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Abstract 
Dysdercus peruvianus is a hemipteran insect known as arrebiatado or cotton stainer bug 

that, due to its habits and morphological characteristics, affects the quality of fiber in cot-

ton crops, with synthetic pesticides being the first barrier to control. However, excessive 

use has adverse effects on health and the environment. Therefore, plant extracts repre-

sent a sustainable alternative for pest control. In this study, the in vitro ovicidal activity of 

“matico”, Piper tuberculatum, on D. peruvianus was evaluated, determining the ovicidal 

effectiveness, lethal concentration (LC50) and lethal time (LT50) of the extracts of mature 

spikes and in vitro plants of P. tuberculatum. The CH2Cl2:MeOH (2:1) and EtOH extracts 

of in vitro plants achieved a percentage of inhibition in egg hatching of 94% and 82%, 

respectively, compared to the CH2Cl2:MeOH (2:1) and EtOH extract from mature spikes, 

which achieved percentages of inhibition in egg hatching of 76% and 60%, respectively. 

After 24 hours of evaluation, LC50 of mature spikes extracts was 0.305 and 0.351 mg/2 

µL, while for the in vitro plants it was 0.229 and 0.127 mg/2 µL, respectively. The LT50 of 

mature spikes extract CH2Cl2:MeOH (2:1) was 24 hours, while for the in vitro plants it was 

18 hours. Our study contributes to the development of more sustainable and effective 

alternatives for controlling D. peruvianus, reducing the dependence on synthetic pesti-

cides and minimizing their environmental and health impacts. 

Keywords: Dysdercus peruvianus, lethal concentration, lethal time, ovicidal activity, 

Piper tuberculatum 

 

Actividad ovicida in vitro de “matico”, Piper tuberculatum, contra el 
“arrebiatado”, Dysdercus peruvianus 

Resumen 

Dysdercus peruvianus es un insecto hemíptero conocido como arrebiatado o chinche manchadora del algodón que, 

debido a sus hábitos y características morfológicas, afecta la calidad de la fibra en los cultivos de algodón, siendo los 

plaguicidas sintéticos la primera barrera para su control. Sin embargo, su uso excesivo tiene efectos adversos sobre la 

salud y el medio ambiente, por lo que los extractos de plantas son una alternativa sostenible para el control de plagas. 

En este estudio se evaluó la actividad ovicida in vitro de matico, Piper tuberculatum, sobre D. peruvianus, determinando 

la efectividad ovicida, concentración letal (CL50) y tiempo letal (TL50) de los extractos de espigas maduras y plantas in 

vitro de P. tuberculatum. Los extractos CH2Cl2:MeOH (2:1) y EtOH de plantas in vitro alcanzaron un porcentaje de inhi-

bición en la eclosión de huevos de 94% y 82%, respectivamente, en comparación con los extractos CH2Cl2:MeOH (2:1) 
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y EtOH de espigas maduras, que alcanzaron porcentajes de inhibición en la eclosión de huevos de 76% y 60%, respec-

tivamente. Después de 24 horas de evaluación, la CL50 de los extractos de espigas maduras fue de 0,305 y 0,351 mg/2 

µL, y de las plantas in vitro fue de 0,229 y 0,127 mg/2 µL, respectivamente. El TL50 del extracto de espigas maduras 

CH2Cl2:MeOH (2:1) y de las plantas in vitro fue de 24 horas y 18 horas, respectivamente. Nuestro estudio contribuye al 

desarrollo de alternativas más sostenibles y efectivas para el control de D. peruvianus, reduciendo la dependencia de 

pesticidas sintéticos y minimizando sus impactos ambientales y sobre la salud. 

Palabras clave: Dysdercus peruvianus, concentración letal, tiempo letal, actividad ovicida, Piper tuberculatum 

 

Atividade ovicida in vitro do “matico”, Piper tuberculatum, contra o 
“arrebiatado”, Dysdercus peruvianus 

Resumo 

Dysdercus peruvianus é um inseto hemíptero conhecido como “arrebiatado” ou percevejo-manchador, que pelos seus 

hábitos e características morfológicas afeta a qualidade da fibra nas culturas do algodão, sendo os agrotóxicos sintéti-

cos a primeira barreira ao seu controle. Porém, seu uso excessivo traz efeitos adversos à saúde e ao meio ambiente, 

tornando os extratos vegetais uma alternativa sustentável para o controle de pragas. Neste estudo foi avaliada a ativi-

dade ovicida in vitro de “matico”, Piper tuberculatum em D. peruvianus, determinando a efetividade ovicida, concentra-

ção letal (CL50) e tempo letal (TL50) dos extratos de espigas maduras e plantas in vitro de P. tuberculatum. O extrato 

CH2Cl2:MeOH (2:1) e EtOH de plantas in vitro atingiram um percentual de inibição na eclosão de ovos de 94% e 82%, 

respectivamente, em comparação com o extrato CH2Cl2:MeOH (2:1) e EtOH de espigas maduras que atingiram percen-

tagens de inibição na eclosão de ovos de 76% e 60%, respectivamente. Após 24 horas de avaliação, a CL50 dos extra-

tos de espigas maduras foi de 0,305 e 0,351 mg/2 µL e das plantas in vitro foi de 0,229 e 0,127 mg/2 µL, respectiva-

mente. O TL50 do extrato de espigas maduras CH2Cl2:MeOH (2:1) e das plantas in vitro, foi de 24 horas e 18 horas, 

respectivamente. Nosso estudo contribui para o desenvolvimento de alternativas mais sustentáveis e eficazes para o 

controle de D. peruvianus, reduzindo a dependência de agrotóxicos sintéticos e minimizando seus impactos ambientais 

e de saúde. 

Palavras-chave: Dysdercus peruvianus, concentração letal, tempo letal, atividade ovicida, Piper tuberculatum

 
 

1. Introduction 

Dysdercus Audinet-Serville is a large genus of plant bugs, and the only genus in Pyrrhocoridae that includes 

insects of economic importance, distributed across subtropical, tropical, and some temperate regions of both 

the Old and New World(1). About 75 species are recognized worldwide and are collectively known as cotton 

stainers(2). The cotton stainer bug or arrebiatado [Dysdercus peruvianus Guerin-Meneville] is an economically 

important species in Order Hemiptera and a cotton pest [Gossypium hirsutum L.](3) with damages in cotton 

capsules and seeds; it spoils the cotton fibers, and is also a vector for phytopathogenic microorganisms and 

may result in great losses in cotton production(4)(5). This species is considered a cotton pest in Peru(2), and 

became one of the most economically important pests in the 1980s, causing losses that exceeded 30% of the 

harvest(6). 

