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ABSTRACT 

 
The nematicidal activity of Acacia (Acacia arbica), Calendula (Calendula officinalis), Lantana (Lantana 

cammara), Nerium (Nerium oleander), Rosemary (Rosmarinus officinalis) and Chamomile (Matricaria 
chamomilla) were tested against J2 of  Tylenchulus semipenetrans in vitro and in vivo. The organic manure [ 
Livestock manure (2 kg), Rice straw (2 kg), Agricultural soil (2 kg),Bakery yeast (100 g), Sugar cane molasses 
(200 g), Agricultural sulfur (500 g), Wheat husk (1 kg), Vegetable nutrients containing NPK, White lime (200 g) 
and Charcoal (1 kg)] also was examined. In vitro, the aqueous plant extracts significantly increased the J2 
mortality of citrus nematode T. semipenetrans in vitro, where the mortality (%) was in the range of 40.6 to 
100.0%, compared to 1.0 to 2.0% in the distilled water treatment. Rosemary extract highly reduced the J2 of 
nematode at standard concentration of S, followed by extracts of Lantana, Calendula, Chamomile, Nerium and 
Acacia. The organic manure showing the effective reduction to J2 of citrus nematode, compared to control 
treatment. In greenhouse experiment, the aqueous extract of Rosemary also was effective against population 
density of J2 citrus nematode, where the mortality was 79.6%. Results revealed that the highest reduction  of 
nematode females was 78.3% obtained with Calendula while the highest reduction of egg-masses was 70.0 % 
obtained with aqueous extract of Calendula and Lantana. The aqueous plant extract also increased the vegetative 
growth parameters such as length and fresh and dry weight of shoots of citrus seedlings. Rosemary gave the 
greatest increase in the length of shoots, Calendula significantly increased the weight of shoots, while the 
significant increase in shoot dry weight obtained with Lantana. The organic manure at rate of 20 g/pot had 
nematcidal effect against citrus nematode parameters, followed by rates of 15, 10 and 5 g/pots, respectively. 

 
 Key words: Plant extracts, Acacia arbica, Calendula officinalis, Lantana cammara, Nerium oleander, 

Rosmarinus officinalis, Matricaria chamomilla, organic manure, Tylenchulus semipenetrans.  
 
Introduction 

 
Tylenchulus semipenetrans Cobb causes damage and yield decreasing of citrus trees (Shaarawi, 1961). The 

occurrences and population densities of citrus nematode have been discussed by many workers such as Kaplan 
(1985) and Duncan (1988). Most studies estimated that the yield losses, due to T. semipenetrans, to be in the 
range of 10 to 30% (Duncan, 1999). Management of the citrus nematode using fumigant and non-fumigant 
nematicides has been used for nematode control for the last 50 years (Verdejo and McKenry, 2004). However, 
increasing concerns over risks to the environment and human health have led to the withdrawal or restriction of 
some chemicals. Alternative methods of controlling nematode by the use of soil amendment such as plant extracts 
and organic matters are now being widely developed.  

Mortality of T. semipeneirans was very high when exposed to water extracts of corms and rhizomes of Cyperus 
esculentus (Haroon, 1989). Azadirachta indica gave the maximum larval mortality against T. semipenetrans, 
followed by Datura metal, Nerium oleander and Calotropis procera, respectively. Larval mortality was 
increased with increase in exposure time and concentrations of extracts (Awan et al., 1992). Neem (A. indica) 
treatment resulted the highest larval mortality, followed by AK (Calotropis procera) and Datura (Datura alba) 
treatment under laboratory conditions, respectively. The standard extract ‘S’ was more toxic to T. semipenetrans 
larvae than other concentrations. Similarly, the highest mortality was recorded after 48 h of exposure time, 
followed by 24 and 12 h, respectively (Ahmad et al., 2004). The fresh leaf extracts of A. indica, Allium sativum 
(Garlic) and Tagetes erecta (African marigold) were examined against M. incognita on tomato in vitro, in pots 
and under field conditions. All treatments immobilized juveniles (J2), the highest effect caused by Neem leaves 
extract after 24 and 48 h of exposure. In soil, all treatments significantly reduced the root galling, nematode 
population, and enhanced the plant growth and yield (Abo-Elyousr et al., 2010). The standard concentration ‘S’ 
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of leaf extract of Lantana camara was found to be highly nematostatic effect against J2 of M. incognita in vitro, 
where the nematodes were completely paralyzed after 12 and 48 h of exposure times and 96% of juveniles were 
killed at same concentration (Faheem et al. , 2010). Increase in plant extracts concentration and duration time of 
exposure of A. sativum, Brassica campestris, Capsicum frutescents, Glycyrrhiza glabra, Datura innoxia, 
Chenopodium botrys and Foeniculum vulgare increased the percentages of mortality of T. semipenetrans in 
laboratory. In pot experiments, the nematode populations decreased in the treated seedlings with A. sativum, C. 
frutescents and F. vulgare, compared with the control (Ayazpour et al., 2010). The aqueous extracts of Marigold 
(Tagetes erecta) leaves and flowers, Castor beans (R. communis) and Garlic (A.sativum) controlled the root-knot 
nematode on tomato (Tibugari et al., 2012).  

