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Abstract 

   
Aphis pomi is a significant pest of apples. Chemical pesticides have been the practical method used for the 

control of economically important pest insects. Today, it is recognized that the use of constantly increasing 

pesticides in agriculture, constitute a serious problem in different fields. Why, the recourse to alternative 

strategies of control is considered like one of the most promising solutions. Biological control using endophytic 

fungi is a promising alternative to chemical control. The purpose of the research was to determine the 

effectiveness of some isolates of endophytic fungi, for the control of the green apple aphid. The study consisted of 

four isolated treatments applied as culture filtrates pure bioformulations against Aphis pomi at different 

concentrations (25%, 50%, 75% and 100%), where mortality rate was determined. To show a possible 

relationship between aphicid enzymatic activities, protease enzyme was quantified and proteolytic index was 

determined. Results showed that fungal filtrates having a variable aphicid activity. We recorded variable 

mortality rates according to the type of filtrates and the gradient of concentration where Trichoderma sp. had 

the best activity. Thus, the evolution of mortality is not more proportional in relation to the gradient of 

concentration; it is rather about a maximal mortality (91, 76%) that corresponds to an optimal concentrations 

(25% and 100%). We noticed that the colony diameter and the proteolytic activity are two parameters correlated 

negatively; this relation is not expressed in the same way for fungi that have recorded a proteolytic activity. All 

fungal filtrates have an aphicid activity towards A. pomi with a negative correlation between colony diameter and 

proteolytic activity detected in isolates.  
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Introduction 

Aphis pomi De Geer, often called the green apple 

aphid, is a significant pest of apples. Damage consists 

of curled leaves, contamination of foliage and fruit 

with honeydew, possible stunting, malformation of 

shoots and fruits (Lowery et al., 2006). 

 

Chemical pesticides have been the practical method 

used for the control of economically important pest 

insects for many decades. Today, it is recognized that 

the use of constantly increasing chemical pesticides in 

agriculture, constitute a serious problem in 

agronomic, ecologic and anthropic fields where the 

change of human health because of the important 

content of residues in the harvested product. 

 

It’s why the recourse to alternative strategies of 

control more efficient, reassuring and lasting became 

currently more that a necessity in order to preserve a 

quality of life. Among the alternatives aiming to 

improve the phytosanitary protection system against 

harmful pests, biological control is considered like 

one of the most promising solutions. The control of 

pests and diseases by biological processes is an 

alternative that may contribute to reduce or eliminate 

the use of chemical products in agriculture (Azevedo 

et al., 2000).  

 

Endophytes are microorganisms that grow intra-

and/or intercelullarly in the tissues of higher plants 

without causing over symptoms on the plants where 

they live. Endophytic fungi are considered as one of 

the biological groups concerning protection of plants 

against insects and pathogens (Lacey et al., 2001; 

Vega et al., 2009).  

 

The objective of this research is to focus on the 

potential of endophytic fungi as biocontrol agent. By 

screening the aphicid activity of some endophytic 

fungi (Trichoderma sp., Chaetomium sp., Fusarium 

oxysporum and Alternaria sp.) isolated from two 

plant species (Brazilian pepper tree and the harmel), 

by using culture filtrates bioformulations, at different 

concentrations, of these fungi towards the green apple 

aphid; Aphis pomi (Hemiptera, Aphididae) under 

laboratory conditions. 

 

Materials and methods 

Isolation of endophytic fungi 

Endophytic fungi tested (Trichoderma sp., F. 

oxysporum, Chaetomium sp. and Alternaria sp.) 

were isolated from aerial part (leaves and fruits) of 

Brazilian pepper tree (Schinus molle L., 

Anacardiaceae) and the Harmel (Peganum harmala 

L., Zygophyllaceae). Plants were sampled from Batna 

region.  

 

Surface sterilization  

Surface sterilization was obtained by modified 

method of Tejesvi et al., (2006). Fragments were 

evenly spaced in Petri dishes containing potato 

dextrose agar (PDA) medium amended with 

Tetracyclin. Plates were incubated at 25°C in 

darkness and monitored every day to check the 

growth of microorganism colonies from the segments. 

