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ABSTRACT 

Chromolaena Odorata and other related species of Annona Senegalensis have been reported be 

nematicidal. This study was aimed at providing more information on the nematicidal activity of 

Chromolaena odorata and reporting the nematicidal action of Annona senegalensis. Ten grams each of 

the powders were soaked in cold 100 ml of distilled water for one week to produce 100,000 mg/kg stock 

solution, filtered and concentrated. One ml of nematode suspension that contained 60 eggs of M. 

incognita extracted with sodium hypochlorite, one ml of nematode suspension that contained 60 one week 

old second-stage juveniles dispensed into glass blocks that contained one ml of the extracts. Percentage 

inhibition and juvenile mortality were estimated. Dry powders were analyzed for Infrared and 

phytochemicals. Water extracts inhibited egg-hatch of Meloidogyne incognita (25-100%) and killed the 

juveniles (2.3-100%). Water extracts, 20,000 mg/kg, 30,000 mg/kg as from fourth day had 100% 

mortality of the juveniles. The IR revealed alcohols, amines, unsaturated/aromatic compounds and 

phenols. The phytochemicals identified were saponins, tannins, phenols, alkaloids, flavonoids, 

anthraquinones and cardenolides. Saponins were of the highest amounts followed by tannins and phenols. 

These botanicals were inhibitors of egg-hatch, lethal to juveniles of Meloidogyne incognita and might be 

attributed to the phytochemicals. 
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INTRODUCTION 

Plant-parasitic nematodes are found wherever plants grow and are known to be among the constraints of 

producing food for man and his livestock. The estimated annual yield losses due plant-parasitic 

nematodes in the world’s major crops are recorded about 12.3% and 14% in the developing countries 

(Ngangbam and Devi, 2012).  

The root-knot nematodes Meloidogyne spp. such as Meloidogyne incognita is an important pest of crops 

ranging from vegetables, cereals, legumes to perennial crops (Sikora and Fernandez, 2005). The root-knot 

nematodes, due to their high reproductive potential and wide host ranges are notoriously difficult to 

manage. Meloidogyne spp. requires 99.9% control in order to prevent the subsequent build up of 

damaging populations (Chaudhary and Kaul, 2013). The root-knot nematode lays eggs in the protective 

gelatinous matrix (Abad et al., 2009). The infective stage of the root-knot nematode is the second-stage 

juvenile (J2) which hatches out from the egg, which enters the roots by active invasion (Curtis, 2008). 

The J2 initiates the formation of a permanent feeding site that consists of giant cells which function as 

specialized sinks (Jones et al., 2013), that results in damaging effects like gall formation on plants. Any 

measure that prevents the hatching of the J2 from eggs and or killing of the J2 before their invasion of 

roots would be an adequate management practice. Thus, the study was aimed at investigation of water 

extracts of Chromolaena odorata and Annona senegalensis for root-knot nematode control, as water 

extracts are used for the application of botanicals. Chromolaena odorata has been reported to be 

nematicidal. This study could be the first report on Annona senegalensis for nematicidal activity. 
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MATERIALS AND METHODS 

Preparation of the Plant Extracts 

Leaves and roots of Siam weed (Chromolaena odorata) were collected from the Crop Garden of the 

Department of Crop Protection and Environmental Biology, University of Ibadan, Ibadan. Leaves and 

barks of African custard apple (Annona senegalensis) were collected from three Otukpo villages in Benue 

State. The plant parts were air-dried for three weeks, which were blended to powder and distilled water 

was used to extract the toxic principles from the plant parts. Ten grams each of air-dried, ground Siam 

weed leaves and roots, African custard apple leaves and barks were soaked in 100 ml distilled water for 

one week at room temperature, and then filtered through two layers of muslin cloth (Abbas et al., 2009). 

