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 The citrus nematode Tylenchulus semipentrans is an important nematode 

that distribute in citrus orchards and cause slow decline to the plant, so this 

study was conducted to evaluated the antagonistic effect of some biocontrol 

agents Trichoderma harzianum and Bacillus subtilis against citrus 

nematode Tylenchulus semipentrans and the results shown that both 

biocontrol agents affect the J2 population of Tylenchulus semipentrans and 

the bioagent T. harzianum was more effective than B.  subtilis in supressing 

the j2 population in vitro. The mean of mortality in the case of T. harzianum 

was 67.00 % as compared with the B.  subtilis which was 43.56% at the 

stock (S), and the effect increased with increasing of exposure time and the 

mean of mortalities were 45.10, 73.20, and 82.70% after 24, 48 and 72h in 

the case of T. harzianum and 21.30, 38.00, and 71.33% after 24, 48 and 72h 

in the case of B. subtilis at the same concentration (S). In the field 

expriement it was observed through the results that the bioagents 

(Trichoderma harzianum and Bacillus subtilis) hav great efficacy against 

nematodes in the field where the  percentage of reduction reach to 70.67% 

in the case T.harzianum while in the case of B. subtilis was 59.10% as 

compared  with the control which give the rate 18.80%. 
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1. INTRODUCTION 

Nematodes are the most abundant multicellular animals on earth. Numerically, between 80 and 90% of all 

multicellular animals on earth may be nematodes [1], [2]. Plant-parasitic nematodes are significant pests for 

many crops with considerable economic impact worldwide [3]. Among the plant parasitic nematodes, The 

citrus nematode, Tylenchulus semipenetrans (Cobb. 1913) is an important nematode that is distributed in 

citrus gardens worldwide and causes slow decline and growth reduction of citrus plants [4]. So Biological 

control or biocontrols are agents, usually plant extracts, plant products, microorganisms such as bacteria, 

viruses, fungi fungal and bacterial enzyme, enzyme inhibitors, antibiotics that play an important role in 

control of plant pathogen they have found wide spread use a worldwide to control various plant disease in the 

field of agriculture [5], [6]. Trichoderma spp. significantly suppress the growth of plant pathogenic 

microorganisms and regulate the rate of plant growth. Recent works have shown that common plant disease 
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such as root rot disease, damping off, wilt, fruit rot and other plant diseases can be controlled by Trichoderma 

spp [7- 10]. The secondary metabolites secreted by Trichoderma spp. have proven its role in suppressing the 

growth of pathogenic microorganisms and stimulating the plant growth [11- 14], also Bacillus species play a 

role as bacterial antagonists to pathogens due to their ability to reproduce actively and their resistance to 

unfavorable environmental conditions [15]. The species antagonistic activites are associated with the 

production of metapolites with antibiotic properties [16]. The overall goal of this research was to evaluate the 

efficacy of biocontrol agents Trichoderma harzianum and Bacillus subtilis on the citrus nematode 

Tylenchulus semipentrans in field production systems. 

 

2. MATERIALS AND METHODS 

 

2.1 Preparation of culture filtrate 

For production of culture filtrates of the bio- control agents for bioassay, the bacterial bioagent B. subtilis was 

grown in conical flasks (250 ml) containing 100 ml of Nutrient glucose (1%) broth (NGB) medium [Beef 

extract, 3 g; Peptone, 5g; Glucose, 10 g in 1000 ml distilled water and pH 7.2± 0.2] at 28 °C for 48 h. The 

fungal bioagent T. harzianum was grown in conical flasks (250 ml) containing 100 ml of potato dextrose 

broth (PDB) medium and pH ,7.2 ± 0.2] at 30 °C for one week. Three conical flasks were prepared of each 

bioagent. The cultural filtrates of each bio-control agent were harvested by filtration and then centrifugated 

at 3000 rpm for 15 min. Then, the supernatants (growth products) were sterilized by the filtration through a 

sterile 0.45 μm membrane filter (cellulose nitrate, Whatman) [17]. Two concentrations of each bio-control 

agent cultural filtrate were tested. One concentration was prepared by adding 10 ml of cultural filtrate to 90 

ml sterile distilled water (10% of the original concentration) and designated as stock (S), and the second was 

prepared by dilution of the S filtrate to S/2 (5% concentration). NGB and PDB broth without any bio-control 

agent were used as control. 

