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 The oriental fruit fly, Bactrocera dorsalis Hendel, is one of the most problematic 

tephritid fruit flies and an agriculturally-important pest due to the severe damages 
caused in commercial fruits such as mango (Mangifera indica L.). The species is 

known to be able to develop eggs in different stage of ripening fruits. Therefore, this 

study is aimed to determine the ovipositional preference of B. dorsalis on different 
ripening stages of Chokanan mango. Fertilized B. dorsalis female flies were exposed to 

three different Chokanan mango ripening stages (i.e unripe, ripe and fully-ripe) for 24 

hrs in no-choice and choice experiments. Results in the no-choice experiment showed 
that was no significant difference (P>0.05) on the puparia recovery among the three 

ripening stages. However, a high number of pupae were recovered from fully-ripe fruits 

(27.60±8.87 pupae) followed by ripe (18.20±7.59 pupae) and unripe fruits (4.60±3.03 
pupae). Various parameters such as adult emergence, the percentage of adult 

emergence, and male and female emergence also showed no significant difference  
(P>0.05) among the stages. In choice experiment, the results were recorded similar with 

no-choice experiment in which there was no significant difference (P>0.05) of the 

number of pupae among the three ripening stages but relatively more pupae were 
recovered from fully-ripe fruits (35.8±28.5 pupae) compared to ripe (28.0±16.9 pupae) 

and unripe fruits (13.2±5.54 pupae). The adult emergence, percentage of adult 

emergence, and male and female emergence also showed no significant difference  
(P>0.05) among the stages. In conclusion, this study shows that a fully-ripe Chokanan 

fruit was relatively preferred by B. dorsalis females to oviposit eggs whilst unripe fruit 

stage was the least preferred. This finding may enhance the management control 
practices of B. dorsalis by the farmers.  

 

INTRODUCTION 

 

Ovipositional preference of Bactrocera fruit flies such as oriental fruit fly, Bactrocera dorsalis (Diptera: 

Tephritidae) has been widely studied in insect-plant interaction context. This behaviour is crucial as the females 

of B. dorsalis need to determine the most suitable host to lay their eggs in order to ensure the maximum 
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development of their offspring and the larvae is provided with enough essential nutrients. The determination of 

the suitable host is normally based on the physical characters of the fruit such as fruit hardness, fruit firmness, 

fruit chewiness and gumminess (Am et al., 2017) whilst the odour, colour and the degree of fruit ripeness also 

contribute to the ovipositional preference of fruit fly (Rattanapun, 2009). The stage of ripening in the fruit 

provides the required choice for female flies to find the site at the time of oviposition (Ratna et al., 2016). 

According to Messina and Jones (1990), fruit firmness and the degree of fruit ripeness is considered to be a 

likely indicator of host quality for female flies. Rattanapun (2009) stated that the host fruit ripening stage affects 

the physical and chemical traits of the host plant. During ripening, fruits change in its attributes such as colour, 

tissue firmness, volatile aroma production, starch accumulation and in terms of quantities of other organic 

compounds (Yashoda et al., 2007).  

The females of B. dorsalis are usually attracted to oviposit eggs into ripe fruit (Vargas et al., 1995). For 

example, about 32% of B. dorsalis females preferred ripe guavas (Ratna et al., 2016) whilst Mohd Noor et al. 

(2011) showed that B. dorsalis females were significantly attracted to ripe guava more than mature guava. It was 

believed that the ripened fruit is more suitable for larval development which allows easier penetration of 

ovipositor as the firmness is comparatively less than the  unripe fruit (Yashoda et al., 2007). However, a small 

number of B. dorsalis can also oviposit eggs into unripe fruits (Rattanapun et al., 2009).  

