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ABSTRACT 

Root-knot nematodes the Meloidogyne species are a serious threat to tomato production 

in both small and large scale tomato farms in Kenya. Management of the nematode is 

primarily dependent on the application of chemical nematicides. Chemical nematicides 

though very effective are expensive and also environmentally unfriendly due to their 

residual toxicity and pollution of the environment. The main aim of the current study 

was to improve tomato production through management of root-knot nematodes (RKN) 

using bio-control agents in Kirinyaga County, Kenya. The efficacy of antagonistic fungi 

in controlling RKN on tomatoes was evaluated in vitro and in vivo. Tomato root 

samples were obtained from Mwea. Fungal isolates were isolated from healthy tomato 

roots and Meloidogyne egg masses by direct plating technique. Root-knot nematodes 

inoculum was extracted by root maceration method from heavily galled tomato roots. A 

greenhouse experiment was set up in Kenyatta University and arranged in a Completely 

Randomized Design (CRD) with 4 replicates. A field with high nematode infestation 

was identified through soil sampling and analysis for presence of nematodes. The field 

trials were laid in a Randomized Complete Block Design (RCBD) with 4 replicates. The 

parameters evaluated included plant height, plant dry weight (roots and shoots), RKN 

egg hatch rate, juvenile mortality, juveniles’ population in the soil, galling and egg mass 

indices, reproductive factor and fruit yield of tomatoes. Data collected was subjected to 

Analysis of Variance (ANOVA) using SAS software version 9.2 and means separated 

using Fisher’s Least Significant Difference (LSD) test at 5% level of significance. A 

total of 45 fungal isolates (from roots and RKN egg masses) were identified and placed 

in various genera including Trichoderma spp., Paecilomyces spp. and Fusarium spp.  

using morphological characteristics and molecular techniques. Trichoderma spp. was 

the most prevalent (38%). All the isolated fungi had significant (P≤0.05) effect on egg 

hatch rate and juvenile mortality in vitro. The RKN egg hatch rate inhibition by the 

fungal isolates was notably (P≤0.05) higher than in the untreated control. Trichoderma 

harzianum 2 recorded the lowest egg hatch rate (22.33%) while the highest was in the 

untreated control (69.33%). The fungal isolates also caused RKN juvenile mortality that 

was significantly higher than in the untreated control. The highest juvenile mortality 

(91%) was caused by T. harzianum 2 after 10 days of exposure which was statistically 

(P≤0.05) greater than the untreated control (2%). The five selected fungal isolates tested 

in vivo significantly enhanced the growth and yield of tomato as well as reduced the 

RKN population and reproduction in the soil as compared to the untreated control. 

Among the tested isolates, Trichoderma harzianum 1 and T. harzianum 2 were the most 

effective in promoting growth in terms of increased shoot height, root length, plant dry 

weights and yield of tomatoes. The results of this study show that diverse fungi 

associated with tomato roots and RKN egg masses have potential of controlling RKN in 

vitro and in vivo as well as enhance growth and yield of tomato. 
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CHAPTER 1: INTRODUCTION 

1.1 Background to the study 

 Tomato, (Solanum lycopersicum L.) is regarded a very important vegetable crop 

in Kenya and in the world (Waiganjo et al., 2013). It is of economic value as the crop 

provides domestic and nutritional requirement, generates revenue, earning foreign 

currency and also creates job opportunities (Singh et al., 2017). Tomatoes are the most 

important vegetable and accounts 37.63 percent in terms of value of the exotic 

vegetables (HCDA 2018). The acreage under production grew from 27,053ha in 2017 to 

28,263 ha in 2018 a 4.5percent increase while production increased from 507,275tons in 

2017 to 574,458tons in 2018 a 13.2percent increase. There was a 14.5 percent increase 

in value from Ksh. 17.38billion in 2017 and to 19.90 billion in 2018 (HCDA 2018).  

The production, however, faces the challenge of pests and diseases (Maerere et 

al., 2006). The major diseases affecting tomatoes are bacterial wilt, early blight, late 

blight and tomato yellow leaf curl virus. The major pests of economic importance 

include Leaf miner, (Tuta absoluta); white flies, (Bemisia tabaci); aphids, (Aphis 

gossypii); mites, (Tetranychus urticae), thrips, (Frankliniella occidentalis), bollworms, 

(Helicoverpa armigera) and root-knot nematodes (Meloidogyne spp.) (Varela et al., 

2003; Waiganjo et al., 2008).  

Root-knot nematodes (Meloidogyne spp.) are present in various regions of the 

world and affect a variety of crops which makes their control difficult. Plant parasitic 

nematodes can severely damage vegetables leading to yield losses worldwide (Karssen 

and Moens, 2006). Root-knot nematodes have taken the first position amid the five most 
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important plant pathogens. Similarly, they rank first among the key genera of plant 

parasitic nematodes in the world (Mukhtar et al., 2017; 2018).  

The genus Meloidogyne is of concern to both small and large scale tomato 

growers (Kamran et al., 2011). They cause up to 5% global crops yield losses and in 

global perspective $157 billion are lost to root-knot nematodes (Cetintas and Yarba, 

2010). Naika et al., 2005 reported that the Meloidogyne species can reduce tomato yield 

by 30% in the tropics. Besides the direct damage by root-knot nematodes to plants, they 

are also found in relationships with other pathogenic organisms like Ralstonia 

solanacearum. These associations result to disease complexes which in turn aggravate 

the wilt diseases (Aslam et al., 2017a, b).  

The most effective techniques for control of Meloidogyne spp. have been the use 

of nematicides (Onkendi et al., 2014). However, nematicides use is limited due to 

several shortcomings (Faruk et al., 2011). These drawbacks include high costs, 

resistance development in nematodes, health hazards, environmental pollution, residual 

toxicity and harmful effects on the soil microorganisms besides phytotoxicity. These 

nematicides have high toxicity to humans and animals and also cause environmental 

pollution (Nofal, 2009), seriously threatening ecosystems.  

Tomato is the most favourable host for RKNs (Waiganjo et al., 2006); therefore, 

effective management of the pathogen is necessary for profitable tomato production 

(Kariuki et al., 2006).  In Kenya, efforts to control RKN have employed the use of 

nematicides, bio-control agents, cultural practices and pest-resistant varieties. However, 

the management techniques have been used on a small-scale and irregular basis due to 

low level of awareness about nematodes (Kimenju et al., 2008). 
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 Integrated nematode management including use of antagonistic micro-

organisms has been considered as an alternative. In this aspect, studies to determine the 

nematicidal effect of different biological agents have been conducted. Some bacteria 

including; Pseudomonas fluorescens (Norabadi et al., 2014), Bacillus firmus and 

Pasteuria penetrans (Lamovšek et al., 2013) have also been identified. Studies on 

fungal antagonists have also been conducted including, Arthrobotrys oligospora (Kalele 

et al., 2010), Paecilomyces lilacinus and Pochonia chlamydosporia (Silva et al., 2017b) 

and Trichoderma viride and Trichoderma harzianum (Mukhtar, 2018).  

1.2 Problem Statement 

The tomato industry in Kenya is faced by a major challenge due to infestation by 

parasitic nematodes with Meloidogyne spp. alone causing 30-100% yield loss (Onkendi 

et al., 2014). The presence and damage of root knot nematode on smallholder tomato 

farms in Kenya, specifically in Mwea area, has been reported (Wabere, 2016). 

Continuous cultivation of susceptible cultivars has also increased nematode 

reproduction resulting in low yields (Corbett et al., 2011). Furthermore, RKN interacts 

synergistically with other pathogenic fungi and bacteria hence increase the damage that 

leads to great yield losses.  

 Although chemical nematicides have been effective in controlling Meloidogyne 

spp. (Onkendi et al., 2014)., their high costs and harmful effects on people, animals and 

other beneficial microbes found in the soil limit their use (Faruk et al., 2011). Use of 

some broad spectrum nematicides including methyl bromide, has been restricted due to 

their toxicity to human beings and negative effects to the environment.  
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Most of the research done on the application of biological control methods has 

been conducted outside Africa (Forghani and Hajihassani, 2020). In Kenya, few studies 

have been conducted in regards to locally-isolated bio-control agents. Hence, there is a 

need to explore the local antagonistic fungi and test their efficacy against root-knot 

nematodes.  

1.3 Justification of the study 

Tomato is a valuable vegetable sold and consumed in Kenya. Kirinyaga, County 

is one of the major tomato growing regions and root-knot nematodes have been reported 

to infest tomatoes in these areas. The climatic conditions in the area favour reproduction 

and survival of root-knot nematodes. It is therefore important to consider sustainable 

management of root-knot nematodes in tomato farms. Although, chemical nematicides 

have proved effective against root-knot nematodes, concerns are raised due to their 

toxicity. These have prompted research for safer management alternatives such as 

biological control (Hussaini, 2014).  

Biological control techniques are considered as viable alternatives to chemical 

control. Nematophagous fungi including Aspergillus sp., Paecilomyces lilacinus 

(Mukhtar et al., 2013), Pochonia chlamydosporia and Trichoderma sp. (Mukhtar et al., 

2013; Al-Hazmi et al., 2015) have showed suppressive effects against nematodes 

including Meloidogyne genus. Effective fungal antagonists can be found in most 

agricultural soils and provide an inexpensive environmental friendly technique for 

management of parasitic nematodes. The effectiveness of antagonistic micro-organisms 

in management of plant nematodes has however been considered to be partial (Viaene et 
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al., 2006), hence should be applied in combination with other practices in order to 

maintain nematodes populations below economic thresholds. 

This study therefore was necessary to assess the use of local bio-control agents 

in managing root-knot nematodes on tomato production in Kenya. 

1.4 Objectives 

1.4.1 General objective 

To improve tomato production through management of root-knot nematodes using local 

bio-control agents in Kirinyaga County, Kenya. 

1.4.2 Specific objectives 

1. To isolate and identify fungal organisms associated with tomato and root-knot 

 nematodes. 

2. To evaluate the efficacy of the fungal isolates in managing root-knot nematodes 

 in vitro. 

3. To evaluate the efficacy of the selected fungal isolates in managing root-knot 

 nematodes on tomatoes under greenhouse and field conditions. 

1.5 Hypotheses   

1. There are fungal organisms associated with tomato roots and Root knot nematodes 

egg masses.  

2. Fungi associated with tomato and RKN egg masses significantly suppress root-knot 

nematodes survival in vitro.  

3. Fungi antagonistic to RKN in vitro significantly suppress galling and promote 

growth and yield of tomatoes under green house and field conditions.  
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1.6 Significance of the study 

The findings of this study and the knowledge generated are useful to tomato farmers in 

Kirinyaga County, other parts of Kenya and the world where root knot nematodes are a 

problem and the identified biocontrol agents can be applied.  This study reinforces 

available information on the important status of root-knot nematodes as a constraint to 

tomato production in the region. The study has demonstrated the prevalence of fungi 

with potential antagonistic capacity against RKN. The findings identified effective 

antagonistic fungi that can be commercialised to contribute to sustainable management 

of root knot nematodes.  The isolates contribute to the options available to small scale 

tomato farmers in their search for an inexpensive and environmental friendly nematode 

control strategy. In the end, it could lead to a healthy soil ecosystem and better yields. 

Overall, tomato growing farmers will achieve improved health, better income and 

livelihoods. 
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1.7 Conceptual framework 

The following diagram shows the variables involved in the study and arrows 

showing the relationship among the different variables. It depicts the direction by which 

the research was undertaken. 

Independent variables          Intervening variables             Dependent variables 
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CHAPTER 2: LITERATURE REVIEW 

2.1 Tomato production and their economic importance in Kenya 

Tomato (Solanum lycopersicum L.) is among the widely cultivated local market 

vegetables in Kenya. It has a critical role in revenue generation, foreign currency 

earning and creating job opportunities (Singh et al, 2017). In Kenya, tomato is mainly 

grown in open field and greenhouses (Nyamwamu, 2016) Kirinyaga County is the 

second leading tomato growers (10.2%) after Kajiado (12%) as noted in Table 2.1.  

Table 2.1: Tomato production in selected counties in Kenya. 

County Area 

(Ha) 

Volume (Mt) Value (KES) % of Total 

Kajiado  3,024  71,250  2,379,680,250  12.0  

Kirinyaga  2,460  60,587  2,037,800,000  10.2  

Narok  2,420  54,082  1,886,227,500  9.5  

Machakos  4,075  56,225  1,328,475,000  6.7  

Kiambu  769  24,499  1,249,126,000  6.3  

Taita Taveta  783  28,610  1,238,650,000  6.2  

Makueni  931  27,675  941,600,000  4.7  

Homabay  1,541  12,104  743,706,000  3.7  

Lamu  491  16,242  693,153,000  3.5  

Kisumu  536  19,030  592,650,000  3.0  

Trans Nzoia  441  14,633  518,266,000  2.6  

Kitui  735  13,588  459,685,000  2.3  

Murang'a  1,315  9,250  448,946,300  2.3  

Bungoma  564  11,129  442,570,000  2.2  

Siaya  628  9,523  431,532,500  2.2  

Laikipia  321  10,999  376,500,000  1.9  

Bomet  550  9,849  320,578,000  1.6  

Kwale  420  6,966  319,660,000  1.6  

Meru  498  9,702  316,985,000  1.6  

Nyeri  356  11,348  299,950,768  1.5  

Others  5,405  97,167  2,877,810,938  14.5  

Total  28,263  574,458  19,903,552,256  100.0  

Source: (HCDA 2018) 

2.1.1 Nutritional and medicinal benefits of tomato  

The key nutritive ingredient in the tomato fruit is lycopene and high vitamin C 

and A. Vitamin C acts as an antioxidant that reduces the risk of arteriosclerosis, heart 
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disorders and some forms of cancer (Benton, 2008). Lycopene (anti-oxidant) helps in 

lowering the occurrence of heart disorders, prostate and lung cancer (Heber and Lu, 

2002). Tomato can be used in various forms including fresh in salads, cooking foods 

and processed to ketch up, pickles and sauce.  

2.1.2 Agro ecological requirements 

Tomato is adapted to different climatic conditions, but does well in areas with 

relatively warm conditions. Tomatoes thrive best in deep, well-drained sandy loam soil 

that is abit acidic with a pH of 5.5 to 6.8 (Tilahun, 2013). Extreme pH can cause 

nutrients deficiencies. The soil should have good water holding capacity and aeration. 

The optimum temperatures for tomato growth ranges from 15 to 25 
0
C. The tomato 

plants usually adapt to a set of temperatures, but the tissues get damaged at temperatures 

below 10°C and above 38°C (Naika et al., 2005). Temperatures below 21°C can cause 

fruit abortion. Low temperatures also cause delayed formation of colour and ripening.  

2.2 Challenges to tomato production  

Many challenges have been reported to reduce tomato production. The tomato 

crop is confronted by biotic elements including pests and diseases, shortage of improved 

seeds, and abiotic factors like drought, inadequate input supply and low soil fertility 

(Gemechis et al., 2012; Anang et al., 2013). Pests and diseases are the major drawbacks 

facing the tomato industry (James et al., 2010). The major tomato diseases include 

Fusarium wilt (Fusarium oxysporum), early blight (Alternaria solani), bacterial wilt 

(Ralstonia solanacearum), late blight (Phytophthora infestans), leaf spots and tomato 

mosaic virus. The major pests affecting tomatoes include whiteflies (Bemisia tabaci), 
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spidermites (Tetraynchus spp.), nematodes notably the root-knot nematodes 

(Meloidogyne spp.), aphids (Aphis gossypii), thrips (Frankliniella occidentallis, F. 

schultzei), and leaf miners (Tuta absoluta) (Waiganjo et al., 2008; Masinde et al., 2011). 

Physiological disorders such as sun burn, scald and cracking also influence crop 

productivity.  

Tomato production is also severely affected by water shortages.  farmers are also 

negatively affected due to poor bargaining power in the market for their produce 

(Tshiala and Olwoch, 2010). The use of unadapted species, post-harvest losses and 

inappropriate cultural practices have been rated as major pitfalls in tomato production 

(Ogbomo, 2011). 

Some other factors that may influence tomato productivity include accessibility 

to outreach services and inaccessible lending markets (Wachira, 2012). 

2.2.1 Plant parasitic nematode infesting tomatoes 

Plant parasitic nematodes (PPN) are minute roundworms that thrive in the soil 

and attack the roots of plants. These nematodes include: root-knot nematodes 

(Meloidogyne spp.), spiral nematodes (Helicotylenchus spp. and Scutellonema spp.), 

lance nematodes (Haplolaimus spp.), lesion nematodes (Pratylenchus spp.), reniform 

nematodes (Rotylenchus spp.), (Tylenchulus spp.) and dagger nematodes (Xiphinema 

spp.). Meloidogyne species are the most wide-spread and the most destructive genus of 

the plant parasitic nematodes (Jones et al., 2013).  

Meloidogyne species are polyphagous PPN with sexual dimorphism where the 

males are vermiform and active, while the females are pyriform and sedentary (Tariq, 

2008).  The mature females are 0.5-1.5 mm in length and 0.33-0.7 mm in width (Beije et 



 
   

11 
 

al., 1984). This genus alone comprised of more than 100 distinct species by January 

2015.  

Vegetables are affected by four main root knot species; the Meloidogyne 

arenaria, M. hapla, M. incognita and M. javanica. The Meloidogyne species can cause 

severe injuries to a broad spectrum of crops, and more so to vegetables, leading to great 

yield losses in tropics and sub-tropical regions (Sikora and Fernandez, 2005; Sahebani 

and Hadavi, 2008). In Kenya, losses have been attributed to M. incognita and M. 

javanica (CAB1 2002b).  

Meloidogyne species are reported to cause damage on vegetables including 

tomato, African nightshade and amaranths in Kenya (Nchore et al., 2013) with the 

affected plants left unacceptable for export. Meloidogyne spp. is highly destructive and 

has wide distribution making it a serious pathogen of African leafy vegetables (Nchore 

et al., 2012b). The root-knot nematodes are reported to cause root knots (galls), 

impaired roots, yellowing and withering of plants that results to low biomass weight in 

black nightshade, cowpea, amaranths and jute mallow (Linguya et al., 2015). In 

addition, farmers’ knowledge on the presence and the management of the nematodes 

remains quite low (Maina et al., 2011).  Meloidogyne spp. causes damage to root which 

facilitates entry by other disease causing micro-organisms. The disease complexes 

(synergy) formed with plant pathogenic fungi and bacteria increase damage relative to a 

single pathogen attack hence increasing the yield loss (Rivera and Aballay, 2008).  

