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Abstract

The improper use of insecticides poses risks to both human health and the environment, leading to issues such as insecticide residue, resistance,
resurgence and increased management costs. The chilli thrips, S. dorsalis Hood (Thysanoptera: Thripidae) is a significant insect pest infesting
vegetable crops and its management has become increasingly challenging due to its resurgence in response to commonly applied insecticides. A field
experiment was conducted at UAS, Raichur, India, during the Kharif season of 2020 and the summer of 2021 to assess the effects of insecticides on the
resurgence of S. dorsalis. The results demonstrated significant resurgence activity following the insecticide application. Fipronil, fenpropathrin and
lambda-cyhalothrin led to high resurgence rates and a reduction in the populations of natural enemies of thrips. Subsequent treatments after the
resurgence showed a decrease in defensive biochemicals such as flavonoids, tannins and phenols, while levels of total sugars, proteins and proline
increased. Path coefficient analysis revealed a strong positive correlation between the insecticides and the increase in total sugars, proteins and
proline, while negatively affecting flavonoids, tannins and phenols. The resurgence of S. dorsalis was closely associated with changes in plant
biochemistry following insecticide application and the reduction of natural enemy populations.
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recent years due to the pest’s ability to develop resurgence in
response to commonly used insecticides (4). Insecticides should
be applied judiciously to control population growth ensuring
their use only when absolutely necessary to prevent unintended
adverse effects. Given the difficulties in chilli cultivation, it is
crucial to assess the current status of insecticide-induced
resurgence to effectively address field control challenges. In this
regard, insecticides commonly used by growers were selected
for evaluation to assess their impact on S. dorsalis under field
conditions.

Introduction

Globally, the concept of resurgence has been defined in various
ways by different researchers. One of the earliest definitions,
highlighted the role of pesticides and natural enemies explaining
that resurgence refers to an unusually rapid increase in the
population of a pest that was previously suppressed by pesticide
treatments, which also harmed its natural enemies (1). The
insecticide application induces a resurgence in the target pest
population (primary pest resurgence) or minor pests grow into
major pests (secondary pest resurgence) (2).

Chilli constitutes 31 % of the global spice trade and India

is the world’s largest producer of chilli, accounting for 36 % of
world production (3). While insecticide-induced pest resurgence
is a common and generally accepted consequence of pesticide
use, it is often considered a negative impact on crop production
(2). Managing S. dorsalis has become particularly challenging in

Materials and Methods
Field experiment

A popular chilli variety, Byadagi kaddi and hybrid HPH-5531 were
raised during kharif 2020 and summer 2021. Four continuous
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sprays were applied at seven-day intervals and the experiment
was set up in a Randomized Complete Block Design (RCBD) with
eleven treatments, including an untreated control, each
replicated thrice (Table 1).

Thrips populations (adults and nymphs) were observed
on the top three leaves of ten randomly selected plants using a
macro lens (12X) attached to a smartphone camera (One Plus
Nord). Similarly, natural enemies (coccinellids, anthocorid bugs,
green lacewings and big-eyed bugs) were recorded on ten
marked plants one day before and seven days after each spray,
including control, to calculate percent mortality. This
observation was consistently followed for all subsequent sprays.
The per cent resurgence was calculated using the formulae (5, 6);

TsxCe 11100
SxT

Per cent resurgence = {
F

Where,

Tr=Infestation in the treated plot during the first count
Ts=Infestation in the treated plot during subsequent count
Cr=Infestation in the untreated check plot during the first count

Cs = Infestation in the untreated check plot during subsequent
count

The biochemical components from treated chilli plants
were analyzed using the methods given in Table 2.

Data analysis

The data on the population of thrips, natural enemies and
biochemical parameters were subjected to ANOVA (12, 13) and
means were separated by Tukey’s HSD (14) and interpretation by
R software (15).

