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Introduction 

Around 30 million species are found worldwide, of which about 1.4 million have briefly 

described; of these, about 750,000 are insects. Insects now comprise >75% of all described 

animal species and exhibit not only a wide variety of form, color, and shape but also a range 

of ecological adaptations unexcelled by any other group (Cigliano et al., 2000). Because of 

their diversity and many roles, they are familiar to the general public. However, their 

conservation is a challenge (Jalali et al., 2015). Since long, it has recognized and documented 

that insects are the most diverse group of organisms and, most authorities agree that more 

insect species have not described (named by science) than there are insect species that have 

been previously named (Vartan, 2016).   

So far, about 100,000 species of insects known from India, which constitute two-third of the 

total fauna (Alfred et al., 1998), but global biodiversity assessment estimates it to be 10-15 

times more than this number (Thakur et al., 2008). However, 59,353 species under 619 

families of 27 orders known in India, which represents 6.08% of global insect diversity (Joshi 

et al., 2016). Insects comprise the most diverse and successful group of multicellular 

organisms on the planet, and they contribute significantly to vital ecological functions such as 

pollination, pest control, decomposition, and maintenance of wildlife species (Losey and 

Vaughan, 2006). More than 10,000 species of insects damage worldwide food plants. Insect 

pests are a significant concern for farmers across the world, and more than 10,000 species of 

insects have recorded damaging crops (Dhaliwal et al., 2007). Despite using various control 

methods, the control of agriculture pests continues to be critical for farmers. The yield loss by 

insects reaches as high as 60-70%. In India, agriculture is currently suffering an annual loss 

of about Rs. 8, 63, 884 million due to insect pests (Dhaliwal et al., 2010). This massive crop 

loss causes the farmer to use an enormous amount of pesticides. 

Among the many challenges in sustaining crop productivity and nutritional security, direct 

and indirect damages by insect pests is of paramount importance. The population of insect 

pest outbreaks has enormous potential to damage the agricultural economy. Recognizing the 

early signs of pests and diseases to deal with the problem is of crucial importance. Therefore, 

the accurate taxonomic identification is the pivotal issue in biological research, to allow the 

implementation of adequate measures to contend with species of agricultural concern 

(Karthika et al., 2016).  



A Study on Molecular Taxonomy and Host Species Interaction of  

Agriculturally Important Insects of Vadodara District 
Synopsis 

 

 2 

 

The accurate identification of pest species is a prerequisite for the deployment of appropriate 

management strategies; it is critical to identify pest species accurately during the early phases 

of an invasion. Correct identification to the species level is also essential for the 

implementation of selective pest control measures. However, rapid identification of pests 

often impaired by uninformative morphological traits and a lack of available molecular data, 

such as species-specific DNA barcode. The main advantage of DNA barcoding is the rapid 

acquisition of molecular data (Monaghan et al., 2005). DNA barcoding is a diagnostic 

technique in which short DNA sequence(s) is used for species identification and is the most 

accurate and systemic tool for estimation of species diversity. (Hebert et al., 2003; Floyd et 

al. 2009; Karthika et al., 2016). DNA barcoding built by performing cytochrome oxidase 

subunit 1 (COX 1) sequencing on specimens previously identified by a taxonomist. Molecular 

identification and phylogeny using COX 1 of the mitochondrial region regarded as efficient.  

Insect mitochondria contain two ribosomal RNA (rRNA) genes, 12S rRNA and 16S rRNA. 

12s rRNA is highly conserved in insects and used for the study of genetic diversity in phyla, 

and the large subunit of 16S rDNA often used for families or genera  (Mandal et al., 2014). It 

estimated that over 900,000 species of insects known across the globe, with over 60,000 

species described from India with nearly as many species remaining to be named. Barcode of 

Life Data system (BOLD) Systems populated with nearly 142,398 insect species barcodes out 

of which India has only 2758 barcodes; NBAII had 110 barcodes as in November 2013( Jalali 

et al., 2015).  

Domestication of nutritionally superior crops and monoculture of vegetables has surrogated 

ecological diversity of pests and has consequently led to their introduction and outbreak into 

new favorable areas resulting to the destruction of natural biotic communities, altered 

behaviors and population distribution (Brown et al., 2009; Mishra et al., 2015). There exists a 

robust ecological link between pest and their host plants. Host associations can be established 

by direct observations of feeding or by morphological or chemical studies of gut content 

(Jurado-Rivera et al., 2009), but require precise identification of host plants. In plants, several 

‘barcode’ loci have proposed (Kress and Erickson, 2007; Fazekas et al., 2008; Lahaye et al., 

2008) for which representation in databases increases rapidly, improving the accuracy and 

speed of host plant identification. When used in comparative studies, e.g., for the analysis of 

host plant associations, the sequence fragments used by linking them to a named species or 

DNA-based group to which ecological information from literature or field observations has 
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associated (Hebert et al., 2003). These groups and their host information provide the starting 

point for analysing co-evolutionary relationships of plants and pests.  

Host plant selection by insect pests often divided into ‘host plant finding’ and ‘host plant 

acceptance.’ While the two are easy to separate conceptually, in practice, they are part of a 

continuum of three, rather than two, inextricably bonded links. Nonetheless, the central 

relationship of host plant finding thought previously to be governed by volatile chemicals, 

has, until now, proved intractable to scientific experimentation. On the other hand, to combat 

this problem, a new scientific approach in the 21st century has been developed where 

barcodes of plants and individual insect species used to find the homology between the two. 

Plants and their associated insect herbivores represent more than 50% of all known species on 

earth. The first step in understanding the mechanisms generating and maintaining this vital 

component of biodiversity is to identify plant-herbivore associations (García-Robledo et al., 

2013). Hence, we hypothesize that there has to be some sequence homology between various 

genes (conserved region), which can lead to a specific intrinsic interaction.  

At the international level, several DNA-based field studies on intra-guild predation have 

reported (Gagnon et al., 2011; Hautier et al., 2011; Thomas et al., 2012). Reports 

documenting predation on exotic pests in the field via molecular gut-content analysis are also 

available (Gardner et al., 2013; Greenstone et al., 2013; Opatovsky et al., 2013; Grasswitz, 

2016). Further, the importance of abiotic factors, as well as human interference with relation 

to plant-insect interaction at the molecular level, is well documented at the national level (Ali 

and Agrawal, 2012; Dawkar et al., 2013; Kumar et al., 2014; Mishra et al., 2015). At the 

regional level, Singhal et al., (2018) have made and attempt to unravel the diversity, 

phylogeny, and ecological role of cryptic Coleopteran species of Vadodara district. However, 

there is a lacuna as far as genetic studies on insects of agricultural fields and its host plant 

interaction are concerned. A key motivation of the present study is the economic significance 

of agricultural pests that are estimated to cause worldwide crop losses amounting to hundreds 

of billions of dollars annually (Kerchev et al., 2012). Hence the present study aims to 

taxonomically identify important pest species and characterize them using the DNA 

barcode approach and to set a link between pest and host plant association by sequence 

homology approach. 
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Objectives 

Objective I: To Study the insect Diversity Pattern of agricultural fields of Vadodara. 