The filtrates were designated as 100,000 mg/kg stock solution, and dilutions were carried out by adding 

10 ml of stock solution to 90 ml of distilled water to produce concentrations of 10,000 mg/kg, 20 ml of 

stock solution added to 80 ml of distilled water to produce 20,000 mg/kg and 30 ml of stock solution to 

70 ml distilled water to produce 30,000 mg/kg solutions for all the various plant parts (Olabiyi et al., 

1992). The water extracts were concentrated to one-fifth of the volume (Abbas et al., 2009) with the 

Gallenkamp Thin Film Evaporator for three hours at 45OC in Professor T. Ajibola Taylor Toxicology 

Research Laboratory of the Department of Crop Protection and Environmental Biology, University of 

Ibadan, Ibadan.  

In Vitro Experiments on Hatching and Juvenile Mortality of Meloidogyne Incognita 

The hatching and mortality tests of M. incognita were carried out in the Nematology Research Laboratory 

of the Department of Crop Protection and Environmental Biology University of Ibadan, Ibadan. 

Temperatures of 24±1.5OC to 28.52.5OC and 791.15% to 962.15% RH were observed throughout the 

period of the experiments using Brannan Whirling Hygrometer.  

Hatching and mortality tests of Meloidogyne incognita were carried out in the Nematology Research 

Laboratory of the Department of Crop Protection and Environmental Biology, Temp. 

Hatching Tests of Meloidogyne Incognita Eggs 

The water extracts of Siam weed leaves and roots, and African custard apple leaves and barks, described 

above were used. One ml that contained 60 Meloidogyne incognita eggs extracted with sodium 

hypochlorite method (Hussey and Barker, 1973) was dispensed in a glass block and one ml of water 

extracts of the above mentioned plant parts at concentrations of 10,000 mg/kg, 20,000 mg/kg, and 30,000 

mg/kg respectively were added. The effective concentrations were 5,000 mg/kg, 10,000 mg/kg and 

15,000 mg/kg respectively. The treatments were applied in Completely Randomized Design and 

replicated four times. The set ups were monitored daily for egg-hatching for seven days. Percentage 

inhibition was calculated using a modified formulated by Clarke and Shepherd (1964). Percentage 

inhibition = 100 – (100 – Hs/Hw) where Hs was the number of eggs hatched in substance, HW was the 

number of eggs hatched in water. The modified formula was percentage inhibition = 100 (Hs/Hw) where 

Hs was the number of eggs hatched in substance and HW was the number of eggs hatched in water. A 

repeat experiment on the hatching test was carried out. Drops of 0.5% streptomycin were added to the 

extracts to prevent microbial growth. 

Juvenile Mortality Tests of Meloidogyne Incognita 

A 100 ml suspension of Meloidogyne incognita eggs extracted with sodium hypochlorite method (Hussey 

and Barker, 1973) was incubated at room temperature for one week and hatched second-stage juveniles 

were recovered with the Pie-pan method (Whitehead and Hemming, 1965). One ml that contained 60 

second-stage juveniles was dispensed into a glass block that contained one ml of water extracts at 

concentrations of 10,000 mg/kg, 20,000 mg/kg and 30,000 mg/kg, which brought the effective 

concentrations to 5,000 mg/kg, 10,000 mg/kg and 15,000 mg/kg. The set-up was a Completely 

Randomized Design and replicated four times. The treatments at effective concentrations used for the 

inhibition and juvenile mortality experiments were as follows:   

Water extracts of the test plants      

1.  Water extract of Chromolaena odorata leaves at 5,000 mg/kg  
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2. Water extract of Chromolaena odorata leaves at 10,000 mg/kg     

3. Water extract of Chromolaena odorata leaves at 15,000 mg/kg     

4. Water extract of Chromolaena odorata roots at 5,000 mg/kg      

5. Water extract of Chromolaena odorata roots at 10,000 mg/kg      

6. Water extract of Chromolaena odorata roots at 15,000 mg/kg      

7. Water extract of Annona senegalensis leaves at 5,000 mg/kg    

8. Water extract of Annona senegalensis leaves at 10,000 mg/kg     

9. Water extract of Annona senegalensis leaves at 15,000 mg/kg                                                                  

10. Water extract of Annona senegalensis bark at 5,000 mg/kg     

11. Water extract of Annona senegalensis bark at 10,000 mg/kg     

12. Water extract of Annona senegalensis bark at 15,000 mg/kg     

13. Control (Distilled water)  

The set ups were monitored for seven days for dead Meloidogyne incognita juveniles. The juveniles were 

assumed to be dead if they failed to react to touch (Fatoki and Fawole, 1999; Rotimi and Moens, 2005). 

