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Abstract  

The Mediterranean fruit fly (MFF) Ceratitis capitata 

(Wiedemann) (Diptera: Tephritidae) is considered the most 

economically important pest attacking many fruit hosts. The present 

study was conducted under field conditions of a mandarin (Citrus 

reticulata Blanco) orchard in Dakahlia Governorate, Egypt aiming to 

evaluate di-ammonium hydrogen phosphate as an olfactory attractant for 

adults of MFF and evaluate its efficiency as an enhancer for the 

commercial product of the protein-based bait (Buminal). The obtained 

results showed that the efficiency of di-ammonium hydrogen phosphate 

as an attractant to MFF adults increased as its concentration increased 

till it reached the range between 3.0 and 3.5%, and then its efficiency 

decreased with the increase in concentration. The statistical relationship 

between the concentrations of di-ammonium hydrogen phosphate and its 

efficiency as an attractant to MFF was evaluated. Concentrations of di-

ammonium hydrogen phosphate attracted females obviously more than 

males. On another hand, adding di-ammonium hydrogen phosphate with 

concentrations of 1 and 2% to Buminal increased its efficiency as an 

attractant to MFF adults with 1.46 and 2.86 folds of the efficiency of 

Buminal alone. 
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Introduction 

Citrus fruits host many pests 

worldwide and fruit flies of the family 

Tephritidae are of these pests (Onah et al., 

2015). Tephritid fruit flies are recognized 

as major insect pests in horticultural and 

vegetable orchards causing large losses of 

fruits (Allwood, 1997). The Mediterranean 

fruit fly (MFF), Ceratitis capitata 

(Wiedemann) (Diptera: Tephritidae) is 

considered one of the most economically 

important pests attacking many fruit hosts 

(Liquido et al., 1991 and Ghanim and 

Moustafa, 2009). It is one of the quarantine 

important pest species because of its 

extensive damage to a wide range of 

cultivated and wild fruit and vegetable 

crops (FAO and IAEA, 2013). The larvae 

of MFF devour into the fruits’ pulp causing 

great damage and making fruits 

unfavorable for exportation or marketing 

(White and Elson-Harris, 1992 and Borge 

and Basedow, 1997). According to Sayed et 

al. (1970), Pena et al. (1998), Ghanim and 
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Moustafa (2009) and Papadopoulos et al. 

(2015) reported that MFF causes 

considerable damage in many fruit species. 

As a result of the lack of an effective 

female attractant; several studies had been 

done to examine some odors as lures for 

attracting female of fruit flies such as 

ammonium compounds. According to 

Moustafa and Ghanim (2008), Ghanim et 

al. (2014), Ghanim (2018), Ghanim and El-

Metwally (2019) and Ghanim et al. (2021); 

ammonium compounds play significant 

roles in attracting tephritid fruit flies.  

Where Piñero et al. (2011) 

mentioned that ammonia-releasing 

substances could be developed as effective 

synthetic food-based lures for fruit flies; 

however, females of tephritid flies require 

protein sources for egg production and 

ammonia plays a role in locating protein-

food sources (Piñero et al., 2015 and 2017). 

Also, ammonium compounds could be used 

for enhancing some protein-based baits for 

attracting adults of MFF and Bactrocera 

zonata (Saunders) (Hemeida et al., 2017; 

El-Metwally, 2017 and Ghanim and El-

Metwally, 2019). While Ragab and 

Youssef (2021) and Ghanim et al. (2021) 

used ammonium compounds (i.e. 

Ammonium acetate and di-ammonium 

hydrogen phosphate) to activate each other 

(As attractants for MFF and B. zonata) by 

mixing them together at different ratios of 

each. 

The present study is aimed to 

evaluate di-ammonium hydrogen 

phosphate as an olfactory attractant for 

adults of MFF at different concentrations in 

addition to evaluating it as an enhancer for 

the commercial product of the protein-

based bait (Buminal) to increase its 

attractiveness to adults of MFF under field 

conditions. 

Materials and methods 

1. Chemicals:

Di-ammonium hydrogen phosphate 

((NH4)2HPO4) was obtained from Edwic 

Company, Egypt. Buminal (39.78%) was 

obtained from Horticultural Insect Pests 

Research Department, Plant Protection 

Research Institute.  

