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Relationship between Hidrogenionic Potential (pH)
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Hidrogenionic potential (pH) of the baits plays a fundamental role in attracting fruit flies. So, the
purposes of this study were to study the effect of pH-level on the ability of protein-based baits to attract Med-
iterranean fruit fly, Ceratitis capitata (Wiedemann) (Diptera: Tephritidae) under field conditions. Three con-
centrations of Buminal (2.5, 5 and 10%) in addition to three concentrations of ammonium acetate, ammonium
carbonate, di-ammonium phosphate and acetic acid (1, 2 and 3%) added to Buminal 5% were tested by using
the modified Nadel traps in navel orange and mandarin orchards. The obtained data showed that the highest
effective treatment in attracting C. capitata adults in navel orange and mandarin orchards was that of Buminal
+ 3% of ammonium acetate, where, pH-levels ranged between 6.32 and 6.89. Buminal + acetic acid when used
at pH-levels ranged between 3.73 and 4.43 were less attractive to C. capitata. All of the tested treatments obvi-
ously attracted females more than males. Statistically, C. capitata adults specifically were females affected by
pH-level more than concentration percentage. C. capitata preferred baits which had pH-levels ranged between
5.5 and 8.5 and the highest attractive treatments were occurred between 6.32 and 8.29.

Keywords: Hidrogenionic potential, Ceratitis capitata, attractants, insect traps, management, pro-
tein-based baits.

Mediterranean fruit fly, Ceratitis capitata (Wiedemann) (Diptera: Tephritidae) is a
species of Afrotropical origin which has adapted to the climatic conditions of the Mediter-
ranean basin (Franco et al., 2006). It is one of the most important pests destructing fruits
of over 350 species of fruits, nuts and vegetables round the world (Liquido et al., 1991;
White and Elson-Harris, 1992; Papadopoulos, 2014). In Egypt, the existence of hosts for
C. capitata is the important reason to build up their generations; so, it occurred all over
the year and increased during the fruiting seasons of the orchards (Hashem et al., 2001;
Ghanim and Moustafa, 2009; Ghanim, 2012; Moustafa et al., 2014; Ghanim, 2016 and
2017). This pest causing a serious decline in both quantity and quality of fruit yield (Has-
sanein et al., 1995); whereas, its females lay their eggs inside fruits and the hatching mag-
gots devour into the pulp and secondary infestations with bacterial and fungal diseases
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mostly exist and the infested fruits drop down and make fruits unfavorable for marketing
and exportation (White and Elson-Harris, 1992; Borge and Basedow, 1997).

Tephritid fruit flies (including C. capitata) use chemical stimuli in the form of nu-
trients (Joachim-Bravo et al., 2001). Food sources which are rich in nitrogen have a strong
influence on the physiology and behavior of tephritid flies (Kaspi et al., 2000; Yuval et al.,
2007; Hemeida et al., 2017; El-Metwally, 2018). So, protein bait acts as food attractant
and its effectiveness behaviorally relies on the fact that immature females need a protein
meal to reach sexual maturity and for development of eggs to maturity (Epsky et al., 2014
and Pinero et al., 2015).

Protein bait sprays are more environmentally sound because of reduced pesticide
usage, less risk of spray drift and less harmful to beneficial insects, making it suitable for
use in IPM programs. Also, continuous monitoring of pest populations is of major com-
ponent of IPM projects using traps (Barzman et al., 2015). So, optimizing trap attractants
to improve detection of temporal and spatial trends is important in order to improve the
efficacy of C. capitata control projects (Lance, 2014). According to Abd El-Kareim et al.
(2008), Moustafa and Ghanim (2008), Ghanim et al. (2014) and Bayoumy and El-Met-
wally (2017), ammonia are associated with protein-rich foods and has long been known
to attract fruit flies. So, Hemeida et al. (2017) and El-Metwally (2018) reported that pro-
tein-based baits can be enhanced by adding ammonia to them. Also, Yee and Landolt
(2004) found that increasing the concentration of ammonia in lures significantly increased
their attraction.

On the other hand, pH-level of the baits plays a fundamental role in attracting fruit
flies, since the effectiveness of bait is diminished as the pH-level decreased (Heath et al.,
1994; Rousse et al., 2005; El-Gendy, 2012 and 2013; Paiva and Parra, 2013; Hemeida
et al., 2017: El-Metwally, 2018). Females of fruit flies are more responded to the in-
crease of pH-level more than males and pH-level can be used in chemical analysis for
identification of new attractants from preferred bait formulations (Hemeida et al., 2017;
El-Metwally, 2018).

