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Abstract       The tomato leafminer, Tuta absoluta (Meyrick:1917) 
(Lepidoptera: Gelechiidae) is an already dreadful invasive pest, highly 
destructive, spread already on four continents. As intensive use of pesticides 
has a complex negative impact on human health, biodiversity, environment 
and economic activity, alternatives control methods for pests control, with 
lower impact are needed. Entomopathogenic bacteria (EPB) and 
entomopathogenic fungi (EPF) have been studied for decades and used for 
pest management in various cropping systems. Several commercial 
formulations of the bacterium Bacillus thuringiensis (subsp. aizawai, subsp. 
kurstaki, subsp. tenebrionis etc) or fungi Beauveria bassiana, B. brongniartii, 
Isaria fumosorosea, Lecanicillium lecanii, L. muscarium, Metarhizium 
anisopliae, M. brunneum, and Paecilomyces fumosoroseus are available 
around the world to control mites, insect pests from different orders and plant 
parasitic nematodes. On the other hand, recycled materials such as potato 
and carrot peels or spoiled cereal grains could be used successfully for 
sustainable mass production of high-quality bioinsecticides and recycled oils 
could be considered as potential material for conidial formulations. Isolates of 
M. anisopliae and B. bassiana are good candidates for Integrated Pest 
Control strategies in greenhouses against Tuta absoluta. Our review 
summarizes the results obtained until now in controlling tomato leaf miner 
with such bacterial and fungal inoculants and also provides a brief overview of 
various available pest control products against Tuta absoluta in Romania.   
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The tomato leafminer, Tuta absoluta (Meyrick) 

(Lepidoptera: Gelechiidae), became in the last years a 

major threat for the Solanaceous crops, mainly 

tomatoes, sometimes potatoes, with sweet pepper and 

egg-plants also mentioned as hosts. The pest, native in 

South America (38), first time described in 1917, in 

Peru, spread around the world at an exponential speed 

in the last 10 years, when it had conquered Europe, 

Africa and a great part of the Asian continent (13). 

Currently, the pest is known to occur in more than 30 

EU countries, including Romania, mainly in the main 

vegetable growing basins (15, 7, 53). If in South 

America, T. absoluta still showed high natural 

mortality at the end of the 20 century, due to natural 

parasitism and predators, such as Xylocoris sp., 

Cycloneda sanguinea and thrips, in Europe there were 

no natural population regulators (39).  

The chemical control of Tuta absoluta is 

difficult due to its miner habit, short life cycle, and 

high reproductive capacity (3), but also because having 

a short generation time and high biotic potential, 

including the possibility of deuterotokous 

parthenogenetic reproduction, that was observed under 

laboratory conditions (14), lead to an increased risk of 

developing resistance to insecticide use (5, 29). In 

South America, insecticide resistance has been 

recorded for several products as abamectin, cartap, 

methamidophos and permethrin in Brazil, abamectin, 

deltamethrin and methamidophos in Argentina, 

organophosphates and pyrethroids in Chile etc., due to 

the unsustainable use of a limited number of 

insecticides (5). As comercially available alternatives 

control methods, preventing pest mating control 

methods are a viable and already used solution, 

integrated in the IPM programs for T. absoluta (16). 

Microbial preparations have also been available in the 

market and are regularly used in the T. absoluta 

management strategies, as in 2010-2011, in Italy, 

province of Grosseto (Tuscany), where interviews with 

owners of four organically managed tomato fields 

shown the use of Bacillus thuringiensis (Berliner), at 

approximately every 14 days and of pyrethrine-based 

insecticide, once in the season (5). González-Cabrera et 

al. (2011), demonstrated that spraying B. thuringiensis-

based formulates reduced the impact of T. absoluta on 

plants, with no need for chemical insecticides. 

Microbial inoculants are formulations 

composed of beneficial microorganisms that play an 



 9 

important role in soil ecosystems, that are 

environmentally friendly and may play a role as 

chemical fertilizers and pesticides. The active strains of 

microorganisms stimulate soil microbial activity, 

improve soil nutrients mobility, provide protection 

against pathogens and act as bio-herbicides (4). In 

nature, some species of naturally occurring bacteria, 

fungi, nematodes, and viruses may infect different 

arthropod pests (17). Some commercial 

entomopathogens are produced in vitro (bacteria, fungi, 

and nematodes) or in vivo (nematodes and viruses) and 

they are used as biopesticides in integrated pest 

management (IPM), under the name of microbial 

control (17). According to Gonzalez et al. (2016), in 

Europe, in 2010, the estimated sales of 

entomopathogens, (bacteria, viruses and fungi), was 42 

million Euro, of which almost 60% due to B. 

