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Abstract: Leaf extracts of Jatropha curcas and Cymbopogon citratus, root extract of Chromolaena odorata and 
Carbofuran 5G were tested for their nematicidal properties on M. javanica were studied. Five weeks old stem 
cuttings of waterleaf (T. triangulare) were planted in bags containing 5 kg of sterilized soil and inoculated with 
5,000 eggs of M. javanica at 20, 35 and 50% concentrations. A control without nematode, plant extracts and 
nematicide, thereafter uninoculated-untreated plant (Uit) and another with nematode egg suspension, but no plant 
extract and nematicide, [ (inoculated untreated (Ut)] were included and laid out in a completely randomized design, 
with four replications. Data on plant height (cm), leaf area (m2) and fresh and dry weight of shoots and roots (g) 
were collected and analysed. J. curcas leaf extract at 20% and the uninoculated-untreated (Uit) resulted to 
significantly taller plants (31.75 and 31.00 cm) respectively, compared to the inoculated and untreated (Ut) plants 
(11.25 cm) at 9 WAI. Fresh root weight was higher in the Uit plants (2.38g) and carbofuran (2.35g) at 35%, 
compared to the others. There was no significant difference in dry shoot weight between uninoculated-untreated and 
inoculated-untreated plants, although visual observation show that dry shoot and root weights were less in plants 
treated with plant extracts and carbofuran. Therefore, J. curcas and C. odorata extracts could be used to improve 
growth in waterleaf and other susceptible hosts affected by root-knot nematodes.  
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1. Introduction  

Plant parasitic nematodes are major pathogens of 
fruits, vegetables and food crops in different parts of 
the world (Osei et al, 2011). The root-knot nematodes 
(Meloidogyne species) are the most devastating (Khan 
and Khan, 1994; Williams-Woodward and Davis, 
2001). Globally, over 90 species of root-knot 
nematodes have been described (Netscher and Sikora, 
1990) with Meloidogyne arenaria, M. javanica and M. 
incognita accounting for almost 90% of the damages 
resulting thereof (Castagnone-Sereno, 2002); and they 
remain the most destructive group of nematodes 
(Fawole et al., 1992). The most visible symptom is the 
appearance of swellings or giant galls on the roots of 
affected plant (Olsen, 2000; Stonton, 2001), causing 
root deformation thus affecting nutrient and water 
uptake (Sikora and Greco, 1990). 

Waterleaf (Talinum triangulare) of the family 
Portulacea is a vegetable crop consumed in Nigeria 
and Cameroon and other parts of West and Central 
Africa (Udoh and Etim, 2008). As a short duration 
vegetable, it serves as a recipe and softener in food 
preparation with other rigid fibrous vegetables like 
‘Atama’ (Heinsia crinata), fluted pumpkin (Telferia 
occidentalis) and Gnetum africanum to prepare 
‘Afang’, a special type of soup native to southern part 
of Nigeria. Both the leaves and the young shoots are 

consumed in large quantities in the southern part of 
Nigeria (Ibeawuchi et al., 2007). T. triangulare has 
high quantity of crude fiber (11.12%), crude ash 
(33.98%), and protein (22.1%), (Akachuku and 
Fawusi, 1995). As a result of these, waterleaf is 
becoming increasingly important in ensuring food and 
nutrition security as the production serves as a 
balancing source of revenue to subsistence farmers 
(Udoh and Etim, 2008).  

T. triangulare is highly susceptible to nematode 
attacks, especially in the tropics (Sikora and 
Fernandez, 2005). The use of synthetic nematicides is 
considered as the most effective and practical way to 
control plant-parasitic nematodes among crop plants 
(Adesiyan, 1992). However, high toxicity and 
persistence of the nematicides poses serious concern to 
the environment. This is in addition to non-availability 
and demand for skilled labour during application, 
since waterleaf is mostly cultivated by subsistence 
farmers in Nigeria (Adesiyan, et al. 1990).  

