
 

i 

 

 
SCREENING OF SOME COMMON WEEDS FOR NEMATICIDAL ACTIVITIES 

AGAINST THE ROOT-KNOT NEMATODE INFESTATION ON TOMATO 

(LYCOPERSICUM ESCULENTUM L.) IN PLATEAU STATE, NIGERIA. 

 

 

 

 

 

 

 

 

 

 

 

LUKA SAMBO DANAHAP 

B. Sc., M. Sc (Jos) 

UJ/2012/PGNS/0187 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A thesis in the DEPARTMENT OF PLANT SCIENCE AND TECHNOLOGY, 

Faculty of Natural Sciences Submitted to the School of Postgraduate Studies, 

University of Jos, in partial fulfilment of the requirements for the award of degree 

of DOCTOR of PHILOSOPHY in APPLIED MICROBIOLOGY AND PLANT 

PATHOLOGY of the  

UNIVERSITY OF JOS 

 

 

 

 

 

 

 

 

 

 

 

JANUARY 2017 



ii 

 

DECLARATION 

I hereby declare that this work is the product of my research efforts carried out 

under the supervision of Professor David L. Wonang and has not been presented 

elsewhere for the award of a degree or certificate. All the sources have been duly 

distinguished and appropriately acknowledged. 

 

 

 

 

………………………………….     ………………………   

DANAHAP LUKA SAMBO     Date            

UJ/2012/PGNS/0187  



iii 

 

CERTIFICATION 

This is to certify that the research work for this thesis and the subsequent 

preparation of this thesis by LUKA SAMBO DANAHAP (UJ/2012/PGNS/0187) was 

carried out under my supervision.  

 

 

………………………………     …………………… 

Professor David L. Wonang       Date  

Supervisor 

 

 

 

 

 

 

………………………………     …………………… 

Dr Ponchang A. Wuyep       Date 

Head of Department 

 

 

 

 

 

………………………………     …………………… 

Prof. (Mrs) Georgina S. Mwansat      Date    

Dean,                              

Faculty of Natural Sciences 

 

 

 

 

………………………………                                                       ……………………… 

Prof. Timothy O. Oyetunde                                                                    Date 

Dean, 

School of Postgraduate Studies 

 

 

 

                  



iv 

 

ACKNOWLEDGEMENTS 

 I am most grateful to God Almighty for wisdom, strength and answered prayers 

and for guiding me through the period of this research. I express my sincere gratitude to 

my Supervisor, Professor David L. Wonang for his cooperation in directing, guiding 

and correcting the research work, in spite of his busy schedules as Provost of Federal 

College of Education, Pankshin. I appreciate Professor Chiedo O. Akueshi for always 

standing in for my supervisor during seminar presentations whenever he was inevitably 

absent. My appreciations also go to Mr. Thomas Peter of Pharmacognosy Department, 

University of Jos, who assisted in the extraction of test plant extracts. I thank Dr. 

Samson Shuaibu of Dermatophilosis Unit, National Veterinary Research Institute Vom 

who helped me in snapping the pictures of my test organisms under the Microscope. I 

remain appreciative to Mr. Ramadan Ayuba who scanned my plates and Mr Mancha 

Innocent and Moses Bako who assisted me in typing the work. My special thanks go to 

my able Lecturers in the Department of Plant Science and Technology, University of 

Jos, who always took their time to guide us during seminar presentations. My 

unreserved appreciation also goes to my beloved wife Mrs. Helen L. Danahap, the 

mother of our five God-given children Ribetna‟an, Retnyit, Rengji, Roghopkinaan and 

Riyangdi. May God continue to bless you.  

 I shall strongly continue to remember my late parents Sambo Danahap Jelle and 

Nabhetchi S. Danahap and my step  Mother (Nakuri) whom God gave the wisdom to 

send us to the four corners of the class room. I am also highly appreciative of others 

who encouraged me in one way or the other in the course of this study. May God 

continue to bless you all and your entire families.  Amen. 



v 

 

DEDICATION 

I dedicate this research work to God Almighty and my parents late Mr. and Mrs. 

Sambo Danahap. 



vi 

 

TABLE OF CONTENTS 

CONTENT         PAGE 

TITLE PAGE  - - - - - - - - - i 

DECLARATION - - - - - - - - ii 

CERTIFICATION - - - - - - - - iii 

ACKNOWLEDGEMENTS - - - - - - - iv 

DEDICATION - - - - - - - - v 

TABLE OF CONTENTS - - - - - - - vi 

LIST OF TABLES - - - - - - - - x 

LIST OF PLATES - - - - - - - - xi 

LIST OF FIGURES - - - - - - - - -  xiv 

ABSTRACT - - - - - - - - - xv 

CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND TO THE STUDY - - - - - 1 

1.2 STATEMENT OF THE PROBLEM   - - - - 6 

1.3 JUSTIFICATION OF THE STUDY - - - - - 7 

1.4 AIM AND OBJECTIVES - - - - - - 8 

1.5 HYPOTHESES - - - - - - - 9 

1.6 SCOPE OF THE STUDY- - - - - - - 9 

CHAPTER TWO 

LITERATURE REVIEW 

2.1 ROOT-KNOT NEMATODES - - - - - 10 

2.2 SYMPTOMS AND DAMAGES OF ROOT-KNOT NEMATODES 13 

2.3 DISTRIBUTION OF ROOT-KNOT NEMATODES - - 18 

2.4 SUSCEPTIBLE HOST RANGE OF ROOT-KNOT NEMATODES 21 

2.5 ECONOMIC IMPORTANCE OF ROOT-KNOT NEMATODES - 25 



vii 

 

2.6 CONTROL OF ROOT-KNOT NEMATODES - - - 27 

2.6.1 Crop Rotation to Control Root-knot Nematodes - - - 28 

2.6.2 Soil Steaming to Control Root-knot Nematodes - - - 29 

2.6.3 Chemical Control of Root-knot Nematodes - - - - 29 

2.7 ECOLOGICAL MANAGEMENT OF ROOT-KNOT NEMATODES 32 

2.8 BIOLOGICAL CONTROL OF ROOT-KNOT NEMATODES  - 36 

2.9 NEMATODE SUPPRESSIVE CROPS - - - - 42 

2.10 NEMATICIDAL PLANTS - - - - - - 47 

CHAPTER THREE 

MATERIALS AND METHODS 

3.1 EXPERIMENTAL SITE - - - - - - 50 

3.2 SURVEY AND COLLECTION OF WEEDS FOR IDENTIFICATION  50 

3.3 PREPARATION FOR PHYTOCHEMICAL SCREENING OF WEEDS 52 

3.3.1 Detection of Alkaloids - - - - - - 52 

3.3.2 Detection of Carbohydrates - - - - - - 52 

3.3.3 Detection of Flavonoids  - - - - - - 52 

3.3.4 Detection of Glycosides  - - - - - - 53 

3.3.5 Detection of Phenols  - - - - - - - 53 

3.3.6 Detection of Saponins  - - - - - - 53 

3.3.7 Detection of Sterols   - - - - - - - 53 

3.3.8 Detection of Tanins  - - - - - - - 53 

3.3.9 Detection of Terpenes  - - - - - - 54 

 

3.4 COLLECTION OF INFECTED TOMATO ROOT FOR ISOLATION  

AND IDENTIFICATION OF ROOT-KNOT NEMATODES  - 54 

3.4.1 Isolation of Root-knot Nematodes  - - - - - 54 

3.4.2 Identification of Root-knot Nematodes  - - - - 55 

3.4.3 Used of Perineal Pattern Characteristic for Identification of  

Root-knot Nematodes   - - - - - - - 55 

 

3.5 PREPARATION OF CRUDE AND ETHANOLIC EXTRACT OF  

WEEDS  - - - - - - - - 56 

3.6 PREPARATION OF EXTRACT CONCENTRATION FOR IN  

VITRO STUDIES  - - - - - - 57 

 

3.7 PREPARATION OF EXUDATE FROM THE WEEDS TO TEST  

FOR NEMATICIDAL PROPERTIES - - - - 57 

 

3.8 THE NEMATICIDAL EFFECT OF EXUDATES ON  

MELOIDOGYNE INCOGNITA JUVENILES - - - 58 

 

3.9 FIELD EXPERIMENTS TO CONTROL MELOIDOGYNE  

INCOGNITA POPULATIONS- - - - - - 59 



viii 

 

3.10 FIELD EXPERIMENT TO CONTROL MELOIDOGYNE INCOGNITA  

BY VARYING THE CONCENTRATIONS OF THE DECOMPOSED  

PLANT PARTS - - - - - - - 62 

 

3.11 TEST WEEDS (PLANTS) GROWN ON INFESTED FIELDS TO  

MANAGE MELOIDOGYNE INCOGNITA POPULATIONS - 64 

 

CHAPTER FOUR 

RESULTS 

4.1 SURVEY AND COLLECTION OF WEEDS FOR IDENTIFICATION 66 

4.2 THE PHYTOCHEMICAL ANALYSES OF THE TEST WEEDS  

(PLANTS) - - - - - - - - 75 

4.3 ISOLATION AND IDENTIFICATION OF ROOT-KNOT NEMATODES- 77 

4.4 PREPARATION OF EXTRACT CONCENTRATION FOR IN  

VITRO STUDIES - - - - - - - 79 

 

4.5 EFFECT OF DIFFFERENT CONCENTRATIONS OF WEEDS  

EXTRACT ON JUVENILES ORGANISMS   - - - 82 

4.5.1 Effects of C. breviflora Concentration on Juveniles Organisms - - 82 

4.5.2 Effects of C. juncea Concentration on Juveniles Organisms - -- 85 

4.5.3 Effects of C. retusa Concentration on Juveniles Organisms - -- 87 

4.5.4 Effects of C. spectabilis Concentration on Juveniles Organisms - - 89 

4.6 PREPARATION OF EXUDATES FROM THE WEEDS TO TEST  

FOR NEMATICIDAL PROPERTIES - - - - 91 

 

4.7 FIELD EXPERIMENT TO TEST EFFECT OF DECOMPOSED  

PLANT PARTS (DPP) ON MELOIDOGYNE INCOGNITA  

POPULATIONS- - - - - - - - - 93 

 

4.8 POT EXPERIMENT TO TEST EFFECT OF DECOMPOSED PLANT  

PARTS (DPP) ON MELIDOGYNE INCOGNITA POPULATIONS  

ON L. ESCULENTUM PLANT - - - - - - 102 

 

4.9 EFFECTS OF VARYING CONCENTRATIONS OF DECOMPOSED  

PLANT PARTS ON MELOIDOGYNE INCOGNITA POPULATIONS  

ON L. ESCULENTUM PLANT- - - - - - 111 

 

4.10 EFFECTS OF TEST WEEDS GROWN ON INFESTED FIELD  

ON MELOIDOGYNE INCOGNITA POPULATIONS - - - 121 

 

CHAPTER FIVE 

DISCUSSION 

5.1 DISCUSSION-          -         -  - - - - - 134 



ix 

 

CHAPTER SIX 

SUMMARY OF FINDINGS, CONCLUSION AND RECOMMENDATIONS 

 

6.1 SUMMARY OF FINDINGS - - - - - - 141 

6.2 CONCLUSION - - - - - - -  141 

6.3 RECOMMENDATIONS - - - - - - 142 

6.4 LIMITATIONS OF THE STUDY - - - -        -  142 

6.5 SUGGESTIONS FOR FURTHER STUDY - - - - 143  

6.6 CONTRIBUTION TO KNOWLEDGE - - - - 143 

REFERENCES - - - - - - - 144 

APPENDIX    -  - - - - - - - 160 



x 

 

LIST OF TABLES 

TABLE         PAGE 

1 The results of the Phytochemical Analyses of the test Weeds Extracts  

for the following parameters - - - - - - 76 

2  Effects of Preliminary In vitro Studies of Whole Plant Extract on  

Juveniles Mortality of  Meloidogyne incognita    80 

3 Effects of Whole Plant Extracts on Juveniles Mortality of Meloidogyne  

 incognita  - - - - - - - - 81 

4 Effects of Different Concentrations of C. breviflora Extracts on  

Juveniles Mortality of M. incognita  - - - - - 84 

5 Effects of Different Concentrations of C. juncea Extracts on Juveniles  

Mortality of M. incognita  - - - - - - 86 

 

6 Effects of Different Concentrations of C. retusa Extracts on Juveniles  

Mortality of M. incognita  - - - - - - 88 

7 Effects of Different Concentrations of C. spectabilis Extracts on  

Juveniles Mortality of M. incognita Juveniles  -         -  - 90 

 

8 Effects of root Exudates Concentrations on Meloidogyne incognita  

Juveniles  - - - - - - - - -  92 

9 Effects of Decomposed Plant Parts (DPP) on Mean Number of Galls,  

Mean number of Juveniles of M. incognita, Mean number of fruit yield,  

Mean height, and Mean dry weight of Lycopersicum esculentum Plant 100 

 

10 Effects of Decomposed Plant Parts (DPP) on Mean number of galls,  

Mean number of juveniles of M. incognita, Mean number of fruit yield,  

Mean height, and Mean dry weight of Lycopersicum esculentum Plant 110 

 

11 Effects of Varying Concentration Decomposed Plant Parts (DPP) on 

Mean number of galls, Mean number of juveniles, Mean number of fruit  

yield, Mean height, Mean dry weight of Lycopersicum esculentum Plant  120 

 

12 Effects of test Weeds grown on infested field on Mean number of galls, 

Mean number of juveniles of M. incognita, Mean number of fruit yield,  

Mean height, and Mean dry weight of Lycopersicum esculentum Plant 133 



xi 

 

LIST OF PLATES 

PLATE         PAGE 

1 Prepared Pots with sterilized Soil and Beds amended with Decomposed  

Plants Parts (DPP) for Field Experiments  - - - - 61 

2 Prepared Beds treated with Varying Concentrations of Decomposed Plants  

Parts (DPP) and untreated Bed as Control - - - - 63 

3 Prepared Beds where test Weeds (Plants) were Grown on Infested  

Soil with Root-knot Nematodes and Control  - - - - 65 

4  Ageratum conyzoides L. (Plant AA) - - - - - 67 

5 Crotalaria breviflora DC (Plant AB)  - - - - 68 

6 Crotalaria juncea L. (Plant BC)  - - - - - 69 

7  Crotalaria retusa L. (Plant CD)  - - - - - 70 

8 Crotalaria spectabilis L. (Plant DE) - - - - - 71 

9 Euphorbia hirta L. (Plant EF)  - - - - - 72 

10 Portulaca oleracea L. (Plant FG) - - - - - -          73 

11 Tridax procumbens L. (Plant GH) - - - - - -           74 

12 A live Meloidogyne incognita Juvenile Extracted from Infected Tomato  

Plant (x40)        - - - - - - - - 78 

13 Lycopersicum esculentum Plants Grown on Bed Treated with 15kg  

of Decomposed Crotalaria breviflora (DPP, AB) Plant Parts  - 94 

14 Lycopersicum esculentum Plants Grown on Bed Treated with 15kg 

of Decomposed Crotalaria juncea (DPP, BC) Plant Parts - - 95 

 

15 Lycopersicum esculentum Plants Grown on Bed Treated with 15kg 

of Decomposed Crotalaria retusa (DPP, CD) Plant Parts - - 96 

16 Lycopersicum esculentum Plants Grown on Bed Treated with 15kg 

of Decomposed Crotalaria spectabilis (DPP, DE) Plant Parts- - 97 

17 Lycopersicum esculentum Plants Grown on Untreated Bed as Control 98 

18 Infected Lycopersicum esculentum (Tomato) Plant roots showing heavy  

Galls of Root-knot Diseases  - - - - - - 101 

19 Lycopersicum esculentum (Tomato) Plants Grown in Pots Treated with  

5kg Decomposed Plant Parts (DPP) each and Control - - 103 



xii 

 

20 Lycopersicum esculentum Plants Grown in Pots Treated with 5kg 

of Decomposed Crotalaria breviflora (DPP, AB) Plant Parts  - 104 

21 Lycopersicum esculentum Plants Grown in Pots Treated with 5kg 

of Decomposed Crotalaria juncea (DPP, BC) Plant Parts  - - 105 

 

22 Lycopersicum esculentum Plants Grown in Pots Treated with 5 kg  

Decomposed Crotalaria retusa (DPP, CD) Plant Parts - -         106 

23 Lycopersicum esculentum Plants Grown in Pots Treated with 5kg 

of Decomposed Crotalaria spectabilis (DPP, DE) Plant Parts  - 107 

24 Tomato Plants Grown on untreated Pots as Control  - - - 108 

25. Lycopersicum esculentum (Tomato) Plants Grown on Treated Beds with 

Varying Concentrations of Decomposed Plants Parts (DPP) and Untreated 

Bed as Control  - - - - - - -         112 

 

26. Lycopersicum esculentum Plants Grown on Beds Treated with  

Varying Concentrations of Decomposed Crotalaria breviflora (DPP, AB)  

Plant Parts -          - - - - - - - 113 

27. Lycopersicum esculentum Plants Grown on Beds Treated with  

Varying Concentrations of Decomposed Crotalaria juncea (DPP, BC)  

Plant Parts - - - - - - - - 114 

28. Lycopersicum esculentum Plants Grown on Beds Treated with  

Varying Concentrations of Decomposed Crotalaria retusa (DPP, CD)  

Plant Parts - - - - - - - - 115 

29. Lycopersicum esculentum Plants Grown on Beds Treated with  

Varying Concentrations of Decomposed Crotalaria spectabilis (DPP, DE)  

Plant Parts - - - - - - - - 116 

30 Lycopersicum esculentum Plants Grown on Untreated Bed as Control 117 

31 Crotalaria breviflora (Plant AB) Grown on Infested Fields with  

Root-knot Nematodes - - - - - - - 122 

32 Crotalaria juncea (Plant BC) Grown on Infested Field with  

Root-knot Nematodes   - - - - - - - 123 

33 Crotalaria retusa (Plant CD) Grown on Infested Field with Root-knot 

Nematodes   - - - - - - - - - 124 

34 Crotalaria spectabilis (Plant DE) Grown on Infested Field with Root-knot  

Nematodes  - - - - - - - - 125 

35 Lycopersicum esculentum (Tomato) Plants Grown on Beds where test  

Weeds were Grown on Infested Soil with Root-knot Nematodes and  

Control- -         -  - - - - - - 126 



xiii 

 

36 Tomato Plants Grown on Bed where Crotalaria breviflora (Plant AB)  

Plants were Grown on Infested Soil with Root-knot Nematodes  - 127 

37 Tomato Plants Grown on Bed where Crotalaria juncea (Plant BC) Plant  

were Grown on Infested Soil with Root-knot Nematodes - - 128 

 

38 Tomato Plants Grown on Bed where Crotalaria retusa (Plant CD) Plant  

were Grown on Infested Soil with Root-knot Nematodes - - 129 

39. Tomato Plants Grown on Bed where Crotalaria spectabilis (Plant DE)  

Plant were Grown on Infested Soil with Root-knot Nematodes - 130 

 

40 Tomato Plants Grown on Infested Soil with Root-knot Nematodes  

without Test Plants as Control - - - - - 131 



xiv 

 

LIST OF FIGURES 

FIGURE          PAGE 

1. Map of Plateau State showing locations from which Common  

Weeds were collected for identification and screening for  

Nematicidal properties - - - - - 51 



xv 

 

ABSTRACT 

The screening of some common weeds for nematicidal activities on Meloidogyne 

incognita infestation on tomato (Lycopersicum esculentum L.) was carried out at the 

Botanical nursery and Biology Laboratory, Plateau State Polytechnic, Barkin ladi, 

Nigeria, with a view to establishing their potential for organic amendment or as trap 

weeds for the control of Meloidogyne incognita. The common weeds were surveyed 

and identified by a taxonomist based on botanical nomenclature and voucher number to 

include Ageratum conyzoides, Crotalaria breviflora, Crotalaria juncea, Crotalaria 

retusa, Crotalaria spectabilis, Euphorbia hirta, Portulaca oleracea and Tridax 

procumbens. The common weeds were uprooted and taken to the laboratory for 

extraction and Phytochemical screening using standard procedure. Phytochemical 

screening of the test plants revealed the presence of Alkaloids, Carbohydrates, 

Flavonoids, Glycosides, Saponins, Sterols, Tannins, and Terpenes, which suggest that 

they are the active ingredients against Meloidogyne incognita, acting separately or in 

combinations. The root exudates of test plants were also prepared and collected by 

growing young actively growing seedlings of the test plants in test tubes wrapped with 

black carbon paper for five days under lighted florescent bulbs. Egg masses from root 

galls of tomato plants was teased out and identified. The eggs were placed in the 

exudates of susceptible tomato test plants for 24 hours to stimulate hatching of eggs. 

The resulting juveniles from hatched eggs were transferred in various concentrations of 

1g in 5mls, 1g in 10 mls and 1g in 15 mls of extracts extracted with ethanol using 

soxhlet extractor and exudates of the test weeds. The set up were observed after an 

interval of 6 hours, 12 hours and 24 hours for live and dead juveniles in an in vitro 

study. The results of the in vitro studies reveal that at exposure time of twenty four (24) 

hours at concentration of 1g in 5 mls all the seventeen (17) juveniles were dead. The 

effects varied with concentration of the extracts and exudates (P< 0.05) using analysis 
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of variance (ANOVA). The effects of the test plants in terms of reduction in nematode 

population of soil increase in growth and yield of susceptible tomato plants grown in 

soil amended with decomposed test plants at concentration of 5 kg, 10 kg and 15 kg to 

beds measuring 120 x 240 cm was determined. Decomposed test plants in soil 

amendments also significantly reduced nematode populations at the varying application 

rates. The effects of decomposed plant parts (DPP) had a minimum mean number of 

thirty six (36) galls per three (3) tomato plants and with highest mean number of fruit 

yield of two hundred and fifty six (256) per three tomato plants. The results thus 

confirmed that all the test plants are potentially viable trap weeds, and can be used in 

organic amendments of soils for the control of Meloidogyne incognita infecting tomato 

variety UC 82 B and should be employed as such. The test plants, most of which are 

legumes have the added advantage of enriching the soil through nitrogen fixation. 

These test weeds can be composted and incorporated in soil organic amendment as well 

as grown on fallow fields as trap or catch plants to reduce nematodes populations and 

increase growth and yield of crops susceptible to Meloidogyne incognita. Farmers can 

now substitute the use of synthetic chemical of high cost for these obnoxious weeds. 
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CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND TO THE STUDY                       

The root-knot nematodes due to their frequency of occurrence and high levels of 

infestation with other pathogens have been recognized among plant nematodes as the 

major limiting factor in food production especially vegetables (Mohammed and 

Mashkor, 1990). Root-knot nematodes are plant parasitic nematodes from the genus 

Meloidogyne. They exist in soil and areas with hot climates or short winters; they cause 

approximately 5% of global crop loss (Adesiyan, Caveness, Adeniyi and Fawole, 

1990).  

Root-knot nematode larvae infect plant roots causing the development of root-

knots or galls that drain the plant photosynthate and nutrients (Adesiyan et al., 1990). 

Infection of young plant may be lethal, while infection of matured plants causes 

decreased yield (Adesiyan et al., 1990). They injure plants by feeding on root cells with 

their needle-like mouthparts (stylets).The root system can become damaged to the point 

where the plant cannot properly absorb water and nutrients (Adesiyan et al., 1990). 

Root-knot nematodes first attracted attention in 1855 when it was found in a green 

house in England. Since then it has been a cause for concern over much of the world. 

Root-knot nematodes are cosmopolitan in distribution (Adesiyan et al., 1990).  

The Meloidogyne spp infect more than 2,000 plant species and significantly 

reduce agricultural productions (Sasser and Freckman, 1987). After hatching from 

eggs, second stage juveniles invade roots of host plant, and migrate intercellularly to 

differentiating vascular regions. The nematodes then become sedentary and induce the 

formation of giant cells which act as the nutrient source for their development and 

reproduction (Jones, 1981; Williamson and Hussey, 1996). Between 2-12 giant cells are 

induced from pro-vascular cells in the differentiating vascular cylinder (Jones, 1981). 

