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ABSTRACT 

The objective of this study was to evaluate the pathogenicity of bacteria isolated from neem, Azadirachta 

indica, on adults of Spodoptera frugiperda. All bacterial suspensions evaluated were calibrated to a 

concentration of 5.0 x 108 cells/mL. The adults evaluated were the survivors of caterpillars that ingested corn 

leaves treated with bacterial suspensions. With these surviving adults, couples were formed, which were kept 

in cages. The longevity of males and females, the pre-oviposition and fertile period, the total number of eggs, 

fecundity and fertility of females were evaluated. Of the total isolates evaluated, 64.0% of them caused some 

adverse effect to adults, to the point of affecting one or more of the variables evaluated. The ingestion of the 

bacteria by the caterpillars reduced the longevity of adults, both male and female. Females had a reduction in 

the fertile period, in the number of layings, in fecundity and in fertility. Only the pre-oviposition period was 

not affected. The isolates Bacillus sp. Epi 9, Bacillus subtilis and Neem 10 stand out because they affect the 

largest number of variables evaluated. The results obtained in this study are promising and important, as this is 

the first report of bacteria isolated from neem with pathogenic action to S. frugiperda. 
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INTRODUCTION 

Plant species are symbiotically associated with an extensive and diverse community of 

microorganisms, including bacteria and fungi (HARDOIM et al., 2015; VERMA et al., 2009). These 

endophytic microorganisms do not cause disease symptoms in their hosts, but live symbiotically with 

the plant (WILSON, 1995). 

One of the most studied plant species in terms of its microbiota is Azadirachta indica, neem, 

due to its importance as a medicinal plant, since it is used by about 80.0% of developing nations 

(EID et al., 2017; CHUTULO & CHALANNAVAR, 2018), in addition to its importance as an 

insecticidal plant (VERMA et al., 2011). All parts of this plant have already been evaluated for use in 

insect control and all of them have been shown to be harmful to pests. It has already been verified 

that neem has an anti-feeding effect on insects, repelling oviposition and inhibiting other biological 

and physiological activities of these organisms. In addition to these interferences, neem can reduce 

the growth of insects, inhibit ecdysis and reproduction, and cause their death (ROEL, 2010; COSTA 

et al., 2004). Azadirachtin, the main compound present in neem, affects exoskeleton shedding and 

insect growth, as it resembles the ecdysis hormone for this reason (ANURADHA et al., 2007; 

MARTINEZ, 2011). 

In A. indica, in addition to the secondary metabolites, fungi and bacteria symbiotically 

associated with this plant have been isolated, characterized and identified (VERMA et al., 2007; 

VERMA et al., 2009; VERMA et al., 2011; CARDOSO, 2012; KUSARI et al., 2012; SINGH et al., 

2017; D ́LUIS et al., 2017). These endophytic microorganisms are responsible for the partial or 

complete biosynthesis of the secondary metabolites of their host plants (RAJAGOPAL et al., 2012; 

LUDWIG-MÜLLER, 2015). An example of this fact was found with the endophytic fungus, 

Eupenicillium parvum, which was isolated from the neem plant. According to the authors, the 

substances azadirachtin A and B were identified in the filtrate of its artificial growth medium 

(KUSARI et al., 2012). The fungus Nigrospora sp., also endophytic of neem, produced in its growth 

medium solanapyrones N, O and C, substances analogous to those produced in the plant (WU et al., 

2009). 

Among the groups of microorganisms most cited in the literature and that have already been 

isolated from the neem plant are fungi (VERMA et al., 2007; VERMA et al., 2011), actinomycetes 

(VERMA et al., 2009; VERMA et al., 2011) and bacteria (D ́LUIS et al., 2017). 