Many plants are known to have nematicidal 
properties which may be utilized as organic 
amendments or biopesticides (Agbenin et al., 2005; 
Egunjobi & Onayemi, 1981). Works by Egunjobi and 
Afolami (1994) and Onifade and Egunjobi (1994) 
support the toxicity of plant extracts against plant 
nematodes. Jatropha curcas is a drought-resistant, 
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bio-fuel plant that thrives well in marginal soils 
(Izuogu et al., 2013). Its pesticidal properties against 
plant parasitic nematodes are documented (Habou et 
al., 2011). Chromolaena odorata (L.) also known as 
siam is a tropical weed of the family Asteraceae. The 
nematicidal properties of C. odorata have been 
reported by Fatoki and Fawole (2000). Also, Adegbite 
(2003) indicate that C. odorata extracts inhibited egg-
hatch in M. incognita. Cymbopogon citrates, family 
Poaceae is a tall monocotyledonous perennial plant 
cultivated in Africa and Central and South America 
and other tropical countries (Ernst, 2008). C. citratus 
is consumed in various forms because of its high 
antioxidant levels. Adegbite and Adesiyan (2005) 
reveal that leaf extracts of lemon grass have 
nematicidal properties and confirmed by Izuogu 
(2009) and Izuogu and Oyedunmade (2009). These 
plants are readily available, cheap, renewable, 
biodegradable and improve soil texture and fertility 
(Feizi et al., 2014). The present study evaluates the 
nematicidal properties of the leaves of J. curcas and C 
citratus and root extracts of C. odorata and a synthetic 
nematicide (carbofuran) on the growth of water leaf 
infected with M. javanica. 
 
2. Materials and Methods 

The experiment was conducted in the 
Department of Plant Science and Biotechnology, 
University of Port Harcourt, Nigeria: [ (04º 51’ N and 
07º 03’E and 10 m altitude above sea level) 
Nwauzoma & Dappa, 2013]. The vegetation is 
characterized by high humidity, temperature and 
rainfall. Top soil was collected from a newly 
excavated land close to the department, sieved and 
sterilized by heating in a large metal drum for 4 hrs 
and allowed to cool for 72 hrs (Gautam & Goswami, 
2002). Then, 5kg of the (sterilized) soil was 
transferred into bags and arranged on slabs to avoid 
contamination. The stem cuttings of T. triangulare 
were bought from the Mile 3 market in the Port 
Harcourt metropolis, Rivers State, Nigeria. Fresh 
leaves of Jatropha curcas, and Cymbopogon citratus 
and roots of Chromolaena odorata were collected 
from the University botanical garden and 
authenticated in the departmental herbarium. 
Carbofuran was purchased at the Rivers State 
Agricultural Development Project (ADP), Port 
Harcourt, Nigeria, while pure culture of Meloidogyne 
javanica eggs was graciously supplied by the 
International Institute for Tropical Agriculture (IITA), 
Ibadan, Nigeria. 

Fresh, mature and healthy leaves and roots of the 
respective plant materials were thoroughly washed and 
air-dried in the laboratory and ground into powder 
using electric grinder and stored in air-tight plastic 
containers. The extracts were prepared by dissolving 

25g of each sample in 250 ml of hot water and allowed 
to stand for 24 hrs, and then strained through a sieve 
and collected in a plastic container and further filtered 
using Whatman No.2 filter paper to obtain the crude 
extract. The filtrate was the stock solution 
(representing 100 % concentration) and used within 24 
hrs of preparation (Adegbite & Adesiyan, 2005). The 
stock solution was serially diluted with 80, 65 and 50 
ml of distilled water to obtain the respective 20, 35 
and 50 % concentrations of each extract. Granules of 
Carbofuran 5G was applied at the rate of 3kg a.i/ha 
(0.3g/bag) and serially diluted to obtain similar 
concentrations. 

Pure culture of M. javanica eggs was multiplied 
and extracted from three months old infected tomato 
roots, using the sodium hypochlorite (NaOCI)-
extraction method (Hussey & Baker, 1973). Thus, 
galled roots of tomato (Lycopersicum esculentus) with 
egg masses were cut into small pieces (1-2 cm) and 
put into a container of 200 ml 0.5% NaOCI solution 
and agitated strongly to dissolve the gelatinous egg 
mass. The content was emptied into 200 mesh sieve to 
retain the roots and the debris nested on 500 mesh 
sieve to retain the eggs. The retained eggs were then 
washed in slow flowing cold tap water to remove 
traces of NaOCl. The galled roots were further rinsed 
with water to obtain more eggs. The number of eggs 
per ml of the suspension was estimated by counting 4 
samples of 1 ml each of the number of eggs and 
juveniles under a microscope. This was then adjusted 
to 5000 eggs with the second stage juveniles per ml by 
concentrating in 3.5 ml of water.  

