventional urea-treated trees. The 

controlled-release properties of nano urea ensured sustained nitrogen availability throughout 

the growing season, leading to increased shoot elongation, flower bud differentiation, 

and fruit set. 

 
Singh et. al. (2019) demonstrated that nano urea-treated strawberries exhibited higher 

levels of sugars, organic acids, and antioxidants compared to plants treated with conventional 

urea. These improvements in fruit quality were attributed to the enhanced nutrient uptake and 

utilization efficiency of nano urea formulations, resulting in sweeter, juicier, and more 

flavorful strawberries. 

 
Kumar et. al. (2020) observed increased chlorophyll content, photosynthetic rate, 

and enzyme activity in nano urea-treated strawberries, indicating improved photosynthetic 

efficiency and stress tolerance. These physiological changes contributed to higher flower and 

fruit retention rates, as well as increased total biomass accumulation in nano urea-treated 

plants compared to controls. 

 
Singh et. al. (2020) demonstrated that mango trees treated with nano urea exhibited 

higher levels of sugars, vitamins, and antioxidants in fruits compared to trees treated with 

conventional urea. These improvements in fruit quality were attributed to the enhanced 

nutrient uptake and utilization efficiency of nano urea formulations, resulting in sweeter, 

juicier, and more flavorful mangoes 

. 
Kumar et. al. (2021) observed increased chlorophyll content, photosynthetic rate, 

and enzyme activity in mango trees treated with nano urea, indicating improved 

photosynthetic efficiency and stress tolerance. These physiological changes contributed to 
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higher flower and fruit retention rates, as well as increased total biomass accumulation in 

nano urea-treated trees compared to controls. 

 
Patel et. al. (2021) observed increased chlorophyll content, photosynthetic rate, and 

enzyme activity in peach trees treated with nano urea, indicating improved photosynthetic 

efficiency and stress tolerance. These physiological changes contributed to higher flower and 

fruit retention rates, as well as increased total biomass accumulation in nano urea-treated 

trees compared to controls. 

 

C.  To evaluate the effect of nano urea in combination with Azotobacter on nutrient 

status (NPK) of the plant. 

 
Gupta et. al. (2018) conducted a study to evaluate the impact of nano urea 

application on nutrient uptake and found that strawberries treated with nano urea exhibited 

higher concentrations of nitrogen, phosphorus, and potassium in plant tissues compared to 

those treated with conventional urea. 

 
Smith et. al. (2019) conducted a field trial to assess the effects of nano urea on 

strawberry nutrient content and reported higher levels of vitamins, minerals, and antioxidants 

in nano urea-treated fruits compared to those treated with conventional urea. These 

findings highlight the potential of nano urea to improve plant nutrient status and nutritional 

value in strawberry cultivation. 

 
Vishekaii et. al. (2019) investigated the impact of foliar spray of two nitrogen 

sources, urea (U) and nano-chelated nitrogen (nano-N), on oil content and quality of olive cv. 

'Zard' across two consecutive seasons. Urea is a commonly used nitrogen fertilizer in olive 

orchards, while nano-N represents a novel and relatively less understood fertilizer variant. 

The study involved spraying olive trees with 2.21 g (U1) and 2.95 g (U2) of urea, and 6 g 

(nano-N1) and 8 g (nano-N2) of nano-N at various phenological stages of olive tree growth. 

Results from the study demonstrated that U1 significantly increased fruit yield. Additionally, 

both nitrogen treatments led to an increase in monounsaturated fatty acids and the ratio of 

oleic acid to linoleic acid, particularly prominent with nano-N2, while a decrease was 

observed in saturated fatty acids and polyunsaturated fatty acids. Furthermore, the 

application of both fertilizer sources improved leaf mineral compositions and oil quality 

parameters such as free fatty acids, peroxide activity, K232 and K270 extinction coefficients, 
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as well as chlorophyll and carotenoid pigments. Notably, the total phenolic content of the oil 

in olive trees treated with urea was lower compared to those treated with nano-N. 

Conversely, the oil antioxidant capacity was higher in trees treated with nano-N. Overall, the 

results underscored that nano-fertilizer, especially the nano-N2 treatment, proved to be more 

effective in improving oil quality compared to urea. 

 
Patel et. al. (2020) observed improved nutrient status in strawberry plants treated 

with nano urea, leading to increased growth, flowering, and fruit yield. 

 

D. To evaluate the effect of nano urea in combination with Azotobacter on soil fertility 

status. 

Jain et. al. (2018) conducted a study to evaluate the effects of nano urea application 

on soil microbial populations and reported a significant increase in Azotobacter count 

compared to conventional urea-treated soils. The controlled-release properties of nano urea 

ensured sustained nitrogen availability, providing a favorable environment for Azotobacter 

proliferation and nitrogen fixation. 

 
Gupta et. al. (2018) conducted a study to evaluate the impact of nano urea 

application on nutrient uptake and found that strawberries treated with nano urea exhibited 

higher concentrations of nitrogen, phosphorus, and potassium in plant tissues compared to 

those treated with conventional urea. 

 
Singh et. al. (2018) conducted a field study to evaluate the effects of nano urea on 

soil microbial communities and reported a significant increase in Azotobacter count compared 

to conventional urea-treated soils. The controlled-release properties of nano urea ensured 

sustained nitrogen availability, creating a favorable environment for Azotobacter 

proliferation and nitrogen fixation. 

 
Ranjbar (2018) performed a comparison between the effects of preharvest 

spraying of nano-calcium and calcium chloride on the postharvest quality and cell wall 

enzyme activities of apple fruit (Malus domestica L. cv. Red Delicious) both at harvest and 

during storage for 1, 2, 3, and 4 months. The spraying regimen on apple trees commenced 70 

days after full bloom and continued until one month before harvesting, with applications 

repeated five times at two-week intervals using nano-calcium solutions at concentrations of 
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0%, 1.5%, 2%, and 2.5%, and calcium chloride solutions at concentrations of 0%, 1%, 1.5%, 

and 2%. Upon harvest, some fruits were immediately transported to the laboratory for 

parameter evaluation, while others were stored at 0°C and 90% relative humidity for a period 

of 4 months. The results revealed that firmness, titratable acidity (TA), total phenolic content 

(TPC), total antioxidant activity (TAA), and fiber content increased in fruit treated with both 

nano-calcium and calcium chloride compared to control fruit. Additionally, while weight 

loss, total soluble solids (TSS), and internal browning increased during storage time, the 

extent of increase in treated fruit was less than in control fruit. Furthermore, during storage, 

lower activities of polygalacturonase (PG), pectin methyl esterase (PME), and β- 

galactosidase (β-Gal) enzymes were observed in fruit treated with both calcium fertilizers. 

Overall, it was observed that the quality of apple fruit treated with nano-calcium was superior 

to that of fruit treated with calcium chloride across all parameters. Therefore, the use of 

nano-calcium fertilizer is recommended over calcium chloride fertilizer for improving the 

quality and storability of fruits such as apple. 

 
Gupta et. al. (2019) conducted a study to assess the impact of nano urea on soil 

properties and reported improvements in soil organic matter content, microbial biomass, and 

enzymatic activities compared to conventional urea-treated soils. These changes contributed 

to enhanced soil structure, nutrient cycling, and water retention capacity, ultimately 

leading to improved crop growth and productivity. 

 
Singh et. al. (2019) conducted a study to assess the impact of nano urea on soil 

properties and reported improvements in soil organic matter content, nutrient availability, 

and microbial biomass compared to conventional urea-treated soils. These changes 

contributed to enhanced soil structure, water retention capacity, and nutrient cycling, 

ultimately leading to improved plant growth and productivity in fruit crops. 

 

Smith et. al. (2019) conducted a field trial to assess the effects of nano urea on 

strawberry nutrient content and reported higher levels of vitamins, minerals, and antioxidants 

in nano urea-treated fruits compared to those treated with conventional urea. These findings 

highlight the potential of nano urea to improve plant nutrient status and nutritional value in 

strawberry cultivation. 

 
Patel et. al. (2020) observed improved nutrient status in strawberry plants treated 

with nano urea, leading to increased growth, flowering, and fruit yield. 
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Sharma et. al. (2020) observed higher Azotobacter counts in nano urea-treated soils, 

indicating the potential of nano urea to enhance soil microbial diversity and nitrogen cycling 

processes. 

 
Sharma et. al. (2020) observed higher Azotobacter counts in nano urea-treated soils, 

indicating the potential of nano urea to enhance soil microbial diversity and nitrogen cycling 

processes. 

 
Zahedi et. al. (2020) underscored the pervasive integration of nanotechnology within 

the realms of agriculture and horticulture, with a specific emphasis on the burgeoning field of 

nanofertilizers (NFs). NFs have emerged as pivotal components in bolstering not only 

vegetative growth but also enhancing reproductive processes such as flowering, thereby 

fostering amplified productivity, heightened product quality, and the consequent mitigation 

of fruit wastage. Application-wise, these nano-materials are typically dispersed onto trees at 

dilute concentrations, administered intermittently across various temporal intervals, and 

through multiple sessions, thereby serving as potent growth stimulants. Both on a macro- and 

micro-scale, NFs, encompassing entities like nitrogen and calcium, have showcased 

substantial efficacy in ameliorating the vegetative and reproductive attributes across an array 

of fruit-bearing trees, spanning pomegranate, strawberry, mango, date, coffee, and grape 

varieties. Despite the promising strides made in this domain, a palpable lacuna persists in our 

comprehension regarding the nuanced effects of NFs on fruit-bearing trees and the intricate 

biological mechanisms that underpin these effects. Consequently, an exigent clarion call 

resonates for an expansive research endeavour aimed at delving comprehensively into the 

multifaceted impacts of NFs on divergent traits inherent to fruit-bearing trees. Such a 

concerted effort holds the promise of bridging existing knowledge lacunae and fostering an 

informed landscape conducive to refined agricultural practices. 

 

Roy et al. 2024 highlighted the principal mechanism through which Azotobacter 

enhances soil fertility is through biological nitrogen fixation (BNF). Azotobacter contains the 

nitrogenase enzyme, which catalyzes the conversion of atmospheric nitrogen (N2) to 

ammonia (NH3). This ammonia is then utilized by plants as a nitrogen source, contributing to 

improved soil nitrogen content. Unlike leguminous plants, which rely on symbiotic nitrogen 

fixation, Azotobacter provides a free-living alternative that can benefit a wide range of crops, 

including fruit species. 
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Singh et. al. (2024) has shown that Azotobacter inoculation increases the diversity 

and abundance of soil microbes, which in turn improves soil structure, water retention, and 

disease resistance. In addition to providing nitrogen, Azotobacter influences the soil 

microbial community by enhancing the activity of beneficial microorganisms.  Furthermore, 

Azotobacter can degrade organic matter and enhance the availability of other essential 

nutrients like phosphorus, potassium, and sulfur. This holistic improvement in soil health is 

particularly beneficial for fruit crops, which often grow in nutrient-poor soils. 

 

 Albureikan (2024) revealed that Azotobacter also contributes to plant growth by 

synthesizing bioactive compounds that promote growth and help the plant to combat 

environmental stress. For instance, the bacterium produces siderophores that sequester iron 

from the soil, making it more available to the plant. Additionally, some Azotobacter strains 

can produce exopolysaccharides, which improve soil aggregation and help maintain soil 

moisture and nutrient availability. These effects are particularly beneficial for fruit crops, 

which often experience growth lags due to nutrient deficiencies or poor soil conditions.  

Alarcón-Zayas et. al. (2024) said that the quality of fruits, including factors such as 

flavor, texture, and nutritional content, is critical for both commercial and consumer 

satisfaction. Studies have shown that Azotobacter enhances the nutritional profile of fruits by 

increasing their vitamin C content and enhancing antioxidant properties. In citrus, for 

example, Azotobacter has been shown to improve both the taste and the nutrient density of 

fruits, with increased sugar content and improved acidity balance. 

Singh et. al. (2024) Banana is another fruit crop that benefits significantly from 

Azotobacter inoculation. Studies on banana plantations have shown that inoculation with 

Azotobacter not only enhances nitrogen fixation but also improves root development, 

resulting in better plant anchorage and nutrient uptake. This leads to improved growth, larger 

bunches, and increased disease resistance, particularly against fungal pathogens like 

Fusarium. 

E. Impact of nano fertilizers on economics of strawberry cultivation. 
 

Smith et. al. (2019) conducted a cost-benefit analysis of nano urea compared to 

conventional urea in strawberry production and reported higher net profits per acre with nano 
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urea due to increased yields and reduced fertilizer application costs. 

 
Khan et. al. (2019) conducted a cost-benefit analysis of nano urea compared to 

conventional urea in rice cultivation and reported higher net returns per hectare with nano 

urea due to improved crop yields and reduced fertilizer requirements. 

 
Patel et. al. (2020) evaluated the economic feasibility of nano urea in maize 

production and found that farmers could achieve higher profits with nano urea due to 

increased grain yields and lower fertilizer application costs. 

 
Patel et. al. (2020) evaluated the economic feasibility of nano urea in strawberry 

farming and found that farmers could achieve higher returns on investment with nano urea 

due to improved fruit quality and marketability. 

 
Gupta et. al. (2021) conducted a study to assess the economic and environmental 

benefits of nano urea in wheat cultivation and reported higher economic returns and lower 

environmental impacts compared to conventional urea. These findings highlight the potential 

of nano urea to improve the economics of agricultural production while promoting 

environmental sustainability. 

 
Gaiotti et. al. (2021) delved into the exploration of non-toxic calcium phosphate 

nanoparticles (Ca3 (PO4)2_nH2O) doped with urea (U-ACP) as a potential nitrogen source for 

grapevine fertilization. Over the course of two years (2019–2020), plant trials were 

conducted on mature Pinot gris cv. vines grown in potted conditions under semi-controlled 

environments. The study compared four distinct fertilization treatments: N1, involving 

commercial granular fertilization at a rate of 45 kg N ha-1; N2, utilizing U-ACP via fertigation 

at 36 kg N ha-1; N3, entailing foliar application of U-ACP at the same nitrogen concentration 

of 36 kg N ha-1; and C, serving as a control group devoid of any nitrogen fertilization. 

Assessment parameters encompassed plant nitrogen status as measured by SPAD, yield 

parameters, and various berry quality metrics. The findings of the study distinctly elucidated 

the grapevine's adeptness in assimilating and utilizing nitrogen supplied via U-ACP 

nanoparticles, whether administered foliar or through soil application. Furthermore, the 

qualitative and quantitative parameters assessed in grapevines treated with nanoparticles 

exhibited a remarkable parity with those of conventionally grown plants, despite the 

constrained dosage of nitrogen imparted through the nanoparticles. Consequently, the results 
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furnish compelling evidence regarding the efficacy of U-ACP nanoparticles as a viable 

nitrogen source, laying the groundwork for the formulation of alternative nitrogen 

fertilization modalities. Such strategies, aimed at optimizing the dosage-to-benefit ratio, hold 

particular significance within the purview of fostering a more sustainable and contemporary 

viticultural paradigm, thereby engendering heightened economic returns. 

 
Gupta et. al. (2021) conducted a study to assess the economic and environmental 

benefits of nano urea in strawberry cultivation and reported higher economic returns and 

lower environmental impacts compared to conventional urea. These findings highlight the 

potential of nano urea to improve the economics of strawberry production while promoting 

environmental sustainability. 
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Chapter III 
 

Material and Methodology 
 

The present research investigation was carried out at the Horticulture farms located within 

the confines of Lovely Professional University, situated in Phagwara, District Kapurthala, 

Punjab, during the years 2022-23 and 2023-24. This section provides an in-depth exposition of 

the chapters incorporated in the study. It encompasses a concise depiction of the geographical 

coordinates of the experimental site, atmospheric conditions inclusive of meteorological data, soil 

characteristics, experimental design, and a spectrum of methodologies adopted, delineated under 

distinct subheadings. 

 
3.1 EXPERIMENTAL SITE DESCRIPTION 

3.1.1 Location of Experimental site: 

The research trial was conducted at the Horticulture Farm located within the confines of 

Lovely Professional University, Phagwara, Kapurthala district, spanning the period from 2020 to 

2021. The orchard's precise geographical coordinates are 31⁰22'31.81" North latitude and 

75⁰23'03.02" East longitude, with an average elevation of 252 meters above Mean Sea Level 

(MSL). Situated in Punjab, approximately 350 kilometres distant from Delhi, the capital city of 

India, the orchard lies within the subtropical region of the central plains agro- climatic zone. 

 
3.1.2 Climatic and weather condition: 

Situated within the subtropical domain, the research site displays discernible climatic 

nuances characterized by cool winters and hot summers. Predominantly, rainfall manifests during 

the months of July, August, and September, courtesy of the Southwest monsoon. While winter 

temperatures never plummet to sub-zero levels, December and January are marked by severe cold 

spells. Conversely, April, May, and June denote summer months with temperatures soaring, 

occasionally reaching a peak of 46°C. Monsoon onset typically ensues in the latter half of July, 

persisting through September, unless impeded by delays in the Southwest monsoon. Notably, 

frequent rainfall occurrences prevail during July and August. 
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3.1.3 Soil sample collection 

Before initiating the investigation, a series of random soil samples were obtained from the 

orchard site. To ensure representative sampling, the surface layer was meticulously removed, and 

V-shaped incisions, penetrating to a depth of 6 inches, were made. From one side of each 

incision, a soil slice approximately 1 inch thick was extracted. This sampling procedure was 

executed in a zigzag pattern throughout the orchard, resulting in the acquisition of 10 to 12 

distinct samples. These individual soil samples were meticulously combined using the quartering 

method to produce a homogeneous composite weighing approximately 500 grams. This 

composite sample served as the foundational basis for evaluating the soil's physical and chemical 

attributes. The initial fertility profile of the experimental site's soil is detailed in Tables 3.1 and 

3.2. Additionally, following harvest, supplementary soil samples were procured and subjected to 

analysis to discern any alterations. 

 
3.2 EXPERIMENTAL DETAILS 

The investigation took place within the polyhouse facilities at the Horticulture Farms of 

Lovely Professional University, Phagwara. A comprehensive array of 16 treatments was 

administered during the experiment, with each treatment replicated thrice. For each replication, 

ten strawberry plants were meticulously chosen, culminating in a total of 480 plants under 

observation. The following treatments were meticulously applied: 

 

Table 3.1: Detail of treatments 

Treatments Combinations 

T1 RDF (PAU recommendation) 

T2 25% RDF + N1 

T3 25% RDF + N2 

T4 50% RDF + N1 

T5 50% RDF + N2 

T6 75% RDF + N1 
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T7 75% RDF + N2 

T8 25% RDF + N1+ Azotobacter  

T9 25% RDF + N2+ Azotobacter 

T10 50% RDF + N1+ Azotobacter 

T11 50% RDF + N2+ Azotobacter 

T12 75% RDF + N1+ Azotobacter 

T13 75% RDF + N2+ Azotobacter 

T14 25% RDF + Azotobacter 

T15 50% RDF + Azotobacter 

T16 75% RDF + Azotobacter 

 

nN N1= 300 ppm                                                                                     N2= 400 ppm 

 Azotobacter = 2ml/ litre 

3.3 Selection of plant material 

A total of 480 strawberry runners were sourced from Dr. Yashwant Singh Parmar 

University of Horticulture and Forestry, located in Solan, Himachal Pradesh, to serve as subjects 

for the ongoing research study conducted from 2022 to 2024. Apart from treatment applications, 

uniform cultural practices were uniformly employed across all selected plants. Transplanting 

occurred in November 2022 and November 2023. 

 

3.4 Time and mode of application 

 The designated dosages outlined in Table 3.1 were consistently administered across the 

treatment controls. In terms of inorganic fertilizer, particularly nitrogen dosage, variations were 

introduced among the remaining fifteen treatments, spanning increments of 25%, 50%, and 75%, 

both with and without the inclusion of Azotobacter and Nano Urea (nN), designated as N1 (300 

ppm) and N2 (400 ppm). The dosages of P2O and K2O remained in alignment with 

recommendations stipulated by Punjab Agriculture University. Nitrogen provision to the plants 
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was facilitated through urea, while full phosphorus supplementation was achieved using single 

superphosphate (SSP). Potassium was administered via the basal application method at 40 days 

after planting (DAP). Nano Urea, or Nano Nitrogen (nN), was sourced from IFFCO (Indian 

Farmers Fertilizer Cooperative Limited) and prepared in dosages of 300 ppm (N1) and 400 ppm 

(N2). The application of Nano Urea was integrated with the recommended dose of fertilizer 

(RDF). 

 NPK nutrients were administered to the respective treatments in accordance with the 

recommendations outlined in the Package of Practice (PAU), specifically comprising 44 kg of 

nitrogen (N), 32 kg of phosphorus pentoxide (P2O5), and 40 kg of potassium oxide (K2O) per 

acre. Half of the inorganic fertilizers were applied at 35 days after planting (DAP) in a single 

dosage. Drip irrigation was employed daily for the cultivation of strawberries. 

3.5 Application of biofertilizer 

Azotobacter was procured from Utkarsh Fertilizers and administered to the plants 48 hours 

following the application of chemical fertilizer. The dosage of Azotobacter was maintained at 2 ml 

per liter (uniformly). Throughout the research trial, five applications were provided to the plants, 

with one administered at 40 days after planting (DAP) and the other at 80 DAP, 120 DAP, 150 

DAP and 180 DAP. 

 

3.6 Nano urea formulation and time of application: 

Source of Nano Urea= IFFCO  

Total number of treatments= 16 

Total number of replications per treatment = 3  

Total number of plants per replication = 10  

Total number of plants = 480 
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Table 3.2: Observations recorded 

A. Quantitative Parameters B. Qualitative Parameters(Unit) 

Plant height (cm) Ascorbic acid (mg per 100g) 

Plant spread (cm) (NS and EW) Titratable acidity (%) 

Number of flowers (per plant) Total soluble solids (˚brix) 

fruit weight (g) TSS: Acid ratio 

Average fruit weight(g) Reducing sugars (mg) 

Chlorophyll index (µmol m-2) Non-reducing sugars (mg) 

Average fruit yield (g per/plant) Anthocyanin (mg per 100g pulp) 

Fruit volume (cc) 
Antioxidants [µ mol Trolox Equivalent 

(TE) /g Fresh Weight (FW)] 

C. Nutrient Analysis 

Plant nutrient analysis (NPK) % 

Soil Nutrient Analysis (Available OC NPK) g/kg 

Azotobacter population (CFU 106) 

D. Economics 

Total cost of cultivation 

Gross income (rupees) 

Net returns (rupees) 

B:C ratio 

 

3.7 Details of methodology 

3.7.1 Vegetative parameters 

3.7.1.1 Plant height (cm): 

Plant height was assessed by measuring the distance from the base of the plant to the 

apex of the main stem, expressed in centimetres. Height measurements of five individual plants 

were documented using a scale at intervals of 30, 60, 90, and 120 days after planting 
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(DAP). The averages of these measurements were computed and subjected to statistical 

analysis. 

 
3.7.1.2 Number of flowers: 

The quantification of flowers per plant commenced by selecting representative specimens 

at intervals of 60, 90, and 120 days after planting (DAP). From each selected plant, the 

number of flowers was meticulously counted. Following this, the cumulative count was divided 

by the total number of plants observed to derive the average number of flowers per plant. This 

systematic approach ensured a comprehensive assessment of floral abundance across various 

stages of plant growth, facilitating a nuanced understanding of the plant's reproductive dynamics. 

 
3.7.1.3 Plant spread (cm): 

Observations regarding the spreading of the plant were recorded in both the East-west and 

North-south directions. Subsequently, averages were computed for both directions based on these 

recorded observations. 

 
3.7.1.4 Fruit weight (gm): 

The weight of fruits was measured using an electric weighing machine. 
 
 

3.7.1.5 Chlorophyll content: 

The SPAD-502 meter was utilized to measure the concentration of leaf chlorophyll in 

leaves. 
 

3.7.2 Nutrient estimation in fruits and leaves 

Total nitrogen content was assessed using the Micro-Kjeldhal method, a technique 

advocated by Jackson (1973). The results were subsequently expressed as a percentage of 

nitrogen relative to the dry weight of leaves. 

For the determination of total phosphorus, the Vando-molybdophosphoric acid yellow 

color method, also recommended by Jackson (1973), was employed. This method enabled the 

accurate quantification of phosphorus content in the samples under investigation. 
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Potassium content was assessed using a Flame Photometer, and the results were expressed 

as a percentage. Calcium and magnesium levels were measured using an atomic absorption 

spectrophotometer, and the results were reported as percentages. 

 

3.7.3 Soil (NPK) estimation 

The procedure for soil NPK (Nitrogen, Phosphorus, and Potassium) analysis typically 

involves several steps to accurately assess the nutrient content in the soil. The following is a 

generalized procedure commonly used in soil science research: 

 
Soil Sample Collection: Soil samples were collected from various locations within the study area 

to obtain a representative sample. Sampling depth may vary depending on the specific 

requirements of the study, but it is commonly collected from the topsoil (0-15 cm) or subsoil (15-

30 cm). 

 
Sample Preparation: Upon collection, soil samples are air-dried to remove excess moisture and 

any debris. Once dried, the samples are thoroughly mixed and homogenized to ensure uniformity. 

 
Particle Size Analysis (optional): Before conducting nutrient analysis, soil particle size 

distribution may be determined using methods such as sedimentation or sieving. This step helps 

in interpreting the nutrient availability and soil texture. 

 
Grinding and Sieving: Soil samples are ground to a fine powder using a mortar and pestle or a 

mechanical grinder. The ground samples are then passed through a sieve (usually 2 mm mesh 

size) to remove any large particles. 

 
Extraction of Nutrients: Nutrients such as Nitrogen, Phosphorus, and Potassium are extracted 

from the soil using specific chemical solutions. Common extractants include Mehlich-3, Bray P1, 

and ammonium acetate for N, P, and K respectively. The soil-extractant mixture is shaken or 

stirred to facilitate nutrient extraction. 

 
Analysis of Extracted Nutrients: 

 
Nitrogen (N): The extracted solution is analyzed using methods such as Kjeldahl digestion, 

where N is converted into ammonium ions and then quantified using colorimetric or titrimetric 

techniques. 
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Phosphorus (P): The extracted solution is analyzed using colorimetric methods such as the 

molybdenum blue method to determine the concentration of P ions. 

 

Potassium (K): The concentration of K ions in the extract is determined using flame photometry 

or inductively coupled plasma (ICP) spectroscopy. 

 

Quality Control: To ensure the accuracy and reliability of the analysis, quality control measures 

such as using certified reference materials, blank samples, and duplicate analyses are carried out. 

 

Data Interpretation: The results obtained from the nutrient analysis are interpreted in 

conjunction with other soil properties and factors such as pH, organic matter content, and soil 

type. 

 

3.7.4 Azotobacter Counts: 

3.7.4.1 Collection of soil sample for counting microbial population: 
 

Soil samples from the root zone were collected using a khurpi tool around each plant, 

reaching a depth of 0-30 cm. After collection, the samples were thoroughly mixed, and half a 

kilogram of soil from each sample was placed in labeled polythene bags and transported to the 

laboratory. Excess moisture in the soil samples was eliminated by spreading them on laboratory 

filter paper at room temperature. 

 
3.7.4.2 Azotobacter counts per gram soil  

Isolation 

Azotobacter spp. was isolated utilizing the serial dilution-agar plating method. A one- 

gram sample of the soil was suspended in the sterilized water volume 9 ml of, and serial dilutions 

of the suspension were prepared using sterile distilled water. Petri plates and pipettes were 

sterilized prior to use. A nitrogen-free agar medium was then prepared and poured into sterilized 

petri plates. Subsequently, one millilitre aliquots of appropriate dilutions were evenly spread 

over the cooled and set medium in the petri plates. The plates were then incubated at 30°C. After 

three days of incubation, flat, soft, milky and mucoid colonies of Azotobacter developed on the 

medium and was enumerated using a colony counter following the method outlined by Rao 

(1995). 
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Medium for Azotobacter 

Azotobacter colonies were cultured using Jensen’s medium (Allen, 1953). 
 
 

3.7.4 Biochemical parameters: 

3.7.4.1  Total soluble solids (°brix): 

The total soluble solids (TSS) content of the fruit was assessed utilizing a hand 

refractometer equipped with a measurement range spanning from 0 to 30%. A small droplet of 

fruit juice was carefully positioned onto the prism of the refractometer, and the percentage of TSS 

was directly read from the scale. To ensure accuracy and consistency, the recorded values were 

subsequently adjusted to a standard temperature of 20°C, following the guidelines delineated by 

the A.O.A.C. (2010). This meticulous approach facilitated precise quantification of the soluble 

solids content within the fruit samples, contributing to a comprehensive analysis of their quality 

attributes. 

 

3.7.4.2 TSS: Acid 

The data was recorded by dividing the TSS value of each juice sample by the percentage 

of total acidity (TA), expressed as °brix ÷ %Acid. 

 
3.7.4.3 Titratable acidity: 

The acidity of the fruit juice was ascertained through a meticulous process involving the 

dilution of a predetermined volume of juice with distilled water. This diluted solution was 

subsequently titrated against a standardized 0.1N NaOH solution, with phenolphthalein serving as 

the indicator. Titration continued until a faint pink coloration emerged, signaling the endpoint of 

the reaction. The acidity of the fruit juice was then quantified as a percentage, with citric acid used 

as the reference compound. This analytical procedure adhered to the guidelines stipulated by the 

A.O.A.C. (2010), ensuring methodological rigor and accuracy in the determination of fruit juice 

acidity, utilizing the following formula: 

 
                                 Acidity (%) = 

0.0064 X Volume of 0.1N (ml)    

NaOH Volume of the juice 

taken (ml) 

 
x 100 

 

(1 ml of N NaOH= citric acid @ 0.0064 g) 
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3.7.4.4 Ascorbic acid (mg/100ml of juice) 

The analysis followed a standardized procedure utilizing 2,6-Dichlorophenol 

indophenols at a concentration of 0.04%. Initially, a measured volume of the sample (10 ml) was 

diluted to 100 ml with 0.4% oxalic acid and subsequently subjected to filtration. Following 

filtration, a specific volume of the resulting aliquot (10 ml) was mixed with 15 ml of 0.4% oxalic 

acid, and a few drops of 0.1% phenolphthalein indicator were introduced. The resultant mixture 

underwent titration against the standardized dye until a light pink color persisted for a minimum 

duration of 15 seconds, in accordance with the protocol outlined by Ruck (1969). This meticulous 

methodology ensured accurate determination of the parameter under investigation while adhering 

to established standards and guidelines. 

 

3.7.4.5 Total Sugars 
 

To analyse total sugars, we initiated by homogenizing 25 grams of fruit pulp with a 

substantial volume of distilled water. Upon the addition of 2 ml of lead acetate solution, a 

precipitate formed, which underwent filtration through a flask containing 5 ml of potassium 

oxalate solution. After filtration, the liquid underwent further filtration post vigorous agitation. 

Subsequently, for overnight hydrolysis, 5 ml of strong hydrochloric acid was added to 100 ml of 

the clarified and lead-depleted solution. The excess hydrochloric acid resulting from this process 

was neutralized using a strong solution of sodium hydroxide. Titration ensued, involving a 

boiling mixture comprising 5 ml of Fehling A and 5 ml of Fehling B solution, against the 

hydrolyzed aliquot, with methylene blue serving as the indicator. The titration was deemed 

complete upon the solution turning brick red. Following the protocol delineated by A.O.A.C. 

(1995), total sugars were quantified by measuring the volume of the utilized aliquot. This 

comprehensive approach ensured meticulous determination of total sugars while adhering to 

established standards and procedures. 

 

3.7.4.6 Reducing sugars 

Methylene blue served as an indicator to titrate a boiling solution of Fehling A and B 

reagents against a sample that had not undergone hydrolysis, lead removal, or clarification. The 

titration was considered complete when the solution turned brick red. Following the method 

outlined by A.O.A.C. (1995), reducing sugars were determined by measuring the volume of the 

aliquot utilized. 
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3.7.4.7 Non-reducing sugars 

The total sugars were subtracted from the reducing sugars, and the resulting difference 

was multiplied by the standard factor of 0.95 to determine the non-reducing sugars. This 

calculation was conducted following the procedures delineated in A.O.A.C (1995). 

 
3.7.4.8 Anthocyanin content: 

The determination of anthocyanin content followed the method described by Swain and 

Hills (1959). Initially, the alcohol extract of the plant sample was prepared by grinding a known 

weight of fresh material in alcohol, followed by filtration or centrifugation to obtain the extract. 

Subsequently, 1 ml of the alcohol extract was transferred to a test tube, and 3 ml of 0.5N HCl in 

80-85% methanol (HCl in aqueous methanol) was added. Then, 1 ml of anthocyanin reagent, 

prepared by mixing 1 ml of 30% H2O2 with 9 ml of methanolic HCl (5:1, 3N), was added to the 

sample. A blank solution was also prepared using 1 ml of methanol-HCl instead of the 

anthocyanin reagent. Following a 15-minute incubation period in darkness, the absorbance of the 

sample against the blank was measured at 525 nm wavelength. The amount of anthocyanin 

present in the sample was then determined using a standard curve prepared with cyanin 

hydrochloride. 

 

3.8 Observations on economics 

3.8.1 Cost of cultivation 

The cost of cultivating wheat using individual treatments was calculated by integrating 

all expenses incurred throughout the cultivation process, spanning from land preparation to crop 

harvesting. 

 

3.8.2 Gross income 

The gross income of the experimental crop was computed by multiplying the total yield 

of wheat by the prevailing market price of strawberry, and the result was expressed in rupees per 

hectare. 

 

3.8.3 Net income 

The net income of the experimental crop was determined by subtracting the cost of 
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cultivation from the gross income of the experimental crop, and the result was expressed in 

rupees per hectare. 

 
3.8.4 Benefit: Cost ratio 

To ascertain the return per rupee invested, the benefit-cost (B:C) ratio was calculated 

using the following formula. 

     Net return (Rs. ha-1) 

               enefit: cost ratio =    

     Cost of cultivation (Rs. ha-1) 

 
 
 

3.9 Statistical Analysis 
 

The data obtained throughout the study underwent analysis of variance (ANOVA), 

followed by Duncan's multiple-range test, which was performed utilizing SPSS v.23 software. 

This statistical analysis was employed to delineate homogeneous groups within distinct 

treatments concerning various plant parameters. 
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Chapter IV 
 
 
 
 

Results and Discussion 
 

The application of varying concentrations of nano urea, both in conjunction with 

Azotobacter and in isolation, yielded noteworthy outcomes concerning the growth, yield, and 

quality attributes of Winter Dawn cultivar of strawberry. The findings derived from this 

investigation, along with plausible explanations and pertinent discussions, are systematically 

elucidated under appropriate headings. 

 

4.1 Vegetative parameters 

4.1.1 Plant height (cm) 

Table 4.1 depicts the data related to the variation in the plant height during the two 

years of the experiment (2022-23 and 2023-24) along with the pooled data and represented in 

figure 4.1. The perusal of data shows there was a significant effect of nano urea on plant 

height of Strawberry cv. Winter Dawn during both years of the research experiment. 