Cardoso (2012) isolated 33 bacteria associated with the neem plant, among them 16 have 

already been identified, Bacillus pumilus (7), Bacillus methylotrophicus (1), Bacillus licheniformis 

(2), Bacillus subtilis (2) and Bacillus amyloliquefaciens (1), in addition to two others belonging to 

the genus Bacillus sp. and one to the genus Methylobacterium sp. This author found that some of 

these isolates have potential for the production of indole-3-acetic acid (IAA). Soares (2013) 
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evaluated the 33 isolates of Cardoso (2012) for pathogenicity and virulence of S. frugiperda  

larvae.The author found that when 10-day-old caterpillars ingested corn leaves treated with bacterial 

suspensions, it caused an increase in the duration and mortality of the larval and pupal stages, a 

reduction in the weight of male and female pupae, and an increase in adult deformation, which 

reduced the number of viable adults in the population.  

The results obtained by Soares (2013) demonstrate the great potential of these bacteria 

isolated from A. indica for the control of S. frugiperda. This author proved the pathogenic action of 

these microorganisms on the survival and development of fall armyworm, which enabled the 

selection of those bacteria that are more virulent to S. frugiperda. These more virulent bacteria 

reduced the number of  viable S. frugiperda  adults that would be incorporated into the population. 

Despite the recognized importance of the results obtained by this author, he did not evaluate the 

performance of the surviving adults. In the present study, these adults were evaluated, since it is 

postulated that the ingestion of bacterial isolates by caterpillars negatively affects the fecundity and 

fertility of adults. Thus, based on the results obtained by Soares (2013), this study aimed to evaluate 

the fecundity and fertility of adults of S. frugiperda after the caterpillars ingested corn leaves treated 

with bacteria isolated from A. indica. 

 

MATERIAL AND METHODS 

The experiment was carried out in laboratories, under controlled conditions (temp.: 25±2ºC, 

U.R.: 60±10 % and photophase: 12 h), using newly hatched caterpillars of Spodoptera frugiperda 

taken from the stock rear, where they were fed an artificial diet (GREENE et al., 1976). Adults were 

fed 10.0% honey solution. 

The bacterial isolates evaluated were: Epi 1, Epi 7 (Bacillus pumilus - E value of 0.0, identity 

of 99.0% and number of access to Genbank - KR010188.1), Epi 9 (Bacillus sp. - E value of 3.e-50, 

identity of 95.0%, Genbank access number - KM678261.1), Epi 12, Epi 13 (Bacillus sp. - E value of 

3.e-55, identity of 97.0%, Genbank access number - JN700129.1), Nim 5 (Bacillus methylotrophicus 

- E value of 0.0, identity of 99.0%, Genbank access number - KM659219.1), Neem 8 (Bacillus 

subtilis - E value of 0.0, identity of 98.0%, Genbank access number - KF818630.1), Neem 10, Neem 

12, Neem 14 and Neem 15 (Bacillus pumilus - And value of 0.0, identity of 99.0%, Genbank access 

number - KR010188.1). These isolates were obtained from the Bacterioteca of the Phytopathology 

Laboratory of UNIMONTES,  Janaúba Campus, MG, where they are stored in  sterile mineral water 

and kept under controlled conditions (temp.: 25±2ºC, U.R.: 60±10 % and photophase: 14 h). These 

bacteria were isolated from the surface (epiphytic - Epi) and from the  fermented extract (Neem) of 

Azadirachta indica leaves  (CARDOSO, 2012).  
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CULTIVATION OF MAIZE PLANTS 

Creole maize seeds, susceptible to S. frugiperda, were sown in plastic pots (3.0 dm3). The 

plants were kept under screened conditions. During the cultivation period, the plants did not receive 

any phytosanitary treatment for pest control. Leaves from the plant cartridge region, 15 days after 

germination, were used to feed newly hatched caterpillars of S. frugiperda, in order to carry out the 

assay with the adult insects of the pest.  

 

MULTIPLICATION OF BACTERIAL ISOLATES 

For the multiplication of bacterial isolates, TSA (Tryptic Soy Agar) solid culture medium (40 

g in 1,000 mL distilled water) was used. The medium was sterilized in an autoclave, set to 120oC/1.0 

atm, for 20 minutes. The bacterial isolates were multiplied in Petri dishes (90 mm x 15 mm) from the 

transfer of an aliquot (1.0 mL) obtained from the storage suspension. The isolates were incubated at 

room temperature for 24 hours.  