The need of several countries in the world, especially in Latin America, Africa and Southeast Asia, to develop 

intensive agriculture to feed the increasingly large population leads to the use of synthetic pesticides for the 

control of pests and diseases, many sometimes without any kind of regulation (7). Most of these pesticides are 

organophosphates such as methylparathion, phorate, dimethoate, and other non-phosphorus such 

as dithiocarbamates, carbamates, triazines, pyrethroids, and neonicotinoids, which negatively affect the health 

of humans, and in some cases residues have been detected in crops in Latin America(8)(9)(10). Worldwide, pes-

ticide use amounts to 4 million tons, with around 385 million acute poisonings reported in 2020, of which about 
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11,000 were fatal(11). In Peru, the reported cases of acute pesticide poisoning (APP) according to epidemiolog-

ical weeks (EW) Peru 2020-2024 (Until 01/January/2024) were 6,320(12). This is why there is a special concern 

in the world, and particularly in Peru, to carry out ecological alternative research and agricultural and health 

practices that are best suited to Integrated Pest Management, such as the use of plant extracts, which are 

more sustainable to the environment and less harmful to human and animal health (7). In this regard, there is a 

wide diversity of organic products as pest controllers, such as essential oils (EOs) (13)(14) and others, such as 

lignans and amides produced by Piperaceae species, that have demonstrated potential insecticidal activity(15). 

An extensive review in this regard has recently been published by de Albuquerque and Rocha (16).  

In Brazil the effect of EOs of some plant species belonging to the Atlantic Forest biome was studied in the 

control of several insect vectors of metaxenic diseases and pest insects such as D. peruvianus(16). EOs of 

leaves of Ocotea indecora (Schott) Mez. (Lauraceae)(17), Myrciaria floribunda (H. West ex Willd.) O. Berg (Myr-

taceae)(18), Zanthoxylum caribaeum L. (Rutaceae)(19), Pilocarpus spicatus Saint-Hilaire (Rutaceae)(20) and Per-

sea venosa Nees & Mart. (Lauraceae)(21) showed activity against this species. Likewise, hexanic extracts of 

fruits and flowers of Clusia fluminensis Planch. & Triana (Clusiaceae)(22), and semi-purified fractions of hexane 

crude extract from stems of C. hilariana Schltdl.(3), and an insecticidal nanoemulsion, containing apolar fraction 

from fruits of Manilkara subsericea (Mart.) Dubard (Sapotaceae), were considered active against D. peruvia-

nus(23). However, there are other species of Dysdercus that cause considerable yield loss by feeding on the 

young leaf and cotton seeds(24), such as red cotton bug [D. cingulatus Fabricius, D. maurus Distant], but Colo-

casia esculenta (L.) Schott (Araceae)(25) and Croton urucurana Baillon (Euphorbiaceae)(26) showed insecticidal 

activity, respectively. 

Peruvian studies on insecticidal activity against D. peruvianus are relatively recent and scarce. Lyophilized 

aqueous extracts of bark and leaves of around 20 plant species, mostly of American origin, were tested on 

Aphis gossypii Glover, Bemisia tabaci Gennadius and D. peruvianus, cotton pests, observing that for the latter 

a moderate insecticidal activity corresponded to Erythrina berteroana Urb. (Fabaceae) and Cissampelos gran-

difolia Triana & Planch. (Menispermaceae)(27). In this study, no species of Piperaceae, specifically Piper ge-

nus, was included, although in Peru it is a large genus with 429 species of which 302 endemic (28)(29) and nu-

merous species show a great potential in the production of biocidal chemical compounds. Likewise, worldwide, 

the Piper genus has been the subject of diverse phytochemical, ecological, and evolutionary studies(30)(31)(32).  

In matico [Piper tuberculatum Jacq.], collected in El Cumbil-Chongoyape (Lambayeque), mature spikes (fruits 

and seeds) of field plants established in university campus (UNPRG-Lambayeque) and in vitro seedlings of 9 

to 12 months of culture were studied, under laboratory conditions, on various regional agricultural pests. 

Aqueous extracts, CH2Cl2:MeOH (2:1) and EtOH of mature leaves, stems, and spikes and in vitro plants, with 

topical application in the mesothorax of III instar larvae of sugarcane borer [Diatraea saccharalis Fabricius], 

showed that only the extracts CH2Cl2:MeOH and EtOH from mature spikes and CH2Cl2:MeOH extract from in 

vitro plants reached significant levels of larval mortality(33). In fall armyworm [Spodoptera frugiperda J.E. 

Smith], larval mortality by means of contact bioassays was only observed with CH2Cl2:MeOH (2:1) and EtOH 

extracts of mature spikes and CH2Cl2:MeOH (2:1) extract from in vitro plants(34). In tobacco budworm [Heliothis 

virescens Fabricius] larvicidal activity was observed when CH2Cl2:MeOH (2:1) extracts from mature spikes 

were used, reaching a mortality of up to 83.3% and extracts from 12-month-old in vitro plants up to 56.6%(35). 

In cotton stainer bug adulticidal activity was observed when CH2Cl2: MeOH (2:1) extracts from mature spikes 

were used, causing 91.1 and 97.8% mortality when doses of 0.012 mg/µL were applied in 24 and 48 h of ex-

posure, respectively, while extracts from in vitro plants caused 80% mortality when doses of 0.012 mg/µL were 

applied in 96 h of exposure(36). The potential of in vitro plant cultures in agronomic and forestry species and its 

insecticidal potential as P. tuberculatum(37)(38) has also been reported.  
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Additionally, Peru presents a diversity and richness of biomes (16 biomes and 66 sub-biomes) compared to 

other countries, due to its high geographic and climatic diversity, highlighting the very humid forest on the At-

lantic slope, the desert on the Pacific slope, and the humid Páramo near Lake Titicaca(39). It is for these rea-

sons that, by using the great biodiversity of higher plants in Peru, such as P. tuberculatum, the objective of the 

study was to evaluate the ovicidal potential of P. tuberculatum in D. peruvianus, using extracts of mature 

spikes from field plants and in vitro plants of approximately 12 months old. 

 

2. Materials and Methods   

2.1 Botanical Material 

The botanical material consisted of mature spikes (infructescences) and in vitro plants of P. tuberculatum. The 

mature spikes were collected from adult plants over 15 years old, located in the campus of Universidad 

Nacional Pedro Ruiz Gallo (UNPRG). The in vitro plants were provided by Facultad de Ciencias Biológicas 

and Instituto de Biotecnología from the same university. These plants had an average age of 12 months and 

were grown in vitro conditions (Figure 1A-B). The in vitro plants originated from seeds germinated in vitro and 

were then propagated by culture of shoot apices and nodal segments in prepared MS culture medium (40), sup-

plemented with 2.0% sucrose, vitamins: thiamine, HCl 1.0 mg/L-1 (ICN®, MP Biomedicals Inc., USA) and m-

inositol 100 mg/L-1 (SIGMA Cell Culture®, Sigma-Aldrich, USA), the growth regulators 3-indoleacetic acid 

(IAA) 0.02 mg/L-1 (SIGMA Cell Culture®, Sigma-Aldrich, USA) and gibberellic acid (GA3) 0.02 mg/L-1 (SIGMA 

Cell Culture®, Sigma-Aldrich, USA). The pH was adjusted to 5.8±0.1 with HCl or NaOH 0.1 N, before gelation 

with 0.7% agar (ICN®, MP Biomedicals Inc., USA). This culture medium formulation was used in the micro-

propagation of numerous Piper species and other species from the Seasonally Dry Tropical Forest (SDTF) of 

the northern coast of Peru(38)(41). 