Results
Field experiment, kharif 2020 and summer 2021

The field data from four consecutive insecticide sprays against
chilli thrips demonstrated significant findings related to
resurgence phenomenon. After the initial application of fipronil,

Table 1. Insecticide treatments
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fenpropathrin and lambda-cyhalothrin, the thrips population
decreased. However, a slight increase in population was observed
following the second spray, which subsequently escalated after
the third and fourth sprays, ultimately leading to crop collapse. In
the fipronil-treated plot, the chilli plants harbored a thrips
population of 26.12, reflecting a notable resurgence of 88.50 %.
Similarly, pyrethroid insecticides, fenpropathrin (21.72 thrips) and
lambda-cyhalothrin (22.05 thrips), exhibited resurgences of 62.37
% and 62.60 % respectively (Table 3). The fourth fipronil
application resulted in a higher thrips population of 102.37 thrips
per 3 leaves, marking a maximum resurgence of 94.19 %, whereas
fenpropathrin and lambda-cyhalothrin demonstrated resurgence
rates of 72.04 % and 71.21 % respectively. These results indicate
that the use of these insecticides in chilli cultivation contributes to
the resurgence of S. dorsalis.

Insecticides effect on natural enemies

Three species of coccinellids, one species of predator in
Phytoseiidae, Anthocoridae, Chrysopidae and Geocoridae and
two species in the Phlaeothripidae families were observed
during the study (Fig.1 A-l). A significant reduction in the
populations of predatory thrips, mites, ladybird beetles,
anthocorid bugs, green lacewings and big-eyed bugs was noted
in fields treated with fipronil, fenpropathrin and lambda-
cyhalothrin during the Kharif season of 2020 and the summer of
2021. This reduction contributed significantly to the resurgence
of S. dorsalis. Big-eyed bug mortality reached a peak of 83.33%in
fipronil and 80.56 % in ethion 50 EC at 750 g a.i./ha, followed by
77.78 % in fenpropathrin and 72.22 % in lambda-cyhalothrin.
Mortality in other treatments ranged from 38.89 % to 47.22 %
(Table 4). Similar reductions in the populations of predatory
thrips, mites, ladybird beetles, anthocorid bugs and green
lacewings were observed in plots treated with these insecticides.

Relationship between biochemical constituents and S.
dorsalis under field condition

The chilli plants sprayed with spinetoram 11.7 SC, acetamiprid 20
SP, imidacloprid 17.8 SL, spinosad 45 SC, cyantraniliprole 10.26
0D, ethion 50 EC and emamectin benzoate 5 SG exhibited
elevated levels of chlorophyll, flavonoids, tannins and phenols
alongside lower concentration of total sugars, proteins and

Treatments Insecticides and source Dose (g a.i./ha)
T. Spinetoram 11.7 SC (Delegate” Dow Agro Sciences Pvt. Ltd.) 60
T, Acetamiprid 20 SP (Pride’ Dow Agro Sciences Pvt. Ltd.) 20
T; Imidacloprid 17.8 SL (Confidor’ Bayer crop science Ltd.) 50
Ta Fipronil 5 SC (Regent”, Bayer crop science Ltd.) 50
Ts Spinosad 45 SC (Tracer’ Dow Agro Sciences Pvt. Ltd.) 73
Te Cyantraniliprole 10.26 OD (Benevia"FMC) 60
Tz Fenpropathrin 30 EC (Meothrin®, Sumitomo Chemicals India Ltd.) 75
Ts Ethion 50 EC (Fosmite® Pl Industries Ltd.) 75
To Lambda cyhalothrin 5 EC (Karate®, Syngenta India Ltd.) 15
Tio Emamectin benzoate 5 SG (Proclaim®, Syngenta India Ltd.) 10
Tu Control -

Table 2. Methods of analysis and equipment used for biochemical parameters in chilli leaves

Name of the biochemicals

Equipment make and model

Method of analysis
Chlorophyll & flavonoids -

Total sugars

Total protein content Kjeldahl method (8)

Proline Ninhydrin method (9)
Total tannins Vanillin reagent method (10)

Total phenols

Dinitrosalicylate (DNS) method (7)

Folin Ciocalteu Reagent (FCR) (11)

Hand-held device (DX13271 (force A company)
PerkinElmer UV/Visible spectrophotometer
(Lambda 365 N4100020)

Velp scientifica
Automatic distillation and titration system (UDK 159)
UV/Visible spectrophotometer (Lambda 365 N4100020)
PerkinElmer UV/Visible spectrophotometer
(Lambda 365 N4100020)

UV/Visible spectrophotometer (Lambda 365 N4100020)
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A. Leptothrips mali B. Haplothrips sp.