 

2.2 Bioassay test 

The effect of bio-control agents on the mortality of the second stage juveniles (J 2) of Tylenchulus 

semipentrans was tested in vitro. The concentration of the J2 suspension of citrus nematode was adjusted to 

100 J2 per ml. Nine ml of each anti -nematode filtrate concentration were added to 1 ml of J2 suspension in 

Petri dish. Nine ml of distilled water were added to the Petri dish for the control treatment. Each treatment 

was replicated five times. The numbers of live and dead nematodes were counted under a light microscope 

after 24, 48 and 72 h of exposure time to the cultural filtrates at 25 °C [18]. and The percentages of nematode 

mortality were calculated for each treatment. Nematodes were considered alive if they moved or assumed a 

winding shape, and they were considered dead if they had adopted a straight shape and were immobile. To 

avoid incorrect classification, the nematodes in each Petri dish were then transferred to distilled water for 48 

h to check whether dead nematodes regained motility or not. The corrected nematode mortality percentages 

were calculated according to [19]. 

 

 
 

X= living nematode in contro 

Y= living nematode in treatment 

 

2.3 Field Experiment 

This investigation was conducted in naturally infested sweet orange (Citrus sinensis L.) orchard to evaluate 
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the efficacy of applying biocontrol agents against T. semipenetrans on citrus. Fungal bio-control agents were 

grown in 500 ml capacity flasks contain 250g of watery wheat grains [20]. Bacterium also grown in 500 mL 

capacity flasks contain 250ml of King’ s B broth medium [21]. Trees from orchard infested with slow decline 

were selected and used to achieve this experiment. The trees were inoculated with 25g/tree of fungal pure 

culture and 25ml/tree of bacterial pure culture at a depth of 15-25 cm around the trunk. Each treatment was 

replicated three times and each replicate include one tree. Three untreated replicates left as a control. The 

experiment was conducted in a completely randomized block design. Nematode population prior to the 

application of biocontrol agents was assessed. Nematode population in roots and soil were recorded after the 

application of biocontrol agents after three months. Reduction of nematodes population density in soil sample 

and roots was calculated according to Abbott’s formula [22]. 

 

2.4 Statistical analysis 

The data were analyzed according to the Augmented factorial design (Factorial plus added control) in 

Completely Randomized design CRD [23- 25]. The means were compared using the least significant 

difference (LSD) test at a probability level of 0.05. The data were analyzed using Genstat v.12.1 software. 

 

3. RESULTS 

The result that presented in Table (1) had been revealed that both bioagents affected the population of J2 abd 

the bioagent T. harzianum was more effective than B. subtilis and the pecentage of J2 mortality was 82.70 % 

in the case of T. harzianum while in the case of B. subtilis was 71.33% after 72hr at the stock (S) cocentration 

as compared with the control [10], [33]. 

 

The resullt also revealed that the effect of the bioagent filtrate was increased with the increasing of the filtrate 

concentration and the mean of mortality percentages were 55.28, 3489% at the concentration S, S/2 

respectively. 

 

The result had been revealed also that that the effect of the bioagent filtrate was increased with the increasing 

of the expoture time and the percentages of mortality were 45.10, 73.20 and 82.70% respectively after 24, 48. 

and 72h at the concentration (S) in the case of T. harzianum, while in the case of B. subtilis were 21.30, 38.00 

and 71.33% respectively at the same expoturs time. 

 

Tabe (1): Effect of bioagents (T. harzianum and B. subtillus) on the mortality rate of J2 in vitro 

Treatments 

(T) 

Concentration 

(C) 

Period 

T * C 

24h 48h 72h 

trichoderma S 45.10 73.20 82.70 67.00 

½ S 21.70 27.67 46.33 31.90 

bacillus S 21.33 38.00 71.33 43.56 

½ S 24.67 28.33 60.67 37.89 

Control 10.33  

LSD Treatment*conc.*period 9.83 LSDT*C 5.67 

Treatments * Period 

Treatments 24h 48h 72h Mean Treat. 
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trichoderma 33.40 50.43 64.52 49.45 

bacillus 23.00 33.17 66.00 40.72 

LSD Treatment*period 6.95 LSDC 4.104 

Concentration * Period 

Concentration 24h 48h 72h Mean conc. 