Therefore, the purposes of this study were to study the effect of hidrogenionic po-
tential (pH) on the ability of protein-based baits to attract C. capitata flies, and also to
determine the range of pH-levels which may be preferable for C. capitata under field
conditions.

Materials and Methods

Materials and treatments

The commercial product of the protein-based bait, Buminal (hydrolyzed pro-
tein 39.78%) was obtained from NABA GmbH company, Germany, and the four com-
pounds of ammonium acetate (AA) (CH;COONH,), ammonium carbonate (AC) ((NH,)2
CO,), di-ammonium phosphate (DAP) ((NH,)2 HPO,) and acetic acid Glacial (AcA)
(CH,COOH) were obtained from El-Naser for Drugs and Chemicals Company.

Buminal was prepared at the three concentrations of 2.5, 5.0 and 10.0% (vol/vol).
Each of the other four compounds was added to Buminal (at the concentration of 5.0%), at
the three concentrations of 1.0, 2.0 and 3.0%. Ammonium acetate, ammonium carbonate
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and di-ammonium phosphate were in solid state; so, they were added as wt/vol. Acetic
acid was in liquid state; so, it was added as vol/vol.

Field trials

Experiments were conducted in navel orange, Citrus sinensis L. and repeated in
mandarin, Citrus reticulata Blanco orchards belonging to the experimental farm of Man-
soura University, Dakahlia governorate, Egypt. The selected areas were about eight fed-
dans for each orchard specie (1 feddan =4200 m?). Experiments were carried out during
the periods from the 25" of December 2017 till the 6™ of January 2018 in navel orange
orchard and from the 6" till 18" of January 2018 in mandarin orchard.

The modified Nadel traps (Hanafy et al., 2001) baited with the previously men-
tioned treatments were used. Each treatment consisted of 250 milliliters installed in a
trap and replicated four times. Traps were distributed in a completely randomized design
inside each orchard (navel orange or mandarin). Traps were hanged in a shaded place of
the trees at a height of 1.5-2.0 meters above the ground. To avoid the interaction between
lures, the distance between every two adjacent traps was about 40 meters.

Traps were inspected every three days (as intervals) for a period of 12 days after
hanging. The captured flies of females and males were counted and recorded as FTDs
(number of attracted flies per trap per day). The captured flies were removed from traps
with no renewal of the bait solutions. Trap rotations were done every inspection to avoid
the bias of fruit fly behavior linked with abiotic factors (i.e. light, wind, and heat).

Estimating pH levels

Fifty milliliters of each treatment were transferred to laboratory for estimating pH
level. Samples were taken at the beginning of each inspection period (fresh bait and after
3, 6 and 9 days) in navel orange and mandarin treatments. These samples were measured
by Jenway 3510 pH meter.

Statistical analysis

Data were analyzed by using one-way ANOVA followed by least significant dif-
ference (LSD) at probability level of 0.05. Regression analysis was also performed. All
analyses were performed using CoHort Software (2004).

Results

Data represented in Table 1 showed that the highest number of attracted females
and males of C. capitata after 3 days (total FTD=1.51 and 1.50, F=4.47 and P<0.01)
in navel orange orchard were recorded when pH-levels at 7.71 (Buminal 5% + 2%AC)
and 7.76 (Buminal 5% +2%DAP). After 6 (F=8.77 and P<0.01) and 9 (F=8.06 and
P<0.01) days, the highest number of attracted adults (FTD =2.67 and 1.34) was coin-
cided with pH of 6.36 and 6.32 (Buminal 5% + 3%AA). While, the highest number of
attracted C. capitata after 12 days (FTD=0.42, F=0.89 and P=0.57) was recorded at
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pH-levels of 7.04 (Buminal 5% + 1%DAP), 7.25 (Buminal 5% + 1%AC) and 8.61 (Bu-
minal 5% + 3%AC). In contrary, the lowest effective treatments in attracting C. capitata
adults were generally those of Buminal 5% +2%AcA and Buminal 5% + 3%AcA when
pH-levels ranged between 3.73 and 4.25.