In tomato, an infected crop produces fewer fruits and the life span of the crop is 

reduced due to early senescence caused by insufficient water and nutrient uptake. 



 
   

12 
 

Meloidogyne spp. alone can cause a loss of 30-100% yield loss in tomato crop (Olabiyi, 

2008). 

2.2.2 The life cycle of root-knot nematodes 

The Meloidogyne species take a short time with its life stages from eggs, four 

juvenile stages (J1-J4) and the adult ranging from six to eight weeks (Pakeerathan et al., 

2009). The mature females can lay 1000-3000 eggs. The eggs develop into juvenile 

stage 1 (J1) within the egg membrane before moulting to form the J2. The J2 move 

through the soil towards the root tips, penetrate and migrate to the zone of elongation 

where they feed and then become sedentary (Bird, 1974). The J2 undergo the second 

and third moult resulting into J3 and J4, respectively. The J4 develops into adult 

(female, male). The male leaves the root system and become non-parasitic in the soil 

while the female lays eggs for the next generation. The lifecycle may be completed in 

about 25 days depending on host, climatic conditions and nematode species. For 

instance, on crops such as tomato, with a life cycle of approximately four months to 

maturity, the RKN will have about four generations which should be considered in 

management options (Luambano, 2010). 

Root-knot nematodes are spread from one place to another through infested 

seedlings, farm implements and irrigation water and farm workers. The RKN problem 

has been noted to be more devastating on light, sandy soils and areas irrigated through 

furrow methods.  The intensity of Verticillium and Fusarium wilt diseases is also 

increased by attack of plants by nematodes (Noling, 2014). Root knot nematode disease 

development is favoured by certain conditions including warm climate where for 

instance Meloidogyne hapla is bound to moderately warm soils with a standard 
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temperature scale of 15 to 25
o
C; while species such as M. incognita, M. arenaria and M. 

javanica thrive well at 25 to 30
o
C. At extreme temperatures’ beyond 40

o
C and below 

5
o
C, the development of the Meloidogyne species is hindered (Zhang and Schmitt, 

1994). The practice of cultivating crops prone to nematodes continuously in the field, 

weeds in and around the fields and infected volunteer plants also favours disease 

development.  

2.2.3 Symptoms of Root-knot nematodes  

The distinguishing signs of the Meloidogyne spp. usually occur on the below-

ground portions of the plants. Root knot galls grow on infected roots and this make 

them bigger in diameter than healthy roots. Infected roots exhibit a rough and clubbed 

appearance when several infections occur. Some species of the nematode cause roots to 

grow into a bushy root system and remain smaller showing rotting and sometimes death 

late in the season. 

 
Plate 2.1: Below-ground symptoms of root-knot nematodes on tomato (Credit: Scot C. 

Nelson, plant pathologist) 

Galls 

https://www.flickr.com/photos/scotnelson/5693314193/in/photostream/
https://www.flickr.com/photos/scotnelson/5693314193/in/photostream/
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 Above-ground symptoms are often mistaken for nutrient deficiency, reduced 

growth and incipient wilting associated with fewer, small and pale green leaves. The 

infected plants produce few flowers and fruits that are poor in quality. Infected plants 

usually continue thriving and they are rarely killed before maturity, except when they 

occur in complexes with other disease causing pathogens like Fusarium spp. (Abawi 

and Barker, 1984; Suleman et al., 1997).  

2.3 Managing plant parasitic nematodes  

Several techniques have been applied against plant parasitic nematodes but with 

varying success. These include synthetic nematicides, cultural (fallowing, cover 

copping, crop rotation and soil amendments), bio-control agents and integration with 

resistant varieties (Bridge 1996; Coyne et al., 2009).  

2.3.1 Chemical control methods  

This involves the use of inorganic products to manage Meloidogyne spp. in the 

affected soils. Chemical nematicides have been the most effective techniques of 

eradicating Meloidogyne spp. in many farms. However, some have been restricted in use 

in many regions of the world, for example, methyl bromide and Aldicarb (Temik) 

(Onkendi et al., 2014). These products are able to bring down the number of 

Meloidogyne spp. in the soil; however, they are not effective once symptoms have 

developed (Sirias, 2011). Metham sodium is one of the nematicide proposed for use as 

an alternative to methyl bromide. 

Nematicides are usually grouped as fumigants or non-fumigants. However, use 

of chemical nematicides has several drawbacks due to their toxic nature to man and 
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animals, pollution to environment and also high cost limiting their use to large scale 

farming. Plant parasitic nematodes can develop resistance to the chemicals. In addition, 

many small growers (majority of tomato Kenyan farmers) are unable to purchase 

nematicides because of the cost. 

In the current study, Velum prime
®
 nematicides was used as positive control. 

The active ingredient in Velum prime
®
, fluopyrum, works by affecting the 

mitochondrial respiratory system of nematodes. It hence disrupts energy synthesis 

which in turn immobilises the nematodes and eventually result to death. 

2.3.2 Cultural control methods  

These practises entail use of clean propagation materials, tolerant/resistant 

varieties, rotating susceptible and non-host crops, use of clean farm implements and 

intercropping. Most of these practices have been used to control Meloidogyne spp. with 

success in various parts of Africa. These techniques are favourable to small scale 

farmers as they are cheaper but they are not fully effective and should be applied in 

integration with other control techniques. 

Crop rotation aims at reducing nematode densities for production of a less 

susceptible crop in the next seasons. Crop rotation is however constrained by the 

presence of several nematode species with very broad host ranges. A further challenge 

in small-scale production is the increased human population leading to reduction in 

available land for agricultural production.  

Resistant cultivars are plants that permit nematode access and varying level of 

parasitism but not reproduction (Hunt et al., 2005). Resistant crops are able to limit 

Meloidogyne spp. multiplication thus providing a better alternative in management of 
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the nematodes. Root-knot nematodes resistant tomato cultivars including Sandokan and 

Assila have Mi-gene introduced which works against M. arenaria, M. incognita and M. 

javanica but not M. hapla (Sikora and Fernandez, 2005). Resistant cultivars are 

compatible with several other management strategies and are environmentally friendly 

hence providing a viable means of controlling RKN (Singh and Khurma, 2007). 

2.3.3 Physical methods 

These techniques usually aim at suppressing the nematodes present in the soil 

before planting and can be used in integrated management strategies to effectively 

control Meloidogyne spp. They include heat treatment and solarisation (Ioannou, 2001). 

Nico et al., (2003) noted that solarisation of soils in the nursery for three weeks resulted 

in reduced egg infectivity.  

2.3.4 Biological control methods 

Biological methods involve using living organisms to control Meloidogyne spp. 

Some biological products have shown significant activity against nematodes. Some of 

the microorganisms in these products are Pochonia chlamydosporia (Atkins et al., 

2003), Pasteuria penetrans, Bacillus firmus, Purpureocillium and Trichoderma spp. 

(Wilson and Jackson, 2013). Bacteria, particularly Pseudomonas aeruginosa was 

reported to have an impact on tomato growth and reduced galling (Shankar et al., 2011). 

Nematophagous fungi provide an alternative in control of root-knot nematodes as an 

antagonist traps and endoparasites (Pendse, 2013). Most of these microorganisms’ act 

through attachment to the nematode cuticle or parasitizing female eggs, subsequently 

eliminate the nematodes (Kariuki and Dickson, 2007). Endophytic fungi including 
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Fusarium oxysporum (FO162) are reported to influence resistance in crops like tomato 

against Meloidogyne spp. (Walters, 2009).  

2.3.5 Nematophagous fungi   

This is a group of various fungi known to invade and infest nematodes for 

utilization of nutritional components. The majority of nematophagous fungi are 

facultative parasites while some are obligate parasites of nematodes (Hallmann et al., 

2009). The mode of action against nematodes has been used to classify nematophagous 

fungi into four groups: nematode-trapping (= predacious or predatory fungi), 

endoparasitic, egg- and female-parasitic and toxin-producing fungi (Liu et al., 2009). 

The endophytes thrive within plant’s tissue without adversely affecting the host crop 

and older plants may hold more endophytes than younger ones (Kogel et al., 2006). 

These fungi boost the growth of plants while protecting the host from pathogens and 

pests (Akello et al., 2007; Haggag, 2010). They are also important due to their ease of 

application as seed treatment or on transplants thus reducing the amount of inoculum 

and labour required for field application (Nzanza et al., 2011). Among the endophytes 

isolated frequently tomato roots, Fusarium oxysporum was found to be the most 

common of the non-pathogenic isolates that reduce Meloidogyne populations without 

severely affecting plant health (Hallmann and Sikora, 1994a, b and c). 

Purpureocillium lilacinum (Lopez-Lima et al., 2014) formerly known as 

Paecilomyces lilacinus is a saprophytic soil fungus that principally infects and 

assimilates eggs of root knot (Meloidogyne spp.) and cyst nematodes (Globodera sp. 

and Heterodera sp.). Paecilomyces lilacinus is a widely tested bio-control agent against 

plant parasitizing nematodes (Atkins et al., 2003). It has been shown to occur widely in 
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the tropics and sub-tropics and present in almost all productive soils (Brand et al., 

2010). The fungus is a lilac to purple coloured soil hyphomycete, producing smooth to 

rough conidia endogenously from small groups of unclamped phialides borne on 

conidiophores. The vegetative hyphae are branched and septate. Paecilomyces lilacinus 

can be found naturally in soils, egg clusters contained in gelatinous egg masses of RKN 

and cysts of Globodera sp and Heterodera sp. The damage on nematodes occurs 

through reduction in egg hatch and the number of root galls and egg masses may also be 

reduced or suppressed in some instances. Giant cell formation in host plant tissue is 

inhibited (Cabanillas et al., 1988).  

Pochonia chlamydosporia var. chlamydosporia, a nematophagous agent, has 

been studied widely as a bio-control agent against plant parasitic nematode. It is one of 

the effective bio-control agents for nematodes such as Globodera, Heterodera, 

Meloidogyne, Nacobbus and just recently Rotylenchulus (Manzanilla-Lopez et al., 

2013). Pochonia chlamydosporia is reported to act only through egg parasitism while 

Aspergillus terreus filtrate can suppress egg hatch and kill J2, but not parasitizing eggs. 

(Singh and Mathur, 2010). 

Trichoderma species are asexually producing fungi occurring in most soil and 

root ecosystems and are recognized as potential bio-control agents (Kamala and Indira, 

2012). Fast growth, ability to modify the rhizosphere and production of numerous 

spores and antibiotics are attributes that make most species highly successful. 

Trichoderma harzianum BI successfully infests nematode eggs and juveniles and 

significantly reduce M. javanica under greenhouse environment (Sahebani and Hadavi, 

2008). Induced systemic resistance, plant growth promotion, antibiosis, mycoparasitism 
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and cell wall degenerating enzymes like cellulose and chitinase are the various 

mechanisms used by T. harzianum to suppress Meloidogyne spp. (Harman et al., 2004). 

Arthrobotrys oligospora, the most widespread nematode capturing fungus that 

thrives mostly as a saprophyte.  A. oligospora forms a complex three spatial matrix, 

only in the presence of nematodes, which trap the nematodes (Yang et al., 2011). 

Trapping involves adhering to the cuticle of nematode, penetrating and immobilizing it. 

Arthrobotrys oligospora produces two pathogenicity factors; a carbohydrate binding 

protein (lectin) and an extracellular serine protease (Yang et al., 2007). In tomato crops, 

A. oligospora was found to highly reduce the number of galls, egg masses and egg 

counts per tomato plant infected by M. javanica (Bakr et al., 2014). 

Aspergillus spp. is a group of fungi found in the rhizosphere of most crops and 

have demonstrated ability to produce antagonistic metabolites that are lethal to 

nematodes (Jin et al., 2019). The different species of Aspergillus produce different 

toxins; A. terreus releases citrinin, A. fumigatus produce kojic acid while A. flavus 

produce aflatoxin. Aspergillus species are reported to hamper gall formation and egg 

mass production per root system and also promote plant growth (Zareen et al., 2001).  

Acremonium strictum is a saprophyte found in the rhizosphere of crops and is 

reported to be an egg parasite of plant parasitic nematodes. It acts by egg parasitism and 

toxin production (Singh and Mathur, 2010). Hence the bio-control of root-knot 

nematodes provides a viable alternative to use of nematicides since it’s effective and 

environmentally friendly. 

The current study therefore aimed to improve tomato production by managing 

the root knot nematode using local bio-control agents. This study specifically focused 
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on isolation and identification of fungal antagonists associated with tomato and 

Meloidogyne species, evaluating the efficacy of the fungal isolates against eggs and 

juveniles of root-knot nematodes in vitro, under greenhouse and field conditions and 

evaluating the effects of the fungal isolates on growth and yield of tomatoes. 
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CHAPTER 3: MATERIALS AND METHODS 

3.1  Study area 

The research was carried out in Kimbimbi area, Mwea, Kirinyaga County 

(Figure 3.1). Mwea is a semi-arid region with an altitude of 1100 meters above sea level 

and rainfall ranges from 800-2200 mm annually. It is located at 0°36’8’’ S 37º21’58’’ E. 

The annual temperature ranges between 15.6 - 28.6°C. The main agro-ecological zone 

in Mwea division is the Low Midland Zone (LMZ) and the climate enables two short 

cropping seasons. Most people in Mwea practise agriculture through production of crops 

such as rice, tomatoes, maize, French beans, onions and beans, which are cultivated for 

commercial purposes.  Tomatoes in this area are produced throughout the year since 

farmers use furrow irrigation. 
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Figure 3.1 : Map of Kenya showing the location of Mwea in Kirinyaga County. Source: 

Serede et al. (2015) 

3.2  Isolation and identification of fungal antagonists associated with tomato roots 

and root-knot nematodes eggs 

3.2.1 Sample collection  

Samples of healthy and heavily galled tomato roots were sampled from tomato 

farms through purposeful sampling in Mwea, Kirinyaga County. Representative samples 

(10) of tomato roots from each farm of approximately ½ acre were selected randomly in 
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a zigzag pattern and dug out softly using a shovel up to 30 cm below the ground. The 

soil attached to the roots was gently removed. The tomato root samples were then put in 

sample bags labelled and placed in a transportation cool box and taken to the laboratory 

for testing. 

3.2.2 Isolation of fungal isolates from healthy tomato roots 

The healthy tomato roots (presumed to have potential antagonistic fungi) 

sampled from each site were thoroughly but gently washed under tap water. The plant 

roots were then made sterile under a laminar airflow hood by dipping them in 0.5 % 

sodium hypochlorite (NaOCl) for 180 seconds after which they were rinsed out twice in 

purified water and air dried on sterile blotting paper according to Dabat et al. (2008).  

After drying, the roots were chopped into 1 cm cubes and placed evenly on the 

surface of Potato Dextrose Agar (PDA) medium in the Petri plates in which 150 mg/l 

streptomycin was added to suppress bacterial growth. The plates were sealed with 

parafilm to avoid desiccation and contamination. The plates were incubated at 25°C for 

7 days to promote fungal growth and sporulation. The fungal cultures were then sub-

cultured onto fresh PDA medium to obtain pure cultures and observed after every three 

days for a period of two weeks. The final pure cultures were preserved on PDA slants at 

4ºC in the refrigerator until further use.  

3.2.3 Isolation of fungal isolates from egg masses 

The egg masses were handpicked using forceps from the galled roots under a 

dissecting microscope and placed aseptically in Petri dishes containing PDA amended 

with Streptomycin. The Petri dishes were then incubated at 25 
o 

C for 7 days. Pure 
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fungal cultures were obtained and used for bioassay and others maintained on PDA 

slants.  

The various fungal isolates were identified in reference to the morphological 

features according to identification key (Watanabe, 2010). The selected isolates for in 

vivo studies were identified to the species level using molecular techniques at Kenya 

Plant Health Inspectorate service (KEPHIS) laboratories.  

3.3  Evaluation of the efficacy of fungal isolates against Meloidogyne spp. in vitro 

3.3.1 Preparation of root-knot nematodes (RKN) inoculum 

 Eggs were extracted from galled tomato roots through root maceration method 

as described by Coyne et al. (2007). The roots were properly washed under tap water 

and blotted dry using a paper towel. The roots were then cut into one-centimetre-long 

pieces. Roots were weighed and water added at a ratio of one gram of fresh root to 20 

ml water and 1.5% NaOCl into a blender and blended for 15 secs at high speed (Hooper 

et al., 2005). The resultant suspension was sieved using 500 μm, 50 μm, 25 μm aperture 

sieves into a beaker and eggs enumerated using a dissecting microscope to estimate 

concentration per two millilitres. The eggs were then incubated for 7 days and freshly 

hatched J2 collected every 2 days after the third day of incubation. The number of 

second stage juveniles in the suspension was ascertained with the help of a counting 

dish under a compound microscope (Hussey and Barker, 1973). This concentrate was 

then adjusted to about 500 J2/ml for use in the laboratory and greenhouse trials.  
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3.3.2 Preparation of fungal inoculum  

A conidial concentrate was prepared by flooding the surface of a 7 days old pure 

fungal culture with 5 ml of purified water to which 1% Tween 20 was added. The spores 

were dislodged with a sterile glass slide by gently scraping off the sporulated aerial 

mycelium. The resultant content was then filtered through three layers of cheese cloth. 

The density of the spores in the mixture was calculated using haemocytometer slide 

under a compound microscope and then sterile water was added to adjust it to 1×10
6
 

spores per ml (serial dilution) and used for the tests.  

3.3.3 Effects of fungal isolates on root-knot nematodes eggs hatch rate 

To test egg hatch rate, 1.0 ml of surface disinfected freshly prepared egg 

suspension (with sodium hypochlorite) containing 100 eggs was added in Petri plates 

containing the designated fungal isolate. Eggs were also placed on fungus free water 

agar plates as controls. The plates were sealed with parafilm. Each treatment comprised 

of three replications. Treatments were placed in a Completely Randomized Design 

(CRD) at room temperature of 23± 2°C (Javeed et al., 2016). After 3 and 7 days, eggs 

were examined under a dissecting microscope for hatching. The whole process was 

carried out in sterile environment.  