Sandy-loam topsoil collected from a newly 
excavated land close to the department was steam-
heated in a large metal drum for 4 hrs and allowed to 
cool for 72 hrs (Gautam and Goswami, 2002). Then, 
the soil was sieved and 5 kg was transferred into 25 
cm diameter bags and arranged on slabs to avoid 
contamination. Three stem cuttings (5 cm long) of T. 
triangulare were planted in each bag, which was 
thinned three weeks after planting, leaving only the 
most vigorous plant in each bag. Then 5000 eggs with 
second stage juveniles of M. javanica were inoculated 
by pouring into each hole around the root tips using a 
graduated syringe (Hussey and Boerma, 1981). One 
week after inoculation, soil around the roots of the 
waterleaf plants was carefully scooped out to a depth 
of 5 cm, and the plant extracts and carbofuran were 
applied around the roots of plants and covered with 
soil. The control had no nematode, plant extracts and 
cabofuran, thereafter uninoculated-untreated (Uit) and 
another had nematode suspension, but no extracts and 
nematicide [inoculated-untreated (Ut)]. The 
experiment was a factorial in a completely randomized 
design, with four replications and lasted for 16 weeks. 
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The plants were maintained under adequate moisture, 
temperature and humidity and kept weed free. 

Data on plant height (cm) was obtained by 
measuring the plants from base of soil to the tip of 
longest leaf at 3, 6 and 9 weeks interval after 
inoculation (WAI). The leaf area (m2) was determined 
by measuring the leaf from base to its tip and the 
width from the widest point, using a ruler and 
multiplying the values (Akonye and Nwauzoma, 
2003). Destructive sampling was done after 15 weeks 
which was the duration of the experiment, uprooting 
the plants carefully and rinsed under running water 
and root length (cm) was measured using a ruler. The 
respective fresh weight of shoot and root were 
determined by cutting the stem of the top line and 
immediately weighing the shoot and root using an 
electronic weighing balance. The dry weight was 
obtained by drying the shoot and root to a constant 
weight in room temperature. All data were subjected 
to Analysis of variance (ANOVA) using the Statistical 
Analysis System (SAS 1997). The Least Significance 
Difference (LSD) was used to separate the means at 
5% probability level. 
 
Results and Discussion 

Root knot nematodes are major limiting factors 
to plant growth and yield (Osei et al, 2011). The use of 
synthetic nematicides is no longer attractive due to 
concern for human health and environment, hence the 
search for plant-based products as feasible alternatives 
(Talapatra, et al, 2007). The effect of the various 
treatments on the growth of waterleaf (Talinum 
triangulare) at 3, 6 and 9weeks after inoculation is 
shown in Table 1. Plants that were treated with 
different botanicals, carbofuran and uninoculated, 
untreated plants were significantly taller than 
inoculated untreated plants. This shows that the plant 
extracts have positive nematicidal properties which 
when incorporated into the soil reduced the damaging 
effect of the nematodes on the plants. The application 
of J. curcas and C. citratus extracts at 20 and 50% 
concentrations, 9 WAI recorded plant height of 31.75 
and 28.75cm, respectively, including C. odorata at 
50% with 30.43cm and this differed significantly 
(p≤0.05) from the control (11.25 cm). It is believed 
that the nematicidal properties present in the extracts 
reduced the number of galls, unlike in the untreated 
plants which were heavily galled. The galls in the later 
would have resulted to the translocation of adequate 
water and nutrients from the vegetative organs to the 
galled parts, thereby reducing plant growth. A similar 
result was obtained by Agu (2008) in which rare root-
galls were reported in soybean intercropped with 
resistant pepper, Amaranthus and Telfairia. According 
to the author, intercropping soybean with Amaranthus 
and Telfairia reduced galling by preventing nematode 

population around soybean plants, resulting to plant 
growth. Galls are known to decrease the uptake of 
minerals, especially, N, P and K and also do not 
translocate adequate water and nutrients to vegetative 
organs for photosynthesis (Trudgill, 1987; Agu, 2008). 

Table 2 shows the effect of the different 
treatments on the number of leaves, seeds and flowers. 
The uninoculated untreated control (UiT) produced 
significantly higher (P≤0.05) number of leaves, seeds 
and flowers with 25.75, 13.50 and 6.00 respectively, 
compared to the plants treated with plant extracts and 
carbofuran. The result further showed that plants 
treated with C. citratus extract and carbofuran at the 
various concentrations had more number of leaves 
compared to others. Earlier reports by Hussey (1985) 
indicate that M. incognita infection reduced 
significantly the number of leaves per plant and tuber 
yields on sweet potato. Furthermore, increase in 
concentration of the treatments did not result to 
corresponding increase in the number of the traits 
studied. 

