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HIGHLIGHTS 

 Diatraea saccharalis is considered the main pest of sugarcane in Brazil. 

 Biopesticides based on Azadirachtin A and B has potential to a sustainable pest management. 

 Fitoneem® promotes high levels of mortality in D. saccharalis. 
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Abstract: Biopesticides have shown high potential in controlling insect pests, including Diatraea saccharalis 
Fabr. (Lepidoptera: Crambidae). From that perspective, this study evaluated lethal concentrations of the 
product Fitoneem®, which has Azadirachtin A and B, and its impact on the mortality pattern of D. saccharalis. 
Fitoneem® was diluted in distilled water at concentrations of 5000 ppm, 10000 ppm, 20000 ppm, 30000 ppm, 
and 50000 ppm. The larvae were exposed to the product through the following exposure routes: (1) topical 
spray, applying the product directly to the larvae's prothorax; (2) ingestion, exposing the larvae through 
inoculation of the product in the artificial diet; and (3) spraying the entire body of the insect, using a manual 
spray bottle. After exposure, mortality was assessed at 24 intervals for six consecutive days. According to 
the concentrations studied of Fitoneem®, larvae exposed via spraying all over the body showed LC50 of 
18500 ppm and LC90 of 55100 ppm; via topical application, the LC50 was 15700 ppm and LC90 of 17400 
ppm, and via ingestion, LC50 of 22500 ppm and LC90 of 70400 ppm. The median lethal time ranged from 
96 to 144 hours. Therefore, Fitoneem® in low concentrations promotes high mortality levels in D. saccharalis. 
Hence, our results show the potential of using Azadirachtin A and B to manage this crucial pest in sugarcane 
and information that can contribute to understanding its action mode in the insect. 

Keywords: Bioinsecticide; Toxicity; Sugarcane borer. 

INTRODUCTION 

The sugarcane borer, Diatraea saccharalis (Fabricius) (Lepidoptera: Crambidae), is considered the 
primary pest of sugarcane in Brazil [1]. The crop suffers from attacks by this pest throughout its cycle, which 
results in high productivity losses [2]. After the attack, the injuries caused by D. saccharalis are irreversible 
since the pest opens galleries in the sugarcane stalk, causing various losses such as weight loss, death of 
the buds, failure to germinate, drying out of tips on new plants, and in some cases the entire plant is damaged 
[3]. Indirect damage can also be seen, such as the entry of the fungi Colletotrichum falcatum and Fusarium 
moniliformes, which cause red stem rot [4]. 

With the growing demand for more sustainable control measures, biological tools equivalent to market 
demand have been sought. The search for insecticides of botanical origin is constantly growing, as these, in 
addition to their low production value, have no residual effects and have economic and ecological importance 
for the sustainable management of various pests, having repellent, toxic, or modifying insect behavior [5]. 
Botanical insecticides have rapid action and degradation, have low toxicity to humans, and are beneficial to 
insects [6]. These bioproducts can be administered "in natura" or be components of industrialized products, 
which opens a range of possibilities for the farmer [6]. 

In Brazil, some plant species are commonly used to produce botanical insecticides, such as Neem 
(Azadirachta indica), of Asian origin; Aloe vera, native to North Africa and the Middle East; and tobacco, 
originating from the Bolivian Andes. Although these species are exotic, they have developed well in Brazilian 
territory, especially in tropical regions [7]. Plants of A. indica is a tree that can reach 12 meters in height. Its 
use in agriculture is quite recurrent, given its insecticidal and repellent properties. It is estimated that more 
than 400 species of insects can be affected by Neem. In addition to its insect-repellent power, it is also 
effective in controlling tiny snails and nematodes [8]. Since the 1970s, the phytochemical potential of A. indica 
has been studied as it presents a vast diversity of compounds that directly interfere with critical biological 
variables of insects (wing growth, regulatory hormones, reproduction, and metamorphosis) and can affect 
different species of orders different species, including Lepidoptera [9]. 