The organic fertilizers significantly increased the fruit yield/tree, fruit number/tree, fruiting intensity, total sugar 
contents and both root and shoot growth parameters as well as significantly decreased the population of T. 
semipenetrans (NakhIla et al., 1998). The Brassica cultivars and Rangi rap residues reduced the population levels of 
T. semipenetrans in soil by up to 76%, compared to the control (Walker and Morey, 1999). All the tested compost rates 
containing plant and animal wastes and other natural compounds significantly reduced the root galls, females and egg 
masses of M incognita juveniles in soil under field conditions. The correlation between the rate of application and 
nematode reduction was positive. No significant increase in the sunflower length and disc weight was found at all 
tested compost rates (Korayem et al., 2006). Three concentration levels (W/V) that is 4, 8 and 10% of cold 
aqueous extracts from five organic waste extracts of  citrus waste, cocoa compost, poultry manure and oil palm 
bunch waste have inhibitory potential effect to the southern root-knot nematode, M. incognita eggs in vitro tests. 
The best result was obtained with citrus waste extract in which 5 eggs hatched, while 73 eggs hatched in the 
distilled water (the control treatment) representing a hatching reduction of 93% at the highest exposure time and 
concentration of 72 h and 10%, respectively (Osei et al., 2011). 

This work is amid to study the nematicidal activity of Acacia (Acacia arbica) as fruits, Calendula 
(Calendula officinalis) as petals, Lantana (Lantana cammara) as flowers and leaves , Nerium (Nerium oleander) 
as leaves, Rose Marry (Rosmarinus officinalis) as leaves and Chamomile (Matricaria chamomilla) as flowers 
and leaves and organic manure [ Livestock manure (2 kg), Rice straw (2 kg), Agricultural soil (2 kg), Bakery 
yeast (100 g), Sugar cane molasses (200 g), Agricultural sulfur (500 g), Wheat husk (1 kg), Vegetable nutrients 
containing NPK, White lime (200 g) and Charcoal (1 kg)] were examined against J2 of  T. semipenetrans in 
vitro and in vivo tests. 

 
Materials And Methods 

 
1-Citrus species: 

 
The citrus species 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 - orange [Citrus sinensis (L.) Osbeck] cv. 
Navel (in El-Emam Malek orchards) were used in this study (Ahmed, 1974). 

 
2-Soil and roots samples: 

 
Twenty soil and root samples of citrus trees were collected from each citrus orchard during 2009 and 2010 

seasons. Soil samples were collected from each 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) [Bakr et al., 2011 and El-Nagdi et al., 2010] .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). 

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.  

 
3-Extraction and detection of T. semipenetrans: 

 
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 325 mesh/inch. Nematodes were collected by washing the sieve inversely 
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with a fairly gentle stream of water into a 250 ml beaker. Aliquot of 1ml each of nematode suspension were 
placed in Hawksley Counting Slide by pipette for J2 count 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 (Amen and Hasabo, 1995). 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) and Nickle (1991).   

 
4-Medicinal plant species: 

 
Acacia (Acacia arbica ) as fruits , Calendula (Calendula officinalis) as petals , Lantana (Lantana cammara) 

as flowers and leaves , Nerium (Nerium oleander ) as leaves, Rose Marry (Rosmarinus officinalis) as leaves and 
Chamomile (Matricaria chamomilla) as flowers and leaves were collected from Fauyoum Governorate, Egypt 
and then dried at room temperature. All used plant species were prepared as an aqueous extract (Haroon, 1989 
and Herrera et al., 2009). 

