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ABSTRACT 
 

The nematicidal effect of bacterial bio-control agents, i.e. Bacillus subtilis, Pseudomonas fluorescens and 
Sarratia marcescens and fungal bio-control agents, i.e. Aspergillus niger, Penicillium digitatum, Trichoderma 
harzianum and Trichoderma viride were examined against Tylenchulus semipenetrans in vitro and in vivo tests. 
In vitro tests, the effect of cultural filtrates of bio-control agents was evaluated at concentrations of S and/or S/2. 
All bio-control agents were found to be highly nematostatic against J2 of citrus nematode. B. subtilis at S 
concentration was more effective against j2 of nematode after 72h exposure time, since the nematode mortality 
% was 100.0%, 99.9% and 99.2% for B. subtilis, S. marcescens and P. fluorescens, respectively. The effect of 
fungal bio-agents against j2 was less compared with bacterial bio-control agents. As nematode mortality was 
97.6%, 97.0%, 89.4% and 87.8%. For T. viride, T. harzianum, P. digitatum and A. niger, respectively At S 
concentration after 72h exposure time. In greenhouse experiment, P. fluorescens was more effective in reducing 
the nematode population j2 in soil, while B. subtilis was more effective in reducing the females and egg-masses 
in roots. P. fluorescens gave the highest percentage of efficacy (82.0%), followed by S. marcescens (77.9%) and 
B. subtilis (73.0%). T. harzianum was more effective in reducing the nematode population j2 in soil, while T. 
viride was more effective in reducing the females and egg-masses in roots. T. harzianum gave the highest 
percentages of efficacy (91.1%), followed by T. viride (89.6%), P. digitatum (63.6%) and A. niger (60.0%). The 
bio-control agents also increased the vegetative parameters such as length and weight of shoots and shoots dry 
weight of citrus seedlings 
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Introduction 
 

The citrus nematode, Tylenchulus semipenetrans Cobb, causes the disease known as slow decline, whose 
name refers to the gradual development of symptoms in the host and the slow rate of nematode population 
growth in newly replanted orchards. The citrus nematode was recorded as a pathogen attacking the roots of citrus 
trees in Egypt by Otiefa (1955) as well as many different countries of the world (Duncan and Cohn, 1990). 
Management of the citrus nematode remains difficult as no single tactic provides adequate control of the 
nematode (Verdejo and McKenry, 2004). Therefore, alternative methods of controlling nematode in particular by 
the use of microorganisms are now being widely developed and several are already being produced commercially.  

The bacterial and fungal bio-control agents were tested against the nematode infection by many workers. 
The ability of Bacillus cereus S18 was tested to control Meloidogyne incognita, Meloidogyne javanica and 
Meloidogyne arenaria in tomato by Mahdy et al. (2000). Bacillus subtilis, Pseudomonas fluorescens and 
Sarratia marcescens were able to reduce the population of root-knot nematode, M. javanica, infecting tomato 
plants, when tested at 100 ml broth bacterial culture adjusted to 108 CFU/ml. Both P. fluorescens and S. 
marcescens gave the most nematicidal activity against hatched juveniles of M. javanica (Abadir et al., 2004).In 
the greenhouse, B. subtilis, when applied as a soil drench, was the most effective in reducing the number of 
juveniles in soil, galls and egg masses of M. incognita on the roots of eggplant plants (El-Nagdi and Abd-El-Khair, 
2008). S. marcescens and P. fluorescens were significantly reduced the incidence of root-knot disease in soil 
artificially infested with M. incognita, the study indicated that S. marcescens and P. fluorescens were potent as 
bio-control agents for controlling the root-knot nematodes (Mohamed et al., 2009). The ability of P. 
fluorescences strain 843 and Azospirillum brasilense strain W24 to improve Washington Navel Orange fruits 
quality and to control the persistence of nematode in the soil was tested by Abdelaal et al. (2010). Three types 
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of nematodes were detected in the roots including Tylenchulus spp, saprophytic nematode and Pratylenchus, P. 
florescences strain 843 was successfully greater to inhibit the growth of nematode than A. brasilense strain 
W24 Abdelaal et al. (2010). Bacillus thuringiensis, S. marcescens and P.fluorescence also achieved the highest 
significant effect for suppressing M. incognita and T. semipenetrans (Abdelnabby et al., 2011).  