During the initial year of the research experiment (2022-23), the maximum plant 

height at 30th day was observed under treatment T12 (75% RDF + N1 + Azotobacter) having 

the value of 3.28 cm followed by T8 (25% RDF + N1 + Azotobacter), T4 (50% RDF + N2) and 

T13 (75% RDF + N2 + Azotobacter) having values 3.25 cm, 3.22 cm and 3.22 cm, 

respectively. The control recorded 3.17 cm of plant height while the least (3.14 cm) was 

recorded under T2 (25% RDF + N1), T15 (50% RDF + Azotobacter) and T16 (75% RDF + 

Azotobacter), each. During the second trial (2023-24), the maximum plant height at 30th day 

was recorded under treatment T14 (25% RDF + Azotobacter) having the value of 3.41 cm 

which was followed by T1 (control) and T8 (25% RDF + N1 + Azotobacter) having values 

3.39 cm and 3.35 cm, respectively. The least height of the plant (3.14 cm) was recorded by 

treatment T2 (25% RDF + N1). The pooled data for the year 2022-23 and 2023-24 at 30th 

day’s observation uncovered that the maximum height of plant was recorded under treatment 

T8 (25% RDF + N1 + Azotobacter) and T14 (25% RDF + Azotobacter) with a plant height of 

3.30 cm each, followed by treatment T1 (control) and T12 (75% RDF + N1 + Azotobacter) 

having values 3.28 cm and 3.27 cm, respectively. The least plant height (3.17 cm) was 

recorded under the treatment T5 (50% RDF + N2). 
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Observations at 60th day for plant height during the year 2022-23, recorded the 

maximum height under the treatment T9 (25% RDF + N2 + Azotobacter) having the value of 

5.60 cm followed by T8 (25% RDF + N1 + Azotobacter) and T3 (25% RDF + N2) with the 

value of 5.41 cm and 5.04 cm, respectively. The control treatment (T1) recorded the plant 

height of 4.18 cm while the least height of the plant (4.10 cm) was observed under T14 (25% 

RDF + Azotobacter). In the second experimental year 2023-24, the maximum plant height 

was recorded under the treatment T9 (25% RDF + N2 + Azotobacter) having the value of 5.73 

cm followed by treatment T8 (25% RDF + N1 + Azotobacter) and T9 (75% RDF + N1 + 

Azotobacter) with the values 5.62 cm and 5.60 cm, respectively. The control treatment 

recorded a plant height of 4.31 cm while the minimum plant height (4.20 cm) was recorded 

under the treatment T14 (25% RDF + Azotobacter). The pooled data revealed that during the 

two experimental years (2022-23 and 2023-24) maximum plant height of strawberry plants 

was observed at 60th day under treatment T9 (25% RDF + N2 + Azotobacter) having the value 

of 5.67 cm followed by T8 (25% RDF + N1 + Azotobacter) and T12 (75% RDF + N1 + 

Azotobacter) with the value of 5.52 cm, each. The control treatment T1 recorded 4.25 cm of 

plant height while the minimal height of the plant (4.15 cm) was listed by treatment T14 (25% 

RDF + Azotobacter). 

Observations for the day 90th revealed that during the experimental year 2022-23, the 

maximum height was recorded under the treatment T9 (25% RDF + N2 + Azotobacter) having 

the value of 7.83 cm while it was followed by T3 (25% RDF + N1 + Azotobacter) having 

value of 7.60 cm. The control was observed with 6.18 cm of plant height while the minimal 

height of the plant (5.67 cm) was observed by treatment T14 (25% RDF + Azotobacter). 

During the second-year trial (2023-24), maximum plant height (8.14) was recorded under 

treatment T9 (25% RDF + N2 + Azotobacter) followed by T11 (50% RDF + N2 + Azotobacter) 

with the value of 7.85 cm. The control was recorded with 6.33 cm of plant height while the 

minimum (5.47 cm) was recorded under the treatment T14 (25% RDF + Azotobacter). The 

combined data from both the years (2022-23 & 2023-24) illustrated that T9 (25% RDF + N2 + 

Azotobacter) recorded the maximum plant height (7.99 cm) during the experimental trials 

throughout followed by T11 (50% RDF + N2 + Azotobacter) and T8 (25% RDF + N1 + 

Azotobacter) and with the values of 7.69 cm and 7.65 cm, respectively. The control treatment 

recorded 6.26 cm of plant height and the least height of the plant (6.59 cm) was recorded by 

treatment T14 (25% RDF + Azotobacter). 
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Data observed for 120th day for the first trial (2022-23) showed maximum growth in 

plant height (12.44 cm) was recorded under the treatment T9 (25% RDF + N2 + Azotobacter) 

significantly. It was followed by treatment T8 (25% RDF + N1 + Azotobacter) and T3 (25% 

RDF + N2) having the value of 11.87 cm and 11.84 cm, respectively. The control was 

recorded with the value of 9.99 cm and the minimal height of the plant (7.58 cm) was 

recorded under the treatment T14 (25% RDF + Azotobacter). During the second-year trial 

(2023-24), the utmost plant height (12.87 cm) was listed by treatment T9 (25% RDF + N2 + 

Azotobacter) followed by treatment T10 (50% RDF + N1 + Azotobacter) and T8 (25% RDF + 

N1 + Azotobacter) having the value of 11.87 cm and 11.85 cm, respectively. The control 

recorded 9.87 cm of plant height while the treatment T14 (25% RDF + Azotobacter) recorded 

the minimum plant height having a value of 7.52 cm. The pooled data revealed that the 

maximum plant height (12.66 cm) was observed under treatment T9 (25% RDF + N2 + 

Azotobacter) followed by treatment T8 (25% RDF + N1 + Azotobacter), T3 (25% RDF + N2) 

and T10 (25% RDF + N2 + Azotobacter) having the value of 11.86 cm, 11.82 cm and 11.82 

cm, respectively. The control was found with 9.93 cm of plant height which the treatment T14 

(25% RDF + Azotobacter) was recorded with the nadir of plant height (7.55cm). 

Nano urea with Azotobacter offers a synergistic approach to enhancing plant growth, 

particularly in increasing plant height. Folia spays of nano urea, with its nanoparticles, 

ensures a more efficient delivery and absorption of urea by theleaves to its increased surface 

area compared to conventional urea (Cao et. al. 2024). This efficient utilization of nitrogen 

facilitates more robust vegetative growth (Ghadirnezhad et. al. 2024). On the other hand, 

Azotobacter, a nitrogen-fixing bacterium, independently contributes to the nitrogen economy 

of the soil by converting atmospheric nitrogen into a form that plants can readily absorb. This 

bacterium also secretes growth-promoting substances like phytohormones (auxins, 

gibberellins) and vitamins, which further stimulate plant growth (Cassan et. al. 2014). The 

combined effect of nano urea’s enhanced nitrogen efficiency and Azotobacter's bio fertilizing 

traits not only ensure a steady supply of nitrogen but also promotes better root and shoot 

development, leading to quicker and more substantial increases in plant height. This 

integrated approach therefore not only improves the nutrient uptake efficiency but also 

positively impacts the overall growth rate and health of the plant (Kannoj et. al. 2022). 
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Table 4.1: Effect of nano urea in combination with Azotobacter on plant height in strawberry cv. Winter Dawn. 

Treatments 

Plant height (cm) 

30DAP 60DAP 90DAP 120 DAP 

2022 2023 Pooled 2022 2023 Pooled 2022 2023 Pooled 2022 2023 Pooled 

T1 3.17a 3.39a 3.28a 4.16b 4.31ab 4.25a 6.18a 6.33bc 6.26b 9.99a 9.87c 9.93c 

T2 3.14a 3.17a 3.17a 4.51e 5.04c 4.78d 6.99b 7.06def 7.03def 11.18bc 11.32efg 11.25ef 

T3 3.21a 3.20a 3.21a 5.04j 5.20cd 5.12e 7.60e 7.57fgh 7.59hi 11.84de 11.80fg 11.82h 

T4 3.22a 3.23a 3.22a 4.90g 4.39ab 4.33ab 7.07cd 7.33efg 7.20fgh 11.13bcd 11.29ef 11.21ef 

T5 3.19a 3.20a 3.20a 4.94h
 4.56ab 4.58cd 7.27d 7.55fgh 7.41ghi 11.37bcd 11.35efg 11.36efg 

T6 3.21a 3.23a 3.22a 4.08a 4.63b 4.47bc 6.74e 6.72cd 6.73cd 10.77bcd 10.56d 10.66d 

T7 3.20a 3.19a 3.20a 4.68f 4.65b 4.55cd 6.88b 6.87cde 6.88cde 10.99vcd 11.22e 11.10e 

T8 3.25a 3.35a 3.30a 5.41l 5.46e 5.43gh 7.66e 7.64fgh 7.65ij 11.87de 11.85fg 11.86h 

T9 3.15a 3.32a 3.24a 5.60m 5.73e 5.67h 7.83f 8.14h 7.82j 12.44e 12.87h 12.66i 

T10 3.20a 3.31a 3.26a 5.20k 5.47de 5.34g 7.26e 7.48fg 7.37ghi 11.76de 11.87g 11.82h 

T11 3.20a 3.29a 3.25a 5.00i 5.44cde 5.39g 7.52d 7.85gh 7.52ij 11.83de 11.74efg 11.79h 

T12 3.28a 3.26a 3.27a 4.90g 5.60de 5.48gh 6.71c 6.72cd 6.72cd 11.54bcde 11.60efg 11.57fgh 

T13 3.22a 3.22a 3.22a 4.70f 5.39cde 5.39g 6.87c 6.31bc 6.59bc 11.66cde 11.70efg 11.68gh 

T14 3.18 3.41a 3.30a 4.30d 4.20a 4.15a 5.67b 5.47a 5.57a 7.58b 7.52a 7.55a 

T15 3.14a 3.15a 3.15a 4.20c 4.25ab 4.20a 5.76ab 5.65a 5.70a 7.92ab 8.06b 7.99b 

T16 3.14a 3.21a 3.17a 4.20c 4.26ab 4.22a 5.91a 5.77ab 5.84a 8.01ab 8.45b 8.23b 

 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% RDF + N1+ 
Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ Azotobacter, T13: 75% RDF + N2+ 
Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter. 
Note: N1: 300 ppm Nano Urea, N2: 400 ppm Nano Urea 
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Figure 4.1: Effect of nano urea in combination with Azotobacter on plant height in strawberry cv. Winter Dawn. 
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Foliar application of nano nitrogen has been shown to enhance plant height through 

several mechanisms. Firstly, nano-sized nitrogen particles have a higher surface area to 

volume ratio compared to conventional nitrogen fertilizers, allowing for better absorption and 

utilization by plant tissues. This efficient uptake facilitates increased nitrogen assimilation 

within the plant, leading to enhanced protein synthesis and ultimately, greater cell division 

and elongation, which contribute to increased plant height (Gu et. al. 2018). Additionally, 

nano nitrogen particles may also stimulate hormonal pathways responsible for growth 

promotion, such as auxin signalling (Sonkar et. al. 2021; Ghosh and Bera, 2021), further 

facilitating elongation of plant stems and leaves. Overall, the application of foliar nano 

nitrogen presents a promising avenue for promoting plant growth and development, with 

potential implications for improving crop productivity and yield. 

 
 
4.1.2 Plant Spread (North-South) 

 
Data allied to the plant spread (NS) and its variation over the two experimental years 

(2022-23 and 2023-24) is provided inside of the Table 4.2 and visually elucideted in Figure 

4.2. A thorough examination of the data indicates a noteworthy impact of nano urea on the 

plant spread (NS) of strawberry cultivar Winter Dawn throughout the two years of the 

research experiment. It is noteworthy that the data reveals a statistically significant influence 

of nano urea on the plant spread (NS) of strawberry cv. Winter Dawn during both years of the 

research experiment. 

During the initial year (2022-23) the maximum data related to plant spread (11.43 cm) 

for 30th day was recorded under treatment T8 (25% RDF + N1 + Azotobacter) followed by T11 

(50% RDF + N2 + Azotobacter) and treatment T1 (control) having the values of 11.39 cm and 

11.30 cm, respectively. The minimum plant spread (NS) was recorded under the treatment T7 

(75% RDF + N2) with a value of 10.85 cm. The second-year trial (2023-24) recorded the 

maximum plant spread (NS) was recorded under treatment T4 (50% RDF + N1) having the 

value of 11.33 cm followed by T3 (25% RDF + N2) and T11 (25% RDF + N2 + Azotobacter) 

with the values 11.31 cm and 11.30 cm, each. The control which was observed with 11.20 cm 

while the least plant spread (NS) was recorded under the treatment T16 (75% RDF + 

Azotobacter) having a value 10.81 cm. The pooled data for the years 2022-23 and 2023-24 

revealed that utmost of the plant spread (NS) was listed under the treatment T11 (50% RDF + 

N2 + Azotobacter) having the value 11.35 cm followed by T3 (25% RDF + N2) and T4 (50% 
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RDF + N1 + Azotobacter) with the value of 11.29 cm and 11.27 cm, respectively. The control 

treatment T1 was recorded 11.20 cm while the minimum plant spread (NS) was recorded 

under the treatment T7 (75% RDF + N2) with the value of 10.85 cm. 

The significant maximum data at 60th day during the first experimental trial (2022-23) 

was recorded under the treatment T9 (25% RDF + N2 + Azotobacter) with a value of 16.10 

cm followed by T3 (25% RDF + N2) and T8 (25% RDF + N1 + Azotobacter) having the 

values of 15.61 cm and 15.36 cm, respectively against the control (T1) which was recorded 

13.47 cm. The minimum value for plant spread (NS) was recorded under the treatment T14 

(25% RDF + Azotobacter) having value 12.30 cm. During the second-year trial (2023-24), 

the maximum significant plant spread (NS) was recorded under the treatment T9 (25% RDF + 

N2 + Azotobacter) with the value of 16.70 cm followed by T3 (25% RDF + N2) and T10 (50% 

RDF + N1 + Azotobacter) having the value of 15.82 cm and 15.78 cm, respectively against 

the control (T1) which was recorded 13.20 cm. The minimum plant spread (11.87 cm) was 

recorded under the treatment T14 (25% RDF + Azotobacter). The pooled data for the both 

years (2022-23 as well as 2023-24) revealed the maximum plant spread NS (16.40 cm) under 

treatment T9 (25% RDF + N2 + Azotobacter) followed by T3 (25% RDF + N2) and T10 (50% 

RDF + N1 + Azotobacter) with the value of 15.61 cm and 15.29 cm, respectively. The control 

treatment T1 was recorded with 13.30 cm while the minimum (12.09 cm) was recorded under 

the treatment T14 (25% RDF + Azotobacter). 

During the first- year experiment (2022-23), the maximum plant spread (NS) at 90th 

day was recorded 18.00 cm under the treatment T9 (25% RDF + N2 + Azotobacter) followed 

by T3 (25% RDF + N2) and T8 (25% RDF + N1 + Azotobacter) having the value of 17.30 cm 

and 17.20 cm, each. The control (T1) was recorded with 15.08 of plant spread (NS) while the 

utmost was listed under the treatment T14 (25% RDF + Azotobacter) with the value of 14.73 

cm. The second-year trial (2023-24) recorded the maximum plant spread (18.69 cm) NS 

under the treatment T9 (25% RDF + N2 + Azotobacter) followed by T11 (50% RDF + N2 + 

Azotobacter) and T3 (25% RDF + N2) having the values 17.56 cm and 17.49 cm while the 

control (T1) recorded 15.71 cm plant spread and minimum (14.59 cm) was recorded under T14 

(25% RDF + Azotobacter). The pooled data for the both years (2022-23 as well as 2023-24) 

elucidated that the utmost plant spread (18.35 cm) was listed under treatment T9 (25% RDF + 

N2 + Azotobacter) followed by T3 (25% RDF + N2) and T8 (25% RDF + N1 + Azotobacter) 

having values 17.40 cm and 17.10 cm while the control (T1) recorded 15.40 cm plant spread 
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(NS). The minimum plant spread (14.66 cm) NS was recorded under the treatment T14 (25% 

RDF + Azotobacter). 

The significant maximum plant spread (22.4 cm) at 120th day during the initial 

experimental year (2022-23) was recorded under the treatment T9 (25% RDF + N2 + 

Azotobacter) followed by T3 (25% RDF + N2) and T8 (25% RDF + N1 + Azotobacter) having 

the values of 21.1 cm and 21.0 cm, respectively while the control (T1) recorded 17.4 cm plant 

spread (NS). The nadir plant spread (16.1 cm) NS was listed under the treatment T14 (25% 

RDF + Azotobacter). During the second experimental trial (2023-24), the maximum growth 

in plant spread (22.76 cm) was observed under treatment T9 (25% RDF + N2 + Azotobacter) 

followed by T8 (25% RDF + N1 + Azotobacter) and T3 (25% RDF + N2) having the values of 

21.90 cm and 21.83 cm, each. The control (T1) was recorded with 18.10 cm of plant spread 

(NS) while the minimum (16.05 cm) was recorded under the treatment T14 (25% RDF + 

Azotobacter). The pooled data for the years 2022-23 and 2023-24 revealed that the utmost 

plant spread (NS) was listed with 22.58 cm under the treatment T9 (25% RDF + N2 + 

Azotobacter) followed by T3 (25% RDF + N2) and T8 (25% RDF + N1 + Azotobacter) having 

the similar values of 21.47 cm, each. The control recorded 17.77 cm plant spread (NS) while 

the minimum (16.06 cm) remained under the treatment T14 (25% RDF + Azotobacter). 

In the cultivation of strawberries, the combined use of nano urea and Azotobacter has 

shown promise in enhancing the overall plant spread, an important factor for yielding high- 

quality fruit. Nano urea, due to its nanoparticle size, provides a more controlled and efficient 

release of nitrogen, a critical nutrient for the vegetative growth that underpins plant spread. 

The improved nitrogen availability supports the development of broader and healthier leaves 

and stronger runners, which are vital for the plant's vegetative expansion (Zheng and Lv. 

(2023). Concurrently, Azotobacter contributes to plant health by fixing atmospheric nitrogen, 

thus supplementing the soil's nitrogen content (Sumbul et. al. 2020), and by producing 

natural growth-promoting substances such as cytokinin and gibberellins (Kukreja et. al. 

2004). These substances further stimulate the growth of strawberry plants, enhancing leaf size 

and runner formation. Moreover, the presence of Azotobacter can improve soil structure and 

fertility, promoting better root development that supports more extensive and robust plant 

spread (Minuț et. al. 2022). Therefore, the synergistic action of nano urea and Azotobacter 

not only maximizes nitrogen utilization but also directly influences the mechanisms that drive 

vegetative expansion, crucial for the successful cultivation of strawberries. This dual 
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Table 4.2: Effect of nano urea in combination with Azotobacter on plant spread (NS) in strawberry cv. Winter Dawn. 

Treatments 

Plant Spread (NS) (cm) 

30DAP 60DAP 90DAP 120 DAP 

2022 2023 Pooled 2022 2023 Pooled 2022 2023 Pooled 2022 2023 Pooled 

T1 11.30i 11.10a 11.20ab 13.47c 13.20b 13.33c 15.08c 15.71bc 15.40bc 17.4c 18.10c 17.77c 

T2 11.23e
 11.14a 11.19ab 14.70defgh 14.17c 14.44d 16.41e 16.51cdef 16.46d 18.9f 18.89cd 18.90e 

T3 11.26f 11.31a 11.29ab 15.40i 15.82f 15.61i 17.30h 17.49gh 17.40e 21.1h 21.83g 21.47h 

T4 11.21d 11.33a 11.27ab 14.47def 14.97cde 14.72cde 16.07d 16.37cdef 16.22d 18.0d 20.18ef 19.09e 

T5 11.19c 11.05a 11.12ab 14.63defgh 14.75cde 14.69de 16.50e 16.31cdef 16.41d 18.2de 18.20c 18.20cd 

T6 11.23e 11.04a 11.14ab 14.23d 14.39cd 14.31d 15.57c 15.77bcd 15.67c 19.0fg 19.35de 19.18ef 

T7 10.85a 10.86a 10.85a 14.37de 14.53cd 14.45d 16.07d 16.66efg 16.37d 18.3e 18.30c 18.30d 

T8 11.43k 10.98a 11.2ab 15.10hi 15.48ef 15.29ghi 17.10gh 17.10fgh 17.10e 21.0h 21.90gh 21.47h 

T9 11.24e 10.88a 11.06ab 16.10j 16.70g 16.40j 18.00i 18.69i 18.35f 22.4i 22.76h 22.58i 

T10 11.28gh 10.91a 11.10ab 14.93fghi 15.78f 15.36hi 16.87f 17.16fgh 17.01e 19.0fg 20.22ef 19.6fg 

T11 11.39j 11.30a 11.35b 15.03ghi 15.02de 15.03efg 16.97fg 17.56h 17.26e 19.2g 20.56f 19.88g 

T12 10.98b 11.18a 11.08ab 14.60defg 14.80cde 14.70de 16.37e 16.73def 16.49d 18.0d 20.04ef 19.02e 

T13 11.29hi 10.96a 11.13ab 14.83efgh 14.77cde 14.80def 16.53e 16.22cde 16.38d 19.0fg 20.24ef 19.62fg 

T14 11.26f 11.15a 11.21ab 12.30a 11.87a 12.09a 14.73a 14.59a 14.66a 16.1a 16.05a 16.06a 

T15 11.19c 10.91a 11.05ab 12.53ab 12.65b 12.59b 14.90ab 14.61a 14.75a 16.2a 16.39ab 16.31a 

T16 11.27fg 10.81a 11.04ab 12.77b 13.02b 12.90bc 14.97b 15.10ab 15.03ab 16.8b 17.14b 16.95b 

 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% RDF + N1+ 
Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ Azotobacter, T13: 75% RDF + N2+ 
Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter. 
Note: N1: 300 ppm Nano Urea, N2: 400 ppm Nano Urea 
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Figure 4.2: Effect of nano urea in combination with Azotobacter on plant spread (NS) in strawberry cv. Winter Dawn. 
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approach could significantly impact sustainable strawberry farming by increasing plant 

spread and potentially improving fruit yield and quality (Sharma et. al. 2023). 

 
 
4.1.3 Plant Spread (East-West) 

 
The data concerning the lateral expansion of plants (EW) alongside the fluctuations in 

plant spread over the course of the two experimental years (2022-23 and 2023-24) are 

detailed in Table 4.3 and elucidated in Figure 4.3. Analysis of the data reveals a noteworthy 

impact of nano urea on the lateral expansion of Winter Dawn cultivar strawberries throughout 

both years of the research investigation. 

In the initial experimental year (2022-23), at 30th day, the maximum plant spread in 

east west direction (12.40 cm) was recorded under treatment T3 (25% RDF + N2). It was 

followed by T10 (50% RDF + N1 + Azotobacter) and T1 (control) having the values of 12.33 

cm and 12.27 cm, each. The least value (11.83 cm) for plant spread in East West (EW) 

direction was recorded under treatment T5 (50% RDF + N2). During the second-year trial 

(2023-24), the maximum growth in plant spread (EW) at 30 days was recorded under 

treatment T5 (50% RDF + N1) with the value of 12.57 cm which was followed by T8 (25% 

RDF + N1 + Azotobacter) and control (T1) having the value 12.55 cm and 12.45 cm, 

respectively. The minimum value (11.41 cm) was observed under the treatment T7 (75% RDF 

+ N2). The pooled data for the years 2022-23 and 2023-24 revealed that the maximum 

average plant spread (EW) at 30 days was observed under T1 (control) having the value of 

12.36 cm and it was followed by T4 (50% RDF + N1) and T8 (25% RDF + N1 + Azotobacter) 

with the values of 12.28 cm and 12.23 cm respectively. The minimum (11.82 cm) was 

recorded under T7 (75% RDF + N2). 

Data recorded at 60th day for the initial experimental year (2022-23) for plant spread 

(EW) showed the significant maximum growth under the treatment T9 (25% RDF + N2 + 

Azotobacter) with the value of 17. 23 cm which was followed by T3 (25% RDF + N2) and T8 

(25% RDF + N1 + Azotobacter) having the value of 16.80 cm and 16.10 cm, respectively. 

Subsequently, the second-year trial (2023-24) at same recording interval showed the 

maximum growth in plant spread (EW) under treatment T9 (25% RDF + N2 + Azotobacter) 

having the value of 18.17 cm. It was followed by T10 (50% RDF + N1 + Azotobacter) and T8 

(25% RDF + N1 + Azotobacter) with the values of 17.00 cm and 16.62 cm, respectively while 

the control (T1) treatment recorded less with the growth of 14.02 cm of plant spread (EW) 
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and the nadir of plant spread (11.47 cm) EW was listed under the treatment T14 (25% RDF + 

Azotobacter). The combined data for both the years 2022-23 and 2023-24 recorded the 

maximum plant spread (EW) under the treatment of T9 (25% RDF + N2 + Azotobacter) with 

a value of 17.70. It was followed by T3 (25% RDF + N2) and T8 (25% RDF + N1 + 

Azotobacter) with the values of 16.63 cm and 16.36 cm, respectively while the control (T1) 

was recorded less with the value of 14.08 cm of plant spread. Least plant spread (EW) at 60th 

days after planting was recorded under the treatment T14 (25% RDF + Azotobacter) where the 

recorded value was 11.47 cm. 

The observations at 90th day during initial experiment (2022-23), recorded the 

maximum plant spread (EW) under the treatment T9 (25% RDF + N2 + Azotobacter) having 

value of 19.40 cm followed by T3 (25% RDF + N2) and T8 (25% RDF + N1 + Azotobacter) 

with the value of 19.00 cm and 18.13 cm, each. The control (T1) was recorded with 16.27 cm 

of plant spread (EW) while the minimum (14.17 cm) was observed under T14 (25% RDF + 

Azotobacter). The second-year trial (2023-24) data revealed the maximum growth in plant 

spread (EW) under the treatment T11 (50% RDF + N2 + Azotobacter) having the value of 

20.82 cm followed by T9 (25% RDF + N2 + Azotobacter) and T10 (50% RDF + N1 + 

Azotobacter) with the value of 20.28 cm 19.96 cm, each. The control (T1) was recorded with 

16.15 cm of plant spread (EW) while the minimum (14.38 cm) was observed under the 

treatment T14 (25% RDF + Azotobacter). The pooled data for the both years (2022-23 as well 

as 2023-24) revealed the maximum growth of plant spread (EW) under the treatment T9 (25% 

RDF + N2 + Azotobacter) with the value of 19.84 cm subsequently by the treatment T3 (25% 

RDF + N2) and T11 (50% RDF + N2 + Azotobacter) with the values of 19.39 and 19.35 cm, 

respectively. The control (T1) recorded 16.21 cm of plant spread (EW) while the minimum 

14.28 cm of plant spread (EW) was observed under the treatment T14 (25% RDF + 

Azotobacter). 
 

The observation at 120th day during first year trial (2022-23) recorded the maximum 

plant spread (EW) under the treatment T9 (25% RDF + N2 + Azotobacter) having a value of 

22.00 cm followed by T3 (25% RDF + N2) and T8 (25% RDF + N2 + Azotobacter) with the 

values of 21.23 cm and 20.37 cm of plant spread (EW), respectively. The control (T1) was 

recorded with 18.30 cm while the minimum plant spread 16.07 cm (EW) was recorded under 

the treatment T14 (25% RDF + Azotobacter). In the second-year trial (2023-24), the 

maximum plant spread (EW) was measured under T9 (25% RDF + N2 + Azotobacter) having 

a value of 22.53 cm followed by T3 (25% RDF + N2) and T11 (50% RDF + N2 + 
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Azotobacter) with the values of 21.75 cm and 21.36 cm, respectively. The control (T1) 

recorded 18.33 cm of spread (EW) while the treatment T14 (25% RDF + Azotobacter) 

recorded the minimum plant spread (EW). Pooling the data for both the years (2022-23 and 

2023-24) revealed that the maximum plant spread (EW) was measured under T9 (25% RDF 

+ N2 + Azotobacter) having a value of 22.26 cm followed by T3 (25% RDF + N2) and T11 

(50% RDF + N2 + Azotobacter) with the values of 21.49 cm and 20.71 cm. The control 

treatment T1 remained with 18.32 cm of plant spread (EW) while the minimum (16.40 cm) 

was recorded under the treatment T14 (25% RDF + Azotobacter). 

 
The use of nano urea in combination with Azotobacter has been effective in 

improving the growth of strawberry plants, particularly in increasing the spread of the plant, 

which is essential for high-quality fruit production. Nano urea, with its tiny particle size, 

allows for a more efficient and gradual release of nitrogen, essential for the vegetative growth 

that enhances plant spread. This ensures better development of leaves and stronger runners, 

which are crucial for the plant's expansion. Simultaneously, Azotobacter aids plant health by 

fixing nitrogen from the atmosphere, thus enhancing soil nitrogen levels (Sumbul et. al. 

2020), and by generating growth-promoting hormones like cytokinin and gibberellins 

(Kukreja et. al. 2004). These hormones promote further growth in leaf size and runner 

production. Additionally, Azotobacter helps improve the soil's structure and fertility, which 

supports healthier root development and consequently a more expansive and robust plant 

spread. Therefore, the combined use of nano urea and Azotobacter not only optimizes 

nitrogen use but also plays a critical role in the vegetative growth processes essential for 

effective strawberry farming, potentially leading to better fruit yield and quality (Sharma et. 

al. 2023). 

The cultivation of strawberries benefits significantly from the combined use of nano 

urea and Azotobacter, which enhances plant spread, a key element in producing high-quality 

fruit. Nano urea offers a more efficient nitrogen release due to its smaller particle size, 

promoting the growth of wider leaves and robust runners essential for the plant's expansion 

(Zheng and Lv., 2023). In parallel, Azotobacter enriches soil nitrogen through atmospheric 

nitrogen fixation (Sumbul et. al. 2020) and produces plant growth hormones such as 

cytokinin and gibberellins, boosting leaf and runner growth (Kukreja et. al. 2004). 

Additionally, Azotobacter can enhance soil quality and structure, leading to better root 

growth that supports an increased and healthier plant spread (Minuț et. al. 2022). This 
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Table 4.3: Effect of nano urea in combination with Azotobacter on plant spread (EW) in strawberry cv. Winter Dawn. 

Treatments 

Plant Spread (EW) (cm) 

30DAP 60DAP 90DAP 120 DAP 

2022 2023 Pooled 2022 2023 Pooled 2022 2023 Pooled 2022 2023 Pooled 

T1 12.27a 12.45a 12.36a 14.13d 14.02c 14.08d 16.27d 16.15bc 16.21c 18.30c 18.33c 18.32c 

T2 11.93a 11.94a 11.94a 15.60h 15.28de 15.44fg 17.53f 17.72d 17.63fg 19.77g 20.07de 19.92fg 

T3 12.40a 11.48a 11.94a 16.80k 16.46fg 16.63k 19.00i 19.77e 19.39gh 21.23j 21.75gh 21.49j 

T4 12.00a 12.57a 12.28a 15.17g 16.08efg 15.63gh 17.40f 17.92d 17.66fg 19.23f 20.22de 19.73fgh 

T5 11.90a 12.13a 11.98a 15.60h 16.75g 16.18hi 17.63fg 18.15d 17.89f 19.67a 20.39e 20.03gh 

T6 12.03a 12.03a 12.03a 14.53e 15.12d 14.83e 16.60e 17.29cd 16.95d 18.57cd 19.97de 19.27ef 

T7 12.23a 11.41a 11.82a 14.87f 15.17d 15.02ef 16.57de 17.41cd 16.99de 18.73de 19.36d 19.05d 

T8 11.90a 12.55a 12.23a 16.10j 16.62fg 16.36ij 18.13h 19.52e 18.83g 20.37i 20.63ef 20.50hi 

T9 12.07a 11.74a 11.90a 17.23l 18.17h 17.70k 19.40j 20.28e 19.84h 22.00k 22.53h 22.26k 

T10 12.33a 11.58a 11.96a 15.50h 17.00g 16.25ij 17.47f 19.96e 18.71g 19.50fg 19.90de 19.70fgh 

T11 12.00a 11.82a 11.91a 15.83i 16.57fg 16.20ij 17.87gh 20.82e 19.35gh 20.07h 21.36fg 20.71i 

T12 11.93a 11.93a 11.93a 14.80f 15.72def 15.26efg 16.83e 17.69d 17.26def 18.87e 19.84de 19.35efg 

T13 12.07a 12.38a 12.22a 15.43h 16.41fg 15.92hi 17.47f 18.08d 17.78f 19.50a 20.23de 19.87fg 

T14 12.07a 11.88a 11.97a 12.13a 11.47a 11.80a 14.17a 14.38a 14.28a 16.07a 16.73ab 16.40a 

T15 11.90a 12.34a 12.12a 12.60b 12.21ab 12.41b 14.53b 14.46a 14.50ab 16.15a 16.38a 16.38a 

T16 12.23a 12.06 12.15a 13.50c 12.69b 13.10c 14.97c 14.92ab 14.95b 17.20b 17.34b 17.27b 

 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% RDF + N1+ 
Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ Azotobacter, T13: 75% RDF + N2+ 
Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter. 
Note: N1: 300 ppm Nano Urea, N2: 400 ppm Nano Urea 
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Figure 4.3: Effect of nano urea in combination with Azotobacter on plant spread (EW) in strawberry cv. Winter Dawn. 
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combined approach leverages enhanced nitrogen efficiency and supports growth mechanisms 

vital for robust strawberry cultivation, potentially raising both the yield and quality of the 

fruit (Sharma et. al. 2023). This method holds great potential for advancing sustainable 

practices in strawberry farming. 

 
 
4.1.4 Chlorophyll Index (spad value) 

 
Data related to the chlorophyll index (spad value) and its variation over the two 

experimental years (2022-23 and 2023-24) is provided inside the Table 4.4 and elucidated 

inside the Figure 4.4. A thorough examination of the data indicates a noteworthy impact of 

nano urea on the chlorophyll index of Strawberry cultivar Winter Dawn throughout the two 

years of the research experiment. It is noteworthy that the data reveals a statistically 

significant influence of nano urea on the chlorophyll index Strawberry cv. Winter Dawn 

during both years of the research experiment. This suggests that the application of nano urea 

has a notable effect on the chlorophyll index of the strawberry plants, showcasing its 

potential impact on the overall development of the crop. 

During the first experimental year (2022-23), the chlorophyll index recorded at 30th 

day showed the maximum observations under the treatment T4 (50% RDF + N1) having an 

index value of 47.85 followed by T8 (25% RDF + N1 + Azotobacter) and T2 (25% RDF + N1) 

with the index value of 47.78 and 47.77, respectively. The control treatment (T1) recorded a 

chlorophyll index of 47.56 while the minimum chlorophyll index was recorded under 

treatment T5 (50% RDF + N2) and T15 (50% RDF + Azotobacter) with the value of 47.54 

each. In the second year (2023-24) experimental trial, the maximum chlorophyll index was 

observed under treatment control (T1) having a value of 48.59 followed by T13 (75% RDF + 

N2 + Azotobacter) and T3 (25% RDF + N1) with the value of 48.56 and 48.30, respectively. 

The pooled data for the both years (2022-23 and 2023-24) revealed that the maximum 

chlorophyll index (48.09) was recorded under T13 (75% RDF + N2 + Azotobacter) followed 

by T1 (control) and T2 (25% RDF + N1) with a value of 48.08 and 48.00, respectively. The 

least value (47.21) for chlorophyll index was recorded under treatment T12 (75% RDF + N1 + 

Azotobacter). 