2. Di-ammonium hydrogen phosphate as

olfactory attractant for the 

Mediterranean fruit fly: 

Di-ammonium hydrogen phosphate 

was tested as olfactory attractants for MFF, 

C. capitata under field conditions of 

mandarin (Citrus reticulata Blanco) 

orchard (about 5 feddans = 21000 m2) 

located at Mansoura district, Dakahlia 

governorate, Egypt (the experimental farm 

of Faculty of Agriculture, Mansoura 

University). The four concentrations 1, 2, 3 

(which is the recommended concentration) 

and 5% as w: v of di-ammonium hydrogen 

phosphate: water was used inside the 

modified Nadel traps that were described 

by Hanafy et al. (2001) during the period 

from the 13th till 28th of October 2022.  

Each concentration of di-

ammonium hydrogen phosphate (250 ml) 

was put in one trap and repeated four times. 

Traps were distributed in a completely 

randomized design in the previously 

mentioned orchard and hung in a shaded 

place of the trees at a height of about 1.5 

meters from the ground on the trees within 

the wind direction. To prevent interference 

among the traps, there had to be at least 20 

meters between each pair of hanging traps. 

Every 3 days (As an interval 

period), traps were inspected over a period 

of 15 days by filtering the solutions from 

MFF adults and returned to the traps again 

without renewing the solution. Captured 

MFF females and males were counted and 

recorded as calculated FTD values 

(Captured flies /trap/day). 

Ghanim et al., 2023 



118 
 

3. Enhancement of protein-based bait by 

di-ammonium hydrogen phosphate to 

attract Mediterranean fruit fly: 

Buminal (The commercial product 

of the protein-based bait as hydrolyzed 

protein 39.78%) was prepared at the 

concentration of 5% (v/v) by diluting with 

distilled water. The mixture of di-

ammonium hydrogen phosphate and 

Buminal 5% was prepared. Each one liter 

of Buminal 5% was mixed with 10 g of di-

ammonium hydrogen phosphate to obtain 

1% (w/v) or mixed with 20 g to obtain 2% 

concentration. The prepared mixtures were 

compared with Buminal 5% alone as a 

positive control. Each mixture (250 ml) was 

put inside the modified Nadel traps and 

repeated four times. 

In the previously mentioned 

mandarin orchard, experiments were 

carried out during the period from the 24th 

of November to 9th of December 2022. The 

prepared traps were distributed in the 

orchard as previously mentioned. After 

hanging the traps, they were checked every 

three days (as an interval period) for a total 

of 15 days. As indicated before, both male 

and female caught files were counted and 

recovered. 

4. Statistical analysis: 

One-way ANOVA was used to 

analyze the obtained data followed by the 

least significant difference (L.S.D) at a 

probability level of 5%. In addition, 

regression analysis was performed. CoHort 

Software (2004) was used to perform all 

analyses. 

Results and discussion  

1. Di-ammonium hydrogen phosphate as 

olfactory attractant for Mediterranean 

fruit fly: 

Data represented in Table (1) 

showed that the highest activity of 0.5, 3 

and 5% concentrations of di-ammonium 

hydrogen phosphate was recorded after 12 

days (FTDs were 1.08±0.42, 5.99±0.94 and 

1.83±0.33, respectively); while the highest 

activity of 1 and 2% concentrations of di-

ammonium hydrogen phosphate was 

recorded after 9 and 15 days (FTDs were 

1.33±0.47 and 0.94±0.19). On another 

hand, the highest activity of di-ammonium 

hydrogen phosphate after 9, 12 and 15 days 

were recorded at the concentration of 3%. 
Table (1): Efficiency of di-ammonium hydrogen phosphate concentrations (Conc.) as attractants for 

Mediterranean fruit fly adults during 15 days in mandarin orchard. 