The culture filtrate of Trichoderma viride reduced the hatching of M. incognita larvae (Sharma and 
Saxena,1992). In greenhouse experiments, the fungal spores of Aspergillus niger significantly reduced the 
galling  of root - knot nematode in tomato, compared to untreated controls, while in field experiment, the seed 
coats treatment with same fungus significantly increased the yield and decreased the root - knot galling on pepper 
(Zuckerman et al., 1994). A. niger and Aspergillus terreus were observed to be toxic against nematode larvae of  
M. incognita and showed inhibition of egg hatching in vitro and in vivo (Goswami et al., 1998). All Trichaderma 
isolates also reduced the nematode infestation with Meloidogyne spp. in tomatoes and increased the plant growth over 
control. Trichoderma isolates at 5g per 4 kg soil was the most effective rate for controlling the Meloidogyne spp (Faruk 
et al., 1999). Ashoub et al. (2009) reported that T. viride was the most effective species followed by A. niger and  
Rhizoctonia sp. Trichoderma harazianum, T. viride, T. koningii, T. reesei and T. hamatum controlled the 
reniform nematode (Rotylenchulus. reniformis) and root-knot nematode (Meloidogyne javanica) in vitro and 
under greenhouse conditions. All culture filtrates of Trichoderma species were highly significant in controlling 
both nematode genera on eggplant (Bokhary, 2009). 

This work is aimed to study the nematicidal effect of Bacillus subtilis, Pseudomonas fluorescens, Sarratia 
marcescens, Aspergillus niger, Penicillium digitatum, Trichoderma harzianum and Trichoderma viride, against 
the second stages juveniles (J2) of Tylenchulus semipenetrans in vitro and in vivo tests. Effect of tested bio-
control agents on growth parameters of citrus seedling was also studied. 

 
Materials And Methods 

 
1- Sampling: 

 
Twenty soil and root samples were obtained from rhisosphere of citrus trees of 18-year-old - sweet orange 

[Citrus sinensis (L.) Osbeck] cv. Navel; 20- year-old - Mandarin (Citrus reticulata Blanco) cv. Yousefi Baladi 
(in El-Nagah orchards); 19-year-old - lime [Citrus aurantifolia (Christm.) Swingle] cv. Baladi Lemon and 9-
year-old - sweet orange [Citrus sinensis (L.) Osbeck] cv. Navel (in El-Emam Malek orchards) during 2009 and 
2010 seasons to detect the T.semipenetrans. 

Soil samples was collected from each citrus tree, at distance about 1.5m from canopy of trunk and at the 
depth of 20-30 cm, from three cores surrounded the tree using hand trowel (Ca. 6 cm in diameter and 20-30 cm 
in depth).Three subsamples (200 g soil per core) of each tree were composited together and then 600 g of soil as 
composited sample were obtained. Samples were collected during April of each season (El-Nagdi et al., 2010 
and Bakr et al., (2011). 

Three of root sub-samples (about 5g per core) also were collected from the same places of soil samples .The 
root sub-samples were mixed together and then the composited sample about 5g was obtained .All samples were 
kept in polyethylene bags and immediately transferred to the laboratory of Plant Pathology Department of 
National Research Center, for extraction and detection of T. semipenetrans nematode. 

 
2-Nematode extraction: 

 
An aliquot of 250 g of composited sample was placed in a beaker. Then, enough water was added. The soil 

was mixed thoroughly to break the soil aggregates. Then, each sample was poured with a supply of tap water 
through a sieve of 2 mm hole diameter to retain the coarse sand particles, gravels and debris.  The nematode and 
the fine soil particles were received in plastic wash pan, stirred and allowed to settle for 30 seconds after which 
they were poured through a sieve of 325mesh/inch.  Nematodes were collected by washing the sieve inversely 
with a fairly gentle stream of water into a 250 ml beaker. Aliquot of 1ml each of nematode suspension were 
placed in Howksley Counting Slide by pipette for T. semipenetrans juveniles using Light Microscope.  

From each composited root sample, one gram feeder roots was placed in 20 ml Clorox (5.25% NaHCl) plus 
180 ml distilled water and the sample was mixed for 30 second in the blender. Then, the macerated sample 
contents were transferred to 70 and 325 mesh sieves for separating debris and collecting nematodes, 
respectively. The number of females was counted using the Light Microscope. Citrus nematode, T. 
semipenetrans, was identified based on the morphology of the adult and larval forms, according to the 
taxonomic works recorded by Siddiqi (1986).  
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3-Bio-control agents:  
 
Three bacterial bio-control agents, i.e. Bacillus subtilis, Pseudomonas fluorescens and Sarratia marcescens 

and four fungal bio-control agents ,i.e. Aspergillus niger, Penicillium digitatum, Trichoderma harzianum and 
Trichoderma viride, isolated from citrus rhizosphere and identified in Plant Pathology Department , National 
Research Centre (NRC) , Egypt were used in this work. 