C. Euseius alstoniae

.04
—_—

E. Scymnus sp.

G. Orius maxidentex H. Unidentified (green lacewing bug grub)

I.Geocoris sp.

Fig. 1 (A-1). Natural enemies recorded in chilli crop during the study period.
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proline. The biochemical parameters did not differ significantly
among the mentioned treatments. In contrast, chilli plants
treated with fipronil, fenpropathrin and lambda-cyhalothrin,
which showed higher pest resurgence, were characterized by
increased levels of total sugars, proteins and proline along with
decreased levels of chlorophyll, flavonoids, tannins and phenols.
Among these, fipronil-treated plots showed significantly elevated
biochemical compound concentrations (Table 5). The path
coefficient analysis (Fig. 2 A-C) further revealed that fipronil spray
had a strong positive direct effect on total sugars (8 =0.342),
proteins (B =-0.553) and proline (B =-0.364) correlating with
thrips occurrence. Conversely, it exerted a negative direct effect
on chlorophyll (8 =-0.293), flavonoids (3 =-0.171), tannins (8 =
-0.481) and phenols (B =-0.589). A similar trend was observed
with lambda-cyhalothrin, which showed a strong positive
influence on sugars (B = 0.738), proteins (B = 0.535) and proline
(B = 0.491) along with a negative influence on chlorophyll (8 = -
0.267), flavonoids (B =-0.133), tannins (B =-0.359) and phenols
(B =-0.468). Likewise, fenpropathrin exhibited positive effects on
sugars (B =0.345), proteins (8 =0.720) and proline (8 =0.353)
while negatively affecting chlorophyll (3 =-0.277), flavonoids (8
=-0.108), tannins (B = -0.368) and phenols (B =-0.321).

Discussion

The investigation of thrips resurgence in chilli identified several
contributing factors, including enhanced pest fecundity due to
physiological stimulation, modifications in host-plant nutritional
profiles and increased mortality of natural enemies, with the latter
emerging as the predominant cause. Notably, repeated
applications, particularly following the third and fourth sprays of
fipronil 5 SC at 50 g a.i./ha, fenpropathrin 30 EC at 75 g a.i./ha and
lambda-cyhalothrin 5 EC at 15 g a.i./ha were associated with
elevated natural enemy mortality. This reduction in biocontrol
agents likely facilitated an increase in thrips populations.
Additionally, chilli plants treated with these insecticides exhibited
enhanced nutritional quality compared to those treated with
spinetoram 11.7 SC, acetamiprid 20 SP, imidacloprid 17.8 SL,
spinosad 45 SC, cyantraniliprole 10.26 OD, ethion 50 EC and
emamectin benzoate 5 SG. These findings support the hypothesis
that the suppression of natural enemies, coupled with improved
host-plant nutritional status, plays a critical role in promoting
thrips resurgence.

Applications of imidacloprid and spinosad have been
reported to be relatively safe for key natural enemies such as
predatory mites and coccinellids (16). Similarly, spinetoram and
cyantraniliprole demonstrated only mild toxicity to chrysopids
and were considerably less harmful compared to fipronil (17-19).
In contrast, ethion was found to negatively impact predatory
mites in chilli ecosystems (20). The substantial mortality of natural
enemies observed following treatments with fipronil,
fenpropathrin and lambda-cyhalothrin and to a lesser extent,
ethion likely contributed to ecological imbalance, consistent with
the predator-prey dynamics outlined in the Lotka-Volterra model.

Our findings suggest that the suppression of natural
enemy populations combined with the high specificity and rapid
knockdown action of these insecticides may have facilitated
thrips resurgence. This is further supported by similar instances

6

in rice ecosystems where the elimination of mirid bugs and
spider predators led to increased populations of brown
planthopper (21, 22). Notably, while ethion did negatively affect
beneficial arthropods it did not induce thrips resurgence,
possibly due to its persistence and limited influence on host-
plant nutritional status (23).

