
NANO-BIOPESTICIDES DEVELOPMENT USING 

COW DUNG AND COW URINE AGAINST 

Oligonychus coffeae Nietner 
 

 

MANSI MISHRA 
 

 
 

 

 

CENTRE FOR RURAL DEVELOPMENT AND TECHNOLOGY

 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

 JUNE 2023 

 



 

 

 

 

 

 

 

 

©Indian Institute of Technology Delhi (IITD), New Delhi, 2023

 

 

 

 

 



NANO-BIOPESTICIDES DEVELOPMENT USING 

COW DUNG AND COW URINE AGAINST 

Oligonychus coffeae Nietner 

 

by 

 

Mansi Mishra 

 

Centre For Rural Development & Technology 

 

 

Submitted 

 
For fulfilment of the requirements of the degree of Doctor of 

Philosophy 

 
to the 

 

 

 

 

 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

 

June 2023 

 

 



i 

 

CERTIFICATE 

 

This is to certify that the thesis entitled “Nano-Biopesticides Development Using Cow 

Dung and Cow Urine Against Oligonychus coffeae Nietner”, being submitted by Ms. 

Mansi Mishra to the Indian Institute of Technology Delhi for the award of the degree of 

Doctor of Philosophy is a record of bonafide research work carried out by her. She has 

worked under our guidance and supervision and has fulfilled the requirements for the 

submission of this thesis, which has attained the standard required for a Ph.D. degree at this 

Institute. The results represented in this thesis have not been submitted elsewhere for the 

award of any degree or diploma. 

 

 

 

 

 

                                                                 

Prof Kavya Dashora                                                                                    Dr. Somnath Roy 

Supervisor                                                                                                          Co-supervisor 

Associate Professor                                                                               Senior Scientist & Head 

Centre for Rural Development and Technology                               Entomology Department 

Indian Institute of Technology, Delhi                                     Tocklai Tea Research Institute 

Hauz Khas, New Delhi-110016                       Cinnamara, Lichubari, Jorhat, Assam 785008 

India.                                                                                                                                India. 

 

 



ii 

 

ACKNOWLEDGEMENTS 

“My salutations are due to the ALMIGHTY for his grace and blessings through ramifying paths 

thick and thin of my efforts.” 

A research work is not merely the toil of a single individual. Several people in many myriad 

ways, knowingly or unknowingly, become a part of the process. My thesis, too, is not any 

exception, and indeed, I would like to take a moment here and sincerely thank all those 

people who became significant contributors and supporters in this journey of mine. 

I avail this opportunity with immense pleasure to express my deep sense of gratitude and 

indebtedness to my supervisor, Prof. Kavya Dashora, for meticulous supervision, surpassing 

guidance, sustained encouragement, incessant and unceasing inspiration, laudable 

counseling, mellifluous help and valuable advice at the hour of need. I am fortunate to have 

worked under her supervision. Her patience and support will inspire me throughout my life. 

She made me realize the power of hard work and that time is the greatest treasure. This thesis 

was possible because of her guidance and blessings. I shall always remain indebted to her. 

It gives me immense pleasure to express my thanks and gratitude my co-supervisor, Dr. 

Somnath Roy, for giving me an opportunity to research under his valuable guidance, 

enthusiastic encouragement, meticulous guidance, liberal help, and untiring efforts rendered 

throughout my tenure. Without his constant guidance and belief in my topic, this work could 

not have been conceived the way it is. Though there were numerous moments of confusion 

and setbacks, he pushed me to work dedicatedly and kept my hopes of completing my work 

successfully alive. My sincere thanks and gratitude to the Director, Tocklai, Tea Research 

Institute, Jorhat, Assam, for permitting me to perform my experimental work in the institute. 

I am thankful to all the faculty members of the Centre for Rural Development and 

Technology, IIT Delhi, for their encouragement and support in the completion of this thesis. 



iii 

 

I extend my special thanks to my SRC committee members, Chairperson, Prof. Anushree 

Malik, internal expert, Prof. Satyawati Sharma, and external expert, Prof. Arun Kumar, for 

their valuable guidance in improving the quality of research work. 