Result on the fresh and dry weight of shoot and 
root of T. triangulare inoculated with M. javanica 
under different concentrations of plant extracts and 
carbofuran (Table 3) show that the control 
(uninoculated untreated and inoculated untreated) 
plants had higher fresh shoot weight of 10.36g and 
10.02g, respectively, followed by J. curcas at 50% 
concentration (8.91g). This value was significantly 
higher compared to the other treatments, but in the 
control. C. odorata at 35% concentration had the least 
fresh shoot weight (5.16g) followed by J. curcas 
extract at 50% concentration with fresh shoot weight 
of 6.50 g. The highest fresh root weight occurred in 
the uninoculated untreated control plants (2.38 g), 
while carbofuran treated plants had the lowest fresh 
root weight (1.26g). Although these values were not 
significantly different, however it showed the effect 
M. javanica could have on the root and shoot system 
of T. triangulare, if unchecked. Therefore, the 
application of these botanicals was able to suppress 
the root-knot damage. The significantly higher root 
weight as observed in the controls may be attributed to 
the production of galls. As reported by Ogaraku, 
(2007), galling and proliferation of lateral roots by 
infected plants might be due to abnormal secretion of 
growth hormones induced by root-knot nematode, thus 
explaining the relative higher root weight of infected 
plant. These galls or giant cells provide a nutrient sink 
to the nematode, resulting in higher root weight. 

Table 3 further show that J. curcas treated plants 
also had the lowest dry shoot weight (1.36g), while the 
inoculated-untreated plants had the highest (3.06g) 
which was significantly higher than for other 
treatments (P≤0.05). The highest fresh root weight 
occurred in the uninoculated untreated control plants 
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(2.38g), while Carbofuran treated plants had the 
lowest fresh root weight (1.26g) and this can be 
significantly compared with other treatments across 
the level of concentrations. 

Several plant extracts have been reported to have 
nematotoxic properties (Sosamma and Jayasree, 
2002). Our study revealed that extracts from Jatropha 
curcas leaves, lemon grass (Cymbopogon citratus), 
and siam weed root (Chromolaena odorata) roots 
were effective in the management of root knot 
nematode infection on T. triangular. The effect of 

extracts varied, though not correspondingly with 
increasing concentrations. The use of these plant 
materials are preferable because they are less risky for 
breeding pest resistance, safe for the environment, 
require little or no skill, less dangerous to non-target 
organisms and pest recovery, has less unfavorable end 
product on plant growth and above all, least 
expensive. Therefore, these botanicals are 
recommended for the effective control of waterleaf 
root-gall nematode in soils infested with M. javanivca. 

 
Table 1: Effect of plant extracts and carbofuran on plant height (cm) of T. triangulare inoculated with M. javanica. 

 
WAI: Weeks after inoculation.  
 

Table 2: Mean performance of treatments on the leaf area, stem sizes and root lengths of Talinum triangulare after 
inoculating with M. javanica 
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Table 3: Effect of plant extracts and carbofuran on the mean the fresh and dry weight of shoot and root in T. 
triangulare inoculated with M. javanica.  
Treatment Conc. (%) FSW FRW DSW DRW 
J. curcas extract 
 
 
C. citratus extract 
 
 
C. odorata extract 
 
 
Carbofuran 
 
 
Uninoculated untreated (Uit) 
Inoculated untreated (Ut) 
LSD (P≤0.05) 

 

20 
35 
50 
20 
35 
50 
20 
35 
50 
20 
35 
50 
 
 
 
 

7.53 
5.69 
6.50 
7.53 
7.28 
8.91 
8.04 
5.16 
6.03 
8.19 
6.13 
7.43 
10.36 
10.02 
4.25 
 

1.48 
1.29 
1.98 
1.48 
1.76 
1.65 
1.75 
1.30 
1.37 
1.26 
2.35 
1.52 
2.38 
1.85 
1.17 
 

1.36 
1.70 
1.84 
2.40 
2.44 
2.62 
2.56 
1.63 
1.98 
2.14 
1.69 
1.77 
3.06 
2.88 
1.49 
 

0.39 
0.28 
0.68 

0.42  
0.37 
0.35 
0.46 
0.32 
0.34 
0.28 
0.49 
0.29 
0.39 
0.64  
0.39 
 

FSW (fresh shoot weight); FRW (fresh root weight); DRW (dry root weight); DSW (dry shoot weight). 
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