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Introduction

Spodoptera litura, belonging to the family Noctuidae

of the order Lepidoptera, is a serious pest of agricultural

crops and is widespread in countries like Bangladesh,

Hong Kong, India, Japan, Malaysia, Philippines,

Burma, etc. [1, 2]. The worldwide distribution is

attributed to its ability to feed on a variety of crops and

also adapting to diverse climatic conditions. The host

range includes around 120 species of vegetable crops as

well as other ornamental, weeds and wild plants [3−5].

Most of the plant damage is caused due to voracious

feeding by caterpillars. Thus, various control measures

have been adopted till date to control this pest. Initially,

several insecticides were used to control S. litura popula-

tion and this strategy proved to be successful, but later

the pest developed resistance to most of the insecticide

including cypermethrin, fenvalerate and quinalphos [6].

Biological practices such as the release of egg and larval

parasitoids in agricultural fields have achieved only par-

tial success in the past [7]. Modern pest management

strategies employ microorganisms to control pest popu-

lation. For instance, in Lepidopterans, Enterobacter spp.

has been shown to aid in the toxicity of Bacillus thuring-

iensis (Bt) toxins [8]. It has also been reported to be

mildly pathogenic and release prodigiosin- an antipara-
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sitic compound [9]. Further, these gut colonizers are cru-

cially involved in various physiological and metabolic

processes of its host like- Portiera, allows the whiteflies

to flourish on suboptimal diet by producing essential

amino acids [10], colonization resistance [11], Wolbachia

provides shield to host against parasitization [12], Wol-

bachia aids in host reproduction [13], temperature toler-

ance [14], resistance to parasites [15].

In the past, detailed comparative studies in insects by

both traditional and molecular methods have provided

insight into the essential role played by host plant and

environmental factors in shaping the gut microbiota [16,

17]. These findings help us to understand the model of

‘Microbiome’, wherein, microbiota contributes towards

the host’s functional genomic repertoire. Further, identi-

fication and functional characterization of the midgut

flora is likely to open new avenues towards understand-

ing of host biology including reproduction, longevity and

host-pathogen interactions that are crucial to evolve

advance strategies for pest control mechanisms in

future. However, traditional methods of studying gut

microbiota based on plating and cultivation often lead to

a biased conclusion as they failed to detect the microbial

communities which could not survive on these artificial

nutrient media [18]. Sanger based cloning library [19]

provided time effective means of studying detailed

microbial structure in multitude of hosts belonging to

different species [20, 21]. However, this approach is

gradually losing its appeal due to high cost involved and

constraint on the number of clones sequenced per sam-

ple. With the advancement in technology, 16S rDNA

amplicon pyrosequencing [22] has emerged as potent

methods for revealing the microbiota both quickly and

efficiently. In recent times, they have been used to reveal

the microorganisms associated not only with insects but

several other environments also [23−28]. 

In this study, we have compared the midgut bacterial

consortium of 5th and 6th instar larvae of S. litura reared

in laboratory as well as collected from field using high-

throughput 16S rDNA based amplicon pyrosequencing.

Further, we employed molecular cloning to determine

the yeast diversity in laboratory reared and field caught

population of S. litura larvae. The current study aims to

highlight the effect of environmental factors and diet of

the host on the diversity of these midgut symbionts in S.

litura. 

Materials and Methods

Insect collection
In order to study the bacterial and fungal diversity, 5th

and 6th instar larvae were examined for both the labora-

tory reared and field caught population. Laboratory-

reared caterpillars of S. litura were obtained from an

insect culture maintained in our laboratory on a stan-

dard chickpea flour based diet under a photoperiod of

14:10 h (light: dark), 70% relative humidity and 27℃.

Field-caught larvae were collected from castor crops in

the month of July-August from University of Delhi

(718 ft, 077o12.3875'E, 28o41.249'N) in labelled plastic

boxes. These larvae were transported along with castor

leaves to the laboratory. Subsequently, these larvae

were starved overnight and surface sterilized in 70%

ethanol before dissecting them under aseptic conditions

for genomic DNA isolation. 