The influence of different ripening stages of two Thailand mango varieties (Namdorkmai and Oakrong) on 

the preference and performance of B. dorsalis was intensively studied by Rattanapun (2009). However, the 

ovipositional preference of B. dorsalis on local Malaysian mango variety, particularly Chokanan, is yet to be 

studied. Chokanan (MA224) is a sweet mango variety which is one of the highly demanded mango varieties at 

local and international levels and is widely planted in Malaysia as well as mostly exported to other countries 

(FAMA, 2014).  A deeper understanding of ovipositional preference of the fruit fly can lead to better 

implementation of the management strategies to control fruit fly infestation in cropping systems. Therefore, 

prevention controls method can be applied earlier which in turn reduce the rate of loss to the farmers. This study 

is aimed to determine the ovipositional preference by recording the offspring parameters of B. dorsalis on three 

different ripening stages of Chokanan mango in the laboratory. 

 

MATERIALS AND METHODS 

 

Adults of Bactrocera dorsalis:  

The adults of B. dorsalis used in this experiment were obtained from the fly colonies cultured (fifth 

generation) and maintained in the laboratory. Fifty pairs of newly emerged B. dorsalis adults from the stock 

culture were sexed and released into a new adult rearing cage (30 x 30 x 30 cm). The adults were fed with water 

soaked on sponge and sugar cubes with mixture of yeast extract and sugar at ratio 3:1. Female adults of 21-days-

old were only used in the experiment as this is the optimum age for them to oviposit eggs (Rattanapun, 2009; 

Walker et al., 1997).   

 

Fruit Host: 

Three different ripening stages of Chokanan mango were used to determine the offspring of B. dorsalis. The 

fruit stages were labelled as unripe (UR) with hard and dark-green colour, ripe (R) with light green-yellow 

colour and fully-ripe (FR) with totally yellow in colour (Figure 1). The fruits were obtained from Chokanan 

mango orchard located in Bukit Changgang Agro Technology Park, Banting, Selangor (2°50'51.85"N 

101°37'34.03"E).  

 

 
 

Fig. 1: Chokanan mango at different ripening stages. UR- Unripe, R- Ripe and FR- Fully ripe 
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Each fruit, representing the three different stages, were placed in a bag individually with fruit bagging (at 

the time of fruit set) in order to ensure that the fruit is protected from wild fruit flies and meet the needed criteria. 

The orchard is free from any pesticide treatments during the collection of fruit samples. Unripe fruits were 

collected at seven weeks after fruit set while ripe fruits were collected at 13 weeks after fruit set. Another set of 

ripe fruits were left to fully ripe (3-4 days) i.e., fully-ripe stage on the shelf in the laboratory. The collected fruits 

were packed in plastic containers and brought to the laboratory where they were individually washed and 

labelled according to their stages.  

 

Fruit Characteristics: 

The characteristics of different mango ripening stages were determined by the following parameters such as 

diameter, Total Soluble Solids (TSS) and firmness determination. For diameter measurement, all fruits sampled 

(10 fruits from every stage) for every treatment was individually measured by using Mitutuyo Vernier Caliper. 

The means of measurement of the fruits were recorded. 

The same sample fruits were tested for Total Soluble Solids (TSS = °Brix). The TSS of the mango flesh was 

determined from the juice of the squeezed fresh fruit samples using a digital pocket refractometer Pal – 1. Two 

drops of juice sample were applied to the measuring surface of the prism. The results recorded in °Brix were 

displayed on the LCD panel. The test was repeated thrice for every sample of a fruit. 

The firmness was measured in equatorial position of fruit using penetrometer with 5 mm diameter stainless 

steel probe. The sample fruits of each stage were horizontally sliced with 15.0 mm thickness at the middle part. 

The readings were noted down at three different points on each sample fruit and averaged for the fruit. The 

firmness of the fruit, in Newton (N), was based on the maximum value recorded by the probe while passing 

through the fruit to a depth of 10 mm.  

