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ABSTRACT 

Plant-parasitic nematodes, in particular Meloidogyne spp., cause significant yield 

reduction in commercial pineapple (Ananas comosus) worldwide. In Kenya limited 

studies have been conducted on nematodes in pineapple although the main commercial 

producer in Kenya has sole mandate to use Telone II (1, 3-Dichloropropene) indicating 

the seriousness of the problem. The current study was conducted to provide an update on 

the occurrence of plant-parasitic nematodes in commercial pineapple farms and to 

evaluate the effect of selected biocontrol agents on Meloidogyne species. Sampling was 

done in Delmonte and Kakuzi farms in Kiambu and Murang’a Counties respectively. Soil 

and root samples were collected from different stages of the crop. The top 5 cm of the 

soil was removed and 25 root and soil sub-samples were collected from randomly 

selected locations in each pineapple field. After extraction using modified Baermann 

technique, the recovered vermiform nematodes were counted and identified to genus 

level using morphological features including molecular techniques for the Meloidogyne 

species. The remaining soils were baited for Meloidogyne with pineapple plants cv. 

Smooth cayene to obtain nematode inoculum for the biocontrol experiments. Greenhouse 

experiments on rooted pineapple crowns were conducted to evaluate the efficacy of three 

isolates of Trichoderma spp. Trichoderma asperellum M2RT4, T. atroviride F5S21, 

Trichoderma sp. MK4 and two isolates of Purpureocillium lilacinum KLF2 and MR2 

against Meloidogyne spp. in pot experiment. Data on the occurrence of PPNs was 

analyzed using two-way analysis of variance (ANOVA) while one on effect of biocontrol 

agents against Meloidogyne spp. was analyzed using one-way ANOVA. All the means 

were separated using Tukey-HSD at P ≤ 0.05. There was widespread distribution of plant 

parasitic nematodes and the most frequently occurring were Meloidogyne spp., 

Helicotylenchus spp. and Tylenchus spp. both in soil and root samples. More nematodes 

were recovered from older fields, 24 and 36 months after planting, 4380 and 3260 

nematodes per 100mls soil respectively than in younger fields, fallow and 3 months old, 

(2919 and 1687 nematodes per 100 mls soil respectively). All the three Trichoderma 

isolates successfully colonized pineapple roots endophytically. The application of two 

isolates of Trichoderma (T. asperellum M2RT4 and Trichoderma sp. MK4) individually 

and the two isolates of P. lilacinum significantly reduced nematode egg and egg mass 

production reducing root galling damage by up to 60.8% and increased the plant root 

mass growth compared to the untreated control. T. asperellum M2RT4 most effectively 

reduced galls, egg mass and eggs, by 81.8, 78.5 and 88.4%, respectively. Treatment with 

T. asperellum M2RT4 increased root fresh weight by 91.5%, Trichoderma sp. MK4 by 

63.8%, T. atroviride F5S21 by 50.0%, P. lilacinum KLF2 by 43.8% and MR2 by 32.3%. 

Trichoderma atroviride F5S21 application, however, had no significant effect on 

nematode multiplication or root damage compared to the control. Results indicate that 

both Trichoderma spp. and P. lilacinum isolates directly and indirectly affected nematode 

reproduction (eggs counts and egg masses) and host response (host growth and root 

galling), demonstrating their control potential against M. javanica on pineapple. The 

results provide alternative options for managing Meloidogyne spp. that are more 

environmentally sensitive and can be combined with other management methods towards 

more sustainable pineapple production systems.  
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Background information  

Pineapple (Ananas comosus) is an important fruit crop ranking third, after banana and 

citrus, and contributes over 23% of the global production of tropical fruits (Kormelinck 

and Janssen, 2012; FAOSTAT, 2015). Pineapple production is concentrated in the 

tropical regions of the world in over 82 countries (Ndungu, 2014).  

The main pineapple producers in the world are Brazil, Costa Rica, Philippines and 

Thailand commanding nearly 50 % of the total output (UNCTAD, 2016). Other important 

producers are India, China, Nigeria, Kenya, Mexico and Indonesia (Kormelinck and 

Janssen, 2012; FAOSTAT, 2015). According to FAO, over 2.1 million acres are put 

under the crop worldwide (Pay, 2009) with an annual production of over 23% (24.8 

million tons) of the global tropical fruit production  (FAOSTAT, 2015; Kormelinck and 

Janssen, 2012; UNCTAD 2016). In Kenya, pineapple is mostly cultivated on large scale 

commercial plantations using cv. Smooth Cayenne by farms like Delmonte in Kiambu 

(Thika), Kakuzi in Murangá and Ndemo farm based in Kilgoris, Narok Counties. 