Objective II. Composition and infestation rate of pest species 

Objective III: To Study the Species Level identification of the economic important pest 

insect species using the DNA Barcode Approach. 

3(a): Molecular characterization of important pest  

Objective IV: To study phylogenetic correlation of host plants and pest interaction with 

particular reference to Coleopterans. 

 4(a): Correlation of insect DNA and plant DNA sequences 

Material and Methods 

Objective I:   

(A) Collection of insects 

A preliminary survey carried out for the presence of agriculture fields based on the crop 

pattern and type. Taking into the consideration of the accessibility, location and cropping 

pattern, four sites were selected, i.e., Ajwa (22.3751° N, 73.3851° E), Chhani (22.3633° N, 

73.1658° E), Karjan (22.0535° N, 73.1202° E) and Padra (22.2394° N, 73.0848° E) areas of 

the Vadodara district.  

Site 1:  Ajwa: - Area has good vegetation, and in most of the agriculture fields, the farmers 

follow a multi-cropping pattern. The dominant crops and flora are Cotton, Chickpea, Pigeon 

pea, Maize, Ladies finger, Beans, Cabbage, Banana, Wheat, paddy, Drumstick, Sponge gourd 

and Ivy gourd. 

Site 2: Chhani:- Region is more of herbs, and dominant crops are Cotton, Castor, Pigeon 

pea, Sorghum, Bajra, Brinjal, Spinach, Cabbage, Cauliflower, Beans, Mango, Banana, 

Hibiscus, Nerium, Marigold, Calotropis, Nerium, Hibiscus and Drumstick.  

Site 3: Karjan:- Area is found with a great cover of vegetation, and the prominent type 

includes Pigeon pea, Castor, Sorghum, Cabbage, Spinach, Nerium, Hibiscus, Marigold, 

Canna, Calotropis, Datura, Thuver, Sponge gourd, Cotton, Pomegranate and Guava. 
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Site 4: Padra:- The fields are covered to be flourished with herbage, and the flora were 

Cotton, Castor, Sugarcane, Brinjal, Radish, Banana, Guava, Nerium, Hibiscus, Vinca, 

Calotropis, Pearl millet, Paddy, Jowar, Spinach, Mango, Lemon, Ladies finger and Fodder 

grass. 

All the four sites were visited twice a month, and the sampling was done twice in a day: a) 

Morning hrs (6:30 am to 9:30 am) b) Evening hrs (4:30 pm to 6:30 pm). Along with direct 

observation and photo documentation, insects were collected manually through scientific 

methods. 

(B) Methods of collection  

i. Sweeping net: Sweeping net was used for capturing active flying insects. Insects 

trapped in the insect collecting net were then processed for further study. 

ii. Light trap: Positively phototaxis insects or nocturnal insects were pulled together by 

the light trap method, where halogen bulb was kept at the study site, and the insect 

thus attracted were collected in the plastic container.  

iii. Pitfall trap: Small Plastic cups filled with a mixture of 70% Ethyl alcohol and 

Glycerine were buried up to the rim in the ground so that passing insects may fall. 

This method was used to sample surface-active hymenopterans like ants. 

iv. Hand-picking: Insects were collected from the barks of the tree by handpicking 

method and also leaf miners. Soil insects were also collected by handpicking and 

using berlese funnel.   

(C)  Preservation and Morphological identification of the insects 

All the collected insects were then processed for further identification; the specimens were 

narcotized by exposure to Cyanide vapors, for maintaining its original color. Different 

features like the pinning of insects, spreading, and mounting of insect specimens were done 

before going for taxonomic study. Identification was done by using standard reference books, 

published articles and was confirmed by comparing with the authentic samples at Department 

of Zoology, Faculty of Science, The Maharaja Sayajirao University of Baroda, Bombay 

Natural History Society (BNHS) Mumbai and Zoological Survey of India (ZSI) Kolkata, 

India. 

The occurrence of the insects was checked during the entire study span of the study period 

was noted down of four study sites. Based on the number of times they were encountered, 

they were given an abundance rating. Those species sighted 32 of visits were rated Common, 

less than 15 of the visits were Uncommon, and less than of 5 visits were rated as Rare. 
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(D) Data Analysis: 

All the four site samples were analysed separately and then the data were pooled to get year 

wise comparison of each site. Data was quantitatively analysed using standard analytical and 

statistical methods with computer software packages vis. Excel and Past 3x.  

(E) Seasonal variations of insect Orders and its comparisons. 

Data were analysed and the seasonal occurrence of the insects was checked concerning 

summer, monsoon, and winter seasons. Yearly comparison of each order has carried out with 

consideration of seasonal occurrence, and considering their occurrence, Insects species were 

categorized into various habits like; Bioindicators, Pests, Pollinators, Predators, and 

Scavengers. 

Objective II: 

(A)Assessment of insect species occurrence and Infestation Rate of Pests: The assessment 

of infestation of insect pests on agricultural fields of selected sites on various crops was done 

as per the scale given by Nagrare and his coworkers in the year 2011. (Central Institute for 

Cotton Research, Nagpur). 

0-4 Scale infestation 

0 Grade: No insect/ indecently seen 

1 Grade: the scattered appearance of few insect pests on the plants 

2 Grade: Severe incidence of insect pests on only one branch 

3 Grade: Severe incidence of insect pests on more than one branch 

4 Grade: Severe incidence of insect pests on whole plants were recorded 

Objective III: 

Overall experimental design: 

 

 

 

 

Genomic DNA samples were prepared from fresh insects or insects preserved in 95% 

ethanol. Total genomic DNA was extracted from the femoral muscle of dissected legs of 

• DNA Isolation from femoral muscles of insects. 

• PCR amplification  

• Sequencing and Bar-coding 
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specimens or complete specimens using Insect DNA Purification kit method and DNA 

quantification was done spectroscopically. 

PCR Amplification 

 PCR primers for COI and 16SrRNA: 

Name of DNA 

marker and 

primer 

Primer sequence (5’ to 3’) Reference 

LCO-1490 (COX I) GGTCAACAAATCATAAAGATATTGG Folmer et al., 1994 

HCO-2198 (COX I) TAAACTTCAGGGTGACCAAAAAATCA Folmer et al., 1994 

16s rDNA   

16SA (reverse) 5’-CGC CTG TTT ATC AAA AAC AT-3’ (Simon et al., 1994) 

16SB (forward) 5’-CCG GTT GAA CTC AGA TCA-3’ 
(Kambhampati 

and Smith, 1995) 

 PCR Conditions: 

• 94°C for 3 min. 

• 39 cycles of :  

• 94°C for 20 sec.  

• 50°C for 20 sec.  

• 72°C for 30 sec.  

• 72°C for 5 min.  

• Hold at 4°C  

 Electrophoresis of PCR reactions 

Sequencing was carried out using the Sanger sequencing method. The generated barcode 

sequences were compared with the previous sequences at Gene bank data for confirmation of 

the morphometric identifications. 

