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Abstract: Biopesticides are alternatives to synthetic ones, repel insects and control diseases in a
sustainable way. The objective was to evaluate the repellency, efficiency and efficacy of a biopesticide.
In apples in 2023 and walnut in 2024, both in Coahuila, Mexico. In 2023, with: A.- Without application
and B.- With application of 2 L of biopesticide one liter at the beginning and the second 10 days later,
with three repetitions. In Walnut A.- With synthetic insecticide and fungicide and B.- With the
application of the biopesticide. The 20-day repellency index after application (DDA) was 5.3 and the
biopesticide was 0.39; The effectiveness of the biopesticide was 75.3%. In walnut, the repellency of
the synthetic was 0.25 at 20 DDA and of the biopesticide was 1.5. In apple tree diseases, the efficiency
in severity without application was 6.75 % and with the biopesticide 1.67 %; in walnut with synthetic
the severity was 2.0 % and for the biopesticide it was 5.21, %, the effectiveness of the biopesticide was
61.6%. The repellency must be less than one and the effectiveness greater than 60% with Mexican
standards.

Keywords: sustainability; efficacy; repellency

1. Introduction

In the last 50 years, the most common, intensive, and extensive method of pest control has been
the use of synthetic chemical insecticides. The use of pesticides increased from 1940 onwards, starting
with DDT (dichlorodiphenyltrichloroethane), followed by organochlorine insecticides, organ
phosphorus and carbamates. In 1960 the green revolution began and in 1970 wheat was tolerated to
abiotic and biotic stress conditions that allowed food production to double worldwide, increasing the
use of agrochemicals in agriculture. But chemical-synthetic insecticides are overused and have caused
deterioration of soil and ecosystem fertility.

Adverse impacts have been due to the excessive use of pesticides on water quality, soil health,
problems such as resistance and tolerance of pest insects, genetic variation in plants, toxic residues in
food and food have created tools such as integrated pest management (IPM). When soil
microorganisms are affected by synthetic insecticides, organic matter mineralization, nitrogen
fixation, nitrification, denitrification, ammonification, and phosphorus solubilization processes are
affected as the enzymatic activity of microorganisms is deactivated [56].

The increase in temperature to more than 2°C globally has led to an abrupt loss of ice at the
poles, coral reefs are dying, the Amazon Forest is drying up and the boreal forest, the ice at the north
pole are collapsing [3]. Insects are poikilothermic, which grow with temperature, which has led to an
increase in pest insects and disease-vectoring insects.

Alternative
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The sustainable and balanced agriculture system of food production consists of improving and
preserving the health and productivity of dependent communities, that is, soils, plants, animals and
human beings, which use natural resources in a sustainable way.

Biological control includes the use of extracts from various plant species that have toxic effects
on plant pathogens. This control of plant pathogens encompasses the induction or stimulation of
plant defense mechanisms (formation of proteins associated with pathogenesis, phytoalexins,
formation of histological barriers, etc.) using so-called defense activators or elicitors [26].

Biopesticides have a different effect in the laboratory than in the field, since crop production is
significantly lower in field conditions due to the fact that it depends on numerous physical and
chemical processes that occur in the soil and the environment. The efficiency of natural extracts is
influenced by the temperature and pH values of the soil, the organic matter content in the soil and
the incidence of direct solar radiation.

The effect of Nordihydroguaiaretic Acid (NDGA) on pests: Spodopera littoralis (Black Doughnut)
had a control of 24%, in Myzus persicae (Green Aphid) it had a repellency effect of 6.3% and a control
of 31% and Rophalosiphum padi (Stem Aphid) with a repellency of 54.8% and a control of 72% at a dose
of 10 mg/mL (10,000 mg/kg), which indicates that NDGA even at very high concentrations has a lower
effect on pest control [40].

Kaempferol causes plasma membrane disruption and affects nucleic acid synthesis, protein
synthesis, and inhibits mitochondrial function of the fungi Aspergillus fumigatus, Aspergillus niger,
Candida, Albicans, and Saccharomyces cerevisiae, at a concentration of 256 pg/mL [29]. In potato tubers
(Solanum tuberosum L.), kaempferol reduces damage to Pectobacterium atrosepticum, a necrotrophic
bacterial pathogen, and to Erwinia carotovora subsp. carotovora at very low doses [43]. Kaempferol has
a control of Rhizoctonia solani, of 49.5%, and of Fusarium oxysporum through inhibition of mycelial
growth and structural activity relationships (SAR) [49].