Fungal growths were transferred to PDA plates for 

colony morphology and identification.  

 

Identification of fungi 

Identification of fungi was achieved in mycology 

laboratory of Ondokuz Mayis University, Samsun, 

Turkey.  

 

Culture in mass 

Fungi were added to the Wickerham liquid medium 

(Hassan, 2007). Cultures, contained in the 200ml 

Erlenmeyer flasks, were incubated at 25°C in 

darkness. These flasks were subjected to intermittent 

agitations with magnetic stirrers for 1h for 7-15 days. 

After period incubation, the media of four endophytes 

was filtered through sterile Wattman paper 02 and 

0,45 and the culture filtrates obtained were stored 

between 0°C and 04°C under sterile conditions for 

later use (Stekoll and West, 1978). 

 

Experimental design 

Experimental populations of targeted A. pomi were 

obtained in colonies and they were reared on apple 
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tree. The culture filtrates were used as pure 

bioformulation and used at four concentrations (25%,  

50%, 75% and 100%).  

 

Ventilated chamber bioassay (Mesquitta et al., 1996) 

was adopted for the experimental treatments: 10 of 

adult aphids were kept in one Petri dishes (10 

repetitions for each endophytic fungi) containing 

excised apple leaflets. To delay senescence of the 

leaflets, they were covered on the level of their 

excision points. For this purpose, sterile cotton 

containing a mineral solution was used (Butt and 

Goettel 2000). The lids of the Petri dishes were 

perforated and covered with muslin. Aphids were 

directly spray-treated using a hand-operated spray 

bottle (Dorschner et al., 1991 In Bensaci et al., 2015). 

For this pure bioformulations of fungi, Petri dishes 

containing A. pomi individuals treated with sterile 

distilled water that represent the control units (with 

the same number of repetitions).  

 

Mortality rate 

The corrected mortality was calculated according to 

the formula of Abbott (1925) (Table. 1). 

 

Induction of proteolytic activity 

In the second part and to show a possible relationship 

between aphicid enzymatic activities of fungi, 

protease enzyme was quantified by using 5g gelatin as 

a substrate (Lopez-Llorca et al., 2002) was included 

in a medium containing NaCl (0,3g), K2HPO4 (0,3g), 

MgSO4.7 H2O (0,3g), agar (10g).  

 

Proteolytic index 

The extent of protease induction was determined 

according to Moscoso and Rosato (1987) as a ratio of 

the halo diameter (clear zone indicating the 

degradation of the substrate) and the colony diameter 

of the fungus.  

 

Statistical analysis 

For this study, analysis of probit regression was 

performed to detect the relationship between the 

radial growth and the proteolytic activity (index) of 

fungi. All analysis have been achieved by the XLSTAT  

model version 2009 (Microsoft Office).   

 

Results 

Aphicid activity of fungal filtrates against A. pomi on 

different concentrations 

Within every fungal group, we noted that there is a 

significant difference concerning mortality after 2h 

and 24h following treatments. Trichoderma sp. had a 

short-term effect very important.  

 

Table 1. Corrected mortality (%) of A. pomi recorded at  2h  and  24h after treatment on different concentrations. 

Fungal filtrates Corrected mortality with concentration culture filtrates% 

25% 50% 75% 100% 

After 2h After 24h After 2h After 24h After 2h After 24h After 2h After 24h 

Alternaria sp. 1,05 7,36 5,26 78,82 9,47 78,82 7,36 72,94 

F. oxysporum 68,42 91,76 50,52 90,58 41,05 82,35 27,36 63,53 
Chaetomium sp. 27,36 82,35 47,36 84,7 33,68 85,89 62,1 63,53 
Trichoderma sp. 67,36 91,76 66,31 87,05 68,42 82,35 67,4 91,76 

 

The maximal mortality has been gotten by the 

concentrations 25% and 100% with a mortality of 

91,76%. The fungal filtrates of F. oxysporum and 

Chaetomium sp. had long-term effects very 

important, their maximal values had been gotten by 

the concentrations 25% (91,76%) and 75% (85,89%) 

respectively. Alternaria sp. reaches its maximal value 

at the concentrations 50% and 75% with mortality 

rate of 78, 82% (Table. 1). 