They become multinucleate by repeated mitosis without cytokinesis and are filled with 



2 

 

metabolically active cytoplasm (Jones and Payne, 1978). There is an increase in the 

activities of many enzymes in giant cells, as well as in the rate of synthesis of 

Deoxyribose Nucleic Acid (DNA) and ribosomal RNA (Ribose Nucleic Acid) and 

protein, compared to that in the surrounding cells, which reflect the increased metabolic 

activity inside giant cells (Jones, 1981; Favery, Bedtold, Bouchez, Dalmasso and Abad, 

1998). Formation and maintenance of giant cells requires continuous stimulus from 

nematodes oesophageal gland secretion (Williamson and Hussey, 1996), 

The Meloidogyne incognita is endoparasite which must penetrate plant roots in 

order to establish a successful host-parasite relationship. Its juveniles readily penetrate 

host root near the apical meristem following attraction by root exudates (Wonang and 

Akueshi, 1997). Over the past 20 years plant and soil samples submitted to the 

University of Maryland Nematology laboratory routinely contained economically 

significant root-knot nematode populations. The most prevalent species observed was 

M. incognita, and vegetables were the host plant most frequently encountered. In 

Maryland, M. incognita has been associated with damage to Zea mays L. (Corn), 

Cucumis melo L. (Muskmelo), Glycine max (L) Merr.  (Soyabean), Ipomoea batatas L. 

Lam. (Sweet potato), Nicotiana tabacum L. (Tobacco), Lycopersicon esculentum Mill. 

(Tomato), Vicia villosa Roth. (Vetch), and Triticum aestivum L.(Wheat) (Jenkins, 

Taylor, Rahde and Coursen, 1957). Solanum tuberosum L. (Potato) and other 

vegetables grown throughout the region have experienced significant losses due to root-

knot nematodes. 

In agriculturally developing countries like Nigeria, Ghana, Kenya, it has been 

noted that among root-knot nematodes, Meloidogyne incognita causes immense 

damage to vegetable crops.  Meloidogyne spp (root-knot nematodes), are important 

pests of Lycopersicon esculentum Mill. (Tomato) worldwide (Sasser, 1980; Jones, 

Jones, Stall and Zitta, 1991; Wonang and Akueshi, 1996). Four major species, namely 
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M. arenaria, M. hapla, M. javanica and M. incognita have been reported to infect 

tomatoes in the tropics (Sasser, 1979). These species cause gall or root-knot on infected 

plants. Other symptoms include stunted growth, wilting, and poor fruit yield. Infection 

by Meloidogyne incognita can increase root weight and decrease shoot weight 

(Fortnum, Kasperbauer, Hunt and Bridges, 1991). In the tropics estimated production 

losses of tomatoes due to Meloidogyne spp reach as high as 50 %. However, the overall 

impact on tomato is highly variable, as disease intensity is influenced by many biotic 

and abiotic factors (Sasser, 1980). 

Diseases such as Meloidogyne root-knot affect cowpea adversely. Ehlers and 

Hall (1997) reported that these diseases could cause up to 64-80 % yield losses in 

cowpea production under severe conditions. Meloidogyne, the causal organism of 

cowpea root-knot disease is the most pathogenic species of nematodes to the crop 

(Khan, Khan and Khan, 1996). They are very numerous and adaptable to many soil 

ecology where they feed on roots, live and reproduce entirely within the roots of the 

crop.  

The Meloidogyne spp are major pathogens of vegetables throughout the United 

States and the world, impacting both on the quantity and quality of marketable yield. In 

addition, root-knot nematodes interact with other plant pathogens, resulting in increased 

damages caused by other diseases. In susceptible plants, the population of the 

nematodes build up to a maximum, usually, as the crop reaches maturity (Shurtleff and 

Averre, 2000) and in some cases the plants die even before reaching maturity (Singh 

and khurma, 2007). 

Three species of root-knot nematodes were known to be most prevalent in 

Nigeria. These are Meloidogyne incognita (Kofoid and White) Chitwood, M. javanica 

(Treub) and Meloidogyne arenaria (Chitwood) (Caveness, 1976, Chindo and 

Khan.1986), Meloidogyne arenaria, Meloidogyne incognita are generally known to be 
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the most common species in tropical and sub-tropical regions of the world. While root-

knot nematodes alone are capable of causing severe plant injury and reduction in crop 

production, they are also often involved with pathogenic fungi and bacteria.These 

combinations often result in more than additive effects such as the breaking down of 

resistance or production of symptoms differing from those usually produced by other 

organisms alone. Such associations are sometimes referred to as disease complexes 

(Chindo and Khan, 1986). 

Several control strategies such as host plant resistance, rotation with non-hosts, 

sanitation and avoidance, destruction of residual crop root, and judicious use of 

nematicides have been reported to effectively control root-knot nematodes (Becker and 

Koenning, 1998). However, the use of resistant varieties remains the most viable 

option, particularly for small-scale farmers with limited resources (Williamson, 1998). 

Even with these control strategies root-knot nematodes are often cited as major limiting 

factor of crop production. Despite their relative importance in the biology and growth 

and yield of crops, root-knot nematodes have not been fully addressed in Nigeria. 

Taking into account the world-wide distribution of root-knot nematodes, it is necessary 

to find out the most effective and feasible control measure. The use of chemical for 

nematode control on large scale is an expensive and impracticable operation (Akhtar 

and Malik, 2000). 

Due to the phase out of methyl bromide and constraints of use of other fumigant 

nematicides, such as the length of the period following fumigant application when 

crops cannot be planted, growers developed an increase interest in non-chemical 

control options (Ferguson and Padula, 1994, Noling and Becker, 1994). Maryland 

potato growers met in fall in 1999 and expressed interest in cover crops, non-host 

rotation crops, and use of poultry manure in the potato cropping system.The growers 
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were especially interested in practices that had been effective, even experimentally, in 

other regions. 

The use of chemicals (nematicides) which are the most effective method of 

controlling nematodes is, however, not economical, because these chemicals are very 

expensive particularly on large scale farming and most farmers cannot afford 

them.They are currenly being reappraised with respect to the environmental hazards 

and human health (Wachira, Kimenju, Okah and Mibey, 2009). 

Indiscreminate use of synthetic pesticides for controlling nematodes is likely to 

give rise to phytoxicity, environmental pollution and nematode resistance. Unsafe use 

of pesticides may result in poisoning of humans and is a problem especially in 

developing countries (Conway, 1995; Yudelman, Ratta, and Nygaard, 1998). There is a 

need to develop naturally occurring nematicides, which may be less toxic to man and 

animals but as effective against nematodes of various crops as synthetic ones. Toxicity 

of root extracts of different plants against nematodes has been reported by many 

researchers (Onifade and Egunjobi, 1994). Control and management are two important 

concepts for dealing with nematodes problems. Nematode control refers to specific 

tactics applied to reduce or eliminate nematode population, while management 

describes efforts to reduce nematode numbers to non-damaging level through the 

application of severe control procedures in combination or in sequence (Thomason and 

Caswell, 1987). 

Identification of plants with nematicidal or nematostatic properties facilitates safer, 

cheaper, practical and profitable control of nematodes through organic amendments 

with such  plant residues or biological control by cultivation of such plants with 

nematicidal properties on heavily infected agricultural soils to bring the population of 

root-knot nematodes down to safe levels. Generally, in pest control, the method used 

must be of economic value, that is the increase in monetary value of the crop must be 
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more than enough to offset the cost of control measures. According to Taylor and 

Sasser (1978) the expected benefits should exceed the expenses by a ratio of three to 

one (3:1). 

1.2 STATEMENT OF THE PROBLEM 

 Root-knot disease of tomato caused by Meloidogyne incognita is common 

throughout Nigeria. It is destructive in the savannah regions including Plateau State. 

Severe losses in tomato yields occur in fields infested with root-knot nematodes 

(Wonang and Akueshi, 1997). Tomato cultivars UC 82 B, Mermande Vfn, Mamade 

VF, Ronita, Ife l, Rossol, Jos local, Marzinino, Newyorker, Pusa early dwarf, 

Enterpriser and Nematex  are commonly cultivated in Jos Plateau State and other parts 

of Nigeria. They have exhibited varying degrees of susceptibility/resistance to 

Meloidogyne incognita and M.javanica (Wonang and Akueshi, 1997). 

 Root-knot nematode Meloidogyne incognita is known to attack tomato in many 

different parts of the world including Nigeria; tomatoes have been regarded as most 

favourable host of root-knot nematodes causing significant yield losses (Dropkin, 

1980). Yet, tomato is one of the most important vegetable crops grown throughout the 

world for consumption in various forms. All the four major species of Meloidogyne 

viz., M. incognita, M. javanica, M. arenaria, M. hapla and their known races attack 

tomato crops in outdoor as well as indoor cultivation. Studies have shown that root-

knot nematodes can cause suppression in yield of tomato as high as 85 % (Taylor and 

Sasser, 1978; Sasser, 1979). Tomatoes being a cash crop in many parts of the world, 

control measures to safe the crop from root-knot disease are usually taken seriously 

especially as it is known to be highly susceptible to this disease. Several methods have 

been used for the control of root-knot nematodes on various crops including tomato, but 

the most spectacular of all is the use of chemicals nematicides. However, they are not 

much used by peasant farmers because they are expensive, toxic and persistent, and 
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require skill for their application (Umar, Muhammad and Okusanya, 2010; Umar and 

Chubado, 2009).  

Root-knot nematodes impact heavily on beans production in Kenya (Kimenju, 

Muiru, Karonja, Nyongesa and Miona, 2004). Besides causing significant yield 

reduction, the nematodes interact synergistically with other plant pathogens resulting in 

disease complexes that impact more heavily on crop yield. Continuous cropping on the 

same piece of land further aggravates the nematodes menace as the population 

increases above the economic threshold level. 

1.3 JUSTIFICATION OF THE STUDY 

Nematodes are recognized as important agricultural pests and have been 

implicated in crop failure world wide especially in the tropical regions. They usually 

attack the roots, stems, leaves, flowers and even bulbs causing galling, lesion, stunting, 

poor development of the leaves and fruits, yellowing of the leaves, decrease in yield 

and increased susceptibility to pathogens and sometimes plant death. The use of 

chemicals (nematicides) which is the most effective method of controlling nematodes 

is, however, not economical; most farmers cannot afford them or lack the experience to 

handle them. These chemicals are hazardous if not properly handled. Dropkin (1989) 

gave some control methods to include sanitation, crop rotation/fallowing, soil 

amendments, solar pasteurization, but he equally stated that certain factors such as 

expenses and type of crops may limit their application in some cases. Taylor and Sasser 

(1978) stated that the major problem with crop rotation is that the rotation of resistant 

or immuned crops may not always be profitable as susceptible crops and also if weeds 

are not adequately controlled, the success of crop rotation is jeopardized. It is also land 

demanding. 

The use of chemical agents is highly effective in controlling root-knot 

nematodes and other plant-parasitic nematodes. However, the majorities of the 
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fumigant-type nematicides are no longer available and are costly and difficult to apply 

properly by most farmers (Widmer, 2007). The non-availability of synthetic pesticides 

when needed by the farmers and adulteration and sale of expired products also 

compound the problem (Salako, 2002). Cases of side effects such as phytotoxicity, 

accidental poisoning of the farmers leading to ill-health and residual effect such as soil 

toxicity and water pollution have been reported too (Pimental and Porking, 1980). 

 Organic amendments have been suggested and used in the control of root-knot 

nematodes in crop fields. Amendments such as Cow dung, Poultry manure and neem 

leaves have been used in different crop fields to control Meloidogyne species 

(Egunjobi, 1992, Umar and Jada, 2000). Under this context, the use of plants with 

nematicidal properties in land fallowing or organic amendment of soils can be 

effective, cheaper and safer. It is against this background that the present investigation 

has been designed. 

1.4 AIM AND OBJECTIVES 

The aim of this study is to survey some coomon weeds for nematicidal 

properties against root-knot nematodes (Meloidogyne incognita) with a view to 

integrating them in the control of the nematodes, through organic amendment or as trap 

or catch weeds during fallowing. 

The specific Objectives are: 

1.  Collection and identification of common weeds 

2. To determine their active ingredients (Phytochemical screening) 

3. Isolation and identification of Nematodes from diseases plants 

4. In vitro control of the Plant Parasitic nematodes using extracts from weeds 

5. To determine the efficacy of decomposed weeds as organic amendment of soil 

in the control of infecting susceptible tomatoes. 

6. To determine the efficacy of the identified weeds in the control of nematodes 

through their incoporation as trap or catch weeds during fallowing of field 

infested by root-knot nematodes 
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1.5 HYPOTHESES 

1. There is no significant difference between the mortality of Meloidogyne 

incognita treated with common weeds extract and exudates and those not 

treated with common weed extract and exudates. 

2. There is no significant difference between the phytochemical compositions of 

common weeds extracts with nematicidal properties and those without 

nematicidal properties. 

3. There is no significant difference between the mortality of Meloidogyne 

incognita treated with decomposed common weeds with nematicidal properties 

and those not treated with the decomposed common weeds with nematicidal 

properties. 

4. There is no significant difference between Meloidogyne incognita mortality in 

infested field fallowed with common weeds with nematicidal properties and 

those without common weeds with nematicidal properties. 

5. There is no significant difference between the growth and yield of susceptible 

tomato plants grown in soil treated for the control of root-knot nematodes and 

those on untreated control fields or soil. 

1.6 SCOPE OF THE STUDY 

The scope of this study was limited to screening of common weeds found on the 

plateau for their nematicidal potential using the root-knot nematodes as test organisms 

in an in vitro trial. The study also encompassed in vivo trials involving the utilization of 

varying quantities of decomposed test plants in organic amendment of soil infested with 

root-knot nematodes. A susceptible variety of tomato to root-knot nematode was grown 

in the soil as experimental plant. Also the study covered phytochemical screening of 

extracts of common weeds utilized for the trial to determine their bioactive 

constituents. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 ROOT-KNOT NEMATODES  

Root-knot nematodes are microscopic worms that live in the soil and feed on 

the roots of many common garden crops (Fox, 2001). They are known as root knot 

because their feeding cause galls (swellings or „knots‟) to form on the roots of infected 

plants. Root-knot nematodes are scientifically classified in the genus Meloidogyne 

(Adegbite, 2003). There are several species of Meloidogyne, but Meloidogyne 

incognita, also known as the southern root-knot nematode, is the most common one in 

gardens causing high losses. Some of the crops that may be severely damaged are 

tomatoes, pepper, okra, watermelon, cantaloupe, onion, pumpkin, squash, sweet potato, 

sweetcorn, carrot, eggplant, bean and pea (Fox, 2001, Adegbite, 2003,). 

The Meloidogyne incognita (root-knot nematodes) (Kofoid and White) 

Chitwood is an important pest of vegetables. Its approximate distribution in agricultural 

soils of Nigeria is estimated at 75 %. Among Meloidogyne species, Meloidogyne 

incognita is the most common in the savanna zones of Nigeria (Canveness, 1976). It 

attacks almost all the cultivated plants and can cause root-knot disease on the host 

plants.  

 Root-knot nematodes were first recorded as parasites on vegetables in 1885. 

Five years later, they were observed attacking cotton in the Southern United State. 

Root-knot nematodes which include more than sixty species attack nearly all crops and 

weed species (Noel, 1992). The most common species of root-knot nematodes are 

Meloidogyne incognita, M. arenaria, M. hapla, and M. javanica. These nematode 

species are generally considered to be among the 10 most important plant pathogens in 

the world and are responsible for hundreds of millions of dollars in crop losses annually 

(Allen and Bobby, 1996). 
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The root-knot nematodes were among the first plant parasitic nematodes to be 

described probably because their symptoms are characteristic and easy to see. In 1887, 

Goldi investigated in details the root-knot disease of coffee trees. He later gave the 

name Meloidogyne exigua to the root-knot nematode causing the disease. The binomial 

nomenclature for root-knot nematodes did not achieve stability until 1949. First, they 

were called Heterodera radicicola and later Heterodera marioni. But in 1949, 

Chitwood revived the generic name Meloidogyne and definitely identified five species 

and one variety of root-knot nematodes (Taylor and Sasser, 1978). To date, about 50 

species of Meloidogyne have been described from various parts of the world in 

conformity with the standards of the International Rules of Zoological Nomenclature 

(Eisenback, Hirschmann, Sasser and Triantaphyllow, 1981; Taylor, Sasser and Nelson, 

1982). 

Root-knot nematodes exist in soil in areas with hot climates or short winters. 

There are several different species of root-knot nematodes including Meloidogyne 

javanica, M. arenaria, M. incognita (southern root-knot nematode), M. chitwood (the 

Columbia root-knot nematode) (Caveness, 1976; Chindo and Khan, 1986). 

Root-knot nematodes over winter as eggs in the soil or continue to produced 

new generation in warmer climates with mild winter.  Second stage juveniles hatch and 

penetrate host roots. Saliva secreted via the stylet is injected into the host plant cells 

near the juveniles head liquefying them. These cells enlarge and become “giant cells,” 

the feeding sites for the nematodes. Galls are formed when the root cells around these 

giant cells also enlarge and divide but no cell walls are formed. Three to six cells may 

be found per gall. Juveniles continue to feed and go through third and fourth moults in 

the roots. After the fourth moult, worm-like adult males emerge from the root while 

pear-shaped females remain in the roots and lay eggs with or without fertilization from 
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a male. These eggs are protected by a gelatinous coat and may be laid inside or outside 

of the plant root (Mohammed and Mashkor, 1990). 

A single female lays about 500 to 1500 eggs during her life which lasts about 

two to three months. Eggs are hatched only under favourable conditions such as 

adequate moisture and warm temperatures depending upon the host and soil 

temperatures. The entire life cycle may be completed in 17-57 days. Dissemination of 

nematodes within and among field can be by irrigation water, Vegetative plant parts 

and soil infested with eggs or larvae which adhere to farm implements, animals or 

humans. Typically, root-knot nematode development begins inside the egg. After the 

completion of embryogenesis, the first stage juvenile‟s remains inside the egg until it 

moults into second stage juvenile. Second stage juveniles hatched from the egg and 

move freely in the soil in search of a suitable host plant. Root-knot nematodes second 

stage juveniles undergo an additional three moults before transforming into the adult. 

Root-knot nematodes have a low host plant penetration rate at temperature below 50
0 

F, 

and a reduced reproduction rate at temperature below 58
0 

F. Root damage results from 

the sheer number of nematodes feeding on roots by the end of the summer (Blake and 

Nancy, 1999). 

Root-knot nematodes infected plants have swellings on their roots and usually 

are stunted and unproductive.They have a wide host range and once introduced, they 

are difficult to control. They move in soil on their own, but also are easily introduced 

into new sites on transplant (which may or may not have visible symptoms), in infested 

soil, and in soil, on tools and other equipment (Oleson, 1981). Root-knot is associated 

with other disease such as crown gall and Fusarium disease because the root-knot 

nematodes provide entry ways for Agrobacterium spp and Fusarium spp to infect plant 

as well. 
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Rammah and Hirschmann (1988) stated that Meloidogyne incognita, M. 

javanica and M. arenaria are found in the south-east and south-eastern portions of the 

U.S while M. chitwood preferred the cooler climate of the Pacific North-west. 

Meloidogyne hapla has been found in every state in the U.S. except for Alaska.  

Root-knot nematodes on a world wide basis are the most important species in 

order of distribution and crop damage. The species involved are Meloidogyne 

incognita, M. javanica, M. hapla and M. arenaria (Chitwood, 1949). In Nigeria, there 

are three known species of root-knot nematodes. These are in order of importance, 

Meloidogyne incognita, M. javanica and M. arenaria.These species are found in all 

parts of the country (Sasser, 1979). 

2.2 SYMPTOMS AND DAMAGE BY ROOT-KNOT NEMATODES 

One of the first indications of a root-knot nematode infection is an area in the 

field where plants wilt down in the middle of the day even though there appears to be 

sufficient soil moisture to prevent this. These plants may also look stunted and yellow. 

Fruit set of infected plant is very poor and the fruit formed frequently fails to ripen and 

is of poor quality. The most characteristic symptoms of the disease are those occurring 

on the underground part of the plant. Infected roots swell at the point of invasion and 

develop into typical root galls, which are swellings 2-3 times as large as a healthy root. 

Water conduction by root is also inhibited, so that water and nutrient movement to the 

top of the plant slows or stops. Rotting of the roots may develop later in the season. 

When plants are infected in the seedling stage, losses are extremely heavy and may 

result in early death of the plant. Infested plants show the symptoms of stunting, 

yellowing, aberrant development of root system characterized by the formation of 

typical galls, a general unthrifty appearance and limited fruit production, estimated 

yield losses ranging from 28 % (Adesiyan et al., 1990; Williamson and Hussey, 1996). 



15 

 

Root-knot is very distinctive because of the galls or swellings produced on roots 

and underground portions of stems. These galls vary in size and may be as 1-2mm in 

diameter or as large as 2cm or more in large roots (Taylor and Sasser, 1978). These 

deformations can often completely ruin crops for sale. Plant, if infected when young, 

will be stunted, more susceptible to drought stress, and show symptoms of nutrient 

deficiency. Such infected plants appear less vigorous than healthy plants, may be 

yellowed, are prone to wilt in hot weather, and respond poorly to fertilizer application. 

Damaged areas usually appear as irregular patches and are frequently associated with 

lighter textured soil. 

Symptoms on affected plants may be evident on parts of the plant both above 

and below the ground. Above the ground, plants may appear stunted and discoloured 

and may die. Plant may wilt easily in hot, dry weather and appear to have nutrient 

deficiencies. Beneath the ground, the root may have knot or galls (swollen areas) on 

them. Both large and small root will have round swellings on them. The entire root 

system may be shallow with areas dead or branched excessively (Nancy, James and 

Joey, 1999). 

Large and small roots may be affected with swellings varying from round 

sphere-like galls to elongated spindle formed from large numbers of individual galls 

growing together. Root-knot galls involved the entire root in the affected zone. They do 

not take the form of easily detached galls like those produced by nitrogen fixing 

bacteria on the roots of legumes. Root-knot galls should not be confused with the 

fungal disease, club root, on cruciferous crops. In most instances, root-knot is 

characterized by smaller swelling, and more uniformly than roots that is typically seen 

with club root. When the galls formed by the root-knot nematodes are broken open, 

slimy white bodies about the size of a pinhead, the enlarged female nematodes are 

usually found. Also glistening white to yellow egg masses are present on the root 
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surface. The galls formed by club root do not possess this characteristic and are usually 

pinkish or brick coloured. Phenoxy-type herbicides such as 2-4 Dichloropropane can 

cause swelling on stems of cruciferous crops which superficially look like root-knot 

galls. Herbicide damage on these crops will not affect the roots. However, on young 

potato tubers, the outer surface appears rough and warty because of the enlarged 

females underneath the skin (Richard, Sally and Randal, 1996). 

Infection by root-knot nematodes cause decline in the host and under some 

conditions may kill the plant. Infected plants may be stunted and chlorotic, usually wilt 

easily, and are not productive. However, the extents of damage caused by root-knot 

nematode infections vary with host, timing of infection and cultural conditions. Root-

knot nematode infection often is easy to identify because of the swelling in root that 

look like knot. The swelling becomes large and easy to see on some host such as 

squash, but may be smaller and less conspicuous on others such as Chile pepper. 

Multiple infections on one root result in a swollen rough appearance, besides structural 

deformation of host plant, root-knot nematodes are also known to induce biochemical 

and physiological changes in their host plant (Huang, 1985). Decreased carbohydrate 

and increased proteins and, lipids and mineral contents have been reported in galled 

tissues by these workers. 

Damages by root-knot nematodes usually start by the second stage juvenile 

entering the plant root behind the root cap, in the zone of elongation where it then 

migrates toward the root tip. Once it reaches the root tip, it turns 180
0 

and travels in the 

centre of the root cylinder to the zone of differentiation. The second stage juvenile 

injects esophageal gland secretion that causes proxylem root cells to divide, enlarge and 

form multinucleate giant cells. These giant cells act as metabolic sinks that actively 

transfer nutrient from the host plant to the developing nematode. Cells around the 

developing juvenile also become hypertrophic and more numerous, which ultimately 
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result in the formation of the characteristic root galls, associated with Meloidogyne 

infections (Siddharth, Jon and Roger, 2005). 