Percentage juvenile mortality was calculated as follows: Percent juvenile mortality = number of juveniles 

killed or dead/ total number of juveniles x 100 (Khan, 2009). Drops of 0.5% streptomycin were added to 

the extracts to prevent microbial growth. A second experiment was carried out.  

Infrared (IR) Analysis of Siam Weed Leaf and Root, African Custard Apple Leaf and Bark                                                                                                                                                                                                                      

Powders of Siam weed leaf and root; and African Custard Apple leaf and bark were used for the Infrared 

analysis in the Multi-Disciplinary Central Research Laboratory of the University of Ibadan, Ibadan. The 

identification of the functional groups was carried out in the Phytochemical Research Laboratory, 

Department of Chemistry, University of Ibadan, Ibadan.  

Phytochemical Analysis of Chromolaena Odorata and Annona Senegalensis 

The phytochemical analysis of the plant samples was carried out in the Pharmacognosy Department of the 

University of Ibadan, Ibadan using standard procedures to identify the constituents as described by Trease 

and Evans (1989) and Sofowora (1993) to test for tannins, saponins, flavonoids and alkaloids, 

anthraquinones (Borntrager test) and cardenolides using the Keller-Killiamis test or Kedde’s test 

(Harborne, 1973; Chhabro et al., 1984). 

 

RESULTS AND DISCUSSION 

Results 

Effect of Water Extracts of Chromolaena Odorata and Annona Senegalensis on Egghatch of Meloidogyne 

Incognita 

In (Table 1) there were significant differences with the range (25-100%) (P ≤ 0.05) in percentage 

inhibition of Meloidogyne incognita egghatch among the control (distilled water) and concentrations of 

water extracts of Chromolaena odorata and Annona senegalensis during the period of seven days. There 

were no significant differences (P ≤ 0.05) in percentage inhibitions among the water extract 

concentrations of the test plants.  

Hatching was suppressed with increase in the concentrations of extracts of the test plants resulting in 

reduced percentage hatchability.  

The increase in the concentrations of water extracts and increase in duration of exposure of Meloidogyne 

incognita to the various water extracts of Chromolaena odorata and Annona senegalensis therefore, 

resulted in increases in percentage inhibition as fewer juveniles hatched. At 15,000 mg/kg Chromolaena 

odorata root and Annona senegalensis leaf from day 5 had 100% inhibition while Chromolaena odorata 

leaf and Annona senegalensis bark had 100% inhibition as from day six. By the third day percentage 

inhibitions ranged from 73% (Chromolaena odorata leaf) to 87% (Annona senegalensis leaf) at 15,000 

mg/kg. Percentage inhibitions were higher in Annona senegalensis leaf and Chromolaena odorata root 

than in the other treatments. 
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Juvenile Mortality of Meloidogyne Incognita        

There were significant differences (P ≤ 0.05) in percent mortality of Meloidogyne incognita juveniles 

among water (control) and water extracts of the test plants as from day two seven (Table 2). An increase 

in both concentrations of water extracts and in duration of exposure of Meloidogyne incognita juveniles 

resulted in significant increases (P ≤ 0.05) in percent mortality of the nematodes. An increase in effective 

concentrations of water extracts of Chromolaena odorata leaf from 5,000 mg/kg to 15,000 mg/kg resulted 

in significant increase in percent mortality from 2.3 to 5.0 and an increase in the concentrations of water 

extracts of Chromolaena odorata root from 5,000 mg/kg to 15,000 mg/kg led to a significant increase in 

percent mortality from 2.6 to 5.2 on day one.  

Corresponding significant increases in percent mortality occurred with the water extracts of the other test 

plants on day one, by day four, percent mortality of water extracts of Chromolaena odorata leaf, 

Chromolaena odorata root, Annona senegalensis leaf and Annona senegalensis bark at 5,000 mg/kg, 

10,000 and 15,000 mg/kg were increased.  