Quercetin controls the oriental leafworm (Spodoptera litura), in the pupal and larval phases it has
its greatest control with 625 mg/kg, reducing survival and pupation [22], but with a concentration of
6,030.02 mg/kg, quercetin should be better controlled as a biopesticide. The use of keratin with
beneficial microorganisms such as Trichoderma viride, Pseudomonas fluorescens, Metarhizium anisopliae,
Bauveria bassiana and Bacillus thuringiensis because it is a flavanol increases the concentration of
signals in the symbiosis between the beneficial microorganism and the plant for the control of
pathogenic fungi and bacteria, and once in symbiosis increases the duration of control [4], in
environmental microbiology, quercetin as a flavanol acts on molecular interaction signals for
symbiosis between microorganisms and plants [19].

Allicin inhibits spore germination, protein and DNA synthesis, mycotoxin production,
denatures the membrane and its functions, modifies the hyphae and mycelium of the fungus [39].
Allicin prevents the insect from feeding, is repellent, inhibitor of its body renewal in the insect's larval
and respiration stage, alteration of the cuticle and reduction of the fecundity of the pest insect [42].

Azadirachtin has no insecticidal effect at a concentration of 4.5%, at a concentration of 20% it has
a repellent effect, while it has an insecticidal effect at 80% on the pest Stephanitis pyrioides [48]. The
application of azadirachtin at a concentration of 80% for Diaphania hyalinata (L.) in melon had a
control of 96% at 7 days in the 1st application and 100% in the 2nd application at the same time. For
the control of Thrips palmi in cucumber culture, 89% at 7 days in the 1st application and 96% in the
2nd application at the same time; and for the control of Bemisia tabaci in tomato cultivation of 97% at
3 days in a single application [33].

Cinnamaldehyde has been effective in the control of Colletotrichum gloeosporioides,
Gliocephalotrichum microchlamydosporum and Botryodiplodia theobromae, in application of 30 mg/kg,
covering the culture with the solution [47]. Cinamaldehyde has a lethal dose of LC50 = 25.43 + 1.0423
ug/cm?, causing a mortality of 96% of Dermanyssus gallinae in larvae and eggs, but without affecting
the entomopathogenic fungus Beauveria bassiana [5], so the use of Cinamaldehyde is a sustainable
control.
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Capsaicin has antimicrobial and antioxidant [44] and antifungal [36] properties. Capsaicin has
repellency for Bemisia tabaci, showed a repellency of 95% at a capsaicin concentration of 40%, in a
period of 8 h, indicating that mortality is less than an hour and repellency with up to eight hours of
duration and from there, the repellency effect is lost [8].

Biopesticides containing metabolites or microorganisms should be applied to crops at night,
when there is no direct sunlight, or during the day if it is cloudy. The optimal temperature for its
application is 24-28 °C because its effectiveness decreases at temperatures below 13-14°C or above
32-38 °C [24].

The apple moth (Cydia pomonella L.), is the most important pest worldwide in pear and apple
trees; it is a pest of direct, persistent, endemic damage, of annual incidence, which is why the greatest
application of insecticides is carried out, because without control the damage by fruits bored by the
larvae ranges between 20 and 70% and with control does not exceed 1% [45].

Apple scab (Venturia inaequalis) exists worldwide, but is most severe in areas with cool, wet
springs and summers. The damage of the fungus to leaves, young and ripe fruits is caused by asci
and ascospores with subcuticular lesions, its control is with synthetic fungicides after petal fall with
applications every 10 to 14 days depending on the intensity of rainfall [1].

The aim of the study was to evaluate the efficiency and effectiveness of a biopesticide based on
natural organic compounds in apple and walnut cultivation.

2. Materials and Methods

In apples, the study was carried out in an apple orchard located in the Rancho Nuevo ejido, in
the town of Los Lirios, in Arteaga, Coahuila, during the spring-summer 2023 cycle. Two treatments
were carried out: A.- Without application and B.- With application of 1 L of biopesticide and with a
second application 10 days after the first application, each with three repetitions.

The biopesticide is made up of NDGA, kaempferol, quercetin, allicin, azadirachtin,
cinnamaldehyde and capsaicin, sampling the concentration of each ingredient in the plant species
where the highest concentration of each ingredient was obtained in the best locality for its production
in the country [10,12-17], and was used by dividing into two applications, the first with repellent and
the second with biofungicide, the treatments are shown in Table 1.

Table 1. Concentration of biopesticides applied to apple and walnut trees.