 
5-Organic manure: 

 
The used organic manure in this work was consisted of Livestock manure (2 kg), Rice straw (2 kg), 

Agricultural soil (2 kg), Bakery yeast (100 g), Sugar cane molasses (200 g), Agricultural sulfur (500 g), Wheat 
husk (1 kg), Vegetable nutrients containing NPK, White lime (200 g) and Charcoal (1 kg). Each of all these 
ingredients was put in a plastic container tightly closed and added to water and left for forty days to ferment 
(Ibrahim et al., 2007). 

 
6-Bioassay (In vitro tests): 
 
6.1. Preparation of plant extracts: 

 
Ten grams of each tested dried plant materials (A. arbica, C.officinalis , L. cammara, N. oleander ,R. 

officinalis and M. chamomilla)  were separately added to 100 ml of distilled water and then extracted in boiling 
water bath for 15 min  at 80°C. Plant extracts were filtered through cheesecloth. Then, the crude aqueous 
extracts were sterilized by filtration through a sterile 0.45 μm membrane filter (Cellulose nitrate, Whatman) 
(Tahikalange et al., 2005). The original culture filtrate concentration of 10% designated as S and the second was 
prepared by dilution of the S filtrate to S/2 (5% concentration). 

 
6.2. Preparation of organic manure: 
 

Ten grams of tested organic manure were added to 100 ml of distilled water. Organic manure suspension 
was filtered through cheesecloth. Then, the crude aqueous suspension was sterilized by filtration through a 
sterile 0.45 μm membrane filter (Cellulose nitrate, Whatman) (Tahikalange et al., 2005). The original culture 
filtrate concentration of 10% designated as S and the second was prepared by dilution of the S filtrate to S/2 
(5% concentration). 

 
6.3. Bioassay test: 

 
To detect the effect of plant extracts and organic manure against the mortality (%) of the second stage 

juveniles (J2) of T.semipentrans. The J2 suspension 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 (Mehmood 
et al., 1979).The numbers of live and dead nematodes were counted under a light microscope after 24, 48 and 72 
h of exposure to tested materials 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 (1925):  
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Mortality (%) = 

m - n  
X    100 100-n 

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

7-Greenhouse experiments (In vivo tests): 
 
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 (2:1) were used for testing the 
nematicidal activity of plant extracts and organic manure against T. semipenetrans. Each pot was inoculated with 5000 
J2 population initial of T. semipenetrans. 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. 

 
7.1-Effects of pant extracts: 

 
For crude water extraction, 50 g of dried plant materials were added to 500 ml of distilled water and then 

extracted in a boiling water bath for 15 min at 80°C. Plant extract was filtered through cheesecloth. Then, the 
crude aqueous extracts were sterilized by filtration through sterile 0.45 M Membrane filter (Cellulose nitrate, 
Whatman) (Tshikalange et al., 2005). This concentration (10%) was used in the antifungal activity study. 

After 30 days of nematode inoculation, 50 ml of each plant extract were added to each pot around the citrus 
seedlings. The plant extract treatments were as follows; 1) T. semipenetrans only; 2) A. arbica + T. semipenetrans; 
3) C .officinalis + T. semipenetrans; 4) L. cammara + T. semipenetrans and 5) N. oleander + T. semipenetrans; 6) R. 
officinalis + T. semipenetrans and 7) M. chamomilla + T. semipenetrans. Eight pots were used as replicates for 
plant extract treatment as well as the check treatment. 

 
7.2- Effects of organic manure: 

 
After 30 days of nematode inoculation, 50 ml of each plant extract were added to each pot. The organic 

manure was added at 5,10,15 and 20 g for pot. The organic manure treatments were as follows; 1) T. 
semipenetrans only; 2) 5g of organic manure + T. semipenetrans; 3) 10g of organic manure + T. semipenetrans; 4) 
15g of organic manure + T. semipenetrans; and 5) 20g of organic manure + T. semipenetrans. The organic manure 
added by remove the soil surface layer then mixed thoroughly with the soil and finally covered with the same 
aforetime soil. Eight pots were used as replicates for each organic manure treatment. Eight pots were inoculated 
with nematode and kept without addition any organic manure treatment to serve as check treatment. 

 
7.3- Population of T. semipenetrans: 

 
After six months of T. semipenetrans inoculation, the plants were carefully removed from soil. Nematode 

parameters as number of J2 in 250 g of soil and females and egg-masses in 1 g root were recorded as mentioned 
before. Also, the percentages of efficacy and the rate of nematode build-up were calculated. 