I wish to express my heartfelt thanks to my colleagues, fellow friends, and well-wishers 

Ayushi, Vinayak, Zoya, Gyan, Preeti, Meghana, Bipanshi, Ranjida, Rupjyoti for timely help, 

everlasting exemplary enthusiasm, continuous inconceivable encouragement, affectionate 

care, and moral support. I am generously thankful to Chetan bhaiya, Dipak dada, Rana dada, 

Madhurjya dada, and Prakash dada for their generous and timely help during the study.  

This journey would not have been possible for me without the prayers and blessings of my 

grandparents, parents, brother, sister-in-law, other relatives, and friends, for their exemplary 

enthusiasm, constant encouragement, and moral support throughout the entire tenure of my 

research work in every possible way. I am indebted for their support extended to me 

physically, mentally, and financially. In this occasion, I would like to express my special 

acknowledgments to my beloved Baba Mr. Lalan Sharma (Late), Amma Mrs. Annapurna 

Mishra (Late), Papa Mr. Sukh Sagar Mishra ‘Madhur’, Mumma Dr. Chitra Mishra, Brother 

Mr. Milan Mishra, Sister-in-law Mrs. Koshi Mishra, and my beloved nephew Master Manvik 

Mishra and every member of my family for their unbounded affection, overall sacrifice, and 

carrying me different phases of my life and till now. 

Above all, I feel immensely grateful and pray to the Father in Heaven for having blessed 

me and given me knowledge and strength in the successful completion of this venture and 

for all the blessings throughout my life. 

 

Mansi Mishra 



iv 

 

ABSTRACT 

The red spider mite or Oligonychus coffeae Nietner is a significant pest of tea (Camellia 

sinesis L.) in the majority of tea-producing nations. In Northeast India, it is among the most 

devastating pests that affect tea plants. Currently, synthetic acaricides are used to control the 

pest. Excessive use of which causes a variety of problems, including pesticide resistance, 

impact on species not intended to be affected, environmental pollution, and residues in tea. 

Alternative pest management techniques are thus being used more frequently; however, the 

continued use of synthetic pesticides on food and beverage crops is raising concerns around 

the globe due to their possible impacts on human health and the environment. A promising 

approach for controlling several pests has been made possible by recent advancements in 

nanotechnology. In the current work, biological synthesis of zinc oxide nanoparticles and 

iron oxide nanoparticles using cow urine and cow dung extract and acaricidal effect on O. 

coffeae was reported. UV-vis spectroscopy, Fourier transform infrared spectroscopy (FTIR), 

scanning electron microscopy (SEM), and energy dispersive X-ray (EDX) analysis were 

used to bio-physically characterize the biosynthesized iron oxide nanoparticles and zinc 

oxide nanoparticles using extract of cow dung and cow urine. An absorption peak at 410 nm 

was observed in the UV-Vis spectra of cow dung-mediated zinc oxide nanoparticles, 

whereas an absorption peak at 365 nm was observed in the cow urine-mediated zinc oxide 

nanoparticles. UV-Vis spectral analysis revealed an absorption peak at 290 nm, and 293 nm 

for cow dung extract and cow urine-mediated zinc oxide nanoparticles.   The biophysical 

characterization of the synthesized zinc oxide nanoparticles using cow dung extract had rod 

structures with particle sizes ranging from 44 nm to 60 nm, while synthesized zinc oxide 

nanoparticles using cow urine have spherical structures with diameters ranging from 24 nm 

to 40 nm. Iron oxide nanoparticles synthesized using cow dung extract and cow urine were 

spherical in shape, with particle sizes ranging from 50 nm to 55 nm and 46.5 nm and 73.5 

nm, respectively.  The experiments carried out under laboratory and field conditions 
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significantly demonstrated the efficacy of biologically synthesized zinc oxide nanoparticles 

and iron oxide nanoparticles using cow urine and cow dung extract for the control red spider 

mites. Using the leaf dip and spray method, the acaricidal effect of biologically synthesized 

zinc oxide and iron oxide nanoparticles at different concentrations of 100 ppm, 250 ppm, 