thuringiensis. Worldwide, over 200 registered 

microbial products and 350 macrobial products are 

known to control arthropod pests of crops, but these 

entomopathogens represent for the moment only about 

5% of the global crop protection market (19). The 

microbial pest control products face the same 

regulations in order to be approved (EC No 

1107/2009). According to Kabaluk et al. (2010), the 

risks regarding the introduction of microbial pesticides 

are related to their toxicity, infectivity, pathogenicity to 

and displacement of non-target organisms, and the 

potential irreversibility of introduction into the 

environment. The same authors predict that 

biopesticide global sales may reach $10 billion by 

2017, a fact that put pressure both on EU and Member 

State regulators and producers to fast-track biopesticide 

authorizations. At the level of 2010, of a total of 39 

microbial pesticide active ingredients registered in the 

European Union, one was a bacterial bactericide, five 

bacterial fungicides, 15 fungal fungicides, six bacterial 

insecticides, five fungi insecticides, five viral 

insecticides, one fungal nematocide and one viral 

virucide (34).  

Entomopathogenic bacteria may form spores, 

such as Bacillus spp., Paenibacillus spp., and 

Clostridium spp, or not (non-spore-forming bacteria), 

as Pseudomonas spp., Serratia spp., Yersinia spp., 

Photorhabdus spp., and Xenorhabdus spp. Infection 

occurs only when the host is susceptible to a specific 

bacteria, as coleopteran, dipteran, and lepidopteran 

insects (18).  

Approximately 700 species from 90 genera of 

entomopathogenic fungi are known, including 

Acremonium, Beauveria, Cladosporium, Clonostachys, 

Isaria, Cordyceps, Hypocrella, Torrubiella, Hirsutella. 

(3; 54). Entomopathogenic fungi belong to the 

divisions Zygomycota, Ascomycota and 

Deuteromycota, as well as the Chytridiomycota and 

Oomycota (54). Their utilization is known since the 

19
th

 century (6) and some commercial products have 

been available since the '80s, as “Vertalec” and 

”Mycotal” (based on Verticillium lecanii), launched in 

1981, by Koppert or “Mycotrol” (based on Beauveria 

bassiana), registered in the USA in 1999 by Mycotech 

(54). The research caried out until a product can by 

commercially available requires hard work and 

adequate financing, as in the case of patented product 

named “Green Muscle” (based on Metarhizium 

anisopliae, for locust and grasshopper control), which 

was commercially available after 12 years of research 

involving at least 40 scientists and costing $17 million 

(54). Borgi et al. (2016) name as the most common 

commercial mycoinsecticides and mycoacaricides 

available on the market those „based on Beauveria 

bassiana (33.9 %), Metarhizium anisopliae (33.9 %), 

Isaria fumosorosea (5.8 %) and Beauveria brongniartii 

(4.1 %)”. Seiber et al. (2018) names 6 biopesticides 

marketed by the main crop protection companies in the 

USA, by which five are based on microbial strains or 

microbial derivates (46). Some entomopathogens, e.g. 

Beauveria bassiana, besides its epiphytic activity 

against T. absoluta also showed the ability of an 

endophytic colonization, which is a source of indirect 

interactions between fungi and insects (36, 3, 18, 23). 

Endophytes, either fungal or bacterial, bring benefits to 

the host plant by enhancing its development and 

defence mechanisms and they are also a source of 

secondary metabolites (22).  

Entomopathogenic viruses are also a novel 

source of biologic control alternatives, e.g. 

Phthorimaea operculella granulovirus (PhopGV), 

which was succesfully used in experiments against T. 

absoluta, in 2018 (10, 25). 

Entomopathogenic nematodes as several 

species of Heterorhabditis and Steinernema are 

commercially available for managing soil insect pests. 

Sometimes, these nematodes are considered macrobials 

(19). The juveniles nematodes enter into the insect 

body through natural openings (mouth, spiracles, anus 

or the intersegmental membrane) and release symbiotic 

bacteria that cause bacterial septicemia (18).  