Sequence Validation and Bioinformatics Analysis 

 %GC content analysis  

The sequence was validated, and specific contigs of each insect sequence were carried 

out by using BioEdit 7.0.5.3. Software 

Further, the sequences were submitted to NCBI/ BOLD v.4 having process Id  

 AT and GC skew analysis 
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The sequenced data were subjected to strand asymmetric analysis which was 

calculated using the formula(s) AT-skew = (A−T)/(A C T), GC skew = (G−C)/(G C 

C). 

 Phylogenetic Analysis 

Phylogenetic analysis was carried out with the help of MEGA X software for 

maximum parsimony likelihood 

Objective IV: 

 Correlation of insect DNA and plant DNA sequences. 

For plant – pest interaction genomic sequence (trnL) was compared and the minimum 

distance calculated to prove their ecological association  

 PCR primers for trnL: 

Name of DNA 

marker and primer Primer sequence (5’ to 3’) Reference 

trnL intron 

c A49325 5’CGAAATCGGTAGACGCTACG Taberlet et al., 1991 

d B49863 5’GGGGATAGAGGGACTTGAAC Taberlet et al., 1991 

 

 PCR Conditions: 

• 60°C for 3 min. 

• 16 cycles with decreasing annealing temperature from 60 to 

43°C 60 sec. 

• 27 cycles  

• 42°C 60 sec. 

• 94°C for 30 sec.  

• 72 °C for 60sec.  

• Hold at 4°C  

 Electrophoresis of PCR reactions 

Sequencing was carried out using the Sanger sequencing method. 

Homology Analysis: The sequence obtained carried out blast using NCBI/BOLD system, 

and minimum distance was calculated using neighborhood analysis. 
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Table 1.1: Total number of Insect Orders with 

number of Species and families 

 
 

Figure1.1: Percentage Distribution of Insect Orders 

in the four Sites of Vadodara 

 

Results 

Objective I: 

 

 

 

In the present study, a total of 390 species of insects representing 12 orders and 99 families 

are recorded. Table 1.1 describes the list of insect Orders with Species and families. An 

analysis of % distribution of the species richness is presented in Figure 1.1, which reveals 

that the maximum species belongs to order Coleoptera with 39% followed by Orthoptera 

(17%), Hymenoptera (11%), Lepidoptera (9%), Diptera and Hemiptera (8%), Odonata 

(3%)and the least represented by  Isoptera, Neuroptera, Thysanoptera and Dictyoptera (1%). 

All the four agricultural fields enriched with the insect species of different orders. An 

analysis of the total number of the individuals collected exhibited marked variations. 

Based on field observations and specimens collected, insect orders were divided into three 

broad categories viz. Common, Uncommon and Rare. A total of 12 insect orders were 

recorded in the present study.  Five orders (Orthoptera, Coleoptera, Hemiptera, Lepidoptera 

and Hymenoptera) were Common in all four sites, orders Tysanura was Uncommon at Site I 

and II and was Rare at Site III and IV. Order Odonata was found to be Common at Site I and 

IV and was recorded Uncommon at Site II and Rare at Site III. Representatives from 
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Thysanura 1 2 2 1 0 0 

Odonata 4 13 8 5 7 7 

Orthoptera 7 67 31 23 14 30 

Isoptera 1 5 0 2 3 2 

Dictyoptera 4 4 3 2 2 3 

Hemiptera 16 31 24 15 17 18 

Thysanoptera 1 3 1 1 1 1 

Neuroptera 2 3 2 0 2 0 

Coleoptera 26 153 78 68 66 64 

Diptera 15 31 16 14 18 15 

Lepidoptera 13 36 18 27 21 15 

Hymenoptera 9 42 28 23 23 26 
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Table1.3. Comparative study of Diversity Index of four sites with year variation 

Dictyoptera was Uncommon at Site I and Site IV and was Rare at Site II and III. Termites 

representing order Isoptera was Common at Site I and III and Uncommon at Site II and IV. 

Order Thysanoptera was Common at Site I and II and was Rare at Site III and IV. Order 

Neuroptera was Uncommon at Site I and III and Rare at Site II and IV. Order Diptera was 

Common at Site III and was Uncommon at Site I, II and IV. (Table 1.2). 
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2017-'18 2018-'19 2017-'18 2018-'19 2017-'18 2018-'19

Summer Monsoon Winter

Diversity Index (Shannon_H ) 

Site I Site II Site III Site IV

Order SiteI SiteII SiteIII SiteIV 

Thysanura UC UC R R 

Odonata C UC R C 

Orthoptera C C C C 

Dictyoptera UC R R UC 

Isoptera C UC C UC 

Hemiptera C C C C 

Thysanoptera C C R R 

Neuroptera UC R UC R 

Coleoptera C C C C 

Diptera UC UC C UC 

Lepidoptera C C C C 

Hymenoptera C C C C 

Diversity Index  

Area  

  

Summer Monsoon Winter 

2017-'18 2018-'19 2017-'18 2018-'19 2017-'18 2018-'19 

Site I 3.681 3.68 4.582 4.78 3.701 4.039 

Site II 3.553 3.665 4.38 4.528 3.46 3.863 

Site III 3.372 3.601 4.518 4.49 3.524 3.967 

Site IV 3.183 3.082 4.538 4.614 3.478 4.032 

Figure.1.2 Comparative study of Diversity Index of four sites with year variation 

Table 1.2: The Insect species occurrence with respect to Common(C), Uncommon (UC) and 

Rare (R) in four sites 
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Figure.1.4 Comparative study of Richness Index of four sites with year variation 

Table1.4. Comparative study of Evenness Index of four sites with year variation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.8

0.82

0.84

0.86

0.88

0.9

0.92

0.94

0.96

0.98

2017-'18 2018-'19 2017-'18 2018-'19 2017-'18 2018-'19

Summer Monsoon Winter

Eveness Index

Site I Site II Site III Site IV

0

5

10

15

20

25

30

2017-'18 2018-'19 2017-'18 2018-'19 2017-'18 2018-'19

Summer Monsoon Winter

Richness Index

Site I Site II Site III Site IV

Evenness Index  
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Site I 0.8665 0.8752 0.8932 0.9429 0.8899 0.9384 

Site II 0.875 0.9064 0.8764 0.9162 0.8595 0.9033 

Site III 0.862 0.9027 0.9183 0.9314 0.8443 0.9132 

Site IV 0.8462 0.8245 0.9046 0.9351 0.8331 0.9052 

Figure.1.3 Comparative study of Evenness Index of four sites with year variation 
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Figure 1.6: Seasonal variation of order 

Odonata from 2017 to 2019 

Figure 1.5: Seasonal variation of order 

Thysanura from 2017 to 2019 

Table1.5. Comparative study of Richness Index of four sites with year variation 

Richness index  

  Summer Monsoon Winter 

  2017-'18 2018-'19 2017-'18 2018-'19 2017-'18 2018-'19 

Site I 12.01 11.56 24.38 24.91 10.55 12.03 

Site II 10.27 10.43 21.71 22.1 9.006 11.53 

Site III 8.874 9.778 20.95 19.96 10.56 12.77 

Site IV 8.088 7.753 22.4 21.99 10.24 13.63 

 

 

During the current study, the Shannon Weiner index (Species’ diversity), Marglef’s index 

(Species’ richness), and Buzas and Gibson's index (Species’ evenness) were computed using 

the data to facilitate comparison between the sites and season over two years.  The results 

revealed that the maximum diversity was in Monsoon season for both the years at all the 

sites. Site I (Ajwa) was much diverse and rich in terms of insect fauna compared to other 

three Sites and in winter as well as summer there was declining. (Figure 1.2 & Table 1.3).  