Egg hatch rate was ascertained through enumerating all the eggs and J2 under a 

microscope and the rate computed according to the following formula: 

Egg hatch rate  
100 J2

Total no of eggs
  (Al Ajrami, 2016). 
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3.3.4 Effect of fungal isolates on mortality of root-knot nematodes second stage 

juveniles 

To assess the efficacy of the fungal isolates on juvenile mortality, 1ml 

containing 20 freshly hatched Meloidogyne sp. 2
nd

 stage juveniles was transferred into 5 

cm Petri dishes. The various fungal isolates were then considered as treatments. The 

plates were inoculated with fungal spore suspension and water as control then incubated 

at 23±2°C. After 7 and 14 days of incubation, juveniles were observed under a 

dissecting microscope. Juveniles were considered dead if they became rigid and did not 

show any response upon probing the tail with a mounting pin (Al Ajrami, 2016). 

Treatments were replicated three times and the percentage of death per each treatment 

calculated according to the following formula: 

 Juvenile mortality  
100   Dead J2

Total no. of J2
 (Al Ajrami, 2016).  

3.4 Evaluation of the effectiveness of the selected fungal antagonists against root-

knot nematodes under greenhouse and open field 

3.4.1 Multiplication of the selected fungal antagonists 

The five effective fungal isolates from the in vitro studies (Trichoderma 

harzianum 3, Trichoderma harzianum 1, Purpureocillium lilacinum, Trichoderma 

afroharzianum and Trichoderma harzianum 2) were propagated on sorghum grains. 

Sorghum grains substrate has been proved to be highly effective in multiplication of 

fungal isolates including Trichoderma species (Shahid, 2012; Kumar et al., 2014) The 

sorghum grains were immersed in water (containing 2% dextrose) in a ratio of 1:2 

(sorghum: water) for 12 hours, surplus water was drained and the grains then put in 

polypropylene carrier and autoclaved at 121ºC at 15 psi for about 20 minutes. These 
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components were cooled to 25ºC and then infused with the 5mm cube of the 7 days old 

fungal mycelium (Cumagun and Moosavi, 2015). 

The substrate in polypropylene bags was incubated for about 2 weeks with 

regular turning for uniform growth, air dried, blended and filtered through 80 and 50 μm 

mesh sieves concurrently to obtain the spore powder. The powdered form of sorghum 

grains containing the fungal isolates was incorporated in talc in the ratio 1:2 and dried at 

room temperature then mixed with carboxyl methyl cellulose (CMC) 5g/Kg of the 

product (Singh et al., 2016). The estimation of colony forming units (cfu) of the fungal 

species was achieved through serial dilution of the powder. These were then used in the 

green house and field experiments. 

3.4.2 Greenhouse experiments 

The greenhouse experiments were set up in Kenyatta University in the period 

of January-March 2019 and April-June 2019. Tomato seeds; Kilele F1 variety were 

raised on sterile soil mixture in a nursery bed for germination under greenhouse 

conditions. The potting medium was a mixture of sand and soil in the ratio 2:1. The 

potting medium was autoclaved at 121
o
C for 20 min at 15 psi. Plastic bags measuring 

40 cm in diameter and 20 cm depth were filled with sterile soil mixture and placed in 

the greenhouse. Three weeks old tomato seedlings were transplanted, one seedling per 

pot as shown in plate 3.1. The experiment was laid out in a Complete Randomized 

Design (CRD) with treatments being replicated 4 times. The treatments were;  

T1- Untreated control (water only) inoculated with RKN,  

T2- RKN + Trichoderma harzianum 1,   

T3- RKN + Trichoderma harzianum 2,  
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T4- RKN + Trichoderma harzianum 3, 

T5- RKN + Purpureocillium lilacinum,  

T6- RKN + Trichoderma afroharzianum 

T7- RKN + Bionematon
®
 (Paecilomyces lilacinus 1.15%) (Positive check) and  

T8- RKN + Velum prime
®
 SC 500 (Fluopyram 500 g/L) (synthetic nematicides).  

The five fungal isolates were selected based on the performance in the in vitro studies as 

well as their ease in growth and multiplication. The fungal isolates were applied 

immediately after transplanting at 1.0×10
6 

spores/ml per pot. A plastic syringe was used 

to place juveniles into 3cm deep holes made around the root system. The plants were 

inoculated with a 1000 juveniles per pot. Proper agronomic practices were adhered to 

and experiment terminated at 90 days after transplanting.  

 
Plate 3.1: Tomato plants after treatment application in the greenhouse  

3.4.3 Data collection 

 Tomato growth parameters (shoot height, length of roots, root and dry shoot 

and root weights) were determined. Shoot height (cm) was estimated from the soil line 

to the shoot apex using a tape measure 30, 60 and 90 days after transplanting 
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corresponding to the crop phrenological stages (vegetative, flowering and maturity 

stages).  

 At termination, plants were lightly plucked up and roots separated from the 

shoots by cutting at the soil line. The roots were rinsed under running water, surface 

sterilized using 1.5% NaOCl and then rinsed in distilled water. The roots were then 

blotted dry using a paper towel and the length of roots was determined by use of a tape 

measure from the soil line to the longest root tip. The root and shoots were then dried at 

60
o
C in an oven until a steady weight was arrived at and their dry weight calculated as 

outlined by Arim et al., (2006).   

 The disease parameters were determined as follows; the juvenile distribution in 

the soil was estimated by soil sampling at 30, 60 and 90 days after inoculation. The 

juveniles were extracted from the soil through modified Bearman’s technique as 

described by Coyne et al. (2007). For counting the nematodes, the extract was passed 

through a series of aperture sieves (500 μm, 50 μm, & 25 or 32 μm). The nematodes 

were back washed from the sieve and concentrated into 8-10 ml for counting under the 

microscope. 

 The galling and egg mass indices were ascertained by calculating the number of 

galls/egg masses and then scoring according to Quesenberry et al. (1989) using a scale 

of 0-5 where: 0 = no gall or egg mass; 1 = 1or 2; 2 = 3 to 10; 3 = 11 to 30; 4 = 31 to 100 

and 5 = ˃ 100 galls or egg masses per root system. To facilitate counting of egg masses 

the roots were stained for 15 minutes in an aqueous solution of Phloxine B stain (0.15 

g/L water), which stains the gelatinous matrix pink-red increasing egg mass visibility 

(Holbrook et al., 1983).  
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3.4.4 Field experiment   

An assessment of previous season crop and soil analysis for presence of root-

knot nematodes was carried out to identify a field with high nematodes infestation. A 

two season experiment was conducted in January-April 2019 (season one) and May- 

August 2019 (season two) on separate fields. The experiment was laid out in a 

Randomized Complete Block Design (RCBD) with treatments replicated four times. 

The treatments were; Untreated control, Trichoderma harzianum 3, Trichoderma 

harzianum 1, Purpureocillium lilacinum, T5- Trichoderma afroharzianum, 

Trichoderma harzianum 2, Bionematon
®
 (Paecilomyces lilacinus 1.15%) (Positive 

check) and Velum prime
®
 SC 500 (Fluopyram 500 g/L) (synthetic nematicides). The 

plot size was 16 M
2
 with 1M left between treatments and replicates 

Four weeks old tomato seedlings raised in nursery beds were transplanted in the 

respective field and their growth monitored. Application of treatments was done 

immediately after transplanting as a drench and 2 subsequent applications at 30 days’ 

interval. 

3.4.5 Data collection 

Soil sampling was carried out before transplanting tomato plants to determine 

the initial nematodes counts. Subsequent soil sampling at the interval of one month after 

transplanting and at the end of the trial to assess the population of root-knot nematodes 

in the soil was done. Data on plant height (cm) were recorded 30, 60 and 90 days after 

transplanting.  Five plants were used as the sample size for determining the effect of 

fungal isolates on Meloidogyne spp. The numbers of galls/egg masses were counted per 

root system and galling index/ egg mass index scored on a 0-5 scale as described in 
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section 3.4.3 e.g. plate 3.2 Reproduction Factor (RF) was obtained from the ratio of 

final nematode population to initial population.  

At termination, the tomato plants were plucked and roots separated from the 

shoots. The roots were rinsed softly using running water and dabbed dry using paper 

towel. Shoot heights were estimated from the bottom of the stem at the soil horizon to 

the highest node while the root lengths were measured from the soil horizon to the 

longest tap root. The root and shoots were then dried in the oven at 60
o
 C till an 

unwavering weight was attained (Arim et al. ,2006).  The yield was recorded in terms of 

weight of marketable and non-marketable fruits/plot and converted to yield per hectare 

(Kg/ha). 

  
A: Healthy tomato roots B: Galled tomato roots 

Plate 3.2: Healthy tomato roots GI=0 (A); Galled tomato roots GI=4 (B) 

 

 

 

 

 

A

B 
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3.4.6 Data analysis 

The data collected on egg hatch rate, mortality of juveniles, plant height, root 

length, dry shoot and root weight, J2 population in the soil, galling indices, egg mass 

indices, reproduction factor and yield was subjected to Analysis of variance (ANOVA) 

using SAS software (version 9.2). The separation of means was done using the Fisher’s 

Least Significant Difference (LSD) at 5% level of significance.  
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CHAPTER 4: RESULTS 

4.1 Identification of isolated fungi 

Forty-five fungal isolates in total were recovered; 27 isolates from the tomato 

roots and 18 isolates from RKN eggs collected. The fungal isolates included 

Trichoderma spp. (38%) which was the most abundant followed by Fusarium spp. 

(33%) while the least abundant were Penicillium spp. (2%) and Aspergillus spp. (2%).  

Trichoderma spp. and Fusarium spp. were obtained from both roots and egg 

masses, however, Trichoderma spp. were more frequent in RKN egg masses than in 

tomato roots while Fusarium spp. were more frequent in tomato roots than in RKN egg 

masses. Purpureocillium spp. and Lasidiplodia spp. were only obtained from the RKN 

eggs (Figure 4.2). Penicillium spp. and Aspergillus spp. on the other hand were only 

obtained from the tomato roots (Figure 4.1). A few isolates could not be identified due 

to lack of spore formation and were therefore classified as unidentified isolates (sterile 

mycelia). 

 
Figure 4.1: Proportion of fungal isolates from tomato roots 
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Figure 4.2: Proportion of fungal isolates from RKN Egg masses 

4.1.1 Description of fungal isolates  

4.1.1.1 Trichoderma harzianum 

There were three isolates identified as Trichoderma harzianum. The T. 

harzianum strains differed in their morphology and growth rates.  

On Potato Dextrose Agar (PDA), macroscopic observation showed rapid growth 

rate of T. harzianum 1 which appeared as a white colony with radial growth (Plate 4.1) 

that produced green conidia upon sporulation.  

Trichoderma harzianum 2 and 3 also appeared as a white colony that formed 2-3 

concentric rings (Plate 4.2 and 4.3) with green conidial production upon sporulation 

while the reverse side of the plates was pale. The spores were denser at the centre than 

towards the margins (Plate 4.3). These conidia were light green in colour while the 

phialides were flask shaped and arranged in a divergent form. 
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Plate 4.1: Trichoderma harzianum strain 1 (isolated from roots) colony growing on 

PDA 

   
Plate 4.2: Trichoderma harzianum strain 2 (isolated from roots) colony growing on 

PDA 

 

Plate 4.3: Trichoderma harzianum strain 3 (isolated from roots) colony growing on 

PDA 

4.1.1.2 Trichoderma afroharzianum  

Trichoderma afroharzianum had a rapid growth and the colony diameter after 5 

days was full plate (9.0 cm). The colonies were white on PDA medium after three days 

Top Bottom 
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of initial plating and later developed yellowish green conidia which were distributed 

throughout the plate (Plate 4.4). The reverse side appeared pale. Conidia were abundant, 

one celled and ovoid while the conidiophores were extensively branched. 

  
Plate 4.4: Trichoderma afroharzianum (isolated from RKN egg masses) colony on PDA 

4.1.1.3 Purpureocillium lilacinum 

Purpureocillium lilacinum on PDA showed a moderately fast growth with white 

colony at first then becoming vinaceous to violet/pink coloured while the reverse 

appeared in shades of purple (Plate 4.5). Conidiophores were verticillate with two to 

four phialides having a swollen basal portion tapering into a short distinct and slender 

neck. Conidia were smooth-walled to slightly roughened, hyaline to purple in mass and 

are produced in divergent chains.  

 
Plate 4.5: Purpureocillium lilacinum (isolated from RKN egg masses) colony growing 

on PDA  
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4.2 Efficacy of the fungal isolates on root-knot nematodes in vitro tests 

4.2.1  Effects of fungal isolates on eggs hatch rate  

 The 19 fungal isolates inhibited egg hatching significantly (P≤0.05) when 

compared to the untreated control (Table 4.1).  The egg hatch rate recorded after 7 days 

of exposure was significantly (P≤0.05) higher than that noted 3 days after exposure to 

the various fungal culture filtrates. Trichoderma harzianum 1 was the best in inhibiting 

egg hatching after 3 days while Trichoderma harzianum 2, performed best after 7 days.  

Six isolates of Trichoderma species (T. harzianum 1, T. harzianum 2, Trichoderma.sp.7, 

Trichoderma spp.6, Trichoderma spp.9 and T. harzianum 3) had higher inhibition rate 

compared to Purpureocillium spp. although these were not significantly (P>0.05) 

different after 3 and 7 days of exposure to fungal isolates (Table 4.1). The highest 

hatching rates were recorded in the untreated control (68.33%) after 3 days and 69.33% 

after 7 days of exposure to the fungal isolates (Table 4.1).  
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Table 4.1: Mean egg hatching (%) of Meloidogyne spp., 3 and 7 days after exposure to 

fungal bio-control agents 

Treatment Mean egg hatching (%) 

3 days 7 days 

T. harzianum 1 21.00±5.03 e 22.67±4.80 de 

T. harzianum 2 21.33±3.93 e 22.33±3.93 e 

T. harzianum 3 28.00±6.56 cde 29.33±6.44 cde 

P.lilacinum 30.67±4.70 bcde 32.67±3.71 bcde 

T. afroharzianum 32.67±6.39 bcde 33.67±6.96 bcde 

Trichoderma spp. 7 27.00±6.51 de 28.67±6.69 cde 

Trichoderma spp. 6 30.00±7.00 bcde 31.67±7.27 bcde 

Trichoderma spp. 9 32.00±8.02 bcde 32.67±8.21 bcde 

Trichoderma spp. 3 31.33±6.94 bcde 33.67±6.96 bcde 

Trichoderma spp. 8 33.00±9.07 bcde 34.67±9.60 bcde 

Fusarium spp. 3 36.67±4.49 bcde 38.33±6.44 bcde 

Fusarium spp. 1 38.00±2.31 bcde 39.00±2.08 bcde 

Fusarium spp. 4 40.00±7.64 bcde 41.33±7.86 bcde 

Fusarium spp. 9 40.00±6.66 bcde 41.67±7.27 bcd 

Fusarium spp. 13 41.33±12.03 bcd 42.33±11.85 bc 

Fusarium spp. 6 43.33±4.37 bcd 45.00±5.00 bc 

Fusarium spp. 12 45.00±4.58 bcd 46.67±4.41 bc 

Fusarium spp. 7 47.00±4.51 bc 48.67±4.33 b 

Penicillium spp. 48.00±9.85 b 49.33±9.77 b 

Untreated (control) 68.33±5.24 a 69.33±5.24 a 

L.S.D 19.07 19.31 

P 0.005 0.007 

Data are means of three replicates (n=3). Means in the same column followed by the 

same letters are not significantly different according to Fisher’s Least Significant 

Difference (LSD) test at P≤0.05. 

 

4.2.2 Effects of fungal isolates on J2 mortality 

The various fungal isolates caused a remarkable (P≤0.05) increase in juvenile 

(J2) mortality as opposed to the control (Table 4.2). The isolates were considered 

effective if they achieved 50% J2 mortality after the 7 days. The highest J2 mortality 

observed was 88.3% and 91% after 7 and 10 days of exposure respectively with T. 

harzianum 2 followed by 86.67 % and 90.33% by the Trichoderma spp. 7 (Table 4.2).  
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The least J2 mortality was recorded in Penicillium spp. (45 and 45.67 %) after 7 

and 10 days of exposure respectively and which was significantly (P≤0.05) different 

from the untreated control (1.67 and 2%) juvenile mortality (Table 4.2). Four of the 

Trichoderma species were noted to perform better in causing a higher mortality rate as 

compared to Purpureocillium spp. though they were not different statistically (P>0.05) 

(Table 4.2). 

Table 4.2: Mean juvenile mortality rate (%), 7 and 10 days after exposure to various 

fungal isolates 

Treatments Mean juvenile mortality (%) 

7 days 10 days 

T. harzianum 1  75.00±15.00 abcde 80.33±12.25 abc 

T. harzianum 2 88.33±6.01 a 91.00±4.73 a 

T. harzianum 3 55.00±5.00 def 59.33±6.69 bcde 

P. lilacinum 80.00±7.64 abcd 82.33±7.31 ab 

T. afroharzianum 81.67±4.41 abcd 84.67±3.76 a 

Trichoderma spp. 7 86.67±3.33 ab 90.33±3.76 a 

Trichoderma spp. 6 63.33±9.28 bcdef 66.67±7.94 abcde 

Trichoderma spp. 9 86.67±6.67 ab 89.33±5.37 a 

Trichoderma spp. 3 65.00±5.77 abcdef 68.33±5.24 abcde 

Trichoderma spp. 8 56.67±14.81 cdef 59.33±15.86 bcde 

Fusarium spp. 3 80.00±2.89 abcd 84.67±5.39 a 

Fusarium spp. 1 51.67±7.27 ef 53.00±7.37 de 

Fusarium spp. 4 55.00±2.89 def 57.67±4.98 cde 

Fusarium spp. 9  61.67±13.02 cdef 67.00±12.70 abcde 

Fusarium spp. 13  45.00±7.64 f 46.33±6.98 e 

Fusarium spp. 6 75.00±17.56 abcde 76.67±16.90 abcd 

Fusarium spp. 12 45.00±10.41 f 47.00±10.02 e 

Fusarium spp. 7 51.67±4.41 ef 53.67±3.48 de 

Penicillium spp. 45.00±7.64 f 45.67±7.45 e 

Untreated (control) 1.67±1.67 g 2.00±1.53 f 

L.S.D 25.19 24.44 

P 0.0001 0.0001 

Each value is the mean of three replicates (n=3). Means in the same column followed by 

the same letters are not significantly different according to Fisher’s Least Significant 

Difference (LSD) test at P≤0.05. 
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4.3 Effects of different fungal bio-control agents on the growth of tomato plants in 

greenhouse experiment 1 

4.3.1 Effect of fungal bio-control agents on shoot height 

Five fungal isolates (Trichoderma harzianum 1, 2 and 3, T. afroharzianum and 

Purpureocillium lilacinum) were tested for efficacy against root-knot nematodes and 

their effects on tomatoes with Bionematon
®
 as positive check and untreated plots as 

control. Velum prime
®
, a synthetic nematicide was also used in the experiment.  