All these microbial inoculants may get in the 

plant using different pathways, as leaf spraying, seed 

immersion, root dipping etc (3). The effect of 

entomopathogenic fungi applications seems to be 

dependent on the instar phase of larvae development 

but also on the concentration of fungi (2). Additionally, 

many studies demonstrate that the use of parasitoids, 

predators and microbials combined can enhance the 

efficacy against T. absoluta (38), as using 

Trichogramma achaeae, Bacillus thuringiensis and 

Macrolophus caliginosus together (37) or Bacillus 

thuringiensis and Nesidiocoris tenuis (40). Also, the 

combination of Bacillus thuringiensis with Beauveria 

bassiana proved to be more effective than the fungus 

alone in (51).  

Our review aims to gather as much as possible 

available information on entomopathogenic bacteria 

and fungi that have been tested to control Tuta 

absoluta and is offering a list of already available 

commercial products based on microbial strains and 
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other organic compounds that are present on the 

Romanian market.  

 

Enthomopathogenic bacteria 

 

In Africa, in 2009, Grissa-Lebdi et al. showed 

that Bacillus thuringiensis (B.t.) and Spinosad may be 

effectively used in T. absoluta control, in greenhouses 

from Tunisia (28). Hafsi et al, 2012, concluded that B.t. 

var. kurstaki was very efficient in controlling T. 

absoluta,  with a high average mortality rate, 

statistically similar to Spinoteram (comercial 

insecticide Radiant) and spinosad (comercial 

insecticide Tracer), in Tunisia, in semi-natural 

conditions. Halder et al. (2017) mentions that B.t. was 

very effective on second instar larvae of T. absoluta 

under laboratory conditions (73.37% mortality at 72 h), 

while B. subtilis was less effective (66.70% mortality 

at 72 h). In open field, Khidr et al. (2013) showed that 

entomopathogenic bacteria give best results when 

mixed with botanical insecticides, such as “ B.t.var. 

kurstaki and Neem extract”, or with entomopathogenic 

fungi, as “B. thuringiensis var. kurstaki and 

Trichoderma harzianum”, wich significantly reduced 

densities and damages of T. absoluta larvae, while El-

Aassar et al. (2015), proved that B.t. (commerical 

product Bitoxybacillin) and Spinosad (commerical 

product Tracer) were more effective in reducing T. 

absoluta attack than the entomopathogenic fungi-based 

formulations.  

In Europe, at the beginning of T. absoluta 

spread, due to a lack of reliable data, B.t. formulations 

were recommended only when infestation levels were 

relatively low, but after studies done in Spain and Italy, 

in the laboratory, greenhouse, and open-filed tomatoes, 

that confirm the high insecticide action, B.t. 

formulations start to be researched and used more. As 

an example, in Spain, 180.8 MIU/l B.t.-formulated 

insecticide reduced damage by up to 90%, while in 

Italy, filed assays confirmed 60% reduction of damage, 

even under high pest pressure (51). Few of the 

experiments using enthomopathogenic bacteria for 

Tuta absoluta control are illustrated in table 1.

Table 1 

Research regarding the use of enthomopathogenic bacteria for Tuta absoluta control  
No 

crt. 

Species Development 

stage 

Testing method Results Source 

1 Bacillus 

thuringiensis 

native strains 

3rd instar larva Leaf feeding assay (McPherson et al. 1988). 

A single larva placed in 6 cm Petri dish 

with treated leaf tissue. 

15 individuals were treated with six doses 

(0.5, 1.5, 3.0, 6.0, 12.5, 25 and 50  

µg/larva). 

Mortality scored daily for 72 h. 

Determination of gene family types by PCR 

amplification and ICP SDS-PAGE and 

Western blot analysis 

Control was B.t. var. kurstaki. 

2 isolates had LD50 

similar to B.t. var. 

kurstaki. 

Toxicity tests showed 

that native isolate 121e 

was threefold more 

toxic than reference 

strain B.t. var. kurstaki 

and 2.7–6.5-fold higher 

than other strains. 

Theoduloz et 

al., 1997 

2 Bacillus 

thuringiensis 

isolates 

collected 

from soil 

samples 

Neonate larva Petri dishes with one tomato leaf, each leaf 

dipped 2 min. in 1.56; 3.12; 6.25; 12.5 and 

25 mg mL-1 of B.t., one larva per leaf. 

Strains proved to be 

more effective than the 

isolate obtained from 

the commercial Dipel Bt 

formulation (B.t. var. 

kurstaki) 

Niedmann and 

Meza-Basso, 

2006 

3 Bacillus  

thuringiensis 

var. kurstaki 

250 g/hl 

1st , 2nd , and 

3rd instar 

larvae 

Plants sprayed with a trigger-operated hand 

sprayer Berthoud® until foliage was 

covered with the insecticide. 15 larvae of 

each stage were deposited on tomato 

leaves, but onlly the first 10 larvae which 

enter into leaf parenchyma were considered 

for trial.  

