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             INTRODUCTION 

 

             Proprietary aqueous protein baits developed for pestiferous fruit flies typically 

incorporate ammonia derivatives (Epsky et al., 2014, Hemeida et al., 2017). Such baits are 

commercially available in various countries under the brand names Buminal, Nulure, 

Solbait, Corn Steep Water, Pinnacle, or Hymlure. Buminal is a bait spray based on protein 

hydrolysate that is commonly used against the olive fruit fly, Bactroceraoleae (Gmelin) 

(Prota 1983) and various Ceratitis spp. (Quilici 1993). Over the years, various studies have 

explored additives to improve the attractiveness of these baits (Piñero et al., 2022). For 

example, the addition of ammonium acetate, but not ammonium carbonate, to GF120®, Nu-

Lure®, Buminal, and Bugs for Bugs® improved their attractiveness to Bactrocera 

cucurbitae (Coquillet) and Bactroceradorsalis (Hendel) (Piñero et al., 2022), and C. 
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               The Mediterranean fruit fly, Ceratitis capitata (Wiedemann) and the 

peach fruit fly, Bactrocera zonata (Saunders) (Diptera: Tephritidae) are among the 

most economically damaging pests of citrus orchards in Egypt. Proprietary 

aqueous protein baits that incorporate ammonia derivatives have been developed 

for pestiferous fruit flies. An approach combining lures (protein baits and olfactory 

ammonia attractants) sprayed with insecticides has been used to combine detection 

and monitoring in the management programs of fruit flies. Three ammonia 

derivatives [di-ammonium phosphate (DA), ammonium acetate (AA), and 

ammonium hydroxide (AH)] were used to improve the efficacy of protein 

hydrolysate Buminal, the most common protein-based bait used for monitoring 

tephritid flies in Egypt, in attracting C. capitata and B. zonata flies. Then, the spot-

bait spray was applied either by incorporating the 1% DA  with one of the three 

insecticides (lambda-cyhalothrin, abamectin, and malathion) or without. The 

results of this study are essential for developing an effective pest management 

program for controlling C. capitata and B. zonata. The addition of DA, but not AA 

or AH, to the commercially available Buminal bait magnified its attractiveness for 

both tephritid species. The pyrethroid, lambda-cyhalothrin, had high potency 

especially when applied together with the Buminal bait and the olfactory attractant, 

DA, which renders them potential agents for controlling C. capitata and B. zonata. 

These findings can potentially increase the effectiveness of protein baits in spot-

spray applications for fruit fly monitoring and suppression. 

http://eajbsf.journals.ekb.eg/
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capitata (Piñero et al., 2015). Similarly, the addition of ammonia compounds to GF120® 

resulted in significantly higher catches of C. capitata (El-Metwally 2018) and B. zonata 

(Hemeida et al., 2017, Ghanim 2018). The addition of ammonium acetate to protein 

hydrolysate increased captures of C. capitata when compared to protein hydrolysate alone 

(Piñero et al., 2015). In contrast, the addition of 1% ammonium acetate to a mixture solution 

of hydrolyzed protein and borax significantly reduced captures of Anastrepha obliqua 

Macquart and Anastrepha serpentina (Wiedemann), (Diptera: Tephritidae) (Lasa and 

Williams 2021). Thus, ammonia derivatives have the potential to improve the attractiveness 

of Buminal-based baits for C. capitata and/or B. zonata species, as reported for borax-based 

baits used against other tephritid species (Heath et al., 1994).  

                Nitrogen-rich food sources have strong impacts on the physiology and behavior of 

tephritid flies (Hemeida et al., 2017, El-Metwally (2018) and various nitrogenous 

compounds serve as effective attractants (e.g., Lasa and Williams 2021, Kouloussis et al. 

(2022). Immature female flies require a protein meal for sexual maturation and ovarian 

development and retain a high protein demand during egg production (Perez-Staples et al., 

2007). Mixing a toxicant with a protein bait can be an effective 'attract-and-kill' tactic for 

fruit fly management (Róssler 1989, Mangan 2014, Epsky et al., 2014), in part because 

protein stimulates flies to ingest a lethal dose of the toxicant (Mangan 2014). Protein baits 

combined with insecticides were first used for the control of fruit flies in Hawaii (Steiner 

1952) and have been used successfully in many management and eradication programs since 

(e.g., Vargas et al., 2010). Attraction occurs because female fruit flies use ammonia and 

ammonia derivatives as olfactory cues to locate protein-rich food sources (Piñero et al., 

2015, Bayoumy et al., 2021). Thus, protein-based baits combined with insecticides have 

enabled region-wide control programs to be effective against tephritids (e.g., Piñero et al., 

2015), whereas previously they were used primly for detection and monitoring (Hendrichs 

et al., 1995, Stonehouse et al. 2002) and have become indispensable for suppression or 

eradication of fruit flies worldwide, while also reducing the amount of insecticide required 

in such programs (Barzman et al., 2015).  

              The present work aims first to improve the potential attractiveness of protein 

Buminal bait, a commercially and locally available bait, for improved monitoring and 

detection of C. capitata and B. zonata through mixing with some ammonia additives, and 

secondly to evaluate the efficacy of the mixture consisting of the enhanced protein lure (i.e 

Buminal + ammonium) and certain insecticides in controlling C. capitata and B. zonata 

through spot- spray application. 