Year wise results revealed that there was a maximum diversity of insects in the year 2018-’19 

compared to 2017 – ‘18. Evenness of the insect fauna was parallel with the diversity and thus 

had similar spatial and temporal changes. During summer, Site II showed maximum evenness 

in both the years. During Monsoon, Site III resulted with more even group of insects in the 

year 2017 – ‘18, and Site I showed maximum in the year 2018- ‘19 . During winter, Site I 

revealed to be maximum even insect fauna both the years of study period. Richness of insect 

species is seen more during monsoon season in both the years. Comparing the Sites with 

seasons of both years Site I got the maximum richness of insect species both in summer as 

well as Monsoon. During winter, Site III showed more richness of insect fauna in the year 

2017- ‘18 and Site IV has maximum richness in the year 2018 – ’19. 
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Figure 1.7: Seasonal variation of order 

Orthoptera  from 2017 to 2019  

Figure 1.8: Seasonal variation of order 

Isoptera from 2017 to 2019 

Figure 1.8: Seasonal variation of order 

Dictyoptera  from 2017 to 2019 

Figure 1.9:Seasonal variation of 

order Hemiptera from 2017 to 2019 

Figure 1.10: Seasonal variation of order 

Thysanoptera from 2017 to 2019 
Figure 1.11: Seasonal variation of order 

Neuroptera from 2017 to 2019 
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Figure 1.13: Seasonal variation of order 

Diptera from 2017 to 2019 

Figure 1.12: Seasonal variation of order 

Coleoptera from 2017 to 2019 

 

Figure 1.14: Seasonal variation of order 

Lepidoptera from 2017 to 2019 

Figure 1.15:Seasonal variation of order 

Hymenoptera from 2017 to 2019 

 

           
 

 

 

 
 

 

 

There was a distinct seasonal variation of the insects, the majority of the orders were found to 

be monsoon dominant (Odonata, Dictyoptera, Orthoptera, Isoptera, Thysanoptera, Diptera, 

Coleoptera and Hymenoptera),  and year wise comparison revealed that 2017-‘18 had a good 

number of the individuals compared to 2018-‘19. The winter dominant orders were 

(Thysanura, Hemiptera, Neuroptera and Lepidoptera). Overall summer season had the 

minimum number of the representatives from Orthoptera, Odonata, Diptera, Coleoptera, 
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Figure 1.16: Distribution of insects according to their Ecological role 

 
 

 

Based on the ecological role of the insects, the collected species were categorized as 

Bioindicators, Pests, Pollinators, Predators, and Scavengers. When the distribution pattern 

was studied it revealed that the Pest species were maximum in number, followed by Predators 

and Scavengers, whereas the Pollinators and Bio-indicators were found as less in number. 

Objective II: 

A total of 173 pest species belonging to 7 orders (Coleoptera, Hemiptera, Orthoptera, 

Lepidoptera, Diptera, Isoptera, Thysanoptera, Thysanura and Hymenoptera) were recorded 

during the study period. Overall a considerable number of the pests were seen in only four 

orders viz. Coleoptera, Orthoptera, Lepidoptera and Hemiptera were taken into consideration 

for the infestation rate grading. Members of order Coleopteran were found to be the most 

dominant with 65 pest species spread in 18 families, next in order of the number of 

representatives was Order Orthoptera with 35 species belonging to 4 families.  Lepidoptera 

was recorded with 30 species spread in 11 families and last in the order of number of pest 

species was Hemiptera with 27 species represented by 13 families (Figure 2.1) 

 
Figure 2.1: Pest status of the insect orders 
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Orthoptera 