For the Petri dishes, the tomato leaves were 

immersed in insecticide and dried at room 

temperature.  

Four replicates.  

Mortality appreciated at 1, 3, 5 and 7 days. 

Average mortality 

between 72 and 80% on 

the three first instar 

larvae of T. absoluta, 7 

days after treatment 

Hafsi et al. 

2012 

4 Bacillus 

thuringiensis 

(commercial 

product) 

All stages Applied in open field, every 14 days 

Larval activity indicated by the number of 

galleries per 1 m2 quadrat. 

In open firled, harvest 

period and year 

(climatic conditions) 

significantly influence 

pest damage. 

Balzan and 

Moonen, 2012 

5 Bacillus 

thuringiensis 

var. kurstaki 

“newly 

hatched”, 2nd 

and 3rd  instar 

107;108; 109; 1010 spores/ml concentrations. 

Three replicates. Leaves cut and dipped 

into the suspensions, put in Petri dishes,  

The estimated LC50 of 

Btk were 3.25 x 106 

spores/ml, 5.47 x 106 & 

Shalaby et al., 

2013 
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larvae. infested with 15 neonate  larvae/replicate 3.28 x 106 for neonate, 

2nd 3rd instar. 

Btk less effective than 2 

EPF 

6 Bacillus 

thuringiensis 

var. kurstaki 

3rd  instar 

larvae 

Tomato leaves dipped in  6 suspensions 

(500, 250, 125, 63, 32 and 16 ug/ml 

concentration), left to dry then put in plastic 

cups. 3rd instar larvae fed on leaves. 4 

repetitions. 

In greenhouse: tomatos (Bio-Bride variety) 

sprayed with 300 ug/ml of B.t. 

Control - larvae fed with water sprayed 

leaves 

LC50 = 243.9 Ug/ml in 

laboratory, 

LC50 = 211Ug/ml in 

green house 

Sabbour, 2014 

7 Bacillus 

amyloliquefac

iens strain 

AG1. 

1st instar 

larvae 

Petri dishes with tomato leaves dipped in 

100 µl of culture supernatant (lipopeptide 

biosurfactant) 

LC50 for 1st instar larvae 

at 180.04 ± 55.48 

ng/cm2 

Ben Khedher 

et al., 2015 

8 Saccharopoly

spora 

spinosae 

(Spinosad 240 

SC) 

All larval 

stages  

Tomatoes, in plastic tunnel. 

2 applications of 48 g a.i./ha; 2 applications 

of 60 g a.i./ha; and one application of 120 g 

a.i./ha. 

Area/leaf and area/plant counted 

Counts at 2, 7, 14, 16, 21, 28 days 

The 120 g a.i./ha test 

had a high activity and 

long lasting effect 

against tomato 

leafminer, similar to 

chemical control. 

Bratu et al., 

2015 

9 Bacillus  

thuringiensis 

(200 g/100 

liter) 

Dipel 2X,  

Bitoxybacillin 

All stages Open-field tomato crops. 3 concentrations, 

sprayed 2 times.  

Evaluation of the infested leaf area, by 

image analysis with the scion image 

program (scion corp., Frederick MD) 

(Fladung and Ritter, 1991) and the plant 

height. The healthy and 

damaged fruits by tomato borer were 

counted in the field to calculate damage % 

after 3rd, 5th and 7th days. 

Efficacy increase with 

the dosses. 

Satisfactory control 

El-Aassar et 

al., 2015 

10 Saccharopoly

spora 

spinosae 

Spinosad (75 

ml/100 liter) 

Tracer 

All stages As in no. 9 16.8 % of infested leaf 

area, best result among 

all seven insecticides 

tested. 

Lowest degree of 

infested fruits. 

El-Aassar et 

al., 2015 

11 Bacillus  

thuringiensis 

var. kurstaki 

(Costar®) by 

Certis, 

Europe, B.V. 

Utrecht. 

1st , 2nd , and 

3rd  instar 

larvae 

Single leaf bioassay, leaves transferred into 

cups with stalks into solidified agar to 

ensure nutrients and water supply. 

1. Tomato infested leaves were sprayed. 

Larvae extracted from their mines were 

deposited on new leaves, incubated 3 h, 

than sprayed with 0.15%. B.t. 

