
Contents 

1 Global Importance and Cycling of Nanoparticles ............... . 
Uzma Kafeel, Urfi Jahan, Fariha Raghib, and Fareed Ahmad Khan 

2 Nanoparticles: Physiology, Chemistry, and Biochemistry . . . . . . . . . 21 

Shweta Singh, Arunava Pradhan, Rupesh Kumar Singh, Abhishek 
Singh, Tatiana Minkina, and Vishnu D. Rajput 

3 Impact of Nanoparticles on Soil Ecosystems . . . . . . . . . . . . . . . . . . . . 43 
Wenjie Ren, Haoran Liu, and Ying Teng 

4 Influence of Nanoparticles on the Plant Rhizosphere Microbiome . . 83 

Vishnu D. Rajput, Mohammad Faizan, Sudhir K. Upadhyay, Arpna 
Kumari, Anuj Ranjan, Svetlana Sushkova, Prabhat K. Chauhan, 
Aliyu Ahmad Mahmud, Marina Burachevskaya, Victor Chaplygin, 
and Irina Deryabkina 

5 Nanopartides: Uptake, Translocation,. Physiological, 
Biochemical Effects in Plants and their Molecular Aspects . . . . . . . . 103 

Tarun Sharma and Neetu Shanna 

6 Mechanism of Nanoparticles-Mediated Alleviating Biotic 
and Abiotic Stresses in Agricultural Crops: Recent Advances 
and Future Perspectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117 

Surender Singh Chandel, Bharti Shree, Kinjal Monda!, and 
Surbhi Mali 

7 Deciphering the Enigmatic Praxis of Nano�fertilizers in 
Agro-food Industrial Landscape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14] 

Richu Sing]a and Honey Goe] 

8 Nanomaterials for Plants: From Ecophysiology to Signaling 
Mechanisms and Nutrient Uptake............................. 183 

Raksha Jain, Nitin Bohra, Rupesh Kumar Singh, Sudhir 
K. Upadhyay, Abhishek K. Srivastava, and Vishnu D. Rajput 

vii 



VIII Contents 

9 Nano-biosensors for Plant Biomass: Concept and Applications. . . . . 199 
Sanjam Chandna, Kunal Gogde, Ravneet Kaur, Varsha Sagar, and 

Jayeeta Bhaumik 

10 Applications and Implications of Nanoparticles in Food Industries . 223 
Anuj Ranjan, Jayati Arora, Abhishek Chauhan, Arpna Kumari, 
Vishnu D. Rajput, Svetlana Sushkova, Saglara Mandzhieva, 
Starovoitova Natalia, ma Lobzenko, Tamara Dudnikova, and 
Tanu Jindal 

11 Environmental Emissiions of Nanoparticles . . . . . . . . . . . . . . . . . . . . . 245 
Abhishek Chauhan, Rupesh Kumar Basniwal, Manisha Gumani, 
Prangya Rath, Anuj Ranjan, Vishnu D. Rajput, Tanu Jindal, Tatiana 
Bauer, Inna Zamulina, and Natalya Chernikova 

12 Ecotoxicology and Toxicology of Metal-Based Nanoparticles . . . . . . 281 
Prangya Rath, Amij Ranjan, Abhishek Chauhan, Rupesh Kumar 
Basniwal, Vishnu D. Rajput, Svetlana Sushkova, Tatiana Minkina, 
Tanu Jindal, Igor Viktorovich Balyazin-Parfenov, and Irina 

Deryabkina 

13 Interaction of Nanopartides to Soil Pollutants . . . . . . . . . . . . . . . . . . 309 
Shivani Ghai and Amrit Kaur 

14 Nanopartides and Their Effects on Growth, Yield, 
and Crop Quality Cultivated Under .Polluted Soil. . . . . . . . . . . . . . . . 333 
Urfi Jahan, Uzma Kafeel, Mohd Irfan Naikoo, and Fareed 
Ahmad Khan 

15 Role of Nanop,articles in Remediation of Contaminated Soil . . . . . . . 353 
M. Trivedi, S. Kedari,. and G. C. Nikalje 

16 Risks and Concerns of Use of Nanoparticles in Agriculture. . . . . . . . 371 
Sushi I Kumar Upadhyay, Satish Kumar, Chadetrik Rout, Gayatri 
Vashistha, and Di wakar Aggarwal 