 
4-In vitro test: 
 
4.1-Prepartion of bio-control agents: 

 
For production of culture filtrates of the bio- control agents for bioassay, each bacteria of B. subtilis, P. 

fluorescens and S. marcescens were separately 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. Each fungus  of A. niger, P. digitatum, T. harzianum and T. viride was 
separately grown in conical flasks (250 ml) containing 100 ml of Rose Bengal broth (RBB)medium [Dextrose, 
10.0g; Peptone, 5.0g; KH2PO4, 1.0g ; MgSO4.7H2O, 0.5g ; Rose Bengal , 0.05g  in 1 litre of distilled water and 
pH ,7.2 ± 0.2 ] at 30 °C for one week. Three conical flasks were prepared of each bio- control agent. 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) (Tahikalange et al., 2005). 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 S, and the second was 
prepared by dilution of the S filtrate to S/2 (5% concentration). Nutrient glucose and Rose Bengal broth without 
any bio-control agent were used as control I and distilled water as control II. 

 
4.2-Bioassay test: 

 
The effect of bio-control agents on the mortality of the second stage juveniles (J2) of T.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 material concentration were added to 1 ml of nematode 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 (Faheem et al., 2010 and Osei et al., 2011). From these counts, 
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 Abbott’s Formula (1925). 

 
                                  

Mortality (%) = 
m - n  

X 100 
 

100-n 

Where; m and n indicate the mortality (%) in treatments and control, respectively. 
 

5-Greenhouse experiments: 
 
One-year- old seedlings of highly susceptible citrus cultivar, Volkamariana (Citrus volkameriana) were 

transplanted singly in plastic pot containing about 5 Kg of sterilized sandy clay soil (2:1w/w). Each pot was inoculated 
with 5000 J2 of T. semipenetrans as population initial. The nematode inocula were pipetted into 4 holes in the soil 
around the stem of citrus seedling. The pots were randomized on greenhouse bench and the temperature 
maintained at 27±2°C.Tap water was used for irrigation. 

For preparation of each bacterial bio-control agent cultver, each tested bacterial was separately grown for 4 
days on NGB medium at 28 ºC. The bacterial suspension was adjusted to be 3 x 108 colony forming unit (CFU) / 
ml. For preparation of fungal bio-control agents, each fungus was separately grown on RBB medium and 
incubated at 30 oC for one week. The suspension of each fungal bio-control agent was adjusted to be 3X108 
propgules / ml. 

 
After 30 days of nematode inoculation, 25 ml of each bacterial and fungal cultural suspension was 

separately added to each pot around the citrus seedlings. The bacterial bio-control agent treatments were as 
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follows; 1) T. semipenetrans only;2) NGB medium + T. semipenetrans; 3) B. subtils + T. semipenetrans; 4) P. 
fluorescens + T. semipenetrans and 5) S. marcescens + T. semipenetrans. The fungal bio-control agent treatments 
were as follows; 1) T. semipenetrans only; 2) RBB medium + T. semipenetrans;  3) A. niger + T. semipenetrans;  4) 
P. digitatum + T. semipenetrans; 5) T. harzianum + T. semipenetrans and 6) T. viride + T. semipenetrans. Eight 
pots were used as replicates for each treatment as well as the check treatment.  

After six months of T. semipenetrans inoculation, the citrus seedlings were carefully removed from soil. 
Nematode parameters as numbers of J2 in 250 g of soil and females and egg masses in 1 g roots were recorded as 
mentioned before. Also, the percentages of efficacy and the rate of nematode build-up were calculated. 

Upon termination of the experiment, six month after T. semipenetrans inoculation, the citrus seedlings were 
carefully removed from soil. The tops of the tested plants were cut off and then the roots gently washed from the 
soil. The growth parameters such as length, fresh weight and dry weight of the shoots and the length and fresh 
weight of roots were recorded. 

 
6-Statistical analysis: 

 
Data were subjected to analysis of variance using Computer Statistical Package (Assistat7.6 Beta Statistical 

Assistance) and the mean values compared by Duncan test (Snedecor and Cochran, 1980).  
 