2. Tomato uninfested leaves were sprayed. 

Larvae were placed after treatement. 

B.t. caused high 

mortality against all 

three larval instars. No 

significant differences 

in mortality between the 

two methods and among 

the instars were 

recorded 

Tsoulnara and 

Port, 2016 

12 1) B.t. subsp. 

kurstaki 

(DiPel® 2X) 

2)  B.t. subsp. 

entomocidus, 

3)  B.t. subsp. 

kurstaki + 

entomocidus; 

4)  B.t. subsp. 

aizawai 

5) Spinosad 

3rd instar 

larvae 

Tomato leaves (greenhouse) sprayed with 3 

concentrations (0.02, 0.01, and 

0.005 g/l) of each product. The leaves (after 

drying) were infested with larvae, kept in  

15 cm3 Petri dishes. 

Control - larvae fed with water sprayed 

leaves 

Larval mortality less 

than 60% either inside 

or outside the mines. 

Very low (zero for B. t. 

subsp. aizawai) inside 

the mines. 

The mix of B.t. kurstaki 

+ B.t. entomocidus, at 

the highest 

concentration killed less 

than 50% of larvae. 

El-Ghany et 

al., 2016 

13 Bacillus 

thuringiensis 

var kurstaki 

Egg density, 

all stages  

Btk applied in open field at 1 and 2kg/ha, at 

7 days, in three replications. Foliar 

application. Damages were evaluated 

Medium efficacy, better 

results at double dose. 

Begna, 2017 

14 Bacillus 

thuringiensis 

var. Kurstaki, 

All stages, Newton tomato variety sprayed at 10 days 

frequency (20 g/20 L water), in greenhouse. 

mines/leaf, larva/leaf and percent of 

Higher efficacy when 

mixing Btk with 

Botanicals 

El Hajj et al, 

2017 
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32 MIU g-1 damaged fruits were appreciated 

15 Bacillus 

thuringiensis 

var. Kurstaki 

1st , 2nd , and 

4th  instar 

larvae  

Tomato plants at flowering stage, 35–50 cm 

height, 8–10 developed leaves, sprayed 

with 2 g/l suspension. 

Five replicates for each larval stage. 

Btk applied alone or with spinosad. 

Highest mortality rate of 

B.t. was for the fourth 

instar larvae. 

The highest mortality 

for spinosad + Bt 

(88.33%), followed by 

the spinosad (60 g/ha) 

Bt had no significant 

effect on the adult 

emergence of 

Trichogramma 

brassicae 

Jamshidnia et 

al., 2018 

16 Bacillus 

thuringiensis 

var. Kurstaki 

(Dipel-2x) 

32,000 IU/mg 

2nd instar 

larvae 

5 concentrations of 0.05, 0.1, 0.2, 0.4, and 

0.5 mg B. t. powder/ml water, with 5 

replicates (each replicate 10 larvae). 

Larvae starved 24 h before the begging of 

feeding. After 24 h of feeding, treated 

larvae transferred to new clean Petri dishes, 

with new clean fresh tomato seedling. 

LC90 was 4.16 mg/ml 

while the obtained 

LC50 was 0.24 mg/ml 

Younes et al., 

2018 

 
 

In Romania, in experiments made by Bratu et 

al, 2015, already available product Spinosad (120 g 

a.i./ha) had a good and long lasting effect against 

tomato leafminer, at a level comparable with 

emamectin-benzoate product (14.25 g a.i./ha), 

indicating this product for the tomato leafminer IPM on 

greenhouse tomatoes crops. 

 

Enthomopathogenic fungi to control Tuta absoluta 

 

Among the studies made on Tuta absoluta, the 

first were done in South America. Giustolin et al., in 

2001, in Brazil, concluded that B. bassiana had 

synergic or additive effects with the resistant genotype 

of tomato on larval survival and that the effects 

depends on the larvae instar, the just hatched larvae 

being the most susceptible. Abdel-Raheem et al. 

(2015), studied the efficacy of three concentrations 

(10
5
; 10

6
 and 10

7 
conidias/ml) of Beauveria bassiana, 

Metarhizium anisopliae and Verticillium lecanii tested 

on T. absoluta larvae and eggs. Their research lead to 

the determination of LC50 of these three 

entomopathogenic fungi, which were all in the domain 

of 0.27 x 10
5
 and 0.46 x 10

5
 for all studied T. absoluta 

larvae. The studies of Allegrucci et al. (2017), lead also 

to the conclusion that the endophytic inoculation of B. 

bassiana in tomato crops is a potential control method 

to control Tuta absoluta and that leaf spraying was the 

most effective mode of application, with the highest 

percentage of colonization at 7 days after inoculation. 