2.2 Collecting Insects and Establishing Colonies 

The study population consisted of cotton stainer bug adult insects, collected from the upper third of native 

cotton [Gossypium barbadense L.], and milkweed [Gossypium raimondii Ulbrich] plants, established at the 

arboretum of Centro de Esparcimiento UNPRG, Lambayeque, Peru. Subsequently, the insects were trans-

ported to the laboratory of the Facultad de Ciencias Biológicas UNPRG (Botánica). During the rearing process, 

in transparent plastic containers of different sizes, hydrophilic cotton soaked in drinking water was used as 

liquid food, and fragmented native cotton seeds were used as solid food (42). Three days after capture, the 

adults mated, the females laid eggs and the eggs were selected based on their orange color, which served as 

an indicator of viability. The eggs collected progressed through their biological cycle, reaching the adult stage 

after 30 days (Figure 1C). These adults mated again, producing new egg batches that were used in the re-

search respective treatments (Figure 1D-O). The sample consisted of 10 viable eggs obtained under in vitro 

conditions, with 5 replicates per treatment, resulting in a total of 50 eggs per Petri dish.  
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Figure 1. Biological material used in the study of the ovicidal activity of P. tuberculatum on D. peruvianus: A. 12-month-

old in vitro plants subjected to dehydration at room temperature; B. Mature spikes subjected to dehydration at room 

temperature; C. D. peruvianus under laboratory conditions, after capture in the field; D. Mated specimens; E. Female 

ovipositing; F. First 24 hours of laying; G. Viable eggs (orange coloration); H. Nymph I; I. Nymph II; J. Nymph III; 

K. Nymph IV; L. Nymph V; M. Female obtained under laboratory conditions; N. Viable eggs obtained from female speci-

men obtained under laboratory conditions; O. Experimental unit; P. Method of application of the different doses of the 

extracts, positive and negative control 

 

2.3 Obtaining Extracts from Mature Spikes and In Vitro Plants of P. tuberculatum 

The extracts were obtained with two solvent systems, a mixed one consisting of dichloromethane:methanol 

(CH2Cl2:MeOH) in a 2:1 ratio, and another simple one consisting only of 96° ethanol (commercial-grade alco-

hol). Both mature spikes and in vitro plants were dried at room temperature, and then dehydrated in an oven at 

40 °C for 5 minutes, before being powdered and subjected to extraction with the aforementioned solvent sys-

tems. The extraction process included three consecutive filtrations, each performed at 24-hour intervals. The 
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extracted fractions were then homogenized and placed in Petri dishes to allow solvent evaporation. The result-

ing extract was recovered with a small spatula, weighed, and stored in amber vials under refrigeration. 

2.4 Experimental Treatments 

The experimental design was increasing stimulus, with a 4×10×5 factorial arrangement (4 different extracts of 

P. tuberculatum, 10 different concentrations, and 5 replicates per concentration). The experimental groups 

(insect pest) were applied different stimuli (extracts at different concentrations). According to the design, the 

independent variable were the concentrations of P. tuberculatum extracts and the dependent variable was the 

inhibition of hatching of D. peruvianus eggs. 

To carry out the experimental study, following the completion of the pilot tests, 10 treatments per extract were 

prepared. Eppendorf tubes were used to weigh the different amounts of each extract. Subsequently, it was 

diluted with 96° ethanol until obtaining 10 µL of final volume, because only 2 µL was used for each repetition. 

This involved exposing 10 eggs to 2 µL of solution. In the same way, two controls were incorporated, first us-

ing 96° ethanol and a second control using Imidacloprid 0.001 mg/2 µL, a widely-used agrochemical known 

for its insecticidal activity in the field (Table 1). The experimental concentrations were incorporated using a 

micropipette graduated in microliters and the treated eggs were placed in Petri dishes (Figure 1P). 

 

Table 1. Character experimental concentrations of CH2Cl2:MeOH (2:1) and EtOH extracts from mature spikes and in 

vitro plants of P. tuberculatum on D. peruvianus eggs 

Treatments 
Concentration 
(mg/10 eggs) 
(mg/2.0 µL) 

Volume per repetition 
(µL) 

Volume per Petri dish 
(µL) 

Control group - - - 

Ethanol 96° 2.0 10 

Imidacloprid 0.001 2.0 10 

1 0.08 2.0 10 

2 0.16 2.0 10 

3 0.24 2.0 10 

4 0.32 2.0 10 

5 0.40 2.0 10 

6 0.48 2.0 10 

7 0.56 2.0 10 

8 0.64 2.0 10 

9 0.72 2.0 10 

10 0.80 2.0 10 

10 eggs per repetition, in each Petri dish containing 50 eggs, equivalent to 5 repetitions per Petri dish. Control group: without 

application of solvents. Ethanol: negative control, and Imidacloprid: positive.  

1-10: Experimental concentrations of P. tuberculatum extracts where each concentration had 5 repetitions, evaluated at 6, 12, 18, 

24, 48, 72, and 96 hours. 
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2.5 Ovicidal Effectiveness of P. tuberculatum Extracts 

The ovicidal effectiveness of P. tuberculatum extracts was determined by the average percentage of inhibition 

in the hatching of eggs, taking into account the following formula:  

% IEH = (ENH/TE) * 100 

Where: % IEH, percentage of inhibition in egg hatching; ENH, number of eggs that did not hatch, and TE, total 

eggs exposed to the different extracts.  

2.6 Statistical Analysis 

The results obtained regarding the inhibition of hatching of D. peruvianus eggs were processed by the statisti-

cal program IBM SPSS Statistics 25. Probit analysis(43) was performed to determine the LC50 with a signifi-

cance level of 0.05. The LT50 was determined with Excel software, based on the confidence intervals derived 

from the Probit analysis.  

 

3. Results  

3.1 Inhibition of Egg Hatching 

After 24 hours of exposure, in both types of extracts, CH2Cl2:MeOH (2:1) and EtOH, egg hatching inhibition 

increased as the concentration increased from 0.08 mg/2 µL (80 µg/2 µL) to 0.8 mg/2 µL (800 µg/2 µL), with 

higher inhibition observed when CH2Cl2:MeOH (2:1) and EtOH extracts from in vitro plants were used (94% 

and 82%, respectively) compared to CH2Cl2:MeOH (2:1) and EtOH extracts from mature spikes (76% and 

56%) (Table 2). After 48 hours of exposure these values remained constant for the in vitro plants, while in 

mature spikes, only minimal variation was observed. 