Azadirachtin is a tetranotriterpenoid (limonoid), the main toxic substance in plants with expressive and 
sustainable potential [10]. The product Fitoneem® has been shown to cause high mortality levels in several 
insect species, and its active ingredient can promote high inhibition of larval development and growth of 
pupae, low body formation, changes in development and reproduction in adulthood in insects of the Order 
Lepidoptera [11, 12]. Therefore, it mainly affects larvae and has shown low toxicity to natural enemies [13]. 
According to high insecticide potential and selectivity activity on non-target species, this study aimed to 
evaluate lethal concentrations of the Fitoneem® product, which has Azadirachtin A and B, and its insecticidal 
potential for controlling D. saccharalis using different exposure methods in laboratory conditions. Additionally, 
the mortality pattern of the larvae was verified by exposing lethal concentrations as a function of time. The 
present study tested the alternative hypothesis that low volumes of Fitoneem® promote high levels of D. 
saccharalis mortality. 
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MATERIAL AND METHODS  

The study was conducted at the Entomology Laboratory of the Department of Plant Science and 
Environmental Sciences from the Center for Agricultural Sciences at the Federal University of Paraíba —
CCA/UFPB, Areia—PB. Third-instar larvae of D. saccharalis provided by the Paraíba Sugarcane Growers 
Association (ASPLAN) were used. We characterized the third-instar larvae by their head capsule widths. 
Concerning the rearing of D. saccharalis, individuals were kept individually in glass tubes (8.5 cm x 2.5 cm) 
containing an artificial diet. 

Larvae were fed an artificial diet based on casein and wheat germ and subsequently sealed with wads 
of hydrophilic cotton. After inoculation, the containers were maintained in a room with controlled conditions 
at 26 ± 1°C, 65 ± 10% RH, and a 12-hour photophase. To conduct the bioassays, the treatments consisted 
of the application of Fitoneem®, which contains Azadirachtin A (2%) and Azadirachtin B (1%); it was diluted 
in distilled water at concentrations of 5000 ppm, 10000 ppm, 20000 ppm, 30000 ppm, and 50000 ppm, as a 
control, distilled water was used. 

The routes of exposure of D. saccharalis larvae to treatments occurred in three ways, as follows: (1) 
Topical Spray (TS), for which five caterpillars were distributed in Petri dishes containing an artificial diet and 
with the assistance of an Automated Pipette, applied 0,5μL in each treatment directly on the prothorax of the 
larvae; (2) Ingestion (I), with two caterpillars being distributed in falcon tubes (50 mL capacity), which received 
10g of an artificial diet with the inoculated product for 10 seconds; and (3) Spray in the Entire Body (SEB), 
with the entire body of the caterpillars sprayed through very fine droplets with approximately 136 μm with the 
treatments and subsequently distributed in Falcon tubes (50mL capacity) containing four units of the insect 
in each tube along with the artificial diet. After exposure of the larvae, mortality was assessed at 24, 48, 72, 
96, 128, and 152 hours. 

A Completely Randomized Experimental Design in a factorial arrangement 6 ᵡ 3 (6 doses and 3 routes 
of exposure) was adopted with six treatments and four replications, each consisting of 40 insects. We used 
a dose-response model from binomial generalized linear model (GLM) to estimate LC50 and LC90. In 
addition, functions were programmed using the “survmniner” [14] and “survival” [15] packages in R [16] to 
compare survival curves and estimate the acute toxicity of lethal doses (LC50 and LC90) at concentrations 
when applied in the different exposure routes evaluated in this work and their respective Confidence Intervals 
with 95% probability (95% CI). We consider two LC values significantly different when only their 95% fiducial 
limits do not overlap. 

RESULTS 

The results obtained in the present study reveal a quadratic mortality pattern of D. sacharalis larvae as 
a function of the adopted concentrations of the Fitoneem® product (Figure 1). 