They also proved that direct contact lead to a higher 

percentage of mortality and a lower survival time than 

indirect contact. Shiberu and Getu, (2018), in a field 

test done in Ethiopia, observed no effect on the larvae 

of T. absoluta after 3 days since the application of B. 

bassiana and M. anisopliae, most probably because the 

establishment of fungi on the insect larvae needs some 

days. Still, at the end of season, the results 

reccomended B. bassiana as a potential control mean 

against T. absoluta in open field. More recently, Borgi 

et al. (2016) evaluated the insecticidal potential of a 

Tunisian strain of Beauveria bassiana and a 

spontaneous mutant of this strain and found that the 

last one caused 100% of larval mortality within 5-day 

application, a fact that suggest that further studies on 

new strains are still very important for the development 

of new formulations. 

Some studies were done regarding the 

substrates suitable for mass production of 

enthomopathogenic fungi. According to Ibrahim et al. 

(2017), spoiled cereals, potato and carrot peel 

substrates are potential candidates for rearing M. 

anisopliae and B. bassiana while olive pomace, 

sawdust and orange peel substrates were found 

unsuitable for mass production. They also found that 

carbon and nitrogen content of resultant conidia were 

affected by the growing substrate and that the mortality 

of T. absoluta eggs varied with the substrate on which 

fungi were grown. For laboratory tests, usually conidial 

suspension are obtained from cultures grown on potato 

dextrose agar medium (PDA), after incubation for 10 

days at 25°C, in darkness (3). 

Few of the experiments using 

enthomopathogenic fungi for Tuta absoluta control are 

illustrated in table 2. 
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Table 2 

Research regarding the use of enthomopathogenic fungi for Tuta absoluta control 

Crt. 

no. 

Species Developme

nt stage 

Testing method Result Reference 

1 

1 

Beauveria  

bassiana 

just hatched 

to the 4th 

instar 

L. hirsutum f. glabratum (PI 134417 - 

resistant) and L. esculentum (cv. Santa Clara 

– susceptible) leaves were treated with Bb 1 

x106 conidias/ml suspension. Foliar discs (2,1 

cm) were imersed 5 sec. in Bb suspension, 

put in plastic bags (6,5 x 2,5 cm) and infested 

with larvae.  

Control with water. 

Resistant cultivar treated with 

Bb had best results, especially 

in the nearly hatched and 1st 

instar (80% and 40 %. mortality 

in the 2nd day for resistant and 

susceptible cv.). Bb always 

raise the mortality rate. 

Giustolin 

et al., 

2001 

 

2 

Beauveria 

bassiana 

and M. 

anisopliae 

var. 

anisopliae  

eggs 64 M.a. var. anisopliae and 70 B.b. isolates 

used. Suspensions of 107 conidias/mL sprayed 

directly on eggs, through a Potter tower. 

Test repeated with selected isolates at 108 

conidias/mL. 

4 isolates selected for further 

tests, with 60%-80% eggs 

mortality 

Rodríguez 

et al. 

2006a 

 

3 

Beauveria 

bassiana  

 

M. 

anisopliae 

var. 

anisopliae  

3rd instar 1. Spraying directly on larvae, spore 

suspensions of 0 to 108 conidia/ mL, through 

a Potter tower. 

2. Spraying on tomato leaves spore 

suspensions of 0 to 108 conidia/ml through a 

Potter tower.  

Larvae fed with infected leaves. 

LC50 and LC90 calculated. 

68% of larvae mortality 

Rodríguez 

et al. 

2006b 

2

4 

Beauveria 

bassiana 

and M. 

anisopliae 

eggs, 

neonate 

“newly 

hatched”, 

2nd and 3rd 

instar 

Infested leaves dipped in 4 concentrations 

(107; 108; 109; 1010) of B.b. and M.a. 

Leaves were cut from 45 days tomato 

seedlings, placed in rearing cages (60 cm2 

high, 50cm2, wide, 50 cm2 long) and exposed 

to 10 T. absoluta couples for 24 hrs. 

LC50 values suggested that B. b. 

and M. a. were more effective 

on larval phase than Btk. 

LC50 varied between 0.11 and 

0.46 x 106spores/ml. 