500 ppm, 750 ppm, and 1000 ppm, was tested against O. coffeae at various stages (adults, 

nymphs, and eggs) at the laboratory. The mortality percentage of the pest was recorded for 

the different concentrations of nanoparticles tested. The mortality was observed to be dose- 

and time-dependent, i.e., mortality increases with an increase in the concentration of 

nanoparticles. The mortality of 71.67 % and 86.67 % against cow dung-mediated zinc oxide 

nanoparticles, 83.33 % and 98.33 % against cow urine-mediated zinc oxide nanoparticles 

was observed for adults and nymphs of O. coffeae at 1000 ppm for the leaf dip and spray 

method. Mortality of 63.33 % and 93.33 % was observed against cow dung mediated iron 

oxide nanoparticles, and, 93.33 % and 96.67 % mortality against cow urine mediated iron 

oxide nanoparticles was observed for adults and nymphs of O. coffeae at 1000 ppm for the 

leaf dip and spray method. The ovicidal activity for leaf dip and spray method was observed 

to be 61.11% and 64.44% for cow dung-mediated zinc oxide nanoparticles, 95 % and 96.67 

% for cow urine-mediated zinc oxide nanoparticles, 66.67 % and 70 % for cow dung-

mediated iron oxide nanoparticles, and 51.67 % and 98.33 % for cow urine-mediated iron 

oxide nanoparticles on eggs of O. coffeae at 1000 ppm. Deposition of eggs by adult mites 

on treated leaf surfaces decreased significantly, and the viability of eggs was also 

significantly reduced. Field bio-efficacy results indicated that the cow dung-mediated zinc 

oxide and iron oxide nanoparticles and cow urine-mediated zinc oxide and iron oxide 

nanoparticles at 750 ppm and 1000 ppm concentrations were highly effective against O. 

coffeae and were superior to the commonly used pesticides like Azadirachtin 0.03% EC and 

Propargite 57% EC. Different dosages of the zinc oxide and iron oxide nanoparticle solution 

and cow urine-mediated zinc oxide and iron oxide nanoparticle solution were sprayed onto 

tea bushes, but no phytotoxic effects were observed. The appearance of liquor, flavour, and 
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taste of black tea manufactured from tea shoots treated with these solutions was unaffected 

by the treatments, and the tea was free from any taint. Further, the cow dung-mediated zinc 

oxide and iron oxide nanoparticle solution and cow urine-mediated zinc oxide and iron oxide 

nanoparticle solution had no significant effect on nontarget natural enemies and soil 

microbiota. Cow dung and cow urine-mediated zinc oxide and iron oxide nanoparticles 

showed no significant antibacterial effects against Escherichia coli, Bacillus paranthracis, 

and Bacillus thuringiensis. This study concludes that cow dung-mediated zinc oxide and 

iron oxide, as well as cow urine-mediated zinc oxide and iron oxide nanoparticles, are both 

efficient against O. coffeae and may be employed as a substitute pest control agent in the 

future to manage tea pests. 
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साराांश 

Red spider mite or Oligonychus coffeae Nietner अधिक ांश च य उत्प दक देश ां में च य (Camellia 

sinesis L.) क  एक महत्वपूर्ण कीट है। पूर्वोत्तर भ रत में, यह च य के पौि ां क  प्रभ धर्वत करने र्व ले 

सबसे धर्वन शक री कीट ां में से एक है। धिलह ल, कीट क  धनयांधित करने के धलए धसांथेधटक 

एस ररस इड्स क  उपय ग धकय  ज त  है। धजसके अत्यधिक उपय ग से कई तरह की समस्य एां  पैद  

ह ती हैं, धजनमें कीटन शक प्रधतर ि, प्रभ धर्वत न ह ने र्व ली प्रज धतय ां पर प्रभ र्व, पय णर्वरर् प्रदूषर् और 

च य में अर्वशेष श धमल हैं। रै्वकल्पिक कीट प्रबांिन तकनीक ां क  इस प्रक र अधिक ब र उपय ग धकय  