 

No-Choice Experiment: 

Fruits that belong to each ripening stage (unripe, ripe and fully-ripe) were placed individually in a round 

and transparent plastic container (24 x 10 cm). The lid of the plastic containers was cut in the middle and 

replaced with muslin cloth for ventilation. A small hole was perforated on the container side so that a space is 

created for releasing a fly. A pair of flies, from established rearing cage, was released into each observation 

container through the hole before it was covered with a sponge. It was believed that the presence of males can 

impact female oviposition behaviour (Prokopy et al., 1999). The flies were fed with water soaked on sponge, 

sugar cubes and mixture of yeast extract and sugar at the ratio, 3:1.  

The flies and the fruit were left in the container for 24 hours. After 24 hours of the exposure period, fruits 

were removed and placed individually in separate plastic containers containing sterilized and fine vermiculite 

and incubated for 14 days until all larvae had pupated. The recovered pupae from each fruit were counted and 

then transferred into small plastic cups for adult emergence. The offspring parameters recorded were; 1) number 

of pupae formed, 2) number of adults emerged, 3) percentage of adults emergence and 4) sex ratio male to 

female adults. 

 

Choice Experiment: 

Three mango fruits at different ripening stage (unripe, ripe and fully-ripe) were placed together in a rearing 

cage (30 x 30 x 30 cm) at a distance of 10 cm each. One pair of flies was released at the centre of the cage from 

established rearing cage. The fly was fed with water soaked on sponge, sugar cubes and mixture of yeast extract 

and sugar at the ratio of 3:1. The flies were exposed to fruits for 24 hours whereas the fruits were removed and 

placed individually in separate plastic containers containing sterilized and fine vermiculite and incubated for 14 

days until all larvae had pupated. The offspring parameters recorded were same as in no-choice experiment.  

All the experiments (no-choice and choice) were repeated for five times and were conducted under 

laboratory conditions (28 ± 2
o
C, 60-70% RH, 12:12 h L:D). 

 

Data Analysis: 

The collected data with regards to the number of pupae, number of adults emerged, percentage of adults 

emergence, ratio of male and female adults, diameter, TSS and firmness obtained were subjected to One-Way 

of Analysis of Variance (ANOVA) for comparison. Means were separated with Tukey’s Range (HSD) Test at 

0.05 level of significance. All the data analyses were performed using MINITAB
®
17 software (2017). 

 

RESULTS AND DISCUSSION 
 

The offspring of B. dorsalis from three ripening mango stages under no-choice experiment was displayed 

in Table 1. The recovered Puparia showed no significant difference (P>0.05) among the three ripening stages. 

However, the number of pupae recovered was found to be relatively higher in fully-ripe fruits (27.60±8.87 

pupae) followed by ripe (18.20±7.59 pupae) and unripe fruits (4.60±3.03 pupae). The parameters such as adult 
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emergence, percentage of adult emergence, and male and female emergence also showed no significant 

difference (P>0.05) among the fruit ripening stages.  However, B. dorsalis adult emergence and percentage of 

adult emergence were found to be higher in fully-ripened fruits compared to ripe and unripe fruits. 

Whilst, the results in choice experiment of B. dorsalis offspring on three different ripening stages of mango 

found to be similar with no-choice experiment in which there is no significant difference (P>0.05) among the 

three fruit stages, but more pupae were recovered from fully-ripened fruits (35.8±28.5 pupae) followed by ripe 

fruits (28.0±16.9 pupae) and unripe fruits (13.2±5.54 pupae) (Table 2). The other parameters, particularly, adult 

emergence, percentage of adult emergence, and male and female emergence also showed no significant 

difference (P>0.05) among the different three ripening stages which was similar with the results of no-choice 

experiment. But it has to be noted that the percentage of adult emergence is higher in unripe fruits (52.7±21.9%) 

compared to ripe fruit (42.3±17.4%) but lower than fully-ripe fruits (58.0±16.1%). 
 

Table 1: Biological parameters of B. dorsalis resulted from oviposition on different mango ripening stages under no-choice experiment. 