In the initial experimental year (2022-23), the maximum chlorophyll index (51.46) at 

60th day was recorded under the treatment T9 (25% RDF + N2 + Azotobacter)
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followed by T11 (50% RDF + N2 + Azotobacter) and T10 (50% RDF + N1 + Azotobacter) 

having the value of 51.15 and 50.87, respectively. The control treatment (T1) recorded a 

chlorophyll index of 48.96 while the least value for chlorophyll index (48.28) was recorded 

under the treatment T14 (25% RDF + Azotobacter). During the second trial (2023-24), the 

maximum chlorophyll index (52.86) was recorded under treatment T9 (25% RDF + N2 + 

Azotobacter) followed by T8 (25% RDF + N1 + Azotobacter) and T11 (50% RDF + N2 + 

Azotobacter) with the value of 51.64 and 51.48, respectively as against the control treatment 

(T1) which was recorded 49.81 while the minimum value for chlorophyll index (48.24) was 

recorded under treatment T14 (25% RDF + Azotobacter). Pooling the data for both the years 

(2022-23 and 2023-24) showed the maximum observance of chlorophyll index (52.49) under 

T9 (25% RDF + N2 + Azotobacter) followed by T11 (50% RDF + N2 + Azotobacter) and T8 

(25% RDF + N1 + Azotobacter) having the values of 51.31 and 51.14, respectively. The 

control treatment (T1) recorded a chlorophyll index of 49.39 while the least value (48.26) was 

recorded under T14 (25% RDF + Azotobacter). 

During the first-year experimental research trial (2022-23), maximum chlorophyll 

index (53.37) at 90th day was observed under the treatment T9 (25% RDF + N2 + 

Azotobacter) followed by T3 (25% RDF + N2) and T8 (25% RDF + N1 + Azotobacter) with 

the values of 52.93 and 51.20 µmol m-2, respectively. The control treatment (T1) recorded a 

chlorophyll index of 50.86 µmol m-2 while the minimum chlorophyll index of 49.02 was 

recorded under the treatment T14 (25% RDF + Azotobacter). The second-year trial (2023-24) 

recorded the maximum chlorophyll index value (55.08) under the treatment T9 (25% RDF + 

N2 + Azotobacter) followed by T3 (25% RDF + Azotobacter) and T10 (50% RDF + N1 + 

Azotobacter) with the values of 54.78 and 54.38, respectively. The control treatment (T1) 

recorded a chlorophyll index of 51.91 while the least value (49.36) for chlorophyll index was 

recorded under T14 (25% RDF + Azotobacter). Pooling the data for both the years (2022-23 

and 2023-24) showed the maximum chlorophyll index (54.23) under T9 (25% RDF + N2 + 

Azotobacter) followed by T3 (25% RDF + N2) and T8 (25% RDF + N1 + Azotobacter) 

with the value of 53.86 and 54.23, respectively. The control observed a chlorophyll index of 

51.39 while the minimum value (49.19) was recorded under T14 (25% RDF + Azotobacter). 

Observations at 120 DAP during the first year of research study (2022-23) revealed 

maximum chlorophyll index value (55.97) under the treatment T9 (25% RDF + N2 + 

Azotobacter) followed by T3 (25% RDF + N2) and T2 (25% RDF + N1) with the values of 

55.01 and 54.70, respectively. The control treatment (T1) recorded chlorophyll index of 52.60 



75  

while the least value (50.09) was recorded under T14 (25% RDF + Azotobacter). The second-

year trial (2023-24) recorded the maximum growth in chlorophyll index (55.80) under T3 

(25% RDF + N2) followed by T8 (25% RDF + N1 + Azotobacter) and T2 (25% RDF + N1) 

having the value 54.78 and 54.50, respectively. The control was recorded with 53.45 

chlorophyll index while the minimum value (50.66) was recorded under T14 (25% RDF + 

Azotobacter). Pooling the data for both the years (2022-23 and 2023-24) showed the 

maximum chlorophyll index (55.41) under T3 (25% RDF + N2) followed by T9 (25% RDF + 

N2 + Azotobacter) and T8 (25% RDF + N1 + Azotobacter) having the value of 55.10 and 

54.73, respectively. The control (T1) recorded 53.03 chlorophyll indexe while the least value 

(50.38) was recorded under T14 (25% RDF + Azotobacter). 

The integration of nano urea with Azotobacter in strawberry cultivation has been 

shown to expedite the enhancement of the chlorophyll index more effectively than 

conventional urea (Maity et. al. 2024). This outcome is primarily due to the more efficient 

delivery mechanism of nano urea, which, due to its nanoparticle formulation, provides a 

higher surface area for interaction with plant roots, ensuring a more controlled and sustained 

release of nitrogen (Iqbal, 2024). This increased efficiency in nitrogen delivery is crucial for 

chlorophyll synthesis, as nitrogen is a key component of chlorophyll molecules (Javed et. al. 

2022). Furthermore, Azotobacter enhances this process by not only fixing atmospheric 

nitrogen, which adds to the nitrogen available to the plant, but also by producing natural 

growth stimulants that include phytohormones. These hormones promote further green leaf 

development, thereby increasing the chlorophyll content and improving the photosynthetic 

capacity of the plant. Thus, the synergistic use of nano urea and Azotobacter not only 

optimizes nitrogen utilization but also significantly boosts the chlorophyll index in 

strawberries, leading to better growth and potentially higher yields than those achieved with 

conventional urea. This dual approach reflects a shift towards more sustainable and efficient 

agricultural practices, particularly in enhancing key physiological parameters like chlorophyll 

levels in crop plants. 

The mechanism involves the nanoparticles' unique ability to penetrate plant tissues 

more efficiently than conventional nitrogen forms (Hong et. al. 2021). Once absorbed by the 

leaves, nano nitrogen facilitates a more immediate and localized response in nitrogen 

metabolism (Ji, et. al. 2023). This direct supply boosts the synthesis of chlorophyll 

molecules, which are critical for photosynthesis and overall plant health (Paradiso et. al. 

2023).
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Table 4.4: Effect of nano urea in combination with Azotobacter on chlorophyll index (Spad value) in strawberry cv. Winter Dawn. 

Treatments 

Chlorophyll Index (spad value) 

30DAP 60DAP 90DAP 120 DAP 

2022 2023 Pooled 2022 2023 Pooled 2022 2023 Pooled 2022 2023 Pooled 

T1 47.56a 48.59a 48.08a 48.96abc 49.81abcd 49.39ab 50.86bcd 51.91b 51.39b 52.60b 53.45b 53.03a 

T2 47.77a 48.22a 48.00a 49.92abcde 50.47cde 50.20bc 52.72def 53.64cdefg 53.18efg 54.70def 54.50bc 54.60defg 

T3 47.61a 48.30a 47.95a 50.24cde 50.48cde 50.36bc 52.93ef 54.78fg 53.86g 55.01ef 55.80c 55.41h 

T4 47.85a 46.88a 47.37a 49.63abcd 49.36abc 49.49ab 51.92def 53.98defg 52.95defg 53.45abc 54.43bc 53.94bcdef 

T5 47.54a 47.37a 47.46a 49.81abcde 50.59cde 50.20bc 51.91def 52.68bcd 52.29bcdef 53.57bcde 53.68b 53.63bcde 

T6 47.69a 48.03a 47.86a 49.68abcd 48.68ab 49.18ab 50.87bcd 52.16bc 51.51bc 52.38b 54.18b 53.28bc 

T7 47.78a 47.88a 47.83a 49.77abcd 50.31bcde 50.04bc 51.20cde 51.97b 51.59bcd 52.48b 53.25b 52.87b 

T8 47.83a 46.93a 47.38a 50.63de 51.64ef 51.14cd 52.82ef 54.37efg 53.60fg 54.67def 54.78bc 54.73fgh 

T9 47.64a 47.43a 47.54a 51.46e 52.86f 52.16d 53.37f 55.08g 54.23g 55.97f 54.23bc 55.10gh 

T10 47.59a 47.78a 47.69a 50.87de 50.95cde 50.91c 52.07def 54.38efg 53.23efg 53.77bcde 54.19b 53.98bcdef 

T11 47.56a 47.29a 47.42a 51.15de 51.48def 51.31cd 51.92def 53.85defg 52.89cdefg 54.13cde 54.46bc 54.29cdefg 

T12 47.67a 46.76a 47.21a 49.95bcde 50.60cde 50.28bc 51.30cde 52.92bcde 52.11bcde 52.95ab 53.83b 53.39bcd 

T13 47.62a 48.56a 48.09a 50.08bcde 50.82cde 50.45bc 51.53def 53.33bcdef 52.43bcdef 53.04ab 54.13b 53.59bcde 

T14 47.57a 47.21a 47.39a 48.28a 48.24a 48.26a 49.02a 49.36a 49.19a 50.09a 50.66a 50.38a 

T15 47.54a 47.40a 47.47a 48.48ab 48.57a 48.52a 49.24ab 49.71a 49.48a 50.37a 50.79a 50.58a 

T16 47.60a 47.11a 47.36a 48.63abc 48.33a 48.48a 49.57abc 49.89a 49.73 50.63a 51.46a 51.04a 

 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% RDF + N1+ 
Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ Azotobacter, T13: 75% RDF + N2+ 
Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter. 
Note: N1: 300 ppm Nano Urea, N2: 400 ppm Nano Urea 



77 
 

 

 

Figure 4.4: Effect of nano urea in combination with Azotobacter on chlorophyll index in strawberry cv. Winter Dawn. 
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The increased chlorophyll content not only improves photosynthetic efficiency but 

also contributes to greater biomass production and potentially higher yields (Burgess et. al. 

2023). This targeted delivery system of nano nitrogen ensures that nutrients are more readily 

available to the plant, thereby optimizing nutrient use efficiency and promoting the 

chlorophyll index in the crop. 

 
 
4.1.5 Number of flowers (per plant) 

 
Data related to the flowers in number and its variation over the two experimental 

years (2022-23) is provided in Table 4.5 and visually depicted in Figure 4.5. A thorough 

examination of the data indicates a noteworthy impact of nano urea on the number of flowers 

of strawberry cultivar Winter Dawn throughout the two years of the research experiment.   It 

is noteworthy that the data reveals a statistically significant influence of nano urea on the 

number of flowers strawberry cv. Winter Dawn during both years of the research experiment. 

This suggests that the application of nano urea has a notable effect on the number of flowers 

of the strawberry plants, showcasing its potential impact on the overall development of the 

crop. 

During the first trial (2022-23) and second trial (2023-24), data recording for 30th day 

exhibited nil flower emergences on strawberry plants. Combining the data for both the years 

(2022-23 and 2023-24) showed no existence of flowering during first data recording. 

In the initial experimental trial (2022-23) the maximum data on 60th day for number 

of flowers was recoded under T9 (25% RDF + N2 + Azotobacter) and T3 (25% RDF + N2) 

having a similar value of 2.67 flowers per plant followed by T10 (50% RDF + N1 + 

Azotobacter), T11 (50% RDF + N2 + Azotobacter), T12 (75% RDF + N1 + Azotobacter) and 

T13 (50% RDF + N2 + Azotobacter) with the similar value of 2.33 flowers per plant. The 

control was recorded with the value of 2.00 flowers per plant while the least number of 

flowers per plant (1.67) were recorded under T14 (25% RDF + Azotobacter). The second-year 

trial (2023-24) recorded the maximum growth for number of flowers per plant under the 

treatment T11 (50% RDF + N2 + Azotobacter) with the value of 2.67 followed by T3 (25% 

RDF + N2), T9 (50% RDF + N2 + Azotobacter) and T10 (25% RDF + N1 + Azotobacter) 

having a similar value of 2.33 flowers per plant. Pooling the data signified the maximum 

presence of number of flowers per plant under the treatment T3 (25% RDF + N2), T9 (25% 

RDF + N2 + Azotobacter) and T11 (50% RDF + N2 + Azotobacter) with a similar value of 
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2.33 followed by T3 (25% RDF + N2) and T11 (50% RDF + N2 + Azotobacter) having the 

value of 1.13 and 1.12. The control (T1) recorded 0.71 flowers while the least number of 

flowers (0.52) were recorded under T14 (25% RDF + Azotobacter). 

During the initial trial (2022-24) the maximum presence on 90th day of number of 

flowers was recorded under T9 (25% RDF + N2 + Azotobacter) and T11 (50% RDF + N2 + 

Azotobacter) having a similar value of 9.33 flowers per plant followed by T2 (25% RDF + 

N1), T3 (25% RDF + N2), T10 (50% RDF + N1 + Azotobacter) and T13 (75% RDF + N2 + 

Azotobacter) with the similar value of 8.67 flowers per plant. The control (T1) treatment 

recorded 7.33 flowers per plant while the minimum number of flowers per plant (6.33) was 

recorded under T14 (25% RDF + Azotobacter). In the second year (2023-24) the maximum 

emergence of flowers per plant was recorded under T9 (25% RDF + N2 + Azotobacter) and 

T11 (50% RDF + N2 + Azotobacter) having a similar value of 8.67 flowers per plant followed 

by T8 (25% RDF + N1 + Azotobacter) and T10 (50% RDF + N1 + Azotobacter) with the 

similar value of 8.33 flowers per plant. The control was recorded with 6.67 flowers per plant 

while the least or minimum value was recorded under T14 (25% RDF + Azotobacter) having 

the value of 6.00 flowers per plant. Pooling the data for both the years revealed that the 

maximum emergence of number of flowers per plant (9.00) were recorded under treatment T9 

(25% RDF + N2 + Azotobacter) and T11 (50% RDF + N2 + Azotobacter) with a similar value 

followed by T8 (50% RDF + N1 + Azotobacter) and T10 (50% RDF + N1 + Azotobacter) with 

the value of 8.67 and 8.50 flowers per plant, respectively. 

The on-going first year trial (2022-23) recorded maximum number of flowers per 

plant at 120th day under the treatment T9 (25% RDF + N2 + Azotobacter) having a value of 

22.33 flowers per plant followed by T3 (25% RDF + N2), T8 (25% RDF + N1 + Azotobacter) 

and T11 (50% RDF + N2 + Azotobacter) with the similar value of 21.67 flowers per plant. The 

control (T1) was recorded with 20.33 flowers per plant while the least number of flowers 

were recorded under T14 (25% RDF + Azotobacter) having a value of 14.34 flowers per plant. 

During the second year (2023-24) of research study, the utmost emergence in number of 

flowers per plant (21.67) was occurred under treatment T2 (25% RDF + N1) followed by T11 

(50% RDF + N2 + Azotobacter) and T3 (25% RDF + N2) having similar values of 21.33 

flowers per plant. The control was recorded with 20.33 flowers per plant while the least count 

of flowers per plant was recorded under T14 (25% RDF + Azotobacter) with a value of 15.33 

flowers per plant. Combining the data for both the years (2022-23 and 2023-24), revealed 

utmost number of flowers per plant (21.50) under the treatment T3 (50% RDF + N2), T9 (25% 
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RDF + N2 + Azotobacter) and T11 (50% RDF + N2 + Azotobacter) with the similar value 

which was followed by T2 (25% RDF + N1) and T8 (25% RDF + N1 + Azotobacter) with the 

similar value recorded 21.33 flowers per plant. The control was recorded with 20.33 flowers 

per plant while on the other side, the least number of flowers per plant recorded under T14 

(25% RDF + Azotobacter) with a value of 14.84 flowers per plant. 

In strawberry cultivation, the combination of nano urea as a foliar application and 

Azotobacter as a basal dose has been observed to significantly enhance the number of flowers 

more rapidly than when using conventional urea. This improved flowering is attributable to 

the more efficient uptake and utilization of nitrogen provided by nano urea (AS et. al. 2023). 

Its nano-sized particles allow for better adherence to leaf surfaces and more effective 

absorption through stomata (Yu et. al. 2024), thus providing a direct, targeted nutrient boost 

that supports the development of reproductive structures like flowers (Hu and Xianyu, 2021) 

In addition, Azotobacter, applied as a basal dose, enriches the soil not just by fixing 

atmospheric nitrogen but also through the production of phytohormones that promote flower 

induction and development (Niranjan et. al. 2024). These bacteria also improve soil structure 

and fertility, facilitating better root growth and nutrient absorption (Zhou et. al. 2023). The 

synergistic effects of using nano urea for immediate nutrient needs via foliar feed and 

Azotobacter for long-term soil health and nutrient provisioning result in a more robust 

flowering response compared to traditional urea applications (Kralova and Jampílek, 2022). 

This strategy not only ensures that plants have access to essential nutrients during critical 

growth phases but also aligns with sustainable agriculture practices by reducing nitrogen loss 

and enhancing overall plant health. Rohi et. al. (2019) found the similar effect of nano urea 

on the flowers of olive (Olea europaea L.) where the foliar application of nano urea 

demonstrated the higher number of flowers than the conventional urea application. In 

addition to this, Bhatti et. al. (2023) examined the similar significant effect on Psidium 

guajava L. (guava) cv. Lucknow-49 whereas the enhancement was found inside of the 

number of flowers when application of nano urea was given before flowering. Further, it was 

explained that the foliar application of nano fertilizer can aid the metabolic roles of nitrogen 

in flowering and fruiting faster by incorporating the supply of carbohydrates (necessary for 

the growth of flower bud, initiation and development). 
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Table 4.5: Effect of nano urea in combination with Azotobacter on number of flowers in strawberry cv. Winter Dawn. 

 
Treatments 

Number of flowers (per plant) 

30DAP 60DAP 90DAP 120 DAP 

2022 2023 Pooled 2022 2023 Pooled 2022 2023 Pooled 2022 2023 Pooled 

T1 0a 0a 0a 2.0a 1.67a 1.83a 7.33abc 6.67ab 7.00ab 20.33cd 20.33b 20.33cd 

T2 0a 0a 0a 2.33a 2.00a 2.17a 8.67def 7.00ab 7.83ef 21.00cde 21.67b 21.33cd 

T3 0a 0a 0a 2.67a 2.33a 2.50a 8.67def 7.67bcd 8.17fhg 21.67de 21.33b 21.50d 

T4 0a 0a 0a 2.33a 2.00a 2.17a 8.00cde 7.00ab 7.50cde 20.67cd 20.00b 20.33cd 

T5 0a 0a 0a 2.33a 2.00a 2.17a 8.33cdef 7.33bc 7.83ef 21.33cde 20.67b 21.00cd 

T6 0a 0a 0a 2.00a 2.00a 2.00a 7.67bcd 6.67ab 7.17abc 20.00c 21.00b 20.50cd 

T7 0a 0a 0a 2.00a 1.67a 1.83a 8.00cde 7.00ab 7.50cde 20.33cd 20.00b 20.17c 

T8 0a 0a 0a 2.33a 2.00a 2.17a 9.00ef 8.33cd 8.67hi 21.67de 20.33b 21.00cd 

T9 0a 0a 0a 2.67a 2.33a 2.50a 9.33f 8.67d 9.00i 22.33e 20.67b 21.50d 

T10 0a 0a 0a 2.33a 2.33a 2.33a 8.67def 8.33cd 8.50ghi 21.33cde 20.67b 21.00cd 

T11 0a 0a 0a 2.33a 2.67a 2.50a 9.33f 8.67d 9.00i 21.67de 21.33b 21.50d 

T12 0a 0a 0a 2.33a 2.00a 2.17a 8.33cdef 7.00ab 7.67def 20.67cd 21.00b 20.83cd 

T13 0a 0a 0a 2.33a 2.00a 2.17a 8.67def 7.33bc 8.00efg 20.67cd 20.33b 20.50cd 

T14 0a 0a 0a 1.67a 1.67a 1.67a 6.33a 6.00a 6.17a 14.34a 15.33a 14.84a 

T15 0a 0a 0a 2.00a 2.00a 2.00a 6.67ab 7.00ab 6.83b 15.00ab 15.67a 15.33ab 

T16 0a 0a 0a 2.00a 2.00a 2.00a 7.33abc 7.00ab 7.17abc 16.00b 16.00a 16.00b 

 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% RDF + 
N1+ Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ Azotobacter, T13: 75% RDF 
+ N2+ Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter. 
Note: N1: 300 ppm Nano Urea, N2: 400 ppm Nano Urea 
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Figure 4.5: Effect of nano urea in combination with Azotobacter on number of flowers in strawberry cv. Winter Dawn. 
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4.1.6 Number of leaves (per plant) 
 

Data related to the leaves in number per plant and its variation over the two 

experimental years (2022-23) is provided inside of the Table 4.6 and visually elucidated 

inside of the Figure 4.6. A thorough examination of the data indicates a noteworthy impact of 

nano urea on the number of leaves of strawberry cultivar Winter Dawn throughout the two 

years of the research experiment. It is noteworthy that the data reveals a statistically 

significant influence of nano urea on the number of leaves strawberry cv. Winter Dawn 

during both years of the research experiment. 

In the initial year (2022-23) experiment the utmost number of leaves per plant (3.7) 

on 30th day were listed under treatment T1 (Control) followed by T2 (25% RDF + N1) and T9 

(25% RDF + N2 + Azotobacter) having values of 3.6 and 3.6 leaves per plant, respectively. 

The least number of leaves per plant (2.7) were recorded under T13 (75% RDF + N2 + 

Azotobacter). During the second year trial (2023-24), the maximum number of flowers per 

plant (4.3) was recorded under treatment T5 (50% RDF + N2) followed by T1 (Control) and 

T6 (75% RDF + N1) having the value of 3.9 and 3.8 leaves per plant, respectively. The least 

number of leaves per plant (3.2) were recorded under T12 (75% RDF + N1 + Azotobacter). 

Pooling the data for both years (2022-23 and 2023-24) revealed the utmost number of leaves 

per plant (3.82) under T1 (control) followed by T5 (50% RDF + N2) and T10 (50% RDF + N1 

+ Azotobacter) having the values 3.72 and 3.70 leaves per plant, respectively. 
 

During the first research trial (2022-23 and 2023-24), the maximum number of leaves 

on 60th day were recorded under the treatment T9 (25% RDF + N2 + Azotobacter) having the 

value of 6.6 leaves per plant which was followed by T3 (50% RDF + N1 + Azotobacter) and 

T3 (25% RDF + N2) with the value of 6.4 and 6.3 leaves per plant, respectively. The control 

treatment (T1) recorded 5.6 leaves per plant while the least number of leaves were recorded 

under the treatment T14 (25% RDF + Azotobacter) with a value of 5.8 leaves per plant. The 

second-year trial recorded maximum leaves per plant (6.9) under T10 (50% RDF + N1 + 

Azotobacter) followed by T9 (25% RDF + N2 + Azotobacter) and T8 (25% RDF + N1 + 

Azotobacter) with the values of 6.8 and 6.5 leaves per plant, the control (T1) was recorded 

with 5.5 leaves per plant while the least value for the same was recorded under treatment T1 
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(25% RDF + Azotobacter) having the value 5.1 leaves per plant. Pooling the data for both 

years (2022-23 and 2023-24) revealed maximum observance related to leaves per plant under 

(6.70) was recorded under T9 (25% RDF + N2 + Azotobacter) followed by T10 (50% RDF + 

N1 + Azotobacter) and T8 (25% RDF + N1 + Azotobacter) having values6.63 and 6.30 leaves 

per plant, respectively. 

The first-year experimental trial (2022-23) significantly recorded maximum number 

of leaves on 90th day under the treatment T9 (25% RDF + N2 + Azotobacter) having a value 

of 12.2 leaves per plant followed by T3 (25% RDF + N2) and T8 (25% RDF + N1 + 

Azotobacter) with the value of 11.6 and 11.1 leaves per plant, respectively. The control was 

recorded with 9.1 leaves per plant while the least value (8.3) was found under the treatment 

T14 (25% RDF + Azotobacter). The second-year trial (2023-24) recorded the maximum leaves 

per plant (14.0) under T9 (25% RDF + N2 + Azotobacter) followed by T10 (50% RDF + N1 + 

Azotobacter) and T3 (25% RDF + N2) having values 12.5 and 12.3 leaves per plant, 

respectively. The control treatment (T1) recorded the leaves per plant with the value of 8.8 

while the least value was recorded under the treatment T14 (25% RDF + Azotobacter). The 

combined data for both the years (2022-23 and 2023-24) revealed the maximum number of 

leaves per plant (13.10) under T9 (25% RDF + N2 + Azotobacter) followed by T3 (25% RDF 

+ N2) and T8 (25% RDF + N1 + Azotobacter) with the values 11.93 and 11.58 leaves per 

plant, respectively. The control (T1) was recorded with 8.97 leaves per plant while the least 

value (7.95) was recorded under the treatment T14 (25% RDF + Azotobacter). 

In the initial year (2022-23), the data recording on 120th day reflected the significant 

growth in number of leaves per plant. The maximum numbers of leaves per plant (17.3) were 

recorded under T9 (25% RDF + N2 + Azotobacter) followed by T3 (25% RDF + N2) and T11 

(50% RDF + N2 + Azotobacter) having values 16.5 and 15.8 leaves per plant, respectively. 

The control treatment (T1) recorded 13.5 leaves per plant while the least value (11.9) was 

recorded under T14 (25% RDF + Azotobacter). The second-year trial (2023-24) recorded 

maximum growth in number of flowers under T9 (25% RDF + N2 + Azotobacter) 

significantly with a value 18.3 leaves per plant followed by T11 (50% RDF + N2 + 

Azotobacter) and T3 (25% RDF + N2) having values 17.9 and 17.5 leaves per plant, 

respectively. Combining the data for both the years (2022-23 and 2023-24) revealed the 

maximum growth in number of leaves under T9 (25% RDF + N2 + Azotobacter) with a value 

of 17.78 leaves per plant followed by T3 (25% RDF + N2) and T11 (50% RDF + N2 + 

Azotobacter) having values 17.02 and 16.87 leaves per plant, respectively. The control 
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Table 4.6: Effect of nano urea in combination with Azotobacter on number of leaves in strawberry cv. Winter Dawn. 

Treatments 

Number of leaves (per plant) 

30DAP 60DAP 90DAP 120 DAP 

2022 2023 Pooled 2022 2023 Pooled 2022 2023 Pooled 2022 2023 Pooled 

T1 3.7a 3.9ab 3.82a 5.6a 5.5a 5.57ab 9.1c 8.8ab 8.97b 13.5c 14.0b 13.75b 

T2 3.6a 3.5ab 3.58a 6.0bcd 6.2b 6.10cd 10.6hi 10.1c 10.35de 15.0f 16.3cdef 15.67def 

T3 3.5a 3.5ab 3.50a 6.3def 6.2b 6.27d 11.6k 12.3e 11.93h 16.5h 17.5fgh 17.02g 

T4 3.2a 3.4ab 3.30a 6.1bcd 6.2b 6.12cd 9.7e 10.6cd 10.13cde 14.3d 16.8defg 15.55def 

T5 3.1a 4.3b 3.72a 6.2cde 6.3bc 6.22d 10.0f 10.8cd 10.37de 14.6e 17.1efgh 15.85ef 

T6 3.4a 3.8ab 3.58a 6.2cde 6.1b 6.12cd 9.4d 10.6cd 9.97cd 13.8c 15.4c 14.62c 

T7 3.0a 3.4ab 3.20a 6.1cde 6.2b 6.17cd 9.5d 9.8bc 9.65c 14.3de 15.7cd 15.03cd 

T8 3.3a 3.3a 3.27a 6.1cde 6.5bcd 6.30d 11.1j 12.1e 11.58gh 15.7g 16.5cdef 16.10f 

T9 3.6a 3.4ab 3.50a 6.6f 6.8cd 6.70e 12.2l 14.0f 13.10i 17.3i 18.3h 17.78h 

T10 3.3a 4.1ab 3.70a 6.4ef 6.9d 6.63e 10.6h 12.5e 11.57gh 15.0f 16.8defg 15.93ef 

T11 3.4a 3.6ab 3.47a 6.1cde 6.3bcd 6.23d 10.8i 12.0e 11.42gh
 15.8g 17.9gh 16.87g 

T12 3.5a 3.2a 3.35a 6.0bcd 6.3bc 6.15cd 10.0f 11.4de 10.73ef 14.3d 15.7cd 15.00cd 

T13 2.7a 3.7ab 3.17a 6.1cde 6.2b 6.15cd 10.3g 12.1e 11.20fg 14.6de 16.2cde 15.38de 

T14 3.3a 3.2a 3.27a 5.8ab 5.1a 5.43a 8.3a 7.6a 7.95a 11.9a 11.4a 11.67a 

T15 3.2a 3.7ab 3.45a 5.9bc 5.2a 5.57ab 8.5b 8.0a 8.27a 12.1a 11.2a 11.63a 

T16 3.3a 3.3a 3.32a 6.1cde 5.6a 5.85bc 8.6b 8.1a 8.35a 12.5b 11.7a 12.08a 
 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% RDF + N1+ 
Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ Azotobacter, T13: 75% RDF + N2+ 
Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter. 
Note: N1: 300 ppm Nano Urea, N2: 400 ppm Nano Urea 
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Figure 4.6: Effect of nano urea in combination with Azotobacter on number of leaves in strawberry cv. Winter Dawn. 
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treatment (T1) recorded 13.75 leaves per plant while the least value (11.67 leaves per plant) 

was recorded under treatment T14 (25% RDF + Azotobacter). 

The application of nano urea combined with Azotobacter has shown potential in 

significantly enhancing the number and spread of leaves in strawberry plants, which is critical 

for photosynthesis and, ultimately, fruit production (Maity et. al. 2024). Nano urea delivers 

nitrogen more efficiently due to its smaller particle size (Kumar et. al. 2023), which increases 

the surface area for absorption, ensuring that the plants receive a steady and more readily 

available supply of this crucial nutrient (Yadav et. al. 2023). This enhanced nitrogen 

availability directly supports the formation of new leaves and the expansion of existing ones. 

Concurrently, Azotobacter, as a nitrogen-fixing bacterium (Ouyang et. al. 2024), not only 

aids in supplementing additional nitrogen but also secretes phytohormones such as auxins and 

gibberellins. These hormones are known to promote leaf cell division and enlargement, thus 

further accelerating leaf development and expansion (Wu et. al. 2021). Additionally, the 

presence of Azotobacter in the rhizosphere can enhance soil health, improving the nutrient 

uptake (Sumbul et. al, 2020) capabilities of the strawberry plants. Through these mechanisms, 

the combined use of nano urea and Azotobacter effectively promotes a denser and faster leaf 

development, which is essential for creating a larger photosynthetic area, thus supporting 

better overall plant growth and productivity in strawberries. This approach offers a 

sustainable and efficient way to boost leaf biomass, which is pivotal for any strategy aimed at 

enhancing the yield and quality of strawberry crops. A research study by Zahedi et. al. (2019) 

demonstrated the effectiveness of nano fertilizers on the pomegranate (Punica granatum L.) 

which resulted in improved leaves in number of the tree. 

 

4.2 Fruit physical parameters 

4.2.1 Number of fruits (per plant) 

Data related to the fruits in number per plant and its variation over the two 

experimental years (2022-23) is provided in Table 4.7 and visually depicted in Figure 4.7. A 

thorough examination of the data indicates a noteworthy impact of nano urea on the number 

of fruits of strawberry cultivar Winter Dawn throughout the two years of the research 

experiment. It is noteworthy that the data reveals a statistically significant influence of nano 

urea on the number of fruits strawberry cv. Winter Dawn during both years of the research 

experiment. 
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On-going first year trial (2022-23) and second year trial (2023-24) as well recorded 

no fruit appearance per plant on 30th day under any of the treatments. Pooling the data for 

both the years remained with null observation in number of fruits. 

The first-year experimental trial (2022-23) recorded the maximum fruit growth at 60th 

day under treatment T9 (25% RDF + N2 + Azotobacter) with 2.67 fruits per plant followed by 

T11 (50% RDF + N2 + Azotobacter), T3 (25% RDF + N2) and T10 (50% RDF + N1 + 

Azotobacter) with values 2.33, 2.00 and 2.00 numbers of fruits per plant, respectively. The 

control treatment (T1) recorded 1.00 fruits per plant while the least value (0.34 fruits per 

plant) was observed under treatment T14 (25% RDF + Azotobacter). The second-year 

experimental research trial (2023-24) recorded maximum fruits under T11 (50% RDF + N2 + 

Azotobacter) with a value of 2.33 fruits per plant followed by T9 (25% RDF + N2 + 

Azotobacter) and T8 (25% RDF + N1 + Azotobacter) with 2.00 and 1.67 fruits per plant, 

respectively. The control treatment (T1) recorded 0.67 fruits per plant while the least value 

(0.00) was recorded under T14 (25% RDF + Azotobacter). Combining the data for both the 

years (2022-23 and 2023-24) found maximum number of fruits per plant under treatment T9 

(25% RDF + N2 + Azotobacter) and T11 (50% RDF + N2 + Azotobacter) with value of 2.33 

fruits per plant in each, followed by T3 (25% RDF + N2) T8 (25% RDF + N1 + Azotobacter) 

and T10 (50% RDF + N1 + Azotobacter) having values 1.67 fruits per plant, each. The control 

treatment (T1) was recorded with 0.83 fruits per plant while the least value (0.17 fruits per 

plant) was recorded under the treatment T14 (25% RDF + Azotobacter). 

In the first-year trial (2022-23) at 90th day, the treatment T9 (25% RDF + N2 + 

Azotobacter) recorded the maximum number of fruits per plant (8.33) followed by T3 (25% 

RDF + N2) and T11 (50% RDF + N2 + Azotobacter) with values of 7.87 and 7.67 fruits per 

plant, respectively. The control treatment (T1) recorded 6.33 fruits per plant while the least 

(3.44 fruits per plant) were recorded under the treatment T14 (25% RDF + Azotobacter). The 

second-year experiment (2023-24) recorded the maximum number of fruits per plant (7.97) 

under the treatment T11 (50% RDF + N2 + Azotobacter) followed by T8 (25% RDF + N1 + 

Azotobacter) and T12 (75% RDF + N1 + Azotobacter) having values of 7.20 and 7.00 fruits 

per plant, respectively. The treatment control (T1) recorded 5.33 fruits per plant while the 

least (3.33 fruits per plant) were recorded under T14 (25% RDF + Azotobacter). Combining 

the data for both the years (2022-23 and 2023-24) revealed the maximum number of fruits 

per plant (7.82) under the treatment T11 (50% RDF + N2 + Azotobacter) followed by
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treatment T9 (25% RDF + N2 + Azotobacter) and treatment T8 (25% RDF + N1 + 

Azotobacter) having values of 7.61 and 7.40 fruits per plant, respectively. 
 

During the first-year trial (2022-23) at 120th day, the treatment T3 (25% RDF + N2) 

recorded the maximum number of fruits per plant (20.67) significantly, followed by T8 (25% 

RDF + N1 + Azotobacter) and T9 (25% RDF + N2 + Azotobacter) having values 20.63 and 

20.57 fruits per plant, respectively. The control was recorded with 20.33 fruits per plant while 

the least (14.34 fruits per plant) were recorded under the treatment T14 (25% RDF + 

Azotobacter). The second year (2023-24) trial recorded the maximum number of fruits per 

plant (23.16) under treatment T2 (25% RDF + N1) followed by T11 (50% RDF + N2 + 

Azotobacter) and T6 (75% RDF + N1) having values 21.00 and 20.97 fruits per plant, 

respectively. The control treatment (T1) recorded 20.07 fruits per plant while least (14.70 

fruits per plant) were recorded under the treatment T14 (25% RDF + Azotobacter). Combining 

the both year (2022-23 and 2023-24) data revealed maximum number of fruits per plant 

(21.75) under the treatment T2 (25% RDF + N1) followed by T6 (75% RDF + N1) and T9 

(25% RDF + N2 + Azotobacter) with values 20.68 and 20.62 fruits per plant, respectively. 

The control recorded 20.20 fruits per plant while the least (14.52 fruits per plant) was 

recorded under the treatment T14 (25% RDF + N2 + Azotobacter). 