Acorypha glaucopsis Fodder grass 0 2 0 0 2 0 

Acrida conica (Fabricius, 1781) Paddy, Maize 0 4 3 0 3 4 

Acrida exaltata (Walker, 1859) Paddy, Maize 0 4 4 0 3 4 

Acrida ungarica (Herbst , 1786 ) Paddy, Fodder grass 0 4 0 0 1 3 

Acrida willemsei Millet 0 0 0 0 2 0 

Acrotylus umbertianus Fodder grass 0 4 2 0 0 2 

Aiolopus thalassinus (Fabricius, 1781) Paddy, Millet 0 4 3 0 0 2 

Calliptamus sp. Pegion pea 0 1 0 0 0 0 

Catantops humilis (Bolivar, 1902) Maize, Banana 0 3 2 0 2 3 

Choroedocus robustus (Serville, 1838) Maize, Banana 0 2 1 0 1 1 

Chorthippus curtipennis (Harris, 1835) Fodder grass 0 3 0 0 2 0 

Euthystria brachyptera Fodder grass 1 4 2 1 1 2 

Hieroglyphus banian ( Fabricius , 1798) Paddy 0 4 3 0 0 2 

Locusta migratoria (Linnaeus, 1758) Wheat, Millet 3 2 2 3 1 1 

Melanoplus femurrubrum  (De Geer, 1773) Paddy,Maize 2 4 2 2 3 2 

Metaleptea brevicornis (Johannson, 1763) Paddy, Maize 0 3 2 0 3 2 

Omecestus sp. Fodder grass 0 4 0 0 1 0 

Omocestus viridulus (Linnaeus, 1758) Fodder grass 0 3 0 0 1 0 

Orphulella pelidna (Burmeister 1838) Fodder grass 0 4 0 0 3 0 

Oxya hyla hyla (Serville, 1831) Paddy 0 4 0 0 3 0 

Oxya hyla intricata (Stål, 1861) Paddy 0 2 0 0 2 0 

Schistocera gregaria (Forskål, 1775) Maize, Sugarcane 0 4 4 0 4 4 

Schistocera sp Paddy 0 0 0 0 0 0 

Sphingonatus sp Fodder grass 0 1 1 0 1 1 

Trilophidia annulata (Thunberg, 1815) Paddy 0 2 0 0 2 0 

Xenocatantops humilis   (Serville, 1838) Paddy, Fodder grass 1 3 3 1 3 2 

Acheta domesticus (Linnaeus, 1758) Paddy 0 3 0 0 3 0 

Chrotogonus sp Millet, Wheat 0 1 0 0 1 0 

Poekilocerus pictus (Fabricius, 1775) Calotropis 0 4 0 0 3 0 

Amblycorypha rotundifolia  (Scudder, 1862) Cotton 0 0 0 0 0 0 

Mecopoda elongata   (Linnaeus, 1758) Cotton 0 1 0 0 1 0 

Neoconocephalus velox (Rehn & Hebard, 1914) Fodder grass 0 1 0 0 1 0 

Ducetia japonica (Thunberg, 1815) Brinjal 0 1 0 0 1 0 

Scudderia furcata (Wattenwyl, 1878) Citrus 2 1 0 2 1 0 

Trigonocorypha unicolor  (Stoll, 1787) Fodder grass 1 3 0 2 2 0 

Hemiptera 

Aleurodicus disperses  (Russell, 1965) Spinach, Cabbage 0 2 0 0 4 0 

Aphis gossypii (Glover, 1877) Cotton 1 4 4 1 4 4 

Empoasca  decipiens  (Paoli, 1930) Brinjal Cabbage 4 4 4 4 4 4 

Drepanococcus cajani  (Maskell, 1891) Pigeonpea, Guava 4 4 4 4 4 4 

Phenacoccus madeirensis  Tomato,Brinjal 4 4 4 4 4 4 

Acanthocephala femorata  (Fabricius 1775) Sponge gourd 0 3 0 0 2 0 

Cletomorpha Benita (Kirby, 1891) Raddish  0 3 0 0 0 0 

Cletus punctiger  (Dallas, 1852) Sugarcane, Paddy 0 3 4 0 3 4 

Homoeocerus signatus (Walker, 1871) Spinach 0 0 0 2 2 4 

Pamendanga sp. Banana 0 0 0 0 0 0 

Proutista moesta  (Westwood, 1851) Maize, Sugarcane 3 4 4 3 4 4 

Rhynchomitra microrhina   (Walker, 1851) Asclepias syriaca 0 1 0 0 0 0 

Coridius janus (Fabricius, 1775) Sponge gourd, Brinjal 0 3 0 0 2 4 

Leptocentrus moringae Drumsticks, Cotton, 0 0 0 0 2 1 

Pyrilla perpusilla  (Walker, 1851) Maize, Wheat, Paddy 4 4 3 4 3 4 

Acanthuchus trispinifer (Fairmaire, 1846) Acacia decurrens 2 4 2 1 4 1 

Oxyrachis tarandus Mulberry  0 4 4 0 4 4 
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Bagrada hilaris  (Burmeister, 1835) Cauliflower, Cabbage  0 3 0 0 2 0 

Eysarcoris guttiger (Scopoli, 1763) Murraya koenigii 0 0 0 0 3 0 

Halyomorpha halys  (Stål, 1855) Tomato, Spinach 0 4 0 0 2 0 

Nezara viridula (Linnaeus, 1758) Cotton, Okra, Castor 0 4 0 0 2 0 

Palomena prasina  (Linnaeus, 1761) Tomato 0 3 2 0 1 2 

Megacopta cribraria  (Fabricius, 1798) Pigeonpea, Cowpea 4 4 4 4 4 4 

Plautia affinis  (Dallas, 1851) Spinach,Brinjal 0 0 3 0 0 3 

Phelanococcus sp. Spinach, Cabbage 0 0 4 0 0 0 

Dysdercus koenigii (Fabricius, 1775) Cotton 2 4 1 2 2 3 

Dysdercus cingulatus (Fabricius, 1775) Cotton 0 4 0 0 2 0 

Coleoptera 

Lasioderma serricorne (Fabricius, 1792) Paddy 0 0 0 0 1 0 

Formicomus sp. Paddy, Sunflower 1 0 1 0 0 0 

Apion clavipes Green gram 0 3 0 0 2 0 

Paratrachelophorus sp. Tobacco 0 0 1 0 0 0 

Acmaeodera sp. Ivy gourd 0 0 1 0 0 0 

Acmaeodera viridaenea (Eschscholtz, 1829) Mango tree 3 0 2 3 0 2 

Craspedophorus saundersi (Chaudoir, 1869) Guava fruits 0 1 0 0 0 0 

Acanthophorous serraticornis (Olivier, 1795) Mango tree 0 3 0 0 2 0 

Batocera rufomaculata (De Geer, 1775) Mango tree  0 4 0 0 2 0 

Celosterna scabrator (Fabricius) Mango, Pomegranate 4 0 0 3 0 0 

Dectes texanus  Sunflower 0 0 0 0 1 3 

Derobrachus hovorei (Santos-Silva, 2007) Citrus 1 4 3 1 2 3 

Macrotoma palmate (Fabricius) Acacia stem borer 0 3 0 0 3 0 

Prionus californicus (Motschulsky) Cotton root borer 0 3 0 0 2 0 

Trachysida sp. Sponge gourd 0 2 0 0 0 0 

Xylotrechus stebbingi (Gahan 1906)  Mulberries 0 2 0 0 2 0 

 Altica sp (Woods 1917) Radishes, Cabbage, 0 2 0 0 1 0 

Aspidomorpha miliaris (Fabricius, 1775) Ipomoea carnea 0 0 0 0 0 0 

Aulacophora lewissi (Baly, 1886) Sponge gourd 0 2 0 0 2 0 

Aulacophora nigripennis (Motschulsky, 1857) Ipomoea carnea 0 4 4 0 4 4 

Aulacophora foveicollis (Lucas, 1849) Bottle Gourd 0 1 0 0 1 0 

Cassida circumdata  Sweet potato  0 1 1 0 0 0 

Cassida sp. Sugar beet, Spinach 0 0 0 0 0 0 

Chiridopsis bipunctata (Linnaeus, 1767)  Sweet potato  0 1 0 0 1 0 

Chrysochus cobaltinus (LeConte, 1857) Apocynum cannabinum 0 2 0 0 1 0 

Clytra laeviuscula (Ratzeburg, 1837) Sweet potato 0 0 0 0 0 0 

Metriona bicolor (Fabricius)  Sweet potato 0 3 0 0 2 0 

Oides bipunctata (Fabricus, 1781) Cayratia trifolia 2 0 0 2 0 0 

Oides palleata (Fabricius, 1781) Cayratia trifolia 0 4 0 0 0 0 

Podagrica fuscicornis (Linnaeus, 1767) Drumstick 0 3 0 0 2 0 

Sindia clathrata (Olivier,1808) Drumstick 0 4 0 0 2 0 

Epilachna ocellata (Redtenbacher) Brinjal, Bitter gourd 0 0 0 0 4 0 

Cleonus sp. Sugar beet 2 0 0 2 0 0 

Cosmopolites sordidus (Germar, 1824) Banana  3 0 0 2 0 0 

Hypera postica (Gyllenhal, 1813) Castor 4 0 0 4 0 0 

Myllocerus subfasciatus (Guerin-Meneville, 1843) Drumsticks, Brinjal 4 4 4 4 4 4 

Myllocerus viridanus Maize, Castor 0 3 0 0 0 0 

Polydrusus formosus (Mayer, 1779)  Castor 0 4 0 0 3 0 

Sitophilus oryzae Paddy, Maize 2 2 0 2 2 0 

Lanelater fuscipes (Fabricius, 1775) Coconut 0 2 0 0 2 0 

Cryptolestes pusillus (Schönherr, 1817) Paddy, Maize 0 4 0 0 3 0 

Lytta caraganae (Pallas, 1798) Pea 0 2 0 0 0 0 

Mylabris cichorii (Linnaeus, 1767) Sponge gourd 2 4 4 2 4 4 

Mylabris pustulata (Thunberg, 1821) Sponge gourd, Okra 0 4 0 0 3 0 

Mylabris variabilis (Pallas, 1782) Sponge gourd 0 4 0 0 3 0 

Psalydolytta rouxi Maize, Paddy 0 1 0 0 2 0 

Cetonia funesta  (Poda, 1761) Millet 1 2 0 1 2 0 

Chiloloba sp Millet 0 0 0 0 2 0 
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Chiloloba acuta (Wiedemann, 1823) Millet, Maize 0 0 0 0 4 2 