 

Table 2. Experimental concentrations of CH2Cl2:MeOH (2:1), efficacy of CH2Cl2:MeOH (2:1) and EtOH extracts from 

mature spikes and in vitro plants of P. tuberculatum in inhibiting egg hatching of D. peruvianus 

Concentration 
(mg/10 eggs) 
(mg/2.0 µL) 

Inhibition eggs hatching (%) 

 24 hours 48 hours 

 Mature spikes In vitro plants Mature spikes In vitro plants 

 
CH2Cl2: 
MeOH 
extract 

EtOH 
extract 

 

CH2Cl2: 
MeOH 
extract 

EtOH 
extract 

CH2Cl2: 
MeOH 
extract 

EtOH 
extract 

CH2Cl2: 
MeOH 
extract 

EtOH 
extract 

0.08 28 30 32 34 28 30 32 34 
0.16 38 26 36 62 38 26 36 62 
0.24 46 48 60 62 46 48 60 62 
0.32 60 52 50 72 60 52 50 72 
0.40 50 62 60 76 50 58 60 76 
0.48 52 54 56 64 48 52 56 64 
0.56 60 56 62 76 60 54 62 76 
0.64 58 60 88 70 58 60 88 70 
0.72 66 62 68 76 66 56 68 76 
0.80 76 56 94 82 76 56 94 82 
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3.2 Lethal Concentration (LC50) and Lethal Time (LT50) 

The lethal concentration (LC50) of CH2Cl2:MeOH (2:1) and EtOH extracts of mature spikes was 0.305 and 

0.351 mg/2 µL, respectively, and in in vitro plants it was 0.229 and 0.127 mg/2 µL, respectively. The lethal 

time (LT50) of CH2Cl2:MeOH (2:1) and EtOH extracts of mature spikes was 24 hours and 18 hours, respective-

ly, with LC50 of 0.305 and 0.326 mg/2 µL for CH2Cl2:MeOH (2:1) extract and LC50 of 0.223 and 0.386 mg/2 µL 

for EtOH extract (Figure 2 and Figure 3). In in vitro plants LT50 was 18 hours, in both types of extracts, with 

LC50 of 0.188 and 0.214 mg/2 µL for CH2Cl2:MeOH (2:1) extract and LC50 of 0.098 and 0.127 mg/2 µL for 

EtOH extract (Figure 4 and Figure 5). 

 

Figure 2. Lethal time (LT50) of the ovicidal activity of the CH2Cl2:MeOH (2:1) extract of mature spikes of P. tuberculatum 

against D. peruvianus 

 

 

 

Figure 3. Lethal time (LT50) of the ovicidal activity of the EtOH extract of mature spikes of P. tuberculatum against 

D. peruvianus 
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Figure 4. Lethal time (LT50) of the ovicidal activity of the CH2Cl2:MeOH (2:1) extract of in vitro plants of P. tuberculatum 

against D. peruvianus 

 

 

Figure 5. Lethal time (LT50) of the ovicidal activity of the EtOH extract of in vitro plants of P. tuberculatum against 

D. peruvianus 

 

3.3 Characteristics of Treated Eggs 

The in vitro ovicidal activity of P. tuberculatum extracts against D. peruvianus was observed within 24 hours 

and was characterized by the dark coloration of the eggs, which increased with longer exposure time (Figure 6). 

Dark coloration of eggs was observed in both mature spike extracts and in vitro plant extracts of P. tubercula-

tum and in both types of extracts, CH2Cl2:MeOH (2:1) and EtOH. For mature spikes treated with CH2Cl2:MeOH 

(2:1) extract, dark coloration was observed at concentrations of 0.08 to 0.64 mg/2 µL after 72 hours and 0.72 

and 0.80 mg/2 µL after 48 hours. For EtOH extract, dark coloration was observed at concentrations between 
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0.32 and 0.40 mg/2 µL after 72 hours and between 0.48 to 0.80 mg/2 µL from 48 hours. In the case of in vitro 

plants treated with CH2Cl2:MeOH (2:1) extract, dark coloration was observed at concentrations of 0.08 and 

0.16 mg/2 µL after 72 hours and between 0.24 and 0.80 mg/2 µL from 24 hours. For EtOH extract, dark color-

ation was observed at concentrations of 0.08 and 0.32 mg/2 µL from 96 hours and 0.40 and 0.80 mg/2 µL 

after 48 hours. 

 

 

Figure 6. Characteristics of D. peruvianus eggs: A. Viable eggs; B-C. Non-viable dehydrated eggs with changed color 

 

4. Discussion 

Most studies on the antibiosis activity of plant extracts against D. peruvianus were conducted on 4th-instar 

nymphs and adults. Some of these studies did not report LC50, nor LT50, as is the case of Clusia fluminen-

sis(22), with topical treatments (crude hexane extracts of fruits and flowers) dissolved in ethanol at a concentra-

tion of 1 mg/mL and applied to 1 µL of each sample, which did not affect the survival of D. peruvianus after 14 

days of treatment, possibly because the concentration used was too low; C. hilariana(3), with semi-purified 

fractions (0.005 mg to 0.040 mg) of crude hexane extracts of male stems that affected the development, caus-

ing up to 38.9% mortality after 28 days of treatment, with interference in molting and metamorphosis, and body 

deformations, a similar effect was achieved in this research when the eggs were subjected to the treatments 

tested, which dehydrated them and deformed them; and Manilkara subsericea(23), with a topical treatment 

(nanoemulsion containing hexane-soluble fraction of fruits) corresponding to 50 μg of extract per insect, which 

reached a mortality of 44.43% after 30 days; unlike the present study, where these values were reported of 

extracts from mature spikes and in vitro plants. 

With the use of essential oils (EOs) from leaves, interesting results have been obtained when applied against 

early stages of Dysdercus peruvianus and the Median Lethal Dose-Concentration was established. Complete 

mortality levels (100%) after one day against 4th-instar nymphs and other effects were achieved with pure EOs 

of Pilocarpus spicatus(20): malformations in insects (similar effect on eggs under the conditions of the present 

research) and permanent or supernumerary nymphs, the LD50 values were 90 µg/mL for topical treatment and 

110.88 µg/cm2 for continuous treatment, both at 22 days of treatment; Perseavenosa(21): additionally with a 

dilution at a concentration of 450 µg/µL the nanoemulsion resulted in 55% of mortality after 20 days, with LD 50 

values of 24.45 µg/µL and 28.73 µg/µL, respectively; Myrciaria floribunda(18): LD50 = 309.64 µg/insect and 

93.3%, and after 22 days (LD50 = 94.42 µg/insect) with 0.5 mg/insect, while metamorphosis was poorly affect-

ed; Ocotea indecora(17): LD50 = 162.18 μg/insect and the same result was expressed on 0.48 mg/insect dilution 

at 7 days of treatment, and Zanthoxylum caribaeum(19): additionally with a 500 µg/insect dilution (LC50 = 215 

