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Chapter

Valorization of Olive Mill
Wastewater in the Control

of Aphis pomi De Geer 1773
(Hemiptera, Aphididae) Infesting
Apple Plants in Nurseries

Nahid Haouache, Soukaina El Asri, Adil Asfers,
Abdelhadi Ait Houssa, Bouchra Tazi and Ahmed Boughdad

Abstract

Olive mill wastewater (OMW), are the liquid residues generated during the
extraction of oil by traditional and modern three-phase type crushing units. These
effluents are characterized by an acidic pH and composition rich in water, organic
matter, minerals and polyphenols. In general, they are directly discharged into
natural ecosystems. Their danger is linked to the enormous quantities produced
in a short period between October and March. To mitigate the effects of vegetable
waters on the environment, their valorization in different areas is discussed. As
biopesticides, crude OMW have been shown to be very toxic to Aphis pomi; the
LC50 and LC95 varied respectively from 27.17 to 45.59 and from 77.19 to 134.57 mg
of OMW/L of water; they vary according to the stage of the aphid considered. The
young stages of A. pomi were more sensitive than the elderly are. Therefore, the
OMW can be used as a means of controlling aphids. However, before operating on
a large scale, it is necessary to repeat the trials in field and assess their impact on
non-target organisms and treated crops.

Keywords: Olive Mill wastewater, Biopesticides, Aphis pomi, Apple plants, Nursery

1. Introduction

In Morocco, with an area of 49731 ha and an annual production of 809762 t [1],
apple cultivation is exposed to the pressure of various harmful biological agents;
approximately 182 synthetic pesticides are registered against these organisms [2].
Aphids are small, soft-bodied insects with long, slender mouthparts used to pierce
stems, leaves and other tender parts of plants and, suck up sap from the host plant.
They are among the most dangerous pests of crops; they directly weaken plants by
sucking their sap; these results in curling and deformation of the leaves of young
shoots, which affects the photosynthetic function of the attacked plant. Among
the indirect damage, aphids are vectors of many phytopathogenic viruses and
the secretion of honeydew favoring the development of sooty mold on leaves and

1 IntechOpen



Insecticides - Impact and Benefits of Its Use for Humanity

fruits [3, 4]. The green apple aphid, Aphis pomi De Geer (Hemiptera, Aphididae)
is 1.3-2.3 mm long and light green or yellowish green in color, with short antennae
and black or dark brown siphunculi; asexual development goes through 4 Nymphs
and an adult (Figure 1). It is a monoecious holocyclic species, i.e., the aphid has one
sexual generation and several asexual (parthenogenetic) wingless and /or winged
generations; they grow on the same plant species or on plants of related species.
The aphid is widely distributed in the northern hemisphere [5]. This species is very
harmful to pome fruit (Rosaceae), especially apple trees; its infestations are rife
regularly. The species is particularly harmful in nurseries and young orchards. To
control aphids, apple growers only use synthetic insecticides; thus, 82 pesticides
are registered against aphids [2]; these pesticides are broad spectrum and effective
against many pests other than aphids; they mainly belong to the groups of organo-
phosphates, carbamates, pyrethroids and neonicotinoids. However, the intensive
use of these products raises health, environmental and ecotoxicological problems
(e.g., [6-8]). The use of these pesticides also generates resistance phenomena in
pests [9-11]. In addition, they can cause the resurgence of secondary pests [12]. This
latter phenomenon is characterized by a reversal of the biological response such as
the shortening of the duration of the development, the increase in fecundity with
fertility and longevity due to the application of the sublethal doses of the pesticides
used [13]. Besides the unwise use of pesticides increases the mortality of natural
enemies that contribute to pest control [14, 15]; which increases the cost of produc-
tion and affects the efficiency of the techniques applied and the environmental
sustainability of the agroecosystem [16].

To mitigate the ecotoxicological, environmental and social consequences of
synthetic pesticides; the research for effective, economical, safe and ecologi-
cal alternative methods compatible with sustainable development is therefore
imperative. In other words, adopt the concept of integrated pest management
(IPM) [17, 18]. Among the products likely to replace synthetic pesticides and, at
the same time reduce pollution of natural ecosystems; valorization of OMW in
plant protection responds well to this dilemma.

