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Abstract 
To clarify the green and efficient control technology of Fruit Flies (Bactrocera 
spp.) in pitaya orchards, this study systematically investigated four categories 
of control measures: physical, chemical, agronomic, and ecological, and ana-
lyzed their effects on fruit fly population, infested fruit rate, and orchard mi-
croenvironment. The results showed that physical high-temperature burning 
combined with sticky traps and lure traps could rapidly kill eggs, larvae, and 
pupae in the soil, reducing the infested fruit rate by 85.71% compared with the 
control, featuring both green safety and rapid efficacy. Chemical pesticide 
spraying exhibited a significant inhibitory effect on adults, decreasing the 
number of adults trapped by lure bottles by 77.53% with a long residual effect. 
The combined application of physical and chemical measures achieved both 
rapid and long-lasting control. Biodegradable film mulching significantly re-
duced soil surface temperature and destroyed the habitat of fruit flies, lower-
ing the trap catch by up to 63.58%. Bagging young fruits blocked oviposition 
at the source and reduced the infested fruit rate by 88.41%, making it the pre-
ferred control method in production. Drip irrigation and low-level sprinkler 
irrigation increased orchard humidity and favored fruit fly infestation, requir-
ing supporting control measures. Night supplementary lighting improved 
trapping efficiency but tended to aggravate insect aggregation, so it was rec-
ommended to be used in conjunction with film mulching. For ecological con-
trol, intercropping loofah with pitaya could construct an ecological barrier of 
“repellence + trapping”. Free-range poultry in orchards achieved a fruit fly 
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reduction rate of 34.62% - 61.29% and reduced pesticide costs by 1710 - 2925 
CNY/ha. The study confirmed that single control measures had limitations, 
and the coordinated integration of physical, chemical, agronomic, and ecolog-
ical measures could realize the green and efficient control of fruit flies, provid-
ing technical support for pesticide reduction, quality improvement, and green 
high-quality development of the pitaya industry. 
 

Keywords 
Pitaya, Fruit Fly (Bactrocera spp.), Green Control, Fruit Quality, Integrated 
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1. Introduction 

Pitaya (Hylocereus spp.) is an important economic fruit in tropical and subtropi-
cal regions. Large-scale cultivation has been established in China, playing a key 
role in promoting rural revitalization and the high-quality development of tropi-
cal agriculture [1] [2]. With the expansion of cultivation area and intensification 
of production, pests and diseases have become a bottleneck restricting the indus-
try [3]-[5]. In particular, fruit flies have developed into a devastating pest and a 
quarantine target for import and export trade [2] [6]-[8]. 

Fruit flies (Bactrocera spp.) is characterized by rapid reproduction, weak dis-
persal ability, and overlapping generations, and exhibit strong host preference for 
pitaya [9] [10]. Outbreaks frequently occur, leading to yield losses of 30% - 60% 
or even total crop failure, resulting in complete loss of commercial value. This 
severely damages farmers’ income and restricts industrial development, represent-
ing a grim situation [10]-[12]. 

At present, conventional chemical insecticides dominate fruit fly management. 
However, since larvae bore into fruit tissues, insecticides can hardly reach the tar-
get, leading to unsatisfactory control efficacy [12]. The revised Regulations on 
Pesticide Administration in 2022 explicitly prohibits the use of highly toxic and 
extremely toxic pesticides in fruit and vegetable production [9]. Illegal abuse of 
pesticides may cause excessive residues, induce pest resistance, form a vicious cy-
cle, and damage the ecological environment [1] [6] [13] [14]. Although traditional 
physical and agricultural control measures are environmentally friendly, they are 
labor-intensive, limited in coverage and inefficient [15] [16]. 

Given the urgent demand for high-quality, green and safe pitaya products and the 
prominent contradiction between fruit fly damage and control difficulties, the pop-
ularization of green prevention and control technologies is imperative [12] [16] 
[17]. Green control should be centered on ecological regulation, integrating physi-
cal, chemical attract-and-kill strategies, biological agents and other comprehensive 
measures. Effectively reducing pest population density and damage, avoiding pesti-
cide residues, and achieving improved control efficiency and fruit quality are critical 
for production [2] [12] [16] [18] [19]. This study focuses on green control technol-
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ogies against fruit flies in pitaya, aiming to provide theoretical and practical refer-
ences for alleviating fruit fly damage, improving fruit quality, and promoting the 
high-quality development of the pitaya industry. 