 
 
Rate of nematode buildup = 

Final nematode population Pf 
Initial nematode population Pi 

 
7.4- Vegetative growth: 

 
After six months of T. semipenetrans inoculation, the plants were carefully removed from soil. The tops of the 

tested plants were cut off and the roots gently washed from the soil. The length, fresh weight and dry weight of 
the shoots and the length and fresh weight of roots were recorded. And the increase was calculated. 

 
% increase = treatment – infected control × 100 

infected control 
 

8-Statistical Analysis: 
 
Data were subjected to analysis of variance using Computer Statistical Package (Assistat7.6 beta statistical 

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

I-Bioassay: 
 
1- Aqueous plant extracts: 

 
The aqueous plant extract of Acacia, Calendula, Lantana, Nerium, Rosemary and Chamomile were highly 

nematicidal effect to J2 of T. semipenetrans in vitro (Table, 1). The nematode mortality was in the range of 40.6 
to 100.0%, compared to 1.0 to 2.0% in the control. Results revealed that the nematode mortality with plant 
extracts were increased with increase the exposure time from 24 to 72 h. Rosemary extract was more effective 
against J2 of nematode at standard concentration of S, followed  by aqueous extracts of Lantana, Calendula, 
Chamomile, Nerium and Acacia . Results revealed that the nematode mortalities (%) were 100.0, 99.0, 92.2, 
87.8, 72.4 and 62.0%, after 72 h of exposure time, respectively (Table, 1). At concentration of S/2, the aqueous 
plant extracts caused the net nematode mortalities of 97.8, 97.0, 88.8, 84.8, 67.6 and 49.8% with Rosemary, 
Lantana, Calendula, Chamomile, Nerium and Acacia after 72 h of exposure time, respectively. (Table, 1). 

The J2 mortality was decreased when J2 transferred in distilled water after 72 h of incubation in the 
concentrations S and/or S/2 of aqueous plant extract. The nematode recovery (%) were 6.5, 6.0, 3.5, 3.5, 1.0 and 
0.0% as total means of  Nerium, Acacia, Chamomile, Lantana, Calendula and Rosemary, respectively. The 
highest net nematode mortality was 100.0% which obtained with Rosemary extract at concentration of S, 
followed by 96% (Lantana), 92.2% (Calendula), 84.8% (Chamomile), 76.4% (Nerium) and 57.0 % (Acacia) 
(Table, 1). At the concentration of S/2, the net mortality of nematode was the same above trend, where the 
highest net mortality was 97.8% with Rosemary, followed by 93.0, 86.8, 80.4, 59.6 and 42.8% with aqueous 
extracts of Lantana, calendula, Chamomile, Nerium and Acacia, respectively. (Table, 1).  

 
2- Organic manure: 

 
The aqueous extract of organic manure, at concentrations of S and/or S/2, had the nematicidal effect against 

J2 of T. semipenetrans n vitro test (Table, 2).  The nematode mortality was in the range of 24.2% to 63.6%, 
compared to 1.0 to 2.0% in distilled water (Table, 2). Results revealed that the nematode mortality was 
increased with increase the exposure time from 24 to 72 h. The percentages of J2 mortality was decreased when 
J2 transferred in distilled water after 72h of incubation in the concentration of S and/or S/2 of aqueous extract of 
organic manure. The nematode recovery (%) was 5.0 and 7.0% at concentrations of S and S/2, respectively. 
Results also revealed that the net nematode mortality (%) was 58.6% at concentration of S, while it was 30.6% 
at concentration of S/2 (Table, 2).  

 
II-Greenhouse experiment: 
 
1- Effect of aqueous plant extraction:  
 
1.1- Populations of T. semipenetrans: 

 
Aqueous extracts of Acacia, Calendula, Chamomile, Lantana, Nerium and Rosemary highly reduced the 

population density of J2 of T. semipenetrans in rhizophere of citrus cv. Volcameriana, compared to control 
treatment (Table, 3). Results revealed that the nematode population was in the range of 8333 to 19760 J2/250 
soil, compared to population of 40950 J2/250 soil in control treatment. The aqueous extract of Rosemary gave 
the highest reduction against population density of J2 nematode about 79.6%, followed by aqueous plant 
extracts of Lantana, Calendula, Chamomile, Nerium and Acacia, respectively.  Results showed that the values 
of nematode reduction (%) were 78.7, 76.8, 71.5, 63.1 and 51.7% with above plant species, respectively (Table, 
3). Statistical analysis revealed that the significant differences were recorded between plant extracts and the 
control.The significant differences were recorded between Chamomile and Nerium, while not significant 
differences among Calendula, Chamomile, Lantana and Rosemary were recorded. 