 

 

Figure 1. Dose response of Fitoneem action on Diatraea saccharalis larvae from a dose-response model in a binomial 
generalized linear model. I= Ingestion. SEB= Spray in the Entire Body. TS= Topic Spray. 

 

According to the concentrations of Fitoneem® studied, acute toxicity for 3rd instar larvae of D. 
saccharalis was proven for all exposure routes studied. When the larvae were exposed via spray in the entire 
body, LC50 of 18500 ppm (IC95%= 13500 – 23500 ppm) and LC90 of 55100 ppm (IC95%= 38700 – 126000 
ppm) were observed; via Topic Spray the LC50 was 15700 ppm (IC95%= 12600 – 32900 ppm), and LC90 
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was 17400 ppm (IC95%= 55400 – 192400 ppm), and via ingestion LC50 was 22500 ppm (95%CI= 17000 – 
29100 ppm) and LC90 of 70400 ppm (95%CI= 47,500 – 182000 ppm) (Table 1). 

Table 1. Lethal Concentration (LC) (50% and 90%) in Diatraea saccharalis larvae according to the application 
of Fitoneem® in different ways of exposure. 

Exposure way LC Mean 
       Confidence Intervals (CI 95%) 

Inferior Limit Upper Limit 

Spray in the 
entire body 

LC50 18500 a 13500 23500 

LC90 55100 A 38700 126000 

Topic spray 
LC50 15700 a 12600 32900 

LC90 17400 A 55400 192400 

Ingestion 
LC50 22500 a  17000 29100 

LC90 70400 A 47500 182000 

95% CI: Confidence Intervals with 95% probability estimated from a dose-response model with a binomial 
generalized linear model. Lower-case letters compare LC50, and upper-case letters compare LC90. The 
confidence intervals in both cases overlapped, so there was no difference between the lethal concentrations 
(P= 0.05). 

The mortality pattern of larvae was investigated only by spraying the entire body, given the effectiveness 
of this exposure way. Therefore, the time required for 50% of the individuals in the D. saccharalis population 
to die, that is, the median lethal time, varied in spray application from 96 to 144 hours, being 96 hours for 
concentrations of 10000 ppm (95%CI= 72 - 120 hours); 20000 ppm (95%CI= 72 - 144 hours); 30000 ppm 
(95%CI= 72 – 120 hours) and 50000 ppm (95%CI= 72 – 120 hours), while at the 5000 ppm concentration, 
the median lethal time was estimated at 144 hours (95%CI= 120 – 144 hours). Given these results, it is 
possible to observe that the concentration did not interfere with the median lethal time (Table 2; Figure 2). 

 

 

Figure 2. Survival pattern as a function of spraying concentrations of Fitoneem® in the entire body of Diatraea 
saccharalis.   
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 Table 2. Median lethal time (hours) of Diatraea saccharalis as a function of Fitoneem® spray concentration 

Concentration (ppm) Median Lethal Time 
Confidence Intervals 

Inferior Limit Upper Limit 

0 ppm NA NA NA 

5000 ppm 144.00 120.00 144.00 

10000 ppm 96.00 72.00 120.00 

20000 ppm 72.00 72.00 144.00 

30000 ppm 96.00 72.00 120.00 

50000 ppm 96.00 72.00 120.00 

NA= not estimated. 

DISCUSSION 

The results obtained in the present study show evidence that Azadirachtin A and Azadirachtin B present 
in Fitoneem® have exceptional insecticidal activity on 3rd instar larvae of D. saccharalis. The effectiveness 
of Azadirachtin on arthropods is mainly due to the cytotoxicity of this compound [17]. This action was proven 
when Azadirachtin was used in low concentrations and promoted abnormalities and inhibition of cell 
multiplication of Spodoptera frugiperda (Smith, 1797) (Lepidoptera: Noctuidae) after 48 hours of treatment 
[18]. The growth regulatory effects caused by Azadirachtin in Lepidoptera, affect the functioning of the 
endocrine glands that control metamorphosis in insects, inhibiting the development of the main hormones 
involved in regulating insect growth, the hormones of ecdysis and juvenile hormone. As a result, imperfect 
ecdysis can occur, causing deformities of various natures and impairing the insect's feeding and locomotion. 
It should be noted that insects that survive the action of neem tend to present anomalies, interfering with 
population growth [19]. 