Analysis of bacterial diversity by 16S rDNA amplicon
pyrosequencing

Laboratory-reared and field-caught caterpillars were

starved overnight before dissection, surface sterilized in

70% ethanol, rinsed with sterile ringer solution (150 mM

NaCl, 5 mM KCl, 3 mM CaCl2, and 1 mM NaH2CO3)

and dissected under aseptic conditions. For both labora-

tory- reared and field-caught population, midgut was

obtained from three individual 5th and 6th instar larvae

and was placed separately into four microcentrifuge

tubes. Midgut DNA was extracted using HiPurATM

Insect DNA Miniprep Purification Spin Kit (Himedia

Labs, India) according to the manufacturer’s protocol

with minor modifications. Midgut homogenate was kept

in 800 µl of lysis solution (provided with kit) containing

45 mg/ml lysozyme for 2 h at 37℃ ensuring extraction of

complete DNA from both Gram-positive and Gram-neg-

ative bacteria. Further steps were performed according

to kit’s protocol. To ensure high quality DNA, purity and

concentration was analyzed by using the NanoDrop

spectrophotometer (NanoDrop Technologies Inc., USA).

After this, advance normalization has been performed

to unify the amount of starting DNA across all the sam-

ples. One microlitre of the sample (1 ul = 10 ng) has been

used for sequencing. 16S rDNA amplicon pyrosequenc-

ing was performed to determine midgut bacterial diver-

sity using the method as previously described [20].
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Briefly, 16S universal Eubacterial primers- 27Fmod (5_-

AGRGTTTGATCMTGGCTCAG-3_) and 519R (5_-

GTNTTACNGCGGCKGCTG-3_) with a sample specific

bar code was used for amplifying the DNA. PCR was

performed using HotStarTaq Plus Master Mix Kit

(Qiagen, USA). The PCR reaction conditions were 94℃

for 3 min, followed by 28 cycles of 94℃ for 30 sec; 53℃

for 40 sec, and 72℃ for 1 min after which a final elonga-

tion step at 72℃ for 5 min was performed. Midgut DNA

amplification was followed by purification of amplicon

products using Agencourt Ampure beads (Agencourt

Bioscience Corporation, USA). The amplicons were

sequenced using Roche 454 FLX titanium instruments

(MR DNA Lab, USA) and reagents and following manu-

facturer’s protocol. The 16S rDNA pyrosequencing data

have been deposited in NCBI database under the acces-

sion number: SRP126054. 

Sequence processing pipeline and phylogenetic analysis
SFF files produced from 454 sequencing were pro-

cessed for both adapter trimming and quality filtering

using the FASTX tool kit [29]. Stringent quality mea-

sures were adopted, specifically; DNA sequences below a

PHRED quality score of 20, minimum nucleotide stretch

below 250 base pairs, homopolymer stretches exceeding

6 base pairs and reads containing ambiguous bases (N)

were removed and not considered for further analysis.

The chimeras were then removed using custom software

set at default parameters [30]. Of the 1, 23,013 nucleo-

tide reads obtained initially, only 1, 15,542 high quality

reads were remained after quality filtering. 

UPARSE pipeline [31] was used for clustering Qual-

ity-trimmed sequences into operational taxonomical

units (OTUs) at 97% sequence similarity. OTUs with

less than 10 nucleotide reads were included for statisti-

cal analysis if they met specified criteria i.e. greater than

three nucleotide reads in total present in more than one

population [32]. Taxonomical status was assigned to

each candidate OTU by using the RDP classifier (80%

confidence) [33]. 

Further statistical evaluation was based on genus

based abundant matrix. As observed, the 16S rDNA

amplicon pyrosequencing depth varies between samples

subsequently data normalization was performed by two

different methods namely: ‘Trimmed mean of M-values’

(TMM) and ‘Relative Log Expression’ (RLE) methods by

using edgeR and DESeq package in Bioconductor respec-

tively [34, 35]. Alpha diversity patterns: Shannon, Simp-

son and Chao-1 were calculated using PAST software

[36]. This dataset was used for calculating dissimilarity

matrix across samples using Bray-Curtis distance mea-

sures. Significant difference between the treatments in

terms of community structure and abundance was ana-

lyzed using non-parametric discriminative methods i.e.

Mann-whitney test with multiple pairwise comparisons.

The bacterial taxa enriched between two samples were

identified by two-side Fisher’s Exact test with Storey

FDR multiple test correction using STAMP software. A

Principal Component Analysis (PCA) based on Spear-

man’s correlation matrix was performed to compare tax-

onomic profiles generated across samples. 

Culture independent isolation of yeast from S. litura larvae
midgut

Midgut were removed aseptically from three individual

5th and 6th instars larvae of both laboratory reared and

field collected samples were placed separately into four

microcentrifuge tubes. Aseptically removed midguts

were immediately grounded in liquid nitrogen. DNA

extraction was then performed using protocol as previ-

ously described [37].