Around the world, there are more than 800 million productive olive trees,
occupying an area of 10 million hectares; olives are used either as table olives or
for the production of olive oil. Global table olive production was 2900000 tons,

Figure 1.
Colony of Aphis pomi on an apple plant (A) and magnified 35 times under a stereomicroscope (B).
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while olive oil production exceeded 3300000 tons [19]. The Mediterranean region
alone provides 97% of the total world olive oil production, being close to 3 million
tons [20]. The oil extraction is carried out by three processes, namely the tradi-
tional process (press process), the two-phase process and the three-phase process
[21]. However, olive oil production is also accompanied by the generation of huge
amounts of by-products and waste that leave a cluttered environmental footprint
[22]. Indeed, during the extraction of oil by press or three-phase systems, enormous
quantities of vegetable water are produced annually, the reported volumes are
estimated at around 440 L of OMW for 100 kg of processed olives [23], i.e., from
10 to 30 million m’ per year [24]. These effluents are acidic and very rich in organic
compounds including polyphenols [24-26]. The management of OMW is generally
unregulated; they can be discharged directly into terrestrial and aquatic ecosystems
without prior treatment. This results in disastrous environmental consequences due
to their high polluting capacity (e.g., [27-30]). Thus, non-target organisms in these
natural compartments are negatively affected (e.g., [31-35]). In addition, the pres-
ence of organic and inorganic pollutants makes this waste flow toxic for bacteria
and other microorganisms used in biological treatments [32]. In Morocco, where
olive tree occupies an area of 1073493 ha and produces 1912238 t of olives [1], oil
extraction is carried out mainly by traditional press and, in few cases by the three-
phase or two-phase system; thus, it generates enormous quantities of OMW. Like
other countries, the dumping of vegetable waters is also disposed mainly on soils
and in rivers. Indeed, as indicated in Figure 2, during the extraction of oils from the
olives, the OMW are evacuated in a channel (Figure 2A) discharging them either in
a watercourse (Figure 2B and D) either in a terrestrial environment (Figure 2C).

Figure 2.
Olive mill wastewater (OMW) disposed into ecosystems ((A) discharge channel, (C) soil receptacle, (B and D)
Oued receptacle).
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With regard to the harmful effects of OMW and to avoid or mitigate the issues
associated with them, the scientific community has felt the need to promote them
in several areas. This is because vegetable waters contain valuable components, such
as water, organic compounds and a wide range of nutrients that could be recycled.
Then, OMW could be recycled and used as a feedstock to generate cost effective
compounds such as antioxidants, enzymes, biogas, soil conditioners, feeds, foods,
fertilizer, etc. (e.g., [36-42]).

In crop pest management, OMW have been tested against weeds, fungi and
nematodes [43], olive psyllid [44], green apple aphid [45], date palm white worm
[46], tomato broomrape [47], plant pathogens [48], Mediterranean fruit fly fruits
[49]. For full details, bibliographic reviews provide a synthetic overview on the use
of OMW in plant protection [50, 51]. For our part, after having evaluated the toxic-
ity of OMW with respect to Gammarus gauthieri (Amphipoda, Crustaceae) [31] and
earthworms [33], we tried to valorize crude OMW in the control of pests by testing
them against A. pomi. This work aimed at replacing synthetic pesticides used in
aphid control and, at the same time reducing pollution of natural ecosystems owing
to OMW. To this end, the valorization of OMW in plant protection responds well
to this dilemma. In this chapter, the results relating to the efficacy of crude olive
mill wastewater with respect to the green apple aphid are presented, as well as their
physicochemical composition.

2. Materials and methods
2.1 Location of the study nursery

The experiment was carried out in summer in a 2-year-old apple tree nursery
(Malus communis var. Golden Delicious, Rosaceae) located near the National School
of Agriculture in Meknes (GPS coordinates: 33° 50’ 37" N, 5° 28’ 39” W) in plastic
tunnel under ambient conditions. It is installed inside an orchard of the same
culture.

2.2 Origin and physicochemical composition of olive mill wastewaters

The vegetable water samples were collected from a traditional olive oil extrac-
tion unit located in the Sefrou-Morocco region (GPS coordinates: 33° 49’ 50" N,
4° 50" 15" W). Sampling was carried out immediately after olive oil extraction and
OMW production; the effluents were taken, on three times with an interval of
15 min between two successive sampling. The samples were brought back to the
Laboratory of the National School of Agriculture in Meknes in airtight boxes and
stored at 4°C to avoid any alteration of their chemical composition.