However, smallholder farmers are increasingly turning to pineapple production for both 

home consumption and commercial purposes (USAID 2005; HCDA 2008; Koech et al., 

2014). 

Plant-parasitic nematodes have been described as important pests of pineapple causing 

significant reduction in yield worldwide. The most important are root-knot nematodes 

(Meloidogyne javanica and M. incognita) (Rohrbach and Apt, 1986) alongside 
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Rotylenchulus reniformis (reniform nematode) and Pratylenchus brachyurus (lesion 

nematode) (Stirling, 1993; Gianessi, et al., 2002; Sipes et al., 2005; Daramola and 

Afolami, 2014). Meloidogyne spp. are highly adapted obligate plant parasites with a life 

cycle of 21-25 days in the tropics. The second-stage juveniles (J2s) penetrate and develop 

in the roots modifying the cells of the plant roots and make feeding sites causing 

formation of root-knots or galls (Jones et al., 2013), which interfere with nutrient and 

water uptake in the plant.  

In Kenya, the root-knot disease is more pronounced because the country is located in the 

tropical region, where the environment favors nematode reproduction and survival 

throughout the year (De Waele and Elsen, 2007; Kariuki et al., 2010).  They are also 

difficult to control due to their polyphagous nature, ability to reproduce fast and form 

multiple generations within a short time, and their endoparasitic nature (Trudgill and 

Blok, 2001; Manzanilla-Lopez et al., 2004). The availability of susceptible pineapple 

crops cultivated continuously in the same field often aggravates the problem. Under 

commercial production systems synthetic chemical pesticides (e.g. 1, 3-Dichloropropene-

Telone II) are widely used to manage these pests (Stirling and Pattison, 2008; Daramola 

and Afolami, 2014). However, environmental and human health concerns regarding the 

use of nematicides have led to increased interest in alternative strategies that are more 

environmental friendly (Singh et al., 2012).  

1.2 Biological control of Meloidogyne spp. 

Biological control is broadly defined as the use of living organisms or their metabolites to 

reduce the population density or disease impact of a specific pest organism (Sikora et al., 

2003; Lamovšek et al., 2013). Biological control agents (BCAs) have shown promise as 
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both an economical and ecological approach to reducing pest damage (Singh et al., 

2012). Well-known antagonists of Meloidogyne spp. are soil borne fungi from the genera 

Trichoderma (Sharon et al., 2007), Paecilomyces (Kumar et al., 2009), Pochonia and 

Arthrobotrys (Lamovšek et al., 2013). Arthrobotrys spp. are nematophagous fungi that 

form hyphae with adhesive structures to capture and feed on nematodes (Lamovšek et al., 

2013).  Arthrobotrys dactyloides reduced the number of M. incognita when applied 

before planting tomato seedlings (Kumar and Singh, 2006). Pochonia chlamydosporia is 

one of the extensively studied biological control agents (BCA) against plant parasitic 

nematodes (Van Damme et al., 2005; Siddiqui et al., 2009; Manzanilla-Lopez et al., 

2013) and is known to parasitize on the eggs and/or females of Meloidogyne spp. 

(Hallmann et al., 2009; Lamovšek et al., 2013). 

Biocontrol activity of Trichoderma spp. against plant pathogens occurs through various 

mechanisms: induced resistance in the host plant, antibiosis, competition, direct 

parasitism and enzymatic hydrolysis (Elad and Freeman, 2002; Howell, 2003; Harman et 

al., 2004). Moreover, these fungi may also promote plant growth (Yedidia et al., 1999; 

Sharon et al., 2001). Trichoderma spp. have been used to successfully suppress juvenile 

(J2) densities and egg production of Meloidogyne spp. in tomato roots by parasitism 

(Sharon et al., 2007). The fungus Purpureocillium lilacinum, previously called 

Paecilomyces lilacinus (Lopez-Lima et al., 2014) is a saprophyte that parasitizes 

stationary stages of nematodes, particularly their eggs that are usually deposited in a 

gelatinous matrix, and female nematodes (Mukhtar et al., 2013). It has attracted more 

attention because of its high potential for the biological control of nematodes and has 

been successfully used against Meloidogyne javanica and M. incognita on tomato (Van 
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Damme et. al., 2005). This fungus can saprophytically survive well in the rhizosphere, is 

relatively easy to mass-culture and more effective in infecting because their host is sessile 

(Bishop, et al., 2007). To date, neither of these BCAs has been tested or used in 

pineapple production fields.    