Webster (1992) had reported that secretion by proteolytic enzymes into plants 

by root-knot nematodes release Indole-3-acetic acid (IAA) and Gibberellins (growth 

hormones) which induce galling. Jewkins and Malek (1966); Wonang and Akueshi 

(1990) have also observed above normal accumulation of nitrogen, potassium and 

phosphorus in tomato roots infected with Meloidogyne incognita. Meo and Fisher 

(1978) observe a restricted water flow in tomato roots infected by M. javanica and 

concluded that this was due to disruption and development and abnormal vessel 

elements in the roots, as a result of infection by the nematodes. Loveys and Bird (1973) 

also report a decline in the net photosynthetic rate in tomato when infected with high 

innoculum levels of M. javanica. The unbalanced physiology in the host plant system is 

known to affect the entire plant system leading to the development of deficiency 

symptoms in the foliage of which chlorosis is most common and prominent. Khan and 

Khan (1987) also found a reduction in number of stomata, stomatal size and stomatal 

operture in inoculated tomato leaves when compared with the control. A significant 

reduction in chlorophyll “a” and “b” content of leaves of infected plant was also 

reported. 

Root-knot nematode impact galls heavily on beans and maize production in 

Kenya (Kimenju et al., 2004). Besides causing significant yield reduction, the 

nematodes interact synergistically with other plant pathogens resulting in disease 

complexes that impact more heavily on crop yield. Continuous cropping on the same 

piece of land further aggravates the nematode menace as the population increases above 

the economic threshold levels. 

Disease such as Meloidogyne root-knot and Rhizoctonia root-knot affect cowpea 

adversely. Ehlers and Hall (1997) report that these diseases could cause up to 64-80% 
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yield losses in cowpea production under severe conditions. Meloidogyne, the causal 

organism of cowpea root-knot disease is the most pathogenic species of nematode to 

the crop (Khan et al., 1996). They are very numerous and adaptable to many soil 

ecology where they feed on roots, live and reproduce entirely within the root. 

Out of several reported association of nematodes with other pathogens, that of 

nematode with fungi has been the greatest (Adesiyan et al., 1990) and they often show 

synergistic interaction leading to more severe disease symptoms. Among these, the 

interaction between root-knot nematodes and the wilt fungi are those that have been 

extensively studied. It has been severely reported that infection by Meloidogyne spp, 

root-knot nematodes, increased the severity of fusarium wilt in cotton, tomato and 

tobacco as expressed by increased death rate and more severe symptom development 

(Kassap and Ali, 1996). 

Meloidgyne incognita and M. javanica also interact with Phytophthora 

parasitica Var. nicotinae to increase the severity of black Shank disease of tobacco 

(Taylor and Sasser, 1978). In the presence of M. incognita, Pythium spp and 

Rhizoctonia spp infect and cause extensive decay of tobacco roots. This is particularly 

so if the nematode had been present on the roots 3 to 4 weeks earlier. Trichoderma, 

Curvularia, Botrytis, Aspergillus, and Penicillium are fungi which ordinarily cannot 

establish a parasitic relationship on plants. But when the plant has been predisposed by 

root-knot nematodes, they all cause major disease. 

Multiple interactions are also known to occur, for example, M. incognita 

predisposes tobacco plants to Fusarium oxysporum, F. nicotianae wilt. Plants affected 

by both pathogens are then predisposed to Alternaria tenuis to form a destructive 

complex (Taylor and Sasser, 1978). 

Soyabeans wilt root-knot nematode and tobacco ring-spot virus had reduced root 

system and was extensively galled (Taylor and Sasser, 1978) with the virus alone. 
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There are no obvious effects on the roots while with the root-knot nematode alone, the 

roots are galled but not reduced in size. 

2.3 DISTRIBUTION OF ROOT-KNOT NEMATODES 

Nematodes ocur just about every place where there is food and moisture. Some 

nematode species have adapted to extremes of temperature and moisture.  Plant 

parasitic nematodes have been found in all areas surveyed. Many genera of plant 

parasitic nematodes have a world wide distribution while other genera and species 

occupy a restricted area or region. The activities of man have been responsible for 

introducing many plant parasitic nematodes into areas distant from their place of origin. 

These nematodes have adapted to a new or similar environment and often new host 

plants as well (Sasser, 1979). 

Recognizing the importance of root-knot nematodes in agriculture economy, an 

international project call International Meloidogyne Project (IMP) was initiated with its 

headquarters at the North Carolina State University. Raleigh under the leadership of  

Prof. J.N Sasser with the assistance of more than 160 nematologist spread over 70 

countries of the world, the occurrence and distribution of species, their relative 

importance differentiation and distribution of races have been worked out (Taylor and 

Sasser,1978). 

Root-knot nematodes are best adapted to coarse textured, sandy soil rather than 

fine textured silt or clay based soils. The presence of root-knot nematodes in a field 

does not always mean they are causing a significant yield loss. Many factors influence 

the amount of crop damage that will occur with a given population of root-knot 

nematodes. Factors to be considered include soil type, Soil fertility levels, moisture 

availability, and presence of other pathogens or pests (Allen and Bobby, 1996). 

McKenry et al. (1990) stated that the distribution of a particular nematode 

species can be the result of many differing factors. Distribution may reflect a lengthy 
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association with natural vegetation or a relatively recent introduction to a new region. A 

nematode may not be found naturally within a particular area or it may not establish 

itself in an area because the soil and climatic environment are unsuitable. Some 

nematodes may have adapted to strict climatic requirements, others may be broadly 

adapted to survival and proliferation within any of these climate extremes. Within a 

geographic area, distribution often largely depends on farming factors, but also may be 

determined by additional environmental requirements such as availability of host plant 

(whether agricultural crops or natural weed species) particular soil texture, and 

chemical and moisture characteristic. Root-knot nematodes are found at least 4-12 

inches below the soil surface in the early spring, but may be present to a depth of 16 

feet. As the season progresses, root-knot nematode populations become concentrated in 

the root zone. The M. hapla (northern root-knot species) can withstand freezing soil 

temperatures, whereas the M. incognita (southern root-knot species) only survives at 

soil depths where freezing temperatures do not occur. Root-knot nematodes cannot 

move very far on their own, less than 3 feet in a year. They are spread mostly by 

movement of soil and in run-off water, when growers work their soil in fall and spring. 

They may spread root-knot nematodes egg masses within and between fields. 

Meloidogyne spp (root-knot nematodes) are distributed throughout California‟s 

agricultural area. The different species show some regional preferences; however 

Meloidogyne incognita, M. arenaria and M. javanica have similar distributions and are 

concentrated in the warm interior valleys of imperial, Coachella, and San Joazuin. 

Adesiyan et al. (1990) reported the occurrence and pathogenicity of some of the 

species of root-knot on yams in southern Nigeria. Available evidence shows that the 

means of spreading the yam nematodes are mainly through infected planting stocks and 

the soil. Infestation by root-knot nematodes may also occur in field previously cropped 

to root-knot susceptible plants. 
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 Nwauzor and Fawola (1982); Ogunfowora (1977) and Sasser (1980) differently 

reported that the M. incognita (root-knot nematodes) are widely distributed, have an 

extensive host range and interact with other micro organisms. Olowe (2004) reported 

that a survey of Meloidogyne spp, root-knot nematodes, was conducted in 248 major 

cowpea growing areas, spread over 31 states and the Federal Capital Territory in 

different ecological zone in Nigeria, reveal the occurrence of Meloidogyne incognita, 

M. javanica and M. arenaria singly or in combination in all cowpea farms sampled. In 

overall distribution, M. incognita (51.8 %) was the most prevalent followed by M. 

javanica (44.1 %) and M. arenaria (4.1%). The greatest abundance of M. javanica 

(65.6 %) was concentrated in the Sudan savannah of the core North (Northeast and 

North-west) and that of M. incognita (82.1 %) in the horrid forest of the south (south-

east, south-west and south-south). However, M. javanica (51.7 %) and M. incognita 

(44.2 %) tended to be common in the Guinea Savannah of the middle belt, north 

central. Mixed population of the species (4.0%), but more commonly of M. incognita 

and M. javanica in the core North where M. javanica was prevalent, M. incognita 

formed about one third (34.2 %) of the mixed population density whereas in the south 

where M. incognita was dominant, M. javanica formed a lower proportion of about one 

fifth (17 %) of the mixed population density. These finding provide information and 

guidance for planning effective management strategies. Sasser (1977) summarizes the 

occurrence of root-knot nematode species in different parts of the world. His report 

included eleven (11) species in Africa, nine (9) species in central and South America, 

eighteen (18) species in the United State, three (3) species in Canada, eleven (11) 

species in Europes and Mediterranean region, ten (10) species in India and Sri Lanka, 

four (4) species in Russia and five (5) species in Japan. 
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2.4 SUSCEPTIBLE HOST RANGE OF ROOT-KNOT NEMATODES 

  Meloidogyne spp (root-knot nematodes) infect more than two thousand (2,000) 

plants species and significantly reduce agricultural production (Sasser and Freckman, 

1987). And the most susceptible cultivated crops belong to the families Solanaceae, 

Curcubitaceae, Malvaceae, Compositae etc. Host plants (those on which the root-knot 

nematodes reproduce) vary in their degree of susceptibility. Where the crop is very 

susceptible, the most common and conspicuous symptoms of infection is the presence 

of distinct swellings (galls or Knots) on the roots or below ground storage organs 

(Nwauzor and Fawola, 1982; Taylor and Sasser, 1978). 

 Root-knot nematodes have a wide range of host plants. These include all major 

field crops, most vegetable crops, fruit trees, ornamental plants and weeds. Some of the 

common host plants are bean, cabbage, cantaloupe, carrot, celery, chard, corn, cotton, 

cucumber, dandelion, eggplant, lettuce, mallow, okra, onion, peach, pepper, plantain, 

potato, pumpkin, purslane, radish, rhubarb, sorghum, soyabean, spinach, squash, 

sugarbeet, sugarcorn, sweetpotato, tobacco, tomato, turnip, and watermelon, (Siddharth 

et al., 2005). 

Rammah and Hirschmann (1988) report that the host plants of Meloidogyne 

mayaguesis include Solanum melongena (Eggplant) and is the type host first reported in 

Porto Rico. Other recorded hosts include vegetable and agronomic crops such as 

Capsicum annuum (Bell pepper), Glycine max (Soyabean), Ipomoea batatas (Sweet-

potato) Nicotiana tabacum (Tobacco) Lycopersicon esculentum (Tomato) and Citrulus 

lanatus (Watermelon). A tropical fruit tree Psidum guajava (Guava) is also a good host 

of this nematode. Bidens pilosa (Spanish needle) a weed host was also identified in 

Cuba. Reproduction was observed on Coffea arabica Cv caturra (Coffee),  Phaseolus 

vulgaris Cv. Icapija (Bean), Beta vulgaris (Beet), Brassica oleracea var, botrytis 

(Broccoli) Apium graveolens EV. Utah (Celery), Canavalia ensiformis (Horsebean) 
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Parsly Petrosulynum crispum Cv. plain (Parsly), Solanum tuberosum (Potato) and 

Cucurbita spp Pumkin. In Florida, this nematode has been found in roots of 

Brugmansia sunray (Agel trumpet) Ocumum spp (Basil) Tecomaria opensis (Cape 

honey suckle),  Tibouchina compacta (Glory bush)  Tibouchina elegans (Ajuga), Ajuga 

replans (Carpet bugle weed), and Clerodendron ugandense (Ugandan glorybower). 

Meloidogyne ethiopica was for the first time reported in Brazil in Lagoa 

Vermuha causing damage in commercial Actinida deliciosa (Kiwi) Ochards (Regina, 

Ruig, Dinaehia and Maria, 2003). In northern California, particularly in the Tulelake 

Basin area M. naasi parasitizes barley, wheat and grasses. Some of the most destructive 

pests of cucurbits (Watermelon, Muskmelon, Pumpkin, Cucumber, etc) are 

Meloidogyne hapla and M. incognita. Both species have wide host range which 

include, in addition to cucurbits, snap bean, carrot, eggplant, tomato, gourds, lettuce, 

onion, leaks, okra, pea, pepper, potato, and radish (Mc Kenry, Buzo and Kaku, 1990). 

 A number of surveys have been conducted in African soils to determine the host 

range of Meloidogyne spp and the results have considerable over capping of host range. 

Adoh (1971) in Ghana studied 141 plant species belonging to 36 families found that 

126 of these plant species were susceptible to root-knot nematodes at varying degrees 

and 15 species were poor host or non host. His results also show that the most 

susceptible cultivated crops belong to the families; Solanaceae, Curcubitaceae, 

Malvaceae, Cruciferae, Umbeliferae and to some extent Dioscoraceae. 

 Mary (2000) reports that the host range of root-knot nematode is so extensive 

that it is difficult to find common landscape and garden plants that are not hosts. Many 

vegetables, bedding plants, shrubs and trees are susceptible. 

The Meloidogyne spp, root-knot nematodes are important pests of Lycopersicon 

esculentum Mill (Tomato) worldwide (Jones, Jones, Stall and Zitta, 1991; Sasser 1980). 
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Four major species namely M. arenaria, M. hapla M. incognita and M. javanica have 

been reported to infect tomatoes in the tropics (Sasser, 1979). 

 In Nigeria, the first host range was recorded by Wilson (1962). He listed one 

hundred and eight (108) plant species as hosts of root-knot nematodes in Nigeria and 

also reported that some members of the families Solanaceae, Curcubitaceae, 

Papilionaceae, Umbeliferae, Compositae, Alliaceae, Malvaceae, and Cruciferae, were 

highly susceptible hosts of Meloidogyne species in Nigeria. Ogbuji and Diaru (1978) 

working on weed hosts of Meloidogyne incognita (root-knot nematodes) in southern 

Nigeria reported that M. incognita attack and reproduce on all seven weeds in the 

Amaranthaceae family, four (4) in Rubiaceae and four (4) in Potulacaceae. Other 

families in which susceptible plants were recorded include Compositae, Labiatae, 

Cyperaceae, Papaveraceae, Verbanaceae, and Convoivalaceae. Caveness (1965) also 

lists 116 plant species which are hosts of Meloidogyne spp. In Nigeria Bridge (1972) 

found fourteen (14) irrigated crops including tomato to be susceptible to root-knot 

nematodes in northern Nigeria. Ogbuji and Okafor (1983) working on the comparative 

resistance of nine Capsicum anuum (pepper) cultivars to root-knot nematodes reported 

that the Yalo, California wonder, Green indica, Onamental, Ex-Awka which were 

susceptible to M. javanica while only California wonder was susceptible to M. 

arenaria. Generally, about seven hundred (700) host species have been reported to be 

attacked by M. incognita among which are Vegetables such as Phaseolus vulgaris, 

Daucus carota, Lactuca sativa, Abelmoschus esculentus, Lycopersicon esculentum, 

grasses, shrubs, and trees. Meloidogyne javanica has been reported to attack more than 

670 hosts among which are vegetables like tomato and potato, grape vine and cereals. 

Similarly, M. arenaria is reported to attack more than 330 hosts among which also are 

vegetables such as sugar beet and tobacco. A preliminary survey in some parts of 

Kaduna and Katsina by George (1986) showed that vegetable crops such as Okra, 
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Spinach, Tomato, Eggplant and Pepper were infected by Meloidogyne incognita except 

for “Birnin-Gwari” where M. javanica was extracted from root of Okra. Tomato 

showed the highest infestation with root-knot index between four (4) and five (5) 

followed by Okra with root-knot index of four (4). 

 Meloidogyne incognita (root-knot nematode) is a sedentary endoparasite that 

retards growth and development of Gossypium hirsutum L. (Cotton) by attacking the 

root-system, causing galling, stunting and other adverse effects (Nazrin, Paul and Jack, 

1994). Singh and Khurma (2007) reported that the Meloidogyne spp (root-knot 

nematodes) are the most damaging agricultural pests in fields of Pea (Pisum sativum), 

one of the important pulse crops of the world. Watermelon are attacked by several 

species of root-knot nematodes and are susceptible to all 4 races Meloidogyne incognita 

(Kofoid and White) (Chitwood), M. javanica and both races of M. arenaria (Sasser and 

Carter, 1982). Regina et al. (2003) reported that Meloidogyne javanica (race 4) after 

inoculation multiplied on tomato (C.V Rutgers), tobacco (C.V NC 95), watermelon 

(C.V Charleston Gray), pepper (C.V California wonder) and peanut (C.V Florunner) 

were good hosts. Among the soil borne pathogens that attack potatoes in central Java, 

root-knot nematodes are considered the most important (Everaarts, 1981). A survey of 

potato fields for root-knot nematode in Ngablak shows that 97 percent of the fields 

were infested with root-knot nematode. Tobacco and Tomato, which were grown 

during the time of survey, indicated the presence of galls. Other crops, grown in 

Ngablak and central Java also showed their reaction to root-knot nematode, in other 

seasons by the presence of galls. The crops include Daucus carota L. (Carrrot) 

Brassica oleracea L. (Cabbage), Allium fistulanum L. (Scallion), Nicotiana tobaccum 

L. (Tobacco),  Solanum tuberosum (Potato), Capsicum annuum L. (Red pepper), 

Phaseolus vulgaris L. (Stringbean), Zea mays L. (Corn), Pisum sativum L. (Garden 

Pea), Brassica hirta (L) Czern. (White mustard) and Musa paradisica L. (Banana) 
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(Sasser, 1979).  Watermelon is attacked by several species of root-knot nematodes and 

is susceptible to all 4 races of M. incognita (Kofoid and White) Chitwood). M. 

javanica, and both races of M. arenaria (Sasser and Carter, 1982). 

2.5 ECONOMIC IMPORTANCE OF ROOT-KNOT NEMATODES 

Root-knot nematodes are the most well-known of the plant parasitic nematodes. 

They are sedentary and endoparasitic.The nematodes inject hormones into roots that 

cause knots or galls. These galls are the only nematode symptoms that are easily 

recognized. Root-knot nematodes cause extensive damage which allows fungi and 

bacteria to get into the plant. Some of these secondary organisms cause vascular wilts. 

Sometime the damages caused by the nematodes and the other organisms together is 

worse than those caused by both organisms separately (Williamson, 1998). 

The degree of damage depends upon the population density of the nematode, 

the taxa present, susceptibility of the crop and environmental conditions, such as 

fertility, moisture and presence of other pathogenic organisms, which may interact with 

nematodes. In sweet potato, an estimated annual yield loss of 10.2 % was reported. In 

susceptible varieties pathogenecity of Meloidogyne incognita showed a 50 % storage 

root reduction at a population density of 20,000/cm
3
. Aside from yield loss, cracking 

may make storage roots unmarketable (Gapasin, 1984). 

The root-knot nematodes are known to be one of the most important nematodes. 

Adoh (1971) and Bridge (1972), report that the root-knot nematodes cause as much as 

25 % loss in vegetables. Chindo (1988) reports that the root-knot nematodes can reduce 

yield of tomato by 75 %. Krishnappa (1985); Adoh (1971); Natscher (1971); Bhatti and 

Jain (1977) in different places and separate reports indicates varying percentage losses 

caused by the Meloidogyne incognita (root-knot nematodes). 

The Meloidogyne chitwood (Columbia root-knot nematode) decreases the 

quality of potato tubers by causing brown spot on the surface, rendering tubers 
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unacceptable for either processing or fresh market sale. Of the greater than fifty (50) 

species of nematodes reported from soyabean, the soyabeans root-knot nematodes have 

received the greater emphasis in breeding programmes (Zafar, 1998). Pisum sativum 

(field Pea) is one of the important pulse crops of the world and is cultivated in over 5.9 

million hectares with average production yield of about 11.7 million tons. In India it is 

grown in over 0.7 million hectares yielding about 0.6 million tons (Singh and Khurma, 

2007). Among Various obstacles in cultivating this crop, Meloidogyne incognita, root-

knot nematode (Kofoid and White) Chitwood has been reported to cause severe yield 

losses up to 20-33 % (Upadhyay and Dwivedi, 1987).  

Interviews with farmers in Ngablak indicated the presence of root-knot 

nematode in the field of farmer-seed producers related their experience of discarding 

more than 50 percent of their harvest due to deformed tubers caused by root-knot 

nematodes (Sasser, 1979). Allen and Bobby (1996) reported that diseases including 

those caused by nematodes, reduced the U.S cotton crop by 2,505,287 bales valued at 

$789.2 million, according to estimate by the diseases loss. Plant parasitic nematodes 

alone accounted for an estimated yield loss of 763.066 bales valued at $240.4 million. 

 Jimmy and Robert (2005) stated that nematodes infected tobacco crops have 

been known to lose up to 1500 Ibs|acre, and that the crop is highly susceptible to 

nematode damage and as such, high priority must be given to nematode management 

each time tobacco is grown.  

 In the tropics, estimated production losses of tomato due to Meloidogyne spp 

reach as high as 50 %. However, the overall impact on tomato is highly variable, as 

disease intensity is influenced by many biotic and abiotic factors (Sasser, 1980). Olithof 

and Potter (1977) establish that economic loss by root-knot nematodes was caused at an 

initial population density of 200 larvae per kilogram of soil. Results from different 
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population density studies on growth of crops indicated a positive host parasite relat ion 

at population densities below the economic loss threshold.    

2.6 CONTROL OF ROOT-KNOT NEMATODES 

Root-knot nematodes, like stem nematodes are difficult to control fully, for they 

can multiply one thousand (1000) fold or more on a susceptible plant in the condition 

of heated glass house (Whitehead, 1972). Realizing that nematodes cannot be 

eliminated and that we must live with them, the overall goal of control is to keep their 

population density in the soil or plant as low as possible or making it much ineffective 

thereby reducing damage. A reduction in nematode population attacking a plant results 

in a better vegetative growth and increased yield. Sasser (1989) reported that for any 

control measure to be practicable, it must be of economic value. That is, the increase in 

monetary value of the crop must be more than enough to off set the cost of control 

measure. The economic threshold is the density of nematodes where the losses incurred 

as a result of their damage exceeded the cost of nematodes management.  

Nematode control is essentially that of prevention because once a plant is 

parasitized, it is impossible to kill the nematode without also destroying the host. The 

most sustainable approach to nematode control will integrate several tools and 

strategies, including cover crops, crop rotation, soil solarization, least toxic pesticides, 

and plant varieties resistant to nematode damage. These methods work best in the 

context of a healthy soil environment with sufficient organic matter to support diverse 

population of microorganisms.There is a substantial evidence that the addition of 

organic matter in the form of compost or manure will decrease nematode pest 

populations and associated damage to crops (Walker, 2004; Oka, Shapira and Fine, 

2007). This could be a result of improved soil structure and fertility, alteration of the 

level of plant resistance, release of nematoxins, or increased population of fungal and 

bacterial parasites and other nematode antagonistic agents.  
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Mary (2000) reported that once soils are infested with root-knot nematodes, 

their controls are extremely difficult. Dropkin (1989) recommended some control 

methods to include sanitation, crop rotation, fallow rotation, cultural practices (early 

planting, drying, moisture control, burning, soil amendments, solar pasteurization etc) 

and chemical control. Mary (2000) suggested that the best way to prevent root-knot 

nematode was to make sure that only clean materials were introduced into a planting 

site and starting directly from true seed also prevent introduction of root-knot nematode 

on plant material since they are not seed borne. Adesinyan et al. (1990) stated that 

prevention and spread of root-knot nematodes could be achieved by quarantine and 

proper farm sanitation. There are several methods commonly used to control plant 

parasitic nematodes. These methods can be divided into three main types; biological 

control, cultural control and chemical control. 

2.6.1 Crop Rotation to Control Root-knot Nematodes 

Taylor and Sasser (1978) stated that crop rotation has successfully been used to 

control Meloidogyne hapla and M. arenaria race 1 on tomato when rotated with 

groundnuts. Crop rotation to non-host crop is often adequate by itself to prevent 

nematode populations from reaching economically damaging levels. However, it is 

necessary to positively identify the species of nematode in order to know what plants 

are its host(s) and non-hosts. A rotation from broad leaf to a grass asparagus, corn, 

onions, garlic, small grains, Cahaba white vetch, and nova vetch are good rotation 

crops for reducing root-knot nematode populations. Crotalaria, velvet bean, and grasses 

like rye are usually resistant to root-knot nematodes (Wang, Mc Sorley and Gallaher, 

2004). Rotations like these will not only help prevent nematode populations from 

reaching economic levels, they will also help control plant diseases and insect pests. 