The DNA obtained was then used for cloning experi-

ments. ITS region of the rDNA was amplified using

primer ITS-1 (5'-TCCGTTGGTGAACCAGCGG-3') and

primer ITS-4 (5'-TCCTCCGCTTATTGATATGC-3') [38].

Each polymerase chain reaction contained 20 ng of

insect DNA, a primer (7.5 pmoles each), dNTP (2.5 mM),

10X Taq buffer (2.5 µl), and 1 U of TaqDNA polymerase;

the mixture was adjusted to a final volume of 25 µl with

water. The PCR reaction conditions were 94℃ for 2 min,

followed by 35 cycles of 94℃ for 30 s, 55℃ for 45 s, and

72℃ for 50 s. The reaction was completed by a final elon-

gation step at 72℃ for 5 min. 

Gel extraction was carried out by using the HiYield

Gel/PCR DNA (Real Biotech Corporation, Taiwan) kit.

Purified PCR product obtained was cloned in the

pGEMT Easy (Promega, USA) vector. Thirty colonies

were selected for plasmid isolation using HiYield Plasmid

mini kit (RBC) and sent for sequencing to Macrogen, Inc.,

Korea. Similarity searches for the nucleotide sequences

were conducted using the BLAST algorithm in the

National Centre for Biotechnology Information (NCBI).
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All yeast sequences were deposited in the NCBI database

under the accession number MG656981 and MG656982.

Results

Richness and diversity indices of the microbiota associ-
ated with S. litura larvae

The total number of raw sequencing reads obtained by

performing 16S rDNA amplicon pyrosequencing of the

above mentioned samples was around 1, 23,013. How-

ever, after quality control, 1, 15,542 high quality

sequencing reads were obtained and utilized for further

analysis. The number of curated sequences (> 250 bp)

obtained per set ranged from 3,444 to 57,067 (Table 1).

The rarefaction curves were plotted on normalized data

for larvae exposed to different diet. Initially, as the most

Table 1. Alpha diversity indices. Measurement of alpha diversity indices based on normalized genus based abundant matrix from
S. litura larval midgut samples.

Sample
Shannon_H index 

(mean ± standard deviation)
Simpson_1-D index 

(mean ± standard deviation)
 Chao-1 

 (mean ± standard deviation) at 5%
No. of Curated 

Reads

Lab_5 2.106 ± 0.115 0.842 ± 0.018 12 3444

Lab_6 2.219 ± 0.147 0.849 ± 0.018 13 3512

Field_5 0.721 ± 0.232 0.293 ± 0.094 6.33 51519

Field_6 0.038 ± 0.038 0.008 ± 0.008 2 57067

Lab_5: Lab reared larvae 5th instar
Lab_6: Lab reared larvae 6th instar
Field_5: Field caught larvae 5th instar
Field_6: Field caught larvae 6th instar 

Fig. 1. Rarefaction curve and microbial diversity analysis. (A) Rarefaction curve analysis based on normalized genus based abun-
dance data at 97% sequence similarity. (1) Laboratory reared larvae 5th instar; (2) Laboratory reared larvae 6th instar; (3) Field caught
larvae 5th instar; (4) Field caught larvae 6th instar. (B) Relative abundance (percentage) of six bacterial divisions in insect’s midgut
from different samples. 
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common species were found, rarefaction curves tends to

grow rapidly, however, the curve plateau as only the

rare species remain to be sampled. The rarefaction curve

for both 5th and 6th instar larvae reared in lab or col-

lected from field reached the plateau stage indicating

that sequencing depth was enough to determine the

major bacterial genera (Fig. 1A). Genus based abun-

dance matrix was used to calculate alpha diversity indi-

ces like Shannon, Simpson and Chao-1. The comparison

of biodiversity index among treatment showed that 6th

instar larvae collected from field exhibited lowest

median SDI (Shannon Diversity Index) suggesting that

it was poor in terms of bacterial diversity. However,

sixth instar larvae reared on artificial diet exhibited

maximum SDI value (Table 1). 