Conc. 
FTD after (In days) 

LSD(P=5%) 
3 6 9 12 15 

0.5% 0.25±0.16 0.41±0.31 0.90±0.31 1.08±0.42 0.66±0.47 0.53 

1% 0.00±0.00 0.00±0.00 1.33±0.47 1.25±0.31 0.25±0.16 0.39 

2% 0.17±0.09 0.17±0.09 0.17±0.09 0.33±0.00 0.94±0.19 0.25 

3% 0.17±0.09 0.17±0.09 5.66±0.81 5.99±0.94 2.75±0.50 0.92 

5% 0.17±0.09 0.25±0.16 0.41±0.20 1.83±0.33 1.41±0.41 0.48 

LSD(P=5%) 0.24 0.30 0.73 0.76 0.56 0.80 

Figure (1) shows the general means of 

attracting MFF to di-ammonium hydrogen 

phosphate concentrations all over 15 days. 

This figure showed that the concentration of 

3% was the significantly highest effective 

concentration as an attractant for MFF adults, 

while the significantly lowest concentration 

was of 2%. The concentrations of 0.5, 1 and 

5% showed moderate ranks as attractants for 

MFF adults. 
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Figure (1): General mean of attracted MFF adults (as FTDs) to di-ammonium hydrogen phosphate 

concentrations during 15 days in mandarin orchard (Columns had the same letters did not differ at the 

significantly of 5%). 

The relationship between the 

concentrations of di-ammonium hydrogen 

phosphate and its efficiency as an attractant 

to MFF was illustrated in Figure (2). As 

shown in this figure, it can be noticed that the 

efficiency of di-ammonium hydrogen 

phosphate increased as its concentration 

increased till it reached the range between 3.0 

and 3.5%. After that the efficiency of di-

ammonium hydrogen phosphate as an 

attractant to MFF decreased with the increase 

of its concentration. 

The statistical relationship between 

the concentrations of di-ammonium 

hydrogen phosphate and its efficiency as 

attractant to MFF was evaluated as follow: 
FTD = -0.23 C2 + 1.42 C – 0.42 

 
Figure (2): The relationship between the concentrations of di-ammonium hydrogen phosphate and its efficiency 

as attractant to Mediterranean fruit fly in mandarin orchard. 

Sex ratios of the attracted MFF adults 

to the tested concentrations of di-ammonium 

hydrogen phosphate were evaluated and 

illustrated in Figure (3). The highest number 

of females per one male was recorded with a 

concentration 5% (9.12 females/one male) 

followed by the di-ammonium hydrogen 

phosphate concentration of 1% (8.00 

females). The general mean sex ratio in all of 

the tested di-ammonium hydrogen phosphate 

concentrations reached 5.57 females per one 

male. 
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Figure (3): Sex ratios of the attracted Mediterranean fruit fly adults to the tested concentrations of di-

ammonium hydrogen phosphate in mandarin orchard.    

As shown in Figure (4), the efficiency 

of all the tested di-ammonium hydrogen 

phosphate concentrations increased by the 

passed time; however, each passed day 

increased the attracted MFF adults (As 

FTDs) by 0.05, 0.06, 0.06, 0.37 and 0.14 

individuals when used 0.5, 1, 2, 3 and 5% 

concentrations of di-ammonium hydrogen 

phosphate, respectively. So, the relative 

stability showed that a 3% concentration of 

di-ammonium hydrogen phosphate was the 

most effective concentration to attract MFF 

adults. 

 

Figure (4): Stability of the tested concentrations of di-ammonium hydrogen phosphate as attractants for 

Mediterranean fruit fly adults against time all over 15 days in mandarin orchard. 

2. Enhancement of protein-based bait by 

di-ammonium hydrogen phosphate to 

attract Mediterranean fruit fly: 

Data represented in Figure (5) shows 

that adding di-ammonium hydrogen 

phosphate 1% to the food attractant (Buminal 

5%) increased its efficiency as an attractant 

to MFF by 5.76 times more than Buminal 

alone after three days of hanging the traps. At 

all of the other inspections (6, 9, 12 and 15 

days) there were no significant differences 

between adding di-ammonium hydrogen 

phosphate 1% to Buminal and Buminal 

alone. When adding di-ammonium hydrogen 

phosphate 2% to Buminal, it increased 

Buminal’s efficiency as an attractant to MFF 

by 8.74, 5.55, 1.78, 2.55 and 1.61 times in 

comparison with Buminal alone after 3, 6, 9, 

12 and 15 days of hanging traps, respectively.
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Figure (5): Enhancement of protein-based bait (Buminal) by using 1 and 2% concentrations of di-ammonium 

hydrogen phosphate to attract Mediterranean fruit fly all over 15 days in mandarin orchard. 

