


Assessment of Bio efficacy of the larval stages of Rhynocoris albopilosus for the control of Podagrica decolorata, a pest of okra in Côte d’Ivoire

ABSTRACT
Okra is a vegetable crop with significant nutritional properties which is unfortunately subject to attack by Podagrica decolorata, thereby reducing the quantity and quality of marketable fruit. To protect their crops, vegetable growers generally resort to chemical insecticides, which have a detrimental effect on the environment and biodiversity. The study of the bio-efficacy of the larval stages of Rhynocoris albopilosus forms part of the search for an alternative to the use of chemical insecticides to control P. decolorata. This study was carried out in Man, in the west of Côte d’Ivoire. Data were collected from cages in which individuals of R. albopilosus at different stages of development were placed. In each cage, the number of prey varied between 5, 10, 15 and 20, and checks were carried out 24 and 48 hours after the prey were released. The results of this study revealed that stage 5 was more aggressive than the other larval stages. With regard to adults, the study revealed that females were more effective predators than males, with an average predation rate of 6 individuals in 24 hours. R. albopilosus could therefore be a biological alternative to the use of chemical pesticides for the effective control of P. decolorata.
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1. Introduction
Okra is a vegetable crop with significant nutritional value. It is rich in protein, carbohydrates, vitamins A and C, iron, phosphorus, potassium and magnesium (Nizigiyimana et al., 2022). Okra is widely grown in tropical, subtropical and warm temperate regions (Yildiz et al., 2025). However, okra cultivation faces numerous challenges, including climatic hazards, fungal diseases, viral diseases and attacks by insect pests (Fondio & Djidji, 2007). Among the insect pests of okra, the most voracious is the defoliator Podagrica decolorata, whose damage to okra plants is characterised by holes in the leaves, reducing the plants’ photosynthetic leaf area (Soro et al., 2016). Okra growers overuse chemical pesticides to control P. decolorata in order to improve their yields. However, the use of chemical insecticides creates numerous problems, such as the elimination of beneficial insects, not to mention the environmental risks. The biocontrol potential of several predators has been studied (Sahayaraj, 2014). Certain species, such as Rhynocoris fuscipes, Rhynocoris kumarii, Rhynocoris longifrons, Rhynocoris marginatus and Acanthaspis pedestris, have eliminated various pest species such as Dysdercus cingulatus, Helicoverpa armigera, Spodoptera litura and Mylabris indica in agrosystems, suggesting that they could be used in pest control (Nagarajan et al., 2010; Kumar et al., 2011). Numerous species of Reduviidae, such as Rhynocoris albopilosus, Rhynocoris rapax, Rhynocoris bicolor, Hediocoris fasciatus and Coranus sp., are predators of P. decolorata. In the mountainous west of Côte d’Ivoire, Rhynocoris albopilosus is a highly prevalent species (N’guessan et al., 2020). Knowledge of the bioecology of this insect represents a significant step forward in the search for alternatives to the use of chemical insecticides. However, an assessment of the effectiveness of predation at all stages of development of Rhynocoris albopilosus is necessary from a biological control perspective.

2. Materials and methods
2.1. Study Area 
This study was carried out in Man, the capital of the Tonkpi region, located in western Côte d’Ivoire, 578 km from Abidjan, at the following geographical coordinates: 07°20’ and 07°35’ north latitude; 07°25’ and 07°45’ west longitude. 

2.2. Assessment of the effectiveness of predation on the developmental stages of Rhynocoris albopilosus 
One individual from each larval stage was placed in a cage made of mosquito netting (Figure 1) on an okra plant. In each cage containing a single Rhynocoris albopilosus (Figure 2), the number of Podagrica decolorata adults released was gradually varied to 5, 10, 15 and 20. After release, checks were carried out at two time points (24 and 48 hours) in the cages to assess the number of P. decolorata consumed. Predation efficiency was assessed using larvae at the five developmental stages of Rhynocoris albopilosus. Upon emergence of the larvae, the resulting adults were subjected to the same test after sex identification to determine the more aggressive sex. For each developmental stage, a total of 30 individuals were placed under these isolation conditions.
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Figure 1: Mosquito net cage	           Figure 2: Adult Rhynocoris albopilosus






2.3. Statistical analysis
The analyses were carried out using Statistica version 7.1 (StatSoft, 2005). These included analysis of variance (ANOVA) and Fisher’s LSD test, which were used to analyse the number of prey (Podagrica decolorata) consumed per unit of time (24 and 48 hours) by individuals at each developmental stage of Rhynocoris albopilosus. The separation of homogeneous groups was based on Fisher’s LSD test at the 5% significance level.