Hundred percent mortality, occurred at varying periods of exposure and concentrations of the water 

extracts from day five to seven. Water extracts of Chromolaena odorata leaf at 15,000 mg/kg had 

completely killed Meloidogyne incognita juveniles (100%) by day five and, at 10,000 mg/kg by day seven 

and at 5,000 mg/kg by day seven. All of the water extracts at 10,000 mg/kg and15,000 mg/kg by day four 

had 50% mortality and 100% mortality by day seven. The second trial results followed the trends of the 

first trial. 

Infrared and Phytochemical Tests 

 The functional groups identified by the IR analysis showed that Chromolaena odorata leaf contained 

alcohols, amides, alkanes, carbonyl, unsaturated/aromatic, double bonds, carboxyl, and phenol groups 

(Table 3). Chromolaena odorata root contained alcohols, alkanes, unsaturated/aromatic, phenol and 

metallic groups.  

Annona senegalensis leaf contained alcohols, alkanes, unsaturated/aromatic, double bonds, phenol and 

metallic groups. Annona senegalensis bark contained alcohols, alkanes, unsaturated/aromatic and phenol 

groups. The active chemical ingredients in the various plants from the phytochemical tests, showed that 

Chromolaena odorata root and leaf contained alkaloids, phenols, flavonoids, saponins, cardenolides, 

anthraquinones and tannins, (Table 4).  

Annona senegalensis leaf contained alkaloids, phenols, flavonoids, saponins, cardenolides and tannins 

while Annona senegalensis bark contained alkaloids, phenols, tannins, flavonoids, saponins, cardenolides 

and anthraquinones. The concentrations of some of the phytochemicals in the test plants are as shown in 

Table 5. Chromolaena odorata root contained total phenols 14.3 mg/g, tannins 14.5 mg/g, flavonoids 1.5 

mg/g, saponins 34.8 mg/g and alkaloids 11.5 mg/g.  

Chromolaena odorata leaf total phenols 38.6 mg/g, tannins 41.0 mg/g, flavonoids 7.7 mg/g, saponins 

331.7 mg/g, alkaloids 12.2 mg/g.  

Annona senegalensis leaf total phenols 31.0 mg/g, tannins 31.7 mg/g, flavonoids 11.5 mg/g, saponins 

103.3 mg/g, alkaloids 12.0 mg/g and Annona senegalensis bark total phenols 91.2 mg/g, tannins 97.6 

mg/g, flavonoids 0.5 mg/g, saponins 156.2 mg/g, alkaloids 14.7 mg/g. Saponins were of the highest 

concentrations in all the botanicals, followed by tannins, total phenols, alkaloids and flavonoids with the 

least concentrations.  

Discussion 

Hatching tests are useful in screening for nematicidal activity in plant extracts, because counting hatched 

juveniles than counting immobile juveniles in a particular J2 population (Oka et al., 2000).  

In the in vitro tests, water extracts of Chromolaena odorata leaf and root, Annona senegalensis leaf and 

bark at effective concentrations of 5,000 mg/kg, 10,000 mg/kg, 15,000 mg/kg inhibited Meloidogyne 

incognita egghatch. An increase in concentrations and exposure time, percentage egghatch inhibitions 

increased, which was similar to the findings of Fatoki and Fawole (1999) and Nath and Mukherjee 

(2000). 
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Table 1: Percentage Inhibition of Meloidogyne Incognita Egghatch at Various Water Extract Concentrations of Chromolaena Odorata and 

Annona Senegalensis for a Period of Seven Days*    

   Percentage Inhibition at Daily Intervals     

 

 

Treatment  

 

Concentrati

on (mg/kg)  

  

 

1 

 

 

2 

 

 

3 

 

 

4  

 

 

5  

 

 

6  

 

 

7 

Water (Control)       0  23.0(24.2) 14.4(21.7) 11.0(19.3) 9.8(18.0) 8.4(16.2) 5.1(13.0) 4.2(11.8) 