Results 
 

I- In vitro test: 
 
1.1- Bacterial bio-control agents: 

 
The culture filtrates of bacterial bio-control agents of B. subtilis, P. fluorescens and S. marcescens at the 

concentration of S and/or S/2 were highly nematoicidal effect against J2 of T. semipenetrans in vitro (Table, 1). 
Results showed that the mortality (%) of nematode was in the range of 86.2 to 100.0%, compared to 25.4 to 
41.2% in nutrient medium only (control I) and 1.0 to 2.0% in the distilled water (control II). The percentages of 
nematode mortality were increased with increase the exposure time from 24 to 72 h to bacterial cultural filtrates. 
B. subtilis at concentration of S was more effective against J2 of nematode, followed by S. marcescens and P. 
fluorescens, where the mortalities (%) were 100.0, 99.8 and 99.2%, after 72 h of exposure, respectively, At 
concentration of S/2, the nematode mortalities were 95.4, 95.2 and 94.4% with cultural filtrates of P. 
fluorescens, S. marcescens and B. subtilis, respectively, Table (1).  

When nematode juveniles exposed to bacterial filtrates for 72h were transferred in distilled water. The 
nematode recovery (%) was zero with all tested bacterial cultural filtrates. The highest net nematode mortality 
(%) was 100.0% at concentration of S which obtained with B. subtilis, followed by 99.8% (S. marcescens) and 
99.2% (P. fluorescens), compared to 41.2% with control I, respectively, Table (1). At the concentration of S/2, 
the highest net mortality (%) was 95.4% obtained with P. fluorescens, followed by 95.2% in both B. subtilis and 
S. marcescens, compared to 27.6% with control I, respectively, Table (1). 

 
1. 2- Fungal bio-control agents: 

 
Results showed that the culture filtrates of A. niger , P. digitatum, T. harzianum, T. viride, at concentrations 

of S and/or S/2, were nematicidal effect against J2  of T. semipenetrans in vitro (Table, 2 ). The mortality (%) of 
nematode was in the range of 75.6 to 97.6%, compared to 25.0 to 37.8% in Rose Bengal medium only (control 
I) and 1.0 to 2.0% in the control II. Results revealed that the citrus nematode mortality (%) with fungal cultural 
filtrates was increased with increase the exposure time from 24 to 72 h. After 72 hr of exposure, the standard 
concentration S of T. viride was more effective against J2 of nematode, followed by T. harzianum, P. digitatum 
and A. niger, where the mortalities (%) were 97.6, 79.0, 89.4 and 87.8%, respectively. At concentration of S/2 
after 72 h of exposure time, the fungal cultural filtrates caused the mortalities (%) of 92.2, 90.6, 83.4 and 80.6 % 
with T. viride, T. harzianum, P. digitatum, and A. niger , respectively (Table, 2).  

Also nematode recovery (%) was zero at all tested of fungal filtrates. Since the highest net mortality (%) 
was 97.6% obtained with T. viride, followed by 97.0% (T. harzianum), 89.4% (P. digitatum), 87.8% and (A. 
niger) at concentration of S (Table, 2). At concentration of S/2, the highest nematode mortality was 92.2% with 
T. viride, followed by 90.6% (T. harzianum), 83.4% (P. digitatum) and 80.6% (A. niger), respectively.  
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2- Greenhouse experiments: 
 
2.1- Effect of bacterial bio-control agents: 

 
Effects of cultural filtrates of B. subtilis, P. fluorescens and S. marcescens on citrus nematode infecting 

citrus cv. Volcameriana are listed in Table (3). Results revealed that the citrus nematode population in soil was 
in the range of 7103 to 11118 J2/250 soil, compared to population of 40950 J2/250 soil in the control I and 
28048 J2/250 soil in the control II. The highest reduction (%) of population density of J2 citrus nematode was 
82.6% obtained with cultural filtrates of P. fluorescens, followed by S. marcescens and B. subtilis,  where the 
values of nematode reduction (%) were 78.3 and 72.8%, respectively. Statistical analysis revealed that the 
significant differences were recorded between two of control I & II and bacterial cultural filtrates treatments. 
The differences among B. subtilis, P. fluorescens and S. marcescens treatments were not significant. 

Results also revealed that the number of females in roots of citrus treated with bioagents was in the range of 
260 to 387 females /1g roots, compared to 1073 females /1g roots in control I and 709 females /1g roots in 
control II (Table, 3). The highest reduction (%) of nematode females was75.8% obtained with cultural filtrates 
of B. subtilis, followed by S. marcescens and P. fluorescens, while the females reductions (%) were 65.0 and 
63.0 %, respectively.  Significant differences were obtained between bacterial bio-control agent treatments and 
two control treatments. The number of egg masses of citrus nematode was also affected with bacterial cultural 
filtrates, where the egg masses number was in the range of 115 to 137 egg masses /1g roots, compared to 451 
egg masses /1g roots in the control I and 412 egg-masses /1g roots in the control II. The highest reduction (%) 
of egg masses number was obtained with cultural filtrates of B. subtilis, followed by P. fluorescens, and S. 
marcescens, where the percentages of egg-masses reduction were 74.5, 70.9 and 69.6% respectively (Table, 3). 