In mandarin orchard (Table 2), Buminal 5% +3%AA was the highest treatment
for attracting C. capitata adults after 3 (FTD=1.33, F=6.47 and P<0.01) and 6 days
(FTD=1.75, F=4.06 and P<0.01) when pH-levels of 6.70 and 6.51, respectively. After
9 days, Buminal 5% +3%DAP (pH =7.04) attracted the highest numbers of C. capitata;
whereas, FTD was 1.08 (F=23.25 and P<0.01). With respect to Buminal 5% + 1%AC,
it was the highest attractive treatment to C. capitata adults after 12 days (FTD was 1.49,
F=3.39 and P<0.01) when pH was 7.01. As in navel orange experiment, Buminal
5% + 2% AcA and Buminal 5% + 3%AcA were the lowest effective treatments in attracting
C. capitata adults in mandarin orchard; whereas, pH-levels ranged between 3.87 and 4.07.

As shown in Fig. 1 and Tables 1 and 2, the highest effective treatment in at-
tracting C. capitata adults in navel orange and mandarin orchards was that of Buminal
5% +3%AA (pH-levels ranged between 6.32 and 6.89); whereas, the general means of
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Fig. 1. Mean attracted C. capitata adults (females and males) to different preparations of Buminal all
over the 12 days in navel orange and mandarin orchards at Dakahlia governorate, Egypt
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attracted flies (as total females and males) were 1.29 and 1.40, respectively. The second
rank in navel orange was that of Buminal 5% + 2%AC (FTD = 1.19 and pH-levels ranged
between 7.24 and 8.29) followed by Buminal 5% +3%AC (FTD=0.80 and pH-lev-
els ranged between 8.06 and 8.61), Buminal 5% +2%DAP (FTD =0.77 and pH-levels
ranged between 7.02 and 7.76) and Buminal 5% +3%DAP (FTD=0.73 and pH-levels
ranged between 6.87 and 8.20). In mandarin orchard, the second rank was that of Buminal
5% + 1%AC (FTD =0.82 and pH-levels ranged between 6.34 and 6.99) followed by Bu-
minal 5% + 3%DAP (FTD =0.78 and pH-levels ranged between7.03 and 7.73) and Bumi-
nal 5% +2%AC (FTD =0.66 and pH-levels ranged between 7.01 and 7.89). With respect
to Buminal 5% + 2%AcA and Buminal 5% + 3%AcA treatments, mean FTDs all over the
12 days was relatively very low (ranged between 0.00 and 0.08) as well as pH-levels
(ranged between 3.73 and 4.25).

On the other hand, all of the tested treatments attracted females obviously more
than males in navel orange and mandarin orchards (Tables 1 and 2) and (Fig. 1).

Statistical analysis (Table 3) showed that attracted C. capitata (females, males and
total adults) was affected by pH-level more than concentration percentage of the tested
compounds; whereas, regression coefficient values (b) in the relationships with pH-levels
were higher than that with concentration percentages. For example, the highest b-value of
pH-levels in navel orange experiment was 1.21 (for Buminal alone) is offset by obviously
low b-value of Buminal concentrations (—0.01). Also, the highest b-value of pH-levels in
mandarin experiment was that of Buminal 5% + AA (0.41 for females) is offset by 0.26.

Also, the determination coefficient (R*) confirms these findings; whereas, R*-val-
ues of pH-levels in navel orange experiment were higher than those of concentration per-
centages of Buminal alone, Buminal 5% + AC and Buminal 5% + DAP (Table 3). For

Table 3

Effect of pH-level and concentration percentage of the tested compounds on the attracted C. capitata
(females, males and total adults) in navel orange and mandarin orchards at Dakahlia governorate

Compound Sex Navel orange Mandarin

pH-level Concentration% pH-level Concentration%
b R*(%) b R*(%) b R*(%) b R*(%)

Buminal alone Q 1.04 45.8 -0.01 1.0 0.10 15.5 -0.02  22.0

g 0.17 31.1 0.003 1.4 0.14 75.6 -0.01 24.1

Q+a 1.21 46.0 -0.01 0.4 0.22 452 -0.03 317

AA Q 0.46 14.7 0.26  28.2 041 173 0.26  58.1

(in Buminal 5% + AA) o 0.12 14.9 0.06 259 0.12 9.8 0.06 17.3
Q+d 0.58 16.3 0.33  30.6 0.28 6.8 0.22 0.32