Cyclocephala pasadenae  (Casey, 1915) Maize 0 0 0 0 3 0 

Holotrichia reynaudi (Blanchard, 1851) Ground nut 0 0 0 0 2 0 

Oryctes nasicora  (Linnaeus, 1758) Coconut  0 0 0 0 2 0 

Oryctes rhinoceros Coconut 0 0 0 0 2 0 

Oxycetonia jucunda (Falderman, 1835) Citrus 0 4 0 0 4 0 

Oxycetonia versicolor (Fabricius, 1775) Brinjal, Green gram 0 3 0 0 3 0 

Phyllophaga nebulosa (Polihronakis, 2007) Conifers 0 4 0 0 3 4 

Phyllophaga obsolete (Blanchard, 1851) Fodders grass 0 0 0 0 0 0 

Phyllophaga sp. Fodders grass 0 4 2 0 0 0 

Protaetia alboguttata (Vigors, 1826) Maize, Brinjal 0 4 0 0 3 0 

Protaetia aurichalcea (Fabricius, 1775) Cluster bean 1 3 0 1 0 2 

Protaetia squamipennis ( Burmeister, 1842) Maize, Brinjal 0 1 0 0 1 0 

Oryzaephilus surinamensis (Linnaeus, 1758) Maize, Ground nut 0 0 0 0 0 0 

Gonocephalum sp. Ground nut 0 0 1 0 0 1 

Tenebrio molitor (Linnaeus, 1758) Ground nut 0 0 0 0 0 0 

Agrilus acutus (Thunberg, 1787) Hibiscus 0 0 0 0 0 0 

Lepidoptera 

Cnaphalocrocis madinalis (Guenée, 1854) Paddy 3 0 0 3 0 0 

Hellula undalis (Fabricius, 1794) Cabbage, Cauliflower 0 4 0 0 4 0 

Leucinodes orbonalis (Guenée, 1854) Brinjal 0 0 0 0 0 0 

Noorda blitealis (Walker, 1859) Drumsticks 0 0 4 0 0 4 

Noorda moringae Drumsticks 0 3 4 0 1 4 

Protrigonia zizanialis (Swinhoe, 1886) Drumsticks 0 0 3 0 0 3 

Scirpophaga incertulas (Walker, 1863) Paddy 0 0 3 0 0 2 

Asota caricae (Fabricius, 1775) Ficus sp., teak 0 0 0 0 0 0 

Spilosoma oblique (Walker, 1855) Castor 0 0 3 0 0 2 

Eudocima materna  Citrus 2 4 2 2 2 2 

Hemerocampa leucostigma Castor 0 4 2 0 2 2 

Eupterote germinate Drumsticks 0 3 0 0 3 0 

Eupterote mollifera (Walker, 1865) Drumsticks 0 4 2 0 2 2 

Pectinophora gossypiella (Saunders, 1844) Cotton 0 0 4 0 0 4 

Euproctis lunata (Walker, 1855) Castor 0 4 4 0 1 4 

 Spodoptera exigua Cabbage  2 4 4 2 1 4 

Helicoverpa armigera Tomato,Cotton, Paddy 0 4 4 0 4 4 

Olene mendosa Castor 0 2 3 0 2 3 

Spodoptera frugiperda Cabbage, Cauliflower 0 4 4 0 4 4 

Trichoplusia ni  Cabbage 0 0 0 4 0 0 

Earias insulana (Boisduval, 1833) Cotton, Okra 0 4 4 0 2 4 

Ariadne ariadna indica Castor 3 4 0 3 2 0 

Ariadne merione (Cramer, 1777) Castor 2 1 4 2 1 4 

Danaus chrysippus (Linnaeus, 1758) Calotropis, Hibiscus 2 3 2 2 3 2 

Hypolimnas misippus (Linnaeus,. 1764). Okra 0 0 0 0 0 0 

Junonia almanac (Linnaeus, 1758) Citrus 0 3 2 0 3 3 

Eurena hecabe (Linnaeus, 1758) Pea, Beans. 3 0 0 3 0 0 

Plutella xylostella (Linnaeus, 1758) Cabbage, Cauliflower 0 4 0 0 4 0 

Euzophera perticella (Ragonot, 1888) Brinjal 0 4 2 0 4 2 

Earias vitella Cotton, Okra 0 3 4 0 2 4 

Table.2.1. List of pest species with its seasonal infestation grade 

The rate of infestation was also monitored. On observation, it was found that a wide range of 

insect pests was damaging the agricultural fields. Preference of the vegetation type by the 

pest species revealed that Orthopterans had a dominant choice for Paddy, Millet, Wheat, 

Fodder grass, and Maize; it was the Site I and IV with a significant number of the 

Orthopteran pests due to the dominance of the preferred host plants. Polyphagous 
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Hemipterans were found to infest Cotton, Brinjal, Cauliflower, Cabbage, Chickpea, and 

Sponge Gourd. All the host plants occur in the study areas, and due to their small size as well 

as polyphagous feeding habit, a good assemblage was seen.   Order Coleoptera had the 

highest number of pest representatives. Irrespective of the host preference, the Coleopteran 

pests were seen at all the Sites with a significant amount. Lepidopteran pests were found to 

be most dominant at Site II and III, where the majority of the agriculture fields includes the 

seasonal vegetables such as Cabbage, Cauliflower, and Brinjal as well as the Paddy and 

Maize fields (Table 2.1) 

Objective III: 

Sequence Validation and bioinformatics analysis 

Sequence Annotation 

Universal primers were used in this study, which perfectly amplified a 720 bp fragment of the 

mitochondrial COI gene when applied to template DNA. Fifteen Orthopteran species barcode 

sequences were obtained from the three selected families. Table 3.1 represents the process ID 

of the species submitted on BOLD v.4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.1: List of species with their families submitted to BOLDv.4 along with their processID 

%GC content of Orthoptera species analysis was performed to find the sequence 

composition, which resulted in decreasing order as follows S. furcata (37.9%), A. domesticus 

Family Species Process ID 

Acrididae 

Acrida conica GJCST 2 

Acrida exaltata GJCST 3 

Aiolopus thalassinus GJCST 4 

Choroedocus robustus GJCST 6 

Euthystria brachyptera GJCST 11 

Hieroglyphus banian GJCST 14 

Locusta migratoria GJCST 15 

Metaleptea brevicornis GJCST 17 

Oxya hyla hyla GJCST 19 

Oxya hyla intricate GJCST 20 

Trilophidia annulata GJCST 26 

Chorthippus curtipennis GJCST 28 

Gryllidae Acheta domesticus GJCST 1 

Tettigoniidae 
Neoconocephalus velox GJCST 18 

Scudderia furcata GJCST 21 
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(37.4%), N. velox (37.4%), H. banian (35.7%) and so forth. However, the least GC content 

was found in T. annulata (28.9%) among all 15 Species. Further, the sequence was analysed 

for GC and AT skews, where GC skew was found the maximum in A. exaltata (0.065), 

whereas the lowest was found in T. annulata (-0.2) among the selected species. However, 

overall comparison with other species, the maximum GC skew was shared between C. 

discolour, T. oceanicus, E. brachyptera, respectively. AT skew analysis revealed that A. 

thalassinus (0.05) has the highest AT value, whereas the lowest one was S. furcata (-0.129) 

(Figure 3.1). 