Mango Stage Pupae Formed Adults emerged Percent emergence 
(%) 

Sex Ratio (%) 

Male Female 

 

Unripe 4.60±3.03a 4.20±2.69a 37.3±23.0a 22.3±13.8a 17.7±11.0a 

Ripe 18.20±7.59a 17.00±15.80a 56.2±23.0a 28.1±12.2a 31.9±13.6a 

Fully ripe 27.60±8.87a 23.60±8.97a 72.6±12.9a 46.81±5.85a 53.19±5.85a 

Means with same letters within columns were not significantly different (P>0.05) by Tukey’s (HSD) test 

 

Table 2: Biological parameters of B. dorsalis resulted from oviposition on different mango ripening stages under choice experiment. 

Mango Stage Pupae Formed Adults emerged Percent emergence 

(%) 

Sex Ratio (%) 

Male Female 

 

Unripe 13.2±5.54a 11.6±5.0a 52.7±21.9a 30.7±12.8a 29.3±12.3a 

Ripe 28.0±16.9a 20.6±13.1a 42.3±17.4a 30.8±14.0a 29.2±13.4a 

Fully ripe 35.8±28.5a 27.0±21.0a 58.0±16.1a 52.0±15.9a 28.0±11.6a 

Means with same letters within columns were not significantly different (P>0.05) by Tukey’s (HSD)  

 

The findings in no-choice and choice experiments showed that B. dorsalis females oviposit eggs in all fruit 

stages and no significant results of fruit fly offspring were recorded among the stages. However, it has to be 

noted that the fully-ripe fruit is relatively preferred by B. dorsalis females to lay eggs based on the number of 

pupae extracted from the fruits which was found to be slightly higher in fully-ripe stage compared to ripe and 

unripe fruit stages. The results are in agreement with Diatta et al. (2013) and Rattanapun (2009) in which the 

researchers recorded that more pupae of B. dorsalis were counted in fully-ripe mango fruits compared to unripe 

and ripe fruits. Similarly, Mohd Noor (2011) found that the number of B. dorsalis larvae obtained was the 

highest in mature fruits. Thus, Nurul Nisa A Amin (2015) and Ratna et al. (2016) also found that the highest 

percentage of oviposition of B. dorsalis occurred on the ripe fruits.  

Fruit characteristics may influence the ovipositional preference of B. dorsalis as shown in Table 3. It was 

noted that the diameter of mangoes was significantly different (P<0.05) among the three ripening stages i.e., it 

is growing  bigger in size when the fruit is maturing. The result is in line with Mohd Noor et al. (2011) in which 

they found that more larvae were obtained from bigger and mature fruits. According to the study conducted by 

Wang et al. (2009), the bigger sizes of mature fruits provide more spaces for the fruit flies larvae to grow and 

develop. Furthermore, the larger host fruit size is highly preferred by female fruit flies than smaller host fruits 

because the extra food is available for development of larva (Papaj and Messing, 1996).  

 
Table 3: Mango characteristics at three ripening stages. 

Mango Stage Diameter (cm) 

 

TSS (°Brix) Firmness (N)  

Unripe 19.38±0.64a 5.99±0.40a 67.14±4.38a 

Ripe 21.90±0.23b 11.91±0.16b 58.27±0.92a 

Fully ripe 
 

24.26±0.47c 19.70±0.44c 3.64±0.36b 

Means with same letters within columns were not significantly different (P>0.05) by Tukey’s (HSD) test 

 

In addition, there was a significant difference (P<0.05) found in TSS among the three different stages 

where the TSS content was recorded significantly the highest in fully-ripe fruits (19.70±0.44 ºBrix) compared to 

ripe fruits (11.91±0.16 ºBrix) and unripe fruits (5.99±0.40 ºBrix). This indicates that the fruit gets sweetened as 

it ripens and higher TSS (Brix) is a more suitable condition for the larvae development (Rattanapun, 2009). In 

this study, the highest pupae were obtained from fully-ripe fruit followed by ripe and unripe fruit in both 

experiments. 