C. Odorata Leaf      5,000  60.0(50.3) 58.0(49.4) 50.0(44.4) 40.0(39.0) 38.0(37.5) 23.0(28.0) 18.0(24.8) 

C. Odorata Leaf      10,000  50.0(44.4) 48.0(43.6) 40.0(39.0) 36.0(36.8) 33.0(34.7) 15.0(22.3) 11.0(19.3) 

C. Odorata Leaf      15,000  40.0(39.0) 25.0(30.0) 23.0(28.0) 20.0(26.1) 18.0(24.8) 0(0) 0(0) 

C. Odorata Root      5,000  73.0(58.2) 68.0(55.0) 60.0(50.3) 58.0(49.4) 20.0(26.1) 15.0(22.3) 13.0(21.1) 

C. Odorata Root      10,000  68.0(55.0) 63.0(52.1) 55.0(47.7) 45.0(42.0) 23.0(28.0) 11.0(19.3) 0(0) 

C. Odorata Root      15,000  60.0(50.3) 50.0(44.4) 30.0(32.6) 18.0(24.8) 0(0) 0(0) 0(0) 

A. Senegalensis Leaf      5,000  63.0(52.1) 48.0(43.6) 45.0(42.1) 38.0(37.6) 20.0(26.1) 15.0(22.3) 11.0(19.3) 

A. Senegalensis Leaf      10,000  50.0(44.4) 30.0(32.6) 20.0(26.1) 18.0(24.8) 16.0(23.5) 11.0(19.3) 0(0) 

A. Senegalensis Leaf      15,000  30.0(32.6) 15.0(22.3) 13.0(21.1) 11.0(19.3) 0(0) 0(0) 0(0) 

A. Senegalensis Bark      5,000  75.0(59.3) 68.0(55.0) 55.0(47.3) 48.0(43.6) 30.0(32.6) 15.0(22.3) 11.0(19.3) 

A. Senegalensis Bark      10,000  68.0(55.0) 60.0(50.3) 50(44.4) 47.0(42.8) 16.0(23.5) 11.0(19.3) 0(0) 

A. Senegalensis Bark      15,000  43.0(40.5) 38.0(37.5) 30.0(32.6) 28.0(31.3) 13.0(21.1) 0(0) 0(0) 

LSD 0.05   24.5(29.3) 15.3(22.9) 12.1(17.4) 10.4(18.6) 10.1(18.0) 2.4(8.6) 3.6(10.3) 

* Data are means of four replicates, C. odorata = Chromolaena odorata, A. senegalensis = Annona senegalensis Transformed values in parentheses 
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Table 2: Cumulative Percentage Mortality of Meloidogyne Incognita Juveniles at Various Concentrations of Water Extracts of Chromolaena 

Odorata and Annona Senegalensis for a Period of Seven Days* 

 

 

Treatmen

t 

 Concen- 

tration 

(mg/kg) 

 Percentage Mortality Days after Inoculation 

 1 2 3 4 5 6 7  

  T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 T1 T2   

Water 

(Control) 

 0   1.4 

(6.7) 

0(0) 4.11(

11.6) 

1.8 

(7.7) 

7.8(1

6.2) 

5.5(1

3.5) 

13.7(

21.7) 

11.7 

(20) 

19.9(

26.4) 

19.9(

26.4) 

28.2(

32.0) 

30.1(

33.2) 

37.5 

(37.7) 

44(4

1.5) 

  

C. odorata 

Leaf 

 5000   2.3 

(8.6) 

0.9 

(5.4) 

7.5(1

5.8) 

4.1(11

.6) 

19.4(

26.1) 

10.3(

26.1) 

33.6(

35.3) 

20.0(

26.5) 

50.2(

45) 

32.2(

34.5) 

70.1(

56.8) 

54.7(

47.6) 

91.9(7

3.3) 

86.4(

59.7) 

  

C. odorata 

Leaf 

      

10000 

  3.6(

10.8

) 

2.2 

(8.5) 

10.5(

18.9) 

7.4(15

.7) 

28.9(

32.4) 

15.3(

23.0) 

52.4(

46.3) 

26.0(

30.6) 

78.2(

62.1) 

43.7(

41.3) 

97.3(

80.4) 