Evolution of mortality of A. pomi according to fungal 

filtrate concentrations 

The evolution of the mortalities rate recorded at A. 

pomi is not more proportional in relation to the 

gradient of concentration. It’s rather about a maximal 

mortality (91,76%) that corresponds to an optimal 

concentration (25% and 100%) and not forcing the 

optimal concentration; it’s the law of the optimal (Fig.  

1)
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Fig. 1. Evolution of the mortality (%) of A. pomi according to the fungal filtrate concentrations. (A) Alternaria 

sp., (B) F. oxysporum, (C) Chaetomium sp. (D) and Trichoderma sp. 

Relationship between proteolytic index and colony 

diameter of endophytic fungi 

In this part, We tried to discover the relationship 

between the radial growth of endophytic fungi tested 

and the accompanying proteolytic activity. Results 

demonstrated that fungi tested have recorded a 

proteolytic activity. Fig. 2D shows us that the 

proteolytic activity is more important at Trichoderma 

sp. although the fungal radial growth is very slow and 

petty. However, for the two mycotaxons F. 

oxysporum and Chaetomium sp., the proteolytic 

induction is more prominent since the exponential 

phase (Fig. 2B, C). For Alternaria sp., the proteolytic 

activity is proportional with the one of the radial 

growth (Fig. 2A). 

 

To know the nature of the relation between the fungal  

radial growth and the proteolytic activity of fungi, we  

have opted for a regression analysis. The rights of 

regressions represent the interrelationship between 

fungal biomass and proteolytic activity of fungi.  

 

The resulting analysis revealed a negative 

interrelationship between the evolution of radial 

growth colony and the induction of proteolytic 

activity at endophytes. For Alternaria sp. and F. 

oxysporum, this negative relation is illustrated by the 

fact that the proteolytic activity is passed extensively 

by fungal biomass (Fig. 3A, B). At Chaetomium sp., 

this negative relation is illustrated by the fact that the 

proteolytic activity is important compared to the 

fungal biomass (Fig. 3C). On the other hand in the 

case of Trichoderma sp., this negative relation is 

illustrated by the fact that the fungal colony diameter 

is petty (maximal value is of 5mm) whereas the 

formed proteolytic halo is considerable (Fig. 3D). 
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Discussion 

Aphicid activity of fungal filtrates against A. pomi on 

different concentrations 

All filtrates were insecticidal activity against targeted 

aphid, where, the toxicity of fungal filtrates against 

crop harmful insects has been demonstrated before 

(Fattah and Webster, 1989; Yeo, 2000; Batta, 2004; 

Anderson et al., 2007; Vega et al., 2008; Ritu et al., 

2012; Bensaci et al., 2015).  

The fungal filtrates tested having an aphicid activity 

very variable. This variation of activity expressed in 

mortality is also determined on a chronological scale 

(2h and 24h after treatment). This difference of 

answer by aphid can be assigned to the differences 

marking the chemical nature of metabolites produced 

by the tested fungi.  

 

  

 

Fig. 2. Mean Proteolytic Index (MPI) vs. Mean Colony Diameter (MCD) of endophytic fungi.  (A) Alternaria sp., 

(B) Fusarium oxysporum, (C) Chaetomium sp. (D) and Trichoderma sp. 