3. Results 
3.1. Predation efficiency of Rhynocoris albopilosus larvae and adults as a function of changes in the number of Podagrica decolorata over a 24-hour period 
3.1.1. Predation efficiency over a 24-hour period with 5 prey items 
The average number of flea beetles (Podagrica decolorata) consumed in 24 hours depended on the larval development stage. Thus, the least aggressive larval stage was stage 1, with an average of 0.45 ± 0.27 prey consumed. The most aggressive larval stage was stage 5, with an estimated average of 3.17 ± 0.75 prey items. Adults were more aggressive than larvae. Females were more effective predators than males, with average consumption of 4.77 ± 0.43 and 4.03 ± 0.56 respectively. Analysis of variance (P = 0.001) conducted between the different developmental stages of R. albopilosus, to which five adults of P. decolorata were subjected, revealed a highly significant difference between all individuals tested (Table 1).
3.1.2. Predation efficiency over 24 hours with 10 prey items 
Stage 5 was more aggressive than the other larval stages when 10 prey items were available. The number of P. decolorata adults consumed increased with the larval development stage, as in the previous case. Thus, adults consumed more than the larval stages. With 10 prey items available, the female consumed an average of 6.17 ± 1.26 adult P. decolorata in 24 hours, whilst a male consumed an average of 5.03 ± 1.07 (Table 1).
3.1.3. Predation efficiency over 24 hours with 15 prey items 
The average bio-efficacy rate of the larvae increased with the age of the individuals in the cages. Thus, a gradual increase in aggressiveness was observed from stage 1 to stage 2. The most aggressive developmental stage was the adult female, which consumed an average of 6.37 ± 1.38 adult P. decolorata. The least aggressive stage was stage 1, with an estimated average consumption of 0.53 ± 0.51 prey. As the number of available prey (leaf beetles) increased, the number of leaf beetles consumed in 24 hours rose (Table 1).
3.1.4. Predation efficiency over 24 hours with 20 prey items
Increasing the number of prey items from 10 to 20 resulted in a moderate change in the average predation rate for each larval stage. However, the analysis of variance carried out between the five larval stages and the adults (male and female) of R. albopilosus, to which the 20 adults of P. decolorata were exposed, showed a highly significant difference (P = 0.001). The most aggressive developmental stage was the adult female, which consumed an average of 6.90 ± 0.84 adults of P. decolorata (Table 1).
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Table 1. Predation efficiency among the different developmental stages of Rhynocoris albopilosus against adults of Podagrica decolorata over a 24-hour period
	Stage of development of R.
	Number of prey items consumed in 24 hours

	albopilosus
	5 prey
	10 prey
	15 prey
	20 prey

	First-instar larva
	0.45 ± 0.27g
	 0.50 ± 0.40g
	 0.53 ± 0.51f
	 0.51 ± 0.47f

	Second-instar larva
	0.97 ± 0.76f
	 1.03 ± 0.41f
	 1.27 ± 0.45e
	 01.50 ± 0.68e

	Third-instar larva
	1.77 ± 0.73e
	 2.70 ± 1.32e
	 2.83 ± 0.95d
	 3.30 ± 0.95d

	Fourth-instar larva
	2.63 ± 0.72d
	 3.80 ± 0.48d
	 4.30 ± 1.29c
	 4.77 ± 1.63c

	Fifth-instar larva
	3.17 ± 0.75c
	 4.50 ± 0.86c
	 4.80 ± 1.21bc
	 5.23 ± 0.97bc

	adult male
	4.03 ± 0.56b
	 5.03 ± 1.07b
	 5.30 ± 1.39b
	 5.73 ± 1.05b

	adult female
	4.77 ± 0.43a
	 6.17 ± 1.26a
	 6.37 ± 1.38a
	 6.90 ± 0.84a

	P
	0.001
	  0.001
	 0.001
	  0.001


* Values in the same column followed by different letters are statistically significant from one another at the 5% level (Fisher’s LSD test)
3.2. Predation efficiency of Rhynocoris albopilosus larvae and adults in relation to changes in the number of Podagrica decolorata over 48 hours
3.2.1. Predation efficiency over 48 hours with 5 prey items
The number of prey items consumed by R. albopilosus increased gradually as the larval stages progressed. Of the five larval stages, stage 1 consumed the fewest flea beetles, with a value of 0.60 ± 0.50. This number increased progressively up to stage 5, with a value of 4.63 ± 0.49 prey. The adults had a voracious appetite. The study showed that 48 hours later, both male and female adults had consumed virtually all the flea beetles made available to them (Table 2).

3.2.2. Predation efficiency over 48 hours with 10 prey items
The number of P. decolorata adults consumed increased gradually as the predator’s developmental stage progressed. Adults of R. albopilosus were the most voracious, as their predatory activity was higher than that of the larvae. With 10 prey available, the female consumed an average of 7.20 ± 0.66 in 48 hours, whilst a male consumed an average of 6.73 ± 1.01 adult flea beetles. Analysis of variance performed on individuals at different stages of development revealed a highly significant difference between them (P = 0.001) (Table 2).