OMW analysis (pH, electrical conductivity or EC, crude protein level, potas-
sium, phosphorus, magnesium, calcium, copper, manganese, iron, zinc, sodium,
cadmium and nickel) was carried out at the Official Laboratory of Chemical
Analysis and Research, Casablanca Morocco (www.loarc.ma) according to standard
methods. The content of suspended solids, the chemical oxygen demand (COD),
the biological oxygen demand (BOD), concentrations of nitrites, ammonium,
sulphate, nitrate, orthophosphat and chlorine were determined at the Laboratory of
the Department of Basic Sciences of the National School of Agriculture in Meknes
as methods described in Rodier et al. [52]. The total polyphenol content was deter-
mined according to the method of Folin Ciocalteu [53, 54]; to this end, 200 pL of
OMWW were mixed with 1 ml of a freshly prepared Folin—Ciocalteu reagent (10
times diluted) and 0.8 ml of 7.5% sodium carbonate (Na2CO3). The whole mixture
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was incubated for 30 minutes at room temperature (20° C). The reading was carried
out using a UV-visible spectrophotometer (Shimadzu 1601, Europe) at a wave-
length of 765 nm. The concentration of polyphenols is expressed in milligrams of
gallic acid equivalent per gram of OMW).

2.3 Strain of Aphis pomi and biotest

The different stages of the green apple aphid (L1, L2, L3, L4, Wingless adult)
(Figure 1) were sampled with apple leaves infested in the nursery where the experi-
ment occurred; the nursery has not undergone any insecticide treatment before.
The leaves with the insects were then sorted by stage and placed in Petri dishes 9 cm
in diameter and 1.5 cm in height ventilated and closed to prevent the aphids from
escaping. Each box contained 10 individuals belonging to the same stage. Leaves
bearing aphids were kept turgid by wrapping their peduncle with cotton wool
soaked in water. The experiment was carried out in the nursery growing under a
plastic tunnel in ambient conditions.

To determine the quantity of the crude OMW to be recommended to the farmer,
i.e., the dose necessary to control aphids, we sought to determine the content of
crude vegetable water to be diluted in water, i.e., the concentration of these efflu-
ents to be dissolved in the water required to kill a percentage of aphids. To this
end, the concentrations were determined beforehand according to the formula of
[55], i.e., concentrations capable of causing the mortality of 5% and 95% of the
insects used. Then, the concentrations used are 5, 10, 20, 40 and 80 mg of OMW/
liter of distilled water. The solutions of the vegetable waters were prepared using a
magnetic stirrer for 10 min. At the same time, two control treatments were carried
out, the negative one consisting of distilled water; while the positive one using
Imidacloprid (Confidor (Active matter content 200 g/L) according to the recom-
mended dose against aphids on apple trees (50 cc/hL) [2]. For each concentration
or controls, 5 replicates were performed with 10 individuals each according to a
randomized complete block design. The application of OMW to the leaves bearing
the aphids was performed using 1-liter hand sprayer maintained at 0.3om from the
targets. The count of dead insects was carried out 48 hours after spraying; each
individual shaken by a paintbrush and not moving was considered dead. Aphid
mortality was assessed under a stereomicroscope.

2.4 Statistical analysis of data

The lethal concentrations (LC50 and LC95 i.e., concentrations capable of killing
50 and 95% of the population treated) of the products tested against A. pomi were
determined by Probit analysis [55] using SPSS version 21 (IBM Corp. Released
2015. Armonk, NY: IBM Corp.). The values were considered significantly differ-
ent, when their 95% confidence intervals did not overlap. To identify the toxicity
caused exclusively by OMW, the mortalities recorded with each concentration were
corrected with Abbott formula [56]. The comparison of the lethal effects of OMW
and the pesticide on aphid stages was performed by two-factor variance analysis
(Stages™ products) followed by the Tukey test (HSD) at 5% as post-hoc for the mul-
tiple comparison of means. The homogeneity and normality of the variance of the
dependent variables were verified by Levene and Shapiro-Wilk tests, respectively;
the dataset was transformed into arsin 1/ (percentage) before analysis of variance
according to Sokal and Rohlf [57]. Linear models relating stage mortality to OMW
concentration have been established; their choice was made based on the low values
of the Akaike Information Criterion (AIC) and standard errors as well as on the
high values of R? and their significance by the analysis of variance (F). To classify
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the different stages of the aphid according to their responses to OMW, a hierarchi-
cal classification was carried out on the LC50 and LC95 using Statistica version 7
software (Statsoft Inc. USA). The data are summarized as graphs or tables.