Results revealed that the number of females in roots of citrus cv. Volcameriana was in the range of 245 to 
678 females /1g roots, compared to 1073 females /1g roots in control treatment (Table, 3). The highest reduction 
of nematode females about 78.3% obtained with aqueous extract of Calendula, followed by aqueous extract of 
Lantana, Nerium, Rosemary, Acacia and Chamomile, while the females reduction  was 74.5, 68.9, 62.2, 53.3 
and 36.8 %, respectively (Table, 3). Significant differences were recorded between aqueous plant extracts and 
the control treatment.  

The number of egg masses of citrus nematode was affected with aqueous plant extracts, where the egg 
masses number was in the range of 135 to 364 egg- masses /1 g roots, compared to 451 egg masses / 1 g roots in 
control treatment (Table, 3). The highest reduction of egg masses number was obtained with aqueous extract of 
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Calendula, followed by Lantana, Rosemary, Nerium, Acacia and Chamomile, where egg masses reduction (%) 
were 70.0, 70.0, 68.7, 60.5, 40.8 and 19.3% , respectively (Table, 3).  

The efficacy (%) of citrus nematode was in the range of 51.7 to 79% with aqueous plant extract, compared 
to control treatment (Table, 5). The rate of build up of citrus nematode was in the range of 1.8 to 4.1% with 
aqueous plant extract, compared to 8.5 in the control treatment (Table, 3).  

 
1.2- Vegetative growth parameters: 

 
The aqueous plant extracts of  Acacia, Calendula, Chamomile, Lantana, Nerium and Rosemary improved 

the growth parameters of shoots and roots of citrus cv. Volcameriana compared to control (with nematode 
inoculation) (Table, 4). Results showed that the length of shoots were in the range of 74.8 to 94.6 with aqueous 
plant extracts, compared to 63.6 cm in the control II (with nematode inoculation). Results showed that the 
aqueous extract of Rosemary significantly increased the shoot length about 48.7%, compared to the  control II, 
followed by aqueous extracts of Lantana, Calendula, Acacia, Chamomile, and Nerium ,where the shoot lengths 
were 45.6, 30.0, 26.3, 18.5 and 17.6% , respectively (Table, 4).  

The fresh weight of shoots was in the range of 51.5 to 81.6 g with aqueous plant extracts, compared to 47.8 
g in control II. Aqueous extracts of Calendula significantly increased the shoot fresh weight about 70.7%, 
compared to the control II, followed by Lantana, Acacia, Rosemary, Nerium and Chamomile, where the fresh 
weight of shoot was 63.8, 56.0, 42.2, 39.5 and 7.7% respectively (Table, 4). The dry weight of shoots was in the 
range of 18.0 to 25.9 g with aqueous plant extracts, compared to 14.3 g in control II. Aqueous extracts of 
Lantana significantly increased the shoot dry weight about 81.1%, compared to control II, followed by aqueous 
extracts of Calendula, Acacia, Rosemary, Nerium and Chamomile, where the shoot fresh weights were70.6, 
67.8, 65.0, 56.4 and 25.9%  , respectively (Table, 4). 

 
2- Effect of organic manure:  
 
2.1- Populations of T. semipenetrans: 

 
Results revealed that the organic manure reduced the J2 of T. semipenetrans in rhizophere of citrus cv. 

Volcameriana, where J2 nematode population was in the range of 16948 to 25748 J2/250 soil, compared to 
nematode population of 35028 J2/250 soil in control treatment (Table, 5). The highest reduction of population 
density of J2 citrus nematode about 51.6% obtained with the highest rate of organic manure (20 g/pot), followed 
by organic manure rates  of 15,10 and 5 g/pot, where the values of nematode reduction were 48.4, 40.3, and 
26.5%, respectively (Table, 5). Statistical analysis revealed that the significant differences were recorded 
between organic manure and the control. 

Results revealed that the number of females in roots of citrus cv. Volcameriana was in the range of 354 to 
648 females /1g roots, compared to 948 females /1g roots in control treatment (Table, 5). The highest reduction 
of nematode females about 62.7% obtained with the highest rate of organic manure (20 g/pot), followed by 
different organic manure rates of 15,10 and 5 g/pot, while the females reduction was 59.2, 48.6 and 31.6 %, 
respectively (Table, 5). Significant differences were recorded between organic manure and the control 
treatment.  

