
CHAPTER 1

(Jie & Hui, 2014)

(Upadhyay & Palanivel, 2011)

(Kookana et al., 2020)

(Bandara & Cai, 2014)

(Mathur et al., 2007)

(Lichtenberg, 2002)

(Ali & Gupta, 2012)

(Pinstrup-Andersen, 2009)



(Dev, 2009)

(Chadha, 

2003)

1.1. AGRICULTURE FIELDS AND PESTS

"Agriculture was the first occupation of man, and as it embraces the whole earth, it is the 

foundation of all other industries."

Edward W. Stewart

(Figures 1.1-1.6)

(Walker, 1983)
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1.2. VARIOUS INSECT ORDERS CREATE THE PROBLEM

"The first day, one is a guest, the second a burden, and the third a pest."

~ Jean de la Bruyere

(Bruce, 2010)

(Sharma, 2014)

Gryllotalpa fossor Schistocerca gregaria Aphis gossypii Bemisia tabaci

Holotrichia insularis Oryctes rhinoceros Spodoptera

litura, Plutella xylostella

(Stork, 2018)

Graph 1.1 (Kataria & Kumar, 2012)



(Graph 1.1) (Kataria & Kumar, 2012)

(Banwo & Adamu, 2003)

(Mondal et al., 2017)
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(Joshi et al., 2020)



1.3. MENACE OF INSECTICIDES

"To make agriculture sustainable, the grower has got to be able to make a profit."

Sam Farr

(Graph 1.2)

(Jukes, 1974)

Graph 1.2 (Agarwal & Garg, 2015)



(William, 1967)

(Isman, 2006)

(Gilden et al, 2010)

(Abdollahi et al., 2004)

(Graph 1.2)



1.4. INSECTICIDE EFFICACY

"The farmer works the soil; the agriculturist works the farmer."

Eugene F. Ware

(Table 1.1)

Table 1.1

Sr. no. Location Pesticide shops



(Bishopp, 1945)

(Rathburn, 1985)

1.5. RESISTANCE DEVELOPMENT IN INSECTS TO INSECTICIDES 

"Natural selection certainly operates. It explains how bacteria will gain antibiotic 

resistance; it will explain how insects get insecticide resistance, but it does not explain how

you get bacteria or insects in the first place." 

William A. Dembski 



(Sun et al., 2019)

Plutella xylostella

(Yin et al., 2019)

Plutella xylostella Spodoptera litura

Spodoptera litura

(Saleem et al., 2008) S. litura

Bacillus thuringiensis (Liu & Tabashnik, 1997)



1.6. MOLECULAR BASIS OF RESISTANCE

"Genes are like the story, and DNA is the language that the story is written in."

Sam Kean

(Scott, 1999)



(Wei et al., 2019)

(Zhang & Zhang, 2019)

1.7. LEPIDOPTERA

"Just when the caterpillar thought I am incapable of moving, it became a butterfly."

Annette Thomas

Spodoptera litura Plutella xylostella Helicoverpa armigera (Kataria 

& Kumar, 2012)



(Zalucki et al., 2012)

Spodoptera frugiperda. 

(Deshmukh, 2018)

(Chormule et al., 2019) (Sisodiya et al., 2018)

(Babu et al., 2019)

Spodoptera frugiperda 

(Montezano et al, 2018)

Spodoptera frugiperda

(Figure 1.7 & 1.8)

(Yu, 1991)
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1.8. THE PEST- SPODOPTERA FRUGIPERDA

"I get inspiration from a lot of things around me - nature, hills, people, and even insects."

Ruskin Bond

(Figure 1.7 & 1.8)

Spodoptera frugiperda

S. frugiperda

(Montezano et 

al., 2018)

Spodoptera frugiperda

(Sparks, 1979)

(Goergen et al, 2016)

(De 

Groote et al., 2020)

Spodoptera frugiperda (Deshmukh 

et al., 2018)

(Jing et al., 2019)

(Sisodiya et al., 2018)

(Deshmukh et al., 2018) (Kalleshwaraswamy et al., 2019)



Spodoptera frugiperda

1.9. MAIZE:

"A light wind swept over the corn, and all nature laughed in the sunshine." 

Anne Bronte

Zea mays

(Kumar et al., 2018)

Spodoptera

frugiperda



(Gouin et al., 2017)

(Campos et al., 2019)

1.10. CHALLENGES WITH FAW:

"Opportunities to find deeper powers within ourselves come when life seems most 

challenging."

Joseph Campbell

Spodoptera frugiperda )

Rapid Evolution of Resistance:

Lack of Standardized Testing Methods:

Difficulty in Identifying the Mechanisms of Resistance:

Limited Information on Population Dynamics:



High Cost of Monitoring and Control:

S. frugiperda

(Yu, 1991)

(Padhee & Prasanna, 2019)

(Pinto et al., 

2019)

(Sharanabasappa et al., 2018)



1.11. INSECTICIDES USED IN THE STUDY:

"It is important to concede that modern pesticides have helped to make farming more 

productive and to increase yield."

Chuck Norris

CHLORANTRANILIPROLE & EMAMECTIN BENZOATE



Spodoptera litura

(Figure 1.9 & 1.10)

Spodoptera litura (Wang et al, 2019)

Figure 1.9

Figure 1.10 El-Saber Batiha et al., 2020



Spodoptera frugiperda 

S. litura, and P 

xylostella, 

ORIGIN OF THE PROBLEM

Spodoptera frugiperda 

S frugiperda 

S. frugiperda



AIMS AND OBJECTIVES

"A goal without a plan is just a wish."

Antoine de Saint-Exupery

Overall aim: 

Spodoptera frugiperda

Objective 1: 

Spodoptera frugiperda

Objective 2: 

Spodoptera frugiperda.

Objective 3: 

Spodoptera frugiperda

Objective 4: 

Objective 5: 

Spodoptera frugiperda 