3. Results
3.1 Physicochemical properties of OMW

The physicochemical characteristics of OMW obtained from an extraction unit
by the traditional press process are presented in Table 1. The effluents are reddish-
black in color and darken during storage (Figure 2); they have a cloudy appearance
and a strong odor of olive oil. It is an acidic liquid (pH = 4.90) with an electrical
conductivity of 13.5mS/cm which is characteristic of wastewater. The contents
of solid matter, chemical oxygen demand (COD) and biological oxygen demand
(BOD5) weigh 40, 160 and 90 g/L of OMW, respectively, they are high. Crude
proteins represent approximately 1% of the composition of vegetable waters; while

OMW properties Units Values
pH 490
Electrical conductivity mS/cm 13.5
COD g/L 160
BOD5 90
Solid matter 40
Crude protein % 14
Potassium 1.0
Calcium 0.1
Sodium 0.06
Magnesium 0.045
Phosphorus mg/kg 641.8
Iron 40.0
Manganese 4.5
Zinc 10.0
Copper 22
Nickel “0.75
Cadmium €0.015
Sulfate mg/L 1591.84
Ammonium 1342.53
Nitrate 743.39
Nitrite 260.57
Chlorine 184.6
Orthophosphate 12.43
Polyphenols mg of GAE/g 66,19
Table 1.

Physicochemical properties of OMW collected from a traditional processing unit in Sefrou region (GAE: gallic
acid equivalent).
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De Geer 1773...

potassium, calcium, sodium and magnesium represent from 1 to 0.05% of the total
(Table 1). The samples of vegetable water analyzed are relatively rich in inorganic
ions (P, Mn, Cu, Fe, Zn, Ni, Cd), their contents vary from approximately 642 to
0.015 mg/Kg. Sulfates, ammonium, nitrates, nitrites, chlorine and orthophosphate
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Figure 3.

Mortality of the different stages of Aphis pomi treated with crude OMW (SE:
imidacloprid; the bars with the same letter do not differ statistically from each
the Tukey HSD test at 5%).
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are also dissolved in vegetable waters, their concentrations ranging between
approximately 1592 and 12 mg/L; while the total polyphenol content is around
66 mg /L of OMW (Table1).

3.2 Aphid toxicity

Crude vegetable water from olives has been shown to be very toxic to A. pomi,
their effects are amplified with concentration (Figure 3). The response of
the treated individuals varies significantly between stages (F = 59.93, df = 4,
141, P < 0.001) and according to the concentration (F = 871.75, df = 6, 141,
P < 0.001). Compared to the negative control, crude OMW significantly affect
the survival of the different stages of the green apple aphid, the percentages of
mortalities are approximately 4 to 38 times higher than the control. Whereas all
stages have a comparable mortality rate in untreated lots (P > 0.05). On the other
hand, compared to the positive control (Imidacloprid), only the high concen-
tration (80 mg/L) which makes it possible to induce statistically comparable
mortalities, the other concentrations cause mortalities markedly lower than this,

Stages Models R? DfResidual F P

L1 y =0.93x +24.98 0.92 4 4719 0.0024

L2 y =0.78x + 2742 0.91 4 38.11 0.0035

L3 y =0.67x +20.32 0.97 4 126.11 0.0004

L4 y=094x + 1245 0.98 4 252.45 <0.0001

Adults y =0.82x12.70 0.98 4 171.21 0.0002
Table 2.

Relationship between concentration (x in mg of OMWY/L of distilled water) and mortality (y in %) of Aphis
pomi treated with crude olive mill wastewater during 48 h.

Stages Number Slope®+SE  Constante+SE LC50(CI°)  LC95(CI) »#  Df* P

mg/L mg/L
L*1 300 0.03 + 0.004 -0.75+0.11 2417 (19.08, 7719 (6518, 4.92 4 0.30
29.78) 96.25)
L2 300 0.02 £ 0.003 -0.62+0.11 27.33 (20.61, 100.00 644 4 0.17
34.75) (82.42,
130.04)
L3 300 0.02 £ 0.003 -0.82+0.11 44.67 35.93, 134.57 2.26 4 0.69
57.10) (108.30,
183.10)
L4 300 0.03 £ 0.003 -1.10 £ 0.12 39.08 (33.10, 9756 (83.28, 3.40 4 049
46.50) 119.65)
Adults 300 0.02 + 0.003 -1.06 + 0.12 45.59 (38.27, 116.37 2.30 4 0.68
55.35) (9748,
147.32)

L = nymph.

b Probit model = slope — constante, SE: standard error.