Ingredient Repellent Biofungicide
mg/kg
Nordihydroguaiaretic Acid 325 708
Kaempferol 44 49
Quercetin 4,868 9,742

Capsaicin 4,005 80
Allicin 59 55
Cinnamaldehyde 542 104
Azadirachtin 2.5 1.5

The treatments evaluated in the field were: 0 and 2 L/ha of the biopesticide product, irrigation
sections were used and the samplings were in the central part of the unit to avoid the effect of
boarding, for which a block design was had with 3 replications and 2 treatments.

For scab sampling, the sample size was 4 leaves from the middle part of the tree, in 5 trees for a
total of 20 leaves per repetition and 60 leaves per treatment.

The variables to be measured for diseases [34], were measured on July 27, of 2023, which
corresponds to 31 days after applying the biopesticide and this was due to the fact that the effects
occurred after July 10 due to the presence of rains that stimulated the incidence of scab and are:
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n=7
% of infection = (nxV)/Category x N

i=1

Where:

n = number of leaves in each index category

V=numerical value in each index category

N = Number of leaves in the sample for each repetition = 20

Category = is the highest value of the index = 6 and is shown in Table 2.

Table 2. Severity indices for foliar damage.

Index % of foliar surface

0 No damage

1 0.1-1.0

2 1.1-12.5

3 12.6-25.0

4 25.1-50.0

5 50.1-75.0

6 75.1-100

The effectiveness of the biopesticide was measured with the following model

. % of mt — % of mtra
% of ef fectiveness = Yot x 100
0

Where:

mt= is the severity in the control or synthetic

mtra= is the severity in the Biopesticide

For the sampling of moth, it was made in barley wing traps with pheromone and was made in
readings on a daily basis, during the study period, which was 20 days.

The repellency effect is measured as:

Repell index = 26
epellency index = ——

Where:

G=is the percentage of insects in the treatment.

P = is the percentage of insects in the control.

The repellency index is classified as neutral if the index is equal to one, attractant if it is greater
than one, and repellent if it is less than one.

The analysis was made with the SAS program [50].

In Walnut Tree, the biopesticide was evaluated with the producer's management in the Santa
Martha walnut orchard, located in the municipality of Zaragoza, Coahuila in 2024. The biopesticide
(Table 1), at the same dose applied to the apple tree with the repellent at the beginning and the
biofungicide 10 days later, for pests it was used against the nut screwworm (Acrobasis nuxvorella), and
for diseases it was used in hairy spot (Mycosphaerella caryigena), the percentage of infection,
effectiveness and repellency index described above were determined. The producer used the
insecticide Azodrin ((Dimethyl (E)-1-methyl-2-(methyl carbamoyl) vinyl phosphate) 56.00%, against
screwworm and fungicide Tilt (Propiconazole 25%), against hairy spot. The samplings were carried
out for 20 days and it is presented in an apple-like form.

3. Results

3.1. Apple
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In apple trees, the treatments had a significant difference between the control and the
biopesticide. The effect on pest insects was a sampling of the apple moth and began on June 26 with
the capture of two moths. This population is considered the summer flight as the moth is an insect
and the repellent is for insects, 1 liter of repellent was applied and the second application 10 DDA,
on July 6.

In Figure 1, it can be seen that the initial incidence was two moths, at 10 days the control had
four and the biopesticide had one, but after 20 days the control reached 5.3 and in the biopesticide
with a moth, showing the goodness in the use of biopesticides over synthetic insecticides.

mSample mBiopesticide

5.3

1 1

0 10 20
DAYS AFTER APPLICATION

APPLE MOTH OBSERVED

Figure 1. Incidence of apple moth due to the effect of biopesticide.

The repellency index is shown in Figure 2, where at 10 DDA there is a 0.51 repellency index and
at 20 DDA, it reaches 0.39, as mentioned, the repellency index should be less than 1, and according
to its values there is greater repellency at 20 DDA. The effect of a biopesticide will never exceed the
effect of a synthetic insecticide, whose function is to eliminate the pest.
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Figure 2. Repellency index due to the effect of biopesticide.

In apple established in Israel, Bacillus thuringiensis was used to control the moth, with a control
of 70% that considers it a biopesticide based on beneficial microorganisms [23].

The effect of the biopesticide on diseases such as apple scab is shown in Figure 3, where the
severity of the scab in the control was 6.75 % and that of the biopesticide was 1.67 % with a difference
of 5.8 percent. The effect of the biopesticide is not similar to the synthetic agrochemical, because even
with the application of the biopesticide there was an incidence of scab, of more than 20%, although
at a very low value.
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Figure 3. Percentage of severity of apple scab with biopesticide application.