Thus, following the biotype and the ecological origin, 

these endophytes can play a very important role 

concerning protection of their plant-hosts by 

producing some bioactif compounds (Raviraja et al., 

2006; Bharathidasan and Panneerselvam, 2011) and 

of which the production and the quality depend on 

the natural conditions of the association, and also, the 

nature of the synthetic medium used (Schinya et al., 

2008). Compared to this survey, several works have 

been carried on the use of fungal filtrates concerning 

control of pests. Filtrate of Metarhizium anisopliae 

has been used to control the adults of mosquitos 
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(Anopheles gambiae and Culex quinquefasciatus) 

(Seye et al., 2012). Whereas, Coelomyces, 

Metarhizium and Lagenidium have been used to 

control the maggots of mosquitos and proved to be 

interesting in a program of control against Culicidae 

(Roberts, 1974 In Belloncik and Parent, 1976; Seye et 

al., 2012).  

 

However, several filtrates of endophytic fungi as 

Lecanicillium lecanii and Cladosporium oxysporum 

are used as biological control against cotton aphid; 

Aphis gossypii and black been aphid; Aphis fabae 

respectively (Anderson et al., 2007; Bensaci et al., 

2015). Endophytic fungi genetically modified; 

Chaetomium globosum can provide a resistance 

against green peach aphid; Myzus persicae (Chougule 

and Bonning, 2012; Glare et al., 2012). On the other 

hand, the application of different formulations of 

fungal filtrate cultures of Metarhizium anisopliae 

caused mortality of adults of Sitophilus oryzae in 

storage places (Batta, 2004). As well, the application 

of culture filtrates of Trichoderma harzianum and T. 

viride inhibited the eggs hatching of Meloidogyne 

javanica after 7 and 14 days of incubation (Ansari et 

al., 2002 In Athman et al., 2006).  

 

Evolution of mortality of A. pomi according to fungal 

filtrate concentrations 

We recorded very variable mortality rates against A. 

pomi according to the type of filtrates and the 

gradient of concentration. Thus, the evolution of 

mortality is not more proportional in relation to 

gradient of concentration. This important variability 

can be explained by the fact that the tested fungal 

filtrates are marked by a raw biologic nature, so the 

type of solvent that can influence on the stability of 

the active molecules. Several factors can contribute as 

the culture medium specifically the pH, the age of 

fungal filtrate cultures also the concentration of 

filtrates (Athman et al., 2006).  

 

The application of fungul culture filtrates of 

Verticillium chlamydosporium, Paecilomyces 

lilacinus and Talaromyces flavus to value their 

efficiency to different concentrations (25%, 50%, 75% 

and 100%) against larvae of Meloidogyne javanica 

permitted to note that the mortality rates of larvae are 

directly proportional with concentrations gradient 

(Zaki, 1999). The same observations have been 

expressed for Radopholus similis by using culture 

filtrate of Fusarium oxysporum to different 

concentrations (2,5%, 5%, 10%, 25%, 50% and 100%)  

(Athman et al., 2006). 

 

Zaki (1994) demonstrated that the maximal efficiency 

(80,4%) of the fungal filtrate Paecilomyces lilacinus 

on the eggs viability of Meloidogyne javanica 

corresponds to forcing on the optimal concentration 

(80%).  

 

Relationship between proteolytic index and colony 

diameter of endophytic fungi 

The proteolytic activity was detected in the tested 

fungi. This very important activity is reflected by 

production or induction of proteolytic enzymes as 

proteases and polypeptidases (Budiarto et al., 2015; 

Orlandelli et al., 2015; Raju et al., 2015). Thus, it has 

been demonstrated that the enzymatic activities and 

the virulence of fungi are two characters intimately 

bound (Monod et al,. 2002; Shakeri and Foster, 

2006; Sanchez-Perez et al., 2014).  

 

The proteolytic properties have been signaled from 

filtrates of Deuteromycetes fungi; Metarhizium 

anisopliae, Paecilomyces sp., P. farinosus (Lopez-

Llorca et al., 2002). Also, the evaluation of the 

efficiency of the entomopathogenic fungi M. 

anisopliae in biologic control against Galleria 

mellonella has been based on the assessment of the 

production of proteases and lipases (Kucera, 1980; 

Robert and Messing-Al-Aidroos, 1985). In the same 

way, the assessment of efficiency of 

entomopathogenic fungi; P. farinosus against G. 

mellonella has been based on the assessment of 

synthesis of proteases (Lopez-Llorca et al., 2002).  