 The nematode reduction (rate of build up) was also influenced by tested bioagents. Lowest rate of 
nematodes build up was obtained by P. fluorescens (1.4) while it was 1.8 and 2.2 by S. marcescens and B. 
subtilis, respectively. Accordingly, reductions in nematode build up were 75.0, 67.9 and 60.7 % at P. 
fluorescens, S. marcescens and B. subtilis, respectively, compared with control II (Table, 3). 

Data in Table (4) indicated that The cultural filtrates of B. subtilis, P. fluorescens and S. marcescens 
significantly improved the growth parameters of shoots and roots of citrus cv. Volcameriana compared to 
control II. Results showed that the length of shoots was in the range of 89.0 to 90.5 cm with bacterial cultural 
filtrates, compared to 76.5 cm in the control I and 63.6 cm in the control II. The cultural filtrates of B. subtilis 
significantly increased the shoot length about 42.3% according to control II, followed by S. marcescens and P. 
fluorescens while the shoot length was 41.0 and 39.9%, respectively.   

Also the fresh weight of shoots was positively influenced by bioagents. It ranged between 58.3 to 64.7 g 
with bacterial cultural filtrates, compared to 63.0 g in the control I and 47.8 g in the control II. The cultural 
filtrate of S. marcescens significantly increased the shoot fresh weight about 35.3% according to control II, 
followed by P. fluorescens and B. subtilis while the shoot fresh weight was 34.5 and 21.9%, respectively (Table, 
4). The dry weight of shoots was in the range of 21.6 to 23.3 g with bacterial bio-control agents, compared to 
18.8g in the control I and 14.3 g in control II. P. fluorescens significantly increased the shoot dry weight about 
62.9% according to control II, followed by S. marcescens and B. subtilis, where the shoot fresh weight was 61.5 
and 51.0%, respectively (Table, 4).  

 
2.2- Effect of fungi bio-control agents: 

 
Effects of fungi cultural filtrates A. niger, P. digitatum, T. harzianum, T. viride on population density of J2 

of T. semipenetrans in rhizophere of citrus cv. Volcameriana are listed in Table (5). Results revealed that the 
nematode population of J2 in soil was in the range of 3403 to 16510 J2/250 soil, compared to population of 
40950 J2/250 soil in control I and 29713 J2/250 soil in control II. The highest reduction (%) of population 
density of J2 citrus nematode was 91.6% obtained with T. harzianum, followed by T. viride, P.digitatum and A. 
niger,  where the values of nematode reduction (%) were 89.9, 63.6 and 59.7%, respectively. Statistical analysis 
revealed that significant differences were recorded between fungal bio-control agents and the two control 
treatments, while no significant differences were found between A. niger and P. digitatum. Also the effect of 
both T. harzianum and T. viride was the same 

Results revealed that the number of females in roots of citrus cv. Volcameriana was in the range of 239 to 
380 females /1g roots, compared to 1073 females /1g roots in the control I and 798 females /1g roots in the 
control II (Table, 5). The highest reduction (%) of nematode females was 77.7% obtained with T. viride, 
followed by T. harzianum, A.niger and P. digitatum, while the females reduction  (%) was 74.0, 72.6 and 64.6 
% , respectively (Table, 5). Significant differences were recorded between fungal bio-control agents and the two 
control treatment.  
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The number of egg masses of citrus nematode was also affected with fungal bio-control agents, where the 
egg masses number was in the range of 58 to 197 egg  masses/ 1g roots, compared to 451 egg masses in control 
I and 454 egg masses in control II. The highest reduction (%) of egg masses number was obtained with T. 
viride, followed by T. harzianum, A. niger and P. digitatum, where the percentages of egg masses reduction 
were 79.8, 63.2 and 56.3%, respectively (Table, 5). 

The nematode reproduction (rate of build up) was also reduced by the tested bioagents it was 85.7, 83.7, 
38.8 and 32.7 % obtained with T. harzianum, T. viride, P. digitatum and A. niger respectively. 