95% lower and upper confidence limits are shown in parenthesis expressed in mg of OMWY/L of distilled water.
“Df: degree of freedom.

‘Probaility.

Table 3.
Toxicity parameters calculated for Aphis pomi exposed duving 48 hours to crude OMW,
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Figure 4.

Toxic activity of crude OMW against the different stages of Aphis pomi after 48 hours of treatment (on the
x-axis are presented the concentrations instead of their logarithms).

P < 0.05 (Figure 3). With regard to the same concentration of OMW, the aphid’s
response varies depending on the stage. With 5 mg /L, the L1 and L2 are affected
by the same mortality rate (P > 0.05); the same is true for L3 and L4 or L4 and
adults compared in pairs. The same pattern is obtained with 10 mg/L. Treated
with 20, 40 or 80 mg/L, the L1 and L2 were shown to be much more vulnerable
than the other stages, P < 0.05.
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Figure 5.
Classification of the different stages according to their sensitivity to OMW (unweighted averages of lethal
concentrations).

Moreover, the relationship linking the mortality of the stages of the aphid to the
concentrations of OMW makes it possible to note that for each stage of the green
apple aphid, the mortality therefore depends linearly and positively on the concen-
tration of OMW (Table 2). In terms of corrected mortality, i.e., due exclusively to
crude OMW, the percentages of dead insects vary from around 2 to 98% depending
on the concentration and the stage considered with strong variations (Coefficients
of variation = 4-70%).

Furthermore, the observed data fit well to the log-probit model and no statisti-
cally significant deviation from the regression equation was detected, P > 0.05
(Table 3 and Figure 4). Lethal concentrations vary depending on the stage of the
aphid considered; in fact, the extreme LC50 and LC95 vary from approximately 19
to 55 and 65 to 147 mg of OMW/L of distilled water, respectively. With regard to the
values of the LC50, the tolerance of A. pomi increases with age, the sensitivity of the
young stages is greater than that of the older ones. At high concentration (LC95),
values increase with stage; while for L4 and adults, lethality is variable (Table 3 and
Figure 4).

With regard to lethal concentrations, the hierarchical classification of the stages
of A. pomi according to their sensitivity to crude OMW allows them to be classified
in decreasing order L1 < L2 < L4 < Adults <L3. The nymphs L1, L2 and L4 were
therefore more vulnerable to crude OMW than adults and L3 (Figure 5). In terms of
efficiency, the application of 135 mg of crude OMWY/L of water allows to reduce the
level of aphid populations below the threshold adopted by producers (15-20% of
infested shoots).

4. Discussion
4.1 Physicochemical characteristics of OMW

Olive oil extraction by traditional and three-phase processes generates huge
amounts of vegetable waters rich in various organic and inorganic compounds
during a short period of the year (October-March). OMW have a high biological

and chemical oxygen demand values, as well as high contents of organic matter,
suspended matter, inhibitor substances (phenolic compounds) and minerals,
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especially potassium, phosphorus, magnesium and calcium [58]. The values of the
physicochemical parameters presented in this work are similar to those reported in
Morocco (eg, [26, 59-62]). However, the chemical composition of OMW depends
on the olive variety with the stage of maturity of the olives, the harvest period and
the extraction techniques [63, 64]. Their physicochemical characteristics confer
them the status of polluting substances posing serious environmental problems.
Indeed, certain elements present in OMW are responsible for their harmful effects.
Thus, the high concentration of phenolic compounds in vegetable waters generates
phytotoxic effects [63]. Moreover, according to [65], heavy metals (Cu, Ni, Pb, Cr,
Zn) affect the performance of anaerobic digestion by inhibiting microorganisms;
indeed, during the production of biogas by the anaerobic digestion process from
of the olive mill waste, the methanogenic bacteria are inhibited. The recovery,
recycling, and reuse of these by-products are considered the best options for a
sustainable water management program. Thus, their use as bio-pesticides is one of
the valorization modalities that we have tried to apply in this work.