69.7(

56.6) 

100 

(90) 

100 

(90) 

  

C. odorata 

Leaf  

      

15000 

  5(12

.8) 

3.2(1

0.5) 

14.2 

(2.0) 

8.8(17

.2) 

41.4 

(40) 

19.8(

26.4) 

71.4(

57.5) 

35.0(

36.2) 

100 

(90) 

99.0(

84.2) 

100 

(90) 

100 

(90) 

100 

(90) 

100 

(90) 

  

C. odorata 

Root 

 5000   2.6 

(9.2) 

1.8 

(7.7) 

7.2(1

5.5) 

5(12.9

) 

20.3(

26.7) 

10.3(

18.7) 

35.7(

36.6) 

20.0(

26.5) 

54.4(

47.4) 

33.7(

35.4) 

100 

(90) 

78.7(

62.5) 

100 

(90) 

100 

(90) 

  

C. odorata 

Root 

      

10000 

  3.9(

11.3

) 

3.6(1

0.9) 

12.2(

20.4) 

8.8(17

.2) 

29.0(

32.5) 

18.3(

25.3) 

47.4(

43.4) 

33.2(

34.5) 

69.4(

56.4) 

55.3(

48.0) 

93.5 

(75) 

87.3(

69.1) 

100 

(90) 

100 

(90) 

  

C. odorata 

Root 

      

15000 

  5.2(

13.1

) 

4.5(1

2.2) 

17.2(

24.4) 

10.3(1

8.7) 

41.5 

(40) 

20.0(

26.5) 

67.4 

(55) 

35.9(

36.8) 

96.9(

79.7) 

61.6(

51.7) 

100 

(90) 

96.7(

79.5) 

100 

(90) 

100 

(90) 

  

A. 

senegalens

is Leaf 

 5000   2.2 

(8.5) 

0.9 

(5.4) 

7.4(1

5.7) 

4.1(11

.6) 

26(3

0.5) 

10.3(

18.7) 

47(4

3.2) 

19.5(

26.2) 

71.6(

57.7) 

33.6(

35.4) 

97.2 

(80) 

53.3(

46.8) 

100 

(90) 

81.2(

64.3) 

  

A. 

senegalens

is Leaf 

      

10000 

  3.4(

10.6

) 

1.8 

(7.7) 

11.4(

19.6) 

6.9(15

.2) 

32.8(

34.8) 

14.9(

22.7) 

57.2(

49.1) 

26.8(

31.1) 

79.7(

63.1) 

44.7(

41.9) 

97.5 

(80) 

70.3(

56.9) 

100 

(90) 

100 

(90) 

  

A. 

senegalens

is Leaf 

      

15000 

  5.9(

14.0

) 

3.6(1

0.9) 

15.9(

23.4) 

9.3(17

.7) 

43.5(

41.2) 

17.9(

25.0) 

72.4(

58.2) 

31.8(

34.3) 

99.5(

85.5) 

51.8(

46.0) 

100 

(90) 

83.5(

66.0) 

100 

(90) 

100 

(90) 

  

A. 

senegalens

is Bark 

5000   1.8 

(7.7) 

0.9 

(5.4) 

5(12.

8) 

3.6(10

.9) 

11.1(

19.4) 

9.3(1

7.7) 

28.3 

(32) 

18.0(

25.1) 

48.3(

43.9) 

32.6(

38.8) 

72.3(

58.2) 

51.7(

45.9) 

96.8(7

9.4) 

78.5(

62.3) 

  



International Journal of Food, Agriculture and Veterinary Sciences ISSN: 2277-209X (Online) 

An Open Access, Online International Journal Available at http://www.cibtech.org/jfav.htm 

2016 Vol. 6 (1) January-April, pp. 24-34/Agaba and Fawole. 

Research Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  30 

 

A. 

senegalens

is Bark 

      

10000 

  3.9(

11.3

) 

1.8 

(7.7) 

12.8(

20.9) 

5.9(14

.0) 

31.4 

(34) 

12.8(

20.9) 

53.6 

(47) 

24.4(

29.6) 

75.3(

60.1) 

40.5(

39.5) 