 

     MATERIALS AND METHODS 

 

Baits: 

            Buminal (hydrolyzed protein 39.78%, NABA GmbH Company, Germany), the most 

commonly used bait for monitoring tephritid flies in Egypt, was obtained from the Plant 

Protection Research Institute, Egyptian Ministry of Agriculture, and was used in all trials at 

a 5% (vol/vol) concentration, as per recommendations. Three ammonium compounds were 

tested as amendments (at 1, 2, and 3% concentrations) to improve the attractiveness of 

Buminal to C .capitata and B. zonata flies; di-ammonium phosphate [(NH4)2 HPO4], 

ammonium acetate [CH3COONH4], and ammonium hydroxide [NH4OH] (El-Naser Drugs 

and Chemicals Company, Egypt). Concentrations of each were calculated as wt/vol, except 

for ammonium hydroxide, which was vol/vol. Ten different bait formulations were then 

prepared: 5% Buminal (Bu), 5% Buminal + 1, 2, or 3% di-ammonium phosphate (Bu+DA1, 

2, 3); 5% Buminal + 1, 2, or 3% ammonium acetate (Bu+AA1, 2, 3), and 5% Buminal + 1, 

2, or 3% ammonium hydroxide (Bu+AH1, 2, 3). 



Improving the Efficiency of Protein-Based Baits by Adding Ammonia for Controlling Fruit Flies 193 

Bait Evaluation In Traps:  

             A field trial was conducted in a 2.43 ha mandarin orange orchard at the experimental 

farm of the Faculty of Agriculture, Mansoura University, Egypt using modified Nadel traps 

(Hanafy et al. 2001), each loaded with 200 ml of bait formulation. Traps (n = 8 traps per 

formulation) were hung within tree canopies on the south shady side at a height of 2 meters, 

100 m apart, with baits of each type randomly assigned among locations. Trap catches were 

collected five times (once every three days for 15 days), with no replacement of baits during 

the trial, and the numbers of C. capitata and B. zonata flies caught in each trap were recorded 

and expressed as 'no. flies/trap/day' (FTD).  

Spray Trial With Spot Application Of The Enhanced Buminal Bait: 

                Based on the results of the trap evaluation trial, an amendment of 1% di-

ammonium phosphate was most effective in enhancing the attractiveness of Buminal for 

both C. capitata and B. zonata. Therefore, a spot-application bait trial was conducted in the 

mandarin orchard from 1 December to 31 December 2019, to assay the efficacy of the 

enhanced bait when combined with one of three insecticides that differed in mode of action; 

the synthetic pyrethroid lambda-cyhalothrin (Catron® 5% emulsifiable concentrate = Lc), 

the synthetic organophosphate malathion (Malatox® 57% emulsifiable concentrate = Ma), 

and the actinomycete fermentation product abamectin (Nasractine® 1.08% emulsifiable 

concentrate = Ab). The experiment was conducted in a '3 x 3' randomized complete block 

design, with each insecticide tested in Buminal baits once with, and once without the 1% di-

ammonium phosphate amendment, with corresponding control blocks that did not receive 

any insecticide treatment. Thus, nine blocks were evaluated (Lc + Bu+ 1% DA, Lc + Bu, 

control; Ma + Bu+ 1% DA, Ma + Bu, control; Ab + Bu + 1% DA, Bu+ 1% DA, Ma + Bu, 

control). For each treatment, eight traps were used. 

The orchard was divided into nine blocks, each containing 36 trees, with a buffer of 

four rows of trees between treatments. One week prior to the first bait application, eight 

Nadel traps loaded with 1% di-ammonium phosphate amended Buminal lures were arranged 

randomly across equally-spaced locations in each block, and hung within tree canopies on 

the shady side at a height of 2 meters. Bait sprays were applied three times, at 10-day 

intervals (1st, 10th, and 20th day of December). Traps in control trees were placed on 23rd of 

November and pre-treatment trap catches were collected one week later on 30th of 

November, and again 3 and 10 days after each bait application. Numbers of captured C. 

capitata and B. zonata flies were counted and the catch was expressed as 'no. flies/trap/day' 

(FTD). The percentage reduction in fly numbers as a result of each bait application was 

calculated according to the Henderson and Tilton (1955) formula as follows:  

 

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 % = (1 − 
𝑁𝑜.  𝑖𝑛 𝐶 𝑏𝑒𝑓𝑜𝑟𝑒 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 

𝑁𝑜. 𝑖𝑛 𝐶 𝑎𝑓𝑡𝑒𝑟 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 
×

𝑁𝑜. 𝑖𝑛 𝑇 𝑎𝑓𝑡𝑒𝑟 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡

𝑁𝑜. 𝑖𝑛 𝑇 𝑏𝑒𝑓𝑜𝑟𝑒 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡
) × 100 

Where C = control blocks and T = treatment blocks. 

Statistical Analysis:  

               Trap catches of both fruit fly species were analyzed by a General Linear Model 

using three ammonia compounds, four concentrations for each ammonia compound, and five 

inspection times, as independent variables. Because there is an a priori expectation of 

increasing trap catches with increasing concentration of ammonia compounds - we expect a 

change in one direction only when concentration increases compared to the basic bait, the 

K-independent non-parametric test, Jonckheere-Terpstra, for ordered alternatives, which 

does not require the data conform to any distribution was applied. Means were separated 

using Dunn's test (α <0.05). Given significant departures from normality (Shapiro–Wilks 

test), trap catch data were analyzed using non-parametric techniques (Kruskal-Wallis one-
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way ANOVA on Ranks and Mann-Whitney U tests). Means were separated using Dunn's 

test (α <0.05). All tests were accomplished by Systat Sigma Plot 14.5 (Systat Software, San 

Jose, CA; Systat Software 2020). 

 

   RESULTS  

 

A general linear model revealed that there were significant effects of ammonia 

compounds and their concentrations, and time of trap inspection as well as all of the available 

interactions between two or three of the independent variables on C. capitata and B. zonata 

captures (Table 1). 