Comparative bacterial diversity analysis in S. litura larvae 
The Pyrosequencing dataset obtained for different

samples got clustered into 23 major bacterial genera and

corresponds to six major bacterial divisions namely: Fir-

micutes, Actinobacteria, Alphaproteobacteria, Betapro-

teobacteria, Gammaproteobacteria and Bacteroidetes. A

bar graph showing the abundance of different bacterial

division in laboratory reared and filed caught larvae

were plotted (Fig. 1B). Further, comparative heat maps

were generated using the count data obtained by two dif-

ferent normalization methods. The two heat maps were

similar and depicts that several bacterial genera exhib-

ited notable differences between the samples. For

instance, Clostridium was abundant in both 5th and 6th

instar larvae collected from field than the larvae fed on

Fig. 2. Phylogenetic analysis. (A) Dual dendrogram depicting bacterial genera obtained from S. litura midgut across four different
samples. Genera and sample categories were clustered using Pearson correlation metric. Colour scale representing low to high (rep-
resented by arrow) normalized relative abundance of sequence reads (A) Sequenced data normalized by applying TMM normaliza-
tion method of edgeR package in Bioconductor (B) Sequenced data normalized by applying RLE normalization method of DESeq
package in Bioconductor. 
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artificial diet while bacterial genera like Burkholderia,

Fibrisoma, Bradyrhizobium etc. were prominent in lab

reared larvae (Figs. 2A, 2B). The dual dendrogram based

on Pearson correlation metric also demonstrate that

there is little variation in overall bacterial composition of

5th and 6th instar larvae collected from the same environ-

ment (Figs. 2A, 2B). All the 23 bacterial genera obtained

were further analyzed by multivariate technique called

principal component analysis (PCA). By this procedure,

two highly significant components were obtained which

together accounts about 99.286% of total data variance.

The first factor explained 61.382% of data variation and

the major taxa representing the first component were

Clostridium, Burkholderia, Novosphingobium, Silani-

monas, Leifsonia. Similarly, the second factor contrib-

uted 37.904% to data variation and the related taxa

were Methylobacterium, Microbacterium, Pseudomonas,

Enterobacter, Sphingomonas, Lysinimonas, Bradyrhi-

zobium, Rhizobium, Sphingopyxis, Ralstonia, Ander-

seniella, Fibrisoma, Acinetobacter, Herbaspirillum,

Lysobacter, Lactococcus, Spirosoma, Oxalobacter (Fig.

3). Further, scatter bi-plot depicts that distinct bacterial

phylotypes could be specified to each sample. For exam-

ple, genera like Clostridium was dominated in both 5th

and 6th instar larvae collected from the field (Fig. 3). 

A Bray-Curtis dissimilarity matrix was also calculated

to quantify the overall bacterial compositional dissimi-

larity among the larvae collected from different environ-

ment. The values for matrix are bound between 0 and 1

where a value of 0 indicates that the two samples are

similar in microbial composition whereas 1 indicates

that they do not share any common bacterial species. A

noteworthy observation was that lab reared population

exhibited maximum deviation (Bray Curtis value 0.848−

0.946) from field collected population of S. litura larvae

(Table 2). 

The non-parametric Mann-Whitney test indicated

that larvae collected from field exhibited a significant

difference from those reared on artificial lab diet (p <

0.05) (Table 3). However, there was no significant differ-

ence between overall bacterial compositions of the 5th

and 6th instar larvae collected from the same diet. Fur-

ther, Fisher’s Exact test with Storey FDR multiple test

correction demonstrated that bacterial genera Clostrid-

ium was significantly abundant (p < 0.05) in S. litura

larvae collected from field as compared to other samples.

Fig. 3. Principal component analysis. Principal component analysis (PC1 and PC2) based on normalized genus based abundant
matrix. Samples with related microbial consortium occupy the same location in the scatter biplot.  
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Similarly, bacterial phylotypes like Rhizobium and

Bradyrhizobium were significantly abundant in lab

reared S. litura larvae (Figs. 4A−D).

Comparative yeast diversity analyses in S. litura larvae 
To analyze the spectrum of yeast diversity in S. litura

larvae, routine molecular cloning method was used. No

significant yeast strains were recovered from S. litura

larvae fed on artificial diet. However, out of >50 positive

colonies isolated from the library of ITS (Internal tran-

scribed spacers) region of S. litura larvae midgut soup,

30 random colonies were sequenced in both directions.

Nucleotide Blast analysis revealed two different yeast

strains present in the midgut of field caught S. litura

larvae. One isolate (MG656981) with 96% query cover-

age showed 99% sequence identity to yeast Candida

rugosa while other isolate (MG656982) appeared to be a

member of the genus Cyberlindnera with 97% query

coverage and 99% sequence identity to Cyberlindnera

fabianii.