3.2.3. Predation efficiency over 48 hours with 15 prey items 
Increasing the number of prey items from 10 to 15 led to an increase in the number of flea beetles consumed by stage 4 and 5 larvae as well as adults (males and females). The analysis of variance carried out on the five larval stages and adults of R. albopilosus in relation to the 15 adults of P. decolorata showed a highly significant difference (P = 0.001). As in the other cases, with 15 adults of P. decolorata, the number of prey consumed increased in line with the larval stage. The most aggressive developmental stage was the female adult, which consumed an average of 7.83 ± 0.95 adults of P. decolorata (Table 2).
3.2.4. Predation efficiency over 48 hours with 20 prey
Increasing the number of prey from 15 to 20 resulted in a slight increase in the number of P. decolorata adults across the different larval stages. In contrast, among male and female adults, this predation rate almost doubled when compared to the number of prey consumed in 24 hours with the same number of prey. The adults of R. albopilosus were therefore the most aggressive. With 20 prey items available, the female of this predatory bug consumed an average of 12.33 ± 1.56 adult P. decolorata in 48 hours, whilst a male consumed an average of 10.07 ± 1.55 adult flea beetles (Table 2).
Table 2. Predation efficiency among the different developmental stages of Rhynocoris albopilosus against adults of Podagrica decolorata over a 48-hour period
	Stage of development of 
	Number of prey items consumed in 48 hours

	R. albopilosus 
	5 prey
	10 prey
	15 prey
	20 prey

	First-instar larva
	0.80 ± 0.50f
	01.37 ± 0.72g
	01.80 ± 0.48g
	 2.43 ± 0.73g

	Second-instar larva
	1.70 ± 0.47e
	02.73 ± 0.78f
	02.30 ± 0.53f
	 02.90 ± 0.61f

	Third-instar larva
	02.87 ± 0.57d
	04.70 ± 0.84e
	04.77 ± 0.97e
	 04.67 ± 0.80e

	Fourth-instar larva
	03.13 ± 0.73c
	05.27 ± 0.94d
	06.10 ± 1.40d
	 06.47 ± 0.94d

	Fifth-instar larva
	04.63 ± 0.49b
	05.93 ± 0.91c
	07.10 ± 0.88c
	 07.83 ± 0.83c

	adult male
	
	04.97 ± 0.18a
	06.73 ± 1.01b
	07.83 ± 0.95b
	 10.07 ± 1.55b

	adult female
	 
	05.00a
	07.20 ± 0.66a
	08.73 ± 1.01a
	 12.33 ± 1.56a

	P
	
	0.001
	0.001
	0.001
	 0.001


* Values in the same column followed by different letters are statistically significant from one another at the 5% level (Fisher’s LSD test)
4- Discussion 
Predation gradually increased from the first to the final larval stage over time. Stages 1 and 2 had the lowest predation rates. This low predation rate could be explained by the fact that larvae at this stage have less developed predatory organs. Some larvae were often killed by attacks from adult P. decolorata. Indeed, the size of the predator relative to that of the prey is thought to be very important in capturing prey, as this species of Reduviidae uses its front legs to capture its prey before fully subduing it using its middle legs. Finally, the bite from its rostrum and the injection of its toxic saliva serve to paralyse the prey. The results of this study are consistent with those of Hema (2017), who reported that the low level of predation on the first three larval stages of Phonoctonus lutescens could be explained by the small size of their rostrum and body compared to the adults of Dysdercus voelkeri (Heteroptera: Pyrrhocoridae), which constitute their prey, thus making it difficult to capture and subdue these prey items. As for the other larval developmental stages (L3, L4, L5), they were found to be aggressive when subjected to P. decolorata for each time unit, with a fairly high bio-efficacy for stage 5. Indeed, stage 5 exhibits a level of aggressiveness that may be comparable to that of males in each species. This aggressiveness could be explained by the fact that, as stage 5 is the final stage of larval development, the larvae may need to accumulate a significant amount of energy to undergo the anatomical and physiological changes required to become adults. The results of the present study are consistent with those of Kwadjo et al. (2013), who reported the voracity and aggression of stage 5 R. albopilosus towards Tribolium castaneum. Indeed, these authors revealed that predation increases progressively from the first to the fifth larval stage. With regard to adults, this study showed that females are more aggressive than males. This high level of aggression in females is thought to be due to a high energy requirement and the accumulation of nutrient reserves essential for reproductive activities. These results are consistent with those of Sahayaraj (2014) and Ouattara (2015), who also showed that the aggression of adult females is greater than that of males. 

5. Conclusion
This study shows that predation efficiency depends on the larval stage of development. The significance of predation rates at these larval stages could open up prospects for biological control, particularly as the larvae do not fly because they lack wings. Their permanent presence on the plot could be an ideal asset for controlling the pest. Stage 5 is more aggressive than the other larval stages. This stage has a predation efficiency very similar to that of males. Females were more aggressive than males at the adult stage. A female can consume approximately 6 adult Podagrica decolorata in 24 hours. These results make Rhynocoris albopilosus a credible alternative to the use of chemical insecticides for the effective control of P. decolorata. It would therefore be advisable to test its effectiveness in a real-world setting with a view to biological control.
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