µg/insect). In all these cases, the high mortality rate (over 90%) of the nymphs is relevant, an effect that has 

also been achieved in this research (94% mortality) with complete plants from in vitro culture, but at the egg 

stage with the extract CH2Cl2:MeOH (2:1) with 0.8 mg/2 µL (800 µg/2 µL) of P. tuberculatum. In this same 



Elías-Agapito YMF, Rojas-Idrogo, C, Fupuy-Chung JA, Delgado-Paredes GE 

 

 

Agrociencia Uruguay 2025;29:e1659 11 
 

species, a research(36) applied the same type of extract as our research: mature spikes and in vitro plants, but 

against the adult stage of D. peruvianus, causing 91.1% and 97.8% mortality at doses of 0.012 mg/µL after 24 

and 48 h of exposure, respectively; at 96 h of exposure, the extract from mature spikes caused 80% mortality, 

while in vitro plant extracts caused 80% mortality at the same dose, the LD50 for mature spikes was 0.006 

mg/µL and for in vitro plants LD50 was 0.007 mg/µL. 

The greater consistency of the egg shell of D. peruvianus, compared to the exoskeleton of the insect in 4th-

instar nymphs, may require a higher concentration of the extract and exposure time, considering that the egg 

shell of the insect, which basically consists of two major parts, vitelline envelope and chorion (44), forms a barri-

er to protect the egg and the embryo from possible adverse environmental influences (45). The exoskeleton is 

composed of a thin, outer protein layer, the epicuticle, and a thick, inner, chitin-protein layer, the procuticle(46). 

A comprehensive review on the insect-egg relationship and their adaptation to different environmental condi-

tions has recently been reported by Jones(47). 

On the other hand, although oviposition by herbivorous insects is well known to elicit defensive plant respons-

es, there is still an information gap in the mechanism of action in the oviposition-defensive plant responses 

relationship(48)(49). In a study on insect species specificity it was observed that treated Arabidopsis thaliana (L.) 

Heynh. with eggs extracts and egg-associated secretions of a sawfly (Diprionpini L.), a beetle (Xanthogaleruca 

luteola Mull.) and a butterfly (Pieris brassicae Linnaeus) caused elicited salicylic acid (SA) accumulation in the 

plant, and all secretions induced expression of plant genes, such as Pathogenesis-Related (PR) genes(50). 

Similar relationships were studied between larvae of Acrocercops transecta Meyrick (Gracillariidae) and the 

host plants, Juglans sp. (Juglandaceae) and Lyonia ovalifolia (Wall.) Drude (Ericaceae)(51), and populations of 

Liriomyza trifolii Burgess (Agromyzidae) and Phaseolus vulgaris L. plants(52). 

In general, in this research, CH2Cl2:MeOH (2:1) and EtOH extracts of mature spikes and in vitro plants of 

P. tuberculatum reached LC50 values between 0.098 and 0.386 μg/2 µL per 10 D. peruvianus eggs tested, 

with an LT50 between 18 and 24 h of exposure, respectively, which in some cases these values were equal to 

or lower than those reported for extracts of other plant species and with lower LT50 values. 

On the other hand, it has been widely demonstrated that extracts of various plant species, at adequate con-

centrations, used against insect pests, consistently decreased the total body carbohydrate, protein, and fat 

levels, which may result in the insects having inadequate nutritional capacity, which will impact all critical ac-

tions, inhibiting the hydrolytic enzymatic activity of protease, amylase and lipase, and directly altering the phys-

iological system(53). There are several studies on the antibiosis activity of plant extracts against D. peruvianus. 

In some studies, the effect of secondary metabolites such as the triterpene lanosterol and the benzophenone 

clusianone, isolated from C. fluminensis, has been clearly demonstrated, which significantly reduced its sur-

vival and development(22), assuming that terpenes and benzophenones would exert a similar activity with 

C. hilariana extracts(3). In M. subsericea, hexane-soluble fraction from ethanolic crude extract from fruits 

(HFNE) – blank nanoemulsion and its triterpenes were considered active(23). In P. spicatus the insecticidal 

activity is possibly due to the effect of sabinene (32.27%) and sylvestrene (27.26%) as major constituents of 

pure EOs(20). In P. venosa it was indicated that β-caryophyllene, the major substance present in pure EOs, 

could be responsible for insect mortality(21). Likewise, in M. floribunda it was determined that the monoterpenes 

were the main compounds found (53.9%), and 1,8-cineole was the major constituent (38.4%) and possibly 

exerted insecticidal activity(18). In O. indecora the sesquiterpene sesquirosefuran was the major compound 

detected and possibly the one that exerts the greatest insecticidal activity (17), and in Z. caribaeum the main 

constituents, being sylvestrene, muurola-4(14), 5-trans-diene, isodaucene and α-pinene, significantly increased 

insect mortality(19). 
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Several secondary metabolites with activity against insects and fungi have been isolated and identified in 

P. tuberculatum. Four piperamides were identified in leaf and stem extracts: 4,5-dihydropiperlonguminine, 

piperlonguminine, 4,5-dihydropiperine and piperine, with insecticidal activity against Aedes atropalpus Coquil-

lett(54). In seed extract the isobutyl amides pellitorine (compound 1) and 4,5-dihydropiperlonguminine (com-

pound 2) were identified, which showed acute toxicity against Anticarsia gemmatalis Hübner(55) and Diatraea 

saccharalis(56). The seeds extracts caused 80% mortality when doses were higher than 800.00 microg insect 

(­1) and compounds 1 and 2 showed 100% mortality at doses of 200 and 700 microg insect (-1), respective-

ly(55); similar mortality (82%) was obtained in this research with the EtOH crude extract of plants in vitro against 

the egg stage. This study demonstrated that the crude extract of P. tuberculatum had potent activity against 

insects similar to the pure compounds. In this regard, it has been proposed as work strategy the use of heter-

ogeneous extracts of total plant biomass to induce a synergistic effect over some specific organism (57). 

Additionally, different in vitro strategies have been developed with the aim of increasing the content of second-

ary metabolites in plants and have even allowed the obtaining of new compounds of great interest in the 

pharmaceutical industry, fundamentally(58)(59). This is the case of the production of several insecticidal com-

pounds, namely, pyrethrins, azadirachtin, thiophenes, nicotine, rotenoids, and phytoecdysones (60), with the 

specific example of the production of biopesticide azadirachtin using plant cell and hairy root cultures of Aza-

dirachta indica A. Juss(61). 