2. Materials and Methods 
2.1. Observation of Fruit Fly Life History and Damage to Pitaya 

Combined with planting experience, the morphological characteristics and behav-
ioral rhythms of fruit flies were observed and described, and the damage of fruit 
flies to pitaya during the maturation period was investigated [4] [5] [9]. 

2.2. Physical and Chemical Control 
2.2.1. Physical Control 
Physical control treatment (Tphysical): A liquefied gas flame spray gun was used 
to spray flame at 800˚C - 1000˚C, avoiding the basal stems and roots of pitaya 
plants. The flame was swept rapidly across the soil surface for 0.5 - 1.0 s to in-
stantly burn weeds, insect eggs, and pathogens on the surface without tillage. The 
treatment was applied twice at 15-day intervals. 

Subsequently, yellow double-sided sticky traps (25 cm × 20 cm) were hung in 
the middle of pitaya rows, with the lower edge 70 - 80 cm above the ground (one 
trap per row). One lure bottle containing 2.00 mL of methyl eugenol attractant 
was hung at each end of the rows, 80 - 100 cm above the ground. 

2.2.2. Chemical Control 
Chemical control treatment (Tchemical): Low-toxicity insecticides were sprayed 
during the peak activity period of adult fruit flies (after 18:30). The insecticides in-
cluded 18% abamectin EC (1500-fold dilution), 0.5% emamectin benzoate EC 
(1000-fold dilution), 25% deltamethrin EC (3000-fold dilution), 10% lambda-
cyhalothrin EW (1500-fold dilution), and 50% cyromazine WP (3000-fold dilution). 

The pesticides were evenly sprayed on the canopy and fruit surfaces, applied 
three times consecutively at 5-day intervals to avoid phytotoxicity. 

Soil surface temperature (˚C) was measured at 0 s, 30 s, 90 s, and 180 s, and soil 
moisture (%) at 3 cm below the surface was measured at 0 h, 4 h, 12 h, and 24 h 
for physical control, chemical control, and control (Control) groups, with five row 
replications. 

2.2.3. Fruit Fly Population Counting 
One yellow double-sided sticky trap was placed in the middle of each experimental 
row (20 plants per row), and one lure bottle was hung at each end, with five rep-
lications per treatment. The total number of trapped fruit flies was recorded on 
the 16th day. 

2.2.4. Calculation of Infested Fruit Rate and Larval Count 
Five fruits per plant and five plants per treatment were randomly harvested. In-
fested fruit rate (%) = (number of infested fruits/total number of surveyed fruits) 
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× 100. Infested fruits were dissected to count the number of fruit fly larvae. 

2.3. Irrigation Control 

Low-level sprinkler irrigation treatment: Micro-sprinklers were installed between 
rows, 25.00 cm above the ground with a spacing of 60.00 cm. 

Drip irrigation treatment: Drippers were placed near plant roots with a spacing 
of 15.00 cm. 

Equal and uniform irrigation was applied daily at 10:00 - 12:00 and 17:00 - 
18:00, respectively. The control group received no irrigation. The counting method 
in 1.2.3 was repeated. 

2.4. Mulching Control 

Mulching treatment (Tcover): Black PBAT/PCA biodegradable film was laid be-
tween rows, with basal stems exposed to avoid growth inhibition. The control 
group (Control) received no mulching. 

From the 2nd day after mulching, soil surface temperature was measured at 
6:00, 9:00, 12:00, and 18:00 every other day, with five measurements in total. The 
counting method in 1.2.3 was repeated. 

2.5. Supplementary Lighting Control 

Supplementary lighting treatment: Night supplementary lighting (20:00 - 04:00) 
was applied 5 - 6 days after pitaya flowering, with 250 - 300 lx light irradiating the 
middle and lower parts of fruiting branches. The control group received no light-
ing. The counting method in 1.2.3 was repeated. 

2.6. Bagging Control 

Bagging treatment (Tbag): Young fruits were bagged with sterilized non-woven in-
sect-proof bags (15 cm × 20 cm) and tightly tied 3 - 5 days after flowering. The control 
group (CK) received no bagging. The methods in 1.2.3 and 1.2.4 were repeated. 