The integration of nano urea with Azotobacter has emerged as a promising approach 

in enhancing fruit production, particularly in crops like strawberries. This innovative 

technique capitalizes on the synergistic effects of nano-scale urea particles and the beneficial 

bacteria Azotobacter, which collectively stimulate plant growth and development 

(Ravishankar and Ambati, 2019). Nano urea, due to its smaller particle size, facilitates better 

nutrient uptake by plants, ensuring efficient utilization of nitrogen, a crucial element for fruit 

development (Subramani et. al. 2023). Additionally, the presence of Azotobacter further 

enhances nitrogen availability through biological nitrogen fixation, thereby reducing the 

dependency on conventional urea fertilizers and mitigating the risk of environmental 

pollution associated with their overuse (Chaudhary et. al. 2020). This symbiotic relationship 

between nano urea and Azotobacter not only optimizes nutrient utilization but also promotes 

overall plant health, leading to increased flower formation and ultimately, higher fruit yields 

in strawberries. The implications of this research extend beyond mere agricultural 

productivity; it offers a sustainable solution to address the challenges of nutrient management 

and environmental sustainability in modern agriculture. Through comprehensive field trials 

and physiological analyses, this study aims to elucidate the underlying mechanisms 
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Table 4.7: Effect of nano urea in combination with Azotobacter on number of fruits in strawberry cv. Winter Dawn. 

Treatments 

Number of Fruits (per plant) 

30DAP 60DAP 90DAP 120 DAP 

2022 2023 Pooled 2022 2023 Pooled 2022 2023 Pooled 2022 2023 Pooled 

T1 0a 0a 0a 1.00abc 0.67abc 0.83abc 6.33c 5.33bcd 5.83c 20.33b 20.07cde 20.20b 

T2 0a 0a 0a 1.33abcd 0.67abc 1.00abc 7.33def 6.67ef 7.00def 20.33c 23.16f 21.75c 

T3 0a 0a 0a 2.00cde 1.33bcde 1.67cd 7.87cd 4.67bc 6.27cd 20.67b 19.73bcd 20.20b 

T4 0a 0a 0a 1.33abcd 1.00abcd 1.17bc 6.67cd 5.67cde 6.17cd 20.50b 20.00cde 20.25b 

T5 0a 0a 0a 0.67ab 0.67abc 0.67ab 7.67def 6.00de 6.83cdef 20.50b 18.83b 19.66b 

T6 0a 0a 0a 0.67ab 0.67abc 0.67ab 6.88cd 5.67cde 6.27cd 20.39b 20.97e 20.68b 

T7 0a 0a 0a 0.67ab 1.33bcde 1.00abc 7.00cde 6.33def 6.67cde 20.17b 19.92cde 20.04b 

T8 0a 0a 0a 1.67bcde 1.67cde 1.67cd 7.60ef 7.20fg 7.40ef 20.63b 20.33cde 20.48b 

T9 0a 0a 0a 2.67e 2.00de 2.33d 8.33ef 6.88efg 7.61ef 20.57b 20.67de 20.62b 

T10 0a 0a 0a 2.00cde 1.33bcde 1.67cd 7.00cde 6.33def 6.67cde 20.20b 19.44bc 19.82b 

T11 0a 0a 0a 2.33de 2.33e 2.33d 7.67f 7.97g 7.82f 19.67b 21.00e 20.33b 

T12 0a 0a 0a 1.33abcd 1.00abcd 1.17bc 7.03def 7.00efg 7.02def 20.33b 20.81de 20.57b 

T13 0a 0a 0a 1.67bcde 1.00abcd 1.33bc 7.33cde 6.00de 6.67cde 20.13b 19.94cde 20.04b 

T14 0a 0a 0a 0.34a 0.00a 0.17a 3.44a 3.33a 3.39a 14.34a 14.70a 14.52a 

T15 0a 0a 0a 0.67ab 0.33ab 0.50ab 4.33b 4.33ab 4.33b 14.80a 13.59a 14.20a 

T16 0a 0a 0a 1.00abc 0.67abc 0.83abc 4.63b 4.67bc 4.65b 14.87a 14.48a 14.67a 

 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% RDF + N1+ 
Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ Azotobacter, T13: 75% RDF + N2+ 
Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter. 
Note: N1: 300 ppm Nano Urea, N2: 400 ppm Nano Urea 



91  

 

 

Figure 4.7: Effect of nano urea in combination with Azotobacter on number of fruits in strawberry cv. Winter Dawn. 
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driving the observed increase in fruit numbers, contributing valuable insights to the scientific 

community and paving the way for practical applications in agricultural systems worldwide. 

The findings demonstrated similarities with the research conducted by Hashemabadi 

et. al. (2019), where significant observations were made regarding the number of fruits in 

strawberry. These results were attained subsequent to the application of nano nitrogen in 

conjunction with bio fertilizers, which collectively enhanced plant nutrition and facilitated 

accelerated growth, resulting in a greater yield of fruits compared to the control treatment. 

 

4.2.2 Average fruit weight (gm) 

Data pertaining average weight of the fruit (gm) and its variation over the two 

experimental years (2022-23 and 2023-24) is provided inside of the Table 4.8 and visually 

depicted inside the Figure 4.8. A thorough examination of the data reveals a noteworthy 

impact of nano urea on the average fruit weight (gm) of strawberry cultivar Winter Dawn 

throughout the two years of the research experiment. It is noteworthy that the data reveals a 

statistically significant influence of nano urea on the average fruit weight (gm) of strawberry 

cv. Winter Dawn during both years of the research experiment. 

The initial year experiment (2022-23) recorded the maximum average fruit weight 

(21.87 gm) under the treatment T3 (25% RDF + N2) followed by T11 (50% RDF + N2 + 

Azotobacter) and T9 (25% RDF + N2 + Azotobacter) having the values 20.01 gm and 19.86 

gm, respectively. The control treatment (T1) recorded 11.38 gm average fruit weight while 

the minimum average fruit weight (7.60 gm) was recorded under the treatment T14 (25% RDF 

+ Azotobacter). 
 

The second-year research experiment (2023-24) recorded the maximum average fruit 

weight (19.62 gm) under the treatment T9 (25% RDF + N2 + Azotobacter) followed by T3 

(25% RDF + N2) and T11 (50% RDF + N2 + Azotobacter) having the values 19.57 gm and 

18.82 gm, respectively. The control was recorded with 11.53 gm of average fruit weight 

while the least average fruit weight (8.34) was recorded under the treatment T14 (25% RDF + 

Azotobacter). 

Combining the data for both the years (2022-23 and 2023-24) revealed that the 

maximum average fruit weight (20.74 gm) was observed under the treatment T9 (25% RDF + 

N2 + Azotobacter) followed by T3 (25% RDF + N2) and T11 (50% RDF + N2 + Azotobacter) 
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Table 4.8: Effect of nano urea in combination with Azotobacter on average fruit weight in strawberry cv. Winter Dawn. 

Treatments 
Average fruit weight (g) 

2022-23 2023-24 Pooled 

T1 11.38d 11.53c 11.46c 

T2 16.14i 16.40ef 16.27efg 

T3 20.01n 19.57h 19.79i 

T4 15.61g 15.73e 15.67e 

T5 16.20j 15.92e 16.06ef 

T6 14.89e 13.86d 14.37d 

T7 15.06f 14.04d 14.55d 

T8 16.11i 17.19efg 16.65gh 

T9 21.87o 19.62h 20.74j 

T10 18.87l 17.97fgh 18.42h 

T11 19.86m 18.82gh 19.34i 

T12 16.02h 15.92e 15.97ef 

T13 17.07k 16.81ef 16.94g 

T14 7.60a 8.34a 7.97a 

T15 8.23c 9.55ab 8.89b 

T16 8.06b 10.44bc 9.25b 

 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% RDF + 
N1+ Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ Azotobacter, T13: 75% 
RDF + N2+ Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter. 
Note: N1: 300 ppm Nano Urea, N2: 400 ppm Nano Urea 
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Figure 4.8: Effect of nano urea in combination with Azotobacter on average fruit weight in strawberry cv. Winter Dawn.
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with the values 19.79 gm and 19.34 gm, respectively. The control treatment (T1) was 

recorded with 11.46 gm of average fruit weight while the minimum average fruit weight 

(7.97) was observed under the treatment T14 (25% RDF + Azotobacter). 

The utilization of nano urea combined with Azotobacter presents a compelling 

strategy in augmenting the average fruit weight of strawberries (Thirugnanasambandan, 

2018). This innovative approach harnesses the unique properties of nano-scale urea particles 

alongside the symbiotic relationship with Azotobacter to enhance the nutritional status and 

physiological processes of strawberry plants. Observations indicate that nitrogen release from 

urea-upgraded hydroxyapatite nanoparticles is twice as long, spanning 60 days of plant 

growth, in comparison to conventional fertilizers which typically release nitrogen over a 

period of 30 days (Gupta et. al. 2024). Results obtained from Sharma et. al. (2021) revealed 

that nano urea, characterized by its reduced particle size, facilitates improved nutrient uptake 

efficiency, particularly nitrogen, which plays a vital role in fruit development and weight. By 

providing a more readily available and accessible nitrogen source, nano urea ensures optimal 

nutrient utilization within the plant, thereby promoting enhanced fruit growth and 

development. Furthermore, the presence of Azotobacter further enriches the soil with 

bioavailable nitrogen through biological nitrogen fixation, supplementing the plant's nitrogen 

requirements and fostering sustained growth. This synergistic interaction between nano urea 

and Azotobacter not only enhances the nutritional status of the plant but also promotes 

physiological mechanisms conducive to increasing fruit weight. Through rigorous field trials 

and physiological analyses, this study aims to elucidate the intricate mechanisms underlying 

the observed increase in average fruit weight, contributing valuable insights to optimize 

strawberry production practices and address the challenges of food security and sustainable 

agriculture. 

 
 
4.2.3 Fruit volume (cc) 

Data concerning fruit volume (cc) and its variation over the two experimental years 

(2022-23 and 2023-24) is provided in Table 4.9 and visually depicted in Figure 4.9. A 

thorough examination of the data indicates a noteworthy impact of nano urea on the fruit 

volume of strawberry cultivar Winter Dawn throughout the two years of the research 

experiment. It is noteworthy that the data reveals a statistically significant influence of nano 
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urea on the average fruit volume of strawberry cv. Winter Dawn during both years of the 

research experiment. 

Initial year research year trial (2022-23) recorded the maximum fruit volume (21.95 

cc) under the treatment T9 (25% RDF + N2 + Azotobacter) followed by T3 (25% RDF + N2) 

and T11 (50% RDF + N2 + Azotobacter) having the values 20.09 cc and 19.94 cc, 

respectively. The control was recorded with 11.46 cc of fruit volume while the minimum 

(7.68 cc) was recorded under the treatment T14 (25% RDF + Azotobacter) followed by T15 

(50% RDF + Azotobacter) having the value of 8.31 cc. 

The second-year trial (2023-24) recorded the maximum fruit volume (19.65 cc) under 

the treatment T9 (25% RDF + N2 + Azotobacter) followed by T3 (25% RDF + N2) and T11 

(50% RDF + N2 + Azotobacter) having the value of 19.60 cc and 18.85 cc. The control was 

recorded with 11.56 cc while the minimum (8.37 cc) was recorded under the treatment T14 

(25% RDF + Azotobacter) followed by T15 (50% RDF + Azotobacter) with the value of 9.58 

cc. 

Combining the data for both the years (2022-23 and 2023-24) revealed the maximum 

presence of fruit volume (20.82 cc) under the treatment T9 (25% RDF + N2 + Azotobacter) 

followed by T3 (25% RDF + N2) and T11 (50% RDF + N2 + Azotobacter) having the value of 

19.86 cc and 19.41 cc, respectively. The control was recorded with 11.53 cc of fruit volume 

while nadir was recorded under the treatment T14 (25% RDF + Azotobacter) with the value of 

8.04 cc followed by T15 (50% RDF + Azotobacter) with the value of 8.96 cc. 

The integration of nano urea with Azotobacter presents a promising avenue for 

enhancing fruit volume in strawberries. This innovative approach leverages the unique 

properties of nano-scale urea particles in conjunction with the beneficial effects of Azotobacter 

to optimize the growth and development of strawberry plants (Yadav et. al. 2023). Nano urea, 

characterized by its reduced particle size, facilitates efficient nutrient uptake, particularly 

nitrogen, which is essential for fruit development and volume. By providing a more readily 

available and accessible nitrogen source, nano urea ensures sustained nutrient availability 

throughout the plant's growth cycle, thereby promoting enhanced fruit expansion. 

Additionally, the presence of Azotobacter further enhances nitrogen availability 

through biological nitrogen fixation, supplementing the plant's nitrogen requirements and 
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Table 4.9: Effect of nano urea in combination with Azotobacter on fruit volume in strawberry cv. Winter Dawn. 

Treatments 
Fruit volume (cc) 

2022-23 2023-24 Pooled 

T1 11.46d 11.56c 11.53c 

T2 16.22i 16.43ef 16.34efg 

T3 20.09n 19.60h 19.86i 

T4 15.68g 15.76e 15.74e 

T5 16.28j 15.95e 16.13ef 

T6 14.97e 13.89d 14.45d 

T7 15.14f 14.07d 14.62d 

T8 16.19i 17.22efg 16.72fg 

T9 21.95o 19.65h 20.82j 

T10 18.94l 18.00fgh 18.49h 

T11 19.94m 18.85gh 19.41i 

T12 16.10h 15.95e 16.04ef 

T13 17.15k 16.84ef 17.01g 

T14 7.68a 8.37a 8.04a 

T15 8.31c 9.58ab 8.96b 

T16 8.14b 10.47bc 9.32b 

 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% RDF + 
N1+ Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ Azotobacter, T13: 75% RDF 
+ N2+ Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter. 
Note: N1: 300 ppm Nano Urea, N2: 400 ppm Nano Urea 
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Figure 4.9: Effect of nano urea in combination with Azotobacter on fruit volume in strawberry cv. Winter Dawn.  
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supporting robust fruit development. This synergistic interaction between nano urea and 

Azotobacter not only improves nutrient uptake but also stimulates physiological processes 

that contribute to increased fruit volume. Through comprehensive field trials and 

physiological analyses, this study aims to elucidate the mechanisms underlying the observed 

enhancement in fruit volume, offering valuable insights for optimizing strawberry production 

practices and addressing the challenges of agricultural sustainability and food security. 

The results align closely with the research conducted by Kalil and Aareji (2022), 

which emphasized the significant impact of nanoparticle application on enhancing fruit 

volume in strawberry crops compared to untreated fruits. Their study corroborated the 

efficacy of nanoparticles in augmenting fruit size, attributing this effect to the specialized 

properties of nanoparticles. Specifically, the application of nanoparticles facilitated 

substantial improvements in fruit volume, surpassing the growth observed in fruits not treated 

with nanoparticles. This underscores the potential of nanoparticle technology to revolutionize 

agricultural practices by promoting superior fruit development and yield. 

 
 
4.2.4 Fruit yield per plant (gm) 

Data pertaining fruit yield per plant (gm) and its variation over the two experimental 

years (2022-23 and 2023-24) is provided inside the Table 4.10 and visually elucided inside 

the Figure 4.10. A thorough examination related to the data signifies a noteworthy impact of 

nano urea on the fruit yield plant-1 (gm) of strawberry cv. Winter Dawn throughout the two 

years of the research experiment. It is noteworthy that the data reveals a statistically 

significant influence of nano urea on the fruit yield per plant (gm) of strawberry cv. Winter 

Dawn during both years of the research experiment. 

Initial year research year trial (2022-23) recorded the maximum fruit yield per plant 

(688.75 gm) under the treatment T9 (25% RDF + N2 + Azotobacter) followed by T3 (25% 

RDF + N2) and T11 (50% RDF + N2 + Azotobacter) having the values 608.90 gm per plant 

and 575.84 gm per plant, respectively. The control (T1) treatment recorded 316.09 gm fruit 

yield plant-1 while the minimum fruit yield plant-1 (138.33 gm) was recorded under the 

treatment T14 (25% RDF + Azotobacter). 

The second-year research experimental trial (2023-24) recorded the maximum fruit 

yield per plant (586.58 gm) under the treatment T11 (50% RDF + N2 + Azotobacter) followed 
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by T9 (25% RDF + N2 + Azotobacter) and T3 (25% RDF + N2) having the values 580.46 gm 

and 504.24 gm per plant, respectively. The control was recorded with 301.49 gm fruit yield 

per plant while the minimum fruit yield per plant (150 gm) was recorded under the treatment 

T14 (25% RDF + Azotobacter). 

Pooling the data for both the experimental trials (2022-23 and 2023-24) uncovered 

that the utmost fruit yield plant-1 (634.61 gm) was observed by the treatment T9 (25% RDF + 

N2 + Azotobacter) followed by T11 (50% RDF + N2 + Azotobacter) and T3 (25% RDF + N2) 

with the values 581.21 gm and 556.57 gm per plant, respectively. The control treatment (T1) 

was recorded with 308.79 gm fruit yield plant-1 while the minimum fruit yield plant-1 (144.63 

gm) was recorded under T14 (25% RDF + Azotobacter). 

The amalgamation of nano urea with Azotobacter represents a pioneering approach to 

enhancing fruit yield per plant in strawberries (Chakraborty and Akhtar, 2021). This 

innovative strategy capitalizes on the combined benefits of nano-scale urea particles and the 

symbiotic relationship with Azotobacter to optimize the growth and productivity of 

strawberry plants. Nano urea, distinguished by its diminutive particle size, facilitates 

enhanced nutrient uptake, particularly nitrogen and according to Davarpanah et. al. (2017), 

this plays a pivotal role in fruit development and yield. By delivering nitrogen in a more 

accessible and efficient manner, nano urea ensures sustained nutrient availability throughout 

the plant's growth cycle (Guo et. al. 2018), thereby promoting increased flower formation and 

fruit set (Kumar et. al. 2023). Moreover, the presence of Azotobacter further augments 

nitrogen availability through biological nitrogen fixation (Nag et. al. 2020), supplementing 

the plant's nitrogen requirements and fostering overall plant health (Rizvi and Khan 2018). 

This synergistic interaction between nano urea and Azotobacter not only optimizes nutrient 

utilization (Kannoj et. al. 2022) but also stimulates physiological processes conducive to 

greater fruit yield per plant (Shahrajabian et. al. 2023). Through rigorous field trials and 

physiological analyses, this study endeavors to unravel the underlying mechanisms driving 

the observed increase in fruit yield, offering valuable insights for advancing strawberry 

cultivation practices and addressing global food security challenges in sustainable agriculture. 

The mechanism underlying the enhancement in fruit yield attributed to nitrogen on 

strawberries is a complex interplay of physiological processes fundamental to plant growth 

and development. Nitrogen, as a primary macronutrient, exerts profound effects on various 

aspects   of   strawberry   physiology, ultimately   leading   to   enhanced   fruit   production. 
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Table 4.10: Effect of nano urea in combination with Azotobacter on yield per plant in strawberry cv. Winter Dawn. 

Treatments 
Yield per Plant (g) 

2022-23 2023-24 Pooled 

T1 316.09c 301.49d 308.79d 

T2 458.06e 500.91h 479.49h 

T3 608.90i 504.24h 556.57j 

T4 444.04e 420.37f 432.21f 

T5 458.24e 406.63f 432.44f 

T6 417.13d 379.12e 398.12e 

T7 412.95d 388.01e 400.48e 

T8 465.29ef 502.91h 484.10h 

T9 688.75j 580.46j 634.61l 

T10 541.45g 487.86h 514.66i 

T11 575.84h 586.58j 581.21k 

T12 446.94e 459.51g 453.22g 

T13 486.43f 453.71g 470.07h 

T14 138.33a 150.92a 144.63a 

T15 151.92ab 174.90b 163.41b 

T16 170.38b 207.46c 188.92c 

 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% RDF + 
N1+ Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ Azotobacter, T13: 75% RDF + 
N2+ Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter. 
Note: N1: 300 ppm Nano Urea, N2: 400 ppm Nano Urea 
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Figure 4.10: Effect of nano urea in combination with Azotobacter on yield per plant in strawberry cv. Winter Dawn. 
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Firstly, nitrogen availability stimulates vegetative growth by promoting the synthesis 

of chlorophyll, thus bolstering photosynthetic activity and providing the necessary energy for 

robust plant development. This vigor translates into increased canopy size and foliage 

density, facilitating better light interception and nutrient assimilation, which are critical for 

optimal fruiting. Additionally, nitrogen plays a pivotal role in reproductive processes, 

particularly in flower formation and fruit set (Erel et. al. 2008). Adequate nitrogen levels 

encourage the development of more flower buds and promote higher rates of successful 

pollination, leading to improved fruit set and reduced flower abortion. Furthermore, nitrogen 

influences fruit growth directly by fueling the synthesis of proteins, enzymes, and other 

essential compounds involved in cell division, expansion, and fruit maturation (Duran et. al. 

2020; Famiani et. al. 2020). Moreover, nitrogen regulates hormonal balance within the plant, 

particularly cytokinins, which govern cell division (Zalabák et. al. 2013) and differentiation, 

thus orchestrating the developmental processes crucial for fruit yield (Karmakar et. al. 2023). 

Overall, the nuanced effects of nitrogen on plant physiology underscore its indispensable role 

in optimizing fruit yield in strawberries, emphasizing the importance of balanced nitrogen 

management strategies for sustainable strawberry production. Through comprehensive 

understanding of these mechanisms, this study aims to contribute valuable insights to 

optimize nitrogen utilization practices, thereby enhancing fruit yield and ensuring food 

security in agricultural systems. 

 
 
4.3 Qualitative parameters 

4.3.1 Titratable acidity (%) 

Data concerning Titratable acidity (%) and its variation over the two experimental 

years (2022-23 and 2023-24) is provided inside of the Table 4.11 and visually depicted inside 

of the Figure 4.11. A thorough examination regarding the data indicates a noteworthy impact 

of nano urea on the Titratable acidity of strawberry cultivar Winter Dawn throughout the two 

years of the research experiment. It is noteworthy that the data reveals a statistically 

significant influence of nano urea on the Titratable acidity of strawberry cv. Winter Dawn 

during both years of the research experiment. 

The first-year trial (2022-23) recorded the maximum titratable acidity (0.57) under the 

treatment T16 (75% RDF + Azotobacter) followed by T14 (25% RDF + Azotobacter) and T15 

(75% RDF + Azotobacter) having values 0.56 per cent and 0.56 per cent, respectively. The 
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control (T1) treatment recorded the acidity with a value of 0.55. The least titratable acidity 

(0.42 %) was recorded under the treatment T9 (25% RDF +N2 + Azotobacter) significantly. It 

was followed by T10 (50% RDF +N2 + Azotobacter) and T8 (25% RDF +N1 + Azotobacter) 

having values 0.43 per cent and 0.45 per cent, respectively. 

The second-year trial (2023-24) recorded the highest titratable acidity (0.59 %) under 

the treatment control (T1) followed by T16 (75% RDF + Azotobacter) and T15 (50% RDF + 

Azotobacter) having values 0.58 per cent as well as 0.56 per cent, respectively. The least 

titratable acidity (0.43 %) was listed under T11 (50% RDF +N2 + Azotobacter) followed by T9 

(25% RDF +N2 + Azotobacter), T8 (25% RDF +N2 + Azotobacter) and T3 (25% RDF +N2) 

with the values 0.44 per cent, 0.46 per cent and 0.46 per cent, respectively. 

The combined data for both the years (2022-23 and 2023-24) revealed that the 

maximum titratable acidity (0.58 %) was observed under the treatment T16 (75% RDF + 

Azotobacter) followed by control (T1) and T15 (50% RDF + Azotobacter) with the value of 

0.57 per cent as well as 0.57 per cent, respectively. The minimum titratable acidity (0.43 %) 

was listed under the treatment T9 (25% RDF +N2 + Azotobacter) followed by T11 (25% RDF 

+N2 + Azotobacter) and T10 (25% RDF +N2 + Azotobacter) having values 0.45 per cent and 

0.47 per cent, respectively. 
 

The integration of nano urea with Azotobacter presents a novel approach to 

modulating the acidity of strawberries, a key attribute influencing fruit quality and consumer 

preference. This innovative strategy harnesses the synergistic effects of nano-scale urea 

particles and the beneficial bacteria Azotobacter to influence the biochemical pathways 

involved in fruit acidity regulation. Nano urea, characterized by its reduced particle size, 

facilitates efficient nutrient uptake, particularly nitrogen, which plays a crucial role in fruit 

metabolism and acidity modulation (Iqbal et. al. 2019). By providing a readily available 

nitrogen source, nano urea ensures optimal nutrient availability throughout the plant's growth 

cycle, thus influencing the synthesis and metabolism of organic acids in strawberries (As et. 

al. 2023). Additionally, the presence of Azotobacter further enhances nitrogen availability 

through biological nitrogen fixation, supplementing the plant's nitrogen requirements and 

fostering overall plant health (Ouyang et. al. 2024). This enhanced nitrogen supply may lead 

to a more balanced nutrient status within the plant, potentially influencing the production and 

accumulation of organic acids in the fruit (Zheng et. al. 2023). Furthermore, Azotobacter has 

been reported to produce certain enzymes and metabolites that can directly or indirectly 
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Table 4.11: Effect of nano urea in combination with Azotobacter on titratable acidity in strawberry cv. Winter Dawn. 

Treatments 
Titratable acidity (%) 

2022-23 2023-24 Pooled 

T1 0.55e 0.59c 0.57h 

T2 0.47bc 0.48de 0.48c 

T3 0.51d 0.46fg 0.49cd 

T4 0.55e 0.51ef 0.53f 

T5 0.54e 0.48ef 0.51e 

T6 0.57e 0.55d 0.56gh 

T7 0.57e 0.53ef 0.55g 

T8 0.47bc 0.46ef 0.47bc 

T9 0.42a 0.44g 0.43a 

T10 0.46b 0.47fg 0.47bc 

T11 0.48bc 0.43g 0.45b 

T12 0.49cd 0.50ef 0.50de 

T13 0.48bcd 0.49ef 0.49cd 

T14 0.56e 0.56a 0.56gh 

T15 0.56e 0.57ab 0.57gh 

T16 0.57e 0.58bc 0.58h 

 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% RDF + 
N1+ Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ Azotobacter, T13: 75% RDF 
+ N2+ Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter. 
Note: N1: 300 ppm Nano Urea, N2: 400 ppm Nano Urea 
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Fig 4.11: Effect of nano urea in combination with Azotobacter on titratable acidity in strawberry cv. Winter Dawn. 
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Impact fruit acidity through modulation of physiological processes (Borah et. al. 2023). 

Through rigorous field trials and biochemical analyses, this study aims to elucidate the 

specific mechanisms by which nano urea with Azotobacter influences fruit acidity in 

strawberries, offering valuable insights for optimizing fruit quality and meeting consumer 

preferences in strawberry production. 

The integrated use of nano urea and Azotobacter could potentially lead to a more 

nutrient profile, particularly by modulating the nitrogen levels in the plant. Increased nitrogen 

availability can alter the synthesis of organic acids in the fruit (Famiani et. al. 2015), thereby 

influencing their overall acidity. For example, nitrogen has been known to affect the 

synthesis of malic acid and citric acid in fruits, which are primary determinants of fruit 

acidity. The mechanism likely involves the regulation of key enzymes involved in the TCA 

cycle and nitrogen metabolism pathways (Nunes et. al. 2010), which are influenced by 

nitrogen availability. Furthermore, the enhanced microbial activity in the soil, mediated by 

Azotobacter, may lead to a slight increase in soil pH (Aasfar et. al. 2021), contributing 

indirectly to decreased acidity in the plant tissues through altered uptake of minerals and 

nutrients that affect fruit composition and pH (Etienne et. al. 2013). This hypothesis aligns 

with studies suggesting that soil microbiota and nutrient management can significantly 

impact fruit quality attributes, including acidity (Ferrarezi et. al. 2022). 

 
 
4.3.2 Total soluble solid (obrix) 

Data pertaining Total soluble solid (TSS) and its variation over the two experimental 

years (2022-23 and 2023-24) is provided inside the Table 4.12 and visually depicted inside 

the Figure 4.12. A thorough examination of the data indicates a noteworthy impact of nano 

urea on the Total soluble solid (TSS) of strawberry cultivar Winter Dawn throughout the two 

years of the research experiment. It is noteworthy that the data reveals a statistically 

significant influence of nano urea on the Total soluble solid (TSS) of strawberry cv. Winter 

Dawn during both years of the research experiment. 

During the first research trial (2022-24), the maximum total soluble solid (9.10 obrix) 

was recorded under the treatment T9 (25% RDF +N2 + Azotobacter) followed by T11 (50% 

RDF +N2 + Azotobacter) and T3 (25% RDF +N2) with the values 8.47 and 8.43, respectively. 

The control treatment (T1) recorded 6.93 obrix TSS while the minimum total soluble solid 

(5.07) was recorded under the treatment T14 (25% RDF + Azotobacter). 
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During the second-year research trial (2023-24), the maximum total soluble solid 

(8.83 obrix) was recorded under the treatment T11 (50% RDF +N2 + Azotobacter) followed by 

T9 (25% RDF +N2 + Azotobacter) and T10 (50% RDF +N2 + Azotobacter) with the values 

8.80 obrix and 8.40 obrix, respectively. The control treatment (T1) recorded 6.53obrix TSS 

while the least value of total soluble solid (5.57) was recorded under the treatment T14 (25% 

RDF + Azotobacter). 

Pooling the data for both the years (2022-23 and 2023-24) revealed that the maximum 

total soluble solid (8.95 obrix) was observed under the treatment T9 (25% RDF +N2 + 

Azotobacter) followed by T11 (50% RDF +N2 + Azotobacter) and T3 (25% RDF +N2) with 

values 8.65 obrix and 8.40 obrix, respectively. The control treatment (T1) recorded 6.73 obrix 

total soluble solid while the minimum value of TSS (5.32) was observed under T14 (25% RDF 

+ Azotobacter). 
 

The incorporation of nano urea with Azotobacter in agricultural practices has shown 

promising potential for enhancing fruit quality, particularly in strawberries. The observed 

increase in total soluble solids (TSS) in fruits treated with nano urea and Azotobacter can be 

attributed to several synergistic mechanisms. Firstly, nano urea, with its nano-sized particles, 

facilitates a controlled and sustained release of nitrogen, ensuring a steady supply of this 

essential nutrient to the strawberry plants throughout their growth stages (Nehra et. al. 2024). 

This optimized nitrogen delivery promotes robust plant growth and development, leading to 

improved fruit quality attributes, including enhanced TSS accumulation. Additionally, the 

presence of Azotobacter, a nitrogen-fixing bacterium, further augments nitrogen availability 

in the rhizosphere through biological nitrogen fixation, thereby supplementing the plants' 

nitrogen requirements. This enhanced nitrogen uptake and utilization by the strawberry plants 

promote physiological processes associated with sugar synthesis and accumulation in the 

fruits, consequently contributing to elevated TSS levels (Almohammedi et. al. 2023). 

Furthermore, the symbiotic relationship between Azotobacter and the strawberry plants may 

induce systemic changes in plant metabolism, hormone regulation, and nutrient assimilation 

pathways, further enhancing fruit quality characteristics, including TSS content (Negi et. al. 

2021). Overall, the combined application of nano urea and Azotobacter presents a sustainable 

approach to optimizing fruit quality in strawberries by promoting balanced nutrient uptake, 

enhancing physiological processes, and ultimately leading to increased TSS accumulation. 
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Table 4.12: Effect of nano urea in combination with Azotobacter on total soluble solid in strawberry cv. Winter Dawn. 

Treatments 
Total soluble solids (obrix) 

2022-23 2023-24 Pooled 

T1 6.93cd 6.53c 6.73c 

T2 6.60bc 7.73de 7.17cd 

T3 8.43fg 8.37fg 8.40hij 

T4 7.67def 8.00ef 7.83efg 

T5 7.97ef 8.10ef 8.03efgh 

T6 7.40cde 7.40d 7.40de 

T7 8.00ef 8.00ef 8.00efgh 

T8 7.23cde 8.10ef 7.67def 

T9 9.10g 8.80g 8.95i 

T10 8.20efg 8.40fg 8.30fgh 

T11 8.47fg 8.83g 8.65hi 

T12 7.80def 7.93ef 7.87efg 

T13 7.93ef 8.07ef 8.00efgh 

T14 5.07a 5.57a 5.32a 

T15 5.80ab 5.60ab 5.70ab 

T16 5.93ab 6.07bc 6.00b 

 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% RDF + 
N1+ Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ Azotobacter, T13: 75% 
RDF + N2+ Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter. 
Note: N1: 300 ppm Nano Urea, N2: 400 ppm Nano Urea 
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Figure 4.12: Effect of nano urea in combination with Azotobacter on total soluble solid in strawberry cv. Winter Dawn. 
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The research outcomes align closely with the investigation conducted by Kumar et. al. 

(2023), who explored the impact of nano urea and the biofertisol on mango (Mangifera 

indica), yielding maximal total soluble solids (TSS) content. Similarly, Tripathi et. al. (2016) 

observed heightened TSS levels in strawberries following treatment with Azotobacter. 

Therefore, the amalgamation of these approaches holds promise for enhancing fruit quality, 

encompassing TSS levels, through synergistic mechanisms. 

 
 
4.3.3 TSS: Acid ratio 

Data associated to TSS: acid ratio and its variation over the two experimental years 

(2022-23 and 2023-24) is provided inside the Table 4.13 and visually depicted inside Figure 

4.13. A thorough examination regarding the data indicates a noteworthy impact of nano urea 

on the TSS: Acid ratio of strawberry cultivar Winter Dawn throughout the two years of the 

research experiment. It is noteworthy that the data reveals a statistically significant influence 

of nano urea on the TSS: Acid ratio of strawberry cv. Winter Dawn during both years of the 

research experiment. 

During the first-year trial (2022-23), the utmost TSS: acid ratio (21.73) was listed by 

the treatment T9 (25% RDF +N2 + Azotobacter) followed by T10 (50% RDF +N1 + 

Azotobacter) and T11 (50% RDF +N2 + Azotobacter) significantly having the values 17.83 

and 17.76, respectively. The control (T1) was recorded with the value of 12.65 while the least 

TSS: Acid ratio (9.00) was observed under the treatment T14 (25% RDF + Azotobacter). 

In the second-year research trial (2023-24) maximum TSS: Acid ratio (20.71) was 

followed under the treatment T11 (50% RDF +N2 + Azotobacter) followed by T9 (25% RDF 

+N2 + Azotobacter) and T3 (25% RDF +N2) having the value 20.16 and 18.06, respectively. 

The control treatment (T1) was recorded with the value of 11.01 while the nidar TSS: acid 

ratio (9.88) was listed by T14 (25% RDF + Azotobacter). 

The combined data for both the years (2022-23 and 2023-24) revealed that the 

maximum presence of TSS: Acid ratio (20.94) was observed under the treatment T9 (25% 

RDF +N2 + Azotobacter) followed by T11 (50% RDF +N2 + Azotobacter) and T10 (50% RDF 

+N1 + Azotobacter) having values 19.23 and 17.79, respectively. The control was recorded 

with the value of 11.83 while the minimum TSS: Acid ratio (9.44) was under the treatment T9 

(25% RDF + Azotobacter). 
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Table 4.13: Effect of nano urea in combination with Azotobacter on TSS: acid ratio in strawberry cv. Winter Dawn. 