 

Table 1: A general linear model summary of the main and interactive fixed effects, of three 

ammonia compounds (AA: ammonium acetate; AH: ammonium hydroxide; DA: di-

ammonium phosphate), four Buminal- ammonia mixture concentrations (0, 1, 2, and 3%), 

and five times (3, 6, 9, 12, and 15 days) of trap captures, on numbers of C. capitata and B. 

zonata flies captured in traps. 
Source of variation df Ceratitis capitata Bactrocera zonata 

F P F P 

Ammonia compounds  2 97.67 <0.001 108.74 <0.001 

Compound concentration 3 50.59 <0.001 63.17 <0.001 

Inspection time 4 215.01 <0.001 15.49 <0.001 

Compounds * Concentration 6 51.24 <0.001 138.22 <0.001 

Compounds * Time 8 33.89 <0.001 16.78 <0.001 

Concentration * Time 12 19.66 <0.001 17.11 <0.001 

Compounds * Concentration * Time 24 12.76 <0.001 8.09 <0.001 
   df of error = 420 for all variations 

 

    Without taking into account the time of trap catches a Jonckheere-Terpstra test 

revealed that there was a significant increase in the trend of trap catches of C. capitata and 

B. zonata flies with increasing concentrations of ammonium acetate and di-ammonium 

phosphate, but not with increasing ammonium hydroxide concentration (Table 2). 

 

Table 2: Results of K-independent non-parametric test, Jonckheere - Terpstra test for order 

alternatives between different mixtures of Buminal-ammonia concentrations (1, 2, and 3%) 

including control treatment (Buminal + 0 % ammonia) and trap catches of C. capitata and 

B. zonata. 
Species Olfactory stimuli Jonckheere - Terpstra Test 

χ2 Df Std T-J P 

C. capitata Ammonium acetate 31.20 3 5.45 < 0.001 

Ammonium 

hydroxide 

12.00 3 1.88 0.06 

Diammonium 

phosphate 

22.40 3 2.10 0.05 

B. zonata Ammonium acetate 58.18 3 8.66 < 0.001 

Ammonium 

hydroxide 

8.00 3 0.073 0.05 

Diammonium 

phosphate 

41.21 3 2.09 < 0.001 
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Fig. 1. Box-whisker plots of median trap catches of C. capitata (A) and B. zonata (B) at 

different lure mixtures Buminal – ammonia acetate concentrations. Thin black lines in the 

box = medians. The lower and upper limits of the box represent the 25th and 75th percentiles, 

lower and upper whiskers denote the 10th and 90th percentiles while the lower and upper dots 

stand for the 5th and 95th percentiles. Stars above and below the lower and upper boundaries 

are outliers. Box plots bearing the same letters are not significantly different (Pairwise 

comparisons, Mann-Whitney, α = 0.05). 
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Fig. 2. Box-whisker plots of median trap catches of C. capitata (A) and B. zonata (B) at 

different lure mixtures of Buminal – ammonia hydroxide concentrations. Thin black lines in 

the box = medians. The lower and upper limits of the box represent the 25th and 75th 

percentiles, lower and upper whiskers denote the 10th and 90th percentiles while the lower 

and upper dots stand for the 5th and 95th percentiles. Stars above and below the lower and 

upper boundaries are outliers. Box plots bearing the same letters are not significantly 

different (Pairwise comparisons, Mann-Whitney, α = 0.05). 
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Fig. 3. Box-whisker plots of median trap catches of C. capitata (A) and B. zonata (B) at 

different lure mixtures Buminal – diammonium phosphate concentrations. 

Thin black lines in the box = medians. The lower and upper limits of the box represent the 

25th and 75th percentiles, lower and upper whiskers denote the 10th and 90th percentiles while 

the lower and upper dots stand for the 5th and 95th percentiles. Stars above and below the 

lower and upper boundaries are outliers. Box plots bearing the same letters are not 

significantly different (Pairwise comparisons, Mann-Whitney, α = 0.05). 

 

  The highest medians of trap catches of both fruit fly species by buminal bait were at 

the highest concentration of ammonium acetate (3%) and at 1 and 2% di-ammonium 

phosphate (Figs. 1 and 2), whereas there were no significant differences between ammonium 

hydroxide concentrations in trap catches of both fly species (Fig. 3) (Tables 3 and 4).  

  Kruskal-Wallis one-way ANOVA on ranks revealed that there were significant 

differences among all treatments of Buminal and ammonia compounds including those that 

had Buminal only (control) within each time of trap check in the medians of trap catches of 

C. capitata with the highest medians of trap catches were at a mixture of 1% di-ammonium 

phosphate-Buminal for most of times (Table 3). The same findings were obtained for B. 

zonata with the highest trap catches by adding 1 or 2% di-ammonium phosphate to the 

Buminal attractant without significant differences between both concentrations (Table 4). 
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Table 3: Daily medians (25th - 75th quartiles) of Ceratitis capitata flies captured in traps 

baited with mixtures of Buminal and ammonia compounds (AA: ammonium acetate; AH: 

ammonium hydroxide; DA: di-ammonium phosphate) that prepared in three concentrations. 

Only Buminal is used in the control traps. Traps were checked in three-day intervals for 15 

days in the field with no renewal of the solutions in the traps during the period of trials. 

 
DF = 9 for all. Medians bearing the different letters within a column are significantly different (Kruskal Wallis one-way 
ANOVA on Ranks). Medians separated using Dunn's test (α = 0.05).  
 

Table 4: Daily medians (25th - 75th quartiles) of B. zonata flies captured in traps baited with 

mixtures of Buminal and ammonia compounds (AA: ammonium acetate; AH: ammonium 

hydroxide; DA: di-ammonium phosphate) that prepared in three concentrations. Only 

Buminal is used in the control traps. Traps were checked in three-day intervals for 15 days 

in the field with no renewal of the solutions in the traps during the period of trials. 

 
DF = 9 for all. Medians bearing the different letters within a column are significantly different (Kruskal Wallis one-way 

ANOVA on Ranks). Medians separated using Dunn's test (α = 0.05).  