There were highly significant (P≤0.05) differences in shoot height (cm) of 

treated tomato plants in comparison to the untreated control (Figure 4.3). The plants 

were noted to increase in height over time in all the treatments and the increase from 30-

60 DAT was at higher rate (77-120%) compared to 60-90 DAT (14-18%). The synthetic 

nematicides (Velum prime
®
) recorded the highest shoot heights throughout the test 

period which were statistically (P≤0.05) higher than those recorded in all other BCAs 

and control. On the other hand, the untreated plants consistently recorded the shortest 

shoots over the test period and differed significantly (P≤0.05) from the treated plants 

(Figure 4.3).  

At 30 DAT, no statistical (P>0.05) differences were noted in shoot heights 

among the bio-control agents (BCAs). However, Trichoderma harzianum 1 treated 

plants had taller shoots that were not significantly (P>0.05) different from those noted in 

Velum prime
®
 treated plants (Figure 4.3).  At 60 DAT, Bionematon

®
 recorded taller 

shoots followed by T. harzianum 1 though they were not significantly different from 

shoot heights with T. harzianum 2, P. lilacinum and T. harzianum 3. Trichoderma 
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afroharzianum treated plants recorded significantly shorter shoots than the other BCAs 

(Figure 4.3).  

 

Figure 4.3: Mean shoot height (cm) of tomato plants treated with different fungal bio-

control agents in the greenhouse experiment 1 

Data are mean of 4 replicates.  DAT=Days after transplanting, V. P= Velum prime
®
, 

T.h1=Trichoderma harzianum 1, B. N= Bionematon
®
, T.h2= T. harzianum 2, T.h3= T. 

harzianum 3, T. ah=T. afroharzianum, UC=Untreated control. 

There were significant differences in shoot heights of treated plants at 90 DAT. 

Among the BCAs, T. harzianum 1 treated plants recorded significantly (P≤0.05) taller 

shoots than P. lilacinum, T. harzianum 3 and T. afroharzianum treated plants. However, 

the shoot heights did not differ from those noted with Bionematon
®
 and T. harzianum 2. 

Trichoderma afroharzianum treated plants recorded shorter shoots and did not differ 

significantly (P>0.05) from T. harzianum 3 treated plants (Figure 4.3).   
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Overall, T. harzianum 1 performed better in promoting plant growth with 23% 

increase in shoot height over the untreated control than Bionematon
®
 (22%) and P. 

lilacinum (18%). Bionematon
®
 treated plants performed significantly (P≤0.05) better 

than P. lilacinum in terms of shoot heights (Figure 4.3).  

4.3.2 Effects of fungal bio-control agents on dry shoot and root weights (g) and root 

length (cm) of tomatoes 

The dry weights of treated tomato plants were higher and significantly (P≤0.05) 

different from those recorded in untreated plants (Table 4.3). Tomato plants treated with 

Bionematon
®
 had higher dry weight of shoots although not significantly (P>0.05) higher 

than those recorded in T. harzianum 1, T. harzianum 2 and P. lilacinum treated plants. 

The commercial P. lilacinum (Bionematon
®
) treated plants were not significantly 

(P>0.05) different from local isolate of P. lilacinum with regard to dry weight of shoots.  

In terms of dry root weight, T. harzianum 2 treated plants recorded higher dry 

root weights among the BCAs but was not significantly (P>0.05) different from 

Bionematon
®
 and P. lilacinum treated plants. The untreated plants recorded the lowest 

dry weights in both roots and shoots (Table 4.3).  

The results showed highly significant (P≤0.05) differences in root length (cm) 

between the treated and untreated tomato plants (Table 4.3). The highest root length was 

recorded in Velum prime® treated plants although this was not significantly (P>0.05) 

different from root length recorded for Bionematon
®
 and T. harzianum 1 treated plants. 

The root lengths recorded with T. harzianum 2 and P. lilacinum were slightly lower than 

that recorded in T. harzianum 1 treated plants but not significantly different. Shorter 
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root length was recorded with T. afroharzianum which did not differ significantly 

(P>0.05) with T. harzianum 3 (Table 4.3).  

Table 4.3: Mean dry shoot and root weights (g) and root length (cm) of tomatoes under 

different treatments in the greenhouse (Expt. 1) 

Treatments DSW DRW RL 

Velum prime
®

 8.43±0.15 a 5.48±0.32 a 18.81±0.27 a 

T. harzianum 1 7.98±0.12 b 4.35±0.25 cd 18.19±0.23 a 

Bionematon
®

 8.03±0.15 a 4.84±0.27 abc 18.01±0.20 ab 

T. harzianum 2 7.94±0.16 bc 5.05±0.27 ab 17.28±0.37 bc 

P.  lilacinum 7.83±0.14 bc 4.67±0.23 bcd 17.14±0.38 bc 

T. harzianum 3 7.53±0.10 cd 3.98±0.23 de 17.08±0.17 cd 

T. afroharzianum 7.41±0.15 d 4.36±0.22 cd 16.24±0.28 d 

Untreated control 6.21± 0.22 e 3.32±0.18 e 12.99±0.50 e 

LSD 0.42 0.97 0.88 

p 0.0001 0.0001 0.0001 

Means in the same column followed by the same letters are not significantly different 

according to Fisher’s Least Significant Difference (LSD) test at P≤0.05. 

DSW=Dry shoot weight, DRW=Dry root weight, RL= Root length. 

4.3.3 Effects fungal bio-control agents on yield of tomatoes 

 The results showed significant (P≤0.05) differences in yield (Kg/plant) of 

tomatoes between the treated and untreated plants (Figure 4.4). The highest marketable 

yield was recorded in Velum prime® treated plants and higher than all the other 

treatments. Among the BCAs, T. harzianum 1 treated plants had higher yield which was 

not significantly (P>0.05) different from T. harzianum 2 and Bionematon
®
 treated 

plants. Trichoderma harzianum 3 had lower yield compared to the other BCAs but 

differed statistically (P≤0.05) from untreated control (Figure 4.4).  
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Figure 4.4: Mean yield of tomatoes in the greenhouse (Expt. 1) 

Means followed by the same letters are not significantly different according to Fisher’s 

Least Significant Difference (LSD) test at P≤0.05. Data are mean ± SE of tomato fruits. 

On further analysis a significant negative correlation (r=-0.79, P≤0.05) was 

established between the total yield of tomatoes and juvenile population at harvest 

(Figure 4.5). 

 
Figure 4.5: Relationship between yield of tomato and J2 population at harvest in 

greenhouse (Expt. 1) 
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4.4 Effects of fungal bio-control agents on the disease parameters of root knot 

nematode (Meloidogyne spp.) in greenhouse experiment 1.  

4.4.1 Effects of fungal bio-control agents on second stage juvenile (J2) populations 

The J2 population in the soil was observed to reduce over time in the treated pots 

while it increased in the untreated control (Table 4.4). At 30 days after inoculation 

(DAI), the least mean J2 population was recorded in Velum prime
®
 treated pots which 

differed significantly (P≤0.05) from all the other treatments. Among the BCAs, T. 

harzianum 1 and T. harzianum 3 recorded a lower mean J2 population which did not 

differ significantly (P>0.05) from the mean recorded with Bionematon
®
, T. harzianum 2 

and T. afroharzianum. However, it differed significantly (P≤0.05) from P. lilacinum 

(Table 4.4).  

At 60 DAI, Velum prime
®
 treated pots still recorded lower mean j2 populations 

in the soil. The J2 populations were not significantly (P≤0.05) different from the means 

recorded with Bionematon
®

, T. harzianum 1, T. harzianum 2 and P. lilacinum. 

Trichoderma afroharzianum treated pots recorded higher mean J2 population and they 

differed significantly from Velum prime
®
 treated pots. The J2 populations in T. 

afroharzianum treated pots, however, did not differ significantly from T. harzianum 3 

treated pots (Table 4.4). 

The least mean number of J2/200 cc of soil was recorded in Velum prime
®

 

treated pots followed by T. harzianum 1 treated pot. These were not significantly 

(P>0.05) different from T. harzianum 2, P. lilacinum and Bionematon
®
 at 90 DAI. 

Trichoderma afroharzianum was the least effective in reducing the mean number of J2 

in the soil but differed significantly (P≤0.05) from the untreated control (Table 4.4). 
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Table 4.4 : Mean J2 populations in the soils treated with different treatments, 30, 60 and 

90 days after inoculation in the greenhouse (Expt. 1) 

Treatments Mean J2/200cc of soil 

30 DAI 60 DAI 90 DAI 

Velum prime
®

 270.75±52.39 d  234.75±15.63 d  95.25±3.35 d  

T. harzianum 1 496.25±39.89 c  312.50±41.13 cd  132.50±18.66 d  

Bionematon
®

 590.00±28.58 bc  334.75±25.91 cd  199.50±41.41 bcd  

T. harzianum 2 521.50±27.17 bc 336.25±34.57 cd 155.00±29.79 d 

P. lilacinum 602.50±28.98 b 357.25±48.18 cd 183.25±52.41 cd 

T. harzianum 3 496.25±34.45 c 431.50±71.47 bc 308.50±14.77 bc 

T. afroharzianum 515.00±42.07 bc 514.50±86 b 319.00±83.45 b 

Untreated control 815.50±19.03 a 880.00±37.19 a 1005.10±45.55 a 

L.S.D 103.45 147.79 126.24 

P 0.0001 0.0001 0.0001 

Means in the same column followed by the same letters are not significantly different 

according to Fisher’s Least Significant Difference (LSD) test at P≤0.05. DAI: Days after 

inoculation. 

On further analysis, a positive correlation (r=0.74, P≤0.05) was established 

between the number of galls per root system of the tomato plants and the J2 populations 

in the soil (Figure 4.6). 

 

Figure 4.6: Relationship between J2 populations in the soil and the galls counts per root 

system of tomato plants in greenhouse (Expt. 1) 
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4.4.2 Effects of fungal bio-control agents on galling and egg mass indices on tomato 

plants 

There were statistical differences (P≤0.05) in galling index of RKN on tomato 

between the treated and untreated plants (Table 4.5). The highest GI was noted in the 

untreated plants. No significant (P>0.05) difference was observed in GI among the 

BCAs. A lower galling index (GI) was recorded with Velum prime
®
 treated plants and 

was significantly different (P≤0.05) from that recorded in all the BCAs and untreated 

control. The lowest GI was noted in Bionematon
®
 treated plants (Table 4.5).  

Trichoderma harzianum 2 treated plants had the lowest EMI which did not vary 

significantly (P>0.05) from all other BCAs. However, it varied significantly (P≤0.05) 

from that recorded in Velum prime
®
 treated plants (Table 4.5). 

Table 4.5: Mean gall and egg mass indices on tomato plants treated with different 

treatments in the green house (Expt. 1) 

Treatment Galling index Egg mass index 

Velum prime
®

 1.06±0.23 c 1.00±0.22 c 

T. harzianum 1 2.00±0.22 b 2.00±0.27 b 

Bionematon
®

 1.88±0.27 b 1.88±0.27 b 

T. harzianum 2 1.88±0.33 b 1.81±0.31 b 

P. lilacinum 2.06±0.31 b 2.13±0.27 b  

T. harzianum 3 2.06±0.31 b 2.00±0.29 b 

T. afroharzianum 2.00±0.30 b 2.19±0.33 b 

Untreated control 2.88±0.95 a 3.00±0.18 a 

L.S.D 0.76 0.76 

P 0.0003 0.0005 

Means in the same column followed by the same letters are not significantly different 

according to Fisher’s Least Significant Difference (LSD) test at P≤0.05. 

 

On further analysis, there was a positive correlation (r=0.70, P≤0.05) between 

galls count per root system and the galling index (Figure 4.7).  
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Figure 4.7: Relationship between the galls count per root system and galling index of 

Root-knot nematodes on tomato plants in the greenhouse (Expt. 1) 

 

4.5 Effects of fungal bio-control agents on growth of tomato plants in the 

greenhouse (Expt. 2) 

4.5.1 Effects of fungal bio-control agents on shoot height  

The treated tomato plants were significantly (P≤0.05) taller than the untreated 

(Figure 4.8). The plants were noted to increase in height over time in all the treatments 

and the increase from 30-60 DAT was at a higher rate (80-97%) compared to 60-90 

DAT (12-20%). At 30 DAT, no significant (P>0.05) differences were noted in shoot 

heights among the bio-control agents (BCAs) including the commercial BCA 

(Bionematon
®
). Velum prime

®
 treated plants had the tallest shoots throughout the test 

period and were significantly (P≤0.05) different the ones noted for plants treated with 

the BCAs and control at 60 DAT and 90 DAT.  
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Figure 4.8: Mean shoot height (cm) of tomato plants treated with different fungal bio-

control agents in the greenhouse (Expt. 2) 

Data are mean of 4 replicates.  V.P= Velum prime
®
, T.h1=Trichoderma harzianum 1, B. 

N= Bionematon
®
, T.h2= T. harzianum 2, T.h3= T. harzianum 3, T. ah=T. 

afroharzianum, UC=Untreated control. 

Among the BCAs, Trichoderma harzianum 1 treated plants recorded the highest 

shoot heights over the test period and were significantly (P≤0.05) different from P. 

lilacinum, T. harzianum 3, and T. afroharzianum at 90 DAT (Figure 4.7). The shoot 

heights recorded in T. afroharzianum and T. harzianum 3 treated plants were 

significantly shorter (P≤0.05) than those recorded in the other BCAs over the test 

period.  The shortest shoots were recorded in the untreated control. Overall, T. 

harzianum 1 performance was similar to that of Bionematon
® 

and T. harzianum 2. 

Trichoderma harzianum 1 also was significantly (P≤0.05) better than P. lilacinum, T. 

afroharzianum and T. harzianum 3 treated plants in terms of shoot heights (Figure 4.8).  
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4.5.2 Effects of fungal bio-control agents on dry weight of shoot and roots (g), and 

root length (cm) of tomatoes 

The plant dry weights of treated tomato plants were significantly (P≤0.05) higher 

than those recorded in untreated plants (Table 4.6). Velum prime
®
 treated plants 

recorded significantly higher (P≤0.05) dry shoot and root weights than all the BCAs. 

Among the BCAs, T. harzianum 1 treated plants recorded higher dry shoot weights 

although this did not vary significantly (P>0.05) from the dry shoot weight recorded in 

T. harzianum 2 and P. lilacinum and Bionematon® treated plants.  

In terms of dry root weights, T. harzianum 2 treated plants recorded higher dry 

root weights among the BCAs but was not significantly (P>0.05) different from 

Bionematon
®
, P. lilacinum and T. harzianum 1 treated plants. Trichoderma harzianum 3 

treated plants recorded slightly lower root dry weights. The commercial P. lilacinum 

(Bionematon
®
) treated plants were not significantly (P>0.05) different from local isolate 

P. lilacinum in regards to dry shoots and roots weights. The untreated plants recorded 

the lowest dry weights in both roots and shoots (Table 4.6).  

Table 4.6: Mean dry shoot and root weights (g) and root length (cm) of tomatoes under 

different treatments in green house (Expt. 2) 

Treatments DSW DRW RL 

Velum prime
®

 8.69±0.15 a 5.80±0.27 a 19.23±0.29 a 

T. harzianum 1 8.28±0.13 b 4.68±0.20 bcd 17.61±0.28 bc 

Bionematon® 8.25±0.11 b 5.09±0.22 b 18.43±0.26 ab 

T. harzianum 2 8.23±0.13 b 5.23±0.22 ab 18.30±0.18 b 

P. lilacinum 7.98±0.11 bc 4.79±0.21 bc 17.32±0.33 cd 

T. harzianum 3 7.74±0.13 cd 4.14±0.19 d 16.58±0.24 d 

T. afroharzianum 7.58±0.12 d 4.48±0.20 cd 17.31±0.18 cd 

Untreated control 6.33±0.22 e 3.45±0.18 e 13.12±0.48 e 

L.S.D 0.40 0.60 0.82 

P 0.0001 0.0001 0.0001 
Means in the same column followed by the same letters are not significantly different according to 

Fisher’s Least Significant Difference (LSD) test at P≤0.05. 

DSW=Dry shoot weight, DRW=Dry root weight, RL=Root length.  
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The results also demonstrated significant (P≤0.05) differences in root length 

(cm) between the treated and untreated tomato plants (Table 4.6). The longest roots 

were recorded in Velum prime
®

 treated plants. This was not significantly (P>0.05) 

different from root lengths recorded in Bionematon
®
 treated plants. Among the fungal 

isolates, T. harzianum 2 recorded slightly longer roots followed by T. harzianum 1 and 

was significantly (P≤0.05) different from those recorded in P. lilacinum, T. harzianum 3 

and T. afroharzianum. The shortest roots were noted in the untreated control (Table 

4.6). 

4.5.3 Effects of fungal bio-control agents on yield of tomatoes 

The results of the study had notable differences in yield (Kg/plant) of tomatoes 

between the treated and untreated plants (Figure 4.9). The highest marketable yield was 

recorded with Velum prime
® 

and was significantly (P≤0.05) higher than all the other 

treatments. Among the BCAs, T. harzianum 1 had higher yield which was not 

significantly (P>0.05) different from T. harzianum 2, Bionematon
®
 and P. lilacinum. 

Trichoderma harzianum 3 and T. afroharzianum had lower yield compared to the other 

BCAs but differed significantly (P≤0.05) from the untreated control (Figure 4.9).  



 
   

52 
 

 
Figure 4.9: Mean yield (kg/plant) of tomatoes in the greenhouse (Expt. 2)  

Data are mean ±SE of 4 replicates. Means followed by the different letter (s) are 

significantly different (P≤0.05) with LSD test.  

Correlation analysis revealed a significant negative relationship (r=-0.77, 

P≤0.05) between the total yield of tomatoes and juvenile population at harvest (Figure 

4.10). 

