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Cacao is a promising high-value crop in the Philippines and is considered one of the key players globally in providing the raw materials for chocolate making. However, before the Philippines can take this market opportunity, production constraints from various pests should be addressed. The cacao pod borer (CPB), Conopomorpha cramerella, is one of the major insect pests of cacao in the Philippines, which can cause up to 50% annual loss or even higher if proper management is not employed. Management of CPB heavily relies on chemical control but is becoming unpopular because of its high cost and health risk to people and the environment. A number of efforts have been made to develop sex pheromones to monitor and control CPB. A field bioassay of the new blend of CPB sex pheromones was conducted in southern Philippines to determine its efficiency and identify the appropriate trap height placement in a cacao field, which is important in maximizing the efficiency of the sex pheromone traps for inclusion in the integrated pest management (IPM) program of CPB. Pheromone lures at four different trap heights (1.0 m, 0.5 m above the canopy, 0.0 m or along the canopy, and 0.5 m below the canopy) and a blank lure (control) placed 1.0 m above the canopy were evaluated in terms of male CPB trap catches. Results showed significantly higher male CPB trap catches when installed at least 0.5 m above the canopy while minimal to zero male CPB catches were obtained from the control traps with blank lures, confirming the attractiveness of the new blend of the CPB sex pheromone in the field. This suggests the reliability of the pheromone-based method to monitor and control CPB and as a major component of the IPM program.
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1 Introduction

Cacao is a promising high-value crop in the Philippines and was affirmed as such by legislation with provision for funding in Republic Act 7900 (Republic of the Philippines, 2010). Cacao plantations were reported in 1991 to occur in approximately 479,000 farms situated on a total area of 17,300 ha, most of which were backyard or smallholder plantations (Limbo, 2019). The latest statistics have indicated an average of 9.3% per annum growth in the production of cacao in the country from 2017 to 2021 (Philippine Statistics Authority, 2023). Annual production of cocoa beans recorded in 2021 was 10,000 mt, while the land area of production was approximately 31,500 ha.

Cacao growing in the Philippines is recently making a comeback because of increasing global demand for dried, fermented cacao beans. Global consumption of chocolate has been increasing 3% annually with new market demand growing steadily in Central Asia, Eastern Europe, India, and various states of the Russian Federation. In line with this, global cacao production is getting slimmer; thus, there is a need to promote more plantings of cacao. The government is actively promoting more planting of cacao to take the high market opportunity from this commodity. In lieu of the Philippine cacao roadmap (2016–2022) that aimed at a target production of 100,000 mt by the year 2022, cacao farmers would have needed to plant 50 million cacao trees in the last 7 years. Although this was not accomplished, this target can still be achieved since the potential expansion for cacao growing is huge just by utilizing the existing coconut plantations of approximately 2,000,000 ha.

Studies have shown that cacao is a highly suitable and profitable companion crop of coconut. It can give an additional income of between Php 60,000 and 80,000 from 500 to 600 cacao trees per hectare per year when intercropped with coconut, but before the Philippines can take this market opportunity, production constraints from insect pests and diseases should be addressed. The most important insect pests and diseases of cacao in the Philippines are cacao pod borer (CPB) [Conopomorpha cramerella (Snellen)], cacao mirid bug (CMB) [Helopeltis bakeri Poppius], black pod rot (BPR) caused by Phytopthora palmivora (Butl.), and vascular streak dieback (VSD) caused by Lasiodiplodia theobromae (Pat.) Griffon & Maubl. Both insects and BPR attack the pods while VSD attacks the vascular system of the tree. All of them can lead to significant decreases in production if their populations are not managed. Gavarra (1990) recorded 60%–80% infestation from CPB in Davao. There is no documented record on the possible percent infestation from CMB, but it can cause as high as 90% without control (personal observation, Cacao Demo Farm, Tiaong, Quezon). For BPR, Reinking (1923) recorded a range of infestation from 20% to 30% every year but can reach up to 90% with no control. Alicbusan (1935) observed a similar level of infestation from BPR. In 1990, Tandingan and Ampo reported approximately 49% infestation from VSD in Southern Mindanao (Tandingan et al., 1990).

Collectively, percent infestation from all these pests will surely lead to high annual losses in cacao production in the Philippines, impacting both the industry and the farmers. Farmers usually resort to the use of chemical control, but this is becoming unpopular because of the high cost and health risk to people and the environment. Alternatively, sleeving or bagging of pods with plastic is being used, but this is labor intensive. A new and innovative pest management approach that can incorporate an array of biologically based technologies (BBTs) to underpin effective IPM is needed.

The cacao community stakeholders during the International Cocoa Research Conference identified IPM as one of the components for the proposed Global Cocoa Programme, to improve profitability by increasing productivity, decreasing cost, while maintaining farm viability or stability in times of fluctuating prices. For instance, control strategies for CPB that were tried include pod sleeving (Vanhove et al., 2015); the use of biological control agents such as nematode (Steinernema carpocapsae) (Rosmana et al., 2013), Bacillus thuringiensis toxin (Santoso et al., 2004), and the fungus Beauveria bassiana (Vanhove et al., 2015); and the application of synthetic sex pheromone for mass trapping and mating disruption (Zhang et al., 2008).