It is also obvious that the mangoes’ firmness got declined significantly (P<0.05) with ripening process from 

67.14±4.38 N in unripe fruit which dropped to 3.64±0.36 N in fully-ripe fruit (Table 3). Thus, the least number 

of pupae were obtained from unripe fruit stage compared to other stages. This result is in line with Ambele et al. 
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(2012) who found that the least number of B. dorsalis pupae was recorded on Keith mango variety in choice and 

no-choice experiments since the variety had thickest skin and highest firmness value. Similarly, Am et al. 

(2017) recorded that the fruits which have less hardness and firmness has higher infestation and highly preferred 

for oviposition. According to Pena et al. (1998), softer flesh and pulp in mature fruits help the larvae to move 

easily while feeding as well as allowing easier penetration of ovipositor into the fruit (Yashoda et al., 2007).  

Although our results showed that there was no significant difference of B. dorsalis pupae recovered among 

Chokanan mango ripening stages, the differences of ripening fruit stages might have influenced the decision 

making of female flies to oviposit the eggs in the most suitable host fruit stage for optimum development of her 

offspring and in this case, the fully-ripe fruit recorded higher pupae than ripe and unripe fruit (Table 1 and 

Table 2). However, the ability of B. dorsalis female to oviposit eggs in unripe Chokanan mango fruit and the 

success rate of adult emergence up to 37% in no-choice experiment and 53% in choice experiment indicated 

that the unripe fruit of this particular variety was able to provide suitable nutrient to support B. dorsalis 

offspring’s growth and development. As reported by Rattanapun (2009), B. dorsalis female is physiologically 

capable of utilizing green fruit (unripe stage), but it highly prefers to oviposit in ripe and fully-ripe mango in 

laboratory conditions as larval performance is better in such fruit. Therefore, it is suggested that the farmers 

should prevent infestation of fruit flies on fruits by fruit bagging or fruit wrapping at an earlier stage instead of 

mature and ripe stage of mangoes. According to Vargas et al. (2015), wrapping individual fruits is proven as an 

effective method to prevent fruit infestation by fruit flies. 

 

Conclusions and Future Work: 
Bactrocera dorsalis has been a widely studied species in the world but relatively less studied in Malaysian 

context, particularly with regards to its ovipositional preference on Mango. This study shows that among the 

three ripening Chokanan mango stages, the fully-ripe fruit was relatively preferred by B. dorsalis females to 

oviposit eggs, followed by ripe fruits whilst the unripe fruit was the least preferred. It was noted that the number 

of pupae obtained increased when the fruit diameter is bigger, ºBrix of TSS is higher and the firmness is 

decreased when mangoes entered another stage of maturation. This indicated that the fully-ripe stages showed 

more susceptibility in fruit characteristics for the optimum development of B. dorsalis offspring. However, B. 

dorsalis was proved to be able to oviposit and develop into unripe fruits. Therefore in order to enhance the fruit 

fly control management practices, the farmers should bag or wrap their fruits in the field at a younger stage to 

ensure the fruit is well protected from fruit flies at the beginning itself. The bagging process should be done on 

very young aged fruits (particularly for Chokanan mangoes) which at this stage, the fruits are still in infective 

stage and the bagging must continue until harvest. As a future work, it is suggested that the study should be 

conducted by comparing the B. dorsalis ovipositional preference with other local fruit varieties, as this species 

is very aggressive and has been reported infesting about 209 hosts across 51 plant families (Clarke et al., 2005). 

Besides that, the intensive study should also include the study of B. dorsalis ovipositional behaviour in both 

laboratory and field conditions in order to obtain a comprehensive data on its host stage preferences. It is hoped 

that the results from the study could enhance the knowledge of the behaviour of B. dorsalis in order to develop 

better monitoring and management control practices. 
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