To obtain the bacterial suspension, 5.0 mL of sterile saline solution (0.85% NaCl) was added 

to the incubated bacterial colonies. The bacterial cells were disaggregated using a sterile microscope 

glass slide and then transferred to test tubes (2.5 cm x 15 cm) for homogenization in a vortex 

apparatus. In a spectrophotometer set to 540 nm optical density, the absorbance of the bacterial 

suspensions of each of the isolates was adjusted so that the concentration reached 5.0 x 108 cells/mL. 

The absorbance adjustments were based on the growth curves of these bacterial isolates established 

by Silva (2014). Sterile NaCl (0.85%) was added  to adjust the concentration of bacterial 

suspensions. 

 

OBTAINING PUPAE OF SPODOPTERA FRUGIPERDA 

Leaves removed from the central region of the corn plant cartridge were cut into fragments 

(5.0 cm x 5.0 cm) that were immersed for 20 seconds in the bacterial suspensions. This procedure 

was performed in a laminar flow chamber. As a control of the experiment, the fragments were 

immersed in sterile distilled water. The treated and untreated fragments were placed on filter paper to 

cause excess moisture loss.  

In transparent plastic containers (250 mL), containing a thin layer of sterilized agar-agar 

medium,  five fragments of treated or untreated corn leaves were distributed, depending on the 

treatment or control to be evaluated. Agar-agar was used to prevent the corn leaves from curling and 

also to maintain their turgidity. For each treatment (isolates and control), three of these containers 

were prepared. In each of the containers, approximately 200 newly hatched caterpillars of S. 

frugiperda were transferred over the corn leaves, which were closed with the lids. The caterpillars 

were left feeding on these leaves for three days, when the food was replaced by untreated ones. The 
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larvae remained feeding on the untreated leaves for another five days, when they were individualized 

in glass tubes with flat bottoms (2.5 cm x ), also containing a thin 8,5 cmagar-water layer at the 

bottom and a fragment of inserted corn leaf, as previously described. In the tubes, the caterpillars 

were fed until pupation. Food exchange at this stage of the experiment was performed whenever 

necessary. The control caterpillars were reared on untreated corn during the entire larval period.  

The pupae obtained were removed from the tubes, cleaned and sexed, as described by Butt 

and Cantu (1962). After sexing the pupae, the males and females were individualized in new glass 

tubes, where they remained until emergence. 

 

EVALUATION OF SURVIVING SPODOPTERA FRUGIPERDA  ADULTS 

The emerged adults, males and females, up to two days of age and without deformations were 

used in the formation of S . frugiperda pairs. The couples were transferred, individualized, to a cage 

consisting of a PVC tube (7.0 cm in diameter x 10 cm in height), with the inner wall covered with 

sulfite paper, which served as a substrate for laying. The lower end of the cage was closed with a 

Petri dish (80 mm x 80 mm) and the upper end with a thin Voil-type fabric . The adults were fed in 

the cages with a 10.0% honey solution, which was changed every two days. The insects were kept in 

these conditions until death.  

On a daily basis, during the oviposition period of the females, the eggs of S. frugiperda were 

removed from the cages, accounted for and placed on transparent acrylic plates (50 mm x 50 mm) 

lined with filter paper moistened with distilled water, aiming at hatching. The plates were kept in the 

laboratory under controlled conditions (temp.: 25±2ºC, RH: 60±10% and photophase: 12 h). 

The longevity of males and females, the pre-oviposition and fertile period of females, the 

total number of lays, the total number of eggs per female (fecundity) and the viability of the eggs 

(fertility) were evaluated. The longevity of males and females corresponded to the time elapsed 

between emergence and death of the insect. The fertile period of the females corresponded to the 

time elapsed between the first and the last day of oviposition. The pre-oviposition period 

corresponded to the time elapsed between the emergence of the female until the day she started 

oviposition.  