 

The field spot-spray applications of adding 1% di-ammonium phosphate (DA) to baits, 

composited of Buminal (Bu) and each of lambda-cyhalothrin (Lc), abamectin (Ab) or 

malathion (Ma) achieved different reductions in C. capitata populations, in both times of 

about:blank
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trap inspection during the three successive sprays. In the first spot-spray, one-way ANOVA 

on Ranks revealed that there were significant differences in fly population reductions among 

the different treatments after three (H = 15.74; P = 0.008) and ten (H = 13.09; P = 0.02) days 

from the treatment with the highest reduction achieved by a mixture of Lc + Bu + DA during 

the first and second inspection times (medians: 100.0 and 85.72%, respectively). In the 

second spot-spray, there were significant differences among the different treatments in 

population reduction after three days from application (H = 18.41; P = 0.002), but not after 

ten days (H = 5.46; P = 0.36), with the highest reduction achieved by a mixture of Lc + Bu 

+ DA during the first inspection time (medians: 100.0 %) and with a mixture of Ab + Bu + 

DA during the second inspection time (medians: 81.25%). In the third spot-spray, there were 

no significant differences neither after three days (H = 9.78; P = 0.08) nor after ten days (H 

= 4.86; P = 0.43), however the highest reduction attained by a mixture of Lc + Bu + DA 

during the first and second inspection times (medians: 100.0 and 95.0%, respectively). 

 

 

Fig. 4. Effect of adding 1% di-ammonium phosphate (DA) to baits composited of Buminal 

and each of lambda-cyhalothrin (Lc), abamectin (Ab), or malathion (Ma), that used in spot-

spray of C. capitata. The reduction % was estimated based on Henderson-Tilton's formula. 

Three successive partial-spray applications (A, B, and C), in ten-day intervals, were applied 

based on recommendations of the Egyptian Ministry of Agriculture. Traps were examined 

after 3 and 10 days from each spray event in both treated and control treatments (x-axis). 

Thin black lines in the box = medians. The lower and upper limits of the box represent the 

25th and 75th percentiles, lower and upper whiskers denote the 10th and 90th percentiles while 

the lower and upper dots stand for the 5th and 95th percentiles. One-way ANOVA on Ranks. 

Pairwise bars with a star in the middle indicate a significant difference (Dunn's test, α = 

0.05). 

about:blank
about:blank
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    As shown in Figure (4), pairwise comparisons between both inspection times (i.e. 

three and ten days) within each spray time in population reductions of C. capitate revealed 

that there were significant differences between both inspection times for the enhanced 

composition "Buminal bait + lambda cyhalothrin" by adding 1% di-ammonium phosphate 

in the first (U = 4.00, P = 0.002) and second (U = 4.00, P = 0.002) spot-sprays, but were not 

in the third spray application (U = 24.0, P = 0.44). With respect to the non-enhanced lure of 

Buminal + lambda-cyhalothrin, there was a significant difference between both inspection 

times during the first spray application only (U = 8.0, P = 0.01), but not in the second (U = 

20.0, P = 0.23) and third (U = 24.0, P = 0.44) sprays.  With respect to both the enhanced 

composition of Buminal + abamectin by adding 1% di-ammonium phosphate and the non-

enhanced lure of Buminal + abamectin, there were no significant differences in C. capitata 

population reductions between both times of trap check in the three successive spray times 

(U = 28.0, P = 0.72; U = 26.0, P = 0.27; and U = 20.0, P = 0.23, respectively). As well, there 

was no significant difference between both inspection times in fly population reductions by 

the non-enhanced lure of Buminal + lambda-cyhalothrin during the three successive spray 

applications (U = 16.0, P = 0.11; U = 20.0, P = 0.21; and U = 28.0, P = 0.72, respectively). 

The population reduction in C. capitate by the spot-spray of the enhanced composition of 

"Buminal bait + malathion" by adding 1% di-ammonium phosphate differed significantly 

between the two inspection times of the first (U = 12.0, P = 0.04), second (U = 10.0, P = 

0.02), and third(U = 12.0, P = 0.04) spray applications, whereas the population reductions 

by the non-enhanced Buminal bait + malathion did not significantly differ between both 

inspection times of the three spray applications(First: U = 20.0, P = 0.23; Second: U = 12.0, 

P = 0.05; and third: U = 14.0, P = 0.07). 

    The field spot-spray applications of adding 1% di-ammonium phosphate (DA) to 

baits, composited of Buminal (Bu) and each of lambda-cyhalothrin (Lc), abamectin (Ab) or 

malathion (Ma) achieved different reductions in B. zonata populations, in both times of trap 

inspection during the three successive sprays. In the first spot-spray, one-way ANOVA on 

Ranks revealed that there were significant differences in fly population reductions among 

the different treatments after three (H = 27.14; P< 0.001) and ten (H = 16.03; P = 0.007) 

days from the application with the highest reduction achieved by a mixture of Lc + Bu + DA 

during the first and second inspection times (medians: 100 and 92.22 %, respectively). In the 

second spot-spray, there were significant differences among the different treatments in 

population reduction after three (H = 21.34; P<0.001) and ten (H = 13.42; P = 0.02) days 

from application, with the highest reduction achieved by a mixture of Lc + Bu + DA during 

the first and second inspection times (medians: 100 and 94.17 %, respectively). In the third 

spot spray, there were significant differences after three (H = 24.81; P< 0.001) and ten (H = 

26.31; P< 0.001) days from treatment, with the highest reduction attained by a mixture of 

Lc + Bu + DA during the first and second inspection times (medians: 100.0 and 100.0 %, 

respectively). 