 
Figure 4.10: Relationship between the yield and juvenile population at harvest in 

greenhouse (Expt. 2) 
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4.6 Effects of fungal bio-control agents on root knot nematode (Meloidogyne spp.) 

disease components in the greenhouse (Expt. 2) 

4.6.1 Effects of fungal bio-control agents on second stage Juveniles (J2) populations 

The treatments significantly (P≤0.05) reduced the J2 populations in the soil over 

time while an increase was observed in the control (Table 4.7). At 30 DAI, Velum 

prime
®
 treated plants recorded significantly (P≤0.05) lower J2 population than all the 

other treatments. On the other hand, T. harzianum 1 had a lower J2 population though 

not significantly different (P>0.05) from T. harzianum 2, T. harzianum 3 and T. 

afroharzianum. 

Table 4.7: Mean J2 populations in the soils treated with different treatments at 30, 60 

and 90 days after inoculation in the greenhouse (Expt. 2) 

Treatments Mean J2/200cc of soil 

30 DAI 60 DAI 90 DAI 

Velum prime
®

 290.75±33.68 d 229.75±18.75 d 87.00±2.38 d 

T. harzianum 1 465.75±23.34 c 287.57±36.45 cd 171.50±7.67 cd 

Bionematon
®

 575.00±36.63 b 329.75±24.06 cd 175.00±9.57 cd 

T. harzianum 2 516.75±23.39 bc 322.75±46.02 cd 193.25±17.13 c 

P. lilacinum 577.25±13.14 b 342.00±53.49 bcd 220.00±23.45 c 

T. harzianum 3 516.25±37.09 bc 424.00±64.58 bc 311.00±13.30 b 

T. afroharzianum 510.75±39.08 bc 489.50± 94.07 b 328.00±56.49 b 

Untreated control 768.25±58.56 a 860.00± 53.39 a 957.50±54.52 a 

L.S.D 103.54 145.01 89.93 

P 0.0001 0.0001 0.0001 

Data are means ± se. Means in the same column followed by the same letters are not 

significantly different according to Fisher’s Least Significant Difference (LSD) test at 

P≤0.05. DAI: Days after inoculation 

 At 60 DAI, Velum prime
®
 treated plants recorded a lower J2 population than all 

the other treatments but was not significantly (P≤0.05) different from that recorded in T. 

harzianum 1, Bionematon
®
, T. harzianum 2 and P. lilacinum. Trichoderma 

afroharzianum treated plants had higher J2 population than the other treated plants and 

did not differ significantly (P>0.05) from T. harzianum 3 and P. lilacinum (Table 4.7).  
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At 90 DAI, Velum prime
®

 treated plants also had low J2 population followed by 

T. harzianum 1 and they did not differ significantly (P>0.05) from J2 populations 

recorded in Bionematon
®
 treated plants. The final J2 populations recorded in T. 

harzianum 3 and T. afroharzianum did not significantly (P>0.05) differ but were 

significantly (P≤0.05) higher than those in the other treated pots. The J2 population in 

the untreated control were significantly (P≤0.05) higher than the treated plants (Table 

4.7). The regression analysis revealed a remarkable positive correlation (r=0.48, P≤0.05) 

between J2 populations in the soil and the galls count per root system of tomato plants 

(Figure 4.11). 

 

Figure 4.11: Relationship between J2 populations in the soil and the galls count per root 

system of tomato plants in greenhouse (Expt. 2) 
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were observed in GI amid the BCAs, however, a lower GI was noted in T. harzianum 2 

treated plants. The lowest GI was recorded with Velum prime
®
 treated plants and was 

significantly (P≤0.05) lower than that recorded in all the BCAs and untreated control 

(Table 4.8).  

Table 4.8: Mean galling and egg mass indices on tomato plants treated with different 

treatments in the greenhouse (Expt. 2) 

Treatment Galling index Egg mass index 

Velum prime
®

 1.06±0.23 c 1.00±0.22 c 

T. harzianum 1 2.00±0.22 b 2.00±0.27 b 

Bionematon
®

 1.88±0.27 b 1.88±0.27 b 

T. harzianum 2 1.88±0.33 b 1.81±0.31 b 

P. lilacinum 1.94±0.23 b 1.94±0.23 b 

T. harzianum 3 2.06±0.31 b 2.06±0.30 b 

T. afroharzianum 2.00±0.30 b 2.19±0.33 b 

Untreated control 3.19±0.23 a 3.06±0.19 a 

L.S.D 0.753 0.755 

P 0.0001 0.0001 

Data are means ± se. Means in the same column followed by the same letters are not 

significantly different according to Fisher’s Least Significant Difference (LSD) test at 

P≤0.05. 

A similar trend to the GI was observed with EMI, where Velum prime
® 

treated 

plants recorded significantly (P≤0.05) lower EMI compared to all the other treatments 

(Table 4.8). Among the BCAs, no significant (P>0.05) difference was observed in the 

EMI although T. harzianum 2 had a lower EMI. The highest disease severity in terms of 

EMI was noted in the untreated plants (Table 4.8). The regression analysis revealed the 

galls count and galling index of RKN on tomato plants were positively (r=0.81, P≤0.05) 

correlated (Figure 4.12). 
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Figure 4.12: Relationship between the number of galls per root system and galling index 

of root-knot nematodes on tomato plants in the greenhouse (Expt. 2) 

 

4.7 Effects of fungal bio-control agents on growth and yield of tomato plants in 

field season one  

4.7.1 Effects of fungal bio-control agents on shoot height  

The results revealed significant (P≤0.05) variations in shoot height of treated and 

untreated tomato plants (Figure 4.13). The plants were noted to increase in height over 

time in all the treatments and the increase from 30-60 DAT was at higher rate (53-77%) 

compared to 60-90 DAT (31-38%). Velum prime
®
 treated plants recorded significantly 

(P≤0.05) taller shoots than all the other treatments during the test period. Among the 

bio-control agents (BCAs), Trichoderma harzianum 2 treated plants had taller shoots 

though not significantly (P>0.05) distinct from the other BCAs at 30 DAT (Figure 

4.13).  
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Figure 4.13: Mean shoot height (cm) of tomato plants treated with different fungal bio-

control agents in the field (season one)  

At 60 DAT, Velum prime
®
 treated plants recorded higher shoot height than all 

the other treatments which was not significantly (P>0.05) distinct from that recorded in 

T. harzianum 1 and T. harzianum 2. There was no significant (P>0.05) difference in 

shoot height of plants treated with BCAs at 60 DAT. Velum prime
® 

treated plants were 

the tallest throughout the season and significantly (P≤0.05) taller than all the other 

treatments at 90 DAT. Trichoderma harzianum 1 treated plants recorded higher shoots 

at 90 DAT among the BCAs including the commercial BCA (Bionematon
®
). It also had 

significantly (P≤0.05) taller shoots than T. afroharzianum treated plants. Although T. 

afroharzianum recorded a shorter shoot height it was statistically (P≤0.05) higher than 

the untreated control (Figure 4.13).  
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4.7.2 Effects of fungal bio-control agents on dry weights of shoot and roots (g) and 

root length (cm) of tomato plants 

There were significant (P≤0.05) differences noted on dry plant weights between 

the treated and untreated tomato plants (Table 4.9). The highest dry shoot weights were 

recorded in Velum prime® treated plants which differed significantly (P≤0.05) from the 

other treatments. The commercial BCA (Bionematon
®
) treated plants had heavier shoots 

followed by T. harzianum 1 and did not vary significantly (P>0.05) from T. harzianum 

2, T. harzianum 3 and T. afroharzianum. However, these dry shoot weights were 

statistically (P≤0.05) distinct from P. lilacinum (Table 4.9).  

Velum prime
®
 treated tomato plants recorded heavier dry root weights though it was not 

significantly (P>0.05) higher than that recorded in T. harzianum 2 treated plants (Table 

4.9). Among the BCAs, T. harzianum 3 treated plants had the least dry root weights 

which differed significantly (P≤0.05) from T. harzianum 2 and was significantly higher 

than weights noted in untreated control. The commercial, P. lilacinus was not 

statistically different (P>0.05) from P. lilacinum in terms of dry root weights, however 

recorded significantly higher dry shoot weights as shown in Table 4.9.   
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Table 4.9: Mean dry weights (g) of shoot and roots and root length (cm) of tomato 

plants under different treatments in the field (Season one) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data are means ± SE. Means in the same column followed by the same letters are not 

significantly different according to Fisher’s Least Significant Difference (LSD) test at 

P≤0.05. DSW=Dry shoot weight, DRW=Dry root weight. 

There was significant (P≤0.05) difference in root length between the treated and 

the untreated plants (Table 4.9). Velum prime
®

 treated plants had longer roots and 

varied significantly (P≤0.05) from the other treatments. Trichoderma harzianum 2 

attained longer roots among the BCAs followed by Bionematon
®
 and were not 

significantly (P>0.05) distinct from T. harzianum 1 and T. afroharzianum. This, 

however, differed significantly (P≤0.05) from P. lilacinum and T. harzianum 3 (Table 

4.9).  

4.7.3 Effects of fungal bio-control agents on the yield of tomato 

There was notable (P≤0.05) difference in the marketable yield (t/ha) of tomato 

plants between the treated and untreated plots (Figure 4.14). Velum prime
®
 treated 

plants yielded significantly (P≤0.05) more fruit yield (t/ha) as compared to the other 

treatments.  

Treatments DSW DRW RL 

Velum prime
®

 18.51±0.15 a 5.81±0.17 a 16.67±0.20 a 

T. harzianum 1 17.71±0.28 b 5.00±0.20 bc 15.50±0.28 bc 

Bionematon
®

 17.72±0.16 b 5.06±0.24 bc 15.83±0.29 b 

T. harzianum 2 17.52±0.15 bc 5.29±0.23 ab 15.91±0.31 b 

P. lilacinum 17.12±0.21 c 4.79±0.14 bc 15.08±0.23 c 

T. harzianum 3 17.48±0.19 bc 4.66±0.16 c 15.02±0.19 c 

T. afroharzianum 17.16±0.21 bc 4.90±0.21 bc 15.31±0.33 bc 

Untreated control 10.41±0.21 d 3.73±0.13 d 13.22±0.18 d 

L.S.D 0.56 0.53 0.72 

P 0.0001 0.0001 0.0001 
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Figure 4.14: Mean tomato yield (t/ha) in field (Season one)  

Data are mean of 4 replicates.  Means followed by the same letter are not significantly 

different (P≤0.05) with LSD test.  

No significant (P>0.05) difference was established in terms of marketable 

tomato yield among the BCAs, although they recorded significantly (P≤0.05) higher 

yield than the untreated control. No significant (P>0.05) variations were noted in non–

marketable yield in all the treatments (Figure 4.14). On further analysis, a significant 

negative correlation (r=-0.58, P≤0.05) was revealed between the yield of tomato and 

juvenile population at harvest (Figure 4.15).  
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Figure 4.15: Relationship between yield of tomatoes and juvenile population at harvest 

in the field (season one) 

 

4.8 Effects of fungal bio-control agents on root knot nematode (Meloidogyne spp.) 

on disease parameters in the field experiment (Season one)  

4.8.1 Effects of fungal bio-control agents on J2 populations in the soil 

The juvenile (J2) populations recorded before transplanting did not differ 

significantly (P>0.05) in all the treatment plots as shown in Table 4.10. The number J2 

were noted to increase 30 days after transplanting (DAT) in all treatments. The J2 

populations were effectively reduced in the treated plots as opposed to the untreated 

control where the J2 populations increased at 60 & 90 days after transplanting. A 

significantly (P≤0.05) lower J2 population at 60 & 90 DAT was noted in Velum prime
®
 

plots followed by Bionematon
®
. However, they were not significantly (P>0.05) different 

from J2 populations recorded in T. harzianum 1, 2 & 3 and P. lilacinum. Trichoderma 

afroharzianum on the other hand had a higher J2 population which was significantly 

(P≤0.05) lower than the untreated control (Table 4.10).  
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Table 4.10: Reproduction factor and Mean J2 populations in soils treated with different treatments  at 30, 60 and 90 

days after inoculation in the field (Season one) 

Treatments Reproduction 

Factor 

Mean J2/200cc of soil 

Initial populations  30 DAI 60 DAI 90 DAI 

Velum prime
®

 0.56±0.19 c 385.00±129.39 a 475.50±151.39 b 277.75±43.13 c 143.75±6.25 c 

T. harzianum 1 0.65±0.10 b 500.00±173.78 a 679.25±146.23 ab 504.75±121.90 bc 269.00±61.09 bc 

Bionematon
®

 0.83±0.21 b 307.50±72.24 a 427.25±43.23 b 283.50±24.50 c 213.25±24.56 bc 

T. harzianum 2 0.91±0.13 b 275.00±89.86 a 477.50±96.27 b 368.25±68.28 bc 229.25±56.12 bc 

P. lilacinum 0.65±0.12 b 507.50±152.23 a 688.25±150.35 ab 490.00±100.25 bc 287.00±52.74 bc 

T. harzianum 3 0.77±0.19 b 507.50±122.50 a 657.50±145.97 ab 514.00±83.64 bc 330.25±59.00 bc 

T. afroharzianum 0.82±0.11 b 575.00±16.50 a 856.50±91.82 a 586.50±68.50 b 449.75±66.17 b 

Untreated control 3.32±0.55 a 560.00±117.00 a 760.00±161.09 ab 1170.00±170.59 a 1671.50±241.88 a 

L.S.D 0.71 363.28 377.38 278.47 285.76 

P 0.0001 0.5596 0.2537 0.0001 0.0001 

Data are means ± Se. Means in the same column followed by the same letters are not significantly different 

according to Fisher’s Least Significant Difference (LSD) test at P≤0.05. DAI: Days after inoculation
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There was a significant (P≤0.05) reduction in nematode reproduction factor in 

treated plots as opposed to the untreated plots (Table 4.10). A significantly (P≤0.05) 

lower RF was noted in Velum prime
®
 treated plots compared to the BCAs treated plots 

and the control. Although T. harzianum 1 and P. lilacinum had a lower RF, no 

significant (P>0.05) difference was established in nematode RF among the BCAs (Table 

4.10). The regression analysis revealed that the J2 populations in the soil and mean gall 

counts per root system of tomato plants were positively (r=0.71, P≤0.05) correlated 

(Figure 4:16). 

 

Figure 4.16: Relationship between the J2 populations in the soil and the number of galls 

per root system of tomato plants in the field (Season one) 

4.8.2 Effects of fungal bio-control agents on galling and egg mass indices on tomato  

There were significant (P≤0.05) variations established on egg mass and galling 

indices on tomato roots between the treated and untreated plants as shown in Table 4.11. 

The galling index (GI) of Velum prime
®
 treated plants was significantly (P≤0.05) lower 

than all the other treatments. No significant (P>0.05) variations observed in the GI 
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recorded in all the BCAs treated plants, however, the GI was remarkably (P≤0.05) lower 

than that recorded in the untreated plants (Table 4.11).  

Table 4.11: Galling and egg mass indices on tomato plants in soil under different 

treatments in the field (Season one) 

Treatments  Galling index Egg mass index 

Velum prime
®

 0.95±0.20 c 0.85±0.20 c 

T. harzianum 1 1.90±0.19 b 1.80±0.25 b 

Bionematon
®

 2.00±0.23 b 1.95±0.22 b 

T. harzianum 2 1.95±0.27 b 1.90±0.25 b 

P. lilacinum 2.15±0.21 b 2.15±0.22 b 

T. harzianum 3 2.05±0.26 b 1.85±0.24 b 

T. afroharzianum 2.20±o.27 b 2.30±0.27 ab 

Untreated control 3.15±0.20 a 2.90±0.16 a 

L.S.D 0.64 0.640 

P 0.0001 0.0001 

Data are means ± SE. Means in the same column followed by the same letters are not 

significantly different according to Fisher’s Least Significant Difference (LSD) test at 

P≤0.05. 

The various treatments differed statistically (P≤0.05) in the Egg mass index 

(EMI) compared to the untreated plants and Velum prime
®
 recording a lower egg mass 

index. Although a lower EMI was noted on T. harzianum 1 plants it did not vary 

significantly (P≤0.05) from that recorded on other plants treated with BCAs as shown in 

Table 4.11. It was further noted that the EMI recorded in T. afroharzianum was not 

significantly (P>0.05) lower than that recorded in the untreated plants (Table 4.11). 

Further analysis revealed a significant positive correlation (r=0.82, P≤0.05) between 

number of galls per root system and galling index of RKN on tomato plants (Figure 

4.17). 
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Figure 4.17: Relationship between the number of galls per root system and the galling 

index of root-knot nematodes on tomato plants in the field (Season one) 

4.9 Effects of fungal bio-control agents on growth and yield of tomato plants in 

field (Season two)  

4.9.1 Effects of fungal bio-control agents on shoot height  

There were significant (P≤0.05) differences in shoot height between the treated 

and untreated tomato plants (Figure 4.18). Velum prime
®

 treated plants recorded taller 

shoots throughout the test period and differed significantly (P≤0.05) in comparison to 

the other treatments at 90 DAT. The plants treated with the BCAs performed equally 

well as Velum prime
®
 treated plants at 30 DAT.  
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Figure 4.18: Mean shoot height (cm) of tomato plants treated with different fungal bio-

control agents in the field (Season two)  

 

Data are mean of 4 replicates. DAT=Days after transplanting, V. P= Velum prime
®
, T. 

h1=Trichoderma harzianum 1, B. N= Bionematon
®
, T. h2= T. harzianum 2, T. h3= T. 

harzianum 3, T. ah=T.  afroharzianum, UC=Untreated control. 

At 60 DAT, Velum prime
®
 treated plants recorded higher shoot heights which 

were not significantly (P>0.05) different from that recorded with T. harzianum 1 and T. 

harzianum 2. Trichoderma afroharzianum recorded significantly (P=0.0001) shorter 

shoots than T. harzianum 1 and T. harzianum 2 (Figure 4.18).  