The experimental design was completely randomized and consisted of eleven treatments 

(corn leaves treated with bacterial isolates) and one control (untreated corn leaves). Each treatment 

consisted of 15 replicates (cages), each containing  a pair of S. frugiperda.  

Tests of homogeneity of variances and normality of errors were performed and, as the 

variables evaluated did not fit these requirements, the results were submitted to the Kruskal-Wallis 

analysis and the means were compared by the Bonferroni test, at 5% probability. The statistical 

program used in all analyses was Statisticx, version 9.0. 

mk:@MSITStore:C:/Program%20Files%20(x86)/Statistix/sxw.chm::/html/zrgxe0.htm
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RESULTS 

The ingestion of  corn leaves immersed in the suspensions of bacteria isolated from the neem 

plant, A. indica, by the caterpillars of S. frugiperda, affected all the variables evaluated, except for 

the pre-oviposition period of the females of this insect (Table 1).  

For longevity, a reduction in the life span of females was observed after the caterpillars of S. 

frugiperda ingested leaves containing the isolates Epi 9 and Neem 8, which caused them to live 5.0 

days less than those of the control (X2 = 88.1989; P < 0.00001) (Table 1). The caterpillars that 

ingested the other isolates resulted in females that were as long-lived as those of the control. Males 

also had their longevity reduced (X2 = 68.2614; P < 0.00001). This reduction occurred after the 

caterpillars ingested the isolates Epi 7, Epi 9, Epi 13, Neem 8 and Neem 12, which made them live 

around 3.0 days less than those of the control. For the other treatments, the males were as long-lived 

as the control ones. 

The pre-oviposition period of S. frugiperda  females was not altered by the ingestion of 

bacterial isolates by the caterpillars, which were similar to the control (X2 = 13.9380; P = 0.2364) 

(Table 1). However, the fertile period of females was reduced by the ingestion of bacteria by the 

caterpillars (X2 = 38.3200; P < 0.0001). This occurred when the caterpillars ingested the isolates Epi 

9, Epi 12, Neem 8 and Neem 10. There was a reduction of up to 4.0 days when they ingested the Epi 

9 treatment. In the other treatments, the fertile period of the females was similar to that observed for 

the control.  

The number of eggs laid by females was reduced after ingestion by the caterpillars of isolates 

Epi 9 and Neem 10 (X2 = 27.0767; P < 0.0045) (Table 1). The females of these treatments performed 

a maximum of up to 3.1 postures. In the other treatments, the number of eggs per female was similar 

to the control group. 

The fecundity of females was reduced after the larvae ingested the isolates Epi 9, Neem 8, 

Neem 10 and Neem 12 (X2 = 40.6837; P < 0.00001) (Table 1). The number of eggs laid by these 

females ranged from 230 to 370. In the other treatments, the females laid an average number of eggs 

similar to the control. Fertility was also reduced by the ingestion of Epi 9 and Neem 12 isolates (X2= 

87.8114; P < 0.00001). The viability of the eggs of these females ranged from 32.6% to 46.6%. For the other 

females evaluated, egg viability was similar to the control control. 

 

  



 

  
Engineering and its advancements 

Endophytic bacteria in the biological control of Spodoptera frugiperda 

Table 1. Longevity of male and female (days), pre-oviposition and fertile periods of females (days), number of eggs, 

fecundity (number) and fertility (%) of Spodoptera frugiperda, from caterpillars fed corn leaves treated with suspension 

of bacteria isolated from Azadirachta indica. 