 

about:blank


Improving the Efficiency of Protein-Based Baits by Adding Ammonia for Controlling Fruit Flies 201 

 

Fig.5. Effect of adding 1% di-ammonium phosphate to baits composited of Buminal and 

each of lambda-cyhalothrin (Lc), abamectin (Ab), or malathion (Ma), that used in spot-spray 

of B. zonata. The reduction % was estimated based on Henderson-Tilton's formula. Three 

successive partial-spray applications (A, B, and C), in ten-day intervals, were applied based 

on recommendations of the Egyptian Ministry of Agriculture. Traps were examined after 3 

and 10 days from each spray event in both treated and control treatments (x-axis). Thin black 

lines in the box = medians. The lower and upper limits of the box represent the 25th and 75th 

percentiles, lower and upper whiskers denote the 10th and 90th percentiles while the lower 

and upper dots stand for the 5th and 95th percentiles. One-way ANOVA on Ranks. Pairwise 

bars with a star in the middle indicate a significant difference (Dunn's test, α = 0.05).  
 

  The difference in population reductions of B. zonata between both inspection times 

within each spray application time revealed that there were no significant differences 

between both inspection times for the enhanced "Buminal bait + lambda-cyhalothrin" by 

about:blank
about:blank
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adding 1% di-ammonium phosphate in the first (U = 20.0, P = 0.23), second (U = 16.0, P = 

0.11), and third spray (U = 32.0, P = 0.1) applications. With respect to the non-enhanced 

lure of Buminal + lambda-cyhalothrin, there was a significant difference between both 

inspection times during the first (U = 0.0, P< 0.001) and second (U = 8.0, P = 0.01) spray 

applications, but not in the third spray application (U = 30.0, P = 0.88). With respect to both 

the enhanced composition of Buminal + abamectin by adding 1% di-ammonium phosphate 

and the non-enhanced lure of Buminal + abamectin, there were no significant differences in 

C. capitata population reductions between both times of trap check in the three successive 

spray times (U = 24.0, P = 0.44; U = 20.0, P = 0.23; and U = 23.0, P = 0.10, respectively). 

As well, there was no significant difference between both inspection times in fly population 

reductions by the non-enhanced lure of Buminal + lambda-cyhalothrin during the three 

successive spray applications (U = 32.0, P = 0.10; U = 28.0, P = 0.72; and U = 16.0, P = 

0.11, respectively). The population reduction in C. capitata by the spot-spray of the 

enhanced "Buminal bait + malathion" by adding 1% di-ammonium phosphate differed 

significantly between the two inspection times of the first (U = 4.0, P = 0.003) and second 

(U = 4.0, P = 0.002), spray applications, but not in the third spray application (U = 24.0, P 

= 0.44). Whereas the population reductions by the non-enhanced Buminal bait + malathion 

did not significantly differ between both inspection times of the three spray applications 

(First: U = 20.0, P = 0.21; Second: U = 18.0, P = 0.16; and third: U = 26.0, P = 0.57) (Fig. 

5). 

 

     DISCUSSION 

 

 The release of semiochemicals from foods plays a major role in the location and 

utilization of nutrition resources by tephritid flies. Ammonia is considered to be a key 

component of semiochemical profiles for these flies (Bateman and Morton 1981, Epsky et 

al., 2014). However, the interactions of ammonia with other bait constituents are largely 

unknown (Lasa and Williams 2021), even in the case of the Buminal protein-ammonia 

mixtures that are commonly used to trap these fruit flies. According to Leblanc et al. (2010), 

a variety of baits take advantage of the key role that ammonia plays in fruit fly attraction by 

including ammonia in their formulations. For example, adding ammonium acetate to 

GF120®, Buminal and other protein baits significantly attracted B. cucurbitae, B. dorsalis 

(Hendel), and C. capitata flies (Piñero et al. 2011, Piñero et al., 2015, El-Metwally 2018, 

Bayoumy et al., 2021, Piñero et al., 2022) and B. zonata (Hemeida et al., 2017, Ghanim 

(2018). These findings support the present study, in which the addition of ammonia 

compounds (i.e. di-ammonium phosphate, ammonium acetate and ammonium hydroxide) to 

the commercial product of Buminal (the protein-based bait) led to an increase in attracting 

C. capitata and B. zonata flies. However, di-ammonium phosphate was the most effective 

additive for enhancing Buminal as an attractant for C. capitata and B. zonata adults. 

Hemeida et al. (2017), El-Metwally (2018), Ghanim (2018), and Ragab and Youssef 

(2021)found that di-ammonium phosphate was more efficient than ammonium acetate 

component in increasing the effectiveness of the protein-based baits, Agrinal, Amadene and 

GF-120, in attraction of B. zonata and C. capitataflies.On the other hand, ammonium 

hydroxide was the weakest compound for enhancing the attractiveness of Buminal for B. 

zonata or C. capitate flies. Buminal mixture that contained di-ammonium phosphate was 

superior to Buminal- ammonium acetate mixture and Buminal alone in attracting B. zonata, 

whereas ammonium hydroxide was a less effective compound than ammonium acetate in 

attracting both C. capitata and B. zonata adults (Abd El-Kareim et al. 2008, Moustafa and 

Ghanim 2008, Hemeida et al. 2017). Application of 1 and 2% (wt: vol) di-ammonium 

phosphate to protein baits enhanced their effectiveness in attracting both fruit flies under the 
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conditions of this study. This amount corresponds to the amount of ammonium acetate used 

in GF-120 (Moreno and Mangan 2002, Piñero et al., 2011), a protein bait that is very 

effective against fruit flies in Hawaii and other regions of the world (Mangan 2014).  