100 

(90) 

94.7(

76.7) 

100 

(90) 

100 

(90) 

  

A. 

senegalens

is Bark 

      

15000 

  6.4(

14.5

) 

4.5 

(12.2

) 

19.8(

26.3) 

12.2(2

0.4) 

44.3(

41.4) 

23.1(

28.7) 

72.1(

58.1) 

63.6(

52.8) 

100 

(90) 

99.8(

87.4) 

100 

(90) 

100 

(90) 

100 

(90) 

100 

(90) 

  

LSD 0.05    1.4 

(6.7) 

1.0 

(5.7) 

2.7 

(9.4) 

2.0 

(8.1) 

4.1(1

1.6) 

2.6 

(9.2) 

5.7(1

3.8) 

4.0(1

1.5) 

7.2(1

5.5) 

5.9(1

4.0) 

13.9(

21.8) 

8.5(1

6.9) 

3.1(10.

1) 

35.9(

36.8) 

  

 

* Data are means of four Replicates, C. Odorata = Chromolaena Odorata, A. Senegalensis = Annona Senegalensis, T1 = First Trial, T2 = Second 

Trial, concentration of water extracts in mg/kg.  Transformed values in parentheses  

 

Table 3: Functional Chemical Groups of Chromolaena Odorata Leaf and Root, and Annona Senegalensis Leaf and Bark Identified by 

Infrared Analysis 

Functional Groups 

Plant and part Alcohol Amine Alkane Carbonyl Unsaturated/aromatic Alkene COOH Phenol Metal (Fe) 

C.o Leaf + + + +             + + + + - 

C.o Root + + + -             + - - + + 

A.s Leaf + + + -             + + - + + 

A.s Bark + + + -             + - - + - 

           Key 

+ = indicates presence, - indicates absence, C. o = Chromolaena odorata, A. s = Annona senegalensis 

 

Table 4: Active Chemical Ingredients in Chromolaena Odorata Leaf and Root, Annona Senegalensis Leaf and Bark  

Plant  

Species and 

Part 

 

 

Alkaloids 

 

 

Cardenolides 

 

 

Anthraquinones 

 

 

Saponins 

 

 

Tannins 

 

 

Flavonoids 

C.o Leaf         +          +              +        +      +          + 

C.o Root         +          +              +         +      +           + 

A.s Leaf         +          +              -         +       +           + 

A.s Bark          +          +              +         +        +           + 

       Key 

+ = indicates presence, - indicates absence, C. o = Chromolaena odorata, A. s = Annona Senegalensis  
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Table 5: Concentrations of some Phytochemicals in Chromolaena Odorata Leaf and Root, Annona 

Senegalensis Leaf and Bark 

Plant & Part Total 

Phenols 

(mg/g) 

Tannins 

(mg/g) 

Flavonoids 

(mg/g) 

Saponins 

(mg/g) 

Alkaloids 

(mg/g) 

C. Odorata Root 14.3 14.5 1.5 34.8 11.5 

C. Odorata Leaf 38.6 41.0 7.7 331.7 12.2 

A. Senegalensis 

Leaf 

31.0 31.7 11.5 101.3 12.0 

A. Senegalensis 

Bark 

91.2 93.6 0.5 156.2 14.7 

 

In all concentrations of Chromolaena odorata and Annona senegalensis, the juvenile hatching was 

suppressed, which was similar to the findings of Wiratno et al., (2009). The plant extracts of 

Chromolaena odorata and Annona senegalensis were toxic and lethal to the second-stage juveniles of M. 

incognita at all concentrations which led to their mortality. An increase in concentrations of the extracts 

and exposure time resulted in increased percentage mortality rates of the juveniles. Water extracts could 

be directly nematostatic (Onifade and Egunjobi, 1994). Therefore, Chromolaena odorata and Annona 

senegalensis extracts possessed and showed strong ovicidal and larvicidal activities against Meloidogyne 

incognita which were similar to findings of Adegbite and Adesiyan (2005). The nematicidal activity of 

the extracts was concentration and exposure time dependent (Rotimi and Moens, 2005). The inhibitory 

potential of the extracts does not necessarily correspond with their ability to induce juvenile mortality. 