Our observations align with earlier research documenting
the resurgence of cotton leafhopper following the use of
synthetic pyrethroids, particularly after the third spray, as well as
similar resurgence trends observed in rice due to repeated
applications of these compounds (24). In the present study, chilli
thrips are phloem-feeders and feed more on phloem sap with
higher sugar and protein levels caused by continuous insecticide
use (25). Symbiotic microorganisms present in the gut of the
thrips together with higher phloem sugar levels may have helped
them better tolerate and break down insecticides (26).

In the current study, Type Il pyrethroids such as lambda-
cyhalothrin and fenpropathrin, which possess a cyano functional
group in their chemical structure, were associated with insecticide
-induced resurgence likely through their alterations of host plant
biochemical profiles (27). These results align with earlier reports
on whiteflies where repeated applications of fipronil and Type I
pyrethroids such as lambda-cyhalothrin and fenpropathrin led to
insecticide-induced resurgence (28, 29). Furthermore, the long-
term use of these insecticides spanning over two decades may
have contributed to resistance development, thereby enhancing
the potential for pest resurgence, which was as similarly noted in
Helicoverpa armigera (30).

The present study further demonstrated that insecticide
treatments associated with thrips resurgence in chilli were
characterized by elevated levels of total sugars, proteins and
proline accompanied by reduced concentrations of chlorophyll,
flavonoids, tannins and total phenols. These alterations in the
plant’s biochemical profile are likely to have facilitated increased
thrips populations. In particular, the reduced levels of defensive
metabolites such as flavonoids and tannins may have rendered
the plants more vulnerable to S. dorsalis infestation (31, 32).

The substantial increase in thrips populations observed in
plots treated with fipronil, fenpropathrin and lambda-cyhalothrin
can be attributed to the plant’s biotic stress response. Under such
stress, plants tend to accumulate higher levels of proline as an
adaptive mechanism, while elevated protein content has been
positively correlated with increased thrips abundance (33, 34).
Moreover, reduced chlorophyll content has been associated with
feeding damage caused by thrips (35, 36). Laboratory studies
conducted under controlled environmental conditions (25+1 °C
and 6515 % RH) have shown that the life cycle of S. dorsalis is
shortened and fecundity enhanced when reared on plants
treated with these insecticides (37).

Our results highlight a strong correlation between chilli
thrips population dynamics and insecticide-induced changes in
plant biochemistry. Specifically, treatments with fipronil,
fenpropathrin  and lambda-cyhalothrin led to significant
alterations in biochemical composition in contrast to insecticides
that did not induce resurgence. Consequently, these insecticides
proved ineffective in field conditions and contributed to thrips
resurgence through both direct and indirect effects on host plant

physiology.
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Residual effect 0,068
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]

Fig. 2(A-C). Path diagram for relation of S. dorsalis and biochemical parameters in chilli sprayed with resurgence occurred insecticides under
field condition during kharif 2020 and summer 2021.
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These findings provide a foundational basis for developing
improved pest management strategies that take into account
both the pest-promoting effects of certain insecticides and their
influence on plant biochemical profiles. This study presents the
first documented evidence of S. dorsalis resurgence in chilli
following the application of fipronil, fenpropathrin and lambda-
cyhalothrin. The identified drivers of resurgence in order of
significance include mortality of natural enemies, insecticide-
induced biochemical alterations in the host plant and a shortened
pest life cycle as demonstrated under controlled laboratory
conditions.

Accordingly, it is essential to undertake comprehensive
evaluations of insecticides against the full spectrum of major
insect pests affecting chilli before recommending them for thrips
management. This approach is critical to minimize the risk of
pest resurgence and ensure sustainable pest control.