Several control strategies, such as host plant resistance, rotation with non-host plants, 

sanitation and avoidance, destruction of residual crop roots and judicious use of 
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nematicides, have been reported to effectively control root-knot nematodes. However, 

the use of resistant varieties remains the most viable option, particularly for small-scale 

farmers with limited resources. A single dominant genom, offers resistance to certain 

species of Meloidogyne. This resistance has been introduced in many commercial 

tomato varieties (Williamson, 1998). Fassuloitis (1987) stated that another control 

method for root-knot nematodes which was very effective and was expensive to the 

farmer was the use of resistant varieties. The method was successfully used to control 

Meloidogyne species in pepper, soyabean, sweet potato, tomato among others. 

2.6.2 Soil Steaming to Control Root-knot Nematodes 

Of the various physical factors available, the use of heat either as steam or as 

hot water has been very effective in the control of Meloidogyne species. Steam, which 

is used to disinfect soil, can only be used for small volumes of soil such as that required 

in nurseries. However, hot water is used to disinfect planting materials such as Yam 

sets, Corms, bulbs or roots. There is a temperature time relationship in the use of hot 

water to disinfect planting materials. Root-knot nematodes on edible Dioscorea spp 

(Yams) are controlled in 30 minutes at 52
0 

C. On sweet potato Meloidogyne is 

controlled in 3-5 minutes at 50
0 
C (Nwauzor and Fawola, 1982). 

2.6.3 Chemical Control of Root-knot Nematodes 

The most effective and most rapid control is achieved by the use of chemicals 

known as nematicides. However, the use of nematicides is also the most expensive and 

most hazardous for they require special handling and specialized equipment. There is 

also the fear of residues both within the crops and in the soil. However, with proper 

handling, nematicides increase both the quality and quantity of farm produce and thus 

contribute immensely to increased farm income. There are two types of nematicides 

namely; the fumigants and the non-fumigants which are halogenated hydrocarbons with 

very low vapour pressure and non-volatile nematicides which are distributed through 
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the soil by water percolation. Fumigants are liquids at room temperature and are 

volatile so that when injected into the soil they produce fumes which kill the nematode 

in the pores. The non-fumigant nematicides are water soluble chemicals. They are 

distributed through the soil by percolation of water and enter the nematodes body 

through the cuticle. The newest types are the systemic nematicides. They are taken up 

by plants through the roots after application and are then translocated to the roots to kill 

the nematodes from feeding on the roots. 

 Several workers have obtained positive results of root-knot nematodes control 

through soil fumigation. Magbool, Hashin and Chatter (1985) working in Pakistan 

found both Aldicarb and Carbofuran effective in the control of root-knot nematodes. 

Carbofuran applied at 1 kg and 2 kg per hectare gave 18 and 29 % control respectively. 

Aldicarb applied at the rate of 2 kg | hectare gave nearly complete control, resulting in a 

yield increase of up to 47 % in cauliflower. Hemeng (1981) working on the effect of 

several nematicides on the infection of Meloidogyne incognita and growth of tomato 

plants found a general low infection of root-knot nematodes with significant differences 

in plant growth and yield. Okatachi (1989) found a significant reduction in root galling 

at Hunkuyi and Samaru in northern Nigeria using four chemical Viz. Basamid, 

Umocarp, Vydate and D.D (Dichloropropene) or 1,3-dichloropropane -1,2-

dichloropropane. 

Adesiyan et al. (1990) gave the names of several chemicals which can be used 

in the control of nematodes to include 1, 2-dibromo dichloropropane (DBCP), 1, 3-

dichloropropane (1, 3-d or Telone), 1, 2 – dibromo -3-dichloropropane (DBCP or 

Nemagon). Effective control of M. incognita has been achieved with Aldicarb and 

Carbofuran granules (Jagbale, Cawar and Darekar, 1985). Sharma and Ray (1987) had 

little or no tuber infection and reduced nematode population, working with aldicarb and 

ethoprop on potato. Indra and Sharma (1988) used 4 systemic nematicides (UC 54229, 
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Phorate, Carbofuran, and Solvirex) at three different dosages (1.0, 1.5 and 2.0 kg|ha.) 

and all the chemicals reduced the mean number of galls at all the three dosages as 

compared to the untreated control. Hag, Khan and Saxena (1987) has also reported the 

efficacy of 5 systemic nematicides namely Fansulphothion, Dimethoate, Aldicarb, 

Carbofuran and Phorate in the control of Meloidogyne incognita attacking tomato in 

India. Widmer, Ludwig and Abawi (2007) report that although the use of pre-plant soil 

fumigant is highly effective in controlling root-knot and other plant parasitic 

nematodes, however, the majority of the fumigant type nematicides are no longer 

available and are also costly and difficult to apply properly under the prevailing 

conditions in New York. Vapam and Telone c-17 are still available, but are not widely 

used. 

Recently, advances in the control of nematodes have indicated that less costly, 

less persistent, less phototoxic and less hazardous lipid antioxidants can be used 

successfully to control root-knot nematodes, since root-knot nematodes oxidize lipid to 

be pathogenic (Fawole, 1981). It is believed that their damage can be reduced by 

protecting roots of host plants with lipid anti-oxidants which inhibit the oxidation of 

lipid in the plant roots. If the lipids in the roots are not available for oxidation, the 

nematodes will be forced to use their lipid reserves. A reduction in the lipid reserved in 

the nematodes leads to a decrease in nematodes actively and infectively, the nematodes 

start aging and will eventually die (Chindo and Khan, 1986). 

In vivo tests conducted by Fawole (1981) with two lipid anti-oxidant Ascobic 

Acid (AA) and Piperonyl Butoxide (PB) on control of root-knot nematode on tomato 

showed some reduction in nematode numbers and increase in biomass especially, when 

higher concentrations were used. In addition, treated plants produced more flowers and 

much earlier than untreated ones. Also in vitro tests with Methionine, Xylocaine and 

Sodium benxoate decreased hatching rate with increased concentration of each lipid 
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anti-oxidant. Larval mortality also increased with increase in its concentration; 

however, efficient use of lipid anti-oxidants requires relatively large and appropriate 

dosages. Sasser and Carter (1985) reported that several nematcicides have been very 

effective against root-knot nematodes in Ipomoea batatas L. Lam. (Sweet potato), 

examples are Nemagon, mocap, Dasanit, Nemacur, Furadan, Temik and Vydate. 

2.7 ECOLOGICAL MANAGEMENT OF ROOT-KNOT NEMATODES 

Nematodes are found in marine, fresh water, and terrestrial habitats. Soil-

dwelling nematodes play important roles in soil ecology and participate in many 

biological processes affecting crop plants (Freckman and Caswell, 1985).  Most roots 

and below ground tissues of plants are attacked by root-knot nematodes, although some 

species infect plant foliage. The most economically important group of plant parasitic 

nematodes is the Meloidogyne spp (root-knot). Crops grown on sandy soils are 

typically prone to nematode problems because of the environmental condition which 

favour nematode development and reproduction. These include larger pore sizes 

(allowing for nematode movement), and better drainage aeration. Control and 

management are two important concepts for dealing with nematode problems. 

Nematode control refers to eliminating nematode populations, while management 

describes efforts, levels through the application of several control procedures in 

combination or in sequence to control nematodes (Thomason and Caswell, 1987). 

Nematode control has been heavily dependent on the use of nematicides, however, 

environmental and health problems associated with many of these pesticides have 

prompted an interest in developing cropping systems that reduce pest populations, for 

example, planting dates, soil amendment, crop rotation, cover crops, plant resistance 

etc. A dramatic stimulus to research on alternative nematode management strategies 

was added in 1990 when the California Department of Food and Agriculture (CDFA) 
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cancelled all restricted material permits for the application of 1, 3-Dichloropropane, 

one of the few remaining fumigant nematicides available in California. 

Nematode management decisions require Knowledge of the nematode 

population densities in a field. Because of variations in soil type, cropping history, 

slope, and other factors, nematodes do not occur uniformly across a field (Ferris, 

Goodell and Mc Kenry, 1981). An additional consideration regarding potential damage 

by nematode populations concerns planting dates, soil temperatures and nematode 

activity. Nematode activity is temperature-dependent. When soil temperatures are too 

cool, nematodes are not active. Many crop plant species are able to grow at 

temperatures that are too cool for relevant nematodes to be active. For example, 

Meloidogyne incognita juveniles can migrate through soil and penetrate roots only at 

temperature above 18
0 

C. However, after the juveniles penetrate roots they can 

complete development at lower temperatures. So, delaying planting of winter wheat 

until soil temperatures are below 18
0 

C, for example, will enhance the winter decline of 

M. incognita in soils (Roberts, VanGundy and Mc Kenny, 1981). 

Host plant resistance to nematodes is an important alternative to nematicides. 

Plant resistance has been developed primarily for the specialized sedentary 

endoparasites, Meloidogyne sp (Fassuloitis, 1987). Sources of resistance have been 

identified for different crop plants. Cultivars with some level of resistance are available 

for many different crop plants, including alfalfa, beans, citrus, cotton, grapes, oats, 

potato, soyabean, sweet potato, tobacco, tomato, walnut and stone fruits. 

Organic soil amendments have long been considered beneficial in managing plant 

parasitic nematodes. Linford (1937) observed that adding organic matter to soil 

increased the activity of nematode trapping fungi. Additional research is requiring in 

this area. 
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Amending soil with chitin has in some cases been shown to reduce populations 

of Meloidogyne javanica and other species of Plant Parasitic nematodes (Spiegel, Chet 

and Cohn, 1987). Chitin amendment seems to suppress nematode populations through 

the release of nematicidal ammonia during decomposition, and by stimulation of 

chitinolytic organisms such as bacteria and actinomycetes that attack nematode egg 

shells (Culbreath, Rodriguez-kabana and Morgan-Jones 1986; Spiegel et al., 1987, 

Spiegel, Chet, Cohn, Galper and Sharon, 1988). Because ammonia is released by chitin 

amendment, they can be phytotoxic when added to the soil at high concentration. 

However, the addition of hemicellulosic waste together with the chitin may reduce the 

phytotoxicity (Culbreath et al., 1986). Typical chitin application rates for successful 

nematode control are three to four tones per-acre (Rodriguez-Kabana, Weaver, Gorio, 

Robertson and Garden, 1998, Spiegel, Cohn and Chet, 1986, 1987, 1988), making the 

cost of chitin application prohibitive for many crops. Rotation to non-host crops is a 

valuable means for reducing damage by plant parasitic nematodes. This approach can 

be particularly effective with nematodes that have a limited host range, such as the 

Heterodera schachtii. However, it is less likely to be successful with nematodes that 

have a wide host range, such as the Meloidogyne spp and Pratylenchus spp (the root 

lesion nematodes). 

Reddy, Soffes, Prine and Dunn, (1986) stated that used of cover cropping 

specifically for suppression of nematodes is receiving increased attention. Cover crops 

can affect plant parasitic nematodes by (i) acting as non-host and preventing nematode 

reproduction (ii) producing root exudates that  stimulate nematode actively in the 

absence of a host resulting in increased nematode mortality (iii) Producing root 

exudates that are nematicidal, or (iv) producing compounds in the foliage that, when 

incorporated into soil are nematicidal. 
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Selecting appropriate cover crops to reduce nematode numbers require a 

knowledge of the nematode species present in a field, as a particular cover crop may be 

a host to one species of nematode and a non-host for another species. For example, Mc 

Kenry et al. (1990) found that Vicia sativa and V. cordata (“Cahaba white‟‟ Vetch) are 

an excellent host for Meloidogyne hapla but a poor host for M. javanica. Cool-season 

cover crops grow during the fall, winter and early spring. Some cover crops may be 

able to avoid nematode damage during this period because it is when plant parasitic 

nematodes are least active. However, Cover crops differ in their susceptibility to 

nematodes and infection can still occur if conditions are right. Timing of seedling and 

tillage are also important in determining the degree of nematode activity, and the extent 

to which nematodes attack the cover crops. 

Rodriguez-Kabana and Ivey (1986) explored the effect of crop rotation in managing 

Meloidogyne arenaria in peanut. They found that a winter cover crop of cereal Rye 

(Secale cereale) had no effect on nematode densities in the following summer crops of 

peanut, soyabean, or corn, but the cover crop did not lead to yield increase in the 

soyabean and corn. 

In Florida, Gallaher, Dickson, Corella and Hewlett (1988) tested hairy Vetch 

and four Vetch cultivars (Vantage, “Cahaba white”, Vanguard, and Nova II) in sandy 

loam soil, using tillage and no till regimes preceding corn or sorghum. Meloidogyne 

incognita densities were much higher in hairy vetch than on any of the four vetch 

cultivars. The root-gall index was highest for hairy vetch. 

To date, subterranean Trifolium subterraneum (Clovers) have showed limited resistance 

to Meloidogyne spp (Baltensperger, Quesenberry, Dunn and Abd-Elgawad, 1985; 

Pederson and Windham, 1989). This suggests potential problems for vegetable crops in 

rotation or as intercrops. Sacka-Kuri, Baltensperger, Dunn and Smith (1986) evaluated 

five cultivars (Auburn Reseeding, Tibbee, „Chief‟, Dixie and „Autauga‟) and three 
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advanced lines of crimson clover for reaction to three Meloidogyne species. All were 

intermediately to highly susceptible. 

In Mississippi, Pederson andWindham (1989) assessed the sensitivities of three 

white clover cultivars and two germplasms to four races of M. incognita. All the white 

clover strains were excellent hosts to all the root-knot nematode populations and races 

tested, Sc-1, a germplasm, appeared moderately tolerant to race 1 and race 4, and 

Louisiana S-1, a cultivar, appeared moderately tolerant to race 2. 

Warm-season cover crops grown during warm periods are prone to attack when plant 

parasitic nematodes are most active. Some of these plants show marked resistance to 

several important pest nematodes. In the southeastern U.S, Rhoades (1980, 1983, 

1984). Reddy et al. (1986) have shown that warm season cover crops can be valuable in 

suppressing nematodes that might otherwise seriously damage succeeding cash crops. 

Aeschynomene americana (American join Vetch), Vigna unguiculata (Cowpea) and 

Indigofera hirsute (Hairy indigo) appear promising for reducing root-knot and soybean 

cyst nematode. Other warm season tropical legumes, such as Concanavalia ensiformis 

and Crotalaria spp, reduce nematode numbers. Crotalaria juncea (Sunn hemp) reduced 

soil population of several different species of plant parasitic nematodes, including the 

root-knot nematodes (Good, Minton and Jaworski, 1965; Rotar and Joy, 1983). 

2.8 BIOLOGICAL CONTROL OF ROOT-KNOT NEMATODES 

Biological control involves the use of natural enemies to control the nematodes. 

A large proportion of plant parasitic nematodes are killed by natural enemies, 

particularly fungi in agricultural soils (Mankan, 1980). In the past 20 years, three 

developments have occurred which have had significant effects on the prospects and 

opportunities for the biological control of plant parasitic nematodes. First, several 

nematicides have been withdrawn from the market because of health and environmental 

problems associated with their productions and use (Thomason, 1987). As a result of 
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this, and increasing public concern over the use of pesticides in food production, there 

has been increased interest in the development of alternative methods of control, 

including the use of biological agents. Second, it has been demonstrated in several soils 

that nematophagous fungi and bacteria increase under some perennial crops and under, 

those grown in monocultures, and so may control some nematode pest, including cyst 

and root-knot nematodes (Stirling, 1991). Such nematode suppressive soils have been 

reported from around the world and include some of the best documented cases of 

effective biological control using nematophagous fungi and bacteria. Their use has been 

based on empirical research, and it is instructive to consider what might be the key 

factors for a successful biological control agent for nematodes in order to identify the 

reason for the general failure of the products that have been developed. 

Biological control is more consistent, less effective and slower acting than 

control normally achieved with chemicals. Although improvement in performance 

might be expected from more research on individual agents, it seems likely that these 

limitations are inherent in most biological control agents and that their successful 

application will depend on integration with other control measures. The most studied 

example of natural control of a plant parasitic nematode concerns the decline of 

populations of the cereal cyst nematode, Heterodera avenae, under monocultures of 

susceptible cereals in many soils throughout northern Europe (Kerry, Crump and 

Mullen, 1982). This is an example of an induced suppression in which the nematode 

increases to damaging population densities in the second and third cereal crops, but 

usually declines thereafter to infestation of L5 eggs/g soil, which causes little loss of 

yield in northern European conditions. It is essential that the nematode is abundant in 

the early years of the monoculture to support the build up of microbial parasites (Kerry, 

1988). The decline in nematode populations is mainly caused by two parasitic fungi, 

Nematophthora gynophila and Verticillium chlamydosporium which attack the 
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developing female in the root surface, in suppressive soils, 95 to 97 percent of the 

females and eggs are destroyed (Kerry et al., 1982).Thus the natural control of root-

knot nematodes in a range of soils in predictable and effective but slow acting. 

It has proved difficult to develop a biological control agent that is effective 

world wide for any soil borne diseases despite much research effort (Deacon, 1991). In 

most situations where nematode control is required, there is a need to provide long-term 

protection to a relatively inaccessible growing root systems without the use of adaptive 

treatments that are likely to be impracticable and uneconomic. Hence the development 

of biological control agents for plant parasite nematodes is likely to be difficult and to 

require a detailed understanding of the biology and ecology of the agent and the 

nematode target. 

The farming system in which biological control is applied has a marked effect 

on the way the agent is used (Davies, Deleij and Kerry, 1991). In general, growers in 

developed agriculture require an agent that can be applied to crops grown in 

monoculture over large areas using standard application machinery, so that a 

formulated product with a good shelf-life that can be applied at low dosage is required; 

seed treatments are preferred for most arable crops. Little research has been done on the 

mass production and formulation of biological control agents for nematodes. Some 

organisms, such as rhizosphere bacteria can be applied as seed treatment, but such 

applications tend to provide short term control and are only useful in reducing the 

invasion of roots by nematodes that have a single generation in the growing season. In 

subsistence farming system, crops tend to be grown in mixed stands in relatively small 

areas (often less than one hectare) and labour inputs are often large. As a consequence, 

relatively large application rates (up to one tonne per hectare) of an unformulated agent 

could be mixed into the soil by hand, as long as the organism could be produced 

cheaply and locally. Thus, the initial exploitation of biological control agents for 
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nematodes may be in developing countries. However, if agents are only effective 

agents‟ specified nematode pests, and their efficacy is dependent on pest densities, then 

their effective use will require expert advice that may not be available in many 

developing countries (Oostendorp and Sikora, 1989). 

The biology, ecology and potential of biological control agents for nematodes 

have been extensively renewed in recent years (Kerry, 1991; Stirling, 1991; Sikora, 

1992). Nematologists have identified natural enemies with a range of modes if action 

similar to those currently studied by plant pathologists for the control of soil borne 

disease. It must be stressed that several organisms that are effectively natural enemies 

of nematodes in the field may have limited potential as biological control agents for 

application by growers. For example Nematophthora gynophila is a control agent of 

cereal cyst nematode decline in many soils, but its limited host range, complex 

requirements for in vitro culture, and need for soil moisture levels to be at field capacity 

to ensure infection means that its potential use is too limited to warrant further 

development as a biological control agent. 

The stage in the nematode life cycle attacked by the control agent has a profound effect 

on the damage to the crop and the level of population control.  In contrast, those 

parasites that attack developing females and eggs act like a partially resistant cultivar in 

that initial nematode invasion and plant damage is not prevented but multiplication of 

the nematode is significantly reduced. Root colonising fungi such as the mycorrhizae 

and endophytic species such as Fusarium spp may reduce both nematode invasion and 

development (Kerry, 1991). 

Most plant parasitic nematodes remain mobile throughout their life cycle and 

microbial parasites must produce traps or adhesive spores to infect them. Nematodes 

with sedentary stages such as cyst and root-knot nematodes may be parasitized from 

vegetative hyphae in the rhizosphere without the production of specialized infective 
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structure apart from an appressorium. Usually, only the eggs (and not the females of 

root-knot nematodes) are exposed in the rhizosphere, and these complete their 

embryonic development and hatch within about ten days at 25
0 

C. Hence, egg parasitic 

fungi have less time to kill root-knot nematode eggs compared with those of cyst 

nematodes. Non-parasitic micro-organisms that degrade soil ammendment and release 

nematicidal compounds such as the bacterium which degrades chitin to produce 

ammonia are likely to kill most nematodes in soil. Similarly, many endophytic fungi 

may compete with a wide range of nematodes in roots although those which are 

sedentary are likely to be more susceptible (Spiegel et al, 1991). 

The host plant influences the rate of nematode development and the establishment of 

some natural enemies in the rhizosphere. Despite these effects, the role of the host plant 

has rarely been considered in research on the biological control of nematodes. In most 

tests, biological control agents have been applied to protect susceptible crops. However, 

application of the nematode on which small galls are produced so that most egg masses 

are exposed in the rhizosphere might provide more effective control. Soil population 

densities of the nematode would be reduced to non damaging levels before a 

susceptible crop was planted. Bridge (1987) recommends the fallowing rotation for the 

management of root-knot nematode; susceptible host-plant, host-resistant or non host 

susceptible crop. Application of the fungi before the first or second poor host may 

permit the shortening of rotation, or the replacement of the resistant or non host-crop, 

without increasing nematode damage to the susceptible crops. 

Recent studies have demonstrated that some rhizobacteria can also act indirectly 

by inducing systemic resistance in plants towards plant parasitic nematodes (Wei, 

Kloepper and Tuzun, 1996; Hasky-Gunther, Hoffmann-Hergarten and Sikoar, 1998; 

Reitz, Rodolph, Hoffmann-Hergrten and Hall-Mann, 2000; Siddiqui and Shaukat, 

2003). 
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Pseudomonas fluorescens strain (CHAO) is a well characterize biocontrol agent 

that naturally produce Salilic Acid (SA) under conditions of iron limitation (Maurhoter, 

Reinmann, Schmili, Heeb and Haas, 1998). The efficacy of the strain CHAO agents‟ on 

M. javanica and M. incognita has been reported for certain crops including tomato 

(Hasmid, Siddiqui and Shauka, 2003, Siddiqui and Shaukat, 2003). Salilic acid 

application is known to express resistance reaction in cowpea roots agents M. incognita 

(Nandi, Sukual, Banerjee, Sengupia, Das and Baku, 2002). 

Bacillus penetrans has been shown to attack root-knot nematodes and is another 

potential biological control agent. The fungus Paecilomyces lilacinus parasitizes the 

eggs of some nematodes, including Meloidogyne incognita in potatoes and is relatively 

effective as a control. The fungus reduced Rotylenchus reniformis (remiform nematode) 

population development on tomato in small field plots in North Carolina. The 

suppression was sufficient to increase shoot and fruit weight (Jatala, Kattenback, 

Bocangel, Deraux and Campos, 1980; Archanna and Trivedi, 1989 and Saleem, 

Ehtechamu and Ghaffer, 1990). From a series of experiment conducted with M. 

incognita on potato, Jatala (1985) observed a 70% reduction in root galls and egg, 

masses in the plants from fungi treated tubers due to destruction of the egg masses by 

the fungus and the yield of potato increased in the fungus treated plots. Archanna and 

Trivedi (1989) also reported Paecilomyces lilacinus as having nematicidal effects on 

Meloidogyne spp. Their results indicate that this fungus effectively controlled M. 

incognita under Indian agro-climate conditions. 

Adesiyan et al. (1990) suggested the planting of non-crop plants that are 

resistant to nematodes during bush fallows to reduce the effect of persisting weeds that 

host nematodes. He also gave examples of such non-crop plants to include crops like 

Tagetes spp (marigold) and Crotalaria spp. Some of those non-crop plants are not only 

resistant to nematodes but produce toxic substances that are nematicidal. 
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Many plants are also known to have nematicidal properties against several plant 

parasitic nematodes including Meloidogyne spp. In the bio-control with French 

Marigolds, Meloidogyne spp can be effectively managed in home gardens without 

pesticides. One alternative to using nematicides is to inter crop and rotate vegetables 

with Marigolds. Most cultivars of Tagetes erecta (African marigold) and Tagetes 

patula (French marigold) are effective in reducing the most common root-knot 

nematode populations of Meloidogyne incognita and M. javanica (Ploeg, 1999). The 

roots of these attractive flowering plants contain chemicals that kill nematodes.  As a 

method of bio-control, growing marigolds is not only pleasing to the eye but 

economically and environmentally sound as well. Marigolds in northern Mexico, held 

constant on fallow plots, decreased nematode level five-fold in plots with tomatoes, 

French marigold, Tagetes patula, is the only type at all concentrations effective in 

lowering root-knot nematode populations. Marigolds as a rotation crop must be grown 

in a soil planting for a full season to suppress nematodes. 