 

Table 3. Probit analysis components and LC50 values for extracts of mature spikes and in vitro plants of P. tuberculatum 

on D. peruvianus eggs 

Extract 
Time after treatment  

(hours) 

mg. (10 eggs)-1 = mg. (2 uL)-1 

LC50 
LC50 95% FL 

Lower-upper 

CH2Cl2: MeOH  
(in vitro plants) 

18 0.188 0.131 - 0.238 

24 0.229 0.175 - 0.280 

48 0.229 0.175 - 0.278 

72 0.229 0.175 - 0.278 

96 0.214 0.145 - 0.276 
    

EtOH 
(in vitro plants) 

18 0.098 0.046 - 0.145 

24 0.127 0.062 - 0.183 

48 0.127 0.065 - 0.181 

72 0.127 0.065 - 0.181 

96 0.127 0.065 - 0.181 
    

CH2Cl2: MeOH  
(mature spikes) 

18 0.132 0 

24 0.305 0.227 - 0.389 

48 0.307 0.226 - 0.394 

72 0.322 0.241 - 0.413 

96 0.326 0.245 - 0.418 
    

EtOH                   
(mature spikes) 

18 0.223 0.140 - 0.296 

24 0.351 0.255 - 0.474 

48 0.386 0.277 - 0.551 

72 0.386 0.277 - 0.551 

96 0.386 0.277 - 0.551 
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In a general way, the LC50 value decreased when the time between application and evaluation increased 

(Table 3). The data presented confirm that mature spikes and in vitro plants extracts presented potential activi-

ties against insects. As already indicated, there are very few studies on the ovicidal activity of plant extracts 

against insect pests. Ovicidal potential of plant extract mixtures [Azadirachta indica, Citrus × sinensis (L.) Os-

beck, Cinnamomun zeylanicum J. Presl, Cymbopogon nardus (L.) Rendle, Derris elliptica (Wall.) Benth. and 

Millettia pinnata (L.) Pierre] was evaluated against the Asian spongy moth [Lymantria dispar asiatica Vnu-

kovskij], achieving the highest ovicidal activity (97.6% mortality), and this susceptibility to mortality increased 

with egg maturation(62). In another study, the insecticidal, behavioral, biological and biochemical effects of 

Magnolia grandiflora L., Schinus terebinthifolius Raddi and Salix babylonica L. were evaluated against cotton 

leafworm Spodoptera littoralis Boisduval, observing that S. terebinthifolius and S. babylonica showed toxic 

effects, but S. terebinthifolius extract also exhibited high toxicity against S. littoralis eggs (LC50 = 0.94 mg/L)(63). 

Likewise, the effects of numerous plant extracts and essential oils, in particular obtained from species of the 

Lamiaceae family, on the behavior of Acrobasis advenella Zincken caterpillars and females, the most danger-

ous pest of black chokeberry [Aronia melanocarpa (Michx.) Elliot], were evaluated, observing that plant spe-

cies had a significant influence on the choice of oviposition and feeding site and the type of formulation affect-

ed the number of laid eggs(64). However, in all these studies, the morphological characteristics of eggs after 

treatment with plant extracts are not reported. 

 

5. Conclusions 

This study has shown that CH2Cl2:MeOH (2:1) and EtOH extracts of in vitro plants of Piper tuberculatum ex-

hibit the best ovicidal activity against Dysdercus peruvianus, with effectiveness between 82-94% at higher 

concentrations under laboratory conditions. These results indicate that the type of plant material (mature 

spikes and in vitro plants), type of solvent, and concentration all influence the time of ovicidal effectiveness. 

Therefore, it is necessary to continue with similar studies on different stages of D. peruvianus, as well as on 

other pests that affect economically important agricultural crops. Trials should be initiated under laboratory 

conditions, followed by greenhouse tests, and ultimately field applications. This approach will contribute ex-

pressively to agricultural production, food security, and public health. 

 

 

Acknowledgements  

The authors would like to thank the Universidad Nacional Pedro Ruiz Gallo (UNPRG) for providing the infra-

structure for the development of the study. The authors are grateful to biologists Cecilia Vásquez Díaz, Boris 

Esquerre Ibañez and Felipe Zuñe Da Silva for their invaluable collaboration in carrying out the study. This 

publication is directed in memory of our professor Guillermo Delgado-Paredes, who worked very motivated 

supporting this research, and leaves us a great legacy to continue researching in biotechnology in the Neo-

tropics. 

 

 

Transparency of data 

The entire data set that supports the results of this study was published in the article itself. 

  





Elías-Agapito YMF, Rojas-Idrogo, C, Fupuy-Chung JA, Delgado-Paredes GE 

 

 

Agrociencia Uruguay 2025;29:e1659 15 
 

(15) Kato MJ, Furlan M. Chemistry and evolution of the Piperaceae. Pure Appl Chem. 2007;79:529-38. 
Doi: 10.1351/pac200779040529. 

(16) de Albuquerque RDDG, Rocha L. Essential oils from Carapebus sandbank plants as natural controllers 
against insect pests of importance in Brazilian public health and agriculture. Nat Resour Hum Health.  
2023;3(3):315-22. Doi: 10.53365/nrfhh/161456. 

(17) Nascimento LM, Apolinario R, Machado FP, Correa AL, Caldas GR, Ruppelt BM, Souza KFC, Gouveia G, 
Burth P, Falcão DQ, Santos MG, Azambuja P, Gonzalez MS, Mello CB, Rocha L, Feder D. Effects of 
nanoemulsion and essential oil from the leaves of Ocotea elegans against Dysdercus peruvianus. Res Soc 
Dev. 2020;9:e909108424. Doi: 10.33448/rsd-v9i10.8424. 

(18) Tietbohl LAC, Barbosa T, Fernandes CP, Santos MG, Machado FP, Santos KT, Mello CB, Araújo HP, 
Gonzalez MS, Feder D, Rocha L. Laboratory evaluation of the effects of essential oil of Myrciaria floribunda 
leaves on the development of Dysdercus peruvianus and Oncopeltus fasciatus. Braz J Pharmacogn. 
2014;24:316-21. Doi: 10.1016/j.bjp.2014.07.009. 

(19) Pacheco JPF, Nogueira J, Miranda RP, Duprat RC, Machado FP, Tietbohl LAC, Mourão SC, Santos MG, 
Ratcliffe NA, Penna PA, de Mello CB, Rocha L, Gonzalez MS, Feder MD. Effects of Zanthoxylum caribaeum 
essential oil against cotton bug Dysdercus peruvianus. Res Soc Dev. 2020;9:e197997152. 
Doi: 10.33448/rsd­v9i9.7152. 

(20) Apolinário R, Nogueira J, Costa M, Santos-Mallet J, Santos, MG, Azambuja P, Mello CB, Gonzalez MS, 
Rocha L, Feder MD. Insecticidal activity of Pilocarpus spicatus Saint-Hilaire (Rutaceae) essential oil against 
the crop pest Dysdercus peruvianus (Guérin-Méneville, 1831) and Oncopeltus fasciatus (Dallas, 1852). Res 
Soc Dev. 2020;9(11):e90091110489. Doi: 10.33448/rsd-v9i11.10489. 