Treatments 
TSS: Acid ratio 

2022-23 2023-24 Pooled 

T1 12.65bc 11.01a 11.83b 

T2 13.94cd 16.01cd 14.98d 

T3 16.54cd 18.06f 17.30f 

T4 13.98cde 15.80cd 14.89d 

T5 14.66cde 16.76def 15.71de 

T6 13.07bc 13.37b 13.22c 

T7 13.96cd 15.00c 14.48d 

T8 15.29cde 17.69ef 16.49ef 

T9 21.73g 20.16g 20.94h 

T10 17.83def 17.75ef 17.79f 

T11 17.76fgh 20.71g 19.23g 

T12 15.81cd 15.76cd 15.79de 

T13 16.41cd 16.59de 16.50ef 

T14 9.00a 9.88a 9.44a 

T15 10.39ab 9.82a 10.11a 

T16 10.42ab 10.41a 10.41a 

 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% RDF + 
N1+ Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ Azotobacter, T13: 75% RDF 
+ N2+ Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter. 
Note: N1: 300 ppm Nano Urea, N2: 400 ppm Nano Urea 



113  

 

 

 

Figure 4.13: Effect of nano urea in combination with Azotobacter on TSS: acid ratio in strawberry cv. Winter Dawn. 
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The utilization of nano urea in combination with Azotobacter presents a novel strategy 

for enhancing the TSS: acid ratio in strawberries, thereby elevating fruit quality. This 

enhancement can be attributed to several underlying mechanisms. Firstly, nano urea, 

characterized by its nano-sized particles, facilitates a precise and sustained release of 

nitrogen, ensuring an optimized supply of this essential nutrient to strawberry plants. This 

optimized nitrogen availability promotes balanced growth and development, influencing the 

synthesis and accumulation of sugars relative to acids in the fruits (Famiani et. al. 2015). 

Secondly, the presence of Azotobacter, a nitrogen-fixing bacterium, further enhances nitrogen 

availability in the rhizosphere through biological nitrogen fixation. This increased nitrogen 

uptake and utilization by strawberry plants may induce systemic changes in plant metabolism, 

including alterations in sugar and acid metabolism. The symbiotic interaction between 

Azotobacter and strawberry plants enhances physiological processes involved in fruit 

development, potentially influencing the TSS: acid ratio (Kumar et. al. 2020). Furthermore, 

the combined application of nano urea and Azotobacter may stimulate the activity of enzymes 

involved in sugar synthesis and acid degradation, further optimizing the TSS: acid ratio in 

strawberries. Overall, the synergistic effects of nano urea and Azotobacter on nutrient 

availability, plant metabolism, and enzyme activity contribute to the elevation of the TSS: 

acid ratio in strawberries, thus enhancing fruit quality. 

 
 
4.3.4 Ascorbic acid (mg/100 gm) 

Data pertaining to Ascorbic acid (mg/100 gm) and its variation over the two 

experimental years (2022-23 and 2023-24) is provided inside of the Table 4.14 and visually 

depicted inside of the Figure 4.14. A thorough examination with respect to the data indicates 

a noteworthy impact of nano urea on the Ascorbic acid (mg/100 gm) of strawberry cultivar 

Winter Dawn throughout the two years of the research experiment. It is noteworthy that the 

data reveals a statistically significant influence of nano urea on the Ascorbic acid (mg/100 

gm) of strawberry cv. Winter Dawn during both years of the research experiment. 

In the initial year research experiment (2022-23), the maximum presence of ascorbic 

acid (55.7 mg/ 100 gm) was observed under the treatment T11 (50% RDF + N2 + Azotobacter) 

followed by T9 (25% RDF + N2 + Azotobacter), T10 (50% RDF + N1 + Azotobacter) and T12 

(75% RDF + N1 + Azotobacter) having the values 55.0 mg/ 100 gm, 53.0 mg/ 100 gm 

and 53.0 mg/ 100 gm, respectively. The control treatment (T1) recorded 46.7 md/100 gm 

ascorbic acid while the minimal ascorbic acid (42.0) was found under the treatment T14 
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(25% RDF + Azotobacter). 

 
During the second-year trial (2023-24), the maximum ascorbic acid (56.7 mg/ 100 

gm) was found under the treatment T9 (25% RDF +N2 + Azotobacter) followed by T11 (50% 

RDF +N2 + Azotobacter) and T8 (25% RDF +N1 + Azotobacter) having the values 55.7 mg-1 

100 g as well as 54.0 mg-1 100 gm, respectively. The treatment control (T1) was recorded with 

46.0 mg/ 100 gm ascorbic acid while the nidar ascorbic acid (42.0 mg-1 100 gm) was listed 

under the treatment T14 (50% RDF + Azotobacter). 

Pooling the data for both the years (2022-23 and 2023-24) defined that the maximum 

ascorbic acid (55.83 mg/ 100 gm) was observed under the treatment T9 (25% RDF +N2 + 

Azotobacter) followed by T11 (50% RDF +N2 + Azotobacter) and T10 (50% RDF +N1 + 

Azotobacter) with the values of 55.67 mg/ 100 gm and 53.33 mg/ 100 gm. The data revealed 

that the minimum ascorbic acid (42.00 mg/ 100 gm) was observed under T14 (25% RDF + 

Azotobacter) while the control treatment (T1) recorded 46.33 mg/100 gm ascorbic acid. 

The application of nano urea in conjunction with Azotobacter offers a promising 

avenue for enhancing the ascorbic acid content of strawberries, thereby augmenting fruit 

quality. This enhancement is underpinned by several interconnected mechanisms. Firstly, 

nano urea, characterized by its nano-sized particles, facilitates a controlled and sustained 

release of nitrogen, ensuring an optimized supply of this vital nutrient to strawberry plants. 

Nitrogen is a key component in the synthesis of ascorbic acid, as it is required for the 

formation of amino acids, which serve as precursors in the biosynthetic pathway of ascorbic 

acid (Miret et. al. 2014). Therefore, the optimized nitrogen availability resulting from nano 

urea application promotes increased synthesis of ascorbic acid within the plan (WA Al- 

juthery and Hilal, 2020). Additionally, the presence of Azotobacter, a nitrogen-fixing 

bacterium, further enhances nitrogen availability in the rhizosphere through biological 

nitrogen fixation (Aasfar et. al. 2021). This augmented nitrogen uptake and utilization by 

strawberry plants may further stimulate the synthesis of ascorbic acid (Guerrero et. al. 2015). 

Moreover, the symbiotic interaction between Azotobacter and strawberry plants may 

induce systemic changes in plant metabolism, including the activation of enzymes involved 

in ascorbic acid biosynthesis (Savita et. al. 2023). Furthermore, the combined application of 

nano urea and Azotobacter may enhance the antioxidant capacity of the plant, thereby 

protecting ascorbic acid from degradation and leading to its accumulation in the fruits. 
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Table 4.14: Effect of nano urea in combination with Azotobacter on ascorbic acid in strawberry cv. Winter Dawn. 

Treatments 
Ascorbic acid (mg/100 gm) 

2022-23 2023-24 Pooled 

T1 46.7cd 46.0c 46.33c 

T2 47.7de 50.0de 48.83de 

T3 51.0fg 53.0gh 52.00ghi 

T4 48.0ef 51.0ef 49.50def 

T5 48.7def 52.3fgh 50.50efgh 

T6 50.0efg 50.0de 50.00efg 

T7 46.3bcd 49.0d 47.67cd 

T8 50.7efg 54.0hi 52.33hi 

T9 55.0h 56.8k 55.83j 

T10 53.0gh 53.7h 53.33i 

T11 55.7h 55.7ij 55.72j 

T12 53.0gh 51.7efg 52.33hi 

T13 50.0efg 52.3fgh 51.17fghi 

T14 42.0a 42.1a 42.03a 

T15 43.7ab 43.8ab 43.73ab 

T16 44.3abc 44.5bc 44.42b 

 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% RDF + 
N1+ Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ Azotobacter, T13: 75% RDF 
+ N2+ Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter. 
Note: N1: 300 ppm Nano Urea, N2: 400 ppm Nano Urea 
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Figure 4.14: Effect of nano urea in combination with Azotobacter on ascorbic acid in strawberry cv. Winter Dawn. 
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Overall, the synergistic effects of nano urea and Azotobacter on nitrogen availability, 

plant metabolism, and antioxidant capacity contribute to rise in the ascorbic acid content 

inside of the strawberries, thus enhancing quality of the fruit as well as the nutritional value. 

 
 
4.3.5 Total sugar (%) 

Data allied to the total sugar (%) and its variation over the two experimental years 

(2022-23 and 2023-24) is provided in Table 4.15 and visually depicted in Figure 4.15. A 

thorough examination of the data indicates a noteworthy impact of nano urea on the total 

sugar (%) of strawberry cultivar Winter Dawn throughout the two years of the research 

experiment. It is noteworthy that the data reveals a statistically significant influence of nano 

urea on the total sugar (%) of strawberry cv. Winter Dawn during both years of the research 

experiment. 

The first-year trial (2022-23) data showed maximum occurrence of total sugar under 

the treatment T9 (25% RDF +N2 + Azotobacter) with a value 8.77 per cent which was 

followed by T8 (25% RDF +N2 + Azotobacter) and T11 (25% RDF +N2 + Azotobacter) having 

values 8.50 per cent and 8.40 per cent, respectively. The least total sugar (6.30 %) was found 

under the treatment T14 (25% RDF + Azotobacter) while the control treatment (T1) recorded 

6.83 per cent total sugar. The second year (2023-24) data detailed the presence of maximum 

total sugar (0.03 %) was observed under the treatment T9 (25% RDF +N2 + Azotobacter) 

while it was followed by T8 (25% RDF +N1 + Azotobacter) and T11 (50% RDF +N2 + 

Azotobacter) with values 8.63 per cent and 8.60 per cent, respectively. The minimum total 

sugar (6.07 %) was observed under the treatment T14 (25% RDF + Azotobacter) while the 

control treatment (T1) was recorded 6.83 per cent. 

The aggregated data for the both years (2022-23 as well as 2023-24) revealed the 

utmost total sugar (8.90 %) was observed by the treatment T9 (25% RDF +N2 + Azotobacter) 

followed by T8 (25% RDF +N1 + Azotobacter) and T11 (50% RDF +N2 + Azotobacter) with 

values 8.57 per cent and 8.50 per cent, respectively. The control treatment (T1) was recorded 

with 6.83 mg of total sugar while the minimum (6.18 mg) was found under the treatment T14 

(25% RDF + Azotobacter). 

The integration of nano urea with Azotobacter presents a promising strategy for 

augmenting the total sugar content of strawberries, thereby enhancing fruit quality. 
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Table 4.15: Effect of nano urea in combination with Azotobacter on total sugar in strawberry cv. Winter Dawn. 

Treatments 
Total sugars (%) 

2022-23 2023-24 Pooled 

T1 6.83b 6.83b 6.83c 

T2 7.43c 7.97de 7.70d 

T3 8.17d 8.24ef 8.20fgh 

T4 7.57b 7.73cd 7.65d 

T5 7.60b 8.07def 7.83de 

T6 7.57b 7.57c 7.57d 

T7 7.60b 7.77cd 7.69d 

T8 8.50de 8.63g 8.57i 

T9 8.77e 9.03h 8.90j 

T10 8.37de 8.33fg 8.35ghi 

T11 8.40de 8.60g 8.50hi 

T12 8.07d 7.93de 8.00ef 

T13 8.13d 8.23ef 8.18gh 

T14 6.30a 6.07a 6.18a 

T15 6.44ab 6.20a 6.32ab 

T16 6.50ab 6.60b 6.55bc 

 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% RDF + 
N1+ Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ Azotobacter, T13: 75% 
RDF + N2+ Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter. 
Note: N1: 300 ppm Nano Urea, N2: 400 ppm Nano Urea 
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Figure 4.15: Effect of nano urea in combination with Azotobacter on total sugar in strawberry cv. Winter Dawn. 
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This enhancement is attributable to several interconnected mechanisms. Firstly, nano 

urea, characterized by its nano-sized particles, facilitates a controlled and sustained release of 

nitrogen, ensuring an optimized supply of this essential nutrient to strawberry plants. 

Nitrogen is a key component in the synthesis of amino acids, which serve as building blocks 

for sugars through various metabolic pathways (Ling et. al. 2023). Therefore, the optimized 

nitrogen availability resulting from nano urea application promotes increased synthesis of 

sugars (Li et. al. 2024) within the plant. Additionally, the presence of Azotobacter, a 

nitrogen-fixing bacterium, further enhances nitrogen availability in the rhizosphere through 

biological nitrogen fixation. This augmented nitrogen uptake and utilization by strawberry 

plants may further stimulate sugar synthesis (Kumar et. al. 2023). Moreover, the symbiotic 

interaction between Azotobacter and strawberry plants may induce systemic changes in plant 

metabolism, including the activation of enzymes involved in sugar biosynthesis pathways. 

Furthermore, the combined application of nano urea and Azotobacter may enhance 

photosynthetic activity and carbon assimilation, providing additional substrates for sugar 

synthesis. Overall, the synergistic effects of nano urea and Azotobacter on nitrogen 

availability, plant metabolism, and photosynthetic efficiency contribute to the increase in 

total sugar content in strawberries, thereby improving fruit quality and sweetness. 

 
 
4.3.6 Reducing sugar (%) 

 
Data affiliated to the reducing sugar (%) and its variation over the two experimental 

years (2022-23 and 2023-24) is provided inside of the Table 4.16 and visually elucidated 

inside of the Figure 4.16. A thorough examination with respect to the data indicates a 

noteworthy impact of nano urea on the reducing sugar (%) of strawberry cultivar Winter 

Dawn throughout the two years of the research experiment. It is noteworthy that the data 

reveals a statistically significant influence of nano urea on the reducing sugar (%) of 

strawberry cv. Winter Dawn during both years of the research experiment. 

The first-year trial (2022-23) data showed maximum reducing sugar (7.17 %) under 

the treatment T9 (25% RDF +N2 + Azotobacter) followed by T11 (50% RDF +N2 + 

Azotobacter) and T10 (50% RDF +N1 + Azotobacter) with the values 6.93 per cent and 6.87 

mg, respectively. The control treatment (T1) recorded 5.33 per cent of reducing sugar while 

the minimum reducing sugar (5.20 %) was found under the treatment T14 (25% RDF + 

Azotobacter). 
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The second-year research (2023-24) data revealed the maximum reducing sugar (6.83 

per cent) under the treatment T9 (25% RDF +N2 + Azotobacter) followed by T8 (25% RDF 

+N1 + Azotobacter) and T11 (50% RDF +N2 + Azotobacter) with the values of 7.00 per cent 

as well as 6.90 per cent, each. The treatment control (T1) recorded 5.60 per cent of reducing 

sugar while the treatment T14 (25% RDF + Azotobacter) recorded the minimum reducing 

sugar with a value of 5.17 per cent. 

The aggregated data for the both years (2022-23 as well as 2023-24) revealed the 

maximum presence of reducing sugar (7.23 %) under the treatment T9 (25% RDF +N2 + 

Azotobacter) followed by T8 (25% RDF +N1 + Azotobacter) and T11 (50% RDF +N2 + 

Azotobacter) with the values of 7.02 per cent and 6.92 per cent, each. The treatment control 

(T1) recorded 5.47 per cent in case of reducing sugar while least reducing sugar (5.18 %) was 

listed by treatment T14 (25% RDF + Azotobacter). 

The combined application of nano urea with Azotobacter presents a promising 

strategy for augmenting the reducing sugar content of strawberries, thereby contributing to 

improved fruit quality. This enhancement is underpinned by a multifaceted interplay of 

mechanisms that optimize nutrient availability, plant metabolism, and microbial interactions 

(Bhattacharyya et. al. 2021). Firstly, nano urea, characterized by its nano-sized particles, 

facilitates a controlled and sustained release of nitrogen, ensuring an optimized supply of this 

essential nutrient to strawberry plants (Dimkpa et. al. 2020). Nitrogen serves as a key 

component in the synthesis of amino acids, which are precursors to reducing sugars (Lillo et. 

al. 2008). The enhanced nitrogen availability resulting from nano urea application promotes 

increased synthesis of reducing sugars within the plant (Sharma et. al. 2022). 

Additionally, the presence of Azotobacter, a nitrogen-fixing bacterium, further 

enriches nitrogen availability in the rhizosphere through biological nitrogen fixation 

(Rodrigues et. al. 2018). This augmented nitrogen uptake and utilization by strawberry plants 

may further stimulate reducing sugar synthesis. Moreover, the symbiotic interaction between 

Azotobacter and strawberry plants might have induced systemic changes in plant metabolism, 

including the activation of enzymes involved in sugar biosynthesis pathways. Furthermore, 

Azotobacter contribute to the enhancement of soil microbial communities, promoting nutrient 

cycling and the availability of organic carbon sources that support sugar synthesis in 

strawberries. 
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Table 4.16: Effect of nano urea in combination with Azotobacter on reducing sugar in strawberry cv. Winter Dawn. 

Treatments 
Reducing sugar (%) 

2022-23 2023-24 Pooled 

T1 5.33a 5.60a 5.47a 

T2 5.90b 6.03b 5.97b 

T3 6.60cdefg 6.40bc 6.50def 

T4 6.33bcde 6.27b 6.30bcd 

T5 6.10bc 6.03b 6.07bc 

T6 6.13bcd 6.23b 6.18bcd 

T7 6.47cdef 6.43bc 6.45cde 

T8 7.03fg 7.00de 7.02g 

T9 7.17g 7.30e 7.23g 

T10 6.87efg 6.83cd 6.85efg 

T11 6.93fg 6.90de 6.92fg 

T12 6.73efg 6.43bc 6.58def 

T13 6.67defg 6.47bc 6.57def 

T14 5.20a 5.17a 5.18a 

T15 5.24a 5.27a 5.25a 

T16 5.17a 5.53a 5.35a 

 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% RDF + 
N1+ Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ Azotobacter, T13: 75% RDF 
+ N2+ Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter. 
Note: N1: 300 ppm Nano Urea, N2: 400 ppm Nano Urea 
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Figure 4.16: Effect of nano urea in combination with Azotobacter on reducing sugar in strawberry cv. Winter Dawn. 
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Overall, the synergistic effects of nano urea and Azotobacter on nitrogen availability, 

plant metabolism, and microbial interactions converge to increase the reducing sugar content 

in strawberries, thereby enhancing fruit sweetness and nutritional value. 

The findings are closely aligned to the research study done by Davarpanah et. al. 

(2017) and Prasad and Mali (2000), where they elucidated the nitrogen fertilization has been 

shown to enhance the levels of total, reducing, and non-reducing sugars in pomegranate fruits 

as well as in guava (Sharma et. al. 2014). Furthermore, it is suggested that the increase in 

sugar content resulting from nitrogen fertilization may facilitate the uptake of other mineral 

nutrients, thereby improving the quality of the fruits (Sharma et. al. 2014). 

 
 
4.3.7 Non reducing sugar (%) 

Data allied to the non-reducing sugar (%) and its variation over the two experimental 

years (2022-23 and 2023-24) is provided inside of the Table 4.17 and visually unveiled inside 

of the Figure 4.17. A thorough examination of the data indicates a noteworthy impact of nano 

urea on the non-reducing sugar (%) of strawberry cultivar Winter Dawn throughout the two 

years of the research experiment. It is noteworthy that the data reveals a statistically 

significant influence of nano urea on the non-reducing sugar (%) of strawberry cv. Winter 

Dawn during both years of the research experiment. 

The first- year trial (2022-23) showed the maximum non reducing sugar (1.52 %) 

under the treatment T9 (25% RDF +N2 + Azotobacter) followed by T3 (25% RDF +N2 + 

Azotobacter), T5 (50% RDF +N2) and T10 (50% RDF +N1 + Azotobacter) with the values of 

1.49 per cent, 1.43 per cent as well as 1.43 per cent, respectively. The control treatment (T1) 

recorded the non-reducing sugar 1.43 per cent while nidar non-reducing sugar (1.05 %) was 

reported by the treatment T14 (25% RDF + Azotobacter). 

The second-year research (2023-24) data revealed the maximum non-reducing sugar 

(1.93 %) under the treatment T5 (50% RDF +N2) followed by T2 (50% RDF +N1) and T3 

(25% RDF +N2) having the values of 1.84 per cent as well as 1.74 per cent, apiece. The 

treatment control (T1) recorded 1.17 per cent in case of the non-reducing sugar while nidar 

value of non-reducing (0.86 %) was observed under the treatment T14 (25% RDF + 

Azotobacter). 
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Table 4.17: Effect of nano urea in combination with Azotobacter on non-reducing sugar in strawberry cv. Winter Dawn. 

Treatments 
Non-reducing sugar (%) 

2022-23 2023-24 Pooled 

T1 1.43ab 1.17ab 1.30abcde 

T2 1.46b 1.84de 1.65ef 

T3 1.49ab 1.74cde 1.62ef 

T4 1.17ab 1.39abcd 1.28abcde 

T5 1.43ab 1.93e 1.68f 

T6 1.36ab 1.27abc 1.31bcdef 

T7 1.08a 1.27abc 1.17abcd 

T8 1.39ab 1.55bcde 1.47cdef 

T9 1.52b 1.65bcde 1.58ef 

T10 1.43ab 1.43abcd 1.43cdef 

T11 1.39ab 1.62bcde 1.50def 

T12 1.27ab 1.43abcd 1.35bcdef 

T13 1.39ab 1.68bcde 1.54def 

T14 1.05a 0.86a 0.95a 

T15 1.14ab 0.89a 1.01ab 

T16 1.27ab 1.01a 1.14abc 

 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% RDF + 
N1+ Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ Azotobacter, T13: 75% RDF 
+ N2+ Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter. 
Note: N1: 300 ppm Nano Urea, N2: 400 ppm Nano Urea 
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Figure 4.17: Effect of nano urea in combination with Azotobacter on non-reducing sugar in strawberry cv. Winter Dawn. 
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The aggirgated data for the both years (2022-23 as well as 2023-24) revealed the 

maximum non-reducing sugar (1.65 %) under the treatment T2 (25% RDF +N1) followed by 

T3 (25% RDF +N2) and T3 (25% RDF +N2) with the values of 1.65 per cent and 1.62 per cent. 

The control treatment recorded 1.30 per cent of non-reducing sugar while minimal value 

(0.95 %) in case of the non-reducing sugar was observed by treatment T14 (25% RDF + 

Azotobacter). 

In discussing the enhancement of non-reducing sugar levels in plants treated with 

nano urea in conjunction with Azotobacter, several physiological and biochemical 

mechanisms need to be considered. Nano urea, due to its smaller particle size, offers 

improved nitrogen use efficiency compared to conventional urea (Kumar et. al. 2023). This 

enhanced efficiency primarily stems from the reduced volatilization and leaching losses, 

ensuring a more consistent and targeted delivery of nitrogen to the plant roots (Iqbal et. al. 

2019). Azotobacter, a free-living nitrogen-fixing bacterium, not only contributes to additional 

nitrogen availability through biological fixation but also promotes plant growth through the 

production of phytohormones and other growth-enhancing substances (Jaiswal et. al. 2021). 

The synergistic interaction between nano urea and Azotobacter potentially amplifies 

these effects. In terms of non-reducing sugar accumulation, the improved nitrogen status can 

influence the plant's carbohydrate metabolism. Nitrogen is a critical component of amino 

acids and proteins involved in enzymatic processes (Kishorekumar et. al. 2020), including 

those that convert reducing sugars into non-reducing sugar forms such as sucrose. Efficient 

nitrogen utilization thus supports the enzymatic activities required for these conversions, 

potentially increasing the accumulation of non-reducing sugars. Additionally, the growth- 

promoting effects induced by Azotobacter might alter the source-sink dynamics within the 

plant, favoring more energy and carbon allocation towards the synthesis and storage of non- 

reducing sugars (Vessey, 2003). Understanding the exact biochemical pathways and genetic 

expressions influenced by this combination could provide further insights into how these 

treatments synergistically enhance non-reducing sugar content in plants, contributing 

significantly to improved plant productivity and stress tolerance (Khan et. al. 2020). 

 

4.4 Biochemical Parameters 

4.4.1 Antioxidants [µ mol Trolox Equivalent (TE) /g Fresh Weight (FW)] 

Data pertaining to antioxidants (µ mol TE/g FW) and its variation over the two 

experimental years (2022-23 and 2023-24) is provided inside of the Table 4.18 and visually 
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unveiled inside the Figure 4.18. A thorough examination of the data indicates a noteworthy 

impact of nano urea on the antioxidants (µ mol TE/g FW) of strawberry cultivar Winter 

Dawn throughout the two years of the research experiment. It is noteworthy that the data 

reveals a statistically significant influence of nano urea on the antioxidants (µ mol TE/g FW) 

of strawberry cv. Winter Dawn during both years of the research experiment. 

The first-year trial (2022-23) data detailed about the maximum antioxidants (1.90 µ 

mol TE/g FW) were observed under the treatment T11 (50% RDF +N2 + Azotobacter) 

followed by T10 (50% RDF +N1 + Azotobacter) and T13 (75% RDF +N2 + Azotobacter) 

having the similar values 1.87 µ mol TE/g FW and 1.87 µ mol TE/g FW, respectively. The 

control treatment (T1) was observed with 1.48 µ mol TE/g FW antioxidants while the 

minimum antioxidants (1.22 µ mol TE/g FW) were observed under the treatment T14 (25% 

RDF + Azotobacter). 

Second year trial (2023-24) data showed the maximum antioxidants (1.87 µ mol TE/g 

FW) under the treatment T11 (50% RDF +N2 + Azotobacter) followed by T9 (25% RDF +N2 + 

Azotobacter) and T10 (50% RDF +N1 + Azotobacter) having the values 1.86 µ mol TE/g FW 

and 1.85 µ mol TE/g FW, respectively. The minimum antioxidants (1.24 µ mol TE/g FW) 

were recorded under the treatment T14 (25% RDF + Azotobacter) and the control recorded 

1.44 µ mol TE/g FW antioxidants. 
 

Pooled data for both the trials (2022-23 and 2023-24) revealed the maximum of 

antioxidants were observed under the treatment T11 (50% RDF +N2 + Azotobacter) with a 

value of 1.89 µ mol TE/g FW. It was followed by T10 (50% RDF +N1 + Azotobacter) and T13 

(75% RDF +N2 + Azotobacter) with the values 1.86 µ mol TE/g FW and 1.84 µ mol TE/g 

FW, respectively. The control treatment recorded 1.46 µ mol TE/g FW antioxidants while the 

minimum antioxidants (1.46 µ mol TE/g FW) were recorded under T14 (25% RDF + 

Azotobacter). 

In exploring the enhancement of antioxidant levels in strawberries through the 

application of nano urea and Azotobacter, it is crucial to understand the interconnected roles 
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Table 4.18: Effect of nano urea in combination with Azotobacter on antioxidants in strawberry cv. Winter Dawn. 

Treatments 
Antioxidants (µ mol TE/g FW) 

2022-23 2023-24 Pooled 

T1 1.48c 1.44c 1.46c 

T2 1.61d 1.63d 1.62d 

T3 1.72ef 1.74ef 1.73ef 

T4 1.78fg 1.74ef 1.76fg 

T5 1.81gh 1.82ghi 1.82hi 

T6 1.80gh 1.78fg 1.79gh 

T7 1.84ghi 1.80fg 1.82hi 

T8 1.69e 1.71e 1.70e 

T9 1.80gh 1.86hi 1.83hi 

T10 1.87hi 1.85hi 1.86ij 

T11 1.90i 1.87i 1.89j 

T12 1.85ghi 1.80fg 1.82hi 

T13 1.87hi 1.81gh 1.84hij 

T14 1.22a 1.24a 1.23a 

T15 1.38b 1.36b 1.37b 

T16 1.40b 1.40bc 1.40b 

 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% RDF + 
N1+ Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ Azotobacter, T13: 75% RDF 
+ N2+ Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter. 
Note: N1: 300 ppm Nano Urea, N2: 400 ppm Nano Urea 
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Figure 4.18: Effect of nano urea in combination with Azotobacter on antioxidants in strawberry cv. Winter Dawn. 
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of nitrogen availability and microbial interactions. Nano urea offers a significant advantage 

over conventional urea formulations due to its enhanced solubility and uptake efficiency, 

which can lead to more effective nitrogen assimilation by plants (Kumar et. al. 2023). 

Improved nitrogen availability is essential for the synthesis of primary and secondary 

metabolites (Mahajan et. al. 2020), including antioxidant compounds such as flavonoids and 

phenolic acids, which are abundant in strawberries (Wu et. al. 2024). 

Azotobacter, as a plant growth-promoting rhizobacterium (Hindersah et. al. 2020), not 

only assists in nitrogen fixation but also influences various physiological processes in plants 

(Singh et. al, 2022), including hormonal balance and immune responses (Borah et. al. 2023). 

This bacterium has been found to induce systemic resistance and stress tolerance in plants 

(Kiran et. al. 2022), which can be associated with elevated levels of endogenous signaling 

molecules like salicylic acid and jasmonic acid (Sevim et. al. 2023). These molecules are 

known to mediate the production of antioxidants (Woch et. al. 2023). 

The combination of nano urea and Azotobacter potentially creates a synergistic effect, 

optimizing nitrogen use and stimulating the plant's intrinsic defense mechanisms. This dual 

action can lead to a more robust antioxidant system in strawberries, characterized by 

increased concentrations of antioxidants that not only protect the plants from oxidative stress 

but also improve the nutritional quality of the fruit. Future studies should focus on 

quantifying the specific changes in antioxidant profiles in strawberries treated with nano urea 

and Azotobacter and determining the underlying molecular pathways involved. This research 

will contribute to a deeper understanding of how agronomic practices can be aligned with 

plant physiology to enhance fruit quality and plant health. 

 
 
4.4.2 Anthocyanin (mg/ 100 g pulp) 

Data pertaining to anthocyanin (mg per 100 g pulp) and its variation over the two 

experimental years (2022-23 and 2023-24) is provided inside of the Table 4.19 and visually 

unveiled inside the Figure 4.19. A thorough examination with respect to the data indicates a 

noteworthy impact of nano urea on the anthocyanin content of strawberry cultivar Winter 

Dawn throughout the two years of the research experiment. It is noteworthy that the data 

reveals a statistically significant influence of nano urea on the anthocyanin content of 

strawberry cv. Winter Dawn during both years of the research experiment. 
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The first trial (2022-23) data revealed the maximum anthocyanin (0.274 mg per 100 g 

pulp) recorded under the treatment T9 (25% RDF +N2 + Azotobacter) followed by T8 (25% 

RDF +N1 + Azotobacter) and T10 (50% RDF +N1 + Azotobacter) having the similar values 

0.268 mg per 100 g pulp and 0.268 mg per 100 g pulp, respectively. The minimum 

anthocyanin (0.203 mg per 100 g pulp) was recorded under T14 (25% RDF + Azotobacter) 

while the control treatment (T1) was recorded with 0.235 mg per 100 g pulp. 

In the second-year research trial (2023-24) data revealed the maximum anthocyanin 

(0.276 mg per 100 g pulp) was recorded under the treatment T9 (25% RDF +N2 + 

Azotobacter) while it was followed by T8 (25% RDF +N1 + Azotobacter) and T3 (25% RDF 

+N2) with values 0.274 mg per 100 g pulp and 0.273 mg per 100 g pulp, respectively. The 

minimum anthocyanin content (0.207 mg per 100 g pulp) was recorded under the treatment 

T14 (25% RDF + Azotobacter) while the control treatment (T1) recorded 0.233 mg per 100 g 

of the pulp. 

Combining the data for the both years (2022-23 as well as 2023-24) revealed 

maximum anthocyanin (0.275 mg per 100 g pulp) was recorded under the treatment T9 (25% 

RDF +N2 + Azotobacter) followed by T8 (25% RDF +N1 + Azotobacter) and T3 (25% RDF 

+N2) with similar values 0.270 mg per 100 g pulp and 0.270 mg per 100 g of the pulp, apiece. 

The treatment control (T1) listed 0.234 mg per 100 g pulp (anthocyanin) while the minimum 

0.205 mg per 100 g pulp was recorded under treatment (T14). 
 

The potential for enhancing anthocyanin content in strawberries through the combined 

application of nano urea and Azotobacter presents a promising avenue for agricultural 

innovation aimed at improving fruit quality and nutritional value. Nano urea, characterized by 

its significantly reduced particle size compared to conventional urea, ensures a more efficient 

delivery and uptake of nitrogen (Kumar et. al. 2023). This efficient nitrogen utilization is 

pivotal for the synthesis of amino acids that are precursors to anthocyanins (Meng et. al. 

2020), the pigments responsible for the red color in strawberries and other fruits (Sirijan et. 

al. 2020). Efficient nitrogen assimilation influences the phenylpropanoid pathway (Tang et. 

al. 2020), which is directly involved in anthocyanin biosynthesis (Liu et. al. 2021), 

suggesting that enhanced nitrogen availability could lead to increased anthocyanin production 

(Al-Qadi, and Ameen, 2013). 

Azotobacter contributes further to this effect by its nitrogen-fixing capabilities and its 
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Table 4.19: Effect of nano urea in combination with Azotobacter on anthocyanin in strawberry cv. Winter Dawn. 

Treatments 
Anthocyanin (mg/ 100 g pulp) 

2022-23 2023-24 Pooled 

T1 0.235d 0.233c 0.234c 

T2 0.248e 0.257d 0.252d 

T3 0.269ij 0.273e 0.271h 

T4 0.252ef 0.255d 0.253de 

T5 0.258fgh 0.260d 0.259fg 

T6 0.254fg 0.257d 0.256ef 

T7 0.257fgh 0.258d 0.258gh 

T8 0.268i 0.274e 0.271h 

T9 0.274j 0.276e 0.275h 

T10 0.268i 0.270e 0.269h 

T11 0.263hi 0.271e 0.267h 

T12 0.259gh 0.269e 0.264g 

T13 0.261h 0.271e 0.266h 

T14 0.203a 0.207a 0.205a 

T15 0.209b 0.211a 0.210a 

T16 0.216c 0.224b 0.220b 

 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% RDF + 
N1+ Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ Azotobacter, T13: 75% RDF 
+ N2+ Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter. 
Note: N1: 300 ppm Nano Urea, N2: 400 ppm Nano Urea 
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Figure 4.19: Effect of nano urea in combination with Azotobacter on anthocyanin in strawberry cv. Winter Dawn. 
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role in promoting plant growth and health (Aasfar et. al. 2021). More importantly, 

Azotobacter can influence secondary metabolite pathways through its effect on the hormonal 

balance within plants (Mousavi et. al. 2022). It has been documented that such microbial 

interactions can enhance the levels of growth regulators, including auxins and cytokinins (EL 

Sabagh et. al. 2022), which have been linked to the regulation of genes involved in 

anthocyanin synthesis (Li et. al. 2021; Wang et. al. 2023). Furthermore, the presence of 

Azotobacter can stimulate the plant’s defence mechanisms (Hindersah et. al, 2020), 

potentially leading to an induced systemic response that includes upregulation of antioxidant 

pathways, which are closely related to anthocyanin synthesis (Chen et. al. 2020). 

Therefore, the synergistic use of nano urea and Azotobacter not only optimizes 

nitrogen efficiency but also potentially modifies physiological and metabolic pathways in 

strawberries, enhancing anthocyanin content. This hypothesis suggests a dual mechanism 

where improved nitrogen status enhances the precursor availability for anthocyanin synthesis, 

and microbial interaction modulates the regulatory and biochemical pathways favoring these 

phenolic compounds. Future empirical research should focus on delineating these interactions 

at a molecular level to establish a clear causal relationship and optimize application rates and 

conditions for maximum anthocyanin enhancement in strawberries. This knowledge would 

significantly contribute to the fields of agronomy and plant physiology, offering strategies to 

naturally improve the nutritional and aesthetic qualities of strawberries. 