ज  रह  है; ह ल ाँधक, ख द्य और पेय िसल ां पर धसांथेधटक कीटन शक ां क  धनरांतर उपय ग म नर्व स्व स्थ्य 

और पय णर्वरर् पर उनके सांभ धर्वत प्रभ र्व ां के क रर् दुधनय  भर में धचांत  पैद  कर रह  है। 

नैन टेक्न लॉजी में ह धलय  प्रगधत से कई कीट ां क  धनयांधित करने के धलए एक आश जनक दृधिक र् 

सांभर्व ह  गय  है। र्वतणम न क यण में, ग मूि और ग य के ग बर के अकण  क  उपय ग करके धजांक 

ऑक्स इड नैन प धटणकल्स और आयरन ऑक्स इड नैन प धटणकल्स के जैधर्वक सांशे्लषर् और O. coffeae 

पर एस ररस इडल प्रभ र्व की सूचन  दी गई थी। UV-vis spectroscopy, Fourier transform infrared 

spectroscopy (FTIR), scanning electron microscopy (SEM), and energy dispersive X-ray 

(EDX) analysis क  उपय ग जैर्व-भौधतक रूप से जैर्वसांशे्लधषत and iron oxide nanoparticles using 

cow urine and cow dung extract क  उपय ग करके धचधित करने के धलए धकय  गय  थ । ग य के 

ग बर क  उपय ग करके सांशे्लधषत zinc oxide nanoparticles के UV- Vis spectra में 410 nm पर 

एक अर्वश षर् धशखर देख  गय , जबधक ग मूि क  उपय ग करके zinc oxide nanoparticles में 365 

nm पर अर्वश षर् धशखर देख  गय । UV- Vis spectral धर्वशे्लषर् ने 290 nm और 239 nm पर ग य 

के ग बर के अकण  और ग मूि क  उपय ग करके iron oxide nanoparticles के धलए एक अर्वश षर् 

धशखर क  खुल स  धकय  गय । ग य के ग बर के अकण  क  उपय ग करके सांशे्लधषत zinc oxide 

nanoparticles के ब य धिधजकल लक्षर् र्वर्णन में 44 nm से 60 nm तक कर् आक र के स थ रॉड 

सांरचन एां  थी ां, जबधक ग मूि क  उपय ग करने र्व ले सांशे्लधषत zinc oxide nanoparticles में 24 nm से 
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40 nm तक के व्य स के स थ ग ल क र सांरचन एां  ह ती हैं। ग य के ग बर के अकण  और ग मूि क  

उपय ग करके सांशे्लधषत iron oxide nanoparticles आक र में ग ल क र थे, धजनके कर् आक र 

क्रमशः  50 nm से 55 nm और 46.5 nm और 73.5 nm थे। प्रय गश ल  और के्षि की ल्पिधतय ां के तहत 

धकए गए प्रय ग ां ने जैधर्वक रूप से सांशे्लधषत zinc oxide nanoparticles और iron oxide nanoparticles 

की प्रभ र्वक ररत  में ग मूि और ग य के ग बर के अकण  क  उपय ग धकय । लीि धडप और से्प्र पद्धधत 

क  उपय ग करते हुए, जैधर्वक रूप से सांशे्लधषत zinc oxide nanoparticles और iron oxide 

nanoparticles के 100 ppm, 250 ppm, 500 ppm, 750 ppm, और 1000 ppm के धर्वधभन्न स ांद्रर् ां पर 

एस ररस इडल प्रभ र्व क  धर्वधभन्न चरर् ां में O. coffeae के ल्पखल ि परीक्षर् धकय  गय  ( र्वयस्क, धनम्ि 

और अांडे) प्रय गश ल  में। मृतु्य दर प्रधतशत की गर्न  नैन कर् ां की धर्वधभन्न स ांद्रत  के स थ की गई 

थी। मृतु्य दर क  खुर क पर धनभणर और समय पर धनभणर देख  गय , य नी nanoparticles की एक ग्रत  