The number of egg masses of citrus nematode was affected with organic manure, where the egg masses 
number was in the range of 163 to 356 egg masses / 1 g roots, compared to 500 egg masses in control treatment 
(Table, 5). The highest reduction of egg masses number was obtained with the highest organic manure rate (20 
g/pot), followed by organic manure rates of 15,10 and 5 g/pot,  where the percentages of egg masses reduction 
were 67.4, 59.1, 56.8, and 28.9%, respectively (Table, 5). 

The efficacy of citrus nematode was in the range of 26.7 to 52.1% with organic manure, compared the 
control treatment (Table, 5). The rate of build up of citrus nematode was in the range of 3.5 to 5.4% with 
aqueous plant extract, compared to 7.3 in the control treatment (Table, 5). 
 
2.2- Vegetative growth parameters: 

 
The organic manure at tested rates 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 75.5 to 86.6 cm with organic 
manure rates, compared to 63.6 cm in control II. The organic manure  at 20 g/pot  significantly increased the 
shoot length about 36.2%, compared to the control II, followed by organic manure rates of 15, 10 and 5 g/pot, 
where the shoot length was 31,2, 21.2 and 18.7%, respectively (Table, 6). 

The fresh weight of shoots was in the range of 57.9 to 67.8 g with deferent rates of organic manure, 
compared to 50.7 g. in control II. The organic manure at 20 g/pot significantly increased the shoot fresh weight 
about 33.7%, compared to the control II, followed by organic manure rates of 15, 10 and 5 g/pot, where the 
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shoot fresh weight was 24.0, 21.3 and 14.2% respectively (Table, 6).The dry weight of shoots was in the range 
of 16.7 to 19.8 g with different rates of organic manure, compared to 14.5 g. in the control II. Results showed 
that the organic manure at 20 g/pot significantly increased the shoot dry weight about 36.6% a, compared to the   
control II, followed by organic manure rates of 15, 10 and 5 g/pot, where the shoot fresh weight was 15.9, 61.5 
and 15.2% respectively (Table, 6).Effect of organic manure on length and fresh weight of roots are shown in 
(Table, 6). 

 
Table 1: Percentages mortality of the 2nd stage juveniles of Tylenchulus semipenetrans in vitro tests as affected by aqueous plant extracts. 

 
Plant 

species 

Application 
parts 

 
Conc. 

Nematode mortality (%) after hours Recovery 
(%) 

Net mortality 
(%) 24 48 72 

Acacia fruits S 47.8 i C 52.4 i B 62.0  I   A 5.0 57.0 
S /2 40.6 j C 45.4 j B 49.8  j   A 7.0 42.8 

Calendula petals S 85.4 d C 89.6 d B 92.2 d   A 0.0 92.2 
S /2 82.8 e C 86.2 e B 88.8 e   A 2.0 86.8 

Chamomile Flowers & 
leaves 

S 83.4 e C 85.8 e B 87.8 e   A 3.0 84.8 
S /2 78.8 f C 82.4 f  B 84.8 f   A 4.0 80.4 

Lantana Flowers & 
leaves 

S 94.4 a C 96.0 d B 99.0 ab A 3.0 96.0 
S /2 91.8 b C 94.0 c B 97.0 c   A 4.0 93.0 

Nerium leaves S 64.8 g C 67.8 g B 72.4 g   A 5.0 76.4 
S /2 61.2 h C 64.4 h B 67.6 h   A 8.0 59.6 

Rosemary leaves S 95.2 a C 97.6 a B 100.0 a   A 0.0 100.0 
S /2 89.8 c C 95.4 b B 97.8 bc  A 0.0 97.8 

Distilled water 1.0 k B 2.0 k A 2.0 k    A 0.0 2.0 
Means in each column followed by the same small letter (s) and in raw followed by the same capital letter (S) are no significant at P<0.05 
according to Duncan's multiple-range test. 
 
Table 2: Percentages mortality of the 2nd stage juveniles of Tylenchulus semipenetrans in vitro tests as affected by organic manure. 

 
Organic 
manure 

Nematode mortality (%) after hours  
Recovery 

(%) 

Net mortality 
(%) 24 48 72 

S 46.8 aC 54.6 aB 63.6 aA 5.0 58.6 
S/2 24.2 bC 37.2 bB 37.6 bA 7.0 30.6 

Distilled water 1.0 cB 2.0 cA 2.0 cA 0.0 2.0 
Means in each column followed by the same small letter (s) and in raw followed by the same capital letter (S) are no significant at P<0.05 
according to Duncan's multiple-range test. 
 