2.7. Intercropping Experiment 

Three experimental treatments were set: pitaya intercropped with loofah, loofah 
monoculture, and pitaya monoculture, with conventional cultivation manage-
ment. The counting method in 1.2.3 was repeated. 

2.8. Free-Range Poultry Experiment in Orchards 

Based on surveys in major producing areas such as Guangxi, Guangdong, Hainan, 
and Yunnan, free-range poultry treatment and control groups were established. 
The counting method in 1.2.3 was repeated (Table 1). 

2.9. Data Analysis 

Data analysis and visualization were performed using SAS 9.0 (Duncan’s multiple 
range test, p = 0.01) and GraphPad Prism 9 software. 
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Table 1. Control of fruit flies by free-range poultry in pitaya orchards. 

Location Chicken (ind./667m2) Duck (ind./667m2) Goose (ind./667m2) 

Long’an 675 225 0 

Mashan 675 225 0 

Shanglin 675 225 0 

Zhuhai 750 225 0 

Luoding 750 225 0 

Ledong 750 150 75 

Sanya 675 150 75 

Xishuangbanna 675 225 0 

3. Results and Analysis 
3.1. Life History of Fruit Fly and Damage to Pitaya 

Fruit flies are devastating pests of pitaya, with a wide suitable temperature range (8˚C 
- 33˚C) and complete metamorphosis (egg → larva → pupa → adult) [3] [4] [9]. Their 
life cycle is extremely short (about 10 days), with larvae pupating in the soil and adults 
emerging to lay eggs again, showing obvious overlapping generations. Indoor culture 
experiments showed that adults lived 33 - 37 days at 24˚C - 27˚C. Adults preferred 
cool, low-light, humid, and weedy environments, with weak dispersal ability and 
concentrated damage distribution, leading to high control difficulty [9] [10]. 
 

 
(a)-(b), (j) Oviposition damage by adult flies; (c) (d): Larval feeding in pulp; (e)-(h): Symp-
tomatic fruits; (i) Adult flies feeding on pulp; (k) Adult fruit fly; (l) Healthy fruit. 

Figure 1. Symptoms of pitaya infested by Fruit Flies (Bactrocera spp.). 
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Fruit flies were highly sensitive to the color and aroma of mature pitaya fruits, 
exhibiting obvious host preference and taxis. Female adults laid eggs under the 
pitaya peel; after hatching, larvae directly bored into and fed on the pulp. Mean-
while, adults also fed on the pulp and laid eggs, severely reducing yield and com-
modity value and causing significant economic losses [4]-[6] (Figure 1). 

3.2. Effects of Physical and Chemical Control 

1) Soil surface temperature: The control group remained stable at about 25˚C 
with gentle fluctuation. The physical treatment surged to 300˚C at 0 s and dropped 
to 27.6˚C at 180 s, showing sharp heating and rapid cooling. The chemical treat-
ment maintained 21˚C - 25˚C with stable change, consistent with the trend of 
control (Figure 2). 

2) Soil moisture: At 0 h, the control group was 86.8%, the physical treatment was 
only 54%, and the chemical treatment reached 98.8%. At 24 h, the three groups re-
bounded to 90.4%, 96.8%, and 94.6%, respectively. The physical treatment signifi-
cantly reduced moisture in the early stage and gradually recovered later; the chemical 
treatment had high moisture, similar to the control (Figure 2, Figure 3). 
 

 

Figure 2. Soil surface temperature under different treatments 
(Duncan’s analysis, P = 0.01). 

 

 

Figure 3. Soil moisture under different treatments (Duncan’s 
analysis, P = 0.01). 
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3) Adult trapping showed that the physical treatment with sticky traps and the 
chemical treatment decreased by 51.73% and 63.97% compared with the control, 
respectively; the lure trap catches decreased by 65.17% and 77.53%, respectively, 
with significant differences. 

4) The infested fruit rate of the physical and chemical treatments decreased by 
85.71% and 78.57% compared with the control, respectively, with the physical 
treatment being superior; the number of larvae decreased significantly by 93.59% 
and 92.31%, respectively (Table 2, Figure 4). 