AC Q@ 0.24 41.1 0.18 21.6 0.04 1.2 0.01 0.1

(in Buminal 5% + AC) ¢ 0.05 165 0.04 86 0002 01  -001 1.1
Q+a 0.29 38.0 0.22  20.0 0.04 1.1 -0.001 0.00

DAP Q@ 0.29 48.7 0.16 17.4 0.16 22.6 0.15 46.4

(in Buminal 5% + DAP) o 0.02 6.6 0.01 3.5 0.01 1.0 0.02 5.6

Q@+c 0.31 44.1 0.17 163 0.17  20.8 0.17  46.6

AcA Q 0.09 22.3 -0.06 33.7 0.06 19.3 -0.06 41.9

(in Buminal 5% + AcA) o 0.02 13.4 -0.02 224 0.03 19.5 0.02 10.5

Q+c 0.11 27.4 -0.07 43.0 0.09 30.9 -0.08 45.6
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example, the highest determination coefficient value of pH-levels (48.7%) was obtained
with Buminal 5% + DAP treatments on females is offset by low value of concentration
percentages (17.4%). With respect to Buminal 5% + AA, the determination coefficient
value of pH-levels on the total adults in mandarin experiment (6.8%) is offset by low
value of concentration percentages (0.32%). Buminal 5% + AcA treatments attracted ob-
viously low numbers of C. capitata.

On the other hand, statistical analysis showed that females of C. capitata were gen-
erally more affected by pH-levels and concentrations of the tested compounds in com-
parison with males. As shown in Table 3, both of regression coefficient values (b) and
the determination coefficient (R?) of females were higher than those of males in all of the
tested compounds in navel orange experiment and most of them in mandarin experiment.

Figure 2 showed that 84.00% of the positive inspections which attracted females
of C. capitata occurred between pH-levels from 5.5 and 8.5. Less than pH-level of 5.5,
13.00% of the positive inspections occurred; while, 3.00% occurred when pH-level was
more than 8.5.
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Fig. 2. Distribution of the positive traps (attracted C. capitata females, males and total adults as FTDs)
within the range of pH-levels in both of navel orange and mandarin experiments at Dakahlia governorate

Acta Phytopathologica et Entomologica Hungarica



Ghanim, El-Metwally: Relationship between pH of protein-based baits 107
and attraction of the mediterranean fruit fly

The levels of pH ranged between 5.5 and 8.5 had 85.00% of the positive inspec-
tions which attracted males of C. capitata; while, 15.00% occurred when pH-level were
less than 5.5. No males were captured in traps which had pH-levels more than 8.5 (Fig. 2).

With respect to total females and males of C. capitata, 79.25% of the positive in-
spections occurred when pH-levels ranged between 5.5 and 8.5. On the other hand, 17.92%
of the positive inspections were recorded when pH-levels were less than 5.5; while, only
2.83% of inspections were recorded when pH-levels were more than 8.5 (Fig. 2).

Discussion

The obtained results indicated that adding ammonium acetate, ammonium car-
bonate or di-ammonium phosphate to the protein-based attractant, Buminal increased
its pH-level which induced more attract ability for C. capitata adult females and males.
These results came in the same line with those of El-Metwally (2018) and Ghanim (2018);
who mentioned that adding ammonium acetate, ammonium carbonate or di-ammonium
phosphate to the insecticidal protein-based bait, GF-120 increased its pH-level; and at-
tractiveness to C. capitata and Bacrtocera zonata (Saunders). Also, the present study
showed that Buminal 5% + 3% of ammonium acetate, whereas pH-levels ranged between
6.32 and 6.89 waqs the most attractive treatment for C. capitata. These findings are in
agreement with Pinero et al. (2015) who found that adding ammonium acetate to pro-
tein baits potentially increased the bait’s efficacy in attracting, monitoring and control of
C. capitata. In other studies, Pelz et al. (2005) and Pelz-Stelinski et al. (2006) found that
fruit flies spent more time surrounding the manipulated GF-120 bait by adding ammo-
nium acetate; whereas, the higher levels of ammonium acetate in GF-120 can increase ar-
restment of foraging flies. Also, the current results are confirmed by El-Metwally (2018)
and Ghanim (2018) who reported that addition of ammonium acetate to GF-120 bait im-
proved its ability to attract C. capitata and B. zonata flies. Hemeida et al. (2017) reported
that di-ammonium phosphate was more effective than ammonium acetate in enhancing
the protein-based baits of Buminal, Agrinal and Amadene for attracting B. zonata adults.
The variation between the present results and others may be attributed to the variation of
fruit fly species and/or the concentrations of the used compounds.