Sex-pheromone-based control strategies have been important components of IPM systems owing to their nature as environment friendly regulators of insect behavior (Rizvi et al., 2021). Since they are species-specific, non-target organisms such as natural enemies and pollinators are not harmed. Except for closely related species, even incomplete synthetic pheromone blends usually only attract the target (Cardé and Haynes, 2004). The sex pheromone components of CPB were identified (Beevor et al., 1986) and field tested in Sabah, Malaysia, but were not widely used due to constraints on production. In 2004, new synthetic blends of the sex pheromones were re-evaluated in Malaysia and Indonesia and revealed that lures containing 100 µg placed in a delta trap was the most effective (Zhang et al., 2008). This result was supported by recent field trials in Indonesia where lures containing 100 µg of sex pheromone blend placed in traps 1.0 m above the canopy yielded the highest trap catches (Niogret et al., 2022)

The present study evaluated the potential of sex pheromone as a biological system to monitor and manage the population of CPB in the Philippines. Specifically, this study was conducted to determine the attractiveness of the new blend of CPB sex pheromone, re-evaluate the effect of trap height on the male CPB trap catches, and determine CPB seasonal abundance in southern Philippines.




2 Materials and methods



2.1 Study site

The first field evaluation for the optimization of the trap height was conducted in a 5,200-m2 plot within a 1-ha cacao plantation in Sirib, Calinan, Davao City, Philippines (7.1353° N, 125.4163° E) as the experimental area. The experimental area was divided into 15 subplots measuring 347 m2 per subplot to cover the experimental setup for five treatments with three replications. The field site was selected because of the high pest pressure from CPB. The selected site had 5-year-old cacao plants. The pest management regime in this cacao field site only included plastic sleeving and sanitation. No pesticide application was used since the field is included in the organic farming group in the area. The second field testing using the optimum trap height was performed in the same cacao plantation with a wider experimental area with two sites covering a total area of 9 ha.




2.2 CPB lure and trapping system

CPB lures were polyethylene vials (Just Plastic. Ltd) impregnated with 100 µg of the synthetic new pheromone blends that were obtained from the Invasive Insect Biocontrol and Behavior Laboratory in USDA-ARS, Beltsville, MD, USA. The lures contain a mixture of E,Z,Z- and E,E,Z-4,6,10-hexadecatrienyl acetates and their corresponding alcohols at a ratio of ~ 40:55:4:6 and an equal weight of 2,6-di-tert-butyl-4-methylphenol (BHT) as antioxidant (Vanhove et al., 2015). These lures were shipped to the Philippines in triple-sealed plastic bags. All lures were stored in a freezer until field testing. Deployment of the lures was done using delta traps (Trece Pherocon® VI) with sticky liners.




2.3 Experimental setup

For the assessment of the appropriate trap height, five treatments representing different trap heights were included: Treatment A (trap installed 1.0 m above the canopy), Treatment B (trap installed 0.5 m above the canopy), Treatment C (trap installed 0.0 m or along the canopy), Treatment D (trap installed 0.5 m below the canopy), and Treatment E (control; trap installed 1.0 m above the canopy but with blank CPB lure). The experiment was performed following a randomized complete block design (RCBD) with three replications. The sticky liners were collected and replaced every month for 12 months. The numbers of male CPB trapped in the sticky liners collected every month were counted and recorded separately. Delta traps were rotated every 3 months to avoid bias in the position of the traps (photographs of delta traps used are shown in Figure 1). Average count of male CPB trap catches per month was obtained and compared among treatments. For the second field trial, all traps were installed 0.5 m above the canopy. Collection was done every month for 5 months.




Figure 1 | (A) Empty delta trap with sticky liner, (B) delta trap with a pheromone lure showing male CPB trap catch, and (C) delta trap placed 1.0 m above the tree canopy.






2.4 Data analysis

Data were analyzed using IBM SPSS Statistics for Windows, version 20 (IBM Corp. Armonk, NY, USA). For the evaluation of the effect of trap height placement, insect count data from trap catches were log transformed and analyzed by ANOVA followed by post-hoc Tukey–Kramer test to determine differences among treatments.





3 Results

The average trap catches of male CPB per month from the treatments with varying trap height are shown in Figure 2. The male CPB trap catches were recorded the highest in the trap installed 0.5 m above the canopy but not significantly different from 1.0 m above the canopy for all the monthly sampling dates (Figure 2) and overall trap catches per height (Table 1). The average trap catches for the different treatments were recorded in the following order: 0.5 m above the canopy, 1.0 m above the canopy, 0.5 m below the canopy, and 0.0 m or along the canopy. No male CPB was recovered in the control treatment except in February, August, and September 2018 but only one individual in one of the traps was captured. Additionally, the monthly male CPB trap catches showed the seasonal abundance pattern of CPB in the field. Two peaks of population were recorded (Figure 2). The highest peak was recorded in October and a second but lower peak was recorded in April.




Figure 2 | Cacao pod borer (CPB) average trap catches for 12 months at different heights, Sirib, Calinan, Davao City, Philippines, 2018–2019 (Amalin et al., 2020).