 Similar to many studies, increasing ammonium acetate concentrations in the 

Buminal bait solution, that was applied in this study, led to an increase in bait attractiveness 

to C. capitata adults in the earlier catches, whereas this was evident in later catches of B. 

zonata, where the application of 1% (wt: vol) ammonium acetate attracted higher significant 

numbers of B. zonata at the end of the experiment than of 2 and 3% concentrations. In a 

reverse direction, increasing the concentration of di-ammonium phosphate resulted in 

increased bait attraction to B. zonata flies in the earlier catches, but not C. capitata. This 

variation between both fruit flies in the time of their response to Buminal-ammonium 

mixtures may suggest that the protein-based odors eliminate or overwhelm fly attraction to 

ammonia and the olfactory sense organs on the fly antenna of both fly species may differ in 

their response to such odors. A previous study by Kendra et al. (2005) recorded a positive 

relationship between the antennal response (measured by electroantennography) of male and 

female A. suspensa and the amount of ammonia released up to a certain dose. Although 

attraction appears to vary across species, these findings reinforce previous observations that 

have indicated that the amount of ammonia released by food-based substances is less 

influential on the attraction of tephritid flies when other protein-derived odors are also 

present (Lasa and Williams 2021). The current results are also consistent with those of 

Moustafa and Ghanim (2008), El-Metwally (2018), Ghanim (2018), and Ragab and Youssef 

(2021); they found that increasing concentration of ammonium hydroxide in protein baits 

decreased their attractiveness to C. capitata, B. zonata and C. incompleta flies. In completely 

opposite studies to ours, Abd El-Kareim et al. (2008) and Moustafa and Ghanim (2008) 

found a negative relationship between concentrations of ammonium acetate and di-

ammonium phosphate and bait attractiveness for B. zonata flies, while an opposite 

relationship is determined for ammonium hydroxide.  

Almost, the efficiency of Buminal either alone or mixed with di-ammonium 

phosphate, ammonium acetate and ammonium hydroxide. Declined after six days of hanging 

the traps. These findings are close to those obtained by Abd El-Kareim et al. (2008), and 

Moustafa and Ghanim (2008). 

Many fruit fly pests can successfully be controlled by AChE inhibitors, such as 

organophosphates, dimethoate, malathion, and carbamates. For example, malathion, 

administrated together with the attractant Naziman, is frequently used in bait sprays for the 

control of C. capitata (Róssler 1989) and Bactrocera tryoni (Froggatt) and Rhagoletis spp. 

(Bellas 1996). The present study discovered that lambda-cyhalothrin was a more efficient 

insecticide than abamectin and malathion in spot-spray applications against C. capitata and 

B. zonata. This toxic effect of lambda-cyhalothrin is maximized, by using Buminal baits that 

are enhanced by adding 1% di-ammonium phosphate, against C. capitata and B. zonata. 

Further, the enhanced Buminal bait almost increased the effect of spot-sprays by both 

abamectin and malathion against both fruit fly species. The bait application technique (BAT) 

consists of protein hydrolysate-insecticide bait sprays that have been used for many years 

against fruit flies (e.g., Róssler1989, Ruiz et al. 2008, Gazit and Akiva 2017). Pyrethroids 

have killing ability, rapid and massive knockdown effect, and prevention of oviposition for 

controlling Dacus ciliatus Loew compared with organophosphates (Maklakov et al. 2001). 

The pyrethroid, lambda-cyhalothrin showed a novel disabling effect on surviving C. capitata 

in Spain (Couso-Ferrer et al., 2011) and against B. zonata in Egypt (El-Gendy et al., 2021). 

While malathion was the lowest effective insecticide against B. zonata and Bactrocera oleae 

(Gmelin) in Tunisia (Braham et al. 2007), against B. zonata in Egypt (El-Aw et al., 2008), 

about:blank
about:blank
https://pubmed.ncbi.nlm.nih.gov/?term=Maklakov+A&cauthor_id=11681666
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and against C. capitata, B. zonata and Bactrocera dorsalis (Hendel) in China (Wang et al., 

2013). Couso-Ferrer et al., (2011)  

The results of this study are essential for developing an effective pest management 

program for controlling C. capitata and B. zonata. The addition of DA, but not AA or AH, 

to the commercially available Buminal bait improved bait attractiveness for both tephritid 

species. Nonetheless, the three olfactory attractive additives of food lures which are 

ammonium acetate (AA), ammonium hydroxide (AH), and di-ammonium phosphate (DA) 

were proved to magnify the effect of Buminal bait in trapping both fruit fly insects in citrus 

orchards. These findings can potentially increase the effectiveness of protein baits for fruit 

fly monitoring and suppression. The high potency of the pyrethroid, lambda-cyhalothrin, 

especially when applied together with the protein-based bait, Buminal, mixed with the 

olfactory attractant, DA, renders them potential agents for controlling C. capitata and B. 

zonata. 

Declarations: 

Ethical Approval: Not applicable  

Competing interests: The authors declare that they have no duality of interest associated 

with this manuscript.  

Authors Contributions: Contribution is equal between authors.  

Funding: No specific funding was received for this work 

Availability of Data and Materials: All datasets analysed and described during the present 

study are available from the corresponding author upon reasonable request. 

Acknowledgements:  Not applicable. 
 

     REFERENCES 

 

Abd El-Kareim, A. I., L. M. Shanab, M. E. El-Naggar and N. M. Ghanim. 2008. Response 

of peach fruit fly, Bactrocera zonata (Saunders) (Diptera: Tephritidae) to some 

ammonium compounds as olfactory stimulants. Journal of Agricultural Science  , 

Mansoura University, 33: 8965–8973.  

Barzman, M., P. Bàrberi, A. N. E. Birch, P. Boonekamp, S. Dachbrodt-Saaydeh, B. Graf, 

and J. R. Lamichhane. 2015. Eight principles of integrated pest management. 

Agronomy for Sustainable Development, 35: 1199–1215. https://doi. org/10. 1007/ 

s13593-015-0327–0329. 

Bayoumy, M. H., and M. M. El-Metwally. 2017. Daily flight activity rhythms of the peach 

and Mediterranean fruit flies using sexual and olfactory attractants. Acta 

Phytopathologcal Entomology Hungkong, 52: 227–244. 

Bayoumy, M. H., M.M. El-Metwally, R. A. El-Adly, and T. M. O. Majerus. 2020. Improving 

the lifetime efficiency of trimedlure-dispensing system in trapping the fruit fly 

Ceratitis capitata using polyethylene matrix. Journal  Economic Entomology, 

113(1): 315–320. 