The %GC content analysis of Coleopteran four species were carried out to find out the 

sequence composition, which resulted in decreasing order as follows; Lanelater fuscipes 

(46%), Oxycetonia versicolor (35.3%), Myllocerus viridanus (35.2%) and Aulacophora 

foveicollis (34%). However, the least GC content was found in A.foveicollis (28.9%) among 

four Species. Further, the sequence was analyzed for GC and AT skews, where GC skew was 

found the maximum in A. foveicollis (0.08), whereas the lowest was found in L. fuscipes (-

0.07) among the selected species. AT skew analysis revealed that A. foveicollis (0.05) has the 

highest AT value, whereas the lowest one was L. fuscipes (-0.18) (Figure 3.2). 

       

 

 

The neighbor-joining statistical analysis for phylogeny reconstruction was performed, which 

yielded the maximum likelihood among the selected species. The sequence analysis also 

revealed that the computed overall mean distance was 5.19 among the species; however, the 

pairwise mean distance showed a significant range of 0.16 (C. curtipennis) to 9.3 (M. 

fasciatasulcata) of individual species comparison. 
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Nucleotide substitution with maximum composite likelihood method with Gamma 

distribution (G) yielded the sequence similarity suggesting that among all the species selected 

for the study were of Orthoptera, Coleoptera, Hemiptera, and Lepidoptera. A total of 7 

species belong to suborder Ensifera, while the other 22 species belong to Caelifera of 

Orthoptera. The present study also revealed that the Gryllidae family has close relations with 

Tettigoniidae in Ensifera suborder. On the other hand, in Caelifera, Acrididae was found to 

be closer to Pyrgomorphidae (Figure3.3). Coleoptera revealed that family Anobiidea is 

having maximum parsimony with Elateridae compared to other family and also 

Tenebrionidae family was located closer to Meloidae compared to other families (Figure 3.4).  

 

Figure3.3: Diagrammatic representation of the phylogenetic tree of Orthoptera pest species 

 

Orthoptera 
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Figure3.4: Diagrammatic representation of the phylogenetic tree of Coleopterapest species 

Discussion 

In the present study, the maximum assemblage of the insects in the agricultural fields was 

reported at Ajwa (Site I). Ajwa is blessed with good vegetation cover and water bodies. The 

most dominant agriculture fields visited were paddy, maize, cotton, millet, and pigeon pea. 

Various types of vegetation supports and a good variety of insects. In complex landscapes, 

natural vegetation harbors greater, more diverse populations of service-providing species 

associated with higher agricultural yields (Henri et al., 2015). Morover, an increase in the 

abundance/ diversity of vegetation leads to a decrease in pest abundance (Paredes et al., 

2015). Our work is in agreement with the earlier reported work where the insects were found 

more prevalent in the presence of a mixed type of vegetation. (Hahs et al., 2009; Lambert et 

al., 2016; El‐Sabaawi, 2018). Of all the orders of class Insecta, it was Coleoptera, which was 

reported to be the most dominant. Ground beetles are species-rich and abundant in 

agricultural land all over the world (Zou, 2019). As one of the most abundant and diverse 

groups overwintering within cultivated fields (Holland and Reynolds, 2003), they are often 

used in cultivation experiments (Lemic et al., 2017). Crop type affects ground beetles through 

the modification of microclimatic factors and from disturbance factors (O´Rourke et al., 

2008). The ground beetles population in the agricultural landscape can also be influenced by 

Coleoptera 
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chemical pest control (Jeschke et al., 2011; Szczepaniec et al., 2011; Varvara et al., 2012; 

Douglas et al., 2014). A good number of coleopterans has been reported by number of 

scientists in different agricultural fields/ crops which includes on sugar beet (Kos et al., 

2013), maize (Kos et al., 2006; Bažok et al., 2007; Kos et al., 2011) and barley (Kos et al., 

2010), where they have focused and have confirmed with the conventional, organic and 

integrated systems. Thus a dominant assemblage of Coleoptera observed in the present study 

is following the above authors (Balog et al., 2009; Park et al., 2013; Chapman, 2014; Pywell 

et al., 2015; Hanson et al., 2016; Pizzolotto et al., 2018; Rizal et al., 2019). 

Order Orthoptera is one of the most vital groups of herbivorous insects living in the grassland 

systems. The availability of host plants of the grasshoppers in the habitat is essential for its 

colonization. Many investigators have reported the importance of vegetation for the 

nutritional and ecological needs of grasshoppers (Bhusnar, 2015; Aktar et al., 2018; Zergoun 

et al., 2019).  Of all the families Acrididae was recorded to be the most dominant in all four 

study sites and was seen to be colonized in more diverse habitats such as grasses, agriculture 

fields as well as shrubs, however, of all the different habitats, herbs were found to be the most 

common habitats for grasshoppers.  Our findings are parallel with the studies of Koli, (2014), 

Waghmare, (2013) and Bhusnar, (2015) in Maharashtra; Anbalagan et al.,(2015) in Tamil 

Nadu, Usmani et al., (2012) in Bihar and Jharkhand and  Saha and Haldar, (2009) in West 

Bengal.  

Hemiptera is known to be found in a large variety of niches, where they perform a range of 

ecological functions and services affecting nearly every aspect of the environment (Henry 

2009). Terrestrial bugs are associated with plants, and floristic composition and vegetation 

structure are the environmental factors, which explain the best true bug biodiversity and 

distribution patterns. Hemiptera was next in the order of dominant insects found in the 

present study with a wide range of diversity, and most of its species belonging to the families 

such as Lygaeidea, Pentatomidae, Reduviidae, Membracidae, and Coreidae were found to be 

pests. Site wise distribution revealed that they were the maximum at Site II and the least was 

found to be present at Site III, the less number of the Hemipteran may be attributed to the 

presence of Coleoptera in this region which does not allow the bugs to get flourished (Kataria 

and Kumar, 2012; Singh and Gandhi, 2012; Rebijith et al., 2013; Feledyn-Szewczyk et al., 

2016). 

A common phytophagous insect group in agricultural landscapes is Lepidoptera, which 

includes moths and butterflies.  The presence and abundance of butterflies mark the 

importance of the plant resources available on the site and show a healthy and suitable 
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environment for insect diversity. In general, caterpillars are the feeding stage in Lepidoptera 

and caterpillars of most species feed on plant material, such as leaves, flowers, fruits, seeds, 

or roots. Caterpillars seem especially vulnerable to stressors in agricultural landscapes 

because they are immobile compared with most adult moths and dependent on the availability 

of suitable host plants a loss of plant diversity or changes in plant communities most likely 

affect caterpillars if the host plants are involved (Hahn, 2015; Salunke and More, 2017). 