Physical high temperature can rapidly increase soil temperature and reduce mois-
ture, efficiently killing fruit fly eggs, larvae, and pupae in the soil with strong rapid 
control efficacy [16] [19], but it significantly affects soil moisture and requires strict  
 

Table 2. Effects of physical and chemical control on fruit fly population and infested fruit rate in pitaya (Duncan’s analysis, P = 0.01). 

Treatment 
Adult population (individuals) Infested fruit rate 

(%) 
Larval population (individu-

als) Sticky trap Lure bottle 

Tphysical 36.20 ± 5.72 B 24.80 ± 5.40 B 8 5 

Tchemical 27.02 ± 4.97 C 16.00 ± 2.74 C 12 6 

Control 75.00 ± 4.47 A 71.20 ± 10.33 A 56 78 

 

 

Figure 4. Trapping of fruit flies (Bactrocera spp.) (a) Sticky trap; 
(b) Lure bottle; (c) Trapped fruit flies. 
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control of treatment duration. Chemical treatment has mild effects on temperature 
and humidity, close to the natural state, and pesticides can continuously inhibit ovi-
position and hatching with a long residual effect [16], but long-term single use tends 
to induce resistance. Both treatments can effectively block the life cycle of fruit flies 
and significantly reduce adult population, infested fruit rate, and larval density [19]. 
The physical treatment performs better in controlling infested fruit rate, while the 
chemical treatment is more effective in inhibiting adults. In summary, physical high 
temperature is suitable for emergency killing during fruit fly outbreaks, and chemi-
cal treatment is suitable for routine prevention; their combined application achieves 
rapid control and prolonged residual effect, balancing control efficacy and crop 
safety, supporting the green and efficient control of Fruit Flies (Bactrocera spp.) in 
pitaya. 

3.3. Effects of Irrigation Management Control 

Sticky trap monitoring showed that the catches of low-level sprinkler irrigation 
and drip irrigation treatments were 135.00 ± 8.51 and 122.60 ± 5.64 individuals, 
respectively, significantly increasing by 34.20% and 21.87% compared with the 
control (100.60 ± 13.28 individuals), with significant differences between treat-
ments. 

Lure trap monitoring showed that the catches of low-level sprinkler irrigation 
and drip irrigation were 61.40 ± 7.86 and 53.20 ± 6.83 individuals, respectively, 
increasing by 64.17% and 42.25% compared with the control (37.40 ± 5.55 indi-
viduals), with no significant difference between irrigation treatments. 

Drip irrigation and low-level sprinkler irrigation are key technical measures for 
high-quality and efficient pitaya cultivation, and their field application directly 
affects orchard microclimate and fruit fly occurrence dynamics. Fruit flies prefer 
humid microenvironments; irrigation increases soil and air humidity in orchards, 
providing favorable conditions for adult habitat, oviposition, and larval pupation 
[17] [21], thereby significantly increasing population size, with low-level sprinkler 
irrigation showing a more obvious promoting effect. 

Neither drip nor low-level sprinkler irrigation has direct insecticidal effect and 
cannot achieve effective control. In production, they need to be combined with 
other measures to improve comprehensive control efficacy. 

3.4. Effects of Mulching Measures Control 

Film mulching significantly reduced soil surface temperature in pitaya orchards 
and optimized the orchard microenvironment. Sticky trap and lure trap monitor-
ing showed that the number of trapped Fruit Flies (Bactrocera spp.) in the mulch-
ing treatment (17.40 ± 4.04 and 12.60 ± 2.07) decreased significantly by 44.59% 
and 63.58% compared with the control, with extremely significant control efficacy 
(Figure 5). 

The mechanism is that film mulching changes soil surface temperature, inhibits 
weed growth, destroys the suitable habitat of fruit flies, and blocks the develop-
ment of their life cycle, thus effectively reducing the population density of fruit 
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flies in orchards. 
 

 

Figure 5. Comparison of soil surface temperature under film 
mulching (Duncan’s analysis, P = 0.01). 

3.5. Effects of Supplementary Lighting Measures Control 

Sticky trap monitoring showed that the total insect catch and fruit fly catch in 
the supplementary lighting treatment (183.8 ± 22.72 and 68.8 ± 12.46) in-
creased significantly by 143.77% and 156.72% compared with the control, re-
spectively. 

Lure trap monitoring showed that the total insect catch and fruit fly catch in 
the supplementary lighting treatment (145 ± 25.64 and 87.6 ± 17.8) increased sig-
nificantly by 223.66% and 461.54% compared with the control, respectively. 