Given the observed values of median lethal time, it is possible to note that the mode of action of 
Fitoneem® on D. sacharalis was not predominantly due to a shock effect (knockdown) but instead reaffirming 
other effects, as at least four days are needed to promote lethality of this product to 50% of the population. 
Therefore, the hypothesis is that Azadirachtin is an insecticide that acts as a food deterrent and disrupts 
insect growth [20]. Results found for other species, such as S. frugiperda, also revealed that the seed oil 
mixture in the diet caused interruption and reduced feeding, delayed ecdysis, and death of larvae. However, 
the mode of action of Neem-based extracts may vary from species to target species. It may affect the 
development period, delaying their growth and causing a decrease in the fertility and fecundity of insects in 
the adult phase. The effects can promote behavioral changes and result in various cellular and physiological 
anomalies in insects [21]. 

Considering that toxicity depends on the form of exposure time, in addition to the concentration applied 
and acts mainly on the larvae's mesenterus, causing degeneration of the epithelium and reduction of 
regenerative cells, it is essential to know how products based on Neem oil, in our case Fitoneem®, should 
be recommended when the larvae are in the initial phase of development and do not yet cause economic 
damage and which decreases markedly when the products are applied to control larvae with more advanced 
instars [22]. 

Given the current context and the difficulties encountered in managing D. sacharalis in corn and 
sugarcane in Brazil, due to the evolution of resistance to both insecticides and Bt plants, the use of new 
bioactive, such as Fitoneem®, can contribute as another tool in IPM and also be favorable to agro-
environmental sustainability, as it can reduce the use of insecticides in the total area, decrease the number 
of active principles applied and reduce the number of applications per crop cycle [23]. Additionally, it is 
estimated that it would be difficult for insect populations to develop critical frequency levels of resistance 
alleles to all active ingredients in neem oil because they are diverse in terms of action mode. 

The application time and the method of using biological products are essential when aiming for efficiency. 
An example is aerial spraying using agricultural planes or drones, which is cheaper and widely disseminated 
worldwide. Agriculture is one of the fastest-growing areas using technologies aimed at the efficiency of 
applications [24]. Spraying has gained greater emphasis with Agriculture 4.0/5.0, bringing several advances, 
such as spraying using Unmanned Aerial Vehicles (UAV) that provide low volumes of spray for the application 
of agricultural products [25]. In this study, we reaffirm the possibility of using Fitoneem® to control D. 
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saccharalis, since low volumes of spray and bioinsecticide concentrations of 18500 and 55100 ppm are 
needed to cause mortality in 50 and 90% of insects, respectively, with these concentrations in line with new 
agricultural technologies, such as the use of remotely pilotable aircraft (RPA) due to the low volume of spray 
required for this spraying [26] and the need of agricultural alternatives to control this insect pest. 

Despite the proof that Azadirachtin is an insecticide with a low residual effect and physiological selectivity 
towards natural enemies and pollinators [10], further studies should be conducted with D. sacharalis as the 
leading natural enemy. In addition to evaluating physiological selectivity, testing the compatibility hypothesis 
with other management techniques, such as entomopathogenic fungi, is pertinent. In addition, the artificial 
(laboratory) setting in which the current study was conducted may not reflect the exact field results. Thus, it 
is necessary to validate this bioproduct’s spray using different application technology. 

CONCLUSION 

Fitoneem® in low concentrations is effective in controlling D. saccharalis, making Azadirachtin oil a 
potential bioinsecticide for the management of this critical pest in sugarcane. All exposure routes of this 
biopesticide effectively promote mortality in D. saccharalis. At least four days are needed for this product to 
be lethal to 50% of the population. 
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