S 33.22 55.60 77.02 55.28 

½ S 23.18 28.00 53.50 34.89 

LSD Conc,*period 6.95 LSDC 4.104 

Period 

Period 24h 48h 72h 

 
Mean period 28.20 41.80 65.26 

LSD Period 4.92 

 

 
Figure (1): Effect of bioagents (B. harzianum and B.subtilis) on the mortality of J2 invitro 

 

In the field experiment it was observed through the results which presented in Table (2) that the bio control 

agents (Trichoderma harzianum and Bacillus subtilis) has great efficacy against nematodes in the field and 

the percentage of reduction (%) of nematode was 7o.76 in the case of T.harzianum reach to 70.67% while 

Bacillus subtilis give the reduction rate 59.10% in compered with the control that give the rate 18.80%. 

 

Table (2): Effect of bioagents on second stage J2 of nematode in the field 

Treatment 
J2 Before 

treatment*100  
J2 After 

treatment*100 
Reduction% 

0
10
20
30
40
50
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Treatments
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T. harzianum 6.8 2 70.58 

Bacillus 7.7 3.2 58.44 

Control 8.6 6.96 18.80 

LSD 2.77 

 

 
Figure (2) the effect of bio control agents on second stage J2 of nematode in the field 

 

4. Discussion 

The citrus nematode T.semepenetrans is the most common nematode in the rhizosphere of citrus trees. The 

fungal leaches of the used biocontrol agents showed a lethal effect to the second larval stage J2 of nematodes 

in vitro and with high effectiveness, due to the mechanisms possessed by the tested fungi. Therefore, 

organisms can be exploited to control nematodes as an alternative means of using Chemical pesticides that 

may lead to the emergence of resistant strains of plant pathogens when used in high concentrations. The lethal 

or inhibitory effect of Trichoderma filtrate in the larval stage may be due to the fact that this fungus has the 

ability to produce many proteolytic enzymes and chitin, which is one of the basic components of the 

exoskeleton of the nematode, in addition to the production of some other peptide and non-peptide substances 

that have a fatal effect on the larval stage and inhibiting hatching. Eggs, including the compound Peptibol, 

and the compound hydrophobin [26], [27]. The effect of bacteria may be due to it produce various types of 

biocontrol agents, which are differentiated by their chemical structure,11 among these the fengycins, iturins 

and surfactins are reported in various studies conducted by researchers. inhibits the growth of filamentous 

fungi. They act on the biological membranes and completely disrupt the membranes in different 

concentration, Bacillus could colonize the rhizosphere of plants in, or around plant tissues, stimulate plant 

growth, and reduce nematode populations by antagonistic behavior [28]. These result are agreed with the 

finding by [29] who will install that the Bacillus species are a good candidate for use as a biocontrol agent 

against fungal phytopathogens because they produce various types of antimicrobial substances and their 

environmentally friendly behavior and reduce nematode populations by antagonistic performance. The results 

of this expriment show that the tested bioagents have high antagonistic activities against T. semipenetrans. 

This antagonism happens over different mechanisms which contain two types of antagonism: direct 

antagonism which include hyperparasitism. Antibiotic-mediated suppression, Lytic enzymes and other 

byproducts of bioagents, and indirect antagonism which include competition and induction of host defenses. 
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The present findings were showed also significant suppression of both j2 in soil and females in roots under 

field conditions and this antagonistic effect may due Similar results were obtained from the reading of [30] 

about the effect of Trichoderma harzianum and Pseudomonas fluorescens on the population density of root-

knot nematode in soil under field condition and they reported that the fungus Trichoderma harzianum was 

more effective than the bacteria Pseudomonas fluorescens in reducing population density of nematode in soil. 

Another different revision revealed that the using of T.viride and Pseudomonas fluorescens in combination 

was more effective than the using of each one alone in controlling Meloidogyne javanica and these bioagents 

reduced the population density of nematode in soil in most tested cultivars of tomato [31]. This results is 

agreement with the finding by [32] that the T.harzianum have a high efficacy of reduction T.semipentrans 

and Fusarium solani in the field condition when application alone and in combination with nemastop also the 

Bacillus subtilis show high reduction rate in controlling citrus nematode and Fusarium solani . This result 

support the findings of [33] and in the same line with [34]. 

 

5. Conclusion 

The results showed the effectiveness of the biological control agents used in controlling the citrus nematode 

Tylenchulus semipentrans in vitro and in the field. 
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