Discussion 

In the present study, we conducted an in-depth analy-

sis of midgut microbiota associated with S. litura larvae

using two culture independent approaches: 16S rDNA

amplicon pyrosequencing that uncovered bacterial spe-

cies and molecular cloning of ITS region that monitored

yeast diversity. The results obtained indicates a signifi-

cant difference between the bacterial phylotypes coloniz-

ing the midgut of S. litura larvae reared on artificial diet

when compared to field collected ones. Our results

demonstrated that Clostridium was the predominant

bacterial phylotype found in the midgut of field caught

S. litura larvae. Previous studies have also documented

the abundance of Clostridium in the midgut of Lepi-

Table 2. Bray-curtis dissimilarity. Pair-wise comparison of community composition between four treatments using Bray-Curtis
dissimilarity matrix. A value of 0 indicates that the two samples are similar in microbial composition whereas 1 indicates that they
do not share any common bacterial species. 

Bray Curtis value 
Lab reared larvae 

5th instar
Lab reared larvae 

6th instar
Field caught larvae 

5th instar
Field caught larvae 

 6th instar 

Lab_5 0 0.085 0.853 0.985 

Lab_6 0.085 0 0.848 0.986 

Field_5 0.853 0.848 0 0.128 

Field_6 0.985 0.986 0.128 0 

Lab_5: Lab reared larvae 5th instar
Lab_6: Lab reared larvae 6th instar
Field_5: Field caught larvae 5th instar
Field_6: Field caught larvae 6th instar

Table 3. Mann-whitney test matrix. Table to demonstrate significant difference (p-value; p < 0.05)) between the treatments in terms
of community structure and abundance. Data was analyzed using non-parametric discriminative methods i.e. Mann-whitney test
with multiple pairwise comparisons. Significant p values are highlighted in bold; NS = non significant. 

Mann-whitney p-value
Lab reared larvae 

5th instar
Lab reared larvae 

6th instar
Field caught larvae 

5th instar
Field caught larvae 

 6th instar 

Lab_5  NS NS p = 0.01 p = 0.001

Lab_6 NS NS  p = 0.0005  p = 0.0001

Field _5 p = 0.01 p = 0.0005 NS NS

Field _6 p = 0.001 p = 0.0001 NS NS

Lab_5: Lab reared larvae 5th instar
Lab_6: Lab reared larvae 6th instar
Field_5: Field caught larvae 5th instar
Field_6: Field caught larvae 6th instar 
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dopteran larvae and several other insect orders [39, 40].

The midgut lumen of Lepidopteran larvae is highly alka-

line with anaerobic conditions [41, 42], thus Clostridum

that can easily thrive in such conditions prevail in the

midgut of S. litura larvae. Our results suggest,

Clostridium as a more dominant midgut colonizer in 6th

instar larvae collected from field as compared to 5th

instar larvae (Table 2). It has been observed that oxy-

genation level of gut decreases as the insect grew in size

thus favouring the growth of anaerobic species like

Clostridium [41]. Further, field conditions involve enor-

mous expenditure of energy in locating food and over-

coming other stress such as pathogens, microbes and

harsh environmental factors. It has been well docu-

mented that Firmicutes like Clostridium plays a sub-

stantial role in nutrition and defense against pathogens

in insects [39], suggesting its involvement in nutritional

ecology and other physiological aspects of the Lepi-

dopteran insects. However, apart from Clostridium, few

other bacterial phylotypes were observed in midgut of

field collected S. litura larvae even though the rarefac-

tion analysis confirmed that the sequencing is deep

enough to unearth the major bacterial phylotypes associ-

ated with it. This low midgut bacterial diversity may be

attributed to the high antimicrobial activity of the castor

leaves. It has been shown that castor leaves extract con-

tains inhibitory compounds that suppress the growth of

pathogenic bacteria found in rats [43]. 