Mohammed and Mashkor (1990) also reported the plants Azardirachta indica, 

Calotropis procera, Lantana indica, Melia azaedirach as very effective in the control 

of M. incognita on tomato and chilli. They found that enhanced plant growth of 

susceptible tomato and chilli were correlated with the degree of control of the 

nematodes. 

2.9 NEMATODE SUPPRESSIVE CROPS 

Plant parasitic nematodes are destructive and hard to control soil pests of 

vegetable, annual flower, woody ornamentals etc. Southern and peanut root-knot 

nematodes are the two most common nematode pests. Control practices for these and 

other damaging nematodes have largely focussed on yearly nematicide treatments. 

However, nematicides for home and farm use may not be available in the future, so 

environmentally sound control practices may have to be used to effectively manage 
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these damaging pests. One of these practices is growing nematode suppressive crops. 

Nematode suppressive crops combat infestation of plant parasitic nematodes naturally 

without fumigant nematicides or lengthy rotations to non-host crops. Some marigolds, a 

few varieties of Chrysanthemum and Castor bean, Partridge pea, several Crotalaria spp 

and rapeseed produce nematicidal (killing) and nematistatic (suppressive) organic 

compounds. These natural compounds, which are toxic to nematodes, are released from 

roots of living plants or by plants incorporated into soil as green manure. Some plants 

may also act as trap crops that prevent nematodes from maturing and reproducing once 

they enter the roots. The roots of some of these plants may not be a good food source 

for nematodes, thereby reducing their numbers by Starvation (Bernard and 

Montgomery-Dee, 1993). 

Due to the phase-out of methyl bromide and constraints of use of other fumigant 

nematicides, such as the length of the period following fumigant application when 

crops cannot be planted, growers have an increased interest in non-chemical control 

options (Ferguson and Padula, 1994; Noling and Becker, 1994). Suppressive cover 

crops and nematode resistant rotation crops have reduced nematode population within 

the soil environment in trials in the United States (Eberlein Guttieri, Davis, Boydston, 

Miller, Libbey and Khatil, 1998; Johnson, Golden, Auld and Summer, 1992; Mac 

Guidwin and Layne, 1995; Mojtahedi, Santo, Hang and Wilson, 1991; Pinkerton, 

Santo, Ponto and Wilson, 1986; Rodriquez-Kabana et al., 1998; Shigaki, Gray, 

Delaney, and Koch, 1998; Viaene and Abawi, 1998; Zasada, Ferris, Elmore, 

Ronkoroni, Mc Donald, Bolkan and Yakbe, 2003). 

Some test crops, include Brassica napus L. (Rapeseed) limit feeding and 

reproduction of nematodes (Johnson et al., 1992). Nematode damage (root gall indices) 

on squash that followed rapeseed was lower than the damage incurred following vetch 

in 2 of 3 years in Georgia, and similar nematode suppression on potato followed green 
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manure of rapeseed in the Pacific Northwest (Eberlein et al., 1998; Johnson et al., 

1992). In one project to evaluate rapeseed cultivars, „Dwart Essex‟ produced the 

highest total quantity of glycosinolates, which are nematicidal compounds of four 

cultivars tested (Ettlinger and Kjaer, 1968; Johnson et al., 1992; Oleson, 1981). 

Other cover crops also inhibit nematodes. The incorporation of green manure of 

Trifolium ungustifolium L, (Mustard clover), Sorghum bicolor L. (Sorghum 

Sudangrass) S. arundinaceum (Desv) and Stapt nvor Sudanense (Stapt Hitche) 

successfully improved the control of nematodes in a   subsequent potato crop in the 

northwest United States (Stark, 1995; Eberlein et al., 1998). The use of Panicum 

Virgatum L. (Switch grass) and other warm-season forage grasses such as S. bicolor (L) 

Moench (Sorghum) in rotation systems reduced nematodes and increased yields of 

vegetables in the south eastern United States (Mc Sorley and Gallaher; 1993; Mc 

Sorley, Dickson, Brito, Hewlett and Frederick, 1994; Rodriquez kabana et al., 1998). 

Final population densities of M. incognita but not Paratylenchus spp were lower on 

sorghum than on soyabean (Mc sorley and Gallaher, 1993). A similar approach using 

Raphanus sativus L. (Radish) and mustard as Heterodera schactii was used in 

Wyoming (Gray, Koch and Krall, 1997; Shigaki, Gray, Delaney and Koch, 1998). 

Deployment of root-knot nematode resistant crops has also shown the capacity to 

manage nematodes. Double cropping of susceptible cucumber and squash following a 

root-knot nematode resistant pepper resulted in significant reductions in root galling 

and M. incognita reproduction, and increased the number and weight of fruit in South 

Carolina and Georgia (Theis, Davies, Mueller, Ferry, Langston and Miller, 2004). 

 Fassuliotis (1987) listed about 125 vegetable cultivars with resistance to various 

species of root-knot nematodes. Numerous cultivars with resistance to root-knot 

nematodes have been discussed in various chapters of economic nematology (Webster, 

1992). A few root stocks for fruit and nut crops are also available. Those resistant to 
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Meloidogyne species are listed `by Taylor and Sasser (1978). Use of resistant cultivars 

has expanded greatly in the past 20 years. According to Todd (1977), more than half of 

the tobacco grown in North Carolina in 1977 was cultivars resistant to Meloidogyne 

incognita, the most common root-knot nematode in that state. 

The ever popular marigold is the most familiar of the plants known to actively 

suppress plant parasitic nematodes. In trials, Marigolds grown throughout the summer 

suppressed common garden nematodes such as Meloidogyne (root-knot) Paratylenchus 

(lesion) and Tylenchorhynchus (Stunt) nematodes. Available evidence indicates that all 

marigolds act generally as trap crops and also contain chemicals toxic to nematodes 

(Austin, William and Edward, 1994). 

Of all types of marigolds, French Tagetes patula (dwarf marigolds) gave the most 

consistent control of the greatest number of damaging nematode species. French dwarf 

marigolds known to suppress nematode are T. minuta (African marigold) which reduces 

numbers of root-knot nematode. In a study, the French dwarf marigold C.V. 

„Tangerine‟ suppressed reproduction of M. incognita, M. hapla and M. arenaria on 

roots of Peanuts (Austin et al., 1994). 

Tropical legumes can also suppress damaging nematodes. Foliage of some 

tropical legumes incorporated into the soil as a green manure may also reduce 

populations of some root-knot nematodes. Ricinus communis (Castor bean) greatly 

reduces survival of juveniles and reproduction of southern peanut, and lesion 

nematodes. Aeschynomeme americana (American join Vetch) when incorporated as 

green manure suppresses the peanut root-knot nematode. Crotalaria spectabilis 

(Showny Crotalaria) is reported to be highly resistant to the southern, peanut, and 

Javanese root-knot nematodes. Its resistance to a broad range of root-knot nematodes 

makes showny Crotalaria a suitable rotation and green manure crop in home gardens. 

Mucuna deeringiana (Velvet bean) is grown the year before planting peanuts, root 
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exudates of velvet bean and associated rhizobacteria reduce population of the peanut 

root-knot nematode. It also reduces juvenile population of the southern and Javanese 

root-knot nematode. Velvet bean may be incorporated into the soil as a green manure 

before the tops are chopped down with a disk (Rodringuez-Kabana et al., 1989). 

Brassica napus (Rapeseed) contains surface containing chemicals 

(glicosinolates) that break down in decomposing tissues into compounds toxic to 

nematodes. Rapeseed cultivars „Dwarf Essex‟ „Elena, “Indore,‟Jupiter,‟ „Cascade,‟ 

„Bridger,‟ and Humus‟ are effective in suppressing southern and Javanese root-knot 

nematodes. Rapeseed is most effective against nematodes when incorporated as a green 

manure 2 or 3 months after planting in the field, matured riped seed (6 months old) 

ploughed under as a green manure has little effect on root-knot nematode populations 

(Johnson et al.,1992). 

Bahiagrass, a widely used warm season perennial pasture grass in the southern 

two-thirds of Alabama, is an excellent nematode suppressive crop of all important root-

knot species. Bahiagrass rotations provide excellent suppression of peanut and southern 

root-knot nematodes. Long-term bahiagrass rotations provide the additional benefit of 

suppressing soil borne diseases (White mold and vascular wilts) and improving soil tilt. 

All bahiagrass varieties are easily established from seeds (Austin et al., 1994). 

Growing nematode suppressive crops will not eliminate plant parasitic 

nematodes from the soil. However, it may reduce nematode numbers enough to allow 

production of nematode susceptible plants in a nematode infested field‟s, bed, or 

garden. If nematode populations are high, cropping several successive suppressive or 

non host crops may be necessary before a susceptible crop may be grown without the 

protection of a nematicide. Nematode population often can rebound to pre-treatment 

levels when a susceptible vegetable or field crop is grown after a nematode suppressive 

crop. Nevertheless, suppression of nematode by growing nematode suppressive crops 
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has been similar to, or some what better than suppression of nematodes obtained with a 

weed-free summer fallow (Austin et al., 1994).  

2.10 NEMATICIDAL PLANTS 

Some plants repel nematodes because their roots give off substances into the 

soil which the nematodes do not like. These plants can be used in a rotation system. 

Nematicidal plants include garlic, cassava, leeks, mustard, onions, shallots, pawpaw, 

African French marigold and Mexican poppy. Some grasses such as Eragrotis carvula 

(Weeping love-grass), Chloris gayana (Katambora Rhodes grass), Cynodon dactylon 

(Couch grass), Panicum maximum (Sabi panicum) and Paspalum totatum (Paraguay 

grass) are also effectively used as nematicidal plants (HDRA, 2000). 

Ageratum conyzoides (Goatweed) is a nematicidal plant. It is use as a much in-between 

growing plant. This will add organic matter to the soil as well as acting as a repellent 

for nematodes (HDRA, 2000). 

There are reports that certain plant parts and extracts possess nematicidal 

properties (Nandal and Bhatti, 1983; Sharma and Trivedi, 1992). Application of the 

plant parts or extracts to nematode infested soil affects nematode directly and 

stimulates soil microbes that reduce nematode population (Nandal and Bhatti, 1986; 

Reddy et al., 1996). 

 Some non-host and or tolerant plants include Azalea, Chrysanthemum, French 

marigolds, Oleander and Pine (Mary, 2000). 

Rotations to non-host crops for more than a year reduce populations below 

damaging levels but will not eliminate them. It is generally agreed that asparagus, corn, 

onions, garlic, small grains, Cahaba white vetch, and „nova‟ vetch are sufficiently 

resistant. They can be grown as rotation crops in soil infested with root-knot 

nematodes, and are good rotation crops. A rye rotation in Florida did not increase 
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populations of root-knot nematodes in subsequent soyabean crops while crimson clover 

did (Mojtahedi et al., 1993). 

Cover crops of winter rapeseed significantly reduced subsequent damage to 

potatoes by the Columbia root-knot nematode. Sudangrass reduce soil nematode 

populations. Using sesame as a cover crop has been reported to decrease nematodes 

(McSorley and Gallaher, 1991). 

Continuous cropping on the same piece of land further aggravates the nematode 

menace as the population increases above the economic threshold levels.  

Environmental degradation, health risks and cost associated with the most effective 

methods of nematode control (nematicides) make search for a more economically 

viable strategy among the resource poor farmer imperative. Crop rotation is the best 

known preventive practice both in traditional and subsistence agriculture that lower 

nematode pests and other pathogen populations (Bridge, 1996). Although emphasis has 

been on the use of food crops as rotation crops, use of other crops that have multiple or 

nematicidal properties should be considered. For example, food or forage legumes 

which are known to improve soil fertility, reduce soil erosion and suppress weeds can 

be used as rotational crops. Besides, the legumes can be used as inter crops in maize-

based cropping systems in place of the Phaseolus vulgaris L. (Common bean) or for 

short improved fallow. Crotalaria sp for example, has been reported to exhibit 

nematicidal activities against root-knot and burrowing nematodes (Atu, 1984) and has, 

therefore, been recommended for use as an antagonistic and a trap plant (Bridge, 1996). 

Burning residues of Crotalaria juncea (Sunn hemp) at 10kg|1.44m
2 

was reported to 

control Meloidogyne spp. In tomato seed beds, Hairy Vetch (Vicia villosa) was reported 

to reduce Meloidogyne incognita on tomatoes (Patel, Patel, and Patel, 1990, Haroon, 

1993). A literature search has revealed that the efficacy of some of the legumes 

(currently being tested for soil fertility improvement by the Legume Research Network 
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Project (LRNP) in Kenya in suppressing lesion and root-knot nematodes in Kenya has 

not been assessed. The legumes to be screened will include Canavalia ensiformis 

(Jackbean), Lablab purpurens, Mucuna pruriens and Vicia villosa (Sunnhemps). 

Use of trap crops and antagonistic crops like Tagetes erecta and Crotalaria   

spectabilis in nematode infested soil is effective against the root-knot nematode 

(Gapasin, 1984). 

The toxicity of the essential oil from worm wood or Artemisia annua (Sweet annie) 

leaves was evaluated in vitro against second stage juveniles (J2) of Meloidogyne 

incognita and pre-adults of the Rotylenchus reniformis (Reniform nematode) Complete 

mortality (100%) of both nematodes was found in 250-500 parts per million 

concentration of the essential oil and gradually decreased with lower concentration 

(Shakil, Prasad, Saxena and Gupta, 2004). 

William and Robert (1997) reported that cover crops such as Cynodon dactylon, 

Tagetes patula, Indigofera hirsute, Crotalaria juncea and Mucuna prurens have good 

control of root-knot nematodes and sting nematodes. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 EXPERIMENTAL SITE 

This study was carried out at the Biology Laboratory and the Botanical Nursery 

at the main campus of the Plateau State Polytechnic, Barkin ladi, Plateau State, Nigeria. 

3.2 SURVEY AND COLLECTION OF WEEDS FOR IDENTIFICATION  

A survey and collection of eight (8) common weeds (plants) at random from 

arable farm lands of Mangu, Barkin Ladi, Jos South, Jos North, Jos east and Bokkos 

Local Government Areas of Plateau State, Nigeria was carried out. The location from 

which the weed samples were collected is as reflected in figure 1. The weeds were 

collected at the early stage of rainy season in the months of May and June, in 

polyethylene bags and brought to the Biology Laboratory for identification by a 

taxonomist. Subsequently identification of the weeds based on Voucher number and 

Binomial naming was accomplished using the herbarium of Federal College of 

Forestry, Jos, Plateau State, Nigeria. The time and date of collection of weeds were 

recorded. 
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Figure 1: Map of Plateau State showing locations from which Common Weeds 

were collected for identification and screening for nematicidal 

properties 

Mangu 
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3.3 PREPARATION FOR PHYTOCHEMICAL SCREENING OF WEEDS 

The plants were kept on Laboratory Bench to dry under room temperature (25
0 

C -27
0 

C) for 2-4 weeks (Salako, Valencia and Oyabanji, 1997) and dried to constant 

weight in the oven for 12 hours at a temperature of 35
0
C and pulverized (i.e crush into a 

fine powder) for the purpose of extraction and phytochemical analyses. 

The phytochemical analyses of the test plants: Crotalaria breviflora, C. juncea, 

C. retusa and C. spectabilis were carried out for Alkaloids, Carbohydrates, Flavonoids, 

Glycosides, Saponins, Sterols, Tannins and Terpenes. The phytochemical analyses 

were carried out for all the extracts based on the following standard methods. 

3.3.1 Detection of Alkaloids 

Zero point five grams (0.5) g of extracts were dissolved individually in dilute 

3ml of 1 % acqueous Hydrochloric acid on a steam bath and filtered. 1 ml each of the 

filtrates was treated with a few drops of Mayer‟s reagent (Potassium Mercuric Iodide) 

and Hagner‟s reagent. Formation of a yellow coloured precipitate indicates the presence 

of alkaloids (Penelle et al., 2001). 

3.3.2 Detection of Carbohydrates 

One gram (1g) of extracts were dissolved individually in 5 ml distilled water 

and filtered. Filtrates were treated with 2 drops of alcoholic α-napthol solution in a test 

tube (Mollisch Test). Then 1 ml of concentrated tetraoxosulphate (VI) acid was 

carefully added down the side of the inclined tube so that the acid forms a layer beneath 

the acqueous solution without mixing it. Formation of the violet ring at the junction 

indicates the presence of carbohydrates (Neube, Afolayan and Okoh, 2008). 

3.3.3 Detection of Flavonoids 

Two grams (2 g) of extracts were treated with few drops of sodium hydroxide 

solution. Formation of intense yellow colour, which becomes colourless on addition of 
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dilute acid (Alkaline Reagent Test), indicates the presence of flavonoids (Bimakr, 

2010). 

3.3.4 Detection of Glycosides 

One hundred milligram (100 mg) of extracts were hydrolysed with dilute HCl, 

and then subjected to test for glycosides by treating the extracts with sodium 

nitroprusides in pyridine and sodium hydroxide (Modified Borntragers Test). 

Formation of pink to blood red colour indicates the presence of cardiac glycosides 

(Roy, 2010). 

3.3.5 Detection of Phenols 

Extracts were treated with 3-4 drops of ferric chloride solution. Formation of 

bluish black colour indicates the presence of phenols. 

3.3.6 Detection of Saponins 

Zero point five grams (0.5 g) of extracts was diluted with distilled water to 20 

ml and was shaken in a graduated cylinder with 0.5 g sodium chloride for 15 minutes 

(Froth Test). Formation of 1 cm layer of foam indicates the presence of saponins (Eloff, 

1998). 

3.3.7 Detection of Sterols 

Zero point five grams (0.5 g) of extracts were treated with chloroform and 

filtered. The filtrates were treated with few drops of acetic anhydride, boiled and 

cooled. Conc. Sulphoric acid was added (Libermann Test). Formation of brown ring at 

the junction indicates the presence of phytosterols (Parekh, karathia and Chanda, 2006). 

3.3.8 Detection of Tannins 

To the extracts 1 % gelatin solution containing sodium chloride was added 

(Gelatin test). Formation of white precipitate indicates the presence of tannins (Das, 

Tiwari and shrivastava, 2010). 
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3.3.9 Detection of Terpenes 

Extracts were dissolved in water and treated with 3 drops of copper acetate 

solution (Copper acetate Test). Formation of emerald green colour indicates the 

presence of diterpenes (Handa, Khanuja, Longo and Rakesh, 2008).  

3.4 COLLECTION OF INFECTED TOMATO ROOT FOR ISOLATION 

AND IDENTIFICATION OF ROOT-KNOT NEMATODES 

 

Tomato roots with galls, symptomatic of root-knot nematode infection were 

collected at random from various farmers‟ fields in Dorowa, Kuru-Jenta, Robb, NTV, 

Halle, and Ding-lo within Plateau State for isolation and identification of the root-knot 

nematodes. 

3.4.1 Isolation of Root-knot Nematodes  

The root-knot nematodes from disease tomato plants were isolated by the 

Baermann method of nematodes isolation (Juliet, 1994). The method was assembled 

and set up to extracts the root-knot nematodes from infected teased root galls. A ring 

stand was set up and a hose funnel was attached and place into ring of ring stand. A 

circular piece of wire screen was place inside the funnel. Tapwater was added to the 

funnel until the water surface was barly touching the wire supporting screen. All water 

leakages were avoided. An open sheet of two-ply facial tissue was place over the 

supporting screen in the Baerman funnel, letting the edges of tissue drape over the 

outside edge of the funnel. The freshly collected infected teased off root galls were 

carefully added into the open facial tissue inside the funnel. Additional water was 

carefully added to the funnel up to the top of the tissue. The Baerman funnel was left 

undisturbed for twenty four (24) hours. Then the clamp was carefully released to 

dispense 5 ml of solution to be collected in a petri-plate.The root-knot collected are 

ready for observation and identification using a compound microscope. 
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3.4.2 Identification of Root-knot Nematodes 

A prepared slide mount was prepared by placing three (3) drops of clear nail 

polish on a clean microscope slide to form corners of a rectangle of a size to support the 

cover slip. An eye dropper was used to place a drop of water containing nematodes in 

the center of the slide. The drop of water was warm by pasing the slide six (6) times 

over the flame of an alcohol lamp to relax the nematodes to stop moving. The cover 

slip was then place on the nail polish to support it. The nematodes were then observed 

with a compound microscope and thereby making reference to the manual for 

identification of plant parasitic nematodes (which are known for stylet-bearing) 

(Eisenback and Hunt, 2009). 

3.4.3 Used of Perineal Pattern Characteristic for Identification of Root-knot 

Nematodes 

 

Root-knot nematodes were identified to species level based on their perineal 

pattern characteristics (Hartman and Sasser, 1985). Perineal patterns of matured 

females were prepared for each root-knot nematode isolated. The root tissues were 

teased apart with forceps and half spear to remove adult females. The head and neck 

region of the nematode was excised (by fixing dissected females from plant roots in 7 

ml 40 % formaldyhyde, 2 ml triethanolamine, 9 ml distilled water solution until used) 

and the posterior placed in a solution of 45% Lactic acid to remove all body tissues. 

Then the perineal pattern was trimmed (by the coherent light illumination; light waves 

that vibrate with constant phase relationships, produce by the normal brightfield 

condenser). This coherent illumination contributes to the enhanced image of the 

perineal pattern by increasing the resolving power of the light microscope, and it also 

increases contrast and enhances surface morphology, making the perineal pattern 

appear three (3) dimentional. A drop of glycerine was added as described by Hartman 

and Sasser, (1985). At least 5-10 perineal patterns were examined to make 

identification of nematodes species of each sample. In females; perineal pattern of M. 
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incognita have a distinct high dorsal arch composed of smooth to wavy striae. Often 

there are striae that bend towads the vulva. Stylets cone is distinctly curved dorsally. 

The anterior portion of the cone is cylindrical and the posterior half is conical. The 

stylet knobs are broadly elongate. Head morphology- the labial disc and medial lips are 

dumbbell-shaped (the medial lips are wider than the labial disc) in face view. 

 After subjecting the organisms to identification through the perineal pattern 

characteristics, an innoculm was formed using a susceptible tomato cultivar (UC 82 B) 

used mostly by the farmers because of its high yield and market value. Galls that 

contained females of Meloidogyne incognita egg masses were developed from the 

inoculum which was later obtained for the experiment. The hatching of eggs masses 

was stimulated by placing the egg masses in petridishes containing susceptible tomato 

root exudates for 24 hrs. 

3.5 PREPARATION OF CRUDE AND ETHANOLIC EXTRACTS OF 

WEEDS 

 

The plant materials dried to constant weight were ground separately into 

powder with clean pestle and mortar and then sieved with 0.5 mm nominal size of 

aperture. Sixty (60 g) grams of each sample was added to 500 ml of ethanol in the 

Laboratory. The dried ground whole plants of the test common weeds were 

exhaustively extracted with the ethanol (C2H5OH), (Analytical Grade, BDH Laboratory 

Supplies) in soxhlet apparatus for approximately 12 hours.The resulting ethanol extract 

was filtered through Whatman paper No 1 and concentrated under reduced pressure at 

45˚ C using the Buchi, Rotavapor R-200 to obtain a crude residue (23.5 %) (Eloff, 

1998, Rios, 2005). The extraction was carried out at the Department of Pharmacognosy, 

University of Jos. 
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3.6 PREPARATION OF EXTRACT CONCENTRATION FOR IN VITRO 

 STUDIES 

 

The resulting root-knot nematode juveniles from hatched eggs in egg masses of 

identified females of Meloidogyne incognita obtained from the inoculum source were 

introduced into  petri dish containing the various concentration of the test plants 

extracts as follows, 1g of each of the extract was dissolved in 5 mls of distilled water. 