Supplementary lighting has dual positive and negative effects: the positive effect 
is that it prolongs adult activity time, interferes with their life cycle, changes fruit 
maturation rhythm, significantly enhances the aggregation taxis of fruit flies, and 
greatly improves trapping efficiency; the negative effect is that the environment 
created by supplementary lighting is more conducive to adult activity, which will 
sharply increase the population density in the orchard in a short time and aggra-
vate damage without supporting control measures (Figure 6). 
 

 

Figure 6. Light supplemental measures in pitaya plantations. 
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3.6. Effects of Bagging Measures Control 

The infested fruit rate of the bagging treatment (6.4%) decreased extremely sig-
nificantly by 88.41% compared with the control (55.20%); the number of insect 
holes (11) decreased extremely significantly by 97.42% compared with the control 
(426) (Figure 7). 

In terms of fruit quality, the average single fruit weight of the bagging treat-
ment (218.92 g) decreased extremely significantly by 16.09% compared with the 
control (260.92 g), but it improved fruit uniformity and comprehensive quality 
(Figure 8). 
 

 

Figure 7. Comparison of fruit fly damage control 
by fruit bagging (Duncan’s analysis, P = 0.01). 

 

 

Figure 8. Comparison of fruit weight under 
bagging control (Duncan’s analysis, P = 0.01). 

 
Bagging blocks fruit fly oviposition through physical isolation, controls damage 

at the source, and reduces pesticide use [18] [20]. Overall, it is an efficient measure 
balancing control efficacy and commodity value. 
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3.7. Correlation Analysis 

Correlation analysis of parameters in physical and chemical control treatments 
showed extremely significant positive correlations among temperatures during 
monitoring periods (r = 0.807 - 0.996) and among moistures (r = 0.971 - 0.991); 
temperature and moisture showed an overall extremely significant negative cor-
relation (r = −0.816 - −0.978). 

Moisture at 24 h was extremely significantly negatively correlated with sticky 
trap catch, lure trap catch, infested fruit number, and larval number. 

Under film mulching, temperatures during different monitoring periods were 
highly correlated, with an extremely significant positive correlation between 6 h 
and 12 h (r = 0.951**) and an extremely significant negative correlation with 4 h 
(r = −0.934**). Temperature was extremely significantly correlated with sticky 
trap catch and lure trap catch (r = 0.831**, r = 0.960**), showing a significant 
effect on fruit fly trapping. 

Total insect catch was extremely significantly positively correlated with fruit fly 
number (r = 0.870**, r = 0.825**), which could accurately reflect the population 
dynamics of Fruit Flies (Bactrocera spp.). Infested fruit number was extremely 
significantly positively correlated with insect hole number (r = 0.860**), and both 
infested fruit number and insect hole number were extremely significantly posi-
tively correlated with fruit weight (r = 0.450**, r = 0.633**), indicating a close 
correlation between fruit fly damage degree and fruit weight. 

3.8. Effects of Intercropping Experiment 

Sticky trap and lure trap monitoring showed consistent results: the total insect catch 
and fruit fly catch in the pitaya-loofah intercropping treatment increased extremely 
significantly by 109.24%, 143.73% and 105.19%, 81.27% compared with the control, 
respectively; the loofah monoculture treatment decreased extremely significantly by 
14.85%, 47.67% and 22.22%, 59.36% compared with the control, respectively. 

Pitaya-loofah intercropping provides habitat and feeding sites for fruit flies and 
can be used as a supporting trapping measure [21] [22]; loofah monoculture re-
duces field population density by releasing repellent substances [21]. The combi-
nation of the two forms a “repellence + trapping” control system, effectively im-
proving the control efficiency of Fruit Flies (Bactrocera spp.). 

3.9. Effects of Free-Range Poultry Experiment in Orchards 

Free-range poultry in pitaya orchards significantly reduced infestation and pesti-
cide costs compared with the control. The fruit fly reduction rate in the free-range 
poultry group was 34.62% - 61.29%, the adult trapping reduction rate was 33.33% 
- 46.97%, and pesticide costs were reduced by 1710 - 2925 CNY/ha, with a positive 
correlation between control efficacy and cost-saving range (Table 3). 