Conversely, bacterial phylotypes belonging to division

Alphaproteobacteria were identified as the predominant

members colonizing the gut of laboratory reared S.

litura larvae followed by taxa belonging to Betaproteo-

bacteria, Actinobacteria, Gammaproteobacteria, Bacte-

roidetes and Firmicutes respectively. Members of the

Alphaproteobacteria, Betaproteobacteria, Actinobacteria

and Bacteroidetes have been earlier reported in several

Fig. 4. Bioinformatics analysis. Extended error bar plots representing bacterial genera where Fisher’s two side exact test with Sto-
rey FDR multiple test correction generate a significant p-value > 0.05. (A) Blue bar denotes: Laboratory reared larvae 5th instar, Brown
bar denotes: Field caught larvae 5th instar; (B) Blue bar denotes: Laboratory reared larvae 5th instar, Brown bar denotes: Field caught
larvae 6th instar; (C) Blue bar denotes: Laboratory reared larvae 6th instar , Brown bar denotes: Field caught larvae 5th instar; (D) Blue
bar denotes: Laboratory reared larvae 6th instar, Brown bar denotes: Field caught larvae 6th instar.  
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insect orders and are well known to play major role in

nutrient provision, cellulose digestion, fermentation,

recycling and degradation of ingested toxin [39]. For

instance, species of genus Burkholderia belonging to

bacterial division Betaproteobacteria contributes to host

(Alydid bugs) fitness not only by nutrient provisioning

but also by hydrolyzing the ingested harmful insecticide

[44]. Further, actinobacterial symbionts appear to sup-

plement nutrition [45] and also serve as defensive mid-

gut symbionts in several insect orders [46]. Recently, a

study has reported that members of the Gammaproteo-

bacteria which remain benign and low in abundance

under optimal conditions can exert modulatory effects

under stress conditions. The study reported that bacte-

rial genera Pseudomonas and Enterobacter can exert

pathogenic consequences in presence of toxic or inflam-

matory substance in contrast to Acinetobacter which con-

fers protection to the host under stressful conditions [47]. 

Further sequencing of the PCR amplified ITS region

in field collected S. litura larvae revealed the identity of

the isolated yeast strains as Candida rugosa and Cyber-

lindnera fabianii. Our results are in agreement with

earlier studies done in Lepidopteran insects [48]. Yeast

and yeast like fungi have been well known to play vari-

ous functional roles like providing essential amino acids,

toxin degradation and enzymatic digestion in several

insect species belonging to order Coleoptera, Dictyop-

tera, Diptera, Homoptera, Hymenoptera, Isoptera, Lepi-

doptera and Neuroptera [49]. Yeast strains belonging to

genus Candida were shown to degrade toxic compounds

resulting in positive consequences for the host [50, 51].

Similarly, Pichia (Cyberlindnera) yeast in beetles has

been shown to produce degradative enzymes like xylose

which might help in digestion of wood [52]. Both, Candida

and Cyberlindnera produce a multitude of digestive

enzymes which aid in the digestion of food thus adding

essential nutritional component to the host’s diet [49].

However, we did not obtain any significant yeast diver-

sity in laboratory reared larvae reflecting narrow range

of food available to them. It also suggests that field con-

ditions expose the larvae to harsh environmental condi-

tions thus it acquires essential symbionts from

environment to endure nutritional deficiency in subopti-

mal diet or climatic calamity. 

Overall, we conclude that the gut microbiota of insect

has adapted to survive in its distinct ecological niche and

supply their metabolic benefits to the host. The coloniza-

tion of gut microbiota and its metabolic activity in

insects is influenced by several intrinsic and extrinsic

factors. Factors like physicochemical conditions of the

insect gut [53]; host diet and environmental parameters

[16] hugely influence the midgut microbial consortium.

A research study documented that the variety of the car-

bon and energy sources such as cellulose, hemicelluloses,

proteins, pectin, alkaloids etc. in the diet support a

diverse microbiota in the gut of insects [54]. It has been

documented that different feeding stages i.e. continuous

feeding insect versus starving insects or insect that were

fed on different type of diet for a number of days may

also modify the midgut bacterial consortium [55]. Under

field conditions, the late instars of S. litura are

extremely mobile and acquire a diverse variety of phyto-

chemicals by consuming a variety of food plants. This

might also be one of the factors contributing to variation

in midgut bacterial community under laboratory and

wild conditions. Moreover S. litura is also exposed to

numerous environmental stresses such as exposure to

pesticides in addition to other abiotic and biotic factor

under field conditions. The midgut bacterial population

is well known to metabolise such toxic compounds, thus

the residents which participate actively in detoxification

are selected above others, leading to deviation in gut

microbial fauna [56]. However, besides diet, the interac-

tion between insect and its gut residents have a greater

impact in shaping the community composition [57]. 

Future research on individual gut residents will reveal

the multi level interaction between diet-insect-microor-

ganism and its role in nutritional, physiological, repro-

ductive aspects of insect. Further advancement in

knowledge of such host-microbiota interactions will pave

the path for developing novel pest management strate-

gies in future.
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