The ability of Buminal to attract C. capitata was found to be basically dependent on
the concentrations and pH-levels with extrusive relationships between the attracted flies
and pH-levels. These results are consistent with those of El-Gendy (2012), El-Metwally
(2018) and Ghanim (2018); they mentioned that the attracted fruit flies (C. capitata and
B. zonata) to baits that enhanced by ammonium compounds were found to be strongly
dependent on concentration of ammonium compound and therefore on pH level. Ghanim
(2018) added that the attractiveness of GF-120 baits enhanced by ammonium compounds
was affected by pH-level more than concentrations. According to El-Gendy (2013) and
Raga and Vieira (2015), adding borax makes the solution of ammonium compounds and
protein food attractants more alkaline and therefore increases of released ammonia from
the bait solution, and then increased the attracted B. zonata and C. capitata flies. Further,
Mazor et al. (1987), Epsky et al. (1993) and Heath et al. (1994) found that elevation of the
pH of the liquid commercial baits, Buminal, Naziman and Nulure increased their efficacy
as baits for C. capitata and Anastrepha suspensa (Loew).

Acta Phytopathologica et Entomologica Hungarica



108 Ghanim, El-Metwally: Relationship between pH of protein-based baits
and attraction of the mediterranean fruit fly

The present study concluded that C. capitata preferred baits which had pH-levels
ranged between 5.5 and 8.5 and the highest attractive treatments were occurred between
6.32 and 8.29 pH. This could be due to higher release of ammonium at higher level of
PH of protein bait. These results are confirmed by Paiva and Parra (2013), El-Metwally
(2018) and Ghanim (2018); they mentioned the highest captures of C. capitata and B. zo-
nata occurred with baits adjusted to a pH of a range from 7.00 to 8.5. On the other hand,
C. capitata females were more responded to the increase of pH and concentrations attract-
ants in comparison with males. Similar results were obtained by El-Metwally (2018) and
Ghanim (2018), who mentioned that females of C. capitata and B. zonata were more re-
sponded to the increase of pH in GF-120 preparations. On the other hand, when pH-levels
were less than 5.5 or higher than 8.5, there were few numbers of attracted C. capitata flies
in traps. These results are supported by IAEA (2003) who reported that fewer fruit flies
are attracted to the mixture as the pH becomes more acidic.

Also, the obtained results showed that Buminal alone or enhanced by ammonium
compounds attracted females more than males of C. capitata. These results are in agree-
ment with those obtained by Yee (2007), Hemeida et al. (2017), El-Metwally (2018) and
Ghanim (2018); who reported that females of Rhagoletis pomonella (Walsh), B. zonata
and C. capitata were responsive to the protein-based baits more than males. Yee (2007)
added that the lures affected the sexes similarly in terms of relative responses. Also, Epsky
et al. (1993), Heath et al. (1994), Abd El-Kareim et al. (2008), Moustafa and Ghanim
(2008), El-Metwally (2012), El-Gendy (2012 and 2013) and Ghanim et al. (2014) re-
ported that ammonium compounds and protein-biased baits attracted females of fruit flies
more than males. According to Rousse et al. (2005), when Bactrocera cucurbitae (Coquil-
let) flies were protein starved, females were caught numerically more than males in traps
baited with food attractants. Females of fruit flies require a source of protein to complete
egg maturation; so, this requirement is probably the main cause for the strong attraction of
females towards decomposing proteinaceous substances (Epsky et al., 2014; Pinero et al.,
2015; Hemeida et al., 2017; El-Metwally, 2018; Ghanim, 2018).

Conclusion

The present study concluded that C. capitata preferred baits which had pH-levels
ranged between 5.5 and 8.5 and the highest attractive treatments were occurred between
6.32 and 8.29 pH. Additional studies should be done on the relationships between pH-lev-
els of attractants and their ability to attract different species of fruit flies based on the
release rate of ammonium and pH of protein baits solution.
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