Bayoumy, M. H., S. S. Awadalla, M. M. El-Metwally, and R. M. Alhussieny. 

2021.Effectiveness Buminal-Ammonia mixtures on attraction of the Mediterranean 

fruit fly, Ceratitis capitata with particular emphasis on their Hidrogenionic Potential 

(pH). Journal of Plant Protection and Pathology,12(3): 203–208. 

Bellas, T. 1996. The papaya fruit fly-A failure of quarantine. Biochemstry Journal, 149: 

463–469. 

Braham, M., E. Pasqualini, and N. Ncira. 2007. Efficacy of kaolin, spinosad and malathion 

against Ceratitiscapitata in Citrus orchards. Bulluten Insect Toxicology, 60: 39–47. 

Couso-Ferrer, F., R. Arouri, B. Beroiz, N. Perera, A. Cervera, V. Navarro-Llopis, and F. 

Ortego. 2011. Cross-resistance to insecticides in a malathion-resistant strain of 

https://doi/


Improving the Efficiency of Protein-Based Baits by Adding Ammonia for Controlling Fruit Flies 205 

Ceratitis capitata (Diptera: Tephritidae). Journal Economic  Entomology z ,104(4): 

1349–1356. 

El-Aw, M. A. M., K. A. A. Draz, A. G. Hashem, and I. R. El-Gendy. 2008. Mortality 

comparison among spinosad-, Actara-, malathion-, and methomyl-containing baits 

against peach fruit fly, Bactrocera zonata (Saunders) (Diptera: Tephritidae) under 

laboratory conditions. Journal Appled Science  Research, 4: 216–223. 

El-Gendy, I. R., M. I. El-Banobi, and J. A. Villanueva-Jimenez. 2021. Bio-pesticides 

alternative diazinon to control peach fruit fly, Bactrocerazonata (Saunders) (Diptera: 

Tephritidae). Egyption . Journal of Biology and Pest Control, 31, 49 .https:// doi. 

org/10.1186/s41938-021-00398-2. 

El-Metwally, M. 2018. Enhancing the attraction efficiency of GF-120 for the Mediterranean 

fruit fly, Ceratitis capitata (Wied.) by adding some ammonium compounds. Journal 

of Plant Protection Pathology, 9(2): 51–56. 

Epsky, N. D., P. E. Kendra, and E. Q. Schnell. 2014. History and development of food-based 

attractants. In trapping and the detection, control, and regulation of tephritid fruit 

flies. Springer, Dordrecht, pp. 75–118. 

Gazit, Y., and R. Akiva. 2017. Toxicity of malathion and spinosad to Bactrocera zonata and 

Ceratitiscapitata (Díptera: Tephritidae). Journal of Entomology, 100(2): 385–389. 

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.  Journal of  Economic Entomology, 1(1): 1–16. 

Ghanim, N. M., S. A. Moustafa, M. M. El-Metwally, Y. E. Afia, M. S. Salman, and M. E. 

Mostafa. 2010. Efficiency of some insecticides in male annihilation technique of 

peach fruit fly, Bactrocera zonata (Saunders) under Egyptian conditions. Egyption 

Acadmic. Journal of Biologecal Science , F. Toxicology & Pest Control, 2(1): 13–

19. 

Hanafy, A. H., A. I. Awad, and M. Abo-Sheasha. 2001. Field evaluation of different 

compounds for attracting adults of peach fruit fly Bactrocerazonata (Saunders) and 

Mediterranean fruit fly, Ceratitus capitata (Wied.) in guava orchards. Journal of 

Agriculture Science , Mansoura University, 26(7): 4537–4546. 

Heath, R. R., N. D. Epsky, S. Bloem, K. Bloem, F. Acajabon, A. Guzman, and D. Chambers. 

1994. pH effect on the attractiveness of a corn hydrolysate to the Mediterranean fruit 

fly and several Anastrepha species (Diptera: Tephritidae). Journal of Economic 

Entomology, 87: 1008–1013.   

Hemeida, I. A., N. M. Ghanim, A. M. Mosallam, H. A. El-Shabrawy, and B. M. Metwaa. 

2017. Enhancement of some protein-based baits for attracting Bactrocera zonata 

(Diptera: Tephritidae) by adding ammonium compounds. Egyption Acadmic Journal 

of Biologecal Science, A. Entomology, 10(6): 153–166. 

Henderson, C. F., and E. W. Tilton. 1955. Tests with acaricides against the brow wheat mite. 

Journal of. Economic Entomology,  48: 157–161. 

Hendrichs, J., G. Franz, and P. Rendon. 1995. Increased effectiveness and applicability of 

the sterile insect technique through male-only releases for control of Mediterranean 

fruit flies during fruiting seasons. Journal of Appled Entomology, 119: 371–377.  

Joachim-Bravo, I. S., O. A. Fernandes, S. A. De Bortoli, and F. S. Zucoloto. 2001. 

Oviposition behavior of Ceratitis capitata Wiedemann (Diptera: Tephritidae): 

Association between oviposition preference and larval performance in individual 

females. Neotropcan Entomology, 30: 559–564.  

Kendra, P. E., A. Vazquez, N. D. Epsky, and R. R. Heath. 2005. Ammonia and carbon 

dioxide: quantitation and electroantennogram responses of Caribbean fruit fly, 



Hendawy M. A, et al. 206 

Anastrephasuspensa (Diptera: Tephritidae). Environmental Entomology, 34: 569–

575. 

Kouloussis, N. A., V. G. Mavraganis, P. Damos, C. S. Ioannou, E. Bempelou, D. S. Koveos 

and N. T. Papadopoulos. 2022. Trapping of Ceratitis capitata using the low-cost and 

non-toxic attractant Biodelear. Agronomy, 12(2): 525. https://doi. org/10. 3390/ 

agronomy12020525. 