Specialized Lepidoptera species can be especially vulnerable to changes in their caterpillar 

host plant’s abundance and appear to decline more strongly compared with less specialized 

species (Kotiaho et al., 2005). A literature search revealed that high plant species richness 

and flower abundance have a predominantly positive effect on Lepidoptera (Hahn et al., 

2013).  In the present study, a considerable number of species were found to be present, and 

of the four different Sites, it was Site (III) and Site (II), which had the maximum number of 

the Lepidopterans. Overall there was a comparatively fewer number of Lepidopterans 

supported by the work of Gandhi and Kumar (2015), where they have suggested accelerating 

the conservation campaign in cultivating more of such complementary plants for holding up 

the life of butterflies. 

Seasonal distribution of the insects' species was found attaining maximum level during 

monsoon season, throwing open a plethora of various forms of insects. During the winter 

season, the environmental circumstances change, leading to a change in the insect population, 

which showed a decreasing trend. Seasonal changes leading to the summer were remarkably 

noticeable by a general decrease in insect species richness and abundance. Due to dry 

condition and defoliation insect population start dwindling during the summer season.  

However, there was a significant seasonal variation caused due to climatic change, which 

potentially affected insects both directly through plant association. Similar observations made 

by Wardhaugh et al., (2018) reported that altered abiotic conditions resulting from human-

induced climate change are already driving changes in the spatial and temporal distributions 

of many insects.  Silva et al., (2011) reported the seasonal abundance and variation of insects. 

Most of the insect orders were found dominant in monsoon season that may be due to the 

availability of food material they feed on. During the study period in the year 2018-‘19, 

comparatively, there was a variation in the monsoon, the seasonal occurrence of insect 

species due to the massive flood in all the four sites. Abhishek et al., (2017) reported similar 

kinds of work where due to heavy rain, reduce the insect population. Nevertheless, the 

present study has a span of two years in which deals with the species distribution, diversity, 
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richness, evenness, ecological role, and seasonal variation of insects in four selected areas of 

Vadodara district. 

As far as the pest status is concerned, mainly four insect orders had prominent pest species. 

The maximum numbers of pests were from order Coleoptera (65) > Orthoptera (35) > 

Lepidoptera (30) > Hemiptera (27). Pest species found inclusively in four sites and the main 

crops of these sites were cabbage, cowpea, spinach, onion, bitter gourd, sponge gourd, ivy 

gourd, pomegranate, ladies finger, tomato, millet, banana, sweet potato, paddy, fodder grass, 

maize, sugarcane, cotton, brinjal, pigeon pea, drumstick, lemon tree and mango tree in 

various season. Singh and Sharma, (2014) reported insect pests from Talwandi Sabo, Punjab, 

were Hemiptera and Lepidoptera insects causing damage to both Kharif and Rabi crops. 

Sathe et al., (2015) studied color attractively and the occurrence of some cell sucking pests 

on crop plants from the Kolhapur region and reported four sap-sucking insect pests. Sathe et 

al., (2016) reported pest species of Brinjal from the Kolhapur region. Patil et al. (2016) 

studied on diversity and biology and control insect pests from Western Maharashtra and 

reported 30 species. UlAne and Hussain (2016) reported Lepidoptera, Hemiptera, Coleoptera, 

Diptera, Orthoptera, and Thysanoptera from major rice-growing areas of the world. Salunke 

and More (2017) reported that in Chandgad Tahsil, the farmers were facing various 

agricultural insect pests especially in the case of Rice, Red gram, Brinjal, and Cowpeas and 

observed other pests such as Aphids, Mealybug, and whiteflies are damaging various crops in 

winter and summer season. 

Overall, plant-herbivore interactions represent one of the most widespread and dominant 

ecological interactions in the conservation of natural and also play a pivotal role in ecosystem 

functioning (Stam et al., 2014; Turcotte et al., 2014). The enormous number of insect species 

is often exceedingly difficult to recognize using only morphological approach (Witt et al., 

2006) and thus produces an insurmountable barrier for cataloguing total biodiversity by only 

traditional taxonomy (Blaxter, 2004; Pentinsaari et al., 2014) for which morphological 

documentation have reduced short and the DNA barcoding has filled the gap (Bourke et al., 

2013; Laurito et al., 2013). Several scientists are now using DNA-barcoding to understand 

the biodiversity of insects (Hebert, et al., 2003; Hajibabaei, et al., 2007). Barcoding and 

sequence analysis were based on mitochondrial COX I (Persis et al., 2008).DNA barcoding 

significantly enables and complement taxonomic studies; the sequencing data coupled with 

traditional taxonomy is a model that can be functional in numerous areas and will allow 

systematic and analytical needs to be scaled to match the enormity of the current biodiversity 

crisis (Jalali and Ojha, 2015). It will help in the identification and conservation of the 
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evolutionary processes that generate and preserve biodiversity. The first time from Gujarat, 

mitochondrial COX I gene sequence of 15 pest species belonging to Orthoptera and four pest 

species of Coleoptera were successfully sequenced, and the phylogeny tree of all the four 

orders of Coleoptera, Orthoptera, Hemiptera and Lepidoptera for the evolutionary analysis. 

Similar study have carried out for irrespective of pest species of Coleopterans by Singhal, et 

al., (2018). Our studies were incongruent with earlier mitochondrial genomes studies of Yuan 

et al., (2015a, b, 2016). Molecular identification was made for several pests worldwide, in 

Orius (Hemiptera: Anthocoridae) (Gomez-Polo et al., 2013) and potato flea beetles 

(Coleoptera: Chrysomelidae) (Germain et al., 2013). Despite optimistic views, the taxonomic 

impediment remains the main concern and thus demands an urgent need for comprehensive 

biodiversity assessments due to biodiversity crises: the risk of human activity causing mass 

extinction. Thus, barcoding can accelerate the process of taxonomic inventory. However, the 

present study combines morphological, ecological and molecular data which specify its 

species distribution, richness, and diversity in different sites of Vadodara, Gujarat, and the 

molecular study derived from present work unravels the status of pest species. And till now 

the results obtained in this research is the first comprehensive study of pest species with its 

sequence in Vadodara District. 

Work to be carried out: 

Sanger Sequencing of three orders and insect-plant correlation (objective 4) is under 

evaluation, which will be incorporated in the thesis. 

Conclusion 

From the present study the Agricultural important insects of Vadodara district was obtained 

by estimating relative abundance and dynamics of related species in space and time. From the 

collected insects pests’ species were extracted and their morphological and molecular 

identification were obtained.  Further the infestation rate revealed that there was a site 

specific as well as plant specific infestation. The findings has proved to be one of the 

backbone studies for morphological and molecular identification and has verified the 

usefulness of barcode data. Further the application of the data obtained can be reliably used 

for developing reference libraries for species identification via sequence matches. Hence, the 

present study is given anew and significant insights into both the unique molecular 

determinants of plant-insect interactions, therefore, a prerequisite for genetic investigations in 

this study was the technical step of constructing a database of insect pests. 
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