में रृ्वल्पद्ध के स थ बढ़त  है। ग य के ग बर की मध्यित  र्व ले zinc oxide nanoparticles 71.67% और 

86.67%, ग मूि-मध्यि zinc oxide nanoparticles के ल्पखल ि 83.33% और 98.33%, ग य के ग बर 

की मध्यित  र्व ले iron oxide nanoparticles के ल्पखल ि 63.33% और 93.33%, और ग मूि-मध्यि 

iron oxide nanoparticles के ल्पखल ि 93.33% और 96.67 % लीि धडप और से्प्र धर्वधि के द्व र  1000 

पीपीएम पर O. coffeae के र्वयस्क ां और अप्सर ओां ल्पखल ि मृतु्य दर देखी गई । ग बर-मध्यि zinc 

oxide nanoparticles के धलए ओधर्वस इडल गधतधर्वधि 61.11% और 64.44%, ग मूि-मध्यि zinc 

oxide nanoparticles के धलए 95% और 96.67%, ग य के ग बर-मध्यि iron oxide nanoparticles 

के धलए 66.67% और 70%, ग मूि-मध्यि iron oxide nanoparticles के धलए 51.67% और 98.33% 

लीि धडप और से्प्र धर्वधि के द्व र  1000 ppm पर O. coffeae के अांड ां पर मृतु्य दर देखी गई। उपच ररत 

पत्ती की सतह ां पर र्वयस्क घुन ां द्व र  अांड ां क  जम र्व क िी कम ह  गय , और अांड ां की जीर्वनक्षमत  

भी क िी कम ह  गई। के्षि जैर्व-प्रभ र्वक ररत  के पररर् म ां ने सांकेत धदय  धक 750 ppm और 1000 

ppm स ांद्रत  पर ग य के ग बर-मध्यि zinc oxide और iron oxide nanoparticles और ग मूि-मध्यि 

zinc oxide और iron oxide nanoparticles, O. coffeae के ल्पखल ि अत्यधिक प्रभ र्वी थे और आमतौर 
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पर उपय ग धकए ज ने र्व ले कीटन शक जैसे Azadirachtin 0.03% EC और Propargite 57% EC से 

बेहतर थे। च य की झ ध़िय ां पर ग य के ग बर-मध्यि zinc oxide और iron oxide nanoparticles 

घ ल और ग मूि-मध्यित  र्व ले zinc oxide और iron oxide nanoparticles घ ल की अलग-अलग 

खुर क क  धि़िक र्व धकय  गय , लेधकन क ई ि इट टॉल्पक्सक प्रभ र्व नही ां देख  गय । इन घ ल ां से 

उपच ररत च य की कधलय ां से धनधमणत क ली च य की शर ब, स्व द और स्व द उपच र से अप्रभ धर्वत 

थ , और च य धकसी भी कलांक से मुक्त थी। इसके अल र्व , ग य के ग बर-मध्यि zinc oxide और 

iron oxide nanoparticles सॉलू्यशन और ग मूि-मध्यि zinc oxide और iron oxide nanoparticles 

सॉलू्यशन क  गैर-लधक्षत प्र कृधतक दुश्मन ां और धमट्टी के म इक्र ब य ट  पर क ई महत्वपूर्ण प्रभ र्व नही ां 

प़ि । ग य के ग बर और ग मूि-मध्यि zinc oxide और iron oxide nanoparticles ने Escherichia 

coli, Bacillus paranthracis, और Bacillus thuringiensis के ल्पखल ि जीर्व रु्र िी प्रभ र्व धदख य । 

इस अध्ययन क  धनष्कषण है धक ग य के ग बर-मध्यि zinc oxide और iron oxide nanoparticles, 

स थ ही ग मूि-मध्यि zinc oxide और iron oxide nanoparticles, द न ां O. coffeae के ल्पखल ि 

कुशल हैं और भधर्वष्य में प्रबांिन के धलए एक धर्वकि कीट धनयांिर् एजेंट के रूप में धनय धजत धकए ज  

सकते हैं। 
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