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ABSTRACT 

Termites, aphids and fungal diseases cause substantial losses to the agriculture. Development 

of botanical pesticides for pest control, as a sustainable alternative to chemical insecticides, is 

an emerging arena in the present scenario. Although plants contain compendium of bioactive 

compounds with bio-pesticidal value, adaptability of plant based pesticides in the form of 

commercial product is needed to establish the applicability at ground level. The present study 

attempted to design a discrete approach for effective utilization of botanicals in a deliverable 

product form with the accomplishment of employment generation facet. 

The study began with the evaluation of termiticidal value of potent botanicals. Various 

aqueous and solvent extracts of different plant parts of Jatropha (Jatropha curcas) and Datura 

(Datura stramonium) as well as Orange (Citrus sinensis) and Marigold (Tagetes erecta) 

essential oils were tested against two species of termites (Odontotermes obesus and 

Microtermes incetoides). Jatropha root methanolic extract, Datura leaf hexane extract and 

Marigold oil were obtained with best anti-termitic activity showing comprehensive termite 

mortality in considerable time. Among these, Marigold oil showed excellent termite control 

with 100 % mortality in 16 hours at 0.1 mL mL
-1 

concentration. Comparable results were 

obtained with M. incetoides however this species showed more resistance than O. obesus. 

Chemical composition analytical study of these botanicals suggested the presence of 

terpenoids and fatty acids in Jatropha; alkaloids and terpenoids in Datura and terpenoids in 

Marigold essential oil, responsible for termiticidal activity. Based on best results, aforesaid 

botanicals were selected to bring about advancement, in the form of deliverable product 

through formulation development. The unstable crude botanicals were converted into stable 

and storable form of micro-emulsions (ME) and emulsifiable concentrate (EC) formulations. 

Two ME, from Jatropha root (JRF) and Datura leaf extracts (DLF) each and; one EC from 

Marigold oil, formulations were developed. Stability, storability and intactness of developed 

formulations were confirmed through physical and chemical characterization. Rigorous 

testing of the formulations was done to establish their termiticidal potential at lab and field 

level. Lab results of formulations showed significant efficacy against both the species of 

termite. Total (100 %) O. obesus mortality was achieved in 4 hours with MOF dilution 

comprising 0.03 mL mL
-1

 Marigold oil. However, same mortality of termite (O. obesus) was 

observed in 40 and 44 hours with JRF and DLF (dilutions containing 0.0175 g mL
-1 

active 

crude extract), respectively. M. incetoides showed some resistance and delayed mortality in 

comparison to O. obesus termites. In field experiments (conducted at Micro-model, IIT 

Delhi) also, the formulations proved their potency with significant wood protection. 

However, dip treatment provided higher wood preservation for longer duration than surface 

coating treatment. Diluted (1:1 ratio with water) and undiluted JRF and MOF dip treated 

wooden blocks were recorded with no weight loss for the test period of six months whereas in 

case of DLF, 5.87 (1:1 dilution) and 2.36 % (no dilution) wood was consumed by termites in 

the same duration. Moreover, 78.47 % weight loss occurred in control. Deep impregnation 

and proper absorption of formulations inside the wooden blocks through dip treatment might 
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have been the reason for better protection of wood. Further, onsite testing (at two sites inside 

the IIT Delhi) of formulations (1:1 dilution) offered complete protection of wooden structures 

for six months when applied through sprayer at the rate of 9 ml / sq. feet twice (second time 

after one month of the first application). To accomplishment of vision of botanical pesticide 

propagation from Lab to Land, bio-efficacy testing of formulation was carried out at 

agricultural field at Farrukhnagar, Gurgaon, Haryana. During crop (Chrysanthemum) season 

of 6 months, no termite infestation was noticed in the test crop field as healthier plants, high 

plant density and no crop loss was observed. However, 47.5 % crop loss was recorded with 

untreated control field. Farmers were satisfied with crop protection offered by Marigold oil 

formulation applied at the rate of 200 mL / acre. In another field testing of formulation under 

different climatic condition at Institute of Wood Science and Technology (IWST), Bangalore, 

the MOF formulation (undiluted) presented 88.5 % wood protection (through pressure 

treatment) during 6 months. Formulations were found to be cost effective in economics 

calculation. On the basis of providing the employment to a person on salary basis (INR 

20,000 / month), cost of one liter JRF, DLF and MOF was estimated to be INR 444.0, 392.0 

and 1239.0 respectively. To establish the multi-targeted approach of the developed bio-

formulations, broad range pesticidal potential was also evaluated by testing its efficacy 

against Mustard aphid (Lipaphis erysimi) and fungi (Fusarium oxysporum, Rhizopus oryzeae, 

Rhizoctonia solani and Aspergillus niger). Formulations showed significant aphidicidal 

activity also, with complete adult mortality in 72 hours (JRF and DLF with 0.025 g mL
-1

 

extract) and 8 hours (MOF with 0.1 mL mL
-1 

oil). Nonetheless, the susceptibility of nymphs 

and alates was found higher than adults. Moreover, in case of fungal testing, MOF 

completely inhibited the growth of all four fungi at all concentrations except 0.001 mL mL
-1

 

while DLF and JRF totally restricted F. oxysporum, R. solani and R. oryzae at 0.00375 and 

0.005 g mL
-1

 tested concentrations. A. niger was limited by DLF at highest concentration 

(0.005 g mL
-1

) while JRF failed to control A. niger at any of the tested concentration. Overall, 

MOF exhibited excellent results against termites, aphid and fungi suggesting it to be most 

effective among all the three formulations. It is hoped that the current research findings in the 

form of extensively tested multi-targeted botanical formulations, would find a significant 

place in providing solution to the complex problems of multiple pest attack on crops by 

providing a single sustainable alternative to the cocktail of chemical insecticides. 
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