Table 3: Effect of aqueous plant extracts 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). 

 
 

Treatments 

 
 

Application parts 

Nematode parameters  
Final population 

 
Rate of 
build up 

 
J2 in soil 

Roots 
Female Egg masses 

Count Red. 
(%) 

Count Red. 
(%) 

Count Red. 
(%) 

Count Efficacy 
(%) 

Control (1) _ 40950 a - 1073 a - 451 a - 42474 - 8.5 
Acacia fruits 19760 b 51.7 501 c 53.3 267 c 40.8 20528 51.7 4.1 

Calendula petals 9505 d 76.8 245 e 78.3 135 d 70.0 9873 76.8 1.9 
Chamomile Flowers & leaves 11680 cd 71.5 678 b 36.8 364 b 19.3 12722 70 2.3 

Lantana Flowers & leaves 8720 d 78.7 273 e 74.5 135 d 70.0 9128 78.5 1.8 
Nerium leaves 15100 c 63.1 334 de 68.9 178 d 60.5 15612 64.4 3.1 

Rosemary leaves 8333 d 79.6 405 cd 62.2 141 d 68.7 8878 79 1.8 
(1) Nematode inoculation only. 
(2) (Pi) population initial = 5000 J2 inoculation. 
(3)  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 4: Effect of aqueous plant extracts on some vegetative growth parameters in citrus cv. Volcameriana artificially infected with Tylenchulus semipenetrans under greenhouse 

conditions (after 6 months of treatment). 
 

Treatments 
Application parts Growth parameters 

Shoots Roots 
Length 
(cm.) 

Increase 
(%) 

Fresh 
weight 

(g) 

Increase 
(%) 

Dry 
weight 

(g) 

Increase 
(%) 

Length
(cm.) 

Increas
e (%) 

Fresh 
weight 

(g) 

increase
(%) 

Control І (1) - 76.5 bc (3) - 63.0 cd - 18.8 bc - 62.5 a - 106.3 ab - 
Control II (2) - 63.6 c - 47.8 e - 14.3 d - 54.9 ab - 103.4 ab - 

Acacia fruits 86.3 ab 26.3 74.6 ab 56.0 24.0 a 67.8 51.3 b -(4) 104.0 ab 0.6 
Calendula petals 82.7 ab 30.0 81.6 a 70.7 24.4 a 70.6 49.2 b - 101.0 ab - 

Chamomile Flowers & leaves 75.4 bc 18.5 51.5 de 7.7 18.0 cd 25.9 47.1 b - 120.3 a 16.3
Lantana Flowers & leaves 92.6 a 45.6 78.3 ab 63.8 25.9 a 81.1 52.8 ab - 96.6 bc - 
Nerium leaves 74.8 bc 17.6 66.7 bc 39.5 21.6 ab 56.4 45.8 b - 82.4 c - 

Rosemary leaves 94.6 a 48.7 68.0 bc 42.2 23.6 ab 65.0 49.9 b - 87.4 bc -
(1)  Without nematode inoculation. 
(2)  Nematode inoculation only. 
(3)  Means in each column followed by the same small letter are not significantly different according to Duncan's multiple-range test (P =0.05). 
(4)  Increase according to control 2 and (-) mean no increasing. 
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Table 5: Effect of soil amendments 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). 

 
Treatments 

Nematode parameters  
Final population 

 
Rate of 
build up 

J2 in soil(2) Roots 
Female Egg masses 

Count Reduction. 
(%) 

Count Reduction
. (%) 

Count Reduction
. (%) 

Count Efficacy 
(%) 

Control(1) 35028 a - 948 a - 500 a - 36476 - 7.3 
5g 25748 b 26.5 648 b 31.6 356 b 28.9 26751 26.7 5.4 
10g 20895 c 40.3 487 bc 48.6 217 c 56.8 21597 40.8 4.3 
15g 18040 cd 48.4 387 c 59.2 205 c 59.1 18632 49.0 3.7 
20g 16948 d 51.6 354 c 62.7 163 c 67.4 17465 52.1 3.5 

(1) Nematode inoculation only. 
(2) (Pi) population initial = 5000 J2 inoculation. 
(3)  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 soil amendments on some vegetative growth parameters in citrus cv. Volcameriana artificially infected with Tylenchulus  
             semipenetrans under greenhouse conditions (after 6 months of treatment). 