3.2. Walnut

In walnut trees, the repellent effect at 10 DDAs (Figure 4) was 1.8, compared to the synthetic
insecticide, which was 1, which indicates that the repellent effect is reduced with the application of
synthetic insecticide, even when it was applied in a contiguous crop area.

o Biopesticide m Synthetic

3 3
18
15
1
l -
|
0 10 2

0

WORMS OBSERVED

DAYS AFTER APPLICATION

Figure 4. Incidence of walnut screwworm due to the effect of biopesticides.

The repellency effect at 20 DDA was 1.5, compared to the synthetic insecticide of 0.25, which
indicates that the repellency effect when a synthetic insecticide is applied is reduced because the
insecticide kills the pest and the biopesticide repels it.

The repellency index (Figure 5) is reduced to 2.01 at 10 DDA and from 2 at 20 DDA, which
indicates that biopesticides do not have the effect of synthetic insecticide, and trying to apply them
together in another section of the crop, alternately or individually, will not have the control effect of
synthetic insecticide.

Regarding the severity of the hairy spot, it is shown in Figure 6, where the severity of the
synthetic insecticide was 2.0 lower than the severity obtained by the biopesticide, which was 5.21, a
difference of 3.21, which indicates that the synthetic fungicide presented greater control than the
biopesticide, and what happens, synthetic products are to eliminate insects and kill pathogenic fungi
and bacteria, and will always be more efficient than the biopesticide, so the biopesticide presented
an efficacy of 61.6%.
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Figure 5. Repellency index due to the effect of biopesticide.

5.21
] I

Synthetic Biopesticide

SEVERITY (%)

Figure 6. Percentage severity of walnut hairy spot with biopesticide application.

4. Discussion

With the severity values, the effectiveness of the biopesticide was estimated, which resulted in
75.3% in apple trees, and 61.6% in walnut, according to the criteria of SENASICA [46], which indicates
that an organic product must have an effectiveness greater than 60% in walnut and apple trees, but
as observed in walnut, it will never be the same as that of a synthetic pesticide.

Only azadirachtin has reports of toxicity in bees of LC50 (%) (72 h): 1.64 [7]. It has been observed
that azadirachtin increases the increase in male bee production and lower food intake [9], the apple
tree requires bees for pollination, the biopesticide was already applied in fruit formation, so there
was no effect. Azadirachtin is considered an insecticide that controls aphids, thrips, whiteflies,
weevils, and leafthoppers [18].

Capsaicin acts as a repellent for the apple tree aphid (Eriosoma lanigerum), applying an extract of
500 mg of hot chili pepper at an efficiency of 51% after 7 days of application [54].

The microorganism Pseudomonas Fluorescens is used as a biopesticide for the control of scab with
a control of more than 60%, lower than that obtained in this study [27]. The use of cinnamon oil with
60% cinnamaldehyde at a dose of 1 L/ha showed a 60% lower control of scab in apple trees than the
biopesticide used [53]. Cinnamon oil from leaves and stems has a control of Penicillium digitatum in
the inhibition halo of 61.71 % and growth of 100 % with 500 pL in culture medium, indicating that
cinnamaldehyde has an effect on this fungus.

Allicin has an effect on the apple snail (Pomacea canaliculata L) which is a mollusk that parasitizes
the tree, with a control of 60% after 24 h of application [38]. In the control of Bipolaris sorokiniana, in
wheat, at a dose of 0.87 mg/L of allicin in three applications every 8 days, it had one of the best
controls and with 4.32 mg/L, it would be expected to have better results [2], a dose of 20 L of allicin
+30 pL of glycerol as an adjuvant presented a 91% control of Botrytis cinerea in bunches of grapes at
8 days [6], the application of 3 macerated garlic in 150 mL, and the extract was applied daily to the
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fruit fly (Bactrocera dorsalis) to have a control at 20 DDA of 60% in mango and in orange of 100%
[21,31] and the concentration of allicin in the biopesticide was greater than 50 mg/L, with two
applications and for which, it was more than 70% effective.