Other concentrations of extract were prepared by dissolving 1g of extract in 10 mls of 

distilled water and 1g in 15 mls of distilled water all of which were used for the 

nematicidal test using nematode juveniles obtained from teased galls of female‟s egg 

masses of Meloidogyne incognita (containing 17 juveniles). Each was replicated three 

times in Petri dishes and was kept at room temperature (25
0 

C – 27
0 

C) with mouths 

closed to reduce evaporation of the water. The dead and surviving juveniles were 

counted after an interval of 6 hours, 12 hours and 24 hours. The mortality was assessed 

by touching the nematode juveniles with a fine needle to trigger movement and 

observed whether dead or live (Muhammad, Tariq and Riaz, 2004). Root-knot juveniles 

(17 juvniles) were also teased off in distilled water without test weeds extract and kept 

in separate Petri dishes to serve as control. The average number of nematode juvenile 

replicated in Petri dishes was computed to determine the number of live / dead 

nematodes for each test weeds at the various concentrations. 

3.7 PREPARATION OF EXUDATE FROM THE WEEDS TO TEST FOR 

NEMATICIDAL PROPERTIES 

 

The test plants that showed nematicidal properties against the Meloidogyne 

incognita (root knot nematode) were subjected to exudates preparation. Young and 

actively growing test plants of similar sizes were inserted into test-tubes wrapped with 

black carbon papers and properly sealed with masking tape containing water. The set-

up containing the plants was held in upright position in a test-tube rack. Cotton wool 

was used to support the seedlings in the test-tube in an up right position under constant 
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illumination of fluorescent light for 5days. The water in the test-tube continued to 

reduce due to transpiration and was carefully replaced by removing the cotton wool 

used to hold the plants in position and some water added and a new cotton wool placed 

back on the test-tube mouth, to hold the plant in position. The plants grew under this 

normal condition and in the process or within the period produced exudates that were 

released into the test-tubes. After this, the set up was dismantled and the plants were 

removed and the water in the test-tubes containing the exudates was used to test for 

nematicidal effects on the Meloidogyne incognita (Dundek, Holik, Rohlik, Vranova, 

Rejsek and Formanek, 2011). 

3.8 THE NEMATICIDAL EFFECT OF EXUDATES ON MELOIDOGYNE 

INCOGNITA JUVENILES 

 

The preparation of root exudates was carried out concurrently to ensure that 

fresh exudates and freshly hatched M. incognita juveniles from eggs in egg masses of 

identified females was used always. Five (5) mls of each of the root exudates were 

obtained within five (5) days.  The galls that contained egg masses were teased off, 

introduced into Petri dishes containing the exudates to hatch into juveniles after 24 

hours. Fourteen (14) of juveniles in each Petri dish were arranged in triplicates and kept 

on the Laboratory bench for varying time intervals of 6 hours, 12 hours and 24 hours. 

The number of M. incognita dead or immobilized for each time interval was recorded. 

Another gall that contained females egg masses was teased off, the eggs in egg masses 

allowed to hatch to produce juveniles and introduced into distilled water without root 

exudates was kept in separate Petridish to serve as control. The average of the 

replicates was computed to determine the number of live/dead M. incognita for each 

weed root exudate at the various time intervals. 
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3.9 FIELD EXPERIMENTS TO CONTROL MELOIDOGYNE INCOGNITA 

POPULATIONS 

 

A completely randomised block experimental design was employed in the field 

experiments for the control of root-knot nematodes (Meloidogyne incognita) on tomato 

(UC 82 B) using decomposed plant parts. The plant parts (root, stem and leaves) of 

Crotalaria breviflora, C. juncea, C. retusa, C. spctabilis that were found to have 

nematicidal properties were composted in a dug out pits. They were properly labelled 

as Decomposed Plant Parts (DPP): Crotalaria breviflora (AB), C. juncea (BC), C. 

retusa (CD), C. spectabilis (DE) respectively. The fresh plant parts were collected 

between August and September and composted in dug out pit to allow for their 

decomposition for a period of four (4) months according to Hassan, Chindo, Marley 

and Alegbejo, (2010). The Decomposed Plant Parts were transferred to the field in a 

completely randomized block design to amend the soil in which susceptible 

Lycopersicum esculentum (tomato) cultivars (UC 82 B) were transplanted. The 

presence or absence of nematodes in the soil was determined by exracting them from 

the soil using Baermann method of nematodes extraction (Juliet, 1994) before 

transplanting the tomato seedlings on the amended beds measuring, width 120 cm by 

length 240 cm and height 60 cm in the field with a control which was not amended with 

the decomposed plants parts (plate 1). The susceptible tomato cultivars (seedlings) were 

inoculated with over 500 juveniles of Meloidogyne incognita after two weeks of 

transplanting. Infected tomato roots from the inocula were placed in the rhizosphere of 

the transplanted seedling. The inoculated seedlings were then kept under observation 

for any possible symptoms of nematode infections on the shoots and leaves.  

After seven (7) weeks of transplanting, some of the tomato plants were uprooted 

and the roots washed under tap water for observation incase of possible root-knot 

(galls) on the roots. Depending on the severity of galls, the roots were subjectively 

rated and recorded as described by Taylor and Sasser (1978). The mean number of 

juverniles per 5g root galls was determined. In addition, the fruit yield was assessed by 
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counting the number of fruits (3 plants per stand) on individual plant; the mean shoot 

height, the mean dry weight of the plants was also recorded and the data subjected to 

two ways Analysis of Variance (ANOVA). 

A pot experiment using completely randomized experimental design was also 

carried out with the decomposed plant parts (DPP) of the test plants; Crotalaria 

breviflora (AB), C. juncea (BC), C. retusa (CD), and C. spectabilis (DE) mixed with 

soil sterilized in an oven at a temperature of 160
0 

C to kill any nematode present in it. 

The sterilized soils   were transferred to flower pots and amended with the decomposed 

test plants in which susceptible Lycopersicum esculentum (tomato) cultivars (UC 82 B) 

seedlings were also transplanted. The tomato seedlings were kept under observation for 

likely symptoms of nematode infection. The tomato plants were also uprooted and 

washed under tap water for observation of symptoms of root-knot (galls) on the roots. 

For the pot experiment, there was an average of 5 – 6 plants per pot. The average of 

each parameter (mean number of galls, mean number of juveniles, mean fruit yield, 

mean height, mean dry weight) after treatment with the decomposed plant parts was 

determined. A one way Analysis of variance (ANOVA) was carried out according to 

the parameters recorded. 
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Plate 1: Prepared Pots with sterilized Soil and Beds amended with 

Decomposed Plants Parts (DPP) for Field Experiment. 

 

Key: 

CONTROL: Pots and Bed not amended with decomposed test plants (weeds) as 

control. 

DPP, AB:  Pots and Bed amended with decomposed C. breviflora (DPP, AB) plant. 

DPP, BC: Pots and Bed amended with decomposed C. juncea (DPP, BC) plant. 

DPP, CD: Pots and Bed amended with decomposed C. retusa (DPP, CD) plant. 

DPP, DE: Pots and Bed amended with decomposed C. spectabilis (DPP, DE) plant. 
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3.10 FIELD EXPERIMENT TO CONTROL MELOIDOGYNE INCOGNITA 

BY VARYING THE CONCENTRATIONS OF THE DECOMPOSED 

PLANT PARTS 

 

A completely randomised block experimental design was employed in the field 

experiments for the control of root-knot nematodes (Meloidogyne incognita) on tomato 

(UC 82 B) using decomposed plant parts. The field experiment to control Meloidogyne 

incognita was carried out by treatment of the field with decomposed plant parts (DPP) 

of the test plants: Crotalaria brevifloria (DPP, AB), C. juncea, (DPP, BC), C. retusa 

(DPP, CD) and C. spectabilis (DPP, DE) by varying the quantity of the plant material 

that is 15kg, 10kg and 5kg applied to each standard bed of width120 cm by length 240 

cm and a height of 60 cm. The control bed was untreated (Plate 2). The susceptible 

tomato cultivar (UC 82 B) which is known to be predominantly cultivated by the 

farmers on the Plateau because of its high yield and market value was used for this 

experiment. The tomato seedlings were transplanted on to the treated beds with the 

decomposed plant materials and the control. The transplanted seedlings on the field 

were inoculated with over 500 juveniles of Meloidogyne incognita from the inoculum 

by using chopped infected roots (Siddiqui and Shaukat, 2002). A normal treatment of 

the tomato field by putting hand full of fertilizer at the rhizosphere of three (3) plants 

was carried out as practised by the local farmers. The field was weeded at interval of 

two (2) weeks to keep it free from weeds. The tomato plants were carefully uprooted 

and washed free of soil at the various vegetative stages for root-knots (galls). The mean 

numbers of juveniles per root galls were determined by weighing 5g of the root galls. 

Nematodes were then extracted from the galls. The fruit yield was also determined 

based on an average of 3 plants per stand at harvest. Th mean shoot height and mean 

dry weight of the plants was also recorded and the data subjected to two ways Analysis 

of Variance (ANOVA).   
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Plate 2: Prepared Beds treated with Varying Concentrations (15 kg, 10 kg 

and 5 kg) of Decomposed Plants Parts (DPP) and untreated Bed as 

Control. 

 

 

Key: 

DPP, AB: Bed treated with decomposed C. breviflora (DPP, AB) plant. 

DPP, BC: Bed treated with decomposed C. juncea (DPP, BC) plant. 

DPP, CD: Bed treated with decomposed C. retusa (DPP, CD) plant. 

DPP, DE: Bed treated with decomposed C. spectabilis (DPP, DE) plant. 

CONTROL: Bed not treated with test plant as control 
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3.11 TEST WEEDS (PLANTS) GROWN ON INFESTED FIELDS TO 

 MANAGE MELOIDOGYNE INCOGNITA POPULATIONS 

 

A completely randomised block experimental design was employed in the field 

experiments for the control of root-knot nematodes (Meloidogyne incognita) on tomato 

(UC 82 B) using weeds grown on infested fields to manage their population. The test 

weeds (plants): Crotalaria breviflora, C.juncea, C.retusa and C.spectabilis were sown 

on infested fields measuring, width120 cm by length 240 cm and height 60 cm by 

spreading the seeds of each plant and allowing it to grow on the infested tomato fields 

and fallowed for a season from April to October before cultivating dry season tomato 

on it to reduce root-knot nematode populations in the soil and in the roots (Plate 3). 

Tomato seedlings, variety UC 82 B susceptible to root-knot nematodes were raised on 

the cultivated beds where the test plants were grown. All recorded data on mean 

number of galls, mean number of juveniles, mean number of fruit yield, mean shoot 

height and mean dry weight were subjected to two ways Analysis of Variance 

(ANOVA).  
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Plate 3: Prepared Beds where test Weeds (Plants) were Grown on Soil 

Infested with Root-knot Nematodes and Control 

 

 

Key: 

Bed where C. breviflora (Plant AB) was grown.  

Bed where C. juncea (Plant BC) was grown. 

Bed where C. retusa (Plant CD) was grown. 

Bed where C. spectabilis (Plant DE) was grown. 

Bed without any test plant as control. 
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CHAPTER FOUR 

RESULTS 

4.1 SURVEY AND COLLECTION OF WEEDS FOR IDENTIFICATION 

The results of the survey and collection of some common weeds for nematicidal 

properties against root-knot nematodes infecting tomato in Plateau state were identified 

botanically to include; Ageratum conyzoides, Crotalaria breviflora, Crotalaria juncea, 

Crotalaria retusa, Crotalaria spectabilis, Euphorbia hirta, Portulaca oleracea and 

Tridax procumbens. The identification was based on their common names, Botanical 

name, Voucher number, Date and time of collection, place of collection and their 

families (courtesy, Forestry Herbarium Jos (FHJ) of Federal College of Forestry, Jos, 

Plateau State, Nigeria. The identified weeds are as presented in Plates 4, 5, 6, 7, 8, 9, 

10, and 11. 
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Plate 4: Ageratum conyzoides L. (Plant AA) 

 

Common Name:   Billygoat-weed, Chick weed, Goatweed, Whiteweed. 

Botanical Name:   Ageratum conyzoides Linn. 

Voucher Number:   Forestry Herbarium Jos (FHJ) 242 

Date and Time of Collection: 13
th
 October, 2016 7:45 am 

Place of Collection:   Shere-Hills 

Family:   Asteraceae 
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Plate 5: Crotalaria breviflora DC. (Plant AB) 

 

Common Name:   Shortflower rattlebox 

Botanical Name:   Crotalaria breviflora DC. 

Voucher Number:   FHJ 238 

Date and Time of Collection: 13
th
 October, 2016 7:35 am 

Place of Collection:   Kwata-zawan 

Family:    Fabaceace 
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Plate 6: Crotalaria juncea L. (Plant BC) 

 

Common Name:    Sunnhemp 

Botanical Name:   Crotalaria juncea L. 

Voucher Number:    FHJ 240 

Date and Time of Collection:  13
th
 October, 2016 7:30 am 

Place of Collection:    Kwata-zawan 

Family:     Fabaceae  



71 

 

 

 

Plate 7: Crotalaria retusa L. (Plant CD) 

Common Name:    Rattle weed, Devil bean, Shack-shack, Wedge-

     leaf, Rattle-pod 

Botanical Name:    Crotalaria retusa L. 

Voucher Number:    FHJ 237 

Date and Time of Collection:  13
th
 October, 2016 7:40 am 

Place of Collection:    Anguldi-zawan 

Family:     Fabaceae 
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Plate 8: Crotalaria spectabilis L. (Plant DE) 

Common Name:   Roth-showy, Rattlebox, Rattlepods 

Botanical Name:   Crotalaria spectabilis L. 

Voucher Number:   FHJ 239 

Date and Time of Collection: 13
th
 October, 2016 8:00 am 

Place of Collection:   Gura-suga 

Family:    Fabaceae 
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Plate 9: Euphorbia hirta L. (Plant EF) 

 

Common Name:    Asthma weed, Cat hair, Basri dudhi, Chara 

Botanical Name:    Euphorbia hirta L. 

Voucher Number:    FHJ 244 

Date and Time of Collection: 13
th
 October, 2016 7:42 am 

Place of Collection:    College of Forestry Jos 

Family:     Euphorbiaceae 
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Plate 10: Portulaca oleracea L. (Plant FG) 

 

Common Name: Common purslane, Pigweed. Verdolaga, Red root, 

Little hogweed 

Botanical Name:    Portulaca oleracea L. 

Voucher Number:    FHJ 241 

Date and Time of Collection:  13
th
 October, 2016 7:00 am 

Place of Collection:    Angwan-rukuba 

Family:     Portulacaceae 
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Plate 11: Tridax procumbens L. (Plant GH) 

 

Common Name:   Coatbuttons, Tridaz daisy 

Botanical Name:    Tridax procumbens L. 

Voucher Number:    FHJ 243 

Date and Time of Collection: 13
th
 October, 2016 7:33 am 

Place of Collection:    College of Forestry Jos 

Family:     Asteraceae 
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4.2 THE PHYTOCHEMICAL ANALYSES OF THE TEST WEEDS 

 (PLANTS)  

 

The results of the common weeds extract with nematicidal properties subjected 

to phytochemical analyses showed that they contain some active ingredients in them 

which includes; Alkaloids, Carbohydrates, Flavonoids, Glycosides, Phenols, Saponins, 

Sterols, Tanins, and Terpenes (Table 2). 
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Table 1: The results of the Phytochemical Analyses of the test Weeds 

  Extracts for the following Parameters 

 

 

Parameters Test weeds (plants) 

 Crotalaria breviflora    C.juncea     C.spectabilis     C. retusa 

Alkaloids + + + - 

Carbohydrates + + + + 

Flavonoids - + + + 

Glycosides + - - + 

Phenols - + + + 

Saponins + - - - 

Sterols - - + + 

Tanins + - + - 

Terpenes - - + + 

 

 

 

Key: Present = + Positive 

 Absent= - Negative 
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4.3 ISOLATION AND IDENTIFICATION OF ROOT-KNOT NEMATODES 

The results of root-knot nematodes isolated from disease tomato plants with 

galls symptomatic of root-knot nematode infection extracted by the Baerman method of 

nematodes extraction and subjected to perineal pattern characteristic were identified to 

be Meloidogyne incognita (Plate 12). 
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Plate 12: A live Meloidogyne incognita juvenile Extracted from Infected 

tomato Plant (x 40). 
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4.4 PREPARATION OF EXRACT CONCENTRATION FOR IN VITRO 

 STUDIES 

 

The preliminary in vitro studies to determine the common weeds extracts with 

nematicidal properties at a concentration of (1g/5 mls) on Meloidogyne incognita 

juveniles at an exposure time of 0-24 hours indicated that extracts of Ageratum 

conyzoides, Euphorbia hirta, Tridax procumbens, and Portulaca oleracea had no 

nematicidal properties while Crotalaria breviflora, C. juncea, C. retusa and C. 

spectabilis had nematicidal properties (Table 2).  

The results of the in vitro studies using the whole weeds extracts at a 

concentration of one gram in five mills of distilled water (1g/5 mls) on Meloidogyne 

incognita juveniles at various exposure time of 6, 12 and 24 hours by counting the 

number of juveniles alive or dead. The extract of Ageratum conyzoides, Euphorbia 

hirta, Tridax procumbens, and Portulaca oleracea had no nematicidal effects on M. 

incognita juveniles while the extracts of Crotalaria breviflora, C. juncea, C. retusa and 

C. spectabilis had nematicidal effects on the same organisms.The distilled water used 

as a control experiment had no effect on the juvenile‟s organisms. The statistical 

analysis using analysis of variance (ANOVA) showed that there was significance 

difference (P< 0.05 ) in the effect of different plant extracts on Meloidogyne incognita 

juveniles mortality caused by the different concentrations of extracts compared to the 

control and means were compared by using least significant difference test at 5 % level 

of significance.(Table 3)  
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Table 2: Effects of Preliminary In vitro Studies of Whole Plant Extracts on 

  Juveniles Mortality of Meloidogyne incognita  

 

 Time of exposure of  juveniles to extracts 

 Plant extract Concentration 0- 24 Hours 

1. A. conyzoides  1g/5mls - 

2. C. breviflora 1g/5mls + 

3. C. juncea 1g/5mls + 

4. C. retusa 1g/5mls + 

5. C spectabilis 1g/5mls + 

6. E. hirta 1g/5mls - 

7. P. oleracea 1g/5mls - 

8.  T. procumbens 1g/5mls - 

 Distilled water/control  - 

 

KEY: 

+   Positive (Affected Nematodes) 

-   Negative (Nematodes not Affected) 
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Table 3: Effects of Whole Plant Extracts on Juveniles Mortality of  

  Meloidogyne incognita  

 

                                                        Time of exposure of  juveniles to extracts  

 Plant extract      Concentration          0 Hour          6 Hours              12 Hours             24 Hours 

                                                            M             M           NM          M         NM           M        NM 

1.  

2. 
3. 

4. 

5. 

6. 
7. 

8. 

 
 

A. conyzoides  

C.breviflora 
C. juncea 

C.retusa 

C spectabilis 

E. hirta 
P. oleracea 

T. procumbens 

Distilled 
water/control 

LSD P<0.05    

1g/5mls   

1g/5mls 
1g/5mls 

1g/5mls 

1g/5mls 

1g/5mls 
1g/5mls 

1g/5mls 

   - 
 

 

17.00 

17.00 
17.00 

17.00 

17.00 

17.00 
17.00 

17.00 

17.00 
 

 

17.00 

10.00 
9.00 

10.00 

10.00 

17.00 
17.00 

17.00 

17.00 
 

 

0.00 

7.00 
8.00 

7.00 

7.00 

0.00 
0.00 

0.00 

0.00 
 

0.038 

17.00 

0.00 
0.00 

0.00 

0.00 

17.00 
17.00 

17.00 

17.00 
 

 

0.00 

10.00 
9.00 

10.00 

10.00 

0.00 
0.00 

0.00 

0.00 
 

0.173 

17.00 

0.00 
0.00 

0.00 

0.00 

17.00 
17.00 

17.00 

17.00 
 

 

0.00      

17.00 
17.00 

17.00 

17.00 

0.00 
0.00 

0.00 

0.00 
 

0.198 

 

Each value is a mean of three replicates and pairs of means that differ by more than 

their LSD are significantly different at 5 % level of significance. 

Key: 

M = Motility 

NM= No Motility 
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4.5 EFFECTS OF DIFFERENT CONCENTRATIONS OF WEEDS 

 EXTRACT ON JUVENILES ORGANISMS 

 

The effect of different concentrations of various weed extracts were varied by 

dissolving one gram of the extract in different volume of distilled water (i.e 1g/5 mls, 

1g/10 mls and 1g/15 mls) to determine their effects on juveniles mortality of 

Meloidogyne incognita. The nematicidal properties revealed increased in mortality rate 

of Meloidogyne incognita juveniles as the concentration of the extracts increases. In the 

case of exposure time, the mortality rate increased as the exposure time increases. 

There was no mortality rate of Meloidogyne incognita juveniles in distilled water due to 

absent of weeds extracts. The mean individual mortality rate of Meloidogyne incognita 

juveniles with the different weeds extracts at different concentrations and exposure 

time were recorded. The Analyses of Variance (ANOVA) showed significance 

difference (P<0.05) at 5 % level of significant. The specific effects of each weed extract 

are described below.   

4.5.1 Effects of C. breviflora Concentration on Juveniles Organisms 

The effect of C. breviflora extracts on Meloidogyne incognita juveniles by 

varying the concentrations (i.e 1g/5 mls, 1g/10 mls and 1g/15 mls) show increase dead 

at the various time interval of exposure of the juveniles organisms. It can be seen 

clearly on the table that the dead rate kept on increasing as the time of exposure 

increases. At six (6) hours the dead rate was gradual for each concentration (i.e 1g/5 

mls had 6.00 dead, 1g/10 mls had 5.00 dead and 1g/15 mls had 5.00 dead). At twelve 

12 hours the concentration of 1g/5 mls had 11.00 dead, 1g/10 mls had 10.00 dead and 

1g/15 mls had 7.00 dead. At twenty four (24) hours the concentration of 1g/5mls all the 

juveniles are all dead, at concentration of 1g/10 mls 15.00 are dead, at concentration of 

1g/15 mls 12.00 are dead. There was no mortality of juveniles in distilled water due to 

absent of plant extracts. All of these show the significant of the various concentrations 

on juvenile‟s mortality. The mean individual mortality rate of juveniles with different 
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concentrations of extracts and exposure time were observed and recorded.  The results 

of Analysis of Variance (ANOVA) showed significance difference (P< 0.05) on 

juveniles` mortality at various concentrations and means were compared by using least 

significant difference test at 5% level of probability. The pairs of means that differ by 

more than their LSD are significantly different at 5 % level of significant (Tables 4). 
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Table 4: Effects of Different Concentrations of C. breviflora Extract on  

  Juvenile Mortality of M. incognita  

 

                                                        Time of exposure of juveniles to extracts 

                                                           0 Hour               6 Hours                  12 Hours           24 Hours 

Plant extracts      concentration        M          M              NM          M          NM        M         NM 

 

 
 

 

C. breviflora 

 
 

D. water 

LSD P<0.05 

1g/5ml 

1g/10ml  
1g/15ml 

- 

17.00 

17.00 
17.00 

17.00 

11.00 

12.00 
12.00 

17.00 

      

6.00 

5.00 
5.00 

0.00 

0.034 

0.00 

2.00 
5.00 

17.00 

 

11.00 

10.00 
7.00 

0.00 

0.019 

0.00 

2.00 
5.00 

17.00 

 

17.00 

15.00 
12.00 

0.00 

0.282 

 Each value is a mean of three replicates and pairs of means that differ by more than 

their LSD are significantly different at 5 % level of significance. 