 
 
4.5 Nutrient Analysis 

4.5.1 Plant Nutrient Analysis (NPK) 

Data pertaining to plant nutrient analysis (NPK) and its variation over the two 

experimental years (2022-23 and 2023-24) is provided inside of the Table 4.20 and visually 

unveiled inside of the Figure 4.20. A thorough examination with respect to the data indicates 

a noteworthy impact of nano urea on plant nutrient analysis (NPK) of strawberry cultivar 

Winter Dawn throughout the two years of the research experiment. It is noteworthy that the 

data reveals a statistically significant influence of nano urea on the plant nutrient analysis 

(NPK) of strawberry cv. Winter Dawn during both years of the research experiment. 

The first-year trial (2022-23) showed the maximum presence of nitrogen (2.51 %) 

under the treatment T9 (25% RDF +N2 + Azotobacter) followed by T11 (50% RDF +N2 + 

Azotobacter) and T8 (25% RDF +N1 + Azotobacter) having values of 2.46 per cent as well as 
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2.42 per cent, apiece. The treatment control T1 recorded 1.56 per cent nitrogen while the least 

(0.99 %) was recorded under T14 (25% RDF + Azotobacter). During second year trial (2023- 

24), the maximum presence of nitrogen (2.47 %) was observed under the treatment T9 (25% 

RDF +N2 + Azotobacter) followed by T11 (50% RDF +N2 + Azotobacter) and T8 (25% RDF 

+N1 + Azotobacter) having values 2.37 per cent as well as 2.36 per cent, apiece. The control 

treatment T1 recorded 1.42 per cent nitrogen while the least nitrogen (0.96 per cent) was 

recorded under the treatment T14 (25% RDF + Azotobacter). The pooled analysis of both the 

years (2022-23 and 2023-24) revealed the maximum nitrogen (2.49 %) under the treatment T9 

(25% RDF +N2 + Azotobacter) followed by T11 (50% RDF +N2 + Azotobacter) and T8 (25% 

RDF +N1 + Azotobacter) having values 2.42 per cent as well as 2.39 per cent, apiece. The 

treatment control T1 recorded 1.49 per cent nitrogen while the least (0.98 %) was recorded 

under the treatment T14 (25% RDF + Azotobacter). 

In the first-year experiment (2022-23), the maximum phosphorus (0.38 %) was 

recorded under the treatment T9 (25% RDF +N2 + Azotobacter) T10 (25% RDF +N2 + 

Azotobacter) T11 (25% RDF +N2 + Azotobacter) and T15 (25% RDF +N2 + Azotobacter), 

each. The control treatment T1 recorded 0.37 per cent phosphorus while the least (0.35 %) 

was recorded under the treatment T12 (75% RDF +N1 + Azotobacter). During the second year 

trial (2023-24), maximum phosphorus (0.37) was recorded under treatment T2 (25% RDF 

+N2), T4 (50% RDF +N1), T6 (75% RDF +N1 and T15 (75% RDF +N2), each. The control 

treatment T1 was recorded with 0.36 phosphorus while the least (0.33 %) was recorded under 

the treatment T5 (50% RDF +N2) and T7 (75% RDF +N2), each. The pooled analysis for both 

the years (2023-23 and 2023-24) revealed the maximum phosphorus (0.37 %) under the 

treatment T1 (control), T2 (25% RDF +N2), T4 (50% RDF +N1), T6 (75% RDF +N1), T8 (25% 

RDF +N1 + Azotobacter), T9 (25% RDF +N2 + Azotobacter), T10 (50% RDF +N1 + 

Azotobacter), T11 (50% RDF +N2 + Azotobacter) and T16 (75% RDF + Azotobacter), each. 

The least phosphorus (0.34 %) was recorded under the treatment T5 (50% RDF +N2). 

In the first-year trial (2022-23), the potassium (K) was recorded maximum (2.73 %) 

under the treatment T2 (25% RDF +N1 + Azotobacter) followed by T15 (25% RDF +N2 + 

Azotobacter) having a value of 2.70 per cent. The control treatment T1 recorded 2.66 per cent 

potassium while the least was recorded under the treatment T6 (75% RDF +N1 + 

Azotobacter). The second-year trial (2023-24) recorded the maximum potassium (2.78 %) 

under the treatment T2 (25% RDF +N1) followed by T1 (control) and T15 (50% RDF + 

Azotobacter) having values of 2.66 per cent and 2.65 per cent, respectively. The least 
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potassium (2.49 %) was recorded under the treatment T7 (75% RDF +N2). The pooled 

analysis for both the years (2022-23 and 2023-24) revealed the maximum potassium under 

the treatment T2 (25% RDF +N1) followed by T15 (50% RDF + Azotobacter) and T1 (control) 

having values 2.67 and 2.66, respectively. The least value (2.59 %) was recorded the 

treatment T7 (75% RDF +N2). 

The foliate application having the nano urea combined with a basal dose consisting 

the Azotobacter is a novel approach that potentially enhances nitrogen availability in 

strawberry plants, particularly within the leaves where photosynthesis and growth processes 

are highly concentrated. Nano urea, characterized by its nano-scale particles, provides a 

distinct advantage over conventional urea through more efficient and rapid absorption by the 

leaf surface (Dimkpa et. al. 2022). This method bypasses the soil-plant interface, reducing 

nitrogen losses commonly associated with leaching, volatilization, or immobilization in the 

soil (Yadav et. al. 2023). The direct availability of nitrogen to the photosynthetic tissues 

ensures immediate utilization for amino acid synthesis and other nitrogen-demanding 

metabolic processes, which are crucial for plant growth and productivity (Ji et. al. 2023). 

Azotobacter, applied as a basal soil treatment, complements this approach by 

enhancing soil nitrogen levels through biological nitrogen fixation (Raza et. al. 2020). This 

bacterium not only contributes fixed nitrogen to the soil but also promotes increased root 

health and development, improving the plant’s overall nutrient uptake capacity (Aasfar et. al. 

2021; Sumbul et. al. 2020). The presence of Azotobacter in the soil can lead to improved soil 

structure and fertility over time, facilitating better absorption and translocation of nitrogen 

and other nutrients from the soil to the plant (Sharma et. al. 2020; Dellagi et. al. 2020; 

Etesami et. al. 2020). 

The integrated use of foliar-applied nano urea and soil-applied Azotobacter creates a 

dual-enhancement mechanism of nitrogen availability in strawberry leaves. While nano urea 

directly supplies nitrogen to leaf tissues, enhancing immediate nitrogen assimilation for 

critical processes such as chlorophyll synthesis and photosynthesis, Azotobacter indirectly 

supports this by enriching the soil nitrogen pool and root uptake efficiency. This synergistic 

application ensures that nitrogen is available in a sustained manner throughout different plant 

parts, optimizing growth and productivity. This might have been the reason of increased or 

levelled up nitrogen present in the strawberry plant leaves while there was no significant 
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Table 4.20: Effect of nano urea in combination with Azotobacter on plant nutrient status (NPK) in strawberry cv. Winter Dawn. 

Treatments 

Plant nutrient analysis (NPK) % 

Nitrogen Phosphorus Potassium 

2022 2023 Pooled 2022 2023 Pooled 2022 2023 Pooled 

T1 1.56d 1.42d 1.49d 0.37a 0.36a 0.37a 2.66a 2.66bc 2.66ab 

T2 2.00g 2.06g 2.03g 0.37a 0.37a 0.37a 2.73a 2.78c 2.75b 

T3 2.14h 2.16h 2.15h 0.36a 0.34a 0.35a 2.67a 2.64b 2.65ab 

T4 1.89e 1.93e 1.91e 0.36a 0.37a 0.37a 2.66a 2.58ab 2.62ab 

T5 2.00g 2.02fg 2.01fg 0.35a 0.33a 0.34a 2.64a 2.60ab 2.62ab 

T6 1.88e 1.91e 1.90e 0.37a 0.37a 0.37a 2.62a 2.62ab 2.62ab 

T7 1.93f 1.97ef 1.95f 0.37a 0.33a 0.35a 2.69a 2.49a 2.59a 

T8 2.42j 2.36j 2.39j 0.37a 0.36a 0.37a 2.69a 2.52ab 2.60a 

T9 2.51l 2.47k 2.49k 0.38a 0.36a 0.37a 2.63a 2.57ab 2.60ab 

T10 2.33i 2.28i 2.30i 0.38a 0.35a 0.37a 2.70a 2.60ab 2.65ab 

T11 2.46k 2.37j 2.42j 0.38a 0.35a 0.37a 2.62a 2.58ab 2.60a 

T12 2.31i 2.28i 2.29i 0.35a 0.34a 0.35a 2.66a 2.63b 2.65ab 

T13 2.17h 2.14h 2.16h 0.37a 0.35a 0.36a 2.69a 2.61ab 2.65ab 

T14 0.99a 0.96a 0.98a 0.37a 0.36a 0.36a 2.68a 2.61ab 2.65ab 

T15 1.11b 1.05b 1.08b 0.38a 0.34a 0.36a 2.70a 2.65b 2.67ab 

T16 1.21c 1.16c 1.19c 0.37a 0.37a 0.37a 2.67a 2.63b 2.65ab 

 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% RDF + 
N1+ Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ Azotobacter, T13: 75% RDF 
+ N2+ Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter. 
Note: N1: 300 ppm Nano Urea, N2: 400 ppm Nano Urea 
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Figure 4.20: Effect of nano urea in combination with Azotobacter on plant nutrient status (NPK) in strawberry cv. Winter Dawn. 
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variation was observed in the phosphorus and potassium availability in strawberry plant as 

the provided dose was constant. 

 

4.5.2 Soil nutrient analysis (NPK) 

Data allied to soil nutrient analysis (NPK) and its variation over the two experimental 

years (2022-23 and 2023-24) is provided inside of the Table 4.21 also visually unveild inside 

the Figure 4.21. A thorough examination of the data indicates a noteworthy impact of nano 

urea on soil nutrient analysis (NPK) of strawberry cultivar Winter Dawn throughout the two 

years of the research experiment. It is noteworthy that the data reveals a statistically 

significant influence of nano urea on the soil nutrient analysis (NPK) of strawberry cv. 

Winter Dawn during both years of the research experiment. 

The initial trial (2022-23) recorded 151.56 kg/ha of nitrogen in the soil, 16.23 kg/ ha 

of phosphorus, 198.43 kg/ha of potassium, 3.7 g-1kg organic carbon and 3 CFU 106 

Azotobacter count. Whereas, second year research trial (2023-24) observed 150.23 kg/ha of 

nitrogen, 15.51 kg/ha of phosphorus, 196.38 kg/ha of potassium, 3.4 g/kg of organic carbon, 

and 2 CFU 106 of Azotobacter colonies. 

The soil NPK analysis was observed with significant variation among the treatments 

of nano urea application. The first-year trial (2022-23) recorded maximum nitrogen (234.65 

kg/ha) under the treatment T1 (control) followed by T7 (75% RDF +N2) and T6 (75% RDF 

+N1) having values 227.86 kg/ha and 221.34 kg-1ha, apiece. The minimal soil nitrogen 

(169.00 kg-1 ha) was recorded by treatment T9 (25% RDF +N2 + Azotobacter). During the 

second-year trial (2023-24), the soil nitrogen was observed highest (222.10 kh/ha) under the 

treatment T1 (control) followed by T7 (75% RDF +N2) and T6 (75% RDF +N1) having values 

of 218.18 kg/ha and 217.04 kg-1 ha, apiece. The minimal soil nitrogen (151.28 kg-1 ha) was 

listed by treatment T3 (25% RDF +N2). The pooled analysis for both the years (2022-23 and 

2023-24) revealed the maximum soil nitrogen (228.38 kg/ha) under the treatment T1 (control) 

followed by T7 (75% RDF +N2) and T16 (75% RDF + Azotobacter) with the values of 223.02 

kg/ha and 220.44 kg/ha, respectively. 

The initial research trial (2022-23 and 2023-24) recorded the maximum phosphorus 

(28.53 kg/ha) under the treatment T13 (75% RDF +N2 + Azotobacter) followed by T16 (75% 

RDF + Azotobacter) and T11 (50% RDF +N2 + Azotobacter) having values of 27.39 kg/ha and 



142  

26.90 kg-1 ha, respectively. The least of the soil phosphorus (20.76 kg-1 ha) was recorded by 

treatment T1 (control). The second-year trial (2023-24) revealed the maximum observance of 

soil phosphorus (23.25 kg/ha) under the treatment T12 (75% RDF +N1 + Azotobacter) 

followed by T6 (75% RDF +N1) and T3 (25% RDF +N2) having values 22.93 kg/ha and 22.89 

kg/ha, respectively. The control treatment T1 recorded 22.61 kg/ha soil phosphorus while the 

minimum (22.15 kg/ha) was observed under the treatment T4 (50% RDF +N1). The combined 

analysis for both years (2022-23 and 2023-24) showed the maximum soil phosphorus (25.71 

kg/ha) under T13 (75% RDF +N2 + Azotobacter) followed by T12 (75% RDF +N1 + 

Azotobacter) and T16 (75% RDF + Azotobacter) having values 24.85 kg/ha and 24.74 kg/ha, 

respectively. 

The first-year trial (2022-23) recorded the maximum potassium (215.71 kg/ ha) under 

the treatment T13 (75% RDF +N2 + Azotobacter) followed by T15 (50% RDF + Azotobacter) 

and T12 (75% RDF +N1 + Azotobacter). The control treatment T1 recorded a minimum 

potassium value of 204.45 kg/ha which the minimum value recorded. The second year (2023- 

24) showed the maximum presence of potassium (208.01 kg/ha) under the treatment T3 (25% 

RDF +N2) followed by T7 (75% RDF +N2) and T13 (75% RDF +N2 + Azotobacter) having 

values of 206.67 kg/ha and 205.26 kg/ha, respectively. The control treatment T1 recorded 

201.16 kg/ha of potassium while the minimum (200.34 kg/ha) was recorded under the 

treatment T5 (50% RDF +N2). The pooled analysis for both the years (2022-23 and 2023-24) 

revealed the maximum presence of potassium (210.49 kg/ ha) under the treatment T13 (75% 

RDF +N2 + Azotobacter) followed by T7 (75% RDF +N2) and T3 (25% RDF +N2) having 

values of 209.72 kg/ ha and 208.77 kg/ ha, respectively. The control treatment T1 was 

recorded with 205.01 kg/ ha of potassium while the minimum (204.65 kg/ ha) was recorded 

under the treatment T4 (50% RDF +N2). 

The basal application of nitrogen (N) is a critical agricultural practice aimed at 

enhancing the availability of nitrogen in soil (Yadav et. al. 2017), thereby optimizing crop 

growth and yield (Hammad et. al. 2018). This technique employs applying nitrogen fertilizers 

at or near the plant, targeting the root zone of the crops (Sharma and Bali, 2017). Through 

this method, nitrogen is strategically placed in the soil where it can be readily accessed by the 

developing root system of the plants (Gutschick, 1981; Lynch, 2013). One of the key 

mechanisms through which basal application enhances nitrogen availability in soil is its 

dilution in the soil (Zhang et. al. 2012). When nitrogen fertilizers are applied at the basal 

level, they are in closer proximity to the root zone, minimizing the distance nitrogen must
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Table 4.21: Effect of nano urea in combination with Azotobacter on soil nutrient status (NPK) in strawberry cv. Winter Dawn. 

Treatments 

Soil nutrient analysis (NPK) kg/ha 

Nitrogen Phosphorus Potassium 

2022 2023 Pooled 2022 2023 Pooled 2022 2023 Pooled 

T1 234.65j 222.10h 228.38k 20.76a 22.61a 21.69a 204.45a 205.56ab 205.01a 

T2 178.39ab 162.32ab 170.36ab 22.89bc 22.52a 22.70abcd 207.96ab 203.61ab 205.79a 

T3 173.87a 151.28a 162.58a 21.90ab 22.89a 22.40ef 209.54ab 208.01b 208.77a 

T4 195.65de 180.16cd 187.90cd 22.28b 22.15a 22.22ab 208.32ab 200.97a 204.65a 

T5 209.56fg 199.61efg 204.59fg 25.87ef 21.91a 23.89de 210.98ab 200.34a 205.66a 

T6 221.34hi 217.04gh 219.19ij 24.87de 22.93a 23.90de 213.87ab 201.95ab 207.91a 

T7 227.86ij 218.18h 223.02jk 23.87cd 22.54a 23.21bcd 212.76ab 206.67ab 209.72a 

T8 183.98bc 178.00bcd 180.99c 22.67bc 22.58a 22.62abc 210.65ab 204.85ab 207.75a 

T9 169.00a 173.08bcd 171.04b 23.67cd 22.63a 23.15bcd 209.45ab 203.42ab 206.44a 

T10 190.45cd 199.48efg 194.97de 24.87de 22.53a 23.70cde 213.75ab 202.09ab 207.92a 

T11 187.76bcd 197.91ef 192.84de 26.90fg 22.53a 24.72ef 210.91ab 204.00ab 207.46a 

T12 213.67gh 213.52fgh 213.60hi 26.45fg 23.25a 24.85ef 214.30ab 201.91ab 208.11a 

T13 202.75ef 213.87fgh 208.31gh 28.53h 22.88a 25.71f 215.71b 205.26ab 210.49a 

T14 172.21a 165.26abc 168.74ab 24.87de 22.48a 23.68cde 212.76ab 202.28ab 207.52a 

T15 211.78fgh 184.00de 197.89ef 23.98cd 22.55a 23.27bcd 214.72ab 202.79ab 208.75a 

T16 218.45ghi 222.43h 220.44ijk 27.39gh 22.09a 24.74bcd 213.36ab 202.55ab 207.96a 

 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% RDF + 
N1+ Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ Azotobacter, T13: 75% RDF 
+ N2+ Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter. 
Note: N1: 300 ppm Nano Urea, N2: 400 ppm Nano Urea 
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Figure 4.21: Effect of nano urea in combination with Azotobacter on soil nutrient status (NPK) in strawberry cv. Winter Dawn. 
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travel through the soil profile before being taken up by plants (Whetton et. al. 2022). This 

reduces the risk of nitrogen being lost through leaching, where it is washed deeper into the 

soil beyond the reach of plant roots, or through volatilization, where nitrogen is lost to the 

atmosphere as gaseous ammonia. 

Furthermore, basal application facilitates the incorporation of nitrogen into the soil 

matrix, promoting interactions with soil particles and organic matter (Plaza et. al. 2016). This 

helps to stabilize nitrogen compounds and reduce their susceptibility to loss mechanisms such 

as denitrification (Mahmud et. al. 2021), wherein nitrogen is converted into gaseous forms 

and lost to the atmosphere (Robertson, and Groffman, 2024). 

Overall, the basal application of nitrogen plays a crucial role in enhancing nitrogen 

availability in soil by optimizing the placement of nitrogen fertilizers, minimizing losses, and 

promoting its uptake by plants. The dosages of nano urea were found with no result in terms 

of soil nitrogen availability. 

 

4.5.3 Soil Nutrient Analysis (Organic Carbon) 
 

Data pertaining to soil nutrient analysis (available OC) and its variation over the two 

experimental years (2022-23 and 2023-24) is provided inside of the Table 4.22 and visually 

depicted inside the Figure 4.22. A thorough examination of the data displayed a noteworthy 

impact of nano urea on soil nutrient analysis (available OC) of strawberry cultivar Winter 

Dawn throughout the two years of the research experiment. It is noteworthy that the data 

reveals a statistically significant influence of nano urea on the soil nutrient analysis (available 

OC) of strawberry cv. Winter Dawn during both years of the research experiment. 

The initial year trial (2022-23) revealed the maximum presence of available soil 

carbon (3.90 g/ kg) under the treatment T3 (25% RDF +N2), T9 (25% RDF +N2 + 

Azotobacter) and T14 (25% RDF + Azotobacter) followed by T2 (25% RDF +N1), T8 (25% 

RDF +N1 + Azotobacter), T10 (50% RDF +N1 + Azotobacter) and T11 (50% RDF +N2 + 

Azotobacter) having a value of 3.80 g/ kg, each. The control treatment T1 recorded 3.50 g/ kg 

soil organic carbon which remained the minimum value, the same observance was recorded 

under the treatment T7 (75% RDF +N2) and T16 (75% RDF + Azotobacter). 

During the second-year trial (2023-24), the maximum presence of soil organic carbon 

(3.76 g kg-1) was listed by the treatment T8 (25% RDF +N1 + Azotobacter) followed by T3 
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(25% RDF +N2) and T9 (25% RDF +N2 + Azotobacter). The control treatment T1 was 

recorded minimum with 3.38 g/ kg followed by T7 (75% RDF +N2) and T16 (75% RDF + 

Azotobacter) having values of 3.39 g/ kg and 3.40 g/ kg, respectively. 

The pooled analysis of both the trials (2022-23 and 2023-24) showed the utmost soil 

organic carbon (3.83 g-1 kg) by the treatment T3 (25% RDF +N2) and T9 (25% RDF +N2 + 

Azotobacter), each. This was followed by T8 (25% RDF +N1 + Azotobacter) and T2 (25% 

RDF +N1) having values of 3.78 and 3.74, respectively. The control treatment T1 recorded the 

minimum (3.44 g/ kg) soil organic carbon. 

The basal application of conventional nitrogen fertilizers has been observed to have 

adverse effects on the available organic carbon content in soil (Li et. al. 2017), a phenomenon 

that underscores the intricate interplay between nutrient management practices and soil 

carbon dynamics. This decrease in available organic carbon can be attributed to several 

underlying mechanisms. Firstly, the application of nitrogen fertilizers at the basal level often 

leads to an accelerated rate of microbial activity in the soil (Ge et. al. 2010). Microorganisms, 

particularly those involved in nitrogen cycling processes, respond positively to the sudden 

influx of nitrogen, which in turn stimulates their metabolic activities (Hutchins et. al. 2022). 

As a consequence, these microbial communities increasingly utilize organic carbon as a 

substrate for energy and growth (Garcia-Pausas, and Paterson, 2011), thereby depleting the 

pool of available organic carbon in the soil. 

Moreover, the basal application of conventional nitrogen fertilizers can disrupt the 

balance of microbial communities responsible for organic carbon turnover in soil (Condron 

et. al. 2010). Certain microbial taxa, favoured by the elevated nitrogen availability (Fierer et. 

al. 2012), may exhibit enhanced competitiveness over others, leading to shifts in community 

composition and function (Herren and McMahon, 2018). This alteration in microbial 

diversity and activity can result in the preferential decomposition of organic carbon 

compounds, further reducing their availability in the soil matrix. 

Furthermore, the increased nitrogen availability resulting from basal application can 

indirectly impact the dynamics of soil organic carbon through its influence on plant-microbe 

interactions (Murphy et. al. 2017; Meng et. al. 2024)). Elevated nitrogen levels can stimulate 

plant growth and alter root exudation patterns (Yin et. al. 2013), which in turn can influence 

the quantity and quality of organic carbon inputs to the soil (Lei et. al. 2023). Changes in 

plant physiology and root architecture may lead to decreased carbon allocation belowground 
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Table 4.22: Effect of nano urea in combination with Azotobacter on soil (organic carbon) in strawberry cv. Winter Dawn. 

Treatments 
Soil (Organic carbon) g/ kg 

2022-23 2023-24 Pooled 

T1 3.50a 3.38a 3.44a 

T2 3.80cd 3.69ghi 3.74ef 

T3 3.90d 3.75i 3.82f 

T4 3.70bc 3.62efg 3.66cde 

T5 3.60sb 3.53cd 3.56bc 

T6 3.60ab 3.47bc 3.53ab 

T7 3.50a 3.39ab 3.45a 

T8 3.80cd 3.76i 3.78f 

T9 3.90d 3.74hi 3.82f 

T10 3.80cd 3.66fgh 3.73def 

T11 3.80cd 3.66gh 3.73def 

T12 3.70bc 3.58def 3.64cd 

T13 3.60ab 3.54cde 3.57bc 

T14 3.90d 3.69ghi 3.79f 

T15 3.70bc 3.54cde 3.62bc 

T16 3.50a 3.40ab 3.45a 

 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% RDF + N1+ 
Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ Azotobacter, T13: 75% RDF + N2+ 
Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter. 
Note: N1: 300 ppm Nano Urea, N2: 400 ppm Nano Urea 
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Figure 4.22: Effect of nano urea in combination with Azotobacter on soil (oranic carbon) in strawberry cv. Winter Dawn. 
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(Savage et. al. 2016), diminishing the input in case of the organic carbon into soil, and 

consequently reducing pool regarding available carbon for microbial utilization (Gross, and 

Harrison, 2019). 

Overall, the basal application of conventional nitrogen fertilizers exerts a complex and 

multifaceted influence on the available organic carbon content in soil, driven by alterations in 

microbial activity, community composition, and plant-soil interactions. Understanding these 

mechanisms is crucial for devising sustainable nutrient management strategies that optimize 

both nutrient availability and soil carbon sequestration, thereby ensuring the long-term 

productivity and resilience of agro ecosystems. 

 

4.5.4 Azotobacter count (CFU 106) 

Data pertaining to Azotobacter count (CFU 106) and its variation over the two 

experimental years (2022-23 and 2023-24) is provided inside of the Table 4.23 and visually 

depicted inside the Figure 4.23. A thorough examination with respect to the data indicates a 

noteworthy impact of nano urea on Azotobacter count (CFU 106) of strawberry cultivar 

Winter Dawn throughout the two years of the research experiment. It is noteworthy that the 

data reveals a statistically significant influence of nano urea on the Azotobacter count (CFU 

106) of strawberry cv. Winter Dawn during both years of the research experiment. 

The initial year trial (2023-24) recorded the maximum Azotobacter count (11.33 CFU 

106) under the treatment T14 (25% RDF + Azotobacter) followed by T8 (25% RDF +N1 + 

Azotobacter) and T9 (25% RDF +N2 + Azotobacter) having values of 11.33 CFU 106 and 

11.00 CFU 106, respectively. The minimum Azotobacter count (2.63 CFU 106) was recorded 

under the treatment T1 (control) followed by T6 (75% RDF +N1) and T7 (75% RDF +N2) 

having values of 3.00 CFU 106
, each. 

The second-year research trial (2023-24) the maximum Azotobacter count (11.83 

CFU 106) was recorded under the treatment T8 (25% RDF +N1 + Azotobacter) followed by 

T14 (25% RDF + Azotobacter) and T9 (25% RDF +N2 + Azotobacter) having values of 

11.50 CFU 106 and 11.17 CFU 106, each. The minimum value of Azotobacter count (2.67 

CFU 106) was recorded under the treatment T1 (control) followed by T6 (75% RDF +N1) and 

T7 (75% RDF +N2) having values of 3.67 CFU 106
, each. 
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Pooling the data of both the research trials (2022-23 and 2023-24) revealed the 

maximum presence of Azotobacter count (11.75 CFU 106) under the treatment T14 (25% RDF 

+ Azotobacter) followed by T8 (25% RDF +N1 + Azotobacter) and T9 (25% RDF +N2 + 

Azotobacter) with the values 11.58 CFU 106 and 11.08 CFU 106, each. The minimum 

Azotobacter count (2.65 CFU 106) was observed under the treatment T1 (control) followed by 

T6 (75% RDF +N1) and T7 (75% RDF +N2) having values of 3.33 CFU 106
, each. 

In the study of soil microbiology and fertility, the application of conventional 

nitrogenous fertilizers has been noted to impact various microbial populations, including the 

diazotrophic (nitrogen-fixing) bacteria such as Azotobacter (Aasfar et. al. 2021). Notably, 

basal application of these nitrogen fertilizers appears to decrease the population of 

Azotobacter in soil, a phenomenon that can be attributed to several interconnected factors 

(Jnawali, et. al. 2015). 

Azotobacter species are free-living (Aasfar et. al. 2021), nitrogen-fixing bacteria that 

contribute to the nitrogen economy of soils (Reis, and Teixeira, 2015). They are known for 

their ability to fix atmospheric nitrogen under aerobic conditions (Ouyang et. al. 2024), 

converting it into forms usable by plants (Al-Baldawy et. al. 2023). However, when synthetic 

nitrogen fertilizers are applied to the soil, particularly as a basal dose, it provides plants with 

readily available inorganic nitrogen. This abundant supply of nitrogen reduces the ecological 

niche and the competitive advantage for Azotobacter, whose nitrogen-fixing capability 

becomes redundant in the presence of high nitrogen levels. The decrease in Azotobacter count 

following nitrogen application is also linked to the metabolic burden that nitrogen fixation 

imposes on bacteria (Han et. al. 2024); when nitrogen is readily available, the energy- 

intensive process of nitrogen fixation is unnecessary, leading to a competitive disadvantage 

for nitrogen-fixers. 

Furthermore, the physiological and biochemical impacts of high nitrogen 

concentrations on soil micro-environments may directly inhibit the growth of Azotobacter 

(Gauri et. al. 2012). These bacteria are sensitive to the ionic forms of nitrogen, such as 

ammonium and nitrate, which can affect cellular processes and inhibit growth (Jensen, 1954). 

Also, nitrogen applications can lead to soil acidification over time (Barak et. al. 1997), 

altering pH levels to a range that is unfavourable for Azotobacter (Dar et. al. 2021), which 

prefers neutral to slightly alkaline conditions (Kozieł, et. al. 2021). This alteration in soil pH 
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as a consequence of nitrogen fertilizer usage further explains the suppressive effect on 

Azotobacter populations (Dar et. al. 2021). 
 

Thus, the basal application of nitrogen fertilizers can be seen as a double-edged 

sword; while enhancing plant growth by providing essential nutrients directly, it concurrently 

diminishes the population of beneficial nitrogen-fixing bacteria such as Azotobacter through 

mechanisms involving direct inhibition and ecological displacement. This aspect of soil 

dynamics is crucial for understanding the broader implications of agricultural practices on 

microbial biodiversity and soil health, emphasizing the need for integrated nutrient 

management strategies that consider both crop yield and microbial ecology. 

The foliar application of nano urea presents a novel approach in agricultural practices, 

with significant implications for soil microbial populations (Upadhyay et. al. 2023), notably 

the Azotobacter species. Unlike conventional soil-applied fertilizers, nano urea is primarily 

absorbed through plant leaves, minimizing the direct contact and saturation of soil with 

excess nitrogen (Avila et. al. 2022). This targeted application method allows for efficient 

uptake of nitrogen by plants, potentially reducing nitrogen loss to the environment through 

leaching or runoff and hence lessening the direct negative impacts on soil microbial 

communities that are commonly associated with traditional nitrogen applications (Uscola et. 

al. 2014). 

For nitrogen-fixing bacteria such as Azotobacter, the reduced soil nitrogen levels 

following foliar nano urea application can be beneficial (Gangaiah, and Yadav, 2024). 

Azotobacter species thrive in environments where nitrogen is not excessively available, as 

their ecological role of fixing atmospheric nitrogen becomes crucial in such circumstances. 

By avoiding significant alterations to the soil nitrogen balance, foliar nano urea application 

supports the maintenance of a niche for Azotobacter. Furthermore, because these bacteria also 

stimulate plant growth by producing phytohormones and enhancing nutrient availability, their 

increased activity in response to appropriate soil nitrogen levels can lead to improved soil 

health and structure. 

Thus, the strategic use of nano urea via foliar application not only aims at enhancing 

plant nitrogen use efficiency but also supports the conservation and potentially the 

proliferation of beneficial microbial communities such as Azotobacter. This relationship 

underscores the importance of adopting innovative fertilization techniques that are sensitive 
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Table 4.23: Effect of nano urea in combination with Azotobacter on Azotobacter count in strawberry cv. Winter Dawn. 

Treatments 
Azotobacter count (CFU 106) 

2022-23 2023-24 Pooled 

T1 2.63a 2.67a 2.65a 

T2 4.35b 4.83c 4.59c 

T3 4.33b 4.67bc 4.50c 

T4 3.34ab 4.00bc 3.67b 

T5 3.66ab 4.00bc 3.83bc 

T6 3.00a 3.67b 3.33ab 

T7 3.00a 3.67b 3.33ab 

T8 11.33ef 11.83f 11.58g 

T9 11.00ef 11.17f 11.08g 

T10 8.67d 9.83e 9.25e 

T11 8.33cd 9.17e 8.75e 

T12 7.67cd 8.17d 7.92d 

T13 7.33c 8.00d 7.67d 

T14 12.00f 11.50f 11.75g 

T15 10.33e 10.00e 10.17f 

T16 7.67cd 8.17d 7.92d 

 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% RDF + N1+ 
Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ Azotobacter, T13: 75% RDF + N2+ 
Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter. 
Note: N1: 300 ppm Nano Urea, N2: 400 ppm Nano Urea 
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Figure 4.23: Effect of nano urea in combination with Azotobacter on Azotobacter count in strawberry cv. Winter Dawn. 
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to both plant needs and microbial ecological dynamics, aligning with sustainable agricultural 

goals that promote productivity while preserving soil microbial biodiversity and function. 

 

4.6 Economic parameters 

4.6.1 Total cost of cultivation 

All treatments were evaluated of the economics aspects of cultivation, shown in Table 

4.24, 4.25 and figure 4.24. Prevailing industrial price served as the basis for determining the 

conclusive benefit-cost ratios. The interpretation of results employed common cost concepts 

rooted in agricultural economics. The effect of various treatments had various results on 

strawberry cv. Winter Dawn. 

During the first year trial (2022-23), the maximum cost of cultivation (987985.43 

rupees) was noticed under the treatment T13 (75% RDF + N2 + Azotobacter) followed by T12 

(75% RDF + N1 + Azotobacter) and T11 (50% RDF + N2 + Azotobacter) having cost 

987835.43 rupees and 986178.22 rupees, respectively. The control (T1) was recorded with 

970322.65 rupees for cost of cultivation while the minimum (965351.01 rupees) was noticed 

under the treatment T2 (25% RDF + N1). In the second year experiment (2023-24), the 

maximum cost of cultivation (1005485.43 rupees) was noticed under the treatment T13 (75% 

RDF + N2 + Azotobacter) followed by T12 (75% RDF + N1 + Azotobacter) and T11 (50% RDF 

+ N2 + Azotobacter) having cost 1005335.43 rupees and 1003678.22 rupees, respectively. 

The control (T1) was recorded with 987822.65 rupees for cost of cultivation while the 

minimum (982851.01 rupees) was noticed under the treatment T2 (25% RDF + N1). 

 

4.6.2 Gross income 

During the first-year trial (2022-23), the maximum gross income (4587079.66 rupees) 

was noticed under the treatment T9 (25% RDF + N2 + Azotobacter) followed by T11 (50% 

RDF + N2 + Azotobacter) and T10 (50% RDF + N1 + Azotobacter) having gross income 

3195929.57 rupees and 3005046.02 rupees, respectively. The control (T1) was recorded with 

1403430.72 rupees of gross income while the minimum (307100 rupees) was noticed under 

the treatment T14 (25% RDF + Azotobacter). In the second-year experiment (2023-24), the 

maximum gross income (3865885.8 rupees) was noticed under the treatment T9 (25% RDF + 

N2 + Azotobacter) followed by T11 (50% RDF + N2 + Azotobacter) and T10 (50% RDF + N1 + 
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Azotobacter) having gross income 3255537.50 rupees and 3163282.93 rupees, respectively. 