As general, adding di-ammonium 

hydrogen phosphate with concentrations of 1 

and 2% to Buminal increased its efficiency as 

an attractant to MFF adults with 1.46 and 

2.86 folds of the efficiency of Buminal alone 

all over the tested period (Figure 6). 

 
Figure(6): Mean FTDs of attracted Mediterranean fruit fly to protein-based bait (Buminal) alone or enhanced 

with 1 and 2% concentrations of di-ammonium hydrogen phosphate all over the tested period (15 days) in 

mandarin orchard (Columns had the same letters did not differ at the significantly of 5%). 

Figure (7) shows that Buminal alone 

or enhanced with di-ammonium hydrogen 

phosphate 1% were more stable against the 

passed time after hanging traps; however, 

each passed day increased their efficiency as 

attractants to MFF by 0.11 and 0.02 adults per 

trap per day. With respect to Buminal which 

was enhanced with di-ammonium hydrogen 

phosphate 2%, it was relatively less stable 

against the passed time; however, each 

passed day decreased the recorded FTDs of 

MFF by 0.02 adults. 

 
Figure (7): Stability of Buminal alone or enhanced with di-ammonium hydrogen phosphate 1 and 2% as 

attractants for MFF adults against time all over 15 days in mandarin orchard. 
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Nitrogen sources dietary has a very 

strong influence on the behavior and 

physiology of fruit flies (Hemeida et al., 2017 

and Ghanim and El-Metwally, 2019). 

According to the role of ammonia in fruit fly 

attraction, we can increase the efficiency of 

fruit fly attractants by changing the 

formulations of variety of baits including 

ammonia such as ammonium acetate has 

been shown to be the most attractive 

component of food attractant (Biolure) for 

MFF (Leblanc et al., 2010). Also, Ghanim 

(2018) reported significant effects of adding 

ammonium acetate and di-ammonium 

hydrogen phosphate to GF-120; however, 

there were significant positive relationships 

obtained between relative amounts of 

ammonium compounds in the bait and the 

numbers of attracted Bactrocera dorsalis 

(Hendel) (Diptera: Tephritidae), B. zonata 

and MFF. The production of ammonia 

because of protein bacterial degradation was 

correlated with increases in bait efficiency as 

an attractant to females of fruit flies 

(Bateman and Morton, 1981). As well as low 

attractiveness of proteinaceous baits to MFF 

was associated with low release rates of 

ammonia and vice versa (Mazor, 2009). The 

range of attractiveness of fruit flies to 

ammonia-based compounds is very narrow, 

while the range of repellence is much wider 

(Bateman and Morton, 1981 and Mazor et al., 

2002). The present results showed that di-

ammonium hydrogen phosphate exhibited a 

good efficiency in attracting MFF at 

concentrations ranging between 3.0 and 

3.5%. The lower efficiency of lower 

concentrations is probably due to their lower 

attractiveness to MFF adults; while, the lower 

efficiency of higher concentrations may be 

due to their repellent action to MFF adults. 

Similar results were obtained by 

Ragab and Youssef (2021) who reported that 

di-ammonium hydrogen phosphate at its 

concentration of 3% was superior to its 

concentrations in attracting MFF in guava 

and mandarin orchards. While Abd El-

Kareim et al. (2008) and Ghanim et al. (2021) 

found that di-ammonium hydrogen 

phosphate at its concentrations of 1 and 2% 

were superior of its concentrations in 

attracting B. zonata under field conditions. In 

another hand, adding di-ammonium 

hydrogen phosphate with a concentration of 

2% to the commercially protein-based bait of 

Buminal significantly increased Buminal’s 

efficiency as an attractant for MFF adults. 