(21) Esteves RS, Apolinário R, Machado FP, Folly D, Viana VCR, Soares AP, Jumbo LOV, Svacina T, Santos 
MG, Ricci-Junior E, Oliveira EE, Feder D, Rocha L. Insecticidal activity evaluation of Persea venosa Nees & 
Mart. essential oil and its nanoemulsion against the cotton stainer bug Dysdercus peruvianus (Hemiptera: 
Pyrrhocoridae) and pollinator bees. Ind Crops Prod. 2023;194:116348. Doi: 10.1016/j.indcrop.2023.116348. 

(22) Duprat RC, Anholeti MC, de Sousa BP, Pacheco JPF, Figueiredo MR, Kaplan MAC, Santos MG, Gonzalez 
MS, Ratcliffe NA, Mello CB, Paiva SR, Feder D. Laboratory evaluation of Clusia fluminensis extracts and their 
isolated compounds against Dysdercus peruvianus and Oncopeltus fasciatus. Rev Bras Farmacogn. 
2017;27:59-66. Doi: 10.1016/j.bjp.2016.08.004. 

(23) Fernandes CP, de Almeida FB, Silveira AN, Gonzalez MS, Mello CB, Feder D, Apolinário R, Santos MG, 
Carvalho JC, Tietbohl LA, Rocha L, Falcão DQ. Development of an insecticidal nanoemulsion with Manilkara 
subsericea (Sapotaceae) extract. J Nanobiotechnology. 2014;12:22. Doi: 10.1186/1477-3155-12-22.  

(24) Stanisçuaski F, Ferreira-Da Silva CT, Mulinari F, Pires-Alves M, Carlini CR. Insecticidal effects of canatoxin 
on the cotton stainer bug Dysdercus peruvianus (Hemiptera: Pyrrhocoridae). Toxicon. 2005;45(6):753-60. 
Doi: 10.1016/j.toxicon.2005.01.014. 

(25) Roy R, Das S. Molecular mechanism underlying the entomotoxic effect of Colocasia esculenta tuber 
agglutinin against Dysdercus cingulatus. Insects. 2015;6:827-46. Doi: 10.3390/insects6040827. 

(26) Silva LB, Xavier ZF, Silva CB, Faccenda O, Candido ACS, Peres MTLP. Insecticidal effects of Croton 
urucurana extracts and crude resin on Dysdercus maurus (Hemiptera: Pyrrocoridae). J  Entomol. 
2012;9(2):98-106. Doi: 10.3923/je.2012.98.106. 

(27) Fuertes CM, Jurado B, Gordillo GC, Negrón LP, Núñez E, Esteban M, Távara JA. Estudio integral de 
plantas biocidas del algodonero. Cienc Investig. 2010;13(1):34-41. Doi: 10.15381/ci.v13i1.3186. 

(28) Brako L, Zarucchi J. Catalogue of the flowering plants and gymnosperms of Peru. Missouri: Missouri 
Botanical Garden; 1993. 1286p. 

(29) León B, Pitman N, Roque J. Introducción a las plantas endémicas del Perú. Rev Peru Biol. 2006;13(2):9-22.  

(30) Parmar VS, Jain SC, Bisht KS, Jain R, Taneja P, Jha A, Tyagi OD, Prasad AK, Wengel J, Olsen CE, Boll 
PM. Phytochemistry of the genus Piper. Phytochemistry. 1997;46(4):597-673. Doi: 10.1016/S0031-
9422(97)00328-2. 



 

Elías-Agapito YMF, Rojas-Idrogo, C, Fupuy-Chung JA, Delgado-Paredes GE 

 

16 Agrociencia Uruguay 2025;29:e1659 
 

(31) Luca SV, Gaweł-Bęben K, Strzępek-Gomółka M, Czech K, Trifan A, Zengin G, Korona-Glowniak I, Minceva 
M, Gertsch J, Skalicka-Woźniak K. Insights into the phytochemical and multifunctional biological profile of 
spices from the Genus Piper. Antioxidants (Basel). 2021;10(10):1642. Doi: 10.3390/antiox10101642.  

(32) Dyer LA, Palmer ADN. Piper: a model genus for studies of phytochemistry, ecology and evolution.  New 
York: Kluwer Academic/Plenum Publishers; 2004. 228p.  

(33) Soberón GV, Rojas C, Saavedra J, Kato MJ, Delgado GE. Acción biocida de plantas de Piper tuberculatum 
Jacq. sobre Diatraea saccharalis (Lepidóptera, Pyralidae). Rev Peru Biol. 2006;13(1):107-12.   

(34) Soberón GV, Rojas C, Kato MJ, Saavedra J, Armando-Jr J, Delgado GE. Larvicidal activity of Piper 
tuberculatum on Spodoptera frugiperda (Lepidoptera: Noctuidae) under laboratory conditions. Rev Colomb 
Entomol. 2012;38(1):35-41. Doi: 10.25100/socolen.v38i1.8915. 

(35) Monsalve-Asencio LJ, Mendoza-Frías NL, Rojas-Idrogo C, Kato MJ, Saavedra-Díaz J, Delgado-Paredes 
GE. Larvicidal activity of Piper tuberculatum extracts on the tobacco budworm, Heliothis virescens Fabr. 
(Lepidoptera:Noctuidae) under laboratory conditions. Ind J Pure App Biosci. 2015;3(4):1-9.  

(36) Mendoza-Frías NL, Monsalve-Asencio LJ, Rojas-Idrogo C, Kato MJ, Delgado-Paredes GE. Insecticidal 
activity of Piper tuberculatum extracts on the cotton stainer bug, Dysdercus peruvianus Guérin-Méneville 
(Hemiptera: Pyrrhocoridae). Acad J Entomol. 2013;6(3):153-1. Doi: 10.5829/idosi.aje.2013.6.3.76156. 

(37) Delgado-Paredes GE, Duque-Aurazo AJ, Vásquez-Díaz C, Rojas-Idrogo C. Propagación masiva del 
matico (Piper tuberculatum Jacq.) y su aplicación en la erradicación de vectores de enfermedades 
metaxénicas en Lambayeque (Perú). Rev Latinoam Rec Nat. 2017;13:39-50.  

(38) Delgado-Paredes GE, Vásquez-Díaz C, Esquerre-Ibañez B, Bazán-Sernaqué P, Rojas-Idrogo C. In vitro 
tissue culture in plants propagation and germplasm conservation of economically important species in Peru. 
Sci Agropecu. 2021;12(3):337-49. 

(39) Aybar-Camacho C, Lavado-Casimiro W. Atlas de zonas de vida del Perú: guía explicativa. Lima: 
SENAMHI; 2017. 30p. 

(40) Murashige T, Skoog F. A revised medium for rapid growth and bio assays with tobacco tissue cultures. 
Physiol Plant. 1962;15:473-97. Doi: 10.1111/j.1399-3054.1962.tb08052.x. 