Isolated 

Longevity* Period*    

Female Male 
Pre-

oviposition 
Fertile 

No. of 

postures* 
Fertility* 

Fertility* 

Control 
13,8 ± 0,5** 

bc 

12,3 ± 0,4 

bc 

4,0 ± 

0,3 a 
6,3 ± 0,3 c 7,1 ± 0,4 b 884,8 ± 76,3 c 96,9 ± 2,2 bc 

Epi 1 16,3 ± 0,6 c 
12,3 ± 0,8 

bc 

3,5 ± 

0,3 a 
5,5 ± 0,7 bc 6,3 ± 1,0 ab 750,6 ± 118,3 bc 100,0 ± 0,0 c 

Epi 7 
11,9 ± 1,3 

ab 
9,3 ± 0,7 a 

3,8 ± 

0,4 a 

4,5 ± 0,8 

abc 
4,7 ± 0,5 ab 434,0 ± 52,6 abc 62,4 ± 9,4 ab 

Epi 9 8,5 ± 0,5 a 9,5 ± 0,7 a 
4,7 ± 

0,9 a 
1,8 ± 0,5 a 2,7 ± 0,8 a 230,7 ± 78,2 a 46,6 ± 15,7 a 

Epi 12 
15,3 ± 0,8 

bc 
12,9 ± 0,7 c 

5,4 ± 

0,6 a 
3,1 ± 0,6 ab 4,0 ± 0,8 ab 413,9 ± 77,7 abc 

84,6 ± 10,4 

bc 

Epi 13 
11,7 ± 0,5 

ab 
9,3 ± 0,5 a 

3.6 ± 

0,2 a 

4,0 ± 0,6 

abc 
4,3 ± 0,7 ab 536,1 ± 98,3 abc 100,0 ± 0,0 c 

Nim 5 
13,6 ± 0,5 

bc 

10,3 ± 0,4 

abc 

3,5 ± 

0,2 a 

4,8 ± 0,6 

abc 
5,3 ± 0,7 ab 

659,9 ± 114,6 

abc 
96,6 ± 1,7 bc 

Nim 8 8,5 ± 0,5 a 9,3 ± 0,5 a 
3,6 ± 

0,2 a 
3,2 ± 0,5 ab 5,1 ± 0,8 ab 370,7 ± 60,3 ab 

60,7 ± 11,2 

ab 

Nim 10 
12,5 ± 0,8 

abc 
12,5 ± 0,5 c 

4,4 ± 

0,6 a 
2,9 ± 0,8 ab 3,1 ± 0,9 a 307,6 ± 91,4 ab 100,0 ± 0,0 c 

Nim12 
11,3 ± 0,8 

ab 
9,5 ± 0,6 a 

5,9 ± 

0,9 a 

3,9 ± 0,9 

abc 
4,3 ± 0,8 ab 308,2 ± 58,2 ab 32,6 ± 11,3 a 

Nim 14 
13,7 ± 0,8 

bc 

10,5 ± 0,5 

abc 

4,0 ± 

0,2 a 

4,8 ± 0,7 

abc 
5,3 ± 0,9 ab 

746,9 ± 133,6 

abc 
97,7 ± 1,2 bc 

Nim 15 16,9 ± 0,7 c 13,1 ± 0,5 c 
4,1 ± 

0,3 a 

3,7 ± 0,8 

abc 
4,0 ± 0,8 ab 

472,6 ± 113,0 

abc 
100,0 ± 0,0 c 

X2 88,20 68,26 13,94 38,32 27,08 40,68 87,81 

* Means followed by the same letter in the columns do not differ significantly from each other, according to the Kruskal-

Wallis test, at 5% probability. 

 

DISCUSSION 

In this study, 64.0% of the bacteria isolated from the neem plant caused some harmful effect 

to the adults of Spodoptera frugiperda, to the point of affecting one or more of the variables 

evaluated (Table 1). The bacteria Epi 7 (Bacillus pumilus), Epi 9 (Bacillus sp.), Epi 12 (unidentified), 

Epi 13 (Bacillus sp.), Neem 8 (Bacillus subtilis), Neem 10 (unidentified) and Neem 12 (unidentified) 

were entomopathogenic to adults. These isolates differed in terms of their virulence to adults of S. 

frugiperda. The isolates Epi 1, Neem 5, Neem 14 and Neem 15 were not pathogenic to adults, since 

they did not cause any change in the variables evaluated.  