Some extracts causing high juvenile mortalities did not always inhibit egg hatch effectively. In general, 

the extracts were less effective against egg hatch as compared to mortality of emerged juveniles (Khurma 

and Singh, 1997). The nematicidal activities could be attributed to the active chemical constituents called 

phytochemicals contained in the two test plants. Phytochemicals in plant products may control nematodes 

by direct killing, preventing penetration by causing paralyzation, causing the loss of host-finding ability, 

repulsion or by some unknown mechanisms (Tsai, 2000). Chromolaena odorata and Annona senegalensis 

plant parts contained high amounts of saponins, followed by tannins and total phenols. 

Saponins are plant secondary metabolites which cause heamolysis, with inhibitory effects on DNA, RNA 

and proteins in mammals (Fatoki and Fawole, 2000). These compounds are reported to cause reduction in 

membrane integrity of cells by the formation of transmembrane pores (Bernards et al., 2006) and 

increases cell membrane permeability to macromolecules (Francis et al., 2002). This influences eggshell 

permeability, and when eggshells are permeable, the unhatched juveniles are susceptible to toxic 

compounds from plant extracts (Curtis et al., 2009). Saponins work by interacting with the cuticle 

membrane of the larvae, ultimately disarranging the membrane, which may be the most probable reason 

for larval death (Ghayal et al., 2010). The nematicidal activity of saponins could be attributed to their 

ability to inhibit cholesterol accumulation in egg and/or larva (Ibrahim and Srour, 2013). 

Tannins act as a defense mechanism in plants against pathogens and herbivores (Kumbasli et al., 2011). 

Tannins induce changes in the morphology of pathogens through action on cell membranes by 

destabilization of cytoplasmic and plasma membranes, inhibition of extracellular microbial enzymes and 

metabolism and substrate deprivation required for microbial growth (Ciocan and Bara, 2007; Min et al., 

2008). Phenols alter root attractiveness to nematodes and induce resistance of the plant to nematode 

development and infestation was correlated to the phenols level in the roots results in delaying the 

formation of giant cells and poor nutrition of larvae (Stirling, 1991). Phenolic compounds are reported to 

be involved in host resistance (Pegard et al., 2005). Phenols are involved in causing tolerance of cells 

against the invasion and development of nematodes (Siji et al., 2010). Phenolic compounds act as 

constitutive protection agents against invading organisms, function as signal and plant defense molecules, 

is involved in resistance to biotic and abiotic stress (Joachim et al., 2007). Alkaloids are complex 

compounds found occurring naturally in plants, insoluble in aqueous hydroxide but soluble in aqueous 
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hydrochloric acid, toxic to insects (Fatoki and Fawole, 2000) and toxic to plant-parasitic nematodes. The 

alkaloids present in Chromolaena odorata have shown nematostatic and nematicidal effects on plant-

parasitic nematodes (Thoden et al., 2009). The mode of action of alkaloids is suggested to the inhibition 

of protease activity (Wen et al., 2013). Flavonoids are a class of phenolic compounds that have anti 

feeding and attracting deterrent properties, thus are toxic to insects, fungi, bacteria, nematodes and weeds 

(Koul, 2008). They are synthesized by plants in response to microbial infection, and their activity is 

probably due to their ability to form complex with extracellular and soluble proteins, and to complex with 

microbial cell walls, also disrupting microbial membranes (Ciocan and Bara, 2007). 

It has been reported that extracts of plants that contained saponins and tannins tend to inhibit nematodes 

egg hatch because of their ovicidal property (Umar and Mamman, 2014). Alkaloids, flavonoids and the 

other phytochemials have been reported to be nematotoxic in activity (Pavaraj et al., 2012). 

Chromolaena odorata and A. senegalensis are inhibitors of Meloidogyne incognita egg hatch and toxic 

and lethal to the juveniles. The ovicidal and larvicidal activities of the two plants can be attributed to the 

phytochemicals they contained, such as saponins, tannins, phenols, alkaloids, flavonoids, anthraquinones 

and cardenolides.  
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