Table 1 | Overall average cacao pod borer (CPB) trap catches for the different treatments, Sirib, Calinan, Davao City, Philippines, 2018–2019 (Amalin et al., 2020).



Using the optimum trap height obtained from the first field trial, pheromone activity evaluation in the 9-ha cacao field likewise showed attractiveness of the sex pheromone lure as compared to the blank lures. Male CPB trap catches during the 5-month trapping period also affirm the seasonal abundance observed during the first field trial; the highest trap catch was observed in April 2021, which eventually decreased until July (Figure 3).




Figure 3 | Cacao pod borer (CPB) average trap catches for 5 months (March–July 2021) using traps placed 0.5 m above the tree canopy, Sirib, Calinan, Davao City, Philippines.






4 Discussion

This study showed that the new blend of the synthetic CPB sex pheromones was effective in attracting male CPB in the Philippines. In both field trials, traps baited with sex pheromones attracted large numbers of male CPB while traps with blank lures baited minimal numbers, which can be considered as transient visit and not attraction, since there was no load of pheromone blend in the control lure. Similar attractiveness was observed in Sabah and peninsular Malaysia and in Sumatra and Sulawesi, Indonesia (Zhang et al., 2008; Vanhove et al., 2015; Niogret et al., 2022). The high male CPB trap catches in at least 0.5 m above the canopy confirm that the mating flight behavior of CPB is similar to other moth species. Mating in most moth species occurs when the alluring scent of a female causes a male moth to fly in search of a potential partner and usually mating flight for moth species occurs at dusk (Browne et al., 1969; Kan et al., 2002).

Our result suggests that 0.5 m above the canopy could be the most appropriate placement of the pheromone traps in the cacao field. This reaffirms the earliest report on optimum height placement that has been used in different field trials that followed (Ho et al., 1987). This variation in trap catch as affected by trap position was also supported by the behavior of CPB in the field. It was observed that female CPB prefers to rest higher in the canopy (Niogret et al., 2019), which might result in a higher concentration of sex pheromones above the canopy. As a result, male CPB may have adapted to fly above the canopy in search of the females for mating.

The seasonal abundance pattern of CPB in the field using the monthly male CPB trap catches showed two peaks of population (Figure 2). This abundance pattern coincided with the two harvest seasons per year of cacao. CPB preferred to oviposit on a 3-month-old pod (Ali et al., 2005), which usually occurs from October to November and April to May during the fruit development phase of the cacao plant in the primary peak season and the secondary peak season, respectively. The seasonal abundance was also observed in the second larger field trial in which the highest trap catches were observed in April, which decreased until July. However, average CPB trap catches were lower than those observed during the same period in 2018, which may due to differences in environmental conditions, among other factors.

Weather patterns can affect the behavior of insects. Rainfall, in particular, has been found to be one of two major disturbances that can affect CPB behavior during the quiescent period (Niogret et al., 2019). Based on the modified Coronas classification that groups regions into four climatic types based on average rainfall distribution, the Davao region is classified under Type IV (Iguchi et al., 2018). This climate type is characterized by an even distribution of rainfall throughout the year. This suggests, therefore, that the observed seasonal abundance in the CPB population is likely due to the harvest season rather than rainfall distribution. Nevertheless, further research is necessary to fully elucidate the effects of environmental factors on the behavior of CPB in the field.

The seasonal abundance pattern of male CPB obtained from this study suggests the potential of the sex pheromone trap as a monitoring tool for CPB, which can be the basis for pest management response to CPB. In addition, this trapping system can also significantly contribute in controlling insect population due to the relatively high trap catch of male CPB in the field. A female CPB can produce approximately 60 to 200 eggs on cacao pods, which eventually develop into larvae that burrow into and feed on the pulp (Azhar and Long, 1996; Santoso et al., 2004). Trapping limits the number of mating pairs, which will effectively reduce subsequent populations. Large-scale mass trapping studies (>200 ha) showed that synthetic sex pheromones significantly reduced pod damage due to CPB infestation (Beevor et al., 1993). A follow-up study is underway to verify these results and also to determine the optimum number of traps for 1 ha of cacao farm.




5 Conclusion

Results from this study showed the suitability of the use of pheromone as a component of the pest management program for CPB. The significantly higher male CPB trap catches in the trap with lures loaded with the new CPB pheromone blend compared to the minimal to zero catches in control traps with blank lures showed the attractiveness of the CPB sex pheromone in the field. Determination of the correct height of the CPB trapping tool of at least 0.5 m above the canopy is valuable in maximizing the efficiency of the sex pheromone traps in monitoring and controlling CPB. Additionally, the data on seasonal abundance showed the importance of this pheromone-based method in monitoring and potentially for mass trapping of CPB. These data will help farmers in deciding when would be the proper time to deploy other management strategies. Incorporation with other strategies will allow a more sustainable and efficient IPM system. Further research on the determination of the length of time of the efficacy of the lures in the field and the optimum number of traps in a 1-ha cacao field is needed to maximize or capitalize on the inclusion of the pheromone-based method in the IPM program for CPB in the Philippines. 
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