Conclusion

Our study provides clear empirical evidence demonstrating that
thrips resurgence was initiated following the third insecticide
application and reached its peak after the fourth spray.
Treatments with fipronil 5 SC at 50 g a.i./ha, fenpropathrin 30 EC
at 75 g a.i./ha and lambda-cyhalothrin 5 EC at 15 g a.i./ha were
associated with significant mortality of natural enemies and
notable alterations in plant nutritional composition, both of
which contributed to the escalation of thrips populations. An
additional contributing factor to this resurgence was the observed
reduction in the life cycle duration and increased reproductive
potential of S. dorsalis under these treatments.

As chilli growers often spray insecticides 20-22 times per
season, these findings highlight the need for thorough evaluation
of insecticides against all major pests in the chilli agro ecosystem
before making recommendations. Such an approach is critical
for preventing both the resurgence of primary pests and the
emergence of secondary pest outbreaks, thereby supporting
more sustainable pest management practices.

Acknowledgements

My deep sense of gratitude is to the University grants
commission (UGC), New Delhi for providing a doctoral
fellowship, Department of Entomology and Pesticide Residue
and Food Quality Analysis Laboratory, UAS, Raichur.

Authors' contributions

TH, MB, AH, RHN, SNR, NMN designed the study, conducted the
experiment and collected the data. DSR, LRC performed the
statistical analysis and MCK, BLM contributed to the revision of
the manuscript. All authors contributed to the interpretation of
the results and critically reviewed the manuscript. All authors
read and approved the final manuscript.

Compliance with ethical standards

Conflict of interest: The authors declare that they have no
potential conflict of interest.

Ethicalissues: None

References

1. Bartlett BR. Integration of chemical and biological control. In: Debach
P, editor, biological control of insect pests and weeds, Chapman and
Hall Pvt. Ltd, London. 1964. p. 489-511.

2. Metcalf RL. Changing role of insecticides in crop protection. A Rev
Entomol. 1980;25;219-56. https://doi.org/10.1146/
annurev.en.25.010180.001251

3. Rachana B, Mohit Kumar, Shaikh AS. Growth and export trends of
major spices in India: an analytical study. Guj J Ext Edu. 2022;33
(2):145-50. https://doi.org/10.56572/gjoee.2022.33.2.0028

4.  Giraddi RS, Abhilash HR, Mallapur CP, Girish DHM. Present status of
chilli murda and its management - an overview. J Farm Sci. 2018;31
(4):359-68.

5. Jayaraj S, Regupathy A. Studies on the resurgence of sucking pests of
crops in Tamil Nadu, In: Proceedings of the National Symposium on
the resurgence of sucking pests, Jayaraj S, editor, Tamil Nadu
Agricultural University, Coimbatore, India. 1987. p. 225-40.

6. Henderson CF, Tilton EW. Tests with acaricides against the brown
wheat mite. J Econ Entomol 1955;48(2):157-61. https://
doi.org/10.1093/jee/48.2.157

7. Miller GL. Use of dinitrosalicylic acid reagent for determination of
reducing sugar. Anal Chem. 1959;31(3):426-8. https://
doi.org/10.1021/ac60147a030

8. Jackson ML. Soil chemical analysis. New Delhi: Prentice Hall of India
PvtLtd. 1973. p. 1-485.

9. Bates LS, Waldeen RP, Teare ID. Rapid determination of free proline
for water-stress studies. Plant Soil. 1973;39:205-7. https://
doi.org/10.1007/BF00018060

10. Burns RE. Method for estimation of tannin in grain sorghum. Agron J.
1971;63(3):511-2. https://doi.org/10.2134/
agronj1971.00021962006300030050x

11. Malick CP, Singh MB. Plant enzymology and histoenzymology. New
Delhi: Kalyani Publishers. 1980. p. 286.

12.  Gomez KA, Gomez AA. Statistical procedures for agricultural research
with emphasis on rice. Los Banos, Philippines: International Rice
Research Institute. 1976. p. 286.

13. Hosmand AR. Statistical methods for agricultural sciences. Timber
Press. 1988. p. 405.

14. Tukey JW. The technical tools of statistics. Am Stat. 1965;19(2):23-8.
https://doi.org/10.1080/00031305.1965.10479711

15. R Core Team. R: a language and environment for statistical
computing. Vienna, Austria: R Foundation for Statistical Computing.
2016.