 
Organic 
manure 

Growth parameters 

Shoots Roots 

Length(3) 
(cm.) 

Increase(4

) (%) 
Fresh 
weight 

(g) 

Increas
e (%) 

Dry 
weight 

(g) 

Increase 
(%) 

Length 
(cm.) 

Increase 
(%) 

Fresh 
weight 

(g) 

increase 
(%) 

Control 1(1) 69.5 bc - 62.2 ab - 18.0 ab - 50.7 ab - 98.5 a - 
Control II(2) 63.6 c - 50.7 b - 14.5 b - 55.4 ab - 94.1 a - 

5g 75.5ab 18.7 57.9 ab 14.2 16.7 ab 15.2 47.5 b - 98.3 a 4.4 
10g 77.1 ab 21.2 61.5 ab 21.3 16.9 ab 16.5 53.9 ab - 103.2 a 9.6 
15g 83.5 ab 31.2 62.9 ab 24.0 16.8 ab 15.9 57.1 ab 3.0 100.9 a 7.2 
20g 86.6 a 36.2 67.8 a 33.7 19.8 a 36.6 59.5 a 7.4 99.1 a 5.3 

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

 
Discussion: 

 
Results revealed that the citrus nematode of T. semipenetrans were isolated from all rhizosphere of 

Mandarin cv. Yousefi Baladi; lime cv. Baladi Lemon and sweet orange cv. Navel was detected as J2 and 
females. These results are in agreement with those that say T. semipenetrans occurred in the rhizoshphere of 
citrus trees at detected population density and causes many problems, damage and yield decreasing (Otiefa, 
1955 and Shaarawi, 1961). Our results showed that the plant extracts of Rosemary, Lantana, Calendula, 
Chamomile, Nerium and Acacia, in addition to organic manure significantly decreased the J2 citrus nematode in 
vitro. In greenhouse experiment, all plant extracts as well as organic manure significantly reduced the nematode 
parameters. Results showed that the plant extracts of Rosemary, Lantana, Calendula, Chamomile, Nerium and 
Acacia were the same trend of controlling the J2 in soil. The extracts of Calendula, Lantana, Nerium, Rosemary, 
Acacia and Chamomile were effective against females, while Calendula, Lantana, Rosemary, Nerium, Acacia 
and Chamomile were effective against egg masses, respectively. These results are agreement with those obtained 
by Gad-EI-Rab (2000); EI-Gengaihi et al. (2001) and Pereza et al. (2003). They reported that the application of 
aromatic and medicinal plants, as soil amendments, significantly suppressed several species of phyto-
nematodes. The ability of plant extracts to inhibit and control the plant disease is due some natural compounds 
such as sterols, saponins, tannis, alkaloids and flavonoids (Mousa et al., 2011), while during decomposition of 
organic manure, certain compounds toxic to nematodes are released in soil. These toxic compounds could 
disperse within soil pore spaces, where most of the noxious nematode populations of normally occurrence 
(Goswami & Vijayalakshmi, 1997 and Husseini et al. 1997). The plants were watered; the soluble fractions of 
decomposed products are released into pores and penetrate the root tissues to kill the nematodes; thus reducing 
the final population below the threshold level (Alam, 1991). Other investigators suggested that, soluble plant 
extract are very effective in inhibiting egg-hatch and larval motility of nematodes (Meira et al., 2006).  

Results showed that also all plant extracts as well as organic manure improved the plant growth parameters, 
under greenhouse conditions. All plant extracts did not only stimulate the fresh weight of roots. Improving 
growth of Volkamariana by application of the tested materials may be due to special materials that have 
nematicidal potential against plant parasitic nematodes and an additive effect of nutrients (Alam, 1991; Vats et 
al., 1996 and El-Hamawi, 2004). The improvement in the plant growth may be attributed to the following; the 
influence of compost against nematode population, and improvement of fertility and soil structure, thus 
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enhancing the level of plant tolerance to nematode and increasing free-living microbivorous nematodes, which 
accelerates the decomposition of soil amendments and subsequently increasing the mineralization of N and P 
releasing nutrients for plant growth. However, the above method is not expected to treat severe nematode 
infestations, but rather it may be better suited for keeping nematode populations relatively low (Korayem et al., 
2006). 

Thus, it can be concluded that plant extracts and organic manure could be considered as a bio-control -agent 
that could decrease the nematode population densities below the threshold level. Moreover, they seem also to be 
safer and relatively low cost method for nematode management. 
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