Similar results were reported by 

Ghanim and El-Metwally (2019) that adding 

di-ammonium hydrogen phosphate at its 

concentrations of 2 and 3% to Buminal 

significantly increased its efficiency as an 

attractant to MFF under field conditions. 

Also, El-Metwally (2017) and Ghanim 

(2018) found that the insecticidal bait (GF-

120; which  considered a protein-based bait) 

can be enhanced by di-ammonium hydrogen 

phosphate with a concentration of 2% to 

increase its efficiency as an attractant to B. 

zonata and MFF. Hemeida et al. (2017) 

reported that when added di-ammonium 

hydrogen phosphate (3%) to the 

commercially protein-based baits of Buminal 

(5%) with a ratio of 1:1 significantly 

increased its efficiency as attractants for B. 

zonata adults from 3.4 to 6.8 times. 

The attractants affected the sexes 

similarly in terms of relative responses (Yee, 

2007). Epsky et al. (2014) and Piñero et al. 

(2015) explained the importance of proteins 

for fruit flies females to complete egg 

maturation; so, this indicated the main cause 

for the strong attraction of females to the 

protein-based baits. These may support the 

present results which showed that all 

concentrations of di-ammonium hydrogen 

phosphate tended to catch MFF females more 

than males. A similar conclusion was 

obtained by Yee (2007), Moustafa and 

Ghanim (2008), El-Abbassi et al. (2017), 

Ghanim (2018) and Ghanim et al. (2021); 

they reported that various ammonium 
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compounds attracted higher numbers of 

females of fruit flies than males. Piñero et al. 

(2015) explained that adding ammonium 

compounds to a variety of protein baits and 

materials enhanced a response of MFF 

females more than males. 

On the contrary, the present results 

revealed that the efficiency of all 

concentrations of di-ammonium hydrogen 

phosphate increased as attractants for MFF 

adults by the passed time over 15 days of the 

experiment. Also, the results of Abd El-

Kareim et al. (2008), Moustafa and Ghanim 

(2008), Ghanim et al. (2014) and Ghanim et 

al. (2021) came in the trend of the present 

one. However, they noted that the efficiency 

of ammonium compounds in attracting fruit 

flies increased as time passed. On the other 

hand, Ghanim et al. (2014) reported that the 

efficiency of ammonium acetate was less 

effective for the tephritid, Carpomya 

incompleta (Becker) (Diptera: Tephritidae) 

decreased by the passed time in Saudi Arabia. 

The difference between these results and the 

present may be attributed to the variation of 

fruit fly species and/or climatic factors. 

References 

Abd El-Kareim, A.I.; Shanab, L.M. ; El-

Naggar, E.E.  and Ghanim, N.M.  

(2008): Response of peach fruit fly, 

Bactrocera zonata (Saunders) 

(Diptera: Tephritidae) to some 

ammonium compounds as olfactory 

stimulants. J. Agric. Sci. Mansoura 

Univ., 33 (12): 8965-8973. 

Allwood, A.J. (1997): Control strategies for 

fruit flies (Family: Tephritidae) in the 

south Pacific. Proceedings on the 

Management of Fruit Flies in the 

Pacific. pp: 171-178. 

Bateman, M.A. and Morton, T.C.  (1981): 

The importance of ammonia in 

proteinaceous attractants for fruit 

flies (Family, Tephritidae). 

Australian J. Agric. Res., 32: 883–

903. 

Borge, M.N. and Basedow, T.  (1997): A 

survey on the occurrence and flight 

period of fruit fly species (Diptera: 

Tephritidae) in a fruit growing area in 

southwest Nicaragua. Bull. Ent. Res., 

87: 405–412. 

CoHort Software (2004): CoStat. 

www.cohort.com Montery, 

California, USA. 

El-Abbassi, T.S.; Makkar, A.W.; El-

Metwally, M.M.  and Ghanim, 

N.M.  (2017): Field evaluation of 

some ammonium compounds when 

used at different combination ratios 

on attracting med fly adults, Ceratitis 

capitata (Wied.) in citrus orchards. 

Bull. Ent. Soc. Egypt, 43: 131-145. 