Data in Table (6) indicated that the fungal bio-control agents of A. niger, P. digitatum, T. harzianum, T. 
viride improved the growth parameters of shoots and roots of citrus cv. Volcameriana, compared to control II. 
The length of shoots was in the range of 84.0 to 99.5 cm with fungal bio-control agents, compared to 76.5 cm in 
the control I and 63.6 cm. in control II. T.viride significantly increased the shoot length by 55.8% according to 
control II, followed by fungi of T. harzianum, P.digitatum and A. niger while the shoot length increased by 
45.6, 36.0 and 32.0%, respectively.  

The fresh weight of shoots was in the range of 61.7 to 74.0 g with cultural filtrates of fungal bio-control 
agents, compared to 63.0g in control I and 47.8 g. in control II. T. viride significantly increased the shoot fresh 
weight about 54.8% according to control II, followed by T. harzianum, P. digitatum and A. niger ,where the 
shoot fresh weight increased with 51.0, 33.9 and 29.0% , respectively (Table, 6). 

   
Table 1: Percentages of mortality of the 2nd stage juveniles of Tylenchulus semipenetrans in vitro tests as affected by culture filtrates of  
              bacterial bio-control agents. 

 
Bacterial bio-control  
Agents 

 
Conc.    

Nematode mortality (%) after hours Net mortality 
(%) 24 48 72 

 
Bacillus subtilis 

S 95.4 a   98.0 a  100.0 a  100.0 
S /2 89.0 b   91.0 b  94.4 b  95.2 

 
Pseudomonas fluorescens 

S 94.8 a   97.4 a  99.2 a  99.2 
S /2 86.2 c    90.4 b  95.4 b  95.4 

 
Serratia  marcescens 

S 93.8 ab  97.8 a  99.8 a  99.8 
S /2 87.2 c    91.8 b  95.2 b  95.2 

Nutrient medium only 
(control I) 

S  34.0 d    36.2 c  41.2 c  41.2 
S /2 25.4 e    29.4 d  27.6 d  27.6 

Distilled water (control II) 1.0 f       2.0 e  2.0 e  2.0 
Means in each column followed by the same small letter (s) are no significant at P<0.05 according to Duncan's multiple-range test. 
 
Table 2: Percentages of mortality of the 2nd stage juveniles of Tylenchulus semipenetrans in vitro tests as affected by culture filtrates of  
             fungal bio-control agents. 

 
Fungal bio-control  
agents 

 
Conc. 

Nematode mortality (%) after hours Net mortality 
(%) 24 48 72 

 
Aspergillus niger 

S 78.8 cd  80.0 e    87.8 d  87.8 
S /2 75.6 e    77.4 f   80.6 f   80.6 

 
Penicillum digitatum 

S 81.2 b    82.6 d   89.4 c  89.4 
S /2 78.6 d    79.6 e   83.4 e  83.4 

 
Trichoderma harzianum 

S 85.4 a    87.4 b   97.0 a  97.0 
S /2 80.0 bc   83.4 cd  90.6 c  90.6 

 
Trichoderma viride 

S 86.0 a    89.0 a   97.6 a  97.6 
S /2 81.0 b    84.6 c   92.2 b  92.2 

Rose Bengal medium only 
(control I) 

S 31.8 f     34.6 g   37.8 g  37.8 
S /2 25.0 g    27.4 h   30.6 h  30.6 

Distilled water (control  II) 1.0 h    2.0 i    2.0 i  2.0 
Means in each column followed by the same small letter (s) are no significant at P<0.05 according to Duncan's multiple-range test. 
 
Table 3: Effect of bacterial bio-control agents on populations of 2nd stage juveniles and female and Egg-masses in roots of citrus cv. Volca                   
              meriana artificially infected with Tylenchulus semipenetrans under greenhouse conditions (after 6 months of treatment). 

 
Bacterial bio-control  
agents 

Nematode parameters  
Final population 

 
Rate of 
build up 

J2 in soil(3) Roots 
Female Egg masses 

Count  Red. 
(%) 

Count Red. 
(%) 

Count Red. 
(%) 

Count Efficacy 
(%) 

Control I(1)   40950 a _ 1073 a _ 451 a _ 42474 _ 8.5 
Control  II(2)  28048 b 31.5 709 b 33.9 412 a 8.6 29167 31.3 5.8 
Bacillus subtilis 11118 c 72.8 260 c 75.8 115 b 74.5 11492 73.0 2.3 
Pseudomonas fluorescens  7103 c 82.6 387 c 63.9 131 b 70.9 7620 82.0 1.5 
Serratia marcescens 8878 c 78.3 375 c 65.0 137 b 69.6 9389 77.9 1.9 

(1) Nematode inoculation only. 
(2) Nutrient medium only without bacterial bio-control agents.  
(3) (Pi) population initial = 5000 J2 inoculation. 
(4)  Means in each column followed by the same small letter are not significantly different according to Duncan's multiple-range test  (P 
=0.05). 
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Table 4: Effect of bacterial bio-control agents on some vegetative growth parameters in citrus cv. Volcameriana artificially infected with                
             Tylenchulus semipenetrans under greenhouse conditions (after 6 months of treatment). 