 

We noticed that the colony diameter and the 

proteolytic activity are two negatively correlated 

parameters; this relation is not expressed in the same 

way for the fungi that have recorded a proteolytic 
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activity. Indeed, the proteolytic activity at 

Chaetomium sp. is important in relation to 

production of biomass, whereas at Trichoderma sp. 

this weak biomass is divergent in relation to very 

important proteolytic activity.  

 

Fig. 3. Linear regression right showing the relation between the radial growth colonies and the proteolytic 

activity of fungi. (A) Alternaria sp., (B) F. oxysporum,  (C) Chaetomium sp. (D) and Trichoderma sp. 
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The proteases enzymes are considered as insecticide 

agents through their very important role in the 

complete digestion of the complex cuticle of insects 

(Orlandelli et al., 2015). Protease enzymes, in our 

case, source of fungi have a toxicity towards pest 

insects. Some of these proteases having an 

insecticidal activity are evolved like components of 

venom, factors of resistance against herbivores or 

factors of microbial pathogenecity. However, other 

proteases play a role in the development or digestion 

of insect, but excercise an insecticidal effect when 

them more expressed of plants genetically modified 

or of the microbial pathogens (Harrison and Bonning, 

2010). Poza et al., (2004) In Zheng et al., (2011) 

found that the gene (tsvp I) coding the extracellular 

serin protease of Trichoderma virens plays a role in 

the process of biocontrol against pathogenic fungi.  

 

The induction of proteases is an important sign of 

biological activity, but the repercussions can be 

distributed between morphological and physiological 

performances of fungi. Indeed, Moscoso and Rosato 

(1987) demonstrated a negative correlation between 

the induction of proteases and the radial growth at 

Aspergillus nidulans. The physiological activity 

marked by the induction of the proteases is an 

energizing process that can sometimes exhaust 

resources destined to the establishment of the fungal 

biomass. The same observations have been expressed 

by Žnidarsic and Pavko (2001).  

 

The degradation of proteins in gelatin medium is 

sometimes accompanied by an hyperdiffusion of 

some enzymes like α- amylase, gluco-amylase and 

trehalase, that can alter some anabolic processes of 

Neurospora crassa (Gratzner, 1972), at time of 

biodegradation of phthalates at Pleurotus ostreatus 

(Kim and Song, 2009) or the peroxydase manganeze 

(MnP) (Bermek et al., 2004). But it is premature to 

keep definitely and to affirm these observations in 

relation to our results. Indeed, The filtrates of fungi 

tested are practically rich in active substances and 

enzymes, toxins and other secondary metabolites. 

The proteolytic activity can provide partial 

information to explain fungal filtrates of the 

endophytic fungi proved to be efficient against the 

green apple aphid notably for Trichoderma sp. 

However, it is preferable to characterize the chemical 

nature of substances implied in this aphicid activity, 

as the chitinases and alkaloids acting as factors of 

entomopathogenesis. 

 

Conclusion 

The filtrates descended of the four mycoendophytes 

have an aphicid activity against targeted aphid. The 

mortality rates recorded are determined extensively 

by type of filtrate and concentration of which 

Trichoderma sp. had the best aphicid activity. In the 

other hand, the evolution of mortality is not 

proportionally expressed regarding to concentration 

gradient, where maximum mortality (91,76%) 

corresponds to the optimal concentration (25% and 

100%) and not forcing the maximal concentration.  

 

The aphicid activity can not be bound exclusively to 

the induction of enzymes. Thus, a negative 

relationship between the biomass and the proteolytic 

activity has been recorded at the four mycotaxons. 

This enzymatic activity can reflect by consequence a 

very important biological activity due to enzymes that 

can determined the virulence of fungi tested. 
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