16. Kongchuensin M, Takafuji A. Effects of some pesticides on the
predatory mite, Neoseiulus longispinosus (Evans) (Gamasina:
Phytoseiidae). J Acarol Soc Jpn. 2006;15(1):17-27. https://
doi.org/10.2300/acari.15.17

17.  Visnupriya M, Muthukrishnan N. Impact of natural toxin spinetoram
12 SC w/v (11.7 w/w) against Trichogramma chilonis Ishii and
Chrysoperla zastrowi sillemi (Esben-Petersen) under laboratory
conditions. Afr J Agric Res. 2016;11(25):2224-30. https://
doi.org/10.5897/AJAR2014.9085

18. Awad M, El Kenawy AH, Alfuhaid NA, Ibrahim EDS, Josvai JK, Fonagy
A, et al. Lethal and sublethal effects of cyantraniliprole on the biology
and metabolic enzyme activities of two lepidopteran pests,
Spodoptera littoralis and Agrotis ipsilon and a generalist predator,

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1146/annurev.en.25.010180.001251
https://doi.org/10.1146/annurev.en.25.010180.001251
https://doi.org/10.56572/gjoee.2022.33.2.0028.
https://doi.org/10.1093/jee/48.2.157.
https://doi.org/10.1093/jee/48.2.157.
https://doi.org/10.1021/ac60147a030
https://doi.org/10.1021/ac60147a030
https://doi.org/10.1007/BF00018060.
https://doi.org/10.1007/BF00018060.
https://doi.org/10.2134/agronj1971.00021962006300030050x.
https://doi.org/10.2134/agronj1971.00021962006300030050x.
https://doi.org/10.1080/00031305.1965.10479711.
https://doi.org/10.2300/acari.15.17.
https://doi.org/10.2300/acari.15.17.
https://doi.org/10.5897/AJAR2014.9085
https://doi.org/10.5897/AJAR2014.9085

HEMADRI ET AL

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Chrysoperla carnea (Neuroptera: Chrysopidae). Insects. 2024;15(6):
450. https://doi.org/10.3390/insects15060450

Medina P, Budia F. Estal PD, Adan A, Vifiuela E. Toxicity of fipronil to
the predatory lacewing Chrysoperla carnea (Neuroptera:
Chrysopidae). Biocontrol Sci Technol. 2004;14(3):261-8. https://
doi.org/10.1080/09583150410001665141

Smitha MS, Giraddi RS. Safety of pesticidal sprays to natural enemies
in chilli (Capsicum annuum L.). J Biol Control. 2006;20(1):7-12.

Heinrichs EA, Reissig WH, Valencia S, Chelliah S. Rates and effect of
resurgence-inducing insecticides on population of Nilaparvata lugens
(Homoptera: Delphacidae) and its predators. Environ Entomol.
1982;11(6):1269-73. https://doi.org/10.1093/ee/11.6.1269

Netra H, Hurali S, Barkeer S, Prabhuraj A, Badariprasad PR, Gowder
SB. Reduction of the natural enemy population by deltamethrin and
imidacloprid leads to the resurgence of brown planthopper
(Nilaparvata lugens, Hemiptera: Delphacidae (Stal)) in rice. Int J Trop
Insect Sci. 2024;44(4):2161-8. https://doi.org/10.1007/s42690-024-
01306-5

FAO/WHO. Xanthan gum. In: Residue monograph prepared by the
meeting of the Joint FAO/WHO Expert Committee on Food Additives
(JECFA). 82nd meeting; 2016. p. 6.

Narsaiah P. Studies on insecticide induced resurgence of pest
complex of cotton. MSc [Thesis]. Hyderabad (IN): Professor
Jayashankar Telangana State Agricultural University; 1994.

Kumar ADVSLP. Insecticide induced resurgence of rice brown
planthopper, Nilaparvatha lugens (Stal) (Hemiptera: Delphacidae)
and management with certain insecticides. PhD [Thesis]. Guntur
(India): Acharya N.G. Ranga Agricultural University (ANGRAU); 2019.