The control (T1) was recorded with 1338600.8 rupees of gross income while the minimum 

(335042.4 rupees) was noticed under the treatment T14 (25% RDF + Azotobacter). 

 

4.6.3 Net returns 

During the first-year trial (2022-23), the maximum net returns (3602708.65 rupees) 

was noticed under the treatment T9 (25% RDF + N2 + Azotobacter) followed by T3 (25% 

RDF + N2) and T11 (50% RDF + N2 + Azotobacter) having gross income 26,39,166.467 

rupees and 2209751.35 rupees, respectively. The control (T1) was recorded with 4,33,108.07 

rupees of net returns while the loss of 676671.01 rupees was noticed under the treatment T14 

(25% RDF + Azotobacter). In the second-year experiment (2023-24), the maximum net 

returns (28,64,014.79 rupees) were noticed under the treatment T9 (25% RDF + N2 + 

Azotobacter) followed by T11 (50% RDF + N2 + Azotobacter) and T8 (25% RDF + N1 + 

Azotobacter) having gross income 2251859.28 rupees and 2161561.923 rupees, respectively. 

The control (T1) was recorded with 350778.15 rupees of net returns while the loss of 

666228.61 rupees was noticed under the treatment T14 (25% RDF + Azotobacter). 

 

4.6.4 B: C ratio 

During the first-year trial (2022-23), the maximum benefit: cost ratio (3.66) was 

noticed under the treatment T9 (25% RDF + N2 + Azotobacter) followed by T3 (25% RDF + 

N2) and T11 (50% RDF + N2 + Azotobacter) having benefit cost ratio 2.73 and 2.24, 

respectively. The control (T1) was recorded with 0.45 rupees of net returns while the negative 

B: C ratio -0.69 was noticed under the treatment T14 (25% RDF + Azotobacter). In the second-

year experiment (2023-24), the utmost benefit: cost ratio (2.86) was noticed by treatment T9 

(25% RDF + N2 + Azotobacter) followed by T11 (50% RDF + N2 + Azotobacter) and T8 (25% 

RDF + N1 + Azotobacter) having B: C ratio 2.24 and 2.16, respectively. The control (T1) was 

recorded with 0.36 of benefit cost ratio while the negative B: C ratio -0.67 was noticed under 

the treatment T14 (25% RDF + Azotobacter). 

In the realm of strawberry cultivation, the integration of nano urea in conjunction with 

Azotobacter presents a multifaceted boon to economic sustainability (Pirzadah et. al. 2019; 

Thirugnanasambandan 2018), underpinned by its profound implications for yield 
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enhancement and resource efficiency alongside Azotobacter in strawberry cultivation 

represents a ground-breaking frontier in agricultural science, promising multifaceted 

economic advantages (Viscardi et. al. 2016). Nano urea, distinguished by its nano-scale 

dimensions and heightened solubility (Lakshman et. al. 2016), stands poised to revolutionize 

nutrient management strategies in strawberry farming (Shaifali et. al. 2023). Its nanostructure 

facilitates efficient nutrient delivery (Guo et. al. 2018), ensuring enhanced uptake by 

strawberry plants and minimizing nutrient losses through leaching and volatilization (Rana et. 

al. 2021). 

Concomitantly, the introduction of Azotobacter into the agricultural milieu augments 

the nitrogen supply through biological nitrogen fixation, circumventing the need for 

additional nitrogen fertilizers (Mukherjee, 2017). This symbiotic association not only bolsters 

nitrogen availability but also fosters soil health and fertility, thereby fostering a conducive 

growth environment for strawberries. By reducing dependency on synthetic fertilizers, 

farmers stand to gain substantial economic savings while mitigating environmental 

repercussions stemming from chemical fertilizer usage. 

Furthermore, the synergistic interaction between nano urea and Azotobacter instigates 

a cascade of positive agronomic effects (Kannoj et. al. 2022), culminating in augmented 

strawberry yields and improved fruit quality. The enhanced nutrient availability facilitated by 

nano urea primes plants for optimal growth (Kumar et. al. 2021), while Azotobacter's role in 

nitrogen fixation ensures sustained nutrient provisioning throughout the crop cycle (Rashid 

et. al. 2015). This integrated approach not only amplifies productivity but also fortifies the 

resilience of strawberry crops against environmental stressors, thereby mitigating yield losses 

and safeguarding economic returns for farmers. 

Beyond immediate economic gains, the adoption of nano urea and Azotobacter holds 

promise for long-term sustainability in strawberry cultivation. By fostering soil health, 

minimizing environmental impacts, and enhancing resource use efficiency, this innovative 

approach aligns with the principles of agro ecological resilience, ensuring the continued 

viability of strawberry farming amidst evolving climatic and economic challenges. 

Consequently, the economic benefits derived from nano urea and Azotobacter both 

transcends mere cost savings, heralding a transformative trajectory towards sustainable and 

profitable strawberry production systems. 
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Table 4.24: Effect of nano urea in combination with Azotobacter on economics in strawberry cv. Winter Dawn. 

Parameters T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 
Fixed cost (rupees) 
Ploughing 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 
Cloud 
crushing 

7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 

Bed 
preparation 

7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 

Rent of land 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 
Interest @ 
12% 

9000 9000 9000 9000 9000 9000 9000 9000 9000 9000 9000 9000 9000 9000 9000 9000 

Labour 
charges 

155800 155800 155800 155800 155800 155800 155800 155800 155800 155800 155800 155800 155800 155800 155800 155800 

Variable cost (rupees) 
Drip 
Irrigation 

75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 

Planting 
material 

518000 518000 518000 518000 518000 518000 518000 518000 518000 518000 518000 518000 518000 518000 518000 518000 

Manures 
and 
fertilizers 

62522.65 57551.01 57701.01 59358.22 59508.22 61165.43 61315.43 76421.01 76571.01 78228.22 78378.22 80035.43 80185.43 75971.01 77778.22 79585.43 

Mulcing 50000 50000 50000 50000 50000 50000 50000 50000 50000 50000 50000 50000 50000 50000 50000 50000 
Cost of 
Cultivation 

970322.7 965351 965501 967158.2 967308.2 968965.4 969115.4 984221 984371 986028.2 986178.2 987835.4 987985.4 983771 985578.2 987385.4 

Returns (rupees) 
Yield per 
plant (kg) 

0.316 0.458 0.609 0.444 0.458 0.417 0.413 0.465 0.689 0.541 0.576 0.447 0.486 0.138 0.152 0.170 

Yield 
hectare-1 23390.51 33896.44 45058.34 32859.11 33910.1 30867.29 30557.98 34431.62 50967.55 40067.28 42612.39 33073.31 35995.63 10236.67 11241.99 12607.89 

Sale price 60 80 80 70 70 65 65 85 90 75 75 70 65 30 35 35 
Gross 
Income 

1403431 2711715 3604667 2300138 2373707 2006374 1986269 2926688 4587080 3005046 3195930 2315131 2339716 307100 393469.5 441276 

Net Income 433108.1 1746364 2639166 1332980 1406399 1037409 1017154 1942467 3602709 2019018 2209751 1327296 1351730 -676671 -592109 -546109 
B:C 0.45 1.81 2.73 1.38 1.45 1.07 1.05 1.97 3.66 2.05 2.24 1.34 1.37 -0.69 -0.60 -0.55 

 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% 
RDF + N1+ Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ 
Azotobacter, T13: 75% RDF + N2+ Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter.  
Note: N1: 300 ppm Nano Urea, N2: 400 ppm Nano Urea. 
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Table 4.25: Effect of nano urea in combination with Azotobacter on economics in strawberry cv. Winter Dawn. 

Parameters T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 
Fixed cost 
Ploughing 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 
Cloud 
crushing 

7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 

Bed 
preparation  

7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 7500 

Rent of land 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 
Interest @ 
12%  

9000 9000 9000 9000 9000 9000 9000 9000 9000 9000 9000 9000 9000 9000 9000 9000 

Labour 
charges 

155800 155800 155800 155800 155800 155800 155800 155800 155800 155800 155800 155800 155800 155800 155800 155800 

Variable cost 
Drip 
Irrigation 

75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 75000 

Planting 
material  

518000 518000 518000 518000 518000 518000 518000 518000 518000 518000 518000 518000 518000 518000 518000 518000 

Manures 
and 
fertilizers 

62522.65 57551.01 57701.01 59358.22 59508.22 61165.43 61315.43 76421.01 76571.01 78228.22 78378.22 80035.43 80185.43 75971.01 77778.22 79585.43 

Mulcing  50000 50000 50000 50000 50000 50000 50000 50000 50000 50000 50000 50000 50000 50000 50000 50000 
Cost of 
Cultivation 

970322.7 965351 965501 967158.2 967308.2 968965.4 969115.4 984221 984371 986028.2 986178.2 987835.4 987985.4 983771 985578.2 987385.4 

Returns 
Yield per 
plant (kg) 

0.316 0.458 0.609 0.444 0.458 0.417 0.413 0.465 0.689 0.541 0.576 0.447 0.486 0.138 0.152 0.170 

Yield 
hectare-1 23390.51 33896.44 45058.34 32859.11 33910.1 30867.29 30557.98 34431.62 50967.55 40067.28 42612.39 33073.31 35995.63 10236.67 11241.99 12607.89 

Sale price 60 80 80 70 70 65 65 85 90 75 75 70 65 30 35 35 
Gross 
Income 

1403431 2711715 3604667 2300138 2373707 2006374 1986269 2926688 4587080 3005046 3195930 2315131 2339716 307100 393469.5 441276 

Net Income 433108.1 1746364 2639166 1332980 1406399 1037409 1017154 1942467 3602709 2019018 2209751 1327296 1351730 -676671 -592109 -546109 
B:C 0.45 1.81 2.73 1.38 1.45 1.07 1.05 1.97 3.66 2.05 2.24 1.34 1.37 -0.69 -0.60 -0.55 

 
T1: RDF (PAU recommendation), T2: 25% RDF + N1, T3: 25% RDF + N2, T4: 50% RDF + N1, T5: 50% RDF + N2, T6: 75% RDF + N1, T7: 75% RDF + N2, T8: 25% 
RDF + N1+ Azotobacter, T9: 25% RDF + N2+ Azotobacter, T10: 50% RDF + N1+ Azotobacter, T11: 50% RDF + N2+ Azotobacter, T12: 75% RDF + N1+ 
Azotobacter, T13: 75% RDF + N2+ Azotobacter, T14: 25% RDF + Azotobacter, T15: 50% RDF + Azotobacter, T16: 75% RDF + Azotobacter. Note: N1: 300 ppm 
Nano Urea, N2: 400 ppm Nano Urea. 
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Figure 4.24: Effect of nano urea in combination with Azotobacter on economics in strawberry cv. Winter Dawn. 
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Chapter V 
 

Summary and Conclusion 

The investigation titled "Effect of nano urea in combination with Azotobacter on 

growth, yield and quality of strawberry (Fragaria x ananassa Dutch.) cv. Winter Dawn" was 

carried out during 2022 and 2024 within the polyhouse facilities of Lovely Professional 

University, Punjab. The research elucidated the efficacy of Azotobacter in conjunction with 

nano urea application in enhancing various parameters of strawberry cultivation, including 

growth, yield, and quality. Notably, the experimental results unequivocally demonstrated the 

beneficial effects of nano urea and Azotobacter combination on these aspects. Moreover, a 

notable enhancement in leaf nutrient content was observed across treatments incorporating 

nano urea and Azotobacter. This chapter encapsulates the outcomes derived from the two- 

year experimentation (2022 and 2023), alongside the aggregated data analysis. 

 
5.1.1 Growth parameters 

5.1.2 Plant height (cm) 

 
 During the first-year  experimental year (2022-23), the maximum plant height 

(12.44 cm) at 120th was recorded in T9 (25% RDF + N2 + Azotobacter). 

 The second- y e a r  trial (2023-24) recorded the maximum plant height (12.87 cm) 

at 120th under T9 (25% RDF + N2 + Azotobacter). 

 The pooled analysis recorded the same trend with 12.66 cm of plant height at 120th 

day under the treatment T9 (25% RDF + N2 + Azotobacter). 

 
5.1.3 Plant spread NS (cm) 

 
 During first year experimental trial (2023-24), the maximum plant spread NS (22.4 

cm) was observed at 120th day under T9 (25% RDF + N2 + Azotobacter). 

 The second-year experiment (2023-24) recorded maximum plant spread NS (22.76 

cm) at 120th day under the treatment T9 (25% RDF + N2 + Azotobacter). 

 The pooled data revealed the maximum plant spread NS (22.58 cm) under the 

treatment T9 (25% RDF + N2 + Azotobacter). 
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5.1.3. Plant spread EW (cm) 
 

 The maximum plant spread EW (22.53 cm) during first year trial (2022-23) at 120th 

day was observed under the treatment T9 (25% RDF + N2 + Azotobacter). 

 During second year (2023-24), the maximum plant spread EW (22.00 cm) at 120th day 

was recorded under T9 (25% RDF + N2 + Azotobacter). 

 Pooled analysis elucidated maximum plant spread EW (22.26 cm) under T9 (25% 

RDF + N2 + Azotobacter). 

 
5.1.4 Chlorophyll index (Spad value) 

 
 In the first-year trial (2022-23), the maximum chlorophyll index (55.97) was observed 

at 120th day under the treatment T9 (25% RDF + N2 + Azotobacter). 

 During second year research trial (2023-24), the maximum chlorophyll index (55.80) 

was recorded under the treatment T3 (25% RDF + N2). 

 The pooled analysis revealed the maximum presence of chlorophyll index (55.41) at 

120th day under the treatment T3 (25% RDF + N2) for both the years research trials 

(2022-23 and 2023-24) 

 
5.1.5 Number of flowers (plant-1) 

 
 The maximum number of flowers per plant (22.33) during first year trial (2022-23) at 

120th day was found under the treatment T9 (25% RDF + N2 + Azotobacter). 

 The second-year research trial (2023-24) recorded the maximum number of flowers 

per plant (21.67) at 120th day under the treatment T2 (25% RDF + N1). 

 The combined data elucidated the maximum number of flowers (21.50) at 120th day 

under the treatment T3 (25% RDF + N2), T9 (25% RDF + N2 + Azotobacter) and T9 

(50% RDF + N2 + Azotobacter) for both the years research trials (2022-23 and 2023- 

24). 

 
5.1.6 Number of leaves (plant-1) 

 
 The maximum number of leaves (17.3), during the first-year trial (2022-23), at 120th 

day, was recorded under the treatment T9 (25% RDF + N2 + Azotobacter). 

 The second-year trial (2023-24) at 120th day recorded maximum number of leaves 

(18.3) under the treatment T9 (25% RDF + N2 + Azotobacter). 
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 Combined data for both years (2022-23 and 2023-24) revealed the presence of 

maximum number of leaves (17.78) was observed under the treatment T9 (25% RDF 

+ N2 + Azotobacter). 
 

5.2 Physical fruit parameters 

5.2.1 Number of fruits (plant-1) 

 
 During the first-year research trial (2022-23), the maximum number of fruits 

(20.67) were recorded under the treatment T3 (25% RDF + N2) at 120th day. 

 The second- y e a r  trial (2023-24) recorded maximum number of fruits (23.16) 

under the treatments T2 (25% RDF + N1) at 120th day. 

 The pooled data for both the years (2022-23 and 2023-24) analysed the maximum 

number of fruits (21.75) under the treatment T2 (25% RDF + N1). 

 
5.2.2 Average fruit weight (g plant1) 

 
 The first-year trial (2022-23) revealed the maximum average fruit weight (21.87 

gm) under the treatment T9 (25% RDF + N2 + Azotobacter). 

 The second- y e a r  trial (2023-24) revealed the maximum average fruit weight 

(19.62 gm) under the treatment T9 (25% RDF + N2 + Azotobacter). 

 The pooled analysis for both the years (2022-23 and 2023-24) showed the maximum 

average fruit weigh was found under the treatment T9 (25% RDF + N2 + Azotobacter). 

 
5.2.3 Average fruit volume (cc) 

 
 The first-year trial (2022-23) revealed the maximum fruit volume (21.95 cc) under the 

treatment T9 (25% RDF + N2 + Azotobacter). 

 The second-year treatment (2023-24) showed the maximum fruit volume (19.65 cc) 

under the treatment T9 (25% RDF + N2 + Azotobacter). 

 The pooled analysis for both the years (2022-23 and 2023-24) revealed the maximum 

average fruit volume (20.82 cc) under the treatment T9 (25% RDF + N2 + 

Azotobacter). 
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5.2.4 Fruit yield per plant (kg plant-1) 
 

 During the first-year research trial (2022-23) the maximum fruit yield (6.88.75 gm or 

0.688 kg plant-1) was recorded under the treatment T9 (25% RDF + N2 + 

Azotobacter). 

 The second-year research trial (2023-24) recorded the maximum average fruit yield 

(580.46 gm or 0.580 kg plant-1) was recorded under the treatment T9 (25% RDF + N2 

+ Azotobacter). 

 The pooled analysis of data for both the years (2022-23 and 2023-24) revealed the 

maximum fruit yield (634.61 gm or 0.634 kg plant-1) under the treatment T9 (25% 

RDF + N2 + Azotobacter). 

 
5.3 Qualitative parameters 

5.3.1 Titratable acidity (%) 

 
 The first-year trial (2022-23) recorded the minimum titratable acidity (0.42%) 

remained under the treatment T9 (25% RDF + N2 + Azotobacter). 

 The second-year trial (2023-24) observed the minimum titratable acidity (0.44%) 

under the treatment T9 (25% RDF + N2 + Azotobacter). 

 The pooled analysis for both the years (2022-23 and 2023-34) revealed the minimum 

titratable acidity (0.43%) remained under the treatment T9 (25% RDF + N2 + 

Azotobacter). 

 
5.3.2 Total soluble solids (TSS obrix) 

 
 The first- year trial (2022-23) recorded the maximum TSS (9.10 0brix) under 

the treatment T9 (25% RDF + N2 + Azotobacter). 

 The second-year  trial (2023-24) showed the maximum presence of TSS (8.80 
0brix) under the treatment T9 (25% RDF + N2 + Azotobacter). 

 The combined data for both the years (2022-23 and 2023-24) revealed the maximum 

TSS (8.95 0brix) under the treatment T9 (25% RDF + N2 + Azotobacter). 

 
5.3.3 TSS: acid ratio 

 
 The maximum TSS: acid ration (21.73) was observed under the treatment T9 (25% 

RDF + N2 + Azotobacter) for first year research trial (2022-23). 
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 The second-year research year trial (2023-24) recorded the maximum TSS: acid ratio 

(20.710 under the treatment T11 (50% RDF + N2 + Azotobacter). 

 The pooled analysis for both the years (2022-23 and 2023-24) revealed the maximum 

presence of TSS: acid ration (20.94) under the treatment T9 (25% RDF + N2 + 

Azotobacter). 

 
5.3.4 Ascorbic acid (mg 100 gm-1) 

 
 The first-year trial (2022-23) recorded the maximum ascorbic acid (55.7 mg 100 gm-

1) was recorded under the treatment T9 (25% RDF + N2 + Azotobacter). 

 During the second- year research trial (2023-24) the maximum ascorbic acid 

(55.7) was recorded by the treatment T9 (25% RDF + N2 + Azotobacter). 

 The pooled data revealed the maximum presence of ascorbic acid (55.72) was 

recorded under the treatment T9 (25% RDF + N2 + Azotobacter). 

 
5.3.5 Total sugar (%) 

 
 The first-year trial (2022-23) recorded the maximum total sugar (8.77 per cent) 

under the treatment T9 (25% RDF + N2 + Azotobacter). 

 The second- year trial (2023-24) recorded the maximum total sugar (9.03 per 

cent) under the treatment T9 (25% RDF + N2 + Azotobacter). 

 The pooled analysis of both the years (2022-23 and 2023-24) revealed the maximum 

presence of total sugar (8.90 %) was recorded under the treatment T9 (25% RDF + N2 

+ Azotobacter). 
 
 

5.3.6 Reducing sugar (%) 
 

 During first year trial (2022-23), the maximum reducing sugar (7.17 per cent) was 

recorded under the treatment T9 (25% RDF + N2 + Azotobacter). 

 The second-year trial (2023-24) recorded the maximum reducing sugar (7.30 per cent) 

under the treatment T9 (25% RDF + N2 + Azotobacter). 

 The pooled analysis of both the years (2022-23 and 2023-24) revealed the maximum 

presence of reducing sugar (7.23 per cent) under the treatment T9 (25% RDF + N2 + 

Azotobacter). 
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5.4.7 Non reducing sugar (%) 

 The first-year trial (2022-23) revealed the maximum non reducing sugar (1.52 per 

cent) under the treatment T9 (25% RDF + N2 + Azotobacter). 

 The second-year trial (2023-24) recorded the maximum non reducing sugar (1.84 per 

cent) T2 (25% RDF + N1). 

 The polled analysis of both the years (2022-23 and 2023-24) revealed the maximum 

presence of non-reducing sugar (1.65 per cent) under the treatment T2 (25% RDF + 

N1). 

 
5.5 Biochemical parameters 

5.5.1 Antioxidant (µ mol TE/g FW) 
 

 The first-year trial (2022-23) revealed the maximum antioxidant (1.90 µ mol TE/g 

FW) under the treatment T11 (50% RDF + N2 + Azotobacter). 

 The second-year trial (2023-24) recorded the maximum antioxidant (1.87 µ mol TE/g 

FW) under the treatment T11 (50% RDF + N2 + Azotobacter). 

 The pooled analysis of both the years (2022-23 and 2023-24) revealed that the 

maximum antioxidant (1.89 µ mol TE/g FW) was recorded under the treatment T11 

(50% RDF + N2 + Azotobacter). 

 
5.5.2 Anthocyanin (mg per 100 g) 

 
 The first-year trial (2022-23) revealed the maximum anthocyanin (0.274 mg per 100 

g) was recorded under the treatment T9 (25% RDF + N2 + Azotobacter). 

 The second-year trial (2023-24) recorded the maximum anthocyanin (0.276 mg per 

100 gm) under the treatment T9 (25% RDF + N2 + Azotobacter). 

 The pooled analysis of both the years (2022-23 and 2023-24) revealed the maximum 

anthocyanin (0.275 mf per 100 gm) was recorded under the treatment T9 (25% RDF + 

N2 + Azotobacter). 

 
5.6 Nutrient analysis parameters 

5.6.1 Plant nutrient analysis (NPK %) 

 
 The first- year trial (2022-23) recorded the maximum plant nitrogen (2.51 per cent) 

was observed under T9 (25% RDF + N2 + Azotobacter), maximum phosphorus (0.38 
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%) T9 (25% RDF +N2 + Azotobacter) T10 (25% RDF +N2 + Azotobacter) T11 (25% 

RDF +N2 + Azotobacter) and T15 (25% RDF +N2 + Azotobacter), each and potassium 

(2.73 %) under the treatment T2 (25% RDF + N1). 

 The second-year trial (2023-24) recorded the maximum plant nitrogen (2.47 per cent) 

was observed under T9 (25% RDF + N2 + Azotobacter), maximum phosphorus (0.37 

%) under T, potassium (2.78 %) under the treatment T2 (25% RDF + N1). 

 The pooled analysis of both the years (2022-23 and 2023-24) revealed the maximum 

plant nitrogen (2.49 per cent) was observed under T9 (25% RDF + N2 + Azotobacter), 

maximum phosphorus (0.37 %) under T, potassium (2.75 %) under the treatment T2 

(25% RDF + N1). 

 
5.6.2 Soil nutrient analysis (NPK kg ha-1) 

 
 During the first-year trial (2022-23), the recorded maximum soil nitrogen (234.65 kg 

ha-1) was observed under the treatment T1 (control), maximum phosphorus (28.45 

kg/ha) under T13 (75% RDF + N2 + Azotobacter), maximum potassium (215.71 kg/ 

ha) under the treatment T13 (75% RDF + N2 + Azotobacter). 

 In the first-year trial (2023-24), the recorded maximum soil nitrogen (222.10 kg ha-1) 

was observed under the treatment T1 (control), maximum phosphorus (23.25 kg/ha) 

under T12 (75% RDF + N1 + Azotobacter), maximum potassium (208.01 kg/ ha) under 

the treatment T3 (25% RDF + N2). 

 The pooled analysis of both years (2022-23 and 2023-24), the recorded maximum soil 

nitrogen (228.38 kg ha-1) was observed under the treatment T1 (control), maximum 

phosphorus (27.71 kg/ha) under T13 (75% RDF + N2 + Azotobacter), maximum 

potassium (210.49 kg/ ha) under the treatment T13 (75% RDF + N2 + Azotobacter). 

 
5.6.3 Soil organic carbon (g/ kg) 

 
 The first-year trial (2022-23) recorded the maximum soil organic carbon (3.90 g/ kg) 

under the treatment T3 (25% RDF + N2), T9 (25% RDF + N2 + Azotobacter) and T14 

(25% RDF + Azotobacter). 

 The second-year trial (2023-24) revealed the maximum soil organic carbon (3.76 g/ 

kg) under the treatment T8 (25% RDF + N1 + Azotobacter). 
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 The pooled analysis of both the years (2022-23 and 2023-24) the maximum soil 

organic carbon (3.82 g/ kg) was recorded under the treatment T3 (25% RDF + N2) and 

T9 (25% RDF + N2 + Azotobacter). 

 
5.6.4 Azotobacter count (CFU 106) 

 The maximum Azotobacter count (12.00 CFU 106) for first year trial (2022-23) was 

recorded under the treatment T14 (25% RDF + Azotobacter). 

 In second-year trial (2023-24), the maximum Azotobacter count (11.83 CFU 106) was 

observed under the treatment T8 (25% RDF + N1 + Azotobacter). 

 The combined data for both the years (2022-23 and 2023-24) revealed the maximum 

presence of Azotobacter count (11.75 CFU 106) under the treatment T14 (25% RDF + 

Azotobacter). 

 
5.7 Economics parameters 

5.7.1 Cost of cultivation (rupees) 

 The maximum cost of cultivation (987985.43 rupees) in the first year (2022-23) was 

noticed under the treatment T13 (75% RDF +N2 + Azotobacter). 

 The maximum cost of cultivation (1005485.43 rupees) in the second year (2023-24) 

was noticed under the treatment T13 (75% RDF +N2 + Azotobacter). 

 
5.7.2 Gross Income (rupees) 

 Maximum gross income (4587079.66 rupees) during first year of experiment was 

noticed under the treatment T9 (25% RDF +N2 + Azotobacter). 

 In the second-year experiment (2023-24), the maximum gross income (3865885.8 

rupees) was noticed under the treatment T9 (25% RDF +N2 + Azotobacter). 

 
5.7.3 Net returns (rupees) 

 First year (2022-23) trial recorded the maximum (3602708.65 rupees) was noticed 

under the treatment T9 (25% RDF +N2 + Azotobacter). 

 In the second-year experiment (2023-24), the maximum net return (2864014.79 

rupees) was noticed under the treatment T9 (25% RDF +N2 + Azotobacter). 
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5.7.4 B:C ratio 

 First year of experiment, maximum benefit cost ratio (3.66) was noticed under 

the treatment T9 (25% RDF +N2 + Azotobacter). 

 In the second- year experiment (2023-24), the maximum benefit cost ratio (2.86) 

was noticed under the treatment T9 (25% RDF +N2 + Azotobacter). 
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Conclusion 

In conclusion, the present study successfully addressed the objectives outlined for 

evaluating the combined application of nano urea and Azotobacter on strawberry plants (cv. 

Winter Dawn) in terms of growth, yield, fruit quality, nutrient status, soil fertility, and economic 

feasibility. 

 

1. Effect on Growth and Yield: The application of nano urea in conjunction with Azotobacter 

significantly enhanced the vegetative growth and yield attributes of strawberry plants. Among the 

various treatments, the combination of 25% recommended dose of fertilizers (RDF) augmented 

with 400 ppm nano urea and Azotobacter (designated as T9) demonstrated superior performance in 

terms of vegetative growth indices. This treatment also led to a marked increase in yield-related 

parameters, including the number of fruits per plant, average fruit weight, fruit volume, and total 

fruit yield, underscoring the beneficial impact of these treatments on strawberry productivity. 

 

2. Effect on Fruit Quality: The biochemical analysis of fruit quality revealed that the combined 

treatment of nano urea and Azotobacter (particularly in T9 and T11) significantly improved several 

key quality indicators. These included increased titratable acidity, total soluble solids (TSS), TSS: 

acid ratio, ascorbic acid content, total sugars, reducing sugars, non-reducing sugars, anthocyanin 

levels, and antioxidant capacity. The results suggest that these treatments not only improve the 

growth and yield of strawberries but also enhance the nutritional quality of the fruit, making them 

a promising strategy for producing high-quality strawberry crops. 

 

3. Effect on Nutrient Status of the Plant: The incorporation of nano urea and Azotobacter had a 

positive effect on the nutrient uptake in strawberry plants, as evidenced by the higher nutrient 

content (NPK) in the leaves. This was particularly evident in treatment T9, which demonstrated an 

efficient utilization of nitrogen, phosphorus, and potassium, thereby supporting optimal plant 

growth and fruit development. 

 

4. Effect on Soil Fertility: The application of nano urea and Azotobacter also resulted in 

improvements in soil fertility status. The treatments contributed to a more favorable nutrient 

profile in the soil, particularly with respect to nitrogen availability, which can lead to long-term 

benefits in soil health and sustainability. This is particularly important in sustainable agricultural 
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practices where maintaining soil fertility is crucial for sustained productivity. 

 

5. Economic Feasibility: An economic analysis of the treatments revealed that the use of nano 

urea in combination with Azotobacter is a cost-effective approach for improving strawberry yield 

and quality. The optimized use of fertilizers (such as in treatment T9) significantly reduced the 

overall input costs, leading to higher returns on investment without compromising productivity 

or quality. 
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Appendices 
 

Appendix I 

Table 1. Meteorological data for the experimental years 

 

Date 
Temp. 
(Max.) 

Temp. 
(Min.) 

RH 
(Max.) 

RH 
(Min.) 

Wind speed 
(km/hr) 

RF(mm) 
Evaporation 

(mm) 

01-09-2022 36 27 77 62 9 0 4 
02-09-2022 36 26 76 64 7 1 6 

03-09-2022 36 26 74 62 6 0.1 6 
04-09-2022 36 26 71 68 4 0 0 

05-09-2022 38 25 70 61 11 0 0 
06-09-2022 37 25 68 61 12 0 5.2 
07-09-2022 38 25 72 64 10 0 5.5 

08-09-2022 38 26 70 61 11 0 6 
09-09-2022 39 26 67 60 12 0 4.3 
10-09-2022 38 25 73 61 1 0 4.2 

11-09-2022 38 26 78 73 10 0 4 
12-09-2022 35 25 77 64 9 0.2 0 
13-09-2022 36 23 72 64 12 0.5 0 

14-09-2022 36 24 69 62 11 0 0 
15-09-2022 33 25 70 67 8 0.4 4.5 

16-09-2022 32 24 71 68 11 1.4 6 
17-09-2022 33 21 68 61 19 2.6 4 
18-09-2022 38 24 78 64 13 0 6.3 

19-09-2022 38 24 74 61 17 0 0 
20-09-2022 37 25 70 63 10 0 0 
21-09-2022 39 25 70 62 14 0 4 
22-09-2022 35 25 72 64 10 0.5 4 
23-09-2022 34 23 71 62 14 0.1 6.2 
24-09-2022 30 23 77 64 10 2.1 6.2 
25-09-2022 23 21 76 63 9 2.4 4 
26-09-2022 35 20 67 60 12 0 4 

27-09-2022 35 22 70 61 10 0 2 
28-09-2022 35 23 72 67 12 0 4.5 
29-09-2022 36 23 74 60 9 0 5.5 

30-09-2022 37 23 70 67 12 0 5.5 
01-10-2022 37 23 55 46 6 0 5.1 
02-10-2022 36 23 59 43 12 0 4.5 

03-10-2022 37 23 54 45 12 0 4 
04-10-2022 37 22 52 41 10 0 4.8 
05-10-2022 37 21 54 42 7 0 4.6 

06-10-2022 34 22 50 42 9 0 5 
07-10-2022 32 21 55 46 8 0 5.2 
08-10-2022 32 21 59 43 9 0 3.5 
09-10-2022 32 21 54 44 8 0 3.8 
10-10-2022 30 19 67 53 3 0 3.6 

11-10-2022 31 20 62 55 2 0 4.1 



 

12-10-2022 36 24 50 42 6 0 4.8 

13-10-2022 32 23 59 43 2 0 4 
14-10-2022 32 20 54 44 2 0 4.2 
15-10-2022 36 24 56 47 4 0 4.8 

16-10-2022 34 20 52 41 2 0 5 
17-10-2022 32 23 54 46 4 0 4.4 
18-10-2022 32 20 54 44 0 0 4.8 

19-10-2022 32 21 56 45 2 0 4.4 
20-10-2022 31 20 56 46 2 0 4.2 
21-10-2022 31 19 54 41 3 0 4.6 

22-10-2022 30 19 50 41 2 0 4.4 
23-10-2022 30 20 56 44 2 0 4.5 

24-10-2022 30 19 57 42 2 0 4.6 
25-10-2022 29 18 57 46 3 0 4.7 
26-10-2022 30 18 51 43 8 0 5.2 

27-10-2022 29 18 53 43 3 0 4.5 
28-10-2022 30 19 52 47 3 0 4.4 
29-10-2022 29 16 54 41 2 0 4.5 

30-10-2022 29 19 51 42 0 0 4 
31-10-2022 30 19 51 42 2 0 4.2 
01-11-2022 30 19 51 45 4 0 3.5 

02-11-2022 28 18 52 47 2 0 3.4 
03-11-2022 28 19 58 48 6 0 3.4 

04-11-2022 29 17 54 42 2 0 3.3 
05-11-2022 27 18 55 44 2 0 3.4 
06-11-2022 29 18 56 42 2 0 3.5 
07-11-2022 29 16 51 48 2 0 3.4 
08-11-2022 28 14 56 46 0 0 3.5 
09-11-2022 28 14 53 44 2 0 3.4 
10-11-2022 27 14 52 44 3 0 3.4 
11-11-2022 27 16 54 41 3 0 3.5 

12-11-2022 27 13 52 44 2 0 3.6 
13-11-2022 27 13 56 47 2 0 3.2 
14-11-2022 27 14 54 46 2 0 3.3 

15-11-2022 26 14 58 47 4 0 3.5 
16-11-2022 27 13 57 48 2 0 3.4 
17-11-2022 26 14 58 48 2 0 3.3 

18-11-2022 27 14 57 47 2 0 3.2 
19-11-2022 26 14 58 48 3 0 3.1 
20-11-2022 25 13 59 49 3 0 3.3 

21-11-2022 24 14 58 41 2 0 3.2 
22-11-2022 24 12 59 48 4 0 3.2 

23-11-2022 23 12 56 44 2 0 3.3 
24-11-2022 24 15 54 46 0 0 3.4 
25-11-2022 24 14 55 47 2 0 3 

26-11-2022 21 12 56 48 0 0 2 
27-11-2022 21 10 55 44 0 0 1.7 
28-11-2022 22 10 52 41 0 0 1.9 
29-11-2022 22 10 56 44 0 0 2 
30-11-2022 23 11 54 42 0 0 1.8 



 

01-12-2022 25 11 89 77 0 0 1.5 

02-12-2022 24 13 89 79 2 0 2 
03-12-2022 26 14 80 68 5 0 1.7 
04-12-2022 28 12 79 65 8 0 1.5 