Shalaby et 

al., 2013 

 

5 

Beauveria 

bassiana 

and M. 

anisopliae 

3rd  instar 

larvae 

In laboratory: tomato leaves dipped in 6 

(1x107, 1x106; 1x105; 1x 04 ;1x103, 1x102  

spores/ml) concentrations, left to dry then put 

in plastic cups. 3rd instar larvae fed on leaves. 

4 repetitions. Mortality at 7 days. 

In greenhouse: tomatos (Bio-Bride variety) 

sprayed with 8.25 x 108 conidia/mlof B.b and 

M.a.  

Control - larvae fed with water sprayed leaves  

LC50 = 129.4 x 104 spores/ml 

for B.b. and 98.7 X 104 

spores/ml for M.a. in 

laboratory,  

LC50 = 102X 104 spores/ml for 

B.b 100X 104 spores/ml for 

M.a. and in green house 

Sabbour, 

2014 

3

6 

Fusarium 

spp. 

Calgard® 

and 

Calraid® 

commercial 

products 

3rd instar 

and 4th 

instar larvae 

3 testing methods. 

Dipping method: 5 larvae placed into a net 

were submerged 5 seconds in the solution.  

Spraying method: tower sprayer (1 bar 

pressure), 2 mg solution per cm2 , on a tomato 

leaf with 5 larvae. 

Residual method: leaves submerged in the 

solutions for 5 seconds, then dryed, than 5 

larvae put on each leaf. 

Calgard® and Calraid® have a 

potential to be used within the 

scope of integrated pest 

management. 

Bayindir 

et al., 

2014 

4

7 

Beauveria 

bassiana,  

 

M. 

anisopliae 

and 

Verticillium 

lecanii 

eggs, 

neonate 

“newly 

hatched”, 

2nd and 3rd 

instar 

Dipping method: Tomato leaves dipped in 3 

concentrations, dried, transferred to Petri 

dishes, infested with 15 larvae/replicate. 

Mortality evaluated daily for 10 days. The 

larvae were obtained by rearing T. a. on 45 

days old tomatoes, in pots put in rearing 

cages, exposed to ten T. absoluta couples in 

cages for 24 hrs. 

3 concentrations (105; 106 and 107)  

B. bassiana and M. anisopliae 

were most effective on larval 

phase.  

Neonate phase is the most 

sussceptible. 

The higher the concentration 

(107), the highe the mortality. 

Abdel-

Raheem et 

al, 2015,   
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8 Beauveria  

bassiana 

23 x 107 

cfu/ml. 

Naturalis®, 

(CBC Europe 

S.r.l., Italy) 

1st , 2nd , 3rd 

and 4th instar 

larvae  

Spraying method. 120 plants/repetition, 

The plant was sprayed with suspension, kept in 

the greenhouse for 1 day. The third fully 

expanded leaf was cut, placed in a plastic box 

covered with moist filter paper. A single larva 

placed on the upper side of each leaf. Boxes 

covered with a plastic lid and were kept at 21 - 

25 °C and 60% RH in a climate chamber with 

a photoperiod of 16:8 h (L:D). 

Control was water. 

All larval stages were susceptible 

to B. bassiana fungus, both if the 

fungus is present as an epiphyte 

or as an  endophyte inside the 

leaves (shown for first time). 

Klieber and 

Reineke, 

2015 

9 Beauveria 

bassiana 

(Bio-Power, 

109 cfu/ml) 

3rd instar 

larvae 

Tomato leaves (greenhouse) sprayed with 3 

concentrations (0.02, 0.01, 0.005 g/l) of each 

product. The leaves (after drying) were 

infested with larvae, kept in 15 cm3 Petri 

dishes.  

Control - larvae fed with water sprayed leaves 

Larval mortality ranged from 20 

to 60% inside the mines and 33 

to 83% outside the mines. 

El-Ghany 

et al., 2016 

10 Beauveria  

bassiana 

all stages 1. 3 methods (leaf spraying, seed immersion, 

root dipping) effect on leaf consumption and 

mortality 

2. direct contact with conidia effect on 

mortality 

3. ingestion of inoculated plant tissues on leaf 

consumption and mortality 

B.b. was effectively established 

as an endophyte in tomato plants 

when inoculated by the 3 

methods and was reisolated from 

leaves 7, 14 and 28 days after its 

inoculation (leaf spraying most 

effective). 