El-Metwally, M.M. (2017): Enhancing the 

attraction efficiency of GF-120 for 

the Mediterranean fruit fly, Ceratitis 

capitata (Wied.) by adding some 

ammonium compounds. J. Plant Prot. 

And Path., Mansoura Univ., 8 (11): 

541–547. 

Epsky, N.D.; Kendra, P.E.  and Schnell, 

E.Q.  (2014): History and 

development of foodbased 

attractants, pp. 75–118. In T. Shelly, 

N. Epsky, E.B. Jang, J. Reyes-Flores 

and R.I. Vargas (eds.), Trapping and 

the detection, control, and regulation 

of tephritid fruit flies: lures, area-

wide programs, and trade 

implications. Springer, Netherlands. 

FAO and IAEA (2013): Updated 

Mediterranean fruit fly global 

distribution map-stories, NAFA. 

http://www-

naweb.iaea.org/nafa/news/2013-

medflyglobal-map.html. 

Ghanim, N.M. (2018): Improving the 

efficiency of GF-120 baits in 

attracting Bactrocera zonata by 

adding ammonium compounds with 

particular emphasis on pH level. 

Ghanim et al., 2023 



124 
 

International Journal of Entomology, 

1(1): 1-16. 

Ghanim, N.M. and El-Metwally, M.M.  

(2019): Relationship between 

hidrogenionic potential (pH) of 

protein-based baits and attraction of 

the Mediterranean fruit fly, Ceratitis 

capitata (Wiedemann). Acta 

Phytopathol. et Entomol. Hung., 54 

(1): 99–112. doi: 

10.1556/038.54.2019.009. 

Ghanim, N.M. and Moustafa, S.A.  (2009): 

Flight activity of Mediterranean fruit 

fly, Ceratitis capitata (Wiedemann) 

in response to temperature degrees 

and relative humidity at Dakahlia 

governorate. Bull. Ent. Soc. Egypt, 

86: 209-221. 

Ghanim, N.M.; Abdel-Baky, N.F.; Al-

Doghairi, M.A.  and Fouly, A.H.  

(2014): Evaluation of some 

ammonium compounds as olfactory 

stimulants for zizyphus fruit fly, 

Carpomya incompleta (Diptera: 

Tephritidae), in Christ's thorn 

orchards at Qassim, Saudi Arabia. J. 

Plant Prot. and Path., Mansoura 

Univ., 5 (4): 367-377. 

Ghanim, N.M.; El-Sharkawy, R.A.  and 

El-Baradey, W.M.M.  (2021): 

Influence of mixing ammonium 

acetate and di-ammonium phosphate 

on their attraction to the peach fruit 

fly Bactrocera zonata (Diptera: 

Tephritidae) under field conditions. 

Egypt. J. Plant Prot. Res. Inst., 4 (2): 

230–239. 

Hanafy, A.H.; Awad, A.I.  and Abo-

Sheasha, M.  (2001): Field 

evaluation of different compounds for 

attracting adults of peach fruit fly, 

Bactrocera zonata (Saunders) and 

Mediterranean fruit fly, Ceratitis 

capitata (Wied.) in guava orchards . 

J. Agric. Sci. Mansoura Univ., (7): 

4537-4546. 

Hemeida, I.A.; Ghanim, N.M. ; EL-

Shabrawy, H.A.  and Metwaa, B.M.  

(2017): Enhancement of some 

protein-based baits for attracting 

Bactrocera zonata (Diptera: 

Tephritidae) by adding ammonium 

compounds. Egypt. Acad. J. Biol. 

Sci., 10(6): 153–166. 

Leblanc, L.; Vargas, R.I.  and Rubinoff, D.  

(2010): Attraction of Ceratitis 

capitata (Diptera: Tephritidae) and 

endemic and introduced nontarget 

insects to Biolure bait and its 

individual components in Hawaii. 

Environ. Entomol., 39: 989–998. 

Liquido, N.J.; Shinoda, A. and 

Cunningham, R.T.  (1991): Host 

plants of the Mediterranean fruit fly 

(Diptera: Tephritidae) on annotated 

world review. Misc Publications  

Entomol. Soci. America.  

Miscellaneous Publications, No. 77. 