Among the BCAs, T. harzianum 1 treated plants recorded taller shoots which 

were not significantly (P>0.05) different from those recoded with T. harzianum 2, T. 

harzianum 3 and Bionematon
®
. However, these differed significantly (P≤0.05) from P. 

lilacinum and T. afroharzianum at 90 DAT. The shoot heights recorded with P. 

lilacinum were significantly (P≤0.05) different from those recorded with Bionematon
®
 

(Paecilomyces lilacinus) treated plants at 90 DAT (Figure 4.18). 
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4.9.2 Effects of fungal bio-control agents on dry shoot and root weights (g) and root 

length (cm) of tomato plants  

Overall there were significant (P≤0.05) differences in dry shoot and root weights 

between the treated and untreated tomato plants (Table 4.12). The heaviest dry shoot 

weights were recorded in Velum prime
®
 treated plants which varied significantly 

(P≤0.05) from all the other treatments. Plants treated with Trichoderma harzianum 1 

had heavier shoots than those treated with P. lilacinum and T. afroharzianum. However, 

they were not significantly (P>0.05) distinct when compared to the plants treated with 

Bionematon
®
, T. harzianum 2 and T. harzianum 3. Among the BCAs, P. lilacinum 

treated plants recorded lower dry shoot weights which did not differ significantly 

(P>0.05) from T. afroharzianum but was significantly (P≤0.05) different from the 

untreated plants (Table 4.12).  

Velum prime
®
 treated tomato plants recorded the heaviest dry root weights 

(Table 4.12). Among the BCAs, T. harzianum 2 treated plants recorded significantly 

(P≤0.05) heavier roots than P. lilacinum and T. harzianum 3. However, no variations 

were established in comparison to T. harzianum 1, Bionematon
®
 and T. afroharzianum. 

The least dry weight of roots was recorded in the untreated plants as shown in Table 

4.12. 
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Table 4.12: Mean dry shoot and root weights (g) and root length (cm) of tomatoes under 

different treatments in the field (Season two) 

Treatments DSW DRW RL 

Velum prime
®

 18.71±0.78 a 5.96±0.15 a 16.89±0.20 a 

T. harzianum 1 17.96±0.24 b 5.27±0.14 bc 15.71±0.25 bcd 

Bionematon
®

 17.80±0.14 b 5.22±0.20 bc 15.96±0.25 bc 

T. harzianum 2 17.65±0.15 bc 5.41±0.20 b 16.18±0.25 b 

P. lilacinum 17.17±0.20 c 4.90±0.12 cd 15.21±0.21 d 

T. harzianum 3 17.60±0.20 bc 4.73±0.16 d 15.09±0.19 d 

T. afroharzianum 17.22±0.18 c 5.01±0.18 bcd 15.36±0.32 d 

Untreated control 10.34±0.29 d 3.88±0.11 e 13.23±0.17 e 

L.S.D 0.53 0.45 0.66 

P 0.0001 0.0001 0.0001 

Means in the same column followed by the same letters are not significantly different 

according to Fisher’s Least Significant Difference (LSD) test at P≤0.05. DSW=Dry 

shoot weight, DRW=Dry root weight, RL=Root length. 

The results of this study also revealed significant (P≤0.05) difference in root 

length between the treated and untreated plants (Table 4.12). Velum prime
®
 treated 

plants recorded notably (P≤0.05) longer roots than all the other treatments. Trichoderma 

harzianum 2 recorded higher root lengths among the BCAs, but did not vary 

significantly (P>0.05) from plants treated with Bionematon
®
 and T. harzianum 1. 

However, these were significantly (P≤0.05) different from P. lilacinum, T. harzianum 3 

and T. afroharzianum. The untreated plants recorded significantly (P≤0.05) shorter roots 

than the other treatments (Table 4.12).  

4.9.3 Effects of fungal bio-control agents on tomato yield  

There was significant (P≤0.05) difference in the marketable yield (t/ha) of 

tomato plants between the treated and untreated plots (Figure 4.19). Velum prime
® 

treated plants yielded significantly (P≤0.05) more fruits yield (t//ha) compared to the 

other treatments. Among the BCAs, T. harzianum 1 recorded more yield followed by T. 
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harzianum 2 which differed significantly (P≤0.05) from the yield in plants treated with 

T. harzianum 3. The lowest marketable yield was noted in the untreated plots.  

Figure 4.19: Mean tomato yield (t/ha) in field (Season two)  

Data are mean of 4 replicates. Means followed by the same letter (s) are not 

significantly (P>0.05) different.  

 

On the other hand, the untreated plots recorded significantly (P≤0.05) higher 

non- marketable yield.  No significant (P>0.05) difference was noted in terms of non-

marketable tomato yield among the BCAs, although they recorded a significantly 

(P≤0.05) higher non-marketable yield than the Velum prime
®
 treated plants (Figure 

4.19).  

Correlation analysis revealed a significant negative relationship (r=-0.65, 

P≤0.05) between yield of tomatoes and juvenile population at harvest (Figure 4.20). 
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Figure 4.20: Relationship between yield of tomatoes and juvenile population at harvest 

in field (season two) 

4.10 Effects of fungal bio-control agents on root knot nematode (Meloidogyne spp.) 

disease parameters during the field experiment season two.  

4.10.1 Effects of fungal bio-control agents on J2 populations in the soil and 

reproduction factor 

The Juvenile (J2) populations recorded at the start of the experiment did not 

differ significantly in all the treatment plots as indicated in Table 4.13. All the 

treatments were not found to suppress the J2 populations 30 days after transplanting 

(DAT). However, the J2 population in the treated plots was significantly (P≤0.05) 

suppressed at 60 and 90 DAT as compared to the untreated plots. At 60 DAT, the most 

suppressive treatment was Velum prime
®
 but not distinct when compared to 

Bionematon
®
, T. harzianum 1 and 2 but it differed significantly (P≤0.05) from T. 

harzianum 3 and T. afroharzianum. Velum prime
®
 also recorded a lower J2 population 

at 90 DAT which did not differ significantly (P>0.05) from the BCAs apart from T. 

afroharzianum. The J2 populations were significantly (P≤0.05) higher in the untreated 

plots throughout the period and were noted to increase over time (Table 4.13). 
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Table 4.13: The reproduction factor and mean J2 populations in soils treated with different treatments 30, 60 and 90 

days after inoculation in the field (Season two) 

Treatments Reproduction 

factor (RF) 

Mean  J2/200cc of soil 

 Initial populations  30 DAI 60 DAI 90 DAI 

Velum prime
®

 0.52±0.18 b 300.00±74.27 a 428.00±109.78 c 237.75±22.36 c 120.00±8.17 c 

T. harzianum 1 0.59±0.15 b 500.00±173.78 a 673.75±142.24 ab 399.50±79.27 bc 218.75±35.85 bc 

Bionematon
®

 0.78±0.22 b 90.00±65.45 a 422.50±41.97 b 280.00±21.17 c 184.75±16.61 bc 

T. harzianum 2 0.82±0.18 b 282.50±88.35 a 467.50±87.69 b 358.25±72.69 bc 192.50±19.74 bc 

P. lilacinum 0.62±0.12 b 460.00±125.37 a 619.00±118.44 ab 472.50±85.92 bc 238.25±25.41 bc 

T. harzianum 3 0.73±0.16 b 490.00±110.68 a 622.50±139.67 ab 477.50±87.69 b 314.00±55.94 bc 

T. afroharzianum 0.78±0.12 b 555.00±96.31 a 836.25±82.96 a 567.50±62.37 b 407.25±43.52 b 

Untreated control 3.34±0.55 a 545.00±113.62 a 847.50±146.14 a 1260.00±168.72 a 1646.25±243.94 a 

L.S.D 0.72 322.98 332.00 253.76 267.50 

P 0.0001 0.3801 0.0696 0.0001 0.0001 

Means in the same column followed by the same letters are not significantly different according to Fisher’s Least 

Significant Difference (LSD) test at P≤0.05. DAI=Days after inoculation.
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There was significant (P≤0.05) difference noted on the effect of treatments on 

nematode reproduction factor compared to the untreated control (Table 4.13). A 

significantly (P≤0.05) lower RF was noted in the treated plots compared to the control. 

The isolated BCAs performed equally well as the Bionematon
®
 and Velum prime

®
 in 

reducing the nematode reproduction factor (Table 4.13). In addition, the J2 population 

in the soil and the galls count per root system were found to be positively (r=0.69, 

P≤0.05) correlated (Figure 4.21). 

 
Figure 4.21: Relationship between J2 populations in the soil and number of galls per root 

system of tomato plants in the field (Season two) 

4.10.2 Effects of fungal bio-control agents on galling and egg mass indices on 

tomato plants 

There were highly significant (P≤0.05) variations established on the galling and 

egg mass indices on tomato roots between the treated and untreated plants as shown in 

Table 4.14. Velum prime
®
 treated plants recorded significantly (P≤0.05) lower galling 

index (GI) from all the other treatments. No significant (P>0.05) variation was observed 
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in the GI recorded in all the BCAs treated plants, however the GI was significantly 

(P≤0.05) lower than that recorded in the untreated plants (Table 4.14).  

Table 4.14: Galling and Egg mass indices on tomato plants in soil under different 

treatments in the field (Season two) 

Treatments Galling index Egg mass index 

Velum prime
®

 0.95±0.20 c 0.75±0.16 d 

T. harzianum 1 1.90±0.19 b 1.65±0.22 c 

Bionematon
®

 2.00±0.23 b 1.90±0.22 bc 

T. harzianum 2 1.95±0.27 b 1.75±0.23 bc 

P. lilacinum 2.15±0.21 b 2.00±0.19 bc 

T. harzianum 3 2.10±0.27 b 1.75±0.23 bc 

T. afroharzianum 2.55±0.31 b 2.35±0.28 b 

Untreated control 3.45±0.18 a 3.00±0.18 a 

L.S.D 0.66 0.60 

P 0.0001 0.0001 

Means followed by the same letter(s) within the same column are not significantly 

(P≤0.05) different according to Fisher’s Least Significant Difference (LSD) test.  

 

The tested treatments differed statistically (P≤0.05) in the egg mass index (EMI) 

recorded compared to the untreated plants (Table 4.14). Velum prime
®
 recorded a 

significantly (P≤0.05) lower egg mass index than the other treatments. A lower EMI 

was noted on T. harzianum 1 treated plants followed by T. harzianum 2 and 3, and these 

did not vary significantly (P>0.05) from EMI recorded on Bionematon
®

 and P. 

lilacinum treated plants (Table 4.14). It was further noted that T. afroharzianum 

recorded a higher EMI which differed significantly (P≤0.05) from T. harzianum 1 and 

was also significantly lower than untreated control (Table 4.14). It was further noted 

that the galls count per root system and galling index of RKN on tomato plants had a 

significant positive correlation (r=0.82, P≤0.05 (Figure 4. 22). 
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Figure 4.22: Relationship between the number of galls per root system and galling index 

of root-knot nematodes on tomato plants in the field (Season two) 
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CHAPTER 5: DISCUSSION 

Fungi with antagonistic potential were isolated from tomato roots and RKN eggs 

sampled from Kirinyaga County. These isolates included Trichoderma spp., 

Purpureocillium spp., Penicillium spp., and Fusarium species. Similar fungal isolates 

have been reported from field grown tomatoes by other researchers in Kenya (Kariuki et 

al., 2012; Kibunja, 2015). Bogner et al. (2016) also isolated endophytic fungi from 

tomato roots collected from the Central and Coastal regions of Kenya including 

Fusarium spp., Trichoderma spp., Alternaria spp. and Aspergillus spp. Several other 

researchers have successfully isolated fungi including Trichoderma spp., Fusarium spp., 

Acremonium spp., Aspergillus spp., Chemotium spp., Purpureocillium spp. and 

Pochonia spp. from tomato roots and RKN eggs with bio control potential against root-

knot nematodes (Meloidogyne spp.) in vitro (Affokpon et al., 2015; Lobna et al., 2016; 

Silva et al., 2017b). 

In this study the isolated fungi showed significant nematicidal activity through 

inhibition of egg hatching and mortality of the root-knot nematodes J2. Al Ajrami 

(2016) reported a reduction in egg hatch rate of Meloidogyne javanica after two and 

three days of exposure to 1500 and 3000 spore/ml of P. lilacinus. Kibunja (2015) also 

reported that indigenous isolates of Trichoderma spp. and Aspergillus spp. from coastal 

region of Kenya had significantly higher juvenile mortality rate when compared to the 

control. Singh and Mathur (2010) also isolated Trichoderma spp., Aspergillus spp., 

Fusarium spp., Acremonium spp., and Purpureocillium spp. from egg masses of RKN 

obtained from tomato and egg plants and demonstrated their mortality of J2s in vitro. 

Silva et al. (2017a) also successfully isolated Pochonia and Purpureocillium species 
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from nematodes eggs and soils and found that they were able to inhibit J2 hatchability 

from Meloidogyne enterolobii eggs by direct contact under laboratory conditions.   

The significant juvenile mortality could be due to various antagonism 

mechanisms exhibited by the fungal isolates. For example, Trichoderma spp., 

particularly T. harzianum is reported to act through antibiosis, mycoparasitism and 

secretion of cell wall degrading enzymes such as cellulase and chitinase to suppress 

Meloidogyne spp. (Harman et al., 2004). Fusarium spp. has been reported to control 

nematodes through egg hatching inhibition and J2 killing (Singh and Mathur, 2010). 

The results of this study demonstrated that application of Trichoderma 

harzianum strains and Purpureocillium lilacinum isolates improved the growth of 

tomato through increased shoot height, length of roots and plant dry weight compared to 

the control under both green house and field conditions. Ahmed and Monjil (2019), 

observed Purpureocillium lilacinum increased plant height, number of leaves, root 

length and root dry weight of tomato plants in a pot experiment. Mukhtar (2018) 

demonstrated increased shoot height and length of tomato plants through application of 

Trichoderma harzianum and T. viride. However, he observed a decline in root weight of 

tomato depending on the dose which is in contrast with the current study findings. Khan 

et al. (2012) also recorded an improvement in the growth and yield of eggplant with bio-

control agents; Pochonia chlamydosporia, P. lilacinus and T. harzianum through 

suppression of galls formation. In another study, inoculation of tomato plants with T. 

harzianum was shown to improve shoot length, root length, dry shoot mass and dry root 

mass (Nzanza et al., 2011). Lobna et al. (2016) also reported that soil inoculation with 
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T. harzianum enhanced the fresh shoot weight and plant length when compared with the 

control.  

Our findings also agree with Ering and Simon (2018) who noted significant 

increase in growth and yield of tomato plants treated with Trichoderma isolates. Nzanza 

et al. (2012) also reported an increased tomato yield with application of T. harzianum.  

The significant differences observed in tomato plant growth parameters 

following application of local fungal isolates (Trichoderma spp. and Purpureocillium 

spp.) could be due to one or more mechanisms of the isolates. Fungi may also produce 

toxic metabolites and antibiotics that inhibit nematodes and exclude other deleterious 

micro-organisms (Howell, 2003; Sikora et al. 2008). Trichoderma species can enhance 

growth through improved nutrient absorption, enhanced root growth, control of disease 

causing microorganisms or by getting rid of growth inhibitors from the soil (Shoresh et 

al., 2010). Trichoderma spp. has been proven to assist plants in tolerance to stress 

condition by enhanced root development (Mastouri et al., 2010). It participates in 

solubilising inorganic nutrients hence increased intake by the plants (Sharma and 

Pandey, 2009). P. lilacinum ability to suppress nematodes could have led to the increase 

in growth and yield of tomato. This hence indicates the yield increase was due to 

reduction in nematode multiplication.  

The lower growth in untreated plants in the current study might be due to the 

stunting action of root-knot nematodes and unavailability of nutrients to the plants. 

Meloidogyne spp. was observed to readily infect tomato, retard the growth and lead to 

reduction in fresh and dry weights. Several authors have reported reduction in growth 
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due to infestation with root-knot nematodes (Mwangi et al., 2017). The galls on the 

roots could also disturb the important root functions like uptake and transport of water 

and nutrients hence reduced growth. Kankam and Adomako (2014) reported a decrease 

in plant height and weight due to inoculation of Meloidogyne J2 at 10 and 12 weeks 

after transplanting. The infective J2 invade the root and move to a site near the vascular 

tissue which disrupts intake of water and distribution of nutrients as (Hussey and 

Boerma 1989). 

The results obtained from this study showed that the indigenous isolates of 

Trichoderma species and Purpureocillium species suppressed root-knot nematodes on 

tomatoes. This was explained by reduced Meloidogyne spp. population densities in the 

soil and reduction of nematode damage on tomato as supported by low gall index, egg 

mass index hence reduced nematode reproduction. The increase in juvenile population 

in the soil 30 days after transplanting could be explained by the fact that the fungal 

isolates take time to establish in the soil.  The performance of the fungal isolates in 

suppressing RKN was comparable to the synthetic nematicides. This corroborates the 

findings by Ering and Simon (2018) who reported that Trichoderma isolates gave a 

level of nematode control comparable to Carbofuran synthetic nematicide. Kalele et al. 

(2010) reported that P. lilacinus strain significantly reduced the juveniles’ population in 

both soil and roots of tomato plants when fungal inoculation was done at planting. The 

fungal strain also reduced galling index and Meloidogyne sp. multiplication rate. 

Mukhtar (2018) also observed that application of T. harzianum and T. viride led to a 

significant decline in the galls count, egg masses and reproduction of M. incognita 

depending on the dosage on tomato plants. Paecilomyces lilacinus was effective in 
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suppressing M. javanica by reduced root galling and egg mass production as indicated 

by gall index and egg mass index (Al Ajrami, 2016).  

The reduction in nematode galls and egg masses in the current study may be 

attributed to the ability of the fungal isolates to easily inhabit the roots and hence reduce 

the feeding sites for nematodes. The lower number of galls could also mean the inability 

of most of the juveniles to enter the host roots. Trichoderma spp. action through 

mycoparasitism, antibiosis and competition that causes activation of plant defence by 

production of enzymes like glucanase have been studied (Howell, 2003; Vinale et al., 

2008). Bio control agents (Trichoderma spp.) have been reported to cause reduction in 

nematode populations due to secretion of enzymes including chitinase, cellulose, 

protease and glucanase that take part in pathogen’s cell wall degradation (Ritika and 

Utpal, 2014). Trichoderma spp. also has a specialized pressing organ (appressoria) that 

produces holes on the target organisms and thereby hyphae penetrate the tissues of the 

targeted organisms (Jena et al., 2017). The performance of Purpureocillium lilacinum 

may be attributed to the main mechanism as an egg parasite (Moosavi et al., 2010) that 

attack nematode eggs in the soil and release toxin lethal to the existing juveniles and 

those that may hatch later (Singh et al., 2013). Purpureocillium lilacinum can readily 

colonize root-knot nematodes eggs thus inhibit egg hatching and root penetration by 

Meloidogyne sp. juveniles (Cabanillas et al., 1988). Chitinase activity has also been 

associated with P. lilacinum and has been reported to destroy the cuticle and kill the 

nematodes (Morton et al., 2004). 