Douglas AE. Phloem-sap feeding by animals: problems and solutions.
J Exp Bot. 2006;57(4):747-54. https://doi.org/10.1093/jxb/erj067

Rehman H, Aziz AT, Saggu S, Abbas ZK, Mohan A, Ansari AA.
Systematic review on pyrethroid toxicity with special reference to
deltamethrin. J Entomol Zool Stud. 2014;2(6):60-70.

Binu V. Impact of repeated application of different insecticides on the
whiteflies of Bt cotton. J Entomol Zool Stud. 2019;7(4):649-54.

Kranthi KR. Whitefly-The black story. Cotton Stat News. Cotton
association of India. 2015;23.

Mironidis GK, Kapantaidaki D, Bentila M, Morou E, Savopoulou-
Soultani M, Vontas J. Resurgence of the cotton bollworm Helicoverpa
armigera in  Northern Greece associated with insecticide

10

resistance. Insect Sci. 2013;20(4):505-12. https://doi.org/10.1111/
j.1744-7917.2012.01528.x

31. Simmonds MSJ. Flavonoid-insect interactions: recent advances in
our knowledge. Phytochemistry. 2003;64(1):21-30.  https://
doi.org/10.1016/S0031-9422(03)00293-0

32.  Barbehenn RV, Constabel CP. Tannins in plant-herbivore interactions.
Phytochemistry. ~ 2011;72(13):1551-65.  https://doi.org/10.1016/
j.phytochem.2011.01.040

33. Hayat S, Hayat Q, Alyemeni MN, Wani AS, Pichtel J, Ahmad A. Role of
proline under changing environments: a review. Plant signal
Behav. 2012;7(11):1456-66. https://doi.org/10.4161/psb.21949

34.  War AR, Paulraj MG, Ahmad T, Buhroo AA, Hussain B, Ignacimuthu S,
et al. Mechanisms of plant defense against insect herbivores. Plant
Signal Behav. 2012;7(10):1306-20. https://doi.org/10.4161/psb.21663

35. Lewis, T. Thrips as Crops Pests, CAB International, Wallingford, UK.
1997; ISBN 978-0-85199-178-8.

36. Johari A, Herlinda S, Irsan C, Pujiastuti Y. Phenomenon of thrips
(Thysanoptera) attack on chilli plant (Capsicum annuum L). Am J Agric
Biol Sci. 2016;11(3):103-9. https://doi.org/10.3844/
ajabssp.2016.103.109

37. Hemadri T. Investigation on insecticide induced resurgence of thrips
(Scirtothrips dorsalis Hood) (Thripidae: Thysanoptera) in chilli
ecosystem. Raichur: University of Agricultural Sciences. 2022. p. 243.

Additional information

Peer review: Publisher thanks Sectional Editor and the other anonymous
reviewers for their contribution to the peer review of this work.

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics,
NAAS, UGC Care, etc

See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting

Copyright: © The Author(s). This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/)

Publisher information: Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited,
Thiruvananthapuram, India.

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.3390/insects15060450
https://doi.org/10.1080/09583150410001665141
https://doi.org/10.1080/09583150410001665141
https://doi.org/10.1093/ee/11.6.1269.
https://doi.org/10.1007/s42690-024-01306-5.
https://doi.org/10.1007/s42690-024-01306-5.
https://doi.org/10.1093/jxb/erj067.
https://doi.org/10.1111/j.1744-7917.2012.01528.x.
https://doi.org/10.1111/j.1744-7917.2012.01528.x.
https://doi.org/10.1016/S0031-9422(03)00293-0.
https://doi.org/10.1016/S0031-9422(03)00293-0.
https://doi.org/10.1016/j.phytochem.2011.01.040.
https://doi.org/10.1016/j.phytochem.2011.01.040.
https://doi.org/10.4161/psb.21949.
https://doi.org/10.4161/psb.21663.
https://doi.org/10.3844/ajabssp.2016.103.109.
https://doi.org/10.3844/ajabssp.2016.103.109.
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