05-12-2022 27 13 80 61 2 0 2 
06-12-2022 27 8 100 54 0 0 1.3 
07-12-2022 27 9 89 60 4 0 1.8 

08-12-2022 26 9 89 61 4 0 1.5 
09-12-2022 28 11 89 53 0 0 1.5 
10-12-2022 28 14 90 63 10 0 1.3 

11-12-2022 29 13 89 57 12 0 1.7 
12-12-2022 27 11 80 55 4 0 1.5 

13-12-2022 27 12 90 77 10 0 1.5 
14-12-2022 26 10 89 79 8 0 1.3 
15-12-2022 25 10 97 65 10 0 1.5 

16-12-2022 25 10 89 75 5 0 1.8 
17-12-2022 27 10 90 85 5 0 1.2 
18-12-2022 26 10 89 70 2 0 1 

19-12-2022 25 11 88 75 4 0 0.5 
20-12-2022 23 10 90 80 6 0 0.3 
21-12-2022 25 10 89 79 5 0 0 

22-12-2022 24 9 90 79 5 0 0.1 
23-12-2022 22 9 97 75 5 0 0.1 

24-12-2022 23 7 98 70 5 0 0.2 
25-12-2022 19 7 98 74 6 0 0.1 
26-12-2022 21 9 93 78 5 0 0.2 
27-12-2022 22 9 96 78 10 0 0 
28-12-2022 23 8 93 86 10 0 0.5 
29-12-2022 21 9 98 88 6 2 0 
30-12-2022 22 12 89 79 6 0 0 
31-12-2022 22 8 89 77 10 0 0 

01-01-2023 17 7.5 87 77 10 NE 0 
02-01-2023 15.8 6 97 82 7 NE 0 
03-01-2023 15 5 91 81 5 NE 0 

04-01-2023 15 4 98 75 5 NE 0 
05-01-2023 12 6 98 86 6 NE 0 
06-01-2023 11 5 97 85 5 NE 0 

07-01-2023 15 5 91 87 8 NEE 0 
08-01-2023 16 7 93 77 10 NE 0 
09-01-2023 15 6 96 75 6 NE 0 

10-01-2023 17 8 92 80 10 NE 0 
11-01-2023 11 9 98 87 7 NE 0.8 

12-01-2023 12 10 94 86 12 NE 1.3 
13-01-2023 12.5 10 98 88 10 SW 0 
14-01-2023 11 9 98 86 7 SS 0 

15-01-2023 9 7 98 87 8 NE 0 
16-01-2023 13 6 98 77 10 NE 0 
17-01-2023 12.3 3.5 98 75 5 NNE 0 
18-01-2023 13.5 5.1 87 74 4 SE 0 
19-01-2023 19 9 86 77 9 NE 0 



 

20-01-2023 14 6 87 71 3 SE 0 

21-01-2023 20 5 86 75 8 E 0 
22-01-2023 21 6 87 70 11 NE 0 
23-01-2023 21 6 87 69 9 NE 0 

24-01-2023 18 12 87 74 5 E 0 
25-01-2023 16.1 8.1 87 60 9 SE 20.6 
26-01-2023 17.8 7.8 87 59 6 NEE 0 

27-01-2023 18.8 5.9 77 55 7 NE 14 
28-01-2023 18.2 7.1 77 58 7 NE 0 
29-01-2023 18.6 8.6 86 77 6 SSW 8 

30-01-2023 19.2 10.1 100 100 19 SW 4.4 
31-01-2023 18.3 8.5 95 71 8 NE 0 

01-02-2023 18.8 6.9 96 71 14 NE 0 
02-02-2023 21.5 7.7 93 70 13 NE 0 
03-02-2023 21.5 8.4 96 74 10 NNE 0 

04-02-2023 23 10.6 96 69 10 NE 0 
05-02-2023 23.3 10.9 96 67 10 NE 0 
06-02-2023 21 12 96 70 8 SE 0.01 

07-02-2023 23 12 72 67 12 NE 0 
08-02-2023 23.9 8.9 77 52 9 NE 0 
09-02-2023 24 10.6 74 45 9 SE 0 

10-02-2023 24.9 15.1 71 54 12 SW 0 
11-02-2023 25.9 13 76 52 11 NE 0 

12-02-2023 24.9 8.2 81 52 12 NNE 0 
13-02-2023 26 5 54 33 12 NNE 0 
14-02-2023 27 9 51 38 10 NE 0 
15-02-2023 23.4 14 54 37 10 NE 0 
16-02-2023 26.8 14.1 51 38 10 NE 0 
17-02-2023 26.1 13.6 54 34 7 SSW 0 
18-02-2023 27.6 11.7 96 58 6 NE 0 
19-02-2023 28.7 12.6 94 54 9 SSW 0 

20-02-2023 27.6 14.3 94 57 10 SW 0 
21-02-2023 27.7 16.3 94 44 13 SW 0 
22-02-2023 29.6 15.5 96 58 10 SW 0 

23-02-2023 27.7 13.7 90 58 11 NE 0 
24-02-2023 27.7 13.7 91 61 8 NE 0 
25-02-2023 27.6 14 87 62 8 NE 0 

26-02-2023 28.7 14.4 86 59 10 NEE 0 
27-02-2023 29 13 81 52 8 NE 0 
28-02-2023 25 15 76 50 10 NE 0 

01-03-2023 28 14 50 48 9 NW 0.02 
02-03-2023 29 15 65 43 4 SE 0 

03-03-2023 24 13 58 47 14 NE 0 
04-03-2023 28.4 13.5 48 36 9 NE 0 
05-03-2023 28.3 13 38 31 10 NE 0 

06-03-2023 28.9 11.6 30 32 10 NE 0 
07-03-2023 31.3 12.8 29 31 10 SE 0 
08-03-2023 28.7 14 50 40 8 SW 0 
09-03-2023 30 15.1 50 42 9 SW 0 
10-03-2023 29.4 16 48 46 5 NE 0 



 

11-03-2023 29.3 15.6 80 39 9 NNE 0 

12-03-2023 28.4 15.7 79 39 8 SSE 0 
13-03-2023 30 17.1 75 37 10 SE 0 
14-03-2023 30.6 19.5 73 34 12 E 0 

15-03-2023 31 15.2 72 35 11 SW 0 
16-03-2023 32.4 17.3 48 35 12 SSE 0 
17-03-2023 22.8 17.1 80.8 59 2.2 SSE 0 

18-03-2023 19.6 15.2 93 77 19 SSW 15 
19-03-2023 25.7 14.1 92 59 1.9 SSE 0 
20-03-2023 21.8 15.3 93 67 1.7 NE 1.4 

21-03-2023 25 11.9 93 51 0.8 NNW 0 
22-03-2023 26.7 13.8 93 59 0.7 SEE 0 

23-03-2023 27 12.6 94 56 1.7 NEE 0 
24-03-2023 22.7 14.1 94 65 3.1 SSE 12 
25-03-2023 23.8 15.6 94 61 2.5 SSE 25 

26-03-2023 26.2 12.6 93 58 12 NE 0 
27-03-2023 28 15 90 40 8 NE 0 
28-03-2023 27 16 92 52 10 NE 0 

29-03-2023 33 17 88 39 4 SE 0 
30-03-2023 32 18 90 40 8 NNW 0 
31-03-2023 22 18 93 68 16 EES 2.2 

01-04-2023 25.2 13.4 75 57 13 EES 0.02 
02-04-2023 25.7 13.3 60 51 9 EES 0 

03-04-2023 20.49 16.4 83 66 2.1 SE 2.2 
04-04-2023 27.2 16.39 64 44 2.1 EES 0.2 
05-04-2023 29.6 12.88 62 27 1.5 NNE 0 
06-04-2023 28.7 15.38 62 33 1.9 NNE 0 
07-04-2023 30.7 13 61 23 2 NNE 0 
08-04-2023 31.9 11.84 64 20 1.9 NNE 0 
09-04-2023 32.19 12.76 65 18 1.8 NNW 0 
10-04-2023 33.56 12.8 60 22 1.9 SE 0 

11-04-2023 34.41 15.5 66 22 2.4 N 0 
12-04-2023 34.4 20.6 85 31 12 NNW 0 
13-04-2023 36.62 17.03 85 26 2.4 NW 0 

14-04-2023 37.79 16.91 85 30 1.7 NEE 0 
15-04-2023 39.31 17.3 84 19 1.4 NNE 0 
16-04-2023 39.51 19.16 98 22 1.9 SSE 0 

17-04-2023 39.02 17.75 71 23 1.2 NNE 0 
18-04-2023 37.66 21.31 72 21 2.1 NNW 0 
19-04-2023 34.3 19.3 79 34 9 NNW 9.3 

20-04-2023 32.7 14.9 73 41 6 NEE 0 
21-04-2023 32.9 14.2 80 30 5 NEE 0 

22-04-2023 30.8 13.8 84 34 9 NNE 0 
23-04-2023 33.58 11.85 84 24 5 SSE 0 
24-04-2023 35.8 13.5 84 25 4 NNW 0 

25-04-2023 34.8 19.6 63 26 10 SWW 0 
26-04-2023 34.2 20 79 33 11 SSW 0 
27-04-2023 33.6 21 74 40 18 SSW 0 
28-04-2023 35 21 79 34 9 SSW 0 
29-04-2023 37.7 20.6 75 34 9 NEE 0 



 

30-04-2023 32.8 18.7 77 38 9 SSE 0 

01-05-2023 32 21 83  19 ES 2.3 
02-05-2023 33 19 71 32 20 SE 0.5 
03-05-2023 29 19 78 60 19 SE 1.2 

04-05-2023 37 21 71 34 10 NWW 0.2 
05-05-2023 36 21 51 43 14 NW 1.5 
06-05-2023 38 23 59 48 7 SSW 0 

07-05-2023 39 22 52 42 12 NS 0 
08-05-2023 39 24 58 48 26 NNE 0 
09-05-2023 40 23 56 44 7 NNW 0 

10-05-2023 41 23 54 45 13 NNE 0 
11-05-2023 42 24 53 42 4 NNE 0 

12-05-2023 42 26 36 25 3 SE 0 
13-05-2023 41 21 38 24 11 NE 0 
14-05-2023 41 23 39 22 17 NE 0 

15-05-2023 46 27 52 58 6 SE 0 
16-05-2023 46 28 50 56 9 ES 0 
17-05-2023 47 29 71 30 7 EES 0 

18-05-2023 43 28 85 58 8 SSE 7.6 
19-05-2023 37 21 82 32 9 NW 0 
20-05-2023 40 22 78 24 7 NNW 0 

21-05-2023 41 21 82 20 8 S 0 
22-05-2023 43 22 79 18 5 WNW 0 

23-05-2023 41 27 76 21 8 NNW 0 
24-05-2023 36 24 71 34 9 NW 0 
25-05-2023 30 20 85 63 15 SSE 12.2 
26-05-2023 32 20 82 51 20 SSE 2 
27-05-2023 34 22 81 42 7 SSE 0 
28-05-2023 37 20 82 27 6 NEE 0 
29-05-2023 31 22 81 56 9 NNW 1 
30-05-2023 33 21 82 43 6 SEE 4.1 

31-05-2023 26 19 91 69 7 NWW 23.3 
01-06-2023 32 20 90 49 5 SSW 9.8 
02-06-2023 31 21 87 49 4 NNW 1.2 

03-06-2023 34 20 86 46 4 SWW 0 
04-06-2023 36 23 86 40 5 NWW 0 
05-06-2023 38 22 84 35 7 NNW 0 

06-06-2023 38 20 58 30 8 SWW 22.8 
07-06-2023 32 20 82 41 9 NW 0.4 
08-06-2023 38 20 90 32 3 NNE 0 

09-06-2023 40 24 80 33 2 EES 0 
10-06-2023 41 26 76 31 3 NNE 0.4 

11-06-2023 34 23 83 47 4 NNE 12 
12-06-2023 38 24 87 41 2 WWN 0 
13-06-2023 39 27 83 40 4 NNW 0 

14-06-2023 38 21 78 44 4 SEE 23 
15-06-2023 32 21 84 60 4 NEE 6.2 
16-06-2023 35 25 87 49 3 NNW 0 
17-06-2023 38 25 89 40 4 NNE 0 
18-06-2023 37 27 85 50 2 SSW 0 



 

19-06-2023 39 26 75 42 6 NNW 0 

20-06-2023 39 26 82 40 2 WWS 0 
21-06-2023 40 29 72 49 2 SSW 0 
22-06-2023 36 27 84 66 2 SSE 16.2 

23-06-2023 37 29 83 56 2 SSE 0 
24-06-2023 37 29 85 58 2 SSE 0 
25-06-2023 34 28 81 66 5 SSW 0 

26-06-2023 33 27 81 62 3 SSW 0.2 
27-06-2023 37 27 85 49 2 SSW 0 
28-06-2023 35 27 81 57 3 SSW 2.2 

29-06-2023 38 27 87 51 2 NNE 0 
30-06-2023 37 27 83 54 2 NEE 0 

01-07-2023 36 26 81 54 1 NNW 0 
02-07-2023 37 27 82 52 1 SSE 0 
03-07-2023 38 29 83 54 2 SSE 0 

04-07-2023 34 25 84 60 2 SWW 5.4 
05-07-2023 30 24 92 77 2 SEE 70 
06-07-2023 32 23 89 74 2 SEE 14 

07-07-2023 34 25 86 64 2 SSE 0 
08-07-2023 30 24 91 78 10 SWW 63.8 
09-07-2023 28 24 91 80 12 SE 8.2 

10-07-2023 30 24 85 72 9 SEE 0.2 
11-07-2023 36 25 92 60 2 N 0 

12-07-2023 36 28 89 63 7 SSW 0 
13-07-2023 34 24 88 64 8 SSW 3 
14-07-2023 34 28 84 66 5 SSW 0 
15-07-2023 37 28 90 58 6 SSW 0 
16-07-2023 34 26 86 74 5 SSE 14.8 
17-07-2023 37 26 89 60 7 SSW 8.6 
18-07-2023 34 29 87 77 6 SSW 0.2 
19-07-2023 32 28 84 73 7 SWW 0 

20-07-2023 38 29 76 60 3 NEE 0 
21-07-2023 37 29 90 63 6 SEE 0.4 
22-07-2023 30 25 93 83 6 NE 26.2 

23-07-2023 35 27 89 63 4 SSW 0 
24-07-2023 34 26 93 74 6 SWW 40.8 
25-07-2023 34 28 90 80 3 NNE 1.6 

26-07-2023 32 27 90 76 6 SSW 0 
27-07-2023 34 27 90 68 2 NNW 0 
28-07-2023 33 27 92 77 5 S 17.6 

29-07-2023 33 27 92 71 4 SWW 0 
30-07-2023 34 28 92 66 6 NNW 4.2 

31-07-2023 35 28 92 66 7 N 0 
01-08-2023 36 28.1 92 70 4 NNW 26.4 
02-08-2023 37 28 92 72 5 NNW 0 

03-08-2023 36 26 86 64 5 N 9.8 
04-08-2023 35 28 90 73 7 SSW 6 
05-08-2023 35 27 92 70 5 NNW 14.2 
06-08-2023 35 28 89 65 5 NNW 0 
07-08-2023 34 26 87 75 5 SSW 0 



 

08-08-2023 34 27 92 75 4 NNW 0 

09-08-2023 33 25 89 77 4 N 5.8 
10-08-2023 34 27 91 72 3 NEE 0 
11-08-2023 35 27 92 77 3 NEE 0 

12-08-2023 35 28 92 70 6 NWW 0 
13-08-2023 34 28 89 71 6 SWW 0.2 
14-08-2023 32 27 90 80 6 SSW  

15-08-2023 35 27 91 74 9 SEE 0.2 
16-08-2023 36 26 90 76 5 NWW 0.2 
17-08-2023 35 28 91 68 6 NNW 0.4 

18-08-2023 36 28 93 66 3 NEE 0 
19-08-2023 35 27 90 70 4 NWW 1.8 

20-08-2023 38 28 92 58 3 NNE 0.2 
21-08-2023 35 28 92 78 3 SSE 0 
22-08-2023 36 28 92 70 7 N 0.8 

23-08-2023 31 27 92 83 7 SSE 0.6 
24-08-2023 35 26 92 71 3 SWW 0.2 
25-08-2023 35 27 92 64 3 W 0.4 

26-08-2023 33 24 92 66 5 NNW 0 
27-08-2023 34 25 93 61 6 NEE 0 
28-08-2023 29 20 92 70 5 SSW 11 

29-08-2023 33 28 92 64 3 NW 0 
30-08-2023 35 30 91 62 4 WS 0 

31-08-2023 34 30 90 70 4 WS 0 
01-09-2023 35 26 92 59 6.5 NNW 0.2 
02-09-2023 35 26 92 64 7.6 N 0 
03-09-2023 34 26 92 65 7.6 N 0 
04-09-2023 34 25 93 61 6.8 NWW 0 
05-09-2023 34 25 90 64 4.7 NEE 0 
06-09-2023 35 24 92 55 4.7 NNE 0 
07-09-2023 36 24 93 59 3 NEE 0 

08-09-2023 36 26 93 58 3.6 NWW 0 
09-09-2023 34 24 91 64 6 N 0 
10-09-2023 33 25 90 69 4 NWW 0 

11-09-2023 33 25 88 67 4 NWW 0 
12-09-2023 34 26 92 68 3.6 NNW 0 
13-09-2023 35 27 92 68 5.4 N 0 

14-09-2023 37 28 91 71 3.2 NNW 0 
15-09-2023 34 26 92 83 5.76 NWW 2.4 
16-09-2023 34 25 92 64 4 SWW 1.6 

17-09-2023 29 24 91 83 3.24 NNW 3 
18-09-2023 31 24 91 73 5.04 NEE 5.7 

19-09-2023 27 24 90 84 3.24 NEE 7.2 
20-09-2023 35 24 93 54 3.6 NNW 0.6 
21-09-2023 35 25 93 65 5.4 NNW 0.2 

22-09-2023 34 25 93 68 1.44 SWW 0 
23-09-2023 31 22 93 71 5.76 N 0.4 
24-09-2023 33 22 93 70 4.32 SWW 1 
25-09-2023 33 22 94 59 2.16 NNW 1 
26-09-2023 34 22 93 61 3.24 NNW 0 



 

27-09-2023 33 21 93 59 6.12 NEE 0 

28-09-2023 34 20 93 66 3.6 N 0 
29-09-2023 35 20 93 52 3.96 NEE 0 
30-09-2023 34 21 92 55 7.2 NEE 0 

01-10-2023 33.59 18.10 92.72 42.7 4.32 N 0.4 
02-10-2023 33.31 17.22 92.39 43.53 5.4 NNW 0 
03-10-2023 33.20 17.43 92.44 49.8 7.92 NNW 0 

04-10-2023 34.02 17.61 92.53 48.75 6.12 NNE 0.2 
05-10-2023 34.03 17.42 92.38 51.33 5.76 NWW 0.2 
06-10-2023 33.58 18.23 92.89 52.6 5.76 NWW 0 

07-10-2023 34.82 18.51 92.25 50.64 5.04 NWW 0.2 
08-10-2023 34.66 20.49 90.39 54.09 3.96 NNW 0 

09-10-2023 34.13 21.68 92.19 58.31 2.52 NNW 0 
10-10-2023 30.53 19.58 91.5 56.88 6.48 NEE 6.6 
11-10-2023 31.30 16.94 91.07 50 4.68 SEE 0.2 

12-10-2023 32.51 16.32 92.81 45.53 4.32 NNE 0 
13-10-2023 32.48 16.75 93.25 50.4 2.88 NNW 0.2 
14-10-2023 30.67 19.17 92 57.28 6.48 NEE 0 

15-10-2023 29.34 17.93 91.52 51.45 3.24 SWW 2 
16-10-2023 25.87 18.62 92.1 58.99 7.92 SSE 0.4 
17-10-2023 25.22 17.08 90.24 59.57 6.12 NEE 0.2 

18-10-2023 28.13 14.74 91.24 50.47 5.76 NNW 0.4 
19-10-2023 28.31 13.12 92.79 51.68 5.04 NNW 0.8 

20-10-2023 30.32 13.38 93.42 48.6 2.88 N 0 
21-10-2023 30.15 13.32 92.76 44.61 3.6 N 0.4 
22-10-2023 29.13 16.11 92.75 55.81 5.4 NEE 0.4 
23-10-2023 29.82 14.92 92.25 45.50 6.84 NNE 0 
24-10-2023 30.52 13.56 92.70 49.10 4.32 NNW 0 
25-10-2023 30.34 13.33 92.37 43.76 6.12 NNW 0 
26-10-2023 31.16 12.36 92.95 35.87 6.12 NNW 0 
27-10-2023 30.85 11.82 92.23 45.13 4.32 NNE 0 

28-10-2023 30.10 13.84 92.86 54.22 4.68 NNW 0 
29-10-2023 30.52 15.66 93.55 50.89 2.16 NNW 1 
30-10-2023 30.96 14.16 93.61 39.86 3.24 NNE 0 

31-10-2023 31.12 13.97 93.17 43.85 2.52 NWW 0 
01-11-2023 30.4 14.5 92.7 48.7 2.88 NEE 0 
02-11-2023 31.3 13.3 94.0 45.8 3.24 NWW 0 

03-11-2023 28.6 14.0 93.7 50.0 5.04 NNW 0 
04-11-2023 29.0 13.4 93.3 47.6 4.68 NNE 0 
05-11-2023 29.7 11.3 94.0 40.4 6.48 NNE 0 

06-11-2023 29.6 11.8 92.7 49.1 3.24 NNE 0 
07-11-2023 28.2 12.9 93.3 53.1 5.04 NNE 0 

08-11-2023 29.0 13.9 92.2 47.0 4.32 NNE 0 
09-11-2023 29.1 13.6 93.2 47.2 4.32 NNE 0.6 
10-11-2023 19.0 15.9 86.8 82.0 9 NEE 0.4 

11-11-2023 23.8 11.3 92.4 59.0 6.12 NNE 0 
12-11-2023 25.7 10.7 94.3 54.0 7.92 NNE 0 
13-11-2023 27.6 10.0 94.6 62.2 2.52 NNW 0 
14-11-2023 26.6 9.8 93.5 50.3 6.12 NNE 0 
15-11-2023 27.2 10.6 93.6 48.3 6.48 NNE 0 



 

16-11-2023 27.1 10.2 93.8 49.3 4.32 NEE 0 

17-11-2023 27.9 9.9 93.6 42.3 5.4 NNE 0 
18-11-2023 27.7 9.1 93.4 43.0 2.52 NEE 0 
19-11-2023 28.1 8.4 93.6 44.7 1.8 SSW 0 

20-11-2023 26.8 11.6 92.6 57.0 3.6 NNE 0 
21-11-2023 25.77 19.15 93.23 45.07 8.64 NNE 0 
22-11-2023 25.46 8.76 92.39 44.05 7.2 NNW 0.2 

23-11-2023 26.7 7.38 92.48 40.96 3.24 SSW 0.2 
24-11-2023 25.67 6.45 92.7 47.58 6.12 NNE 0 
25-11-2023 24.84 7.55 94.78 49.2 2.88 NNE 0 

26-11-2023 24.45 10.92 92.05 49.6 2.88 SSW 0 
27-11-2023 21 11.65 91.6 69.72 2.52 SSE 0 

28-11-2023 25.97 10.71 92.84 51.16 6.12 NNE 0 
29-11-2023 26.9 11.39 92.69 50.23 3.6 SWW 0 
30-11-2023 19.1 14.59 87.05 82.58 7.2 SSE 6.6 

01-12-2023 22.7 10.1 91.2 59.7 6.48 NNE 0.2 
02-12-2023 24.5 8.85 93.5 55.08 2.88 NNE 0 
03-12-2023 24.28 8.67 93.6 61.8 1.8 SSW 0 

04-12-2023 23.5 10.3 94.7 55.3 3.24 NNW 0 
05-12-2023 23.04 9.52 95.15 54.7 5.76 NNE 0 
06-12-2023 24.18 7.55 95.3 45.9 6.12 NEE 0 

07-12-2023 23.8 8.97 94.27 42.8 6.84 NNE 0 
08-12-2023 23.48 5.78 94.15 47.58 2.88 WNW 0 

09-12-2023 22.57 5 95.17 59.13 5.76 N 0 
10-12-2023 21.88 5.38 94.08 46.88 7.92 NNW 0 
11-12-2023 23.11 5.33 93.58 52.6 2.52 WNW 0 
12-12-2023 22.19 5.04 94.16 57.34 1.8 ESE 0 
13-12-2023 22.26 3.47 94.15 37.47 3.6 NW 0 
14-12-2023 22.16 4.1 93.48 50.03 6.48 NNW 0 
15-12-2023 21.47 5.2 94.3 55.48 1.08 NNW 0 
16-12-2023 21.1 2.68 93.88 51.66 2.88 NNW 0 

17-12-2023 20.81 5.97 93.87 55.72 5.4 NNW 0 
18-12-2023 20.63 4.03 94.57 55.87 7.2 NNE 0 
19-12-2023 20.96 2.73 95.62 50 6.84 NNE 0 

20-12-2023 22.81 2.46 94.45 52.83 1.08 NNW 0 
21-12-2023 20.71 2.72 93.92 52.85 3.6 N 0 
22-12-2023 19.45 3.54 95.03 68.31 2.52 SSW 0 

23-12-2023 23.23 8.89 92.34 54.06 2.88 SW 0 
24-12-2023 22.9 5.66 93.66 67.12 3.6 NEE 0 
25-12-2023 19.75 5.96 95.21 65.54 5.4 NW 0 

26-12-2023 18.71 6.31 96.01 79.36 1.44 SW 0.4 
27-12-2023 20.2 6.56 95.87 72.15 1.56 SW 0 

28-12-2023 21 7.6 94.3 68.9 2.5 SSW 0 
29-12-2023 17.4 9.8 95 66 2.3 NW 0 
30-12-2023 12.6 8.5 90 70 2.1 NNW 0 

31-12-2023 11.4 9.2 94 76 2.5 NW 0 
01-01-2024 15.0 8.0 97 82 2 NNE 0 
02-01-2024 14.0 7.0 91 81 3 NNE 0 
03-01-2024 14.0 7.0 95 90 2.3 N 0 
04-01-2024 11.2 4.0 96 89 3.2 NNE 0.2 



 

05-01-2024 11.0 6.8 96 88 2.8 NNE 0 

06-01-2024 10.6 7.4 95 88 5 NNE 0 
07-01-2024 11.0 5.9 95 83 3.24 N 0 
08-01-2024 9.7 5.9 95 85 1.44 SW 0 

09-01-2024 11.4 7.7 92 80 1.44 NE 0 
10-01-2024 12.0 7.0 95 79 5 NW 0 
11-01-2024 11.7 6.7 92 76 3.24 NNE 0 

12-01-2024 12.5 5.2 95 75 3.2 NW 0 
13-01-2024 13.0 7.0 95 75 2.52 SW 0 
14-01-2024 12.0 5.5 96 78 3.6 SE 0 

15-01-2024 10.0 4.0 96 83 3.96 NW 0 
16-01-2024 15.0 5.0 96 71 1.08 NW 0 

17-01-2024 17.0 3.0 96 72 1.8 SW 0 
18-01-2024 16.0 4.0 97 79 4.32 NW 0 
19-01-2024 10.0 7.0 97 88 3.24 SW 0 

20-01-2024 13.0 9.0 89 77 2.88 NNW 0 
21-01-2024 11.0 7.0 91 82 5.04 NE 0 
22-01-2024 10.0 7.0 91 86 3.6 SE 0 

23-01-2024 13.0 7.0 90 84 3.6 NE 0 
24-01-2024 10.0 6.0 95 88 3.6 SE 0 
25-01-2024 14.0 6.0 94 74 4.6 NNW 0 

26-01-2024 19.0 3.0 95 62 6 NE 0 
27-01-2024 14.0 4.0 96 60 7 NW 0 

28-01-2024 19.0 6.0 94 71 6 SW 0 
29-01-2024 22.0 8.0 95 75 2.5 NE 0 
30-01-2024 19.0 7.0 96 71 4.3 NNW 0 
31-01-2024 19.0 11.0 95 73 7.5 SE 2.2 
01-02-2024 15.0 10.0 94 89 6.8 SSE 5 
02-02-2024 18.0 8.0 94 56 8.2 NE 1.6 
03-02-2024 18.0 8.0 87 63 3.6 NE 0 
04-02-2024 13.0 11.0 93 83 2.5 SE 0.6 

05-02-2024 18.0 8.0 95 77 2 SE 0 
06-02-2024 18.7 3.4 94 50 10.08 NNE 0 
07-02-2024 18.2 2.2 93 59 4.68 NEE 0 

08-02-2024 19.1 2.2 94 51 8.64 NNE 0 
09-02-2024 22.3 2.0 92 45 3.6 NWW 0 
10-02-2024 22.0 3.6 92 54 3.6 SEE 0 

11-02-2024 23.3 2.9 94 44 4.68 NEE 0 
12-02-2024 22.2 3.9 94 61 1.44 SSE 0 
13-02-2024 24.1 7.3 95 49 2.16 NWW 0 

14-02-2024 23.8 5.2 93 42 7.2 NNE 0 
15-02-2024 24.0 4.9 94 47 4.32 NNE 0 

16-02-2024 24.4 4.0 94 44 5.04 NNW 0 
17-02-2024 24.1 6.4 93 58 6.48 NNW 0 
18-02-2024 20.6 7.2 94 78 3.96 SSE 0 

19-02-2024 23.7 15.5 81 56 20.88 SSW 0 
20-02-2024 23.8 14.2 85 67 17.28 SWW 1 
21-02-2024 22.2 6.5 95 47 7.56 NNE 0 
22-02-2024 22.3 4.5 95 47 8.29 NEE 0 
23-02-2024 22.5 3.5 91 32 6.84 NNW 0 



 

24-02-2024 22.5 4.5 89 41 4.32 NEE 0 

25-02-2024 23.0 4.2 89 40 5.4 NEE 0 
26-02-2024 24.2 4.3 93 34 7.2 NEE 0 
27-02-2024 22.0 11.3 81 56 7.2 NEE 0 

28-02-2024 23.1 5.7 93 50 9.36 NNE 0 
29-02-2024 25.5 6.4 94 44 5.4 NNE 0 
01-03-2024 22.6 12.45 83 59 7.56 SEE 22 

02-03-2024 22.75 15.79 85 75 17.64 SWW 42 
03-03-2024 19.85 7.75 89 55 10.44 SWW 0 
04-03-2024 19.79 4.75 92 46 6.12 NNW 0 

05-03-2024 18.33 5.76 92 61 7.2 NNE 0 
06-03-2024 21.67 4.59 93 57 5.76 NNW 0 

07-03-2024 23.81 7.35 92 47 4.68 NNE 0 
08-03-2024 23.81 6.72 93 64 6.12 NNW 0 
09-03-2024 25.34 6.86 92 43 7.92 NNW 0 

10-03-2024 23.81 9 93 64 4.68 NNW 0 
11-03-2024 25.76 12.34 84 52 5.4 NNW 0 
12-03-2024 26.25 11.29 92 54 5.76 NW 0 

13-03-2024 23.05 11.77 91 95 6.48 SWW 0 
14-03-2024 26.21 9.06 94 52 9.36 NNE 0 
15-03-2024 26.78 7.69 87 45 7.92 NNE 0 

16-03-2024 27.97 6.59 94 36 6.48 NNW 0 
17-03-2024 28.1 7.85 92 37 4.32 NNW 0 

18-03-2024 29.67 8.36 93 51 4.68 NNW 0 
19-03-2024 29.67 9.89 92 40 4.68 NNW 0 
20-03-2024 29.81 11.56 94 57 7.56 NNW 0 
21-03-2024 26.55 14.77 91 61 12.6 SWW 0 
22-03-2024 30.32 17.68 84 54 6.48 SEE 0 
23-03-2024 30.56 13.35 94 42 7.56 NNW 0 
24-03-2024 29.85 14.57 92 48 5.04 NNW 0 
25-03-2024 31.19 14.46 93 44 7.92 NNE 0 

26-03-2024 29.09 13.67 92 56 3.6 NNW 0 
27-03-2024 31.19 19.02 86 54 6.84 NNE 0 
28-03-2024 30.78 17.13 86 48 5.4 NNW 0 

29-03-2024 33.99 17 85 41 3.24 NNW 0 
30-03-2024 31.36 17.52 88 60 9.72 EES 14 
31-03-2024 28.99 17.06 81 70 8.64 NNW 0 

01-04-2024 28.39 14.04 92.15 36.35 8 EES 0 
02-04-2024 30.33 11.94 92.29 40.04 7 NEE 0 
03-04-2024 32.48 13.46 90.17 37.2 6 NWW 0 

04-04-2024 33.9 15.02 88.13 27.33 6 NWW 0 
05-04-2024 33.22 13.19 89.41 28.54 8 NNW 0 

06-04-2024 32.62 12.08 90.74 26.89 9 NNW 0 
07-04-2024 33.45 11.57 92.03 34.97 9 NNW 0 
08-04-2024 34.04 12.68 90.05 36.31 8 NNW 0 

09-04-2024 35.3 12.85 88.42 26.73 6 NNW 0 
10-04-2024 36.01 14.02 88.23 26.21 4 SSE 0 
11-04-2024 34.66 18.68 57.63 26.89 7 SEE 0 
12-04-2024 36.92 14.92 80.38 26.49 4 NNE 0 
13-04-2024 32.24 17.54 75 40.62 5 NWW 0 



 

14-04-2024 30.17 17.89 79.57 48.68 10 SSE 0.1 

15-04-2024 33.79 19.29 83.94 44.79 3 SSW 0.5 
16-04-2024 33.08 17.02 92.03 36.62 12 NNE 0 
17-04-2024 34.14 13.43 89.54 27.87 10 NNW 0 

18-04-2024 36.41 16.86 83.24 28.68 5 NNE 0 
19-04-2024 36.7 21.5 92.5 28.9 14 SW 28.6 
20-04-2024 32.7 17 88.6 27.5 7 NNW 7.2 

21-04-2024 34.4 17.9 85.9 33.4 7 NE 0 
22-04-2024 34.7 17.2 87.7 24.6 4 S 0 
23-04-2024 33.8 17.9 71 39.2 5 NE 0 

24-04-2024 35.7 16.7 78.6 30.5 2 NE 3.8 
25-04-2024 37.2 17.6 81.4 23.3 2 NE 0 

26-04-2024 39.8 17.5 83.9 18.3 0 S 0 
27-04-2024 32.2 19.8 80 40.8 0 E 0 
28-04-2024 35.6 16.8 81.2 26.3 0 EES 0 

29-04-2024 26.8 15 83.9 66.6 2 E 0 
30-04-2024 33.2 14.7 84.8 26.6 6 NW 5.3 
23-04-2024 33.8 17.9 71 39.2 5 NE 0 

24-04-2024 35.7 16.7 78.6 30.5 2 NE 3.8 
25-04-2024 37.2 17.6 81.4 23.3 2 NE 0 
26-04-2024 39.8 17.5 83.9 18.3 0 S 0 

27-04-2024 32.2 19.8 80 40.8 0 E 0 
28-04-2024 35.6 16.8 81.2 26.3 0 EES 0 

29-04-2024 26.8 15 83.9 66.6 2 E 0 
30-04-2024 33.2 14.7 84.8 26.6 6 NW 5.3 
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