(41) Delgado-Paredes GE, Kato MJ, Vásquez-Dueñas N, Minchala-Patiño J, Rojas-Idrogo C. Cultivo de tejidos 
de Piper sp. (Piperaceae): propagación, organogénesis y conservación de germoplasma in vitro. Rev Colomb 
Biotecnol. 2012;14(2):49-60.  

(42) Fogar MN, Simonella MA, Martínez EM, Bloeck C. Cría artificial de chinche tintórea Dysdercus chaquensis 
Freiberg con semilla de algodón Gossypium hirsutum. In: Roig S, editor. Libro de Resúmenes X Congreso 
Argentino de Entomología; 2018 May 21-24. Mendoza: Universidad Nacional de Cuyo; 2018. p. 364. 

(43) Finney DJ. Probit analysis: a statistical treatment of the sigmoid response curve. 2nd ed. London: 
Cambridge University Press; 1964. 318p. 

(44) Gaino E, Piersanti M, Rebora M. Egg envelope synthesis and chorion modification after oviposition in the 
Dragonfly depressa (Odonata, Libellulidae). Tissue Cell. 2008;44(5):317-24. Doi: 10.1016/j.tice.2008.02.005. 

(45) Chapman RF. The insects: structure and function. 5th ed. London: Cambridge University Press; 2012. 30p.  

(46) Barnes RD. Arthropoda: animal phylum. In: Encyclopaedia Britannica [Internet]. London: Encyclopaedia 
Britannica; [cited 2025 May 16]. Available from: https://www.britannica.com/animal/arthropod 

(47) Jones LC. Insects allocate eggs adaptively according to plant age, stress, disease or damage. Proc R Soc 
Lond B Biol Sci. 2022;289:20220831. Doi: 10.1098/rspb.2022.0831. 

(48) Reymond P. The chemistry of plant–insect egg interactions. Chimia. 2022;76(11):914-21. 
Doi: 10.2533/chimia.2022.914. 

(49) Hilker M, Salem H, Fatouros NE. Adaptive plasticity of insect eggs in response to environmental 
challenges. Annu Rev Entomol. 2023;68:451-69.  Doi: 10.1146/annurev-ento-120120-100746. 



Elías-Agapito YMF, Rojas-Idrogo, C, Fupuy-Chung JA, Delgado-Paredes GE 

 

 

Agrociencia Uruguay 2025;29:e1659 17 
 

(50) Lortzing V, Valsamakis G, Jantzen F, Hundacker J, Paniagua Voirol LR, Schumacher F, Kleuser B, Hilker 
M. Plant defensive responses to insect eggs are inducible by general egg-associated elicitors. Sci Rep. 
2024;14(1):1076. Doi: 10.1038/s41598-024-51565-y.  

(51) Katte T, Shimoda S, Kobayashi T, Wada-Katsumata A, Nishida R, Ohshima I, Ono H. Oviposition 
stimulants underlying different preferences between host races in the leaf-mining moth Acrocercops transecta 
(Lepidoptera: Gracillariidae). Sci Rep. 2022;12(1):14498. Doi: 10.1038/s41598-022-18238-0.  

(52) Xing Z, Liu Y, Cai W, Huang X, Wu S, Lei Z. Efficiency of trichome-based plant defense in phaseolus 
vulgaris depends on insect behavior, plant ontogeny, and structure. Front Plant Sci. 2017;8:2006. 
Doi: 10.3389/fpls.2017.02006.  

(53) Madasamy M, Sahayaraj K, Sayed SM, Al-Shuraym LA, Selvaraj P, El-Arnaouty SA, Madasamy K. 
Insecticidal mechanism of botanical crude extracts and their silver nanoliquids on Phenacoccus solenopsis. 
Toxics. 2023;11(4):305. Doi: 10.3390/toxics11040305.  

(54) Scott IM, Puniani E, Durst T, Phelps D, Merali S. Insecticidal activity of Piper tuberculatum Jacq. extracts: 
synergistic interaction of piperamides. Agric For Entomol. 2002;4:137-44. 
Doi: 10.1046/j.1461­9563.2002.00137.x. 

(55) Navickiene HM, Miranda JE, Bortoli SA, Kato MJ, Bolzani VS, Furlan M. Toxicity of extracts and isobutyl 
amides from Piper tuberculatum: potent compounds with potential for the control of the velvetbean caterpillar, 
Anticarsia gemmatalis. Pest Manag Sci. 2007;63(4):399-403. Doi: 10.1002/ps.1340.  

(56) Debonsi HM, Miranda JE, Murata AT, de Bortoli SA, Kato MJ, Bolzani VS, Furlan M. Isobutyl amides--
potent compounds for controlling Diatraea saccharalis. Pest Manag Sci. 2009;65(1):47-51. 
Doi: 10.1002/ps.1643.  

(57) Leatemia J, Isman B. Toxicity and antifeedant activity of crude seed extracts of Annona squamosa 
(Annonaceae) against lepidopteran pests and natural enemies. Int J Trop Insect Sci. 2004;24:150-58. 
Doi: 10.1079/IJT200416. 

(58) Pérez-Alonso N, Jiménez E. Producción de metabolitos secundarios de plantas mediante el cultivo in vitro. 
Biotecnolog Veg. 2011,11(4):195-211. 

(59) Motolinía-Alcántara EA, Castillo-Araiza CO, Rodríguez-Monroy M, Román-Guerrero A, Cruz-Sosa F. 
Engineering considerations to produce bioactive compounds from plant cell suspension culture in bioreactors. 
Plants (Basel). 2021;10(12):2762. Doi: 10.3390/plants10122762. 

(60) George J, Bais HP, Ravishankar GA. Biotechnological production of plant-based insecticides. Crit Rev 
Biotechnol. 2000;20(1):49-77. Doi: 10.1080/07388550091144186. 

(61) Thakore D, Srivastava AK. Production of biopesticide azadirachtin using plant cell and hairy root cultures. 
Eng Life Sci. 2017;17(9):997-1005.  Doi: 10.1002/elsc.201700012. 

(62) Lee YS, Hwanh H-S, Lee K-Y, Lee H-A, Lim UT. Ovicidal potential of plant extract mixtures against the 
Asian spongy moth (Lymantria dispar asiatica). J Asia-Pac Entomol. 2023;26(2):102102. 
Doi: 10.1016/j.aspen.2023.102102. 

(63) Hussein HS, Salem MZM, Soliman AM, Eldesouky SE. Comparative study of three plant-derived extracts 
as new management strategies against Spodoptera littoralis (Boisd.) (Lepidoptera: Noctuidae). Sci Rep. 
2023;13(1):3542. Doi: 10.1038/s41598-023-30588-x.  

(64) Magierowicz K, Górska Drabik E, Golan K. Effects of plant extracts and essential oils on the behavior of 
Acrobasis advenella (Zinck.) caterpillars and females. J Plant Dis Prot. 2020;127:63-71. Doi: 10.1007/s41348-
019-00275-z. 

 