The chemical nematicide Velum prime® was the most efficacious in enhancing 

the growth and also in controlling the root knot nematode in both greenhouse and field 
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conditions. Kumar et al. (2012) also reported that the chemical nematicide, Carbosulfan 

had the highest efficacy in increasing growth of plants, reducing the galls count as well 

as reproduction of the nematode compared to bio agents. Jena et al. (2017) also reported 

that the chemical check, Carbofuran exhibited the highest improvement of growth and a 

decrease in galls count and nematode population in brinjal. He also noted the next best 

treatment to be Trichoderma viride after the chemical check. Although Velum prime® 

performed better, it was comparable to Trichoderma harzianum 1.  

The current study also demonstrated differences in performance of the different 

Trichoderma isolates. Ering and Simon (2018) reported differences among Trichoderma 

isolates in reducing the juveniles’ population and root galls/root system of tomato 

plants.  The differences could also be attributed to the fact that the Trichoderma spp. 

have an extensive network of conidiophores that give rise to spores able to adhere to 

nematode at the various stages. These attachments and parasitic activity differs amid 

fungal species and strains (Sharon et al., 2007).  

The higher performance of chemical nematicides (Velum prime
®
) could be 

attributed to its quick knockdown activity. 
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CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions  

According to the results of this study, indigenous fungal isolates from Kirinyaga 

County, Kenya including Trichoderma spp. and Purpureocillium spp. have the potential 

of controlling root-knot nematodes in vitro and in vivo. Trichoderma harzianum isolates 

were more effective than Purpureocillium lilacinum and Trichoderma afroharzianum in 

promoting growth and yield of tomato as well as root-knot nematodes control.  The 

performance of the indigenous fungal isolates especially T. harzianum and P. lilacinum 

were comparable with the commercial bio control agents (P. lilacinus) contained in 

Bionematon
®
 and in some instance T. harzianum performed better than the commercial 

BCA. The results also reveal that the synthetic nematicide (Velum prime
®
) was more 

effective than the bio control agents but was comparable to T. harzianum 1 isolates.  

6.2 Recommendations 

1. Based on the results of this study, the indigenous isolates Trichoderma 

harzianum and Purpureocillium lilacinum demonstrated effective antagonistic 

activity that can be further developed into a commercial product for use in 

integrated management of root-knot nematodes.  

2. This study recommends further studies on the appropriate methods of 

application, timing and rates of application of the specific bio control agents.  

3. Farmers should be sensitized on the biological control techniques in integrated 

nematode control.  



 
   

82 
 

REFERENCES 

Abawi, G. S., and Barker, K. R. (1984). Effects of cultivar, soil temperature and 

population levels of Meloidogyne incognita on root necrosis and Fusarium wilt 

of tomatoes. Phytopathology, 74, 433– 438.  

Affokpon, A., Coyne, D. L., Proft, M. De., and Coosemans, J. (2015). In vitro growth 

characterization and bio control potential of naturally occurring nematophagous 

fungi recovered from root-knot nematode infested vegetable fields in Benin. 

International Journal of Pest Management, 61, 273-283.  

Ahmed, S., and Monjil, M. S. (2019). Effect of Paecilomyces lilacinus on tomato plants 

and the management of root-knot nematodes. Journal of the Bangladesh 

Agricultural University, 17(1), 9-13. https://doi:10.3329/jbau. v17i1.40657it info 

Akello, J. T., Dubois, T., Gold, C. S., Coyne, D., Nakavuma, J. and Paparu, P. (2007). 

Beauveria bassiana (Balsamo) Vuillemin as an endophyte in tissue culture 

banana (Musa spp.). Journal of Invertebrate Pathology, 96, 34–42. 

Al Ajrami, H. H. (2016). Evaluation the effect of Paecilomyces lilacinus as a bio control 

agent of Meloidogyne javanica on tomato in Gaza strip (Master’s thesis; The 

Islamic University, Israel). 

Al-Hazmi, A. S., and TariqJaveed, M. (2015). Effects of different inoculum densities of 

Trichoderma harzianum and Trichoderma viride against Meloidogyne javanica 

on tomato. Saudi Journal of Biological Sciences. doi: 10.1016/j.sjbs.2015.04.007 

Anang, B.T., Zulkamain, Z.A. and Yusif, S. (2013). Production constraints and 

measures to enhance the competitiveness of the tomato industry in Wenchi 

Municipal District of Ghana. American Journal of Experimental Agriculture 

3(4), 824–838. 

Arim, O. J., Waceke, J. W., Waudo, S. W., and Kimenju, J. W. (2006). Effects of 

Canavalia ensiformis and Mucuna pruriens intercrops on Pratylenchus zeae 

damage and yield of maize in subsistence agriculture. Plant and Soil, 284, 243-

251. 

Aslam, M. N., Mukhtar, T., Ashfaq, M., and Hussain, M. A. (2017b). Evaluation of chili 

germplasm for resistance to bacterial wilt caused by Ralstonia 

solanacearum. Australasian Plant Pathology, 46(3), 289-292. 

Aslam, M. N., Mukhtar, T., Hussain, M. A., and Raheel, M. (2017a). Assessment of 

resistance to bacterial wilt incited by Ralstonia solanacearum in tomato 

germplasm. Journal of Plant Diseases and Protection, 124(6), 585-590. 



 
   

83 
 

Atkins, S. D., Hidalgo-Diaz, L., Kalisz, H., Mauchline, T. H., Hirsch, P. R., and Kerry, 

B. R. (2003). Development of a new management strategy for the control of 

root-knot nematodes (Meloidogyne spp.) in organic vegetable production. Pest 

Management Science.  59, 183–189. [PubMed]. 

Bakr, R. A., Mahdy, M. E., & Mousa, E. M. (2014). Biological control of root-knot 

nematode Meloidogyne incognita by Arthrobotrys oligospora. Egyptian Journal 

of Crop Protection, 9(1), 1-11.  

Beije, C.M., Kanyagia, S.T., Muriuki, S.J.N., Otieno, E.A., Seif, A.A. and Whittle, 

A.M. (1984). Horticultural crops protection handbook. National Horticultural 

Research Station. CAB International, Thika, Kenya. Pp 176. 

Bird, A.F. (1974). Plant responses to root-knot nematodes. Annual review of 

Phytopathology, 12, 69–85.  

Bogner, C. W., Kariuki, G. M., Elashry, A., Sichtermann, G., Buch, A. K., Mishra, B., 

... and Schouten, A. (2016). Fungal root endophytes of tomato from Kenya and 

their nematode bio control potential. Mycological Progress, 15(3), 30. 

Brand D, Soccol CR, Sabu A, and Roussos S. (2010). Production of fungal biological 

control agents through solid state fermentation: a case study on Paecilomyces 

lilacinus against root-knot nematodes. Micologia Applicada International, 21 

(2), 33-50. 

Bridge, J. (1996). Nematode management in sustainable and subsistence agriculture. 

Annual Review of Phytopathology. 34, 201–225. 

Cabanillas, F., Barker, K. R., and Daykin, M. E. (1988). Histology of the interactions of 

Paecilomyces lilacinus with Meloidogyne incognita on tomato. Journal of 

Nematology, 20, 362–365. 

Cetintas, R. and Yarba, M. M. (2010). Nematicidal effects of five essential plant oils on 

the southern root-knot nematode, Meloidogyne incognita Race 2. Journal of 

Animal and Veterinary Advances, 9, 222-225. 

Corbett, B. P., Jia, L., Sayler, R. J, Arevalo-Soliz, L. M. and Goggin, F. (2011). The 

effects of root-knot nematode infection and mi-mediated nematode resistance in 

tomato on plant fitness. Journal of Nematology, 43(2): 82–89. 

Coyne, D. L. (2007). Practical plant nematology: A field and laboratory guide. SP-IPM 

Secretariat, International Institute of Tropical Agriculture (IITA), Cotonou, 

Benin, 82 pp. 



 
   

84 
 

Coyne, D. L., Fourie, H. H. and Moens, M. (2009). Current and future management 

strategies in resource-poor farming, in: Root-knot Nematodes (Eds Perry, R. N. 

Moens, M. and Starr, J. K.). CAB International Wallingford (UK), Pp 444-475. 

Cumagun, C. J. R., & Moosavi, M. R. (2015). Significance of biocontrol agents of 

phytonematodes. Biocontrol Agents of Phytonematodes. Wallingford, UK: CABI 

Publishing, 50-78. 

Ering, M., and Simon, S. (2018). Effect of Trichoderma spp. against Root-Knot 

Nematode (Meloidogyne incognita) on Tomato (Lycopersicon esculentum L. 

Mill). International Journal of Current Microbiology and Applied Sciences, 

7(12), 746-753. doi:10.20546/ijcmas.2018.712.092. 

Faruk, M. I., Rahman, M. L., ALI, M. R., Rahman, M. M. and Mustafa, M. M. H. 

(2011). Efficacy of two organic amendments and a nematicide to manage Root-

Knot Nematode (Meloidogyne incognita) of tomato (Lycopersicon esculentum 

L.). Bangladesh Journal of Agricultural Research, 36(3), 477-486. 

Forghani, F., and Hajihassani, A. (2020). Recent advances in the development of 

environmentally benign treatments to control root-knot nematodes. Frontiers in 

Plant Science, 11(1664-462X), 1125. doi:10.3389/fpls.2020.01125 

Gemechis, A. O., Struik, P. C., & Emana, B. (2012). Tomato production in Ethiopia: 

constraints and opportunities. Tropentag 2012, International Research on Food 

Security, Natural Resource Management and Rural Development. Resilience of 

Agricultural Systems against Crises: Book of Abstracts, 373. 

Haggag, W. M. (2010). Role of entophytic microorganisms in bio-control of plant 

diseases. Life Science Journal, 7(2), 57-62.  

Hallman, J. and Sikora, R. A. (1994a). Influence of Fusarium oxysporum, a mutualistic 

fungal endophyte, on Meloidogyne incognita of tomato. Journal of Plant 

Disease and Protection, 101, 475-481.  

Hallman, J. and Sikora, R. A. (1994b). In vitro and in vivo control of Meloidogyne 

incognita with culture filtrates from non-pathogenic Fusarium oxysporum on 

tomato. Journal of Nematology, 26, 102.  

Hallman, J. and Sikora, R. A. (1994c). Occurrence of plant parasitic nematodes and 

non-pathogenic species of Fusarium in tomato plants in Kenya and their role as 

mutualistic synergists for biological control of root-knot nematodes. 

International Journal of Pest Management, 40: 321-325. 



 
   

85 
 

Hallmann, J., Davies, K. G., and Sikora, R. A. (2009). Biological control using 

microbial pathogens, endophytes and antagonists. In: Perry RN, Moens M, Starr 

JL (Eds) Root-knot nematodes.  

Harman, G. E., Howell, C. R., Viterbo, A., Chet, I., and Lorito, M. (2004). Trichoderma 

spp. opportunistic, a virulent plant symbiont. Nature Reviews Microbiology, 

2(1): 43–56.  

HCDA (Horticultural Crops Development Authority), 2018. Horticulture data 2017–

2018 validation report. Kenya:  

Heber, D. and Lu, Q. Y. (2002). Overview of mechanisms of action of lycopene. 

Experimental Biology and Medicine, 227(10), 920-923. 

Holbrook, C. C., Knauft, D. A. and Dickson, D. W. (1983). A technique for screening 

peanut for resistance to Meloidogyne arenaria. Plant Disease, 67: 957-958. 

Hooper, D. J., Hallmann, J. and Subbotin, S. (2005). Methods for extraction, processing 

and detection of plant and soil nematodes. In: Luc, M., Sikora, R.A. and Bridge 

(Eds.). Plant Parasitic Nematodes in 81 Subtropical and Tropical Agriculture, 

2nd Edition. Wallingford, UK: CAB International. 53-86. 

Howell, C. R. (2003) Mechanisms employed by Trichoderma species in the biological 

control of plant diseases: the history and evolution of current concepts. Plant 

Diseases 87:4–10. 

Hunt, D. J., Luc M. and Manzanilla-López, R. H. (2005). Identification, morphology 

and biology of plant parasitic nematodes, p 11-52. In: Luc, M., Sikora, R. A. and 

Bridge, J (Eds). Plant Parasitic Nematodes in Subtropical and Tropical 

Agriculture, CABI Publishing, Wallingford, UK. 

Hussaini, S. S. (2014). Integrated Pest Management. Elsevier. Doi.org/10.1016/B978-0-

12-398529-3.00012-9. 

Hussey, R. S., and Boerma, H. R. (1989). Tolerance in maturity groups V-VIII soybean 

cultivars to Heterodera glycines. Journal of Nematology, 21(4S), 686. 

Ioannou, N. (2001). Integrating soil solarization with grafting on resistant rootstocks for 

management of soil-borne pathogens of eggplant. The Journal of Horticultural 

Science and Biotechnology, 76(4), 396-401. 

James, B., Atcha-Ahowe, C., Godonou, I., Baimey, H., Goergen, H., Sikirou, R. and 

Toko, M. (2010). Integrated pest management in vegetable production: a guide 

for extension workers in West Africa. International Institute of Tropical 

Agriculture (IITA), Ibadan, Nigeria, 120 pp. 



 
   

86 
 

Javeed, M and Alhazmi, Ahmad & Molan, Younes. (2016). Antagonistic effects of 

some indigenous isolates of Trichoderma spp. against Meloidogyne javanica. 

Pakistan Journal of Nematology, 34. 183-191. 10.18681/pjn. v34.i02. p183. 

Jena, R., Basumatary, B., Mohanta, B., & Pradhan, S. R. (2017). Comparative efficacy 

of bio control agents against root knot nematode (Meloidogyne incognita) 

infecting brinjal. Journal of Entomology Zoological Studies, 5(6), 254-257. 

Jin, N., Liu, S., Peng, H., Huang, W., Kong, L., Wu, Y., … Peng, D. (2019). Isolation 

and characterization of Aspergillus niger NBC001 underlying suppression 

against Heterodera glycines. Scientific Reports, 9(1). Doi: 10.1038/s41598-018-

37827-6. 

Jones Jr, J. B. (2007). Tomato plant culture: in the field, greenhouse, and home garden. 

CRC press. 

Jones, J. T.., Haegeman A., and Danchin, E. G. J. (2013). Top 10 plant-parasitic 

nematodes in molecular plant pathology. Molecular Plant Pathology, 14:946–

61. 

Kalele, D., Affokpon, A., Coosemans, J. and Kimenju, J. (2010). Suppression of Root-

Knot Nematodes in tomato and cucumber using biological control agents. 

African Journal of Horticultural Sciences, 3: 72-80. 

Kamala, T. and Indira, S. (2012). Prospect of Trichoderma as a potential fungicide. 

International Journal of Human Genetics Medical Biotechnology and 

Microbiological Studies, 1(3): 1-10.  

Kamran, M., Anwar, S. A. and Khan, S. A. (2011). Evaluation of tomato genotypes 

against Meloidogyne incognita infection. Pakistan Journal of Phytopathology, 

23 (1): 31-34. 

Kankam, F., and Adomako, J. (2014). Influence of inoculum levels of root-knot 

nematodes (Meloidogyne spp.) on tomato (Solanum lycopersicum L.). Asian 

Journal of Agriculture and Food Science (ISSN: 2321–1571), 2(02). 

Kariuki, G. M. and Dickson D. (2007). Transfer and development of Pasteuria 

penetrans. Journal of Nematology. (2007) 39, 55-61.  

Kariuki, G. M., Brito, J. A. and Dickson, D. W. (2006). Rate of attachment of 

Meloidogyne arenaria by Pasteuria penetrans affects root penetration and 

nematode fecundity. Nematropica, 36: 261-267. 

Karssen, G. and Moens, M. (2006). Root-knot nematodes. In: R. N. Perry and M. 

Moens (Eds). Plant Nematology. CABI Publishing. pp. 59-90. 



 
   

87 
 

Khan, S., Guo, L., Maimaiti, Y., Mijit, M., and Qiu, D. (2012). Entomopathogenic fungi 

as microbial biocontrol agent. Molecular Plant Breeding, 3(7). 

Kibunja, J. W. (2015). Effect of selected endophytic fungi and resistant tomato cultivars 

on Meloidogyne spp. in the Coastal Region, Kenya (Doctoral dissertation, 

Kenyatta University). 

Kimenju, J. A., Kagundu, A. M., Mutua, G. K. and Kariuki, G. M. (2008). Incorporation 

of green manure plants into bean cropping systems contribute to root-knot 

nematode suppression. Asian Journal of Plant Sciences, 7: 404-408. 

Kogel, K. H., Franken, P. and Hückelhoven, R. (2006). Endophyte or parasite – what 

decides? Current Opinion in Plant Biology, 9: 58–363. 

Kumar, S., Roy, P. D., Lal, M., Chand, G.., and Singh, V. (2014). Mass Multiplication 

and shelf life of Trichoderma species using various agro products. An 

International Quarterly Journal of Life Sciences, 9, 1143-1145. 

Kumar, V., Singh, A. U., & Jain, R. K. (2012). Comparative efficacy of bio-agents as 

seed treatment for management of Meloidogyne incognita infecting 

okra. Nematologia Mediterranea. 

Lamovšek, J., Urek, G. and Trdan, S. (2013). Biological Control of Root-Knot 

Nematodes (Meloidogyne spp.): Microbes against the Pests. Acta Agriculture 

Slovenica, 263 – 275. 

Law Ogbomo, K. E. (2011). Comparison of growth, yield performance and profitability 

of tomato (Solanum lycopersicon) under different fertilizer types in humid forest 

ultisols. International Research Journal of Agricultural Science and Soil 

Science, 1(8), 332-338. 

Linguya, K. S., Moraa, O. C., Wangai, K. J., & Chao, K. D. (2015). Potential of 

intercropping for management of some arthropod and nematode pests of leafy 

vegetables in Kenya. Journal of Agricultural Sciences (Belgrade), 60(3), 301-

314. 

Liu, W., Zhang, Z. and Wan S. (2009). Predominant role of water in regulating soil and 

microbial respiration and their responses to climate change in a semiarid 

grassland. Global Change Biology., 15, 184-195.  