 
Bacterial bio-control  
agents 

Growth parameters  
 Shoots Roots 
Length 
(cm.)  

Increase 

(5) (%) 
Fresh 
weight 
(g) 

Increas
e (%) 

Dry 
weight 
(g) 

Increas
e (%) 

Length 
(cm.) 

Increas
e (%)  

Fresh 
weight 
(g) 

increas
e  
(%) 

Control I(1)  76.5 ab  63.0 b  18.8 ab  62.5 a  106.3 a  
Control II(2)   63.6 b _ 47.8 c _ 14.3 b _ 54.9 a _ 103.4 a _ 

Nutrient medium only 
(3) 

85.9 a 35.0 78.2 a 63.6 27.1 a 89.5 61.1 a 11.3 90.8 a _ 

Bacillus subtilis 90.5 a 42.3 58.3 bc 21.9 21.6 a 51.0 53.4 a _ 97.7 a _ 

Pseudomonas 
fluorescens  

89 a 39.9 64.3 b 34.5 23.3 a 62.9 57.4 a 4.5 90.4 a _ 

Sarratia marcescens 89.7 a 41.0 64.7 b 35.3 23.1 a 61.5 58.6 a 23.7 102.5 a _ 

(1)  Without nematode inoculation. 
(2)  Nematode inoculation only. 
(3) Nutrient medium only without bacterial bio-control agents.  
(4)  Means in each column followed by the same small letter are not significantly different according to Duncan's multiple-range test  (P 
=0.05). 
(5)  Increase according to control II and (-) mean no increasing. 
 
Table 5: Effect of fungi bio-control agents on populations of 2nd stage juveniles and female and egg-masses in roots of citrus  
   cv.Volcameriana artificially infected with Tylenchulus semipenetrans under greenhouse conditions (after 6 months of treatment). 

 
Fungal bio-control  
agents 

Nematode parameters (3)  
Final population 

 
Rate of 
build up 

J2 in soil Roots 
Female Egg masses 

Count  Red. 
 (%) 

Count  Red. 
 (%) 

Count  Red. 
 (%) 

Count Efficacy 
(%) 

Control I(1) 40950 a(4) _ 1073 a _ 451 a _ 42474 _ 8.5 
Control II(2) 29713 b 27.4 798 b 25.6 454 a _ 30964 27.0 6.2 
Aspergillus niger 16510 c 59.7 294 cd 72.6 166 bc 63.2 16970 60.0 3.4 
Penicillum digitatum  14905 c 63.6 380 c 64.6 197 b 56.3 15481 63.6 3.1 
Trichoderma 
harzianum 

3403 d 91.6 278 cd 74.0 91 cd 79.8 3772 91.1 0.8 

Trichoderma viride 4131 d 89.9 239 d 77.7 58 d 87.1 4429 89.6 0.9 
(1) Nematode inoculation only. 
(2) Rose bengal medium only without fungal bio-control agents.  
(3) (Pi) population initial = 5000 J2 inoculation. 
(4)  Means in each column followed by the same small letter are not significantly different according to Duncan's multiple-range test (P 
=0.05). 
 
Table 6: Effect of fungi bio-control agents on some vegetative growth parameters in citrus cv. Volcameriana artificially infected with Ty lenchulus semipenetrans under greenhouse 

conditions (after 6 months of treatment). 
 
Fungal bio-control  
agents 

Growth parameters  
Shoots Roots 
Length 
 (cm.) 

Increase(5) 
(%) 

Fresh 
weight 
(g) 

Increase 
(%) 

Dry weight 
(g) 

Increase 
(%) 

Length 
(cm.) 