The effects of pesticide reduction and efficiency improvement were more sig-
nificant in tropical and subtropical producing areas, indicating that this model has 
good promotion value in the green control of pitaya. 
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Table 3. Analysis results of experiments on poultry raising (T) vs. conventional planting (CK) in pitaya orchards. 

Experimental Site 
Reduction Rate of  

Pest-infested Fruits in  
T vs. CK, % 

Reduction Rate of Trapped  
Adult Insects in T vs. CK, % 

Pesticide Cost Reduction in  
T vs. CK, CNY/ha 

Long’an 55.56 33.37 2475 

Mashan 58.33 39.71 1710 

Shanglin 61.29 46.97 2835 

Zhuhai 40.62 38.81 2100 

Luoding 55.17 44.48 1950 

Ledong 54.54 33.33 2925 

Sanya 34.62 34.33 2925 

Xishuangbanna 43.75 38.71 1800 

4. Discussion 

Fruit Flies (Bactrocera spp.) are devastating quarantine pests in pitaya production, 
characterized by short life cycle, overlapping generations, strong fecundity, pref-
erence for cool and humid environments, and strong taxis to mature fruits, easily 
causing serious economic losses [4] [5] [8] [9] [15]. 

This study showed that both physical and chemical control could significantly 
suppress insect population and reduce infested fruit rate, but with different char-
acteristics [13] [14] [18]. Physical high-temperature burning rapidly kills soil-
dwelling insect stages without residue or resistance, meeting green production re-
quirements [13] [18], but it greatly affects soil moisture and requires strict control 
of operation duration. Chemical pesticides have outstanding inhibitory effects on 
adults with long residual effect, suitable for emergency supplementary control 
[13] [14], but long-term single use tends to induce resistance and pesticide resi-
dues. Their combined use achieves complementarity of rapid and long-lasting ef-
fects, enhancing comprehensive control efficacy. Agronomic measures indirectly 
regulate fruit fly occurrence by altering the orchard microenvironment [19] [21]. 
Drip irrigation and low-level sprinkler irrigation increase orchard humidity and 
favor fruit fly habitat and reproduction [17] [21], requiring matching measures 
such as trapping and film mulching to reduce negative impacts. Biodegradable 
film mulching reduces soil surface temperature, inhibits weeds, and blocks fruit 
fly pupation and eclosion, with stable and environmentally friendly control effi-
cacy. Night supplementary lighting interferes with fruit fly life cycle and improves 
trapping and monitoring efficiency but tends to aggravate insect aggregation in 
the short term, so it is suitable for combined use with film mulching for tempera-
ture control. Bagging physically blocks oviposition at the source, greatly reduces 
infested fruit rate, and improves fruit commodity quality [18] [20], making it the 
preferred control measure in production. Ecological control has good application 
potential [19] [21]. Pitaya-loofah intercropping can form an ecological barrier of 
“repellence + trapping” and free-range poultry in orchards can prey on pests and 
reduce pesticide costs [21] with both ecological and economic benefits [22]. 
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In conclusion, single measures have limitations, and the coordinated integra-
tion of physical, chemical, agronomic, and ecological measures is the key to achiev-
ing green and efficient control of Fruit Flies (Bactrocera spp.) [17] [19] [23]. Fu-
ture research should optimize the combination model to promote the green de-
velopment of the pitaya industry. 

5. Conclusion 

This study clarified the control effects of various measures on Fruit Flies (Bac-
trocera spp.) in pitaya. Physical and chemical control both achieve efficient insect 
control, with the former being green and rapid and the latter suitable for emer-
gency use; their combined application yields the optimal effect. Irrigation im-
proves trapping efficiency and plant insect resistance but requires supporting con-
trol measures; biodegradable film mulching destroys fruit fly habitat with green 
and high efficiency. Supplementary lighting assists monitoring, and its combina-
tion with film mulching reduces negative impacts. Young fruit bagging is the pre-
ferred measure, significantly reducing infested fruit rate and improving commod-
ity quality. Loofah intercropping constructs an ecological control system, and free-
range poultry in orchards realizes biological control, cost saving, and efficiency 
improvement. In production, multiple measures should be integrated to establish 
a coordinated green control system, effectively controlling damage, reducing pes-
ticides, improving quality, and supporting the green and high-quality develop-
ment of the pitaya industry. 
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