Key: 

M = Motility 

NM= No Motility 
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4.5.2 Effects of C. juncea Concentration on Juveniles Organisms 

The effect of C. juncea extracts on Meloidogyne incognita juveniles by varying 

the concentrations (i.e 1g/5 mls, 1g/10 mls and 1g/15 mls) show increase dead at the 

various time interval of exposure of the juveniles organisms. It can be seen clealy on 

the table that the dead rate kept on increasing as the time of exposure increases. At six 

(6) hours the dead rate was gradual for each concentration (i.e 1g/5 mls had 7.00 dead, 

1g/10 mls had 6.00 dead and 1g/15 mls had 5.00 dead). At twelve 12 hours the 

concentration of 1g/5 mls had 9.00 dead, 1g/10 mls had 8.00 dead and 1g/15 mls had 

7.00 dead. At twenty four (24) hours (i.e 1g/5 mls had 16.00 dead, 1g/10 mls had 14.00 

dead and 1g/15 mls had 12.00 dead). There was no mortality rate of the juveniles in 

distilled water due to absent of plant extracts. All of these show the significant of the 

various concentrations on juvenile‟s mortality. The mean individual mortality rate of 

juveniles with different concentrations of extracts and exposure time were observed and 

recorded.  The results of Analysis of Variance (ANOVA) showed significance 

difference (P<0.05) on juveniles` mortality at various concentrations and means were 

compared by using least significant difference test at 5% level of probability. The pairs 

of means that differ by more than their LSD are significantly different at 5 % level of 

significant (Tables 5). 
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Table 5: Effects of Different Concentrations of C. juncea Extracts on Juvenile 

  Mortality of M. incognita  

 

                                                     Time of exposure of juveniles to extracts           

                                                        0 Hour        6 Hours                  12 Hours                   24 Hours 

  Plant extract   concentration    M            M          NM            M             NM          M            NM 

 

 

. 

 

C. juncea 

 

 

D. water 

LSD P<0.05  

1g/5mls 

1g/ 10ml 

1g/15ml 

- 

17.00 

17.00 

17.00 

17.00 

 

10.00 

11.00 

12.00 

17.00 

 

7.00 

6.00 

5.00 

0.00 

0.017 

1.00 

2.00 

5.00 

17.00 

 

9.00 

9.00 

7.00 

0.00 

0.013 

1.00 

2.00 

5.00 

17.00 

 

16.00 

15.00 

12.00 

0.00 

0.125 

Each value is a mean of three replicates and pairs of means that differ by more than 

their LSD are significantly different at 5 % level of significance. 

 

Key: 

M = Motility 

NM = No Motility 
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4.5.3 Effects of C. retusa Concentration on Juveniles Organisms 

The effect of C. retusa extracts on Meloidogyne incognita juveniles by varying 

the concentrations (i.e 1g/5 mls, 1g/10 mls and 1g/15 mls) show increase dead at the 

various time interval of exposure of the juveniles organisms. It can be seen clealy on 

the table that the dead rate kept on increasing as the time of exposure increases. At six 

(6) hours the dead rate was gradual for each concentration (i.e 1g/5 mls had 8.00 dead, 

1g/10 mls had 8.00 dead and 1g/15 mls had 7.00 dead). At twelve 12 hours the 

concentration of 1g/5 mls had 10.00 dead, 1g/10 mls had 9.00 dead and 1g/15 mls had 

8.00 dead. At twenty four (24) hours (i.e 1g/5mls had 18.00 dead, 1g/10mls had 17.00 

dead and 1g/15 mls had 15.00 dead). There was no mortality rate of the juveniles in 

distilled water due to absent of plant extracts. All of these show the significant of the 

various concentrations on juvenile‟s mortality. The mean individual mortality rate of 

juveniles with different concentrations of extracts and exposure time were observed and 

recorded.  The results of Analysis of Variance (ANOVA) showed significance 

difference (P<0.05) on juveniles` mortality at various concentrations and means were 

compared by using least significant difference test at 5% level of probability. The pairs 

of means that differ by more than their LSD are significantly different at 5 % level of 

significant (Tables 6). 
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Table 6: Effects of Different Concentrations of C. retusa Extracts on Juvenile 

  Mortality of M. incognita 

 

                                                   Time of exposure of juveniles to extracts 

                                                       0 Hour            6 Hours                   12 Hours             24 Hours 

Plant extract concentration      M              M            NM            M           NM        M          NM 

 

 

 

 

C.retusa 

 

 

D. water 

LSD P<0.05 

1g/5mls 

1g/10mls 

1g/15ml 

- 

18.00 

18.00 

18.00 

18.00 

 

 

10.00 

10.00 

11.00 

18.00 

 

8.00 

8.00 

7.00 

0.00 

0.126 

0.00 

1.00 

3.00 

18.00 

 

10.00 

9.00 

8.00 

0.00 

0.006 

0.00 

1.00 

3.00 

18.00 

 

18.00 

17.00 

15.00 

0.00 

0.305 

Each value is a mean of three replicates and pairs of means that differ by more than 

their LSD are significantly different at 5% level of significance. 

 

Key: 

M = Motility 

NM= No Motility 
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4.5.4 Effects of C. spetabilis Concentration on Juveniles Organisms 

The effect of C. spectabilis extracts on Meloidogyne incognita juveniles by 

varying the concentrations (i.e 1g/5 mls, 1g/10 mls and 1g/15 mls) show increase dead 

at the various time interval of exposure of the juveniles organisms. It can be seen clealy 

on the table that the dead rate kept on increasing as the time of exposure increases. At 

six (6) hours the dead rate was gradual for each concentration (i.e 1g/5 mls had 8.00 

dead, 1g/10 mls had 6.00 dead and 1g/15 mls had 6.00 dead). At twelve 12 hours the 

concentration of 1g/5 mls had 17.00 dead, 1g/10 mls had 9.00 dead and 1g/15 mls had 

9.00 dead. At twenty four (24) hours (i.e 1g/5mls had 18 dead, 1g/10mls had 15 dead 

and 1g/15 mls had 15 dead). There was no mortality rate of the juveniles in distilled 

water due to absent of plant extracts. All of these show the significant of the various 

concentrations on juvenile‟s mortality. The mean individual mortality rate of juveniles 

with different concentrations of extracts and exposure time were observed and 

recorded.  The results of Analysis of Variance (ANOVA) showed significance 

difference (P<0.05) on juveniles` mortality at various concentrations and means were 

compared by using least significant difference test at 5% level of probability. The pairs 

of means that differ by more than their LSD are significantly different at 5 % level of 

significant (Tables 7). 
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Table 7: Effects of Different Concentrations of C. spectabilis Extracts on 

Juvenile Mortality of M. incognita 

 

                                                   Time of exposure of juveniles to extracts 

                                                      0 Hour           6 Hours                    12 Hours                  24 Hours 

 Plant extract concentration    M                M         NM             M             NM         M           NM 

 

 

 

C.spectabilis 

 
 

D. water 

LSD P<0.05 

1g/5mls  

1g/10mls 
1g/15ml 

18.00 

18.00 
18.00 

18.00 

 

 

    10.00 

    12.00 
    12.00 

    18.00 

   

  8.00 

  6.00 
  6.00 

  0.00 

0.029 

 0.00 

 3.00 
 3.00 

18.00 

 

10.00 

9.00 
9.00 

0.00 

0.009 

0.00 

3.00 
 3.00 

 18.00 

 

18.00 

15.00 
15.00 

0.00 

0.320 

Each value is a mean of three replicates and pairs of means that differ by more than 

their LSD are significantly different at 5 % level of significance. 

 

Key: 

M = Motility 

NM= No Motility 
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4.6 PREPARATION OF EXUDATES FROM THE WEEDS TO TEST FOR 

 NEMATICIDAL PROPERTIES 

  

 The results of nematicidal effects of root-exudates on Meloidogyne incognita 

juveniles revealed that death of Meloidogyne incognita juveniles were recorded with all 

the root exudates extracted for 5-days. This result also revealed that the roots of the test 

plant exude nematicidal substances in their natural habitat. The mean individual effects 

of concentration of exudates on live/dead Meloidogyne incognita per/mls are as shown 

on the table. At twenty four hours all the juveniles‟ organisms were dead except in the 

control experiment. In the distilled water that was used as control showed no mortality 

rate at various time interval of exposure. The Analysis of Variance (ANOVA) was 

significant (P< 0.05) using least significant difference at 5 % level of significance 

(Table 8). 
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Table 8: Effects of Root Exudates Concentrations on Meloidogyne  

  incognita Juveniles. 

 

                                                   Time of exposure of juveniles to exudates 

                                  0 Hour       6 Hours               12 Hours                    24 Hours 

Test Plants exudates       M          M         NM        M          NM             M           NM 

1. 

2. 

3. 

4. 

Crotalaria 

breviflora 

Crotalaria juncea 

Crotalaria retusa 

Crotalaria 

spectabilis 

Distilled 

water/control 

LSD P<0.05 

14.00  

14.00 

14.00  

14.00 

14.00   

6.00 

7.00  

6.00 

7.00 

0.00 

 

8.00 

7.00 

8.00 

7.00 

0.00 

0.001 

0.00 

0.00 

0.00 

0.00 

14.00 

 

6.00 

7.00 

6.00 

7.00 

0.00 

0.709 

0.00 

0.00 

0.00 

0.00 

14.00 

 

14.00 

14.00 

14.00 

14.00 

0.00 

0.145 

Each value is a mean of three replicates and pairs of means that differ by more than 

their LSD are significantly different at 5% level of significance. 

 

Key: 

M = Motility 

NM= No Motility 
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4.7 FIELD EXPERIMENT TO TEST EFFECT OF DECOMPOSED PLANT 

 PARTS (DPP) ON MELOIDOGYNE INCOGNITA POPULATIONS 

 

The results of the field experiments with the four decomposed plant parts; 

Crotalaria breviflora (DPP, AB), C. juncea), (DPP, BC) C. retusa (DPP, CD) and C. 

spectabilis (DPP, DE) treatment on the field to control Meloidogyne incognita. The 

treated beds shows high vegetative growth of the tomato plants, with large greenish 

leaves, tall stems and large fruits (Plates 13, 14, 15, and 16) while the control bed show 

chlorosis, stunted growth, tiny leaves and some showing sign of wilting (Plate 17). 

When some of the tomato plants were uprooted on beds treated with the decomposed 

plants they had little signs of root galls on them. The ones on the control bed had 

numerous sign of root galls on them. The results show reduction in the nematode 

population on the tomato plant roots due to the treatments. Some of the tomato plants 

were uprooted and the following parameters; mean number of galls, mean number of 

juveniles extracted per galls, mean number of  fruit yield, mean height and mean dry 

weight of tomato plants were recorded. The results are as presented below. 
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Plate 13: Lycopersicum esculentum Plants Grown on Bed Treated with 15 kg 

of Decomposed Crotalaria breviflora (DPP, AB) Plant Parts. 
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Plate 14: Lycopersicum esculentum Plant Grown on Bed Treated with 15 kg of 

Decomposed Crotalaria juncea (DPP, BC) Plant Parts. 
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Plate 15: Lycopersicum esculentum Plants Grown on Bed Treated with 15 kg 

of Decomposed Crotalaria retusa (DPP, CD) Plant Parts. 
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Plate 16: Lycopersicum esculentum Plants Grown on Bed Treated with 15 kg 

of Decomposed Crotalaria spectabilis (DPP, DE) Plant Parts. 
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Plate 17: Lycopersicum esculentum Plants Grown on Untreated Bed as 

Control. 
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The number of galls on treated tomato plants and the control were counted and 

average numbers recorded. An infected tomato plant obtained from the untreated bed 

with decomposed plant parts as control showing root with heavy galls of root-knot 

disease (Plate 18).The mean number of galls per 3 plants, mean number of juveniles per 

5g of galls, means fruit yield per 3 plants, mean height of 3 plants (cm) and mean dry 

weight per 3 plants were recorded. All recorded data on the mean number of galls, 

juveniles, fruit yield, height and dry weight were subjected to analysis of variance 

(ANOVA) showed that there was significance difference (P< 0.05) in the effect of 

different Decomposed Plant Parts on Meloidogyne incognita at the same concentrations 

compared to the control and means were compared by using least significant difference 

test at 5% level of probability (Table 9). 
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Table 9: Effect of Decompsed Plant Parts (DPP) on Mean number of galls, 

  Mean number of juveniles of Meloidogyne incognita, Mean number 

  of fruit yield, Mean height and Mean dry weight of Lycopersicum 

  esculentum Plants 

 

Treatment with 

Decomposed Plant 

Parts (DPP)      

Mean 

number of 

galls per 3 

plants 

Mean 

number 

of 

Juveniles 

per 5g of 

galls 

Mean 

number of 

fruit yield 

per 3 

plants  

Mean height 

of 3 

plants(cm) 

Mean dry 

weight of 3 

plants (g). 

C. braviflora 

C. juncea 

C. retusa 

C. spectabilis 

Control 

LSD P<0.05 

36.00 

37.00 

56.00 

44.00 

103.00 

0.323 

11.00 

12.00 

12.00 

12.00 

16.00 

0.004 

256.00 

237.00 

235.00 

237.00 

115.00 

0.347 

14.00 

19.00 

16.00 

19.00 

14.00 

0.006 

29.00 

33.00 

35.00 

32.00 

23.00 

0.001 

 

Each value is a mean of three replicates and pairs of means that differ by more than 

their LSD are significantly different at 5 % level of significance. 
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Plate 18: Infected Lycopersicum esculentum (Tomato) Plant roots showing 

 heavy Galls of Root-knot Disease 
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4.8 POT EXPERIMENT TO TEST EFFECT OF DECOMPOSED PLANT 

 PARTS (DPP) ON MELOIDOGYNE INCOGNITA POPULATIONS ON L. 

 ESCULENTUM PLANT 

 

The results of the pot experiment in which soil treated with five (5) kg each of 

the decomposed plants parts: Crotalaria breviflora (DPP, AB), C. juncea (DPP, BC), 

C. retusa (DPP, CD) and C. spectabilis (DPP, DE). The treated pots shows high 

vegetative growth of the tomato plants, with large greenish leaves, tall stems and large 

fruits (Plates 19, 20, 21, 22 and 23) while the control pot show chlorosis, stunted 

growth, tiny leaves and showing sign of wilting (Plate 24). When some of the tomato 

plants were uprooted on pots treated with the decomposed plants they had little signs of 

root galls on them. The ones on the control pot had numerous sign of root galls on 

them. The results show reduction in the nematode population on the tomato plant roots 

due to the treatments. Some of the tomato plants were uprooted and the following 

parameters; mean number of galls, mean number of juveniles extracted per galls, mean 

number of  fruit yield, mean height and mean dry weight of tomato plants were 

recorded. The results of field experiment showing vegetative growth of the tomato 

plants raised in pots are as shown below: 
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Plate 19: Lycopersicum esculentum (Tomato) Plants Grown in Pots Treated 

  with 5 kg of Decomposed Plant Parts (DPP) each and Control. 

 

Key: 

Tomato plants grown in pots treated with decomposed C. spectabilis (DPP, DE) plant 

parts.  

Tomato plants grown in pots treated with decomposed C. retusa (DPP, CD) plant parts. 

Tomato plants grown in pots treated with decomposed C. juncea (DPP, BC) plant parts. 

Tomato plants grown in pots treated with decomposed C .breviflora (DPP, AB) plant 

parts. 

Tomato plants grown on untreated pots as control. 
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Plate 20: Lycopersicum esculentum Plants Grown in Pots Treated with 5 kg of 

Decomposed Crotalaria breviflora (DPP, AB) Plant Parts. 
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Plate 21: Lycopersicum esculentum Plants Grown in Pots Treated with 5 kg of 

Decomposed Crotalaria juncea (DPP, BC) Plant Parts. 
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Plate 22: Lcopersicum esculentum Plants Grown in Pots Treated with 5 kg of 

Decomposed Crotalaria retusa (DPP, CD) Plant Parts. 
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Plate 23: Lycopersicum esculentum Plants Grown in Pots Treated with 5 kg of 

Decomposed Crotalaria spectabilis (DPP, DE) Plant Parts. 
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Plate 24: Lycopersicum esculentum Plants Grown on Untreated Pots as 

Control 
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The mean number of root-knot galls, juvenile per 5g of root galls, mean fruit 

yield, mean height and mean dry weights of Lycopersicum esculentum plant were 

recorded. The statistical analysis using analysis of variance (ANOVA) of the 

parameters recorded showed that there was significance difference ( P< 0.05) in the 

effect of the different decomposed plants parts in the pot experiment on Meloidogyne 

incognita reduction compared to control, The means were compared by using least 

significant difference test at 5% level of significance (Table 10). 
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Table 10: Effect of Decomposed Plant Parts (DPP) on Mean number of Galls, 

  Mean number of juveniles of M. incognita, Mean number of fruit 

  yield, Mean height, and Mean dry weight, of Lycopersicum  

  esculentum Plant 

 

Treatment 

with 

decomposed 

plant parts      

Mean 

number of 

galls per 3 

plants 

Mean number of 

Juveniles per 5g 

root galls 

Mean 

number 

of fruit 

yield  

Per 3 

plants.  

Mean height of 

3plants 

(cm) 

Mean dry 

weight of 3 

plants (g). 

DPP, AB 

DPP, BC 

DPP, CD 

DPP, DE 

Control 

LSD P<0.05 

7.00 

8.00 

5.00 

6.00 

36.00 

0.029 

13.00 

13.00 

14.00 

13.00 

17.00 

0.002 

27.00 

38.00 

28.00 

28.00 

14.00 

0.123 

28.00 

35.00 

38.00 

34.00 

27.00 

0.001 

26.00 

27.00 

29.00 

26.00 

23.00 

0.001 

Each value is a mean of three replicates and pairs of means that differ by more than 

their LSD are significantly different at 5 % level of significance.   

 

KEY: 

Decomposed Crotalaria breviflora (DPP, AB) Plant Parts 

Decomposed Crotalaria juncea (DPP, BC) Plant Parts 

Decomposed Crotalaria retusa (DPP, CD) Plant Parts 

Decomposed Crotalaria spectabilis (DPP, DE) Plant Parts 

Untreated bed as control 
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4.9 EFFECTS OF VARYING CONCENTRATIONS OF DECOMPOSED 

 PLANT PARTS ON MELOIDOGYNE INCOGNITA POPULATIONS ON 

 L. ESCULENTUM PLANT 

 

The effects of varying concentration of four decomposed plants parts (DPP) by 

weighing (Fifteen kilogram (15 kg), ten kilogram (10 kg) and five kilogram (5 kg) for 

each test weed (C. breviflora (DPP AB), C. juncea (DPP BC), C. retusa (DPP CD) and 

C. spectabilis (DPP DE) on M. incognita infecting tomato plants raised on experimental 

fields. The treated beds shows high vegetative growth of the tomato plants, with large 

greenish leaves, tall stems and large fruits (Plates 25, 26, 27, 28 and 29) while the 

control bed show chlorosis, stunted growth, tiny leaves and some showing sign of 

wilting (Plate 30). When some of the tomato plants were uprooted on beds treated with 

the decomposed plants they had little signs of root galls on them. The ones on the 

control bed had numerous sign of root galls on them. The results show reduction in the 

nematode population on the tomato plant roots due to the treatments. Some of the 

tomato plants were uprooted and the following parameters; mean number of galls, 

mean number of juveniles extracted per galls, mean number of  fruit yield, mean height 

and mean dry weight of tomato plants were recorded. The field experiment showing the 

vegetative growth of the tomato plants are as follows: 
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Plate 25: Lycopersicum esculentum (Tomato) Plants Grown on Treated Beds 

with Varying Concentrations of Decomposed Plants Parts (DPP) 

and untreated Bed as Control. 

 

Key: 

 Tomato plants grown on bed treated with decomposed C. breviflora (DPP, AB) plant. 

 Tomato plants grown on bed treated with decomposed C. juncea (DPP, BC) plant. 

 Tomato plants grown on bed treated with decomposed C. retusa (DPP, CD) plant. 

 Tomato plants grown on bed treated with decomposed C. spectabilis (DPP, DE) plant. 

 Tomato plants grown on bed not treated with test plant as control 
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Plate 26: Lycopersicum esculentum Plants Grown on Beds Treated with 

Varying Concentrations of Decomposed Crotalaria breviflora (DPP, 

AB) Plant Parts.  
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Plate 27: Lycopersicum esculentum Plants Grown on Beds Treated with 

Varying Concentrations of Decomposed Crotalaria juncea (DPP, 

BC) Plant Parts. 
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Plate 28: Lycopersicum esculentum Plants Grown on Beds Treated with 

Varying Concentrations of Decomposed Crotalaria retusa (DPP, CD) 

Plant Parts. 
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Plate 29: Lycopersicum esculentum Plants Grown on Beds Treated with 

Varying Concentrations of Decomposed Crotalaria spectabilis (DPP, 

DE) Plant Parts. 
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Plate 30: Lycopersicum esculentum Plants Grown on Untreated Bed as 

Control. 
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The effect of the varying concentrations of decomposed plant parts DPP AB (C. 

breviflora) on mean number of galls per three (3) plant (i.e 5 kg had 12.00, 10 kg had 

10.00 and 15 kg had 8.00), mean number of juveniles per 5 g root galls (i.e 5 kg had 

13.00, 10 kg had 11.00 and 15 kg had 10.00) which show decrease in this parameters as 

the concentrations increases from 5 kg to 15 kg while the effect of same concentrations 

on mean number of fruit yield per three (3) plants ( I.e 5 kg had 116.00, 10 kg had 

118.00 and 15 kg had 119.00), mean shoot height per three (3) plants (i.e 5 kg had 

27.00, 10 kg had28.00 and 15 kg had 32.00) and mean dry weight per three (3) plants 

(i.e 5 kg had 26.00, 10 kg had 28.00, 15 kg had 34.00) which show increase in the 

parameters as the concentrations increases from 5 kg to 15 kg.  

The effect of the varying concentrations of decomposed plant parts DPP BC (C. 

juncea) on mean number of galls per three (3) plant (i.e 5 kg had 13.00, 10 kg had 8.00 

and 15 kg had 7.00), mean number of juveniles per 5 g root galls (i.e 5 kg had 13.00, 10 

kg had 9.00 and 15 kg had 7.00) which show decrease in this parameters as the 

concentrations increases from 5 kg to 15 kg while the effect of same concentrations on 

mean number of fruit yield per three (3) plants ( I.e 5 kg had 117.00, 10 kg had 117.00 

and 15 kg had 115.00), mean shoot height per three (3) plants (i.e 5 kg had 28.00, 10 kg 

had32.00 and 15 kg had 35.00) and mean dry weight per three (3) plants (i.e 5 kg had 

27.00, 10 kg had 31.00, 15 kg had 33.00) which show increase in the parameters as the 

concentrations increases from 5 kg to 15 kg.  

The effect of the varying concentrations of decomposed plant parts DPP CD (C. 

retusa) on mean number of galls per three (3) plant (i.e 5 kg had 7.00, 10 kg had 7.00 

and 15 kg had 4.00), mean number of juveniles per 5 g root galls (i.e 5 kg had 14.00, 10 

kg had 8.00 and 15 kg had 8.00) which show decrease in this parameters as the 

concentrations increases from 5 kg to 15 kg while the effect of same concentrations on 

mean number of fruit yield per three (3) plants ( I.e 5 kg had 115.00, 10 kg had 117.00 
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and 15 kg had 122.00), mean shoot height per three (3) plants (i.e 5 kg had 52.00, 10 kg 

had 42.00 and 15 kg had 37.00) and mean dry weight per three (3) plants (i.e 5 kg had 

10.00, 10 kg had 16.00, 15 kg had 22.00) which show increase in the parameters as the 

concentrations increases from 5 kg to 15 kg. 

 The effect of the varying concentrations of decomposed plant parts DPP DE (C. 

spectabilis) on mean number of galls per three (3) plant (i.e 5 kg had 7.00, 10 kg had 

6.00 and 15 kg had 4.00), mean number of juveniles per 5 g root galls (i.e 5 kg had 

15.00, 10 kg had 14.00 and 15 kg had 10.00) which show decrease in this parameters as 

the concentrations increases from 5 kg to 15 kg while the effect of same concentrations 

on mean number of fruit yield per three (3) plants ( I.e 5 kg had 112.00, 10 kg had 

114.00 and 15 kg had 115), mean shoot height per three (3) plants (i.e 5 kg had 27.00, 

10 kg had33.00 and 15 kg had 28.00) and mean dry weight per three (3) plants (i.e 5 kg 

had 26.00, 10 kg had 32.00, 15 kg had 29.00) which show increase in the parameters as 

the concentrations increases from 5 kg to 15 kg.  

The effects of the control experiment on mean number of galls per three (3) 

plants was 17.00, means number of juveniles per five gram (5) root galls was 19.00, 

means number of fruit yield per three (3) plants was 106.00, mean shoot height per 

three (3) plants was 23.00 and mean dry weight per three (3) plants was 23.00 as 

compared to the treated fields with the various varying concentrations.  