Increase 
(%) 

Fresh 
weight 
(g) 

Increase 
(%) 

Control I(1) 76.5 b(4)  63.0 a  18.8 b  62.5 a  106.3 a  
Control II(2) 63.6 b _ 47.8 b _ 14.3 b _ 54.9 a _ 103.4 ab _ 
Rose Bengal medium(3) 104.9 ab 64.9 72.6 a 51.9 24.8 a 73.4 55.4 a 0.9 117.3 a 13.4
Aspergillus niger 84.0 ab 32.0 61.7 a 29.0 24.1 a 68.5 54.0 a _ 92.9 b _ 
Penicillum digitatum  99.5 ab 36.0 64.0 a 33.9 25.0 a 74.8 48.5 a _ 89.2 b _ 
Trichoderma harzianum 92.6 ab 45.6 72.2 a 51.0 25.9 a 81.1 47.5 a _ 96.7 b _ 
Trichoderma viride 99.1 ab 55.8 74.0 a 54.8 28.5 a 99.3 51.1 a _ 88.1 b _ 

 (1)  Without nematode inoculation. 
(2)  Nematode inoculation only. 
(3) Nutrient medium only without fungal bio-control agents.  
(4)  Means in each column followed by the same small letter are not significantly different according to Duncan's multiple-range test  (P =0.05). 
(5)  Increase according to control 2 and (-) mean no increasing. 

 
The dry weight of shoots was in the range of 24.1 to 28.5 g with fungal bio-control agents, compared to 

18.8 g in the control I and 14.3 g. in the control II. T. viride significantly increased the shoot dry weight about 
99.3% according to control II, followed by T. harzianum, P. digitatum and A. niger, where the shoot fresh 
weight was 81.1, 74.8 and 68.5% , respectively (Table, 6). Details of effect fungal cultural filtrates on the length 
and fresh weight of roots are listed in Table (6). 

 
Discussion 

 
The present work revealed that T. semipenetrans (citrus nematode) was the common nematode in 

rhizophere of sweet orange cv. Navel; Mandarin cv. Yousefi Baladi ; lime [cv. Baladi Lemon ; sweet orange cv. 
Navel grown in  reclaimed land. Results showed that the bacterial filtrates of B. subtilis, P. fluorescens and S. 
marcescens and fungal filtrates of T. viride, T. harzianum, P. digitatum and A. niger significantly killed freshly 
hatched J2 after 24 h of exposure to cultural filtrates of bio-control agents. In is clear that the tested bio-control 
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agents had highly nematicidal effect against J2 of citrus nematode in vitro tests. These results are agreement with 
those recorded by Abdel-Rahaman et al. (2004). They reported that the metabolites and / or filtrates of the fungus 
A. niger and the bacteria B. cereus, Bacillus amyloliquefacies , Sarratia odorifera and Bacillus cepacia proved 
to posses high nematicidal activity. Results of pot experiment revealed that all tested bio-control agents 
significantly reduced the nematode J2, females and egg masses .P. fluorescens highly reduced J2 nematode 
population, while B.subtilis highly reduced the numbers of females and egg masses. T. harzianum highly 
reduced the population of J2, while T. viride highly reduced the number of females and egg masses. These 
results are agreement with those recorded by Viterbo et al. (2002) and Verma et al. (2007). They reported that 
the bio-control agent characterized by faster metabolic rates, anti-microbial metabolites, and physiological 
conformation are key factors which chiefly contribute to antagonism of these fungi. Also the antagonistic effect 
of bio-control agent may due to myco-parasitism, spatial and nutrient competition, antibiosis by enzymes and 
secondary metabolites, and induction of plant defense system are typical biocontrol actions of these fungi.  

Our results showed that bio-control agents significantly increased the shoot length , shoot fresh and dry 
weight and length of  root in pots, compared with untreated plants.. These results are agreement with those 
recorded by Harman (2006). Who reported that the Trichoderma spp. was commercially marketed as bio-
pesticides, bio-fertilizers and soil amendments. Significant increase in shoot height and weight, root length and 
weight, pseudosten growth and number of leaves coupled with reduction in nematode population was observed 
(Jonathan and Umamaheswari, 2006) 

Therefore, our results suggest bio-control agents can used for controlling the citrus nematode. Especially, 
the usage of pesticides in controlling of the soil borne pathogens is limited, to their toxicity to humans, animals 
and environmental pollution. The most pathogen strains also become resistant to the many of pesticides at high 
concentrations. The biological control approach can be alternative tool to pesticides in controlling soil borne 
pathogens; especially the antagonists not selective and applied against the wide range of pathogens .The 
biological control aims at minimizing the primary inoculum of the pathogen at planting and reducing the 
secondary inoculum of the same pathogen during growing season (Alabouvette et al., 1993). 
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