Lasa, R., and T.  Williams. 2021. Addition of ammonium acetate to Protein-Borax baited 

traps does not improve attraction of Anastrepha obliqua or Anastrepha 

serpentina (Diptera: Tephritidae). Journal of Insect Science, 21(6): 1-4. https:// 

doi.org/10.1093/jisesa/ieab091. 

Leblanc, L., R. I. Vargas, and D. Rubinoff. 2010. Attraction of Ceratitis capitata (Diptera: 

Tephritidae) and endemic and introduced nontarget insects to Biolure bait and its 

individual components in Hawaii. Environmental Entomology, 39: 989–998. 

Maklakov, A., I. Ishaaya, A. Freidberg, A. Yawetz, A. R. Horowitz, and I. Yarom. 2001. 

Toxicological studies of organophosphate and pyrethroid insecticides for controlling 

the fruit fly Dacus ciliatus (Diptera: Tephritidae). Journal of Economic  Entomology, 

94(5): 1059–1066. 

Mangan, R. L. 2014. History and development of food-based attractants, pp. 423–456 In T, 

Shelly, N. D. 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, Dordrecht, Netherlands.  

Moreno, D. S., and R. L. Mangan. 2002. Bait matrix for novel toxicants for use in control of 

fruit flies (Diptera: Tephritidae). In G. J. Hallman, and C. Schwalbe (Eds.), Invasive 

Arthropods in Agriculture: Problems and Solutions. Science Publishers Inc., Enfield, 

NH, pp. 333–362. 

Moustafa, S. A., and N. M. Ghanim. 2008. Some ammonium compounds as olfactory 

stimulants for Mediterranean fruit fly, Ceratitis capitata Wiedemann (Diptera: 

Tephritidae). Journal  of Agricultural Science Mansoura University, 33(12): 8909–

8918.  

Mwatawala, M. W., M. D. Meyer, R. H. Makundi, and A. P. Maerere. 2006. Biodiversity of 

fruit flies (Diptera, Tephritidae) in orchards in different agro-ecological zones of the 

Morogoro region, Tanzania. Fruits, 61: 321–332. 

Perez-Staples, D., V. Prabhu, and P. W. Taylor. 2007. Postteneral protein feeding enhances 

sexual performance of Queensland fruit flies. Physiology and  Entomology, 32: 225–

232. 

Piñero, J. C., R. F. L. Mau, and R. I. Vargas. 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. Bullutan Entomology Research, 

101: 373–381. 

Piñero, J. C., S. K. Souder, T. R. Smith, A. J. Fox, and R. I. Vargas. 2015. Ammonium 

acetate enhances the attractiveness of a variety of protein-based baits to female 

Ceratitis capitata (Diptera: Tephritidae). Journal of Economic Entomology, 108(2): 

694–700.  

Piñero, J. C., S. K. Souder, T. R. Smith, A. J. Fox, and R. I. Vargas. 2022. Attraction of 

Bactrocera cucurbitae and Bactrocera dorsalis (Diptera: Tephritidae) to beer waste 

and other protein sources laced with ammonium acetate. Journal of 

Entomology,100(1): 70–76.  

Prota, R. 1983. Evaluation and prospects of integrated control programmes, pp. 523-546. 

InR. Cavalloro [ed.], Proceedings, Fruit Flies of Economic Importance, 16–19. 

November 1982, Athens, Greece. A. A. Balkema, Rotterdam, The Netherlands.  

https://doi/


Improving the Efficiency of Protein-Based Baits by Adding Ammonia for Controlling Fruit Flies 207 

Quilici, S. 1993. Protection phytosanitaire des agrumes: les ravageurs, pp. 55-89. InM. 

Grisoni (ed.), La culture des Agrumes a` la Re´union. CIRAD-FLHOR, St Pierre, La 

Re´union, France.  

Róssler, Y. 1989. Insecticidal bait and cover sprays, pp. 329–335. In A. S. Robinson and G. 

Hooper (eds.), Fruit Flies: their Biology, Natural Enemies and Control, vol. 3A. 

Elsevier, Amsterdam, The Netherlands.  

Ruiz, L., S. Flores, J. Cancino, J. Arredondo, J. Valle, F. D. Fleischer, and T. Williams. 2008. 

Lethal and sublethal effects of spinosad-based GF-120 bait on the tephritid parasitoid 

Diachasmimorphalongicaudata (Hymenoptera: Braconidae). Biologecal Control, 

44: 296–304. 

Steiner, L. F. 1952. Fruit fly control in Hawaii with poison bait sprays containing protein 

hydrolysates. Journal of Economic Entomology, 45: 838–843.  

Stonehouse, J., M. Afzal, Q. Zia, J. Mumford, A. Poswal, and R. Mahmood. 2002. “Single-

killing-point” field assessment of bait and lure control of fruit flies (Diptera: 

Tephritidae) in Pakistan Journal of Crops Protection, 21: 651–659.  

Vargas, R. I., J. C. Piñero, R. F. L. Mau, E. B. Jang, L. M. Klungness, D. O. McInnis, E. B. 

Harris, G. T. McQuate, R. C. Bautista, and L. Wong. 2010. Area-wide suppression 

of Mediterranean fruit fly, Ceratitis capitata, and oriental fruit fly, Bactrocera 

dorsalis, in Kamuela, Hawaii. Journal Insect Science, 10: 1–17.  

Wang, J. J., D. Wei, W. Dou, F. Hu, W. F. Liu, and J. J. Wang. 2013. Toxicities and 

synergistic effects of several insecticides against the oriental fruit fly (Diptera: 

Tephritidae). Journal  Economic  Entomology, 106:970–978. 

 


	Allelopathic effects of some botanical extracts, compared to the herbicide atrazine, against germination of selected weeds
	Allelopathic effects of some botanical extracts, compared to the herbicide atrazine, against germination of selected weeds