Allegrucci 

et al., 2017 

11 Beauveria  

bassiana 

and 

Metarhizium  

anisopliae 

eggs  Spraying method: 3 replicates with 18, 20 and 

30 eggs per leaf sprayed with 0.3 ml of 107 

c/ml. Leaves in sterile Petri dishes with moist 

filter paper.  

Control only 0.03% Tween 80 solution. 

Conidial suspension were obtain from mass 

rearing on 8 different substrates: fresh potato 

peel, carrot peels, ground coffee waste, orange 

peel, saw dust, dry olive pomace, whole grains 

of long parboiled rice and coarse burghul. 

Effectiveness of B.b. was 

considerably affected by the used 

substrate. 

100% mortality by conidia from 

burghul and rice. Around 60% of 

eggs died from conidia cultured 

on carrot and potato peels. 

Around 37% mortality in egg 

population by conidia from SDA 

media. Control had zero 

mortality. 

Effectiveness of M.a. on eggs 

was not affected by nutritional 

substrates. Mortalities ranging 

from 58% to 80%. 

Ibrahim et 

al, 2017 

12 Beauveria 

bassiana 

Bio-Bower)  

 

2nd instar 

larvae 

Dipping method: 5 concentrations of 01x107, 

0.5x107, 0.25x107, 0.125x107, 0.063x107 /ml 

water, with 5 replicates (10 larvae/replicate).  

Larvae starved 24 h before the begging of 

feeding. After 24 h of feeding on treated 

leaves, larvae transferred to new clean Petri 

dishes, with new clean fresh tomato seedling.  

LC90 was 48.9 × 107 spore/ml 

LC50 was 1.8 × 107 spore/ml)  

(LC90 27.2-folds higher than than 

the LC50) 

Younes et 

al., 2018 

 

Available organic pest control products against 

Tuta absoluta in Romania 

 

In Romania there are only few available organic pest 

control products against Tuta absoluta, only four based 

on microbial components, as illustrated in table 3.
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Table 3 

Available organic pest control products against Tuta absoluta in Romania 
Nr. crt. Company Product name Content 

1 Horticola Agro Solutions S.R.L Eco Insect Killer Neem oil (Azadiractin), microorganisms, organic matter, 

essentioal oils, humic acids  

2 Nufarm Bactospeine DF Bacillus thuringiensis. In Turkey and Greece is authorized for 

T. absoluta. 

3 Syngenta Crop Protection AG Affirm Emamectin (produced by the bacterium Streptomyces 

avermitilis, by fermentation, belongs to the avermectin family.  

4 Dow Agrosciences S.A.S 

http://www.dowagro.com/content

/dam/hdas/ 

Laser 240 SC Spinosad, (produced by the bacterium Saccharopolyspora 

spinosa. Tuta absoluta is not mentioned as target. 

5 Elliser agro, Humofert/ Biogun 2x1012 cfu/l benefic microorganism. Recommended for 

greenhouses 100 - 250 ml/100 l apa. 

6 Sirio Organic Greenspore Metab 109 ufc/g of B. bassiana and M. anisopliaea mix 

 

Beside these microbial pesticides, for IPM 

schemes, there are available few organic products as 

Oleorgan (Holland Farming), based on neem oil 

(Azadiractin) and Kabon (Holland Farming), based on 

plant extracts, Tutafort B (Naturevo), based on 

Berberidaceae plants extract and limonene, Defort 

(Naturevo), a Fabaceae plant extract and 

microelements mix. As a curative method, Naturevo 

proposes the combination of the two innovative 

products Tutafort 25 ml and Defort 35 ml in 10 liters of 

water, the solution being applied when the first T. 

absoluta adults appear (42). 

 

Conclusions 
 

Both enthomopathogenic bacteria and fungi 

were used in several studies in order to determine their 

effect on Tuta absoluta and the possibility to integrate 

them in the IPM strategies. Among the 

enthomopathogenic bacteria, both native trains and 

commercial products of Bacillus thuringiensis were 

tested. Only one study about Bacillus 

amyloliquefaciens was found. Spinosad also proved to 

be an useful biopesticide in T. absoluta control.  

Among the enthomopathogenic fungi, 

Beauveria  bassiana and Metarhizium  anisopliae were 

the most used and efficacious products. Only one study 

was found using Fusarium spp.  

Studies about recycling organic material as 

substrates suitable for mass production of 

enthomopathogenic fungi are of high interest and 

should be further studied.  

In Romania, only six bioinsecticides that 

could be used by organic farmer were identified, 

together with other four plant biostimulants. 
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