Gram-positive bacteria of the genus Bacillus have several mechanisms to infect and kill 

insects. Several species of this genus are entomopathogenic to several orders of insects and, for this 

reason, used for pest control (RAJASHEKHAR et al., 2017). 

The longevity of males and females of S. frugiperda was reduced by the ingestion of 

entomopathogenic bacteria to adults (Table 1). Two of the isolates evaluated, Epi 9 and Neem 8, were 

effective in causing this reduction in both females and males. On the other hand, the isolates Epi 7, 

Epi 13 and Neem 12 only reduced the longevity of the males. Of these three isolates, Epi 7 and Epi 
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13, affected only males. The same was not found for the Neem 12 isolate, which also affected 

females, as it reduced their fecundity and fertility. None of the isolates affected the pre-oviposition 

period of the females. 

Among the 11 isolates evaluated on adults of S. frugiperda, Epi 9 stood out from the others, 

because in addition to reducing longevity (females and males), it also affected the fertile period,  the 

number of eggs, fertility and fecundity of females. This bacterium reduced the life span of females 

by 38.0%, the fertile period by 71.0%, the number of eggs by 62.5%, and its females were 74.0% less 

fertile and 51.0% less fertile.  

Several hypotheses may explain this type of action observed for the Epi 9 isolate. The 

pathogenicity of this bacterium may be linked to the intracellular presence of a protein crystal such 

as that found in the bacterium Bacillus thuringiensis, but the genus Bacillus can produce a wide 

range of active substances (BRAVO et al., 2007; CRICKMORE et al., 2008; GUTIÉRREZ-

MANERO et al., 2001).  

At first, it can be suggested that the Epi 9 bacterium was able to produce active crystals 

containing both the Cry and Cyt proteins. It has been proven in several studies that the Cry and Cyt 

proteins synergistically occur, which causes greater toxicity of the bacterium to the hosts (BRAVO et 

al., 2007; CRIALESILEGOR et al., 2014; ÖSKAN et al., 2003; VILAS-BÔAS et al., 2012; 

RIBEIRO et al., 2017). 

The proteins Cry and Cyt are synthesized in the form of protoxins. Thus, its action depends 

on activation processes, which occur inside the digestive tract of the insect (ANGELO et al., 2010). 

It has been shown that the Cyt protein can increase the toxicity of the Cry protein that functions as a 

receptor molecule (CRICKMORE et al., 1995; PÉREZ et al., 2005; PONCET et al., 1995). Thus, the 

higher efficiency of the Epi 9 isolate is probably linked to the production of these two proteins acting 

synergistically, i.e., Cry as a toxin and Cyt as its receptor. Thus, the synergism between Cry and Cyt 

may have caused damage to the digestive system of S. frugiperda  caterpillars and, concomitantly, a 

reduction in the variables evaluated, due to an anti-feeding effect, for example, as a consequence, 

malnutrition in the insects. The lack of nutrients or even the low amount assimilated by the 

caterpillars may have affected the maturation of the ovaries of the females and the number of 

ovarioles present, which caused a reduction in the fecundity and fertility of the females 

(CHAPMAN, 2013). 

 Bacillus sp. (Epi 9) showed promise for use in integrated management programs of S. 

frugiperda. This is an important fact, because in Brazil most of the products sold are based on the 

bacterium B. thuringiensis (Bt) and for the domestic market this technology is imported, which 

results in an increase in the final price of this product to the consumer and, consequently, a decrease 

in the competitiveness of these biological products in relation to synthetic insecticides (ANGELO et 
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al.,  2010). Another important fact to be highlighted is that, in the world, B. thuringienis is the only 

microbial insecticide with widespread use, and there are already several cases of insect species that 

have developed resistance to the toxin produced by this bacterium. This is one of the reasons why 

research has been carried out to evaluate other species of bacteria (BERGAMASCO et al., 2013; 

RAJASHEKHAR et al., 2017). The information obtained for the Epi 9 isolate sets precedents for the 

realization of new experiments, now carried out in the field, aiming to study and prove the efficiency 

of this entomopathogen under Brazilian crop conditions. 
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