The statistical analysis using analysis of variance (ANOVA) of the parameters 

recorded showed that there was significance difference (P< 0.05) in the effects of the 

various varying concentrations of the different decomposed plants parts in the field 

experiment on Meloidogyne incognita reduction and increase in yields and growth of 

the tomato plants as compared to the control field, The means were compared by using 

least significant difference test at 5 % level of significance (Table 11). 
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Table 11: Effect of Varying Concentration of Decomposed Plant Parts (DPP) 

on Mean Number of galls, Mean Number of Juveniles, Mean 

number of fruit yield, Mean height, and Mean dry weight of  

Lycopersicum esculentum Plant 

 

Treatment 

with 

decomposed 

plant parts 

Mean 

number of 

galls per 3 

plants 

Mean 

number of 

juveniles 

per 5g root 

galls 

Mean 

number of 

fruit yield 

per 3 

plants 

Mean shoot 

height per 3 

plants(cm) 

Mean dry 

weight of 3 

plants(g) 

DPP AB 

15kg 

10kg 

5kg 

P<0.05 

DPP BC 

15kg 

10kg 

5kg 

P<0.05 

DPP CD 

15kg 

10kg 

5kg 

P<0.05 

DPP DE 

15kg 

10kg 

5kg 

 

Control 

LSD P<0.05 

 

8.00 

10.00 

12.00 

0.002 

 

7.00 

8.00 

13.00 

0.001 

 

4.00 

7.00 

7.00 

0.011 

 

4.00 

6.00 

7.00 

 

17.00 

0.079 

 

10.00 

12.00 

13.00 

0.001 

 

7.00 

9.00 

13.00 

0.001 

 

8.00 

8.00 

14.00 

0.001 

 

10.00 

14.00 

15.00 

 

19.00 

0.002 

 

119.00 

118.00 

116.00 

0.001 

 

115.00 

117.00 

117.00 

0.001 

 

123.00 

117.00 

115.00 

0.002 

 

115.00 

114.00 

112.00 

 

106.00 

0.003 

 

32.00 

28.00 

27.00 

0.001 

 

35.00 

32.00 

28.00 

0.004 

 

37.00 

42.00 

52.00 

0.016 

 

28.00 

33.00 

27.00 

 

23.00 

0.001 

 

34.00 

28.00 

26.00 

0.001 

 

33.00 

31.00 

27.00 

0.001 

 

22.00 

16.00 

10.00 

0.392 

 

29.00 

32.00 

26.00 

 

23.00 

0.001 

Each value is a mean of three replicates and pairs of means that differ by more than 

their LSD are significantly different at 5% level of significance. 
 

KEY: 

Decomposed Crotalaria breviflora (DPP, AB) Plant Parts 

Decomposed Crotalaria juncea (DPP, BC) Plant Parts 

Decomposed Crotalaria retusa (DPP, CD) Plant Parts 

Decomposed Crotalaria spectabilis) (DPP, DE) Plant Parts 

Untreated bed as control 
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4.10 EFFECT OF TEST WEEDS GROWN ON INFESTED FIELD ON 

MELOIDOGYNE INCOGNITA POPULTIONS 

 

 The results of the seeds of the test weeds grown on prepared beds measuring, 

width 120 cm by length 240 cm and height 60 cm show vegetative growth of the plants 

fallowed on the fields. The plates (Plate 31, 32, 33, 34) below show the test plants on 

the fields.   

The results of the test plants grown on infested fields/beds as trap or catch 

weeds shows high vegetative growth of the tomato plants, with large greenish leaves, 

tall stems and large fruits (Plates 35, 36, 37, 38 and 39) while the control field/bed 

show chlorosis, stunted growth, tiny leaves and some showing sign of wilting (Plate 

40). When some of the tomato plants were uprooted on fields/beds where test weeds are 

grown as trap or catch weeds they had little signs of root galls on them. The ones on the 

control field/bed had numerous sign of root galls on them. The results show reduction 

in the nematode population on the tomato plant roots due to the treatments.  Some of 

the tomato plants were uprooted and the following parameters; mean number of galls, 

mean number of juveniles extracted per galls, mean number of  fruit yield, mean height 

and mean dry weight of tomato plants were recorded. The results of the field 

experiment showing the vegetative growth of the tomato plant grown on the field are as 

follows. 
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Plate 31: Crotalaria breviflora (Plant AB) Grown on Fields Infested with 

Root-knot Nematodes. 
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Plate 32: Crotalaria juncea (Plant BC) Grown on Field Infested with Root-

knot Nematodes. 
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Plate 33: Crotalaria retusa (Plant CD) Grown on Field Infested with Root-

  knot Nematodes. 
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Plate 34: Crotalaria spectabilis (Plant DE) Grown on Field Infested with Root-

  knot Nematodes.  
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Plate 35: Lycopersicum esculentum (Tomato) Plants Grown on Beds where 

test Weeds were Grown on Infested Soil with Root-knot Nematodes 

and Control. 

 

Key: 

Bed AB: Tomato plants rose on bed where C. breviflora (Plant AB) was grown. 

Bed BC: Tomato plants rose on bed where C. juncea (Plant BC) was grown. 

Bed CD: Tomato plants rose on bed where C. retusa (Plant CD) was grown. 

Bed DE: Tomato plants rose on bed where C. breviflora (Plant DE) was grown 

Control: Tomato plants grown on bed without test plants. 
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Plate 36: Tomato Plants Grown on Bed where Crotalaria breviflora (Plant 

AB) were Grown on Infested Soil with Root-knot Nematodes. 
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Plate 37: Tomato Plants Grown on Bed where Crotalaria juncea (Plant BC) 

were Grown on Infested Soil with Root-knot Nematodes. 
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Plate 38: Tomato Plants Grown on Bed where Crotalaria retusa (Plant CD) 

were Grown on Infested Soil with Root-knot Nematodes. 
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Plate 39: Tomato Plants Grown on Bed where Crotalaria spectabilis (Plant 

DE) were Grown on Infested Soil with Root-knot Nematodes. 
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Plate 40: Tomato Plants Grown on Infested Soil with Root-knot Nematodes 

without Test Plants as Contol. 
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There was reduction in the mean number of galls per three (3) plant, mean 

number of root-knot nematodes juveniles per 5g root galls, with increase fruit yield, 

increased plant height and dry weight of the tomato plants. All recorded data on the 

parameters were subjected to analyses of variance ( ANOVA) on the effect of test 

plants grown on infested fields with Meloidogyne incognita showed reduction in their 

population compared to the control and means obtained were separated using least 

significant difference at 5 % level of probability (Table 12). 
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Table 12: Effect of test Weeds grown on infested field on Mean number of 

  galls, Mean number of juveniles of M. incognita, Mean number of 

  fruit yield, Mean height, and Mean dry weight on Lycopersicum 

  esculentum Plant  

 

Treatment 

with test 

plants 

(weeds)      

Mean 

number of 

galls per 3 

plants 

Mean number of 

Juveniles per 5g 

root galls 

Mean 

number 

of fruit 

yield  

Per 3 

plants.  

Mean height of 

3 plants 

(cm) 

Mean dry 

weight of 3 

plants (g). 

Plant AB 

Plant  BC 

Plant  CD 

Plant  DE 

Control 

LSD P<0.05 

36.00 

55.00 

44.00 

35.00 

37.00 

0.234 

7.00 

4.00 

3.00 

3.00 

13.00 

0.001 

120.00 

107.00 

122.00 

136.00 

113.00 

0.002 

17.00 

23.00 

24.00 

22.00 

16.00 

0.151 

32.00 

23.00 

24.00 

26.00 

16.00 

0.001 

Each value is a mean of three replicates and pairs of means that differ by more than 

their LSD are significantly different at 5% level of significance.  

 

KEY: 

Crotalaria breviflora (Plant AB) 

Crotalaria juncea (Plant BC) 

Crotalaria retusa (Plant CD) 

Crotalaria spectabilis (Plant DE) 

Untreated bed as control 
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CHAPTER FIVE 

DISCUSSION 

5.1 DISCUSSION 

The identification of weeds started with pressing the plants collected on a plant 

press to maintain their natural colours for preservation in a herbarium and further 

studies. Some of the weeds had nematicidal activity on root-knot nematodes isolated 

from disease tomato plants. The weeds identified to have nematicidal properties 

happened to be legumes that can add nutrient to the soil through nitrogen fixation. The 

systematic screening of plant species with the purpose of discovering new bioactive 

compounds is a routine activity in many laboratories. This is in line with the report of 

other reseachers. Several studies demonstrated that Crotalaria sp suppressed 

Meloidogyne spp, better than chemical nematicides, because it continued to suppress 

the nematodes population development after a host was planted (Huang, Charchar and 

Tenente, 1981; Sharma and Scolari, 1984). The results was thus, exciting as it suggest a 

remedy to heavy economic expenditure usually incurred during chemical control as 

well as guarantee safety and higher yield to the farmers.  

The phytochemical analyses revealed the presence of some active ingredients in 

the plants and their uses as nematicides which equally update knowledge on 

phytochemical properties. The mortality of the juveniles might be attributed to the 

nematicidal properties contained in the extracts. These nematicidal properties might 

have penetrated nematodes body and inhibited metabolic reactions such as those of 

respiratory enzymes, acetyl cholinesterase enzyme, Hydrolysis of acetyl choline by 

acetyl cholinesterase and esterases that function in various metabolic systems 

(Aguillera, Matsuoka and Ido, 1984). It was suggested that the inhibition of body 

activity may result from acetyl cholinesterase inhibition that was irreversible at high 

concentrations due to continued binding of the enzymes (Nelmes, 1970). Rich and Rahi 
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(1995) in a separate study reported that Crotalaria spp, produce alkaloids and 

flavonoids which could potentially be toxic to nematodes. Fassuloitis and Skucas 

(1969) also reported that upon exposure of root-knot nematode juveniles to flavonoid 

solution, their bodies began to jerk. The infectivity of treated nematodes is therefore 

reduced. They further demonstrated that some alkaloids and flavonoid are released 

from crotalaria tissues upon decomposition.  

The collection of disease tomato plants showing symptom of root-knot diseases 

or galls are found in all the study areas. The isolated species of Meloidogyne identified 

were also maintained in gardens as inoculum. The Jos, Plateau is known to have a 

condusive climate for dry and rainy season farming and crops cultivated include 

vegetables especially in dry season. This continuous cropping system (dry and rainy 

seasons) favours a very high build up of the nematode in the soil and consequently 

bring about reduce productivity. 

The result from this research work both the extracts of the plants and their root 

exudates had nematicidal effect on root-knot nematodes infective tomato as revealed by 

increased death of the Meloidogyne incognita juveniles. The action of both the plant 

extracts and root exudates against the organism further confirmed the presence of 

nematicidal substances of the weeds in their natural habitat. 

The in vitro trials performed by varying the concentrations of extracts; 1g in 5 

mls of distilled water, 1g in 10 mls distilled water and 1g in 15 mls distilled water the 

effect of treatment against the second stage juveniles was determined to be gradual with 

increase exposure time. The effect was stronger when the concentration of extract was 

1g in 5 mls of distilled water as compared to further dilution raised to 1g in 10 mls and 

1g in 15 mls applicable to all the plant extracts. The extracts of all the test plants; 

Crotalaria breviflora, C juncea, C. retusa and C. spectabilis were found to be more 

effective in terms of killing capacity with increase exposure time from 0 hour to 24 
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hours. The extract of C. retusa had the highest killing capacity by killing all the 

juveniles at concentration of 1g in 5 mls distilled water at an exposure time of 12 hours 

without reaching the maximum time of 24 hours. In line with these findings the 

importance of all the test weeds for the control of Meloidogyne incognita in the field 

was considered. 

The Meloidogyne incognita was found in all studied areas where tomatos are 

grown in Plateau state. Infected tomato plants developed root-knot or galls two or three 

times as large in diameter as compared to healthy roots, indicating high population 

densities of the pathogens and thus the envisaged heavy loss of crops especially 

vegetables on the Plateau and its attendant economic loss and catalyst to poverty as the 

economy of Plateau State is mainly agrobased. 

The revelation that both root exudates and whole plant parts of the four test plants: 

Crotalaria breviflora, Crotalaria, Crotalaria juncea, Crotalaria retusa and Crotalaria 

spectabilis have nematicidal properties on Meloidogyne incognita suggest that they 

contain biologically active ingredient that can kill or inhibit growth of the nematodes. 

This makes them suitable for composting and organic ammendment of the soil in 

Plateau State for improved crop production. Significant Meloidogyne incognita 

juvenile‟s mortality was achieved. The nematicidal properties of these plants were 

tested in the laboratory.The weeds extracts, both solid extract and exudates show 

efficient nematicidal properties against the root-knot nematodes in the in vitro trials.  

The in vivo field trials using the decomposed parts of the test weeds to amend soil to 

grow susceptible tomato plants were evaluated separately regarding the mean number 

of galls, mean number of juveniles, mean fruit yield, mean height of plants and dry 

weight of plants by comparing these parameters with the control experiment. The effect 

of the decomposed plant parts were determined which of the test plant had the 

minimum average root galls on tomato roots in the all the groups. The effect of C. 
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retusa on root galling was the highest in the field compared to remaining test weeds 

treatments. The effect of the second stage juveniles mortality of nematodes in the pot 

trials were also evaluated separately on the mean number of galls on the roots of tomato 

regarding treatment with 5 kg as the maximum concentration of the decomposed test 

weeds and the other parameters. The treatment with the test weeds grown on infested 

field to grow susceptible tomato plants was also effective as regards reduction in mean 

number of galls, mean number of juveniles, mean fruit yield, mean height of plant and 

dry weight as compared to the control experiment.  The test weeds are confirmed to be 

good inhibitors of nematodes juveniles‟ survival in this study. They were found highly 

effective against root-knot nematodes. The use of decomposed parts of these test plants 

as a potential substitute for synthetic nematicides used in the management of vegetable 

growing areas of plateau state can be recommended. 

  When the decomposed plant parts of the test plants were applied, plant height, 

fresh and dry weights of shoots and yield of tomato plant were significantly higher as 

compared to control. 

The inhibitory action of the plant extracts of these plants against Meloidogyne incognita 

appears to be due to the presence of chemicals and growth stimulators in them, possibly 

these chemicals are either absorbed by some factors present in the extracts (Bell, 1981). 

According to Kast (1985) an induced defense mechanism may have some practical 

utility in integrated biological nematode management strategies. The root improvement 

could be attributed to poor penetration and later retardation in different activities of 2
nd

 

stage juveniles such as feeding and | or reproduction as suggested by Bunt (1975). 

The current studies on root-knot nematodes in one of the middle belt states 

equally gives information on the menance of the organisms in this part of Nigeria. 

Since, most of the information on root-knot nematode population and crop damage in 

Nigeria has been reported from the Southern (Ogbuji, 1981) Western (Ogunfowora, 
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1977 and 1981) and for Northern parts (Okatachi, 1989, Chindo and Khan, 1986) of the 

country while the middle belt states particularly Plateau has very limited information 

(Wonang and Frank-Oputu, 1992). 

The Meloidogyne incognita are particularly very destructive on vegetable 

including tomato, okra, potato, spinach, which form the basis for search for the test 

nematodes from these vegetables.The protection of this important crops from root-knot 

nematodes attack would suggests more food on the table of people within the middle 

belt region of Nigeria and health promotion through increased availability of 

vegetables, the principal sources of minerals and vitamins for human body. 

There had been so many reports on the damage caused by root-knot nematodes 

but with little suggestion on safe and cheaper control measures, for instance Nastcher 

(1971) reported that Meloidogyne spp have been found to be a major problem with 

vegetable growers in Senegal. 

The result of this study has revealed that both root exudates and whole plant 

parts of the four plants: Crotalaria breviflora, C. juncea, C. retusa, and C. spectabilis 

have nematicidal properties on Meloidogyne incognita suggesting that they contain 

biologically active ingredients that can kill or inhibit the growth of these nematodes. 

Since the highest death of nematodes juveniles was recorded with the highest 

concentration of root exudates or whole plant part extracts and longer period of 

exposure time, it means that the use of decomposed test plants remain effective control 

for Meloidogyne incognita using Crotalaria species: Crotalaria breviflora, C. juncea, 

C. retusa, and C. spectabilis are grown on infested field at high densities. It also 

suggests that the whole plant parts of Crotalaria species used for organic amendment 

as demonstrated in the field work in this study for control of Meloidogyne incognita 

was successful and has the added advantage of decomposing into manure that will 

serve as a source of nutrients to the crops as well as trigger the reproduction of other 
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micro organisms antagonistic to root-knot nematodes. This result agrees with the report 

of (Rotar and Joy, 1983) who said that Crotalaria species are rapidly growing crops 

that are good for use as green manure and for adding organic matter and nitrogen to the 

soil. It suppresses weeds, slows soil erosion, and reduces root-knot nematode 

populations. Interestingly, these test plants are legumes that have the capacity to 

surpress other weeds as they spread on the soil while they grow. Their bloomy aerial 

shoots also prevent sunlight from reaching other lower weeds that may serve as host to 

other nematodes and pests.  

 The planting of Crotalaria breviflora, C. juncea, C. retusa, and C. spectabilis 

that had nematicidal properties against M. incognita means that these non crop plants 

that are resistant to nematodes should be grown during bush fallows to reduce the effect 

of persistent weeds that are host to the nematodes. The examples of non-crop plants 

include the Crotalaria and Tagetes spp (African marigold), which are known non-crop 

plants that grow wild as weed, they can compete and outgrow some persistent weeds 

that host these nematodes besides killing them directly. Generally, when Crotalaria 

was used as a pre-plant cover crop, it suppressed the population growth of most plant 

parasitic nematodes.The present studies on the four Crotalaria species known to 

suppress M. incognita is similar to the findings of Silver et al. (1989) who reported that 

Crotalaria species demonstrated various forms of resistance against different 

nematodes. For example, C. juncea, supported moderate infection by M. javanica, 

whereas C. intermedia exhibited greater resistance and C. pualina Schrank and C. 

spectabilis showed high resistance.  Similarly, C. breviflora Dc C. Lamceolata E. 

Meyer and C. mucronata are very resistant, C. grantaria Harv, C. spectabilis and C. 

juncea are intermediate, and C. striata and C. pualina are less resistant to R. reniformis. 

The nematicidal properties of the test plants may act by affecting the feeding of these 

nematodes. They can inhibit development at certain stages as reported by Monique and 



140 

 

Blaney (1984), working on extracts from neem, discovered that Azadirachtin reduces 

feeding and inhibits development of many crop pests. 

The use of Crotalaria spp for controlling Meloidogyne incognita will be of 

more advantage because the plants are readily available and cheap unlike chemical 

nematicides which are expensive. Crotalaria species produce many seeds that can be 

readily available and they show little or no dormancy. Silva, Ferraz and Santos (1989) 

also reported that, the mode of resistance in crotalaria against different nematodes 

varies among plants and nematodes species.  

 Nematode management is rarely successful in the long term with unitactic 

approaches. It is important to integrate multiple tactics into the strategy. Some 

Crotalaria species are potential cover crops for managing several important plant-

parasitic nematodes, Crotalaria, besides being an efficient green manure, is a poor host 

to many important plant-parasitic nematodes, producing allelopathic compounds toxic 

to nematodes, and is able to enhance some nematode antagonistic micro-organisms. 

Therefore, using it as a cover crop may offer alternatives to nematicides. Integrating the 

use of Crotalaria with other pest management strategies offers promise for the 

development of new sustainable agricultural cropping system. The result of this study 

to control Meloidogyne incognita with root exudates and plant extracts showed little but 

significant death after some time, which can be attributed to lack of food. This agrees 

with the facts that the distribution of nematodes is influenced by availability of host 

plants.  

These results indicate that extracts of these medicinal plants can prove helpful 

in the control of plant parasitic nematodes. The application and use of plant extracts 

will probably be easy and economical as compared to chemical treatment. The active 

principles of these medicinal plants, if extracted in pure form in large quantities, would 

probably form the base for the development of herbal nematicides. Hence, a good and 

cheap control measure will go a long way to increase yield since nematodes are known 

to reduce yield of vegetable crops. 
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CHAPTER SIX 

SUMMARY OF FINDINGS, CONCLUSION AND RECOMMENDATIONS 

6.1 SUMMARY OF FINDINGS 

1. The survey and collection of some common weeds were identified by a 

taxonomist‟s based on voucher number and binomial naming to incude: 

Ageratum coyzoides, Crotalaria breviflora, C. juncea, C. retusa and C. 

spectabilis, Euphorbia hirta, Portulaca oleracea and Tridax procumbens.  

2. Phytochemical investigation of the common weeds extract indicated the 

presence of Alkaliods, Carbohydrates, Flavonoids, Glycosides, Resins, 

Saponins, Sterols, Tapenes, and Tannins.  

3. The different concentrations of the extracts used for invitro studies showed 

nematicidal activities to varying extent. 

4. Nematicidal activities of the extracts increased with time of exposure. 

5. Field experiments to control root-knot nematode in soil organic amendments 

trial with different quantities of decomposed extract revealed nematicidal 

activities. 

6. Farmers can use common weeds that are cheap, safe and environmentally 

friendly inplace of synthetic chemical nematicides of high cost to control root-

knot nematodes. 

6.2 CONCLUSION 

It can be concluded from the present study that extracts, exudates and 

decomposed parts of Crotalaria breviflora; C. juncea, C. retusa and C. spectabilis are 

a source of cheap and effective nematicides of Meloidogyne incognita. The whole plant 

extracts, root exudates and decomposed parts of four Crotalaria species were found to 

have nematicidal properties. This finding is important from the point of view of 

controlling Meloidogyne incognita (root-knot nematode) infecting Lycopersicum 

esculentum (tomato plant) without the use of chemical nematicides in view of the 



142 

 

environmental pollution likely to be caused. This study provides suitable alternative 

and a cheaper and safer means of controlling Meloidogyne incognita especially where 

there is sufficient land for fallowing. Interestingly, the weeds used in this investigation 

are legumes which have the added advantage of enriching the soil and promoting crop 

growth, vigour and yield through nitrogen fixation. Again, soil amendment with 

organic matter is known to trigger the reproduction of other soil micro organisms that 

are antagonistic to nematodes including root-knot nematodes (Dropkin, 1980). 

6.3 RECOMMENDATIONS 

1. The common weeds (Crotalaria breviflora, C. juncea, C. retusa, and C. 

spectabilis) identified to have nematicidal properties are recommended for the 

control of root-knot nematodes. 

2. The concentration of 1g of test weeds extract in 5mls of distilled water is 

recommended for effective control of root-knot nematodes in an in vitro study. 

3. The exposure time of 24 hour is recommended for increased nematicidal 

activities against root-knot nematodes.  

4. The concentration of 5 kg of decomposed test weeds with nematicidal 

properties is recommended for the control of M. incognita in organic 

amendment of soil to reduce nematodes population and increase growth and 

yield of susceptible crops.  

5. The common weeds found to have nematicidal properties are recommended to 

be grown on M. incognita infested fields as trap/catch weeds to reduce their 

populations and increase growth and yield of susceptible tomato plants.   

6.4 LIMITATIONS OF THE STUDY 

1. The study concentrated on eight common weeds, one susceptible variety of 

tomato plant and one species of root-knot nematode while several common 

weeds, varieties of susceptible tomato and root-knot nematodes exist.  
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2. The problem of time and financial constraint could not allow me to carry out 

investigation on all susceptible tomato varieties and the common weeds in the 

study area. 

6.5 SUGGESTIONS FOR FURTHER STUDY 

1. Further studies can be carried out on other common weeds not included in this 

investigation for nematicidal properties. 

2. Further studies can be carried out on other species of nematodes to acertain their 

response to the test plants.  

3. Further studies should also be carried out on other varieties of Lycopersicum 

species and other vegetable crop known to have high economic value and are 

susceptible to attack by root-knot nematodes. 

6.6 CONTRIBUTION TO KNOWLEDGE 

1. This study has created further awareness of nematodes as a problem for growing 

of tomato (Lycopersicum esculentum) plant and their control through the use of 

common weeds as trap/catch weeds and in soil organic amendments. 

2. It has also increased knowledge on phytochemicals properties of weeds and 

their uses as nematicides. 

3. Farmers can actually substitute the use of synthetic chemical of high cost for 

obnoxious weeds. 
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