Nordihydroguaiaretic acid (NDGA) has an effect on Aspergillus flavus, Aspergillus niger,
Penicillium chrysogenum, Penicillium expansum and Fusarium moniliforme under controlled conditions
with a low effect of prolonged toxicity [25], with a dose of 231.7 mg/kg, it can control these bacteria,
but its effect in the field was not determined. Dose of 0.78 mg/mL (780 mg/kg) of NDGA, inhibits the
concentration to a minimum of the bacteria Clavibacter michiganensis sbsp. michiganensis, Pseudomonas
syringae, and Xanthomonas campestris [40]. The concentrations of NDGA in the biopesticide were 325
and 708 mg/kg, it is in the range of these studies, but even with applications of 10 mg/mL (10,000
mg/kg) the effectiveness is 72% [33], never exceeding a synthetic. Another advantage of NDGA is its
association with abscisic acid (ABA) that participates in coloration, total soluble solids, and fruit
firmness [30].

Kempferol, when applied to apples, increases the intrinsic quality of the fruits, increasing shelf
life [55]. By applying quercetin at 1.36 mg/kg, phenolic acids, unsaturated fatty acids, ursolic and
oleanolic acid acetates, and catechin in apple are increased, for healthy human nutrition [41].
Kempferol and quercetin are flavanols that activate plant defense mechanisms, heterodimers such as
quercetin/NDGA 5'- 5', have greater antimicrobial activity against L. monocytogenes, S. aureus,
Escherichia coli and Enterobacter cloacae [37].

The ingredients of the biopesticide have demonstrated their effect individually, but as a
biopesticide its effect in the field was 75.3% effective, which is unlikely to exceed 80% because it
cannot compete with a synthetic insecticide [51].

The biopesticide showed its usefulness, which leads to the conclusion that this biopesticide is a
good alternative for environmental deterioration due to synthetic insecticides. Insect damage has a
greater effect when temperature increases because insects are poikilotherms, so their population
increases with temperature [11]. With global warming, their populations have increased and as a
consequence they are affecting crops in their development, quality and production, which is why the
use of pesticides from synthetic chemicals has increased.

The effect on diseases is when there is a high temperature and relative humidity, which favor
the incidence of diseases [1], the effect of insects was first and we had to wait until it rained to see the
effect on diseases, and it could only be determined in leaves and no damage was observed in the fruit
that is developing. A biopesticide is more useful for rural development with producers who have
lower incomes and smaller surface area, if business producers begin to see the benefit that their crops
are more sustainable, and that these products can be more economical and through training and
monitoring, the adoption of biopesticides increases [32], in this case the biopesticide species have a
cost and all were obtained from studies of localities and vegetative parts, a situation that must be
considered to have the cost of the biopesticide.

Biopesticides can be made from natural products, that is, plants, as in the case of this study,
because their use has increased from 2011 to 2021 by 71.24% worldwide [28], which leads to the
conclusion that this study of generating a biopesticide is a good alternative for environmental
deterioration due to synthetic pesticides.

To increase the application and availability of biopesticides, it is necessary to improve efficacy
and stability through new bioactive substances and improved formulations, and from this
biopesticide study, the possibilities of using new active substances and improving formulations can
be discussed [52].

The biopesticide showed its beneficial effect on insects and diseases, but its results for insects
when it does not rain and diseases when it rains, creates uncertainty about when the biopesticide
should be applied.

The answer then is that the biopesticide should be applied when you have pest insects and when
you have diseases, which leads to the fact that instead of being two applications it would have to be
three, and it would have to work with the concept of "Insecticides a la carte" [20], to repel insects,
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control insects and another to control diseases. by the ingredients contained in the biopesticide and
the combinations of the concentration of each compound.

The use of biopesticides, although an alternative, has not had the necessary impact because the
marketing rate is low (3%), while insecticides are 60% and fungicides are 19%.

5. Conclusions

The biopesticide was effective in repellent pest insects and efficacy in diseases in apple crops
because it activates the defense mechanisms induced against pathogens, but shows its goodness with
beneficial insects and entomopathogenic fungi.

The ingredients that make up the biopesticide, individually show their goodness in use, but it is
usually under controlled conditions and not under field conditions, so their response in effectiveness
exceeded Mexican standards.

In walnut with the adjacent application of synthetics, the biopesticide reduces its effect, but even
so, it is the minimum of efficacy, but it is shown that it will never be able to replace synthetics, and
its use should be in a change from synthetic agriculture with sustainable, regenerative or
environmental agriculture.

Its use should include two applications for insects and another for diseases, because the
incidence of both is not at the same time, which means that there are no diseases when there are pest
insects, and damage was only observed in leaves, but not in fruit during the study period, in apple
trees, but in walnuts they did occur in an associated way.
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