4.2 Valorization of OMW in aphid control

The damage caused by A. pomi, especially in nurseries and young plantations,
force producers to treat frequently the pest with synthetic insecticides. The misuse
of synthetic pesticides, however, raises safety and environmental issues [6-8]. At
the same time, olive oil extraction by traditional and three-phase systems generates
enormous volumes of vegetable waters, which are generally discharged into natural
ecosystems [24-26]. To mitigate the undesirable effects of synthetic pesticides and
at the same time those of OMW, it has proved to be imperative to replace synthetic
aphicides by valorizing vegetable water in the management of A. pomi; this will
contribute to crop protection while solving the environmental and health problems
raised by the two categories of products. The treatment of the aphid with crude
OMW has made it possible to prove their effectiveness. Thus, the crude vegetable
waters tested against A. pomi were toxic to aphids. Indeed, the applied concentra-
tions cause a variable mortality according to the stage and dependent on the con-
centration. The LC50 and LC95 vary from 27.17 to 45.59 and from 77.19 to 134.57 mg
of crude OMW /L of water, respectively; the young stages were more vulnerable to
vegetable waters than the older ones and adults. By high concentration, crude OMW
equal the efficacy of the reference product, imidacloprid, used at the recommended
dose in the field. In terms of efficiency, to reduce the level of populations below the
threshold adopted by producers, ie, 15-20% of infested shoots, an average dose of
135 mg of crude OMWY/L of water can satisfy the farmer to control aphids.

Various studies have evaluated the effectiveness of the OMW or their polyphe-
nols in the management of insect pests on different rops. Thus, for example, the
treatment of Euphyllura olivina Costa (Hemiptera, Psyllidae), olive psyllid, with
polyphenols from OMW at a rate of 2 g of hydroxytyrosol/L of water in an olive
grove, allowed to control 41.1% of larvae and 72% of adults. In contrast, with regard
to eggs, the products was ineffective [44]. Against A. pomi, crude OMW or their
polyphenols cause significantly higher mortalities than the controls used; their
toxicity depends both on the stages of the insect and on the concentration of the
products tested; the average LC50s are around 25.10 ml of crude OMW and 42.8 mg
of polyphenols/L of distilled water. The toxicity caused by crude OMW depends in
67% to approximately 100% of cases on that of the polyphenols contained in them
[45]. Spraying the larvae of Potosia opaca (Coleoptera, Scarabeidae), a date palm
pest in Morocco, with crude OMW, allowed to obtain the same efficacy as with the
reference insecticides (chlorpyriphos-ethyl or chlorpyriphos-ethy + cypermethrin)
19 days after treatment; vegetable waters are both toxic and affect the weight

11
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of survivors; their toxicity depends directly on their polyphenol content [46].
Tested on the Mediterranean fruit fly (Ceratitis capitata (Wiedemann) (Diptera,
Tephriditae), the polyphenolic fractions of OMW inhibit egg hatching and female
fecundity without affecting larval development [49]. Overall, from all the studies
cited in this paragraph, it emerges that the toxicity caused by OMW depends mainly
on their polyphenol content (op. Cit.). In addition, although, the biochemical
modes of action of OMW have not yet been elucidated in insects, the high levels of
phenols present in vegetable water could block the transmission of nerve impulses
[66, 67]. However, in this case, it is not excluded that the vegetable waters contained
insecticides, in this case organophosphates and/or carbamates, used against the
olive fly and which inhibit acetylcholinesterase (eg, [68]).

5. Conclusions and perspectives

Rejected agricultural by-products offer multiple opportunities for recovery
and have significant potential not only in the agricultural and agrifood sectors but
also in plant protection. In fact, in this work, crude OMW tested against A. pomi
were effective in reducing the level of their populations to economically tolerable
levels. However, the effect of products tested in nursery pest management must be
compatible with integrated pest management (IPM) concept. Since, some plant
producers also carry out augmentative releases of natural enemies (Unpublished
data). Therefore, like conventional pesticides, risk assessment of side effects of
OMW is still necessary [17, 18]; the evaluation of the effects of OMW on non-target
organisms must include both lethal and sublethal effects (e.g., [14, 15]). In the event
that the natural enemies bred massively and purchased by plant producers, their
releases must be carried out outside the treatment periods. It is also possible to spray
against pests with OMW outside the activity of natural enemies; preferably during
vegetative rest against overwintering forms.

Moreover, knowing that OMW can also show phytotoxicity [69], an evalua-
tion in this direction is planned. Our work can help to enhance the use of MOW to
control the green apple aphid among other pests while integrating the ecological
services provided by beneficial organisms in agroecosystems, and at the same time
avoid the harmfulness of OMW. At the industrial level, the large-scale direct extrac-
tion of polyphenols for the production of biopesticides would result in high added-
value. The identification and quantification of the constituents of polyphenols with
their biochemical modes of action in treated pests should precede the economic
estimation of pest control based on OMW and their polyphenols.
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