Lobna, H., Mayssa, C., Hager, R., Naima, M., Ali, R., and Naget, H. (2016). Bio control 

effectiveness of Trichoderma species against Meloidogyne javanica and 

Fusarium oxysporum f.sp. radicis lycopersici on tomato. International Journal 

of Agricultural and Bio Systems Engineering, 10(10). 

doi:10.5281/zenodo.1126714. 



 
   

88 
 

Lopez-Lima, D., Carrion, G., & Núñez-Sánchez, Á. E. (2014). Isolation of fungi 

associated with 'Criconemoides' sp. and their potential use in the biological 

control of ectoparasitic and semi-endoparasitic nematodes in sugar 

cane. Australian Journal of Crop Science, 8(3), 389-396. 

Luambano-Nyoni, N. (2010). Potential of biocontrol agents and compatible cultural 

practices for root-knot nematode management in tomato (Doctoral dissertation, 

University of Nairobi, Kenya). 

Maerere, A. P., Sibuga, K. P., Mwajombe, K. K., Kovach, J., & Erbaugh, M. (2006). 

Baseline survey report of tomato production in Mvomero district-Morogoro 

region, Tanzania. Sokoine University of Agriculture Faculty of Agriculture, 

Morogoro, 1-31. 

Maina, J. M., Waceke, J. W., & Kariuki, G. M. (2011). Plant parasitic nematodes: A 

threat to vegetable production in Kenya. In African Crop Science Conference 

Proceedings (Vol. 10, pp. 205-208). 

Manzanilla-Lopez, R. H. Esteves, I., Finetti S., Mariella., Hirsch, P., Ward, Elaine, D. J. 

and Hidalgo-Diaz, L. (2013). Pochonia chalamydosporia: Advances and 

challenges to improve its performance as a biological control agent of sedentary 

endo-parasitic nematodes. Journal of Nematology, 45(1): 1–7. 

Masinde, A. O. A., Kwambai, K. T. and Wambani, N. H. (2011). Evaluation of tomato 

(Lycopersicon esculentum L.) variety tolerance to foliar diseases at Kenya 

Agricultural Research Institute Centre-Kitale in North West Kenya. African 

Journal of Plant Science, 5(11): 676-681. 

Mastouri, F., Bjo¨rkman, T. & Harman, G. E. (2010). Seed treatment with Trichoderma 

harzianum alleviates biotic, abiotic, and physiological stresses in germinating 

seeds and seedlings. Phytopathology, 100, 1213–1221. 

Mohamed S. (2010). Biological, chemical and molecular studies on the systemic 

induced resistance in tomato against Meloidogyne incognita caused by the 

entophytic Fusarium oxysporum, Fo162. Bonn, Germany: Institute of Crop 

Science and Resource Conservation, University of Bonn, PhD thesis.  

Moosavi, M. R., Zare, R., Zamanizadeh, H. R., & Fatemy, S. (2010). Pathogenicity of 

Pochonia species on eggs of Meloidogyne javanica. Journal of invertebrate 

pathology, 104(2), 125-133. 

Morton, C. O., Hirsch, P. R., & Kerry, B. R. (2004). Infection of plant-parasitic 

nematodes by nematophagous fungi – A review of the application of molecular 

biology to understand infection processes and to improve biological control. 

Nematology, 6, 161–170. doi:10.1163/1568541041218004 



 
   

89 
 

Mukhtar, T. (2018). Management of root-knot nematode, Meloidogyne incognita, in 

tomato with two Trichoderma species. Pakistan Journal of Zoology, 50(4). 

Mukhtar, T., Arooj, M., Ashfaq, M. and Gulzar, A., 2017. Resistance evaluation and 

host status of selected green gram germplasm against Meloidogyne 

incognita. Crop Protection, 92, 198-202. Doi.org/10.1016/j.cropro.2016.10.004 

Mukhtar, T., Hussain, M.A. and Kayani, M. Z. (2013). Bio-control potential of 

Pasteuria penetrans, Pochonia chlamydosporia, Paecilomyces lilacinus and 

Trichoderma harzianum against Meloidogyne incognita in okra. Phytopathology 

Mediterranean, 52, 66-76. 

Mwangi, M. W., Kimenju, J. W., Narla, R. D., & Kariuki, G. M. (2017). Evaluation of 

selected tomato cultivars reaction to infestation with Meloidogyne javanica in 

greenhouse conditions. International Journal of Agronomy and Agricultural 

Research, 11(3), 17-25. 

Naika, S., Jeude, l., Goffau, M., Hilmi, M. and Dam, B. (2005). Cultivation of tomato: 

Production processing and marketing. Agromisa Foundation and CTA, 

Wageningen, Pp 92. 

Nchore S. B., Waceke J. W., and Kariuki G. M. (2012). Efficacy of selected 

agroindustrial wastes in managing root-knot nematodes on black nightshade in 

Kenya. ISRN Agronomy, Article ID 364842. Doi 10.5402/2012/364842. 

Nchore, S.B., Waceke, J.W. and Kariuki, G.M. (2013). Response of African leafy 

vegetables to Meloidogyne spp. in Kenya. Journal of Today’s Biological 

Sciences 2 (1): 1-12. 

Nico AI, Jimenez-Diaz RM, and Castillo P, (2003). Solarization of soil in piles for the 

control of Meloidogyne incognita in olive nurseries in southern Spain. Plant 

Pathology, 52: 770–778. 

Nofal, S. A. (2009). Efficiency of jordanian Trichoderma harzianum (Rifai) isolates 

against Meloidogyne javanica (Treub) on tomato (Lycopersicon esculentum 

Mill.) Jordan Journal of Agricultural Sciences, 5(4): 446-457.  

Noling J. W. (2014). Nematode management in tomatoes, peppers, and eggplant. ENY-

032, UF/FAS Extension, https://edis.ifas.ufl.edu/pdffiles/NG/NG03200.pdf 

Norabadi M. T., Sahebani N. and Hassan R. E. (2014). Biological control of root-knot 

nematode (Meloidogyne javanica) disease by Pseudomonas fluorescens (Chao). 

Archives of Phytopathology and Plant Protection, 47:5, 615-621, DOI: 

10.1080/03235408.2013.816102. 

https://doi.org/10.1080/03235408.2013.816102


 
   

90 
 

Nyamwamu RO (2016). Implications of human-wildlife conflict on food security among 

small holder agropastoralists: a case of smallholder maize (Zea mays) farmers in 

Laikipia County, Kenya. World Journal of Agricultural Research 4(2):43-48. 

Nzanza, B., Marais, D. and Soundy, P. (2011). Tomato (Solanum lycopersicum L.) 

seedlings growth and development as influenced by Trichoderma harzianum and 

arbuscular mycorrhizal fungi. African Journal of Mmicrobiology, 5(4): 425-431. 

Nzanza, B., Marais, D. and Soundy, P. (2012). Response of tomato (Solanum 

lycopersicum L.) to nursery inoculation with Trichoderma harzianum and 

arbuscular mycorrhizal fungi under field conditions. Department of Plant 

Production and Soil science, Faculty of Natural and Agricultural Sciences, 

University of Pretoria, Pretoria 0001, South Africa, Pp 1-18. 

Olabiyi, T. L. (2008). Pathogenicity study and nematoxic properties of some plant 

extracts on the root knot nematode pest on tomato, Lycopersicon esculentum (L) 

mill. Plant Pathology Journal, 7: 45 - 49. 

Onkendi, E. M., Kariuki, G. M., Marais, M., & Moleleki, L. N. (2014). The threat of 

root‐knot nematodes (Meloidogyne spp.) in Africa: a review. Plant 

pathology, 63(4), 727-737. 

Pakeerathan, K., Mountain, G. and Trashing, N. (2009). Ecofriendly management of 

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

using different green leaf manures on tomato under field conditions. Amer. 

Eurasian. Journal of Agriculture and Environment. Sciences, 6, 494–497. 

Pendse, M. A., Karwande, P. P., & Limaye, M. N. (2013). Past, present and future of 

nematophagous fungi as bioagent to control plant parasitic nematodes. The 

Journal of Plant Protection Sciences, 5(1), 1-9. 

Quesenberry, K.H., Baltensperger, D.D., Dunn, R.A., Wilcox, C.J. and Hardy, S.R., 

(1989). Selection for tolerance to root-knot nematodes in red clover. Crop 

Science, 29: 62-65. 

Ritika, B., and Utpal, D. (2014). An overview of fungal and bacterial bio pesticides to 

control plant pathogens/diseases. African Journal of Microbiology Research, 

8(17), 1749-1762. doi:10.5897/ajmr2013.6356. 

Rivera, L. and Aballay, E. (2008). Nematicide effect of various organic soil 

amendments on Meloidogyne Ethiopia Whitehead, 1968, on potted vine plants. 

Chilean Journal of Agricultural Research, 68: 290-296. 



 
   

91 
 

Sahebani, N., and Hadavi, N. (2008). Biological control of the root-knot nematode 

Meloidogyne javanica by Trichoderma harzianum. Soil Biology and 

Biochemistry, 40(8), 2016–2020. Doi.org/10.1016/j.soilbio.2008.03.011. 

Serede, I. J., Mutua, B. M., & Raude, J. M. (2015). Calibration of channel roughness 

coefficient for Thiba Main Canal Reach in Mwea irrigation scheme, 

Kenya. Hydrology, 3(6), 55-65. 

Shahid, Dr. M. (2012). Evaluation of different substrates for mass multiplication of 

Trichoderma spp. Trends in Biosciences, 5, 68-70. 

Shankar, T., Pavaraj, M., Umamaheswari, K., Prabhu, D., and Baskaran, S. (2011). 

Effect of Pseudomonas aeruginosa on the root-knot nematode Meloidogyne 

incognita infecting tomato, Lycoperiscum esculentum Department of Zoology, 

4(3), 114–117. 

Sharma, P. and Pandey, R. (2009). Biological control of root-knot nematode; 

Meloidogyne incognita in the medicinal plant; Withania somnifera and the effect 

of bio control agents on plant growth. African Journal of Agricultural Research, 

4(6): 564-567. 

Sharon, E., Chet, I., Viterbo, A., Bar-Eyal, M., Nagan, H., Samuels, G. J., & Spiegel, Y. 

(2007). Parasitism of Trichoderma on Meloidogyne javanica and role of the 

gelatinous matrix. European journal of plant pathology, 118(3), 247-258. 

Shoresh, M., Harman, G. E. & Mastouri, F. (2010). Induced systemic resistance and 

plant responses to fungal biocontrol agents. Annual Review Phytopathology, 48, 

21–43. 

Sigei, K. G., Ngeno, K. H., Kibe, M. A., Mwangi, M. M., and Mutai C. M. (2014). 

Challenges and strategies to improve tomato competitiveness along the tomato 

value chain in Kenya. International Journal of Business and Management, 9(9): 

230-245. 

Sikora, R. A. and Fernandez, E. (2005). Nematode parasites of vegetables. In: Luc, M., 

Sikora, R. A. and Bridge, J. (Eds.): Plant Parasitic Nematodes in Subtropical 

and Tropical Agriculture.CAB International, London, Pp 319-392. 

Sikora, R., Pocasangre, L., and Felde, A., (2008). Mutualistic endophytic fungi and in-

planta suppressiveness to plant parasitic nematodes. Biological Contro,. 46, 15-

23. 

Silva, J. D. O., Santana, M. V., Freire, L. L., Ferreira, B. D. S., & Rocha, M. R. D. 

(2017a). Biocontrol agents in the management of Meloidogyne incognita in 

tomato. Ciência Rural, 47. 



 
   

92 
 

Silva, S., Carneiro, R., Faria, M., Souza, D., Monnerat, R., and Lopes, R. (2017b). 

Evaluation of Pochonia chlamydosporia and Purpureocillium lilacinum for 

suppression of Meloidogyne enterolobii on tomato and banana. Journal of 

Nematology, 49(1), 77-85. Doi: 10.21307/jofnem-2017-047. 

Singh MC, Singh JP, Pandey SK, Mahay D, Srivastava V (2017). Factors affecting the 

performance of greenhouse cucumber cultivation: A review. International 

Journal of Current Microbiology and Applied Sciences 6(10):2304-2323. 

Singh S. and Mathur N. (2010). In vitro studies of antagonistic fungi against the root-

knot nematode, Meloidogyne incognita, Bio control Science and Technology, 20: 

3,275-282, DOI: 10.1080/09583150903484318. 

Singh, C., Sharma, N., and Roop singh, B. (2016). Trichoderma harzianum: mass 

multiplication and its interaction with different fungicides. Journal of 

Biotechnology and Bio safety, 4(1), 332-338. 

Singh, K. S and Khurma, U. R. (2007). Susceptibility of six tomato cultivars to the root-

knot nematode, Meloidogyne incognita. The South Pacific Journal of Natural 

Science, 13: 73-77. 

Singh, S., Pandey, R. K., & Goswami, B. K. (2013). Bio-control activity of 

Purpureocillium lilacinum strains in managing root-knot disease of tomato 

caused by Meloidogyne incognita. Biocontrol Science and Technology, 23(12), 

1469-1489. 

Sirias H., (2011). Root-knotnematodes and coffee in Nicaragua: Management systems, 

species identification and genetic diversity, Plant Breeding. Uppsala, Sweden: 

Swedish University of Agricultural Sciences, PhD thesis.  

Suleman P., Sardanelli S., Krusberg L. R., and Straney D. C. (1997). Variability among 

Fusarium. oxysporum. f. sp. lycopersici isolates in their ability to interact with 

Meloidogyne incognita race 1. Kuwait Journal of Science and Engineering, 24, 

299–307. 

Tariq, J. A. (2008). Bio antagonistic activity of plant growth promoting rhizobacteria 

(PGPR) against Meloidogyne javanica for the control of root-knot disease of 

tomatoes. PhD Thesis (Plant Pathology): Faculty of Agriculture University of 

Agriculture Faisalabad, Pakistan.  

Tilahun, A. T. (2013). Analysis of the effect of maturity stage on the postharvest 

biochemical quality characteristics of tomato (Lycopersicon esculentum mill.) 

fruit. International Research Journal of Pharmaceutical and Applied Sciences. 

3(5):180-186. 



 
   

93 
 

Tshiala, M.F. and Olwoch, J.M. (2010). Impact of climate variability on tomato 

production in Limpopo Province, South Africa. African Journal of Agricultural 

Research 5(21): 2945–2951. 

Varela, A. M., Seif, A. A. and Löhr B. (2003). A Guide to IPM in tomato production in 

Eastern and Southern Africa. ISBN: 92 9064 149 5. 

Viaene, N., Coyne, D. L. and Kerry, B. (2006). Biological and cultural management. In: 

R. Perry and M. Moens (Eds.), Plant nematology Wallingford, UK; CABI 

Publishing, Pp 346-369. 

Vinale, F., Sivasithamparam, K., Ghisalberti, E. L., Marra, R., Barbetti, M. J., Li, H., ... 

and Lorito, M. (2008). A novel role for Trichoderma secondary metabolites in 

the interactions with plants. Physiological and Molecular Plant Pathology, 72(1-

3), 80-86. 

Wabere, G. N., (2016). Evaluation of root- knot nematode management strategies based 

on nematode distribution in tomato (Solanum lycopersicum) fields in Mwea, 

Kirinyaga County, Kenya. (Master’s Thesis, Kenyatta University-Kenya).  

Wachira, J. M.; Mshenga, P.M. and Saidi, M. (2014). Comparison of the profitability of 

small-scale greenhouse and open-field tomato production systems in 

NakuruNorth District, Kenya. Asian Journal of Agricultural Sciences, 6: 54-61. 

Wachira, V. (2012). Credit financing of small and medium scale 

enterprises. Washington DC, USA. 

Waiganjo, M., Omaiyo, D., Gathambiri, C., Kuria, S., Njeru, C., Kleinhenz, M., ... & 

Erbaugh, M. (2013). Effects of grafting and high tunnel tomato production on 

pest incidence, yield and fruit quality in smallholder farms in central 

Kenya. East African Agriculture Forestry Journal, 79, 107-111. 

Waiganjo, M., Wabule, Ngari, B., Kuria, S., Kyamanywa, S., Erbaugh, M., Kovach, J., 

Taylor, D and Maxwell (2008). Smallholder tomato production constraints in 

Kirinyaga District, Kenya and some promising interventions identified through 

the IPM-CRSP participatory research. IPM- CRSP workshop, Manila, 

Philippines (May 19-22). 

Waiganjo, M.M., Wabule N.M., Nyongesa, D., Kibaki, J.M., Onyango, I., Webukhulu, 

S.B. and Muthoka, N.M. (2006). Tomato production in Kirinyaga District, 

Kenya. A baseline survey report. KARI/IPM-CRSP Collaborative project. 

Walters, D. R, (2009). Are plants in the field already induced? Implications for practical 

disease control. Crop Protection, 28: 459–465. 



 
   

94 
 

Watanabe, T. (2010). Pictorial atlas of soil and seed fungi: morphologies of cultured 

fungi and key to species. 3rd Ed. CRC Press, Florida. 

Wilson M.J., Jackson T.A. 2013. Progress in the commercialization of bionematicides. 

BioControl. doi 10.10077s10526-013-9511-5. 

Yang, J., Tian, B., Liang, L., & Zhang, K. Q. (2007). Extracellular enzymes and the 

pathogenesis of nematophagous fungi. Applied Microbiology and 

Biotechnology, 75(1), 21-31. 

Yang, X., Sikora, R.A. and Zheng, J. (2011). Potential use of cucumber (Cucumis 

sativus L.) endophytic fungi as seed treatment agents against root-knot nematode 

Meloidogyne incognita. Journal of Zhejiang University, 12(3): 219–225. 

Zareen, A., M. Zaki, J. and Khan, N. J. (2001). Effect of fungal filtrates of Aspergillus 

species on development of root-knot nematodes and growth of tomato 

(Lycopersicon esculentum Mill.). Pakistan Journal of Biological Sciences 4:995-

999.  

Zhang, F. and Schmitt, D. P. (1994). Host status of 32 plant species to Meloidogyne 

konaensis. Journal of Nematology, 26: 744-748. 

  



 
   

95 
 

APPENDICES 

Appendix 1: Approval of research proposal by the Graduate school 

 

  



 
   

96 
 

Appendix 2: NACOSTI permit 

 