Mazor, M. (2009): Competitiveness of 

fertilizers with proteinaceous baits 

applied in Mediterranean fruit fly, 

Ceratitis capitata Wied. (Diptera: 

Tephritidae) control. Crop Prot., 28: 

314–318. 

Mazor, M.; Peysakhis, A. and Reuven, G.  

(2002): The rate of release of 

ammonia - the key component in the 

attraction of female Mediterranean 

fruit fly to food lures, pp. 323–329. In 

P. Witzgall, B. Mazomenos and M. 

Konstantopoulou (eds.), Use of 

Pheromones and Other 

Semiochemicals in Integrated 

Production. IOBCWPRS Bull., 25: 9. 

Moustafa, S.A. and Ghanim, N.M.  (2008): 

Some ammonium compound as 

olfactory stimulants for 

Mediterranean fruit fly, Ceratitis 

capitata (Wiedmann) (Diptera: 

Tephritidae). J. Agric. Sci. Mansoura 

Univ., 33 (12): 8965-8973. 

Egypt. J. Plant Prot. Res. Inst. (2023), 6 (2): 116 –125 



125 
 

Onah, I.E., Eyo, J.E.  and Taylor, D. 

(2015): Molecular identification of 

tephritid fruit flies (Diptera: 

Tephritidae) infesting sweet oranges 

in Nsukka sgro-ecological zone, 

Nigeria, based on PCR-RFLP of COI 

gene and DNA Barcoding. African 

Entomology, 23 (2): 342-347. 

http://dx.doi.org/10. 

4001/003.023.0225. 

Papadopoulos, N.T.; Papachristos, D.P.  

and Ioannou, C.  (2015): Citrus 

fruits and the Mediterranean fruit fly. 

Acta Hort., 1065: 1009-1018. 

Pena, J.E.; Mohyuddin, A.L.  and Wysoki, 

M.  (1998): A review of the pest              

management situation in Mango agro 

ecosystem.  Phytoparasitica, 26 (2): 

1-20. 

Piñero, J. C.; Souder, S. K.; Smith, T. R.; 

Fox, A. J. and Vargas, R. I. (2015): 

Ammonium acetate enhances the 

attractiveness of a variety of protein-

based baits to female Ceratitis 

capitata (Diptera: Tephritidae). J. 

Econ. Entomol., 108(2): 694–700. 

Piñero, J.C.; Mau, R.F.  and Vargas, R.I.  

(2011): A comparative assessment of 

the response of three fruit fly species 

(Diptera: Tephritidae) to a spinosad-

based bait: effect of ammonium 

acetate, female age, and protein 

hunger. Bull. Entomol. Res., 

101(4):373-381. 

Piñero, J.C.; Souder, S.T.; Smith, T.R.  

and Vargas, R.I.  (2017): Attraction 

of Bactrocera cucurbitae and 

Bactrocera dorsalis (Diptera: 

Tephritidae) to beer waste and other 

protein sources laced with 

ammonium acetate. Florida 

Entomologist, 100(1): 70-76. 

Ragab, S.KH. and Youssef, N.M.  (2021): 

Effect of blending ammonium acetate 

and diammonium phosphate 

solutions on their attractance to 

Mediterranean fruit fly, Ceratitis 

capitata in mandarin orchids under 

field conditions. Journal of 

Entomology and Zoology Studies, 

9(4): 351-356. 

Sayed, R.A.; Ghani, M.A.  and Murtza, M.  

(1970): Studies on tephritid and their 

natural enemies in West Pakistan, III. 

Dacus zonatus (Saunders): (Diptera: 

Tephritidae) Tech. Bull. Wel. Inst. 

Biol. Cont., 13: 1-6. 

White, I.M. and Elson-Harris, M.M.  

(1992): Fruit Flies of Economic 

Significance: Their Identification and 

Bionomics. CAB International, 

Wallingford, Oxon, UK, pp. 601. 

Yee, W.L. (2007): Attraction, feeding, and 

control of Rhagoletis pomonella 

(Diptera: Tephritidae) with GF-120 

and added ammonia in Washington 

state. Fl. Entomol., 90: 665–673. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ghanim et al., 2023 

http://dx.doi.org/10