If soil fungi are to be used successfully as BCAs, they must be able to establish and 

survive in the soil, and to enable this, the fungus must be compatible with the host 

cultivar (Al-Hazmi and TariqJaveed, 2016). Once a BCA has established it should be 

able to persist in the rhizosphere and readily colonize the formed roots, and hence 

compete for space and nutrients (Howell, 2003; Sariah et al., 2005). A BCA cannot 

compete for food and space if it cannot establish in the rhizosphere and grow readily 

along with the formed root system of the treated plant (Harman 2000, Howell et al., 

2000). Trichoderma spp. has demonstrated ability to colonize the root surface of plants. 

This has been linked to its successful suppression of root knot disease, (Yedidia et. al., 

1999; Sharon et al., 2001; Siddiqui and Shaukat 2003) and competition with nematodes 

(Harman et al., 2004). To enhance maximum root colonization once the seedling is 

transplanted, Van Damme et al. (2005) and Dababat and Sikora (2007) recommended 

that Trichoderma spp. be applied before planting the crop. For pineapple, crowns, suckers 

or slips are inserted into the soil to act as the “seedling” material (Rohrbach and Apt, 

1986). Roots are produced after three to four weeks, but to our knowledge, no studies 

have been done on the ability of Trichoderma spp. to colonize these developing roots. 

The egg-pathogenic fungus P. lilacinum has been widely tested for the biological control 

of plant-parasitic nematodes (Atkins et al., 2005) and has shown significant success 

against Meloidogyne spp. (Siddiqui et al., 2000; Khan et al., 2006a; Oclarit and 
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Cumagun, 2009; Mukhtar et al., 2013). Diverse mechanisms have been suggested for the 

biological activity of P. lilacinum against parasitic nematodes, with direct parasitism of 

the egg stage (Kiewnick and Sikora, 2006) and females (Holland et al., 1999) after the 

formation of appressoria being the main mechanisms of action. The production of 

proteases and chitinases by the fungus is associated with the infection process (Khan et 

al., 2004; Kiewnick and Sikora, 2006).  The enzymes dissolve the vitelline layer of 

eggshell; hence the fungal hyphae are able to penetrate, grow inside the eggs and destroy 

the embryonic developmental stages at an early stage. Once the egg contents are 

depleted, the hyphae penetrate the eggshell and proliferate to parasitize other eggs within 

the egg mass (Khan et al., 2006b; Mukhtar et al., 2013).  

This study investigated the occurrence of PPNs in commercial pineapple farms of Kenya, 

and the potential use of two BCAs, Trichoderma isolates (T. asperellum M2RT4, T. 

atroviride F5S21, Trichoderma sp. MK4) and Purpureocillium lilacinum isolates KLF2 

and MR2, on Meloidogyne sp. affecting pineapple in Kenya.  

1.3 Statement of the problem and justification 

Plant parasitic nematodes are devastating to pineapple, reducing total yields and altering 

fruit size. They have been described as important pests of horticultural crops (Stirling and 

Pattison, 2008) with Meloidogyne spp. causing significant reduction in pineapple yield 

(Gianessi et al., 2002; Sipes et al., 2005). Damage to pineapple roots by Meloidogyne 

spp. is amplified by the non-regenerative nature of the roots once infected and damaged 

(Rohrbach and Apt, 1986).  
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In commercial production of pineapple, nematicides have been widely used to manage 

Meloidogyne spp. However, nematicides pose serious threat to the ecosystem (Sharma 

and Pandey, 2009), leading to most countries banning their use due to these adverse 

effects (Li et al., 2011; Singh et al., 2012).  Environmental and human health concerns 

regarding nematicide use against Meloidogyne spp. has led to an increased interest to 

explore alternative strategies which are environmental friendly. Biological control has 

shown promise as an economically and ecologically friendly approach to reduce pest 

damages (Davies et al., 1991; Hussain et al., 2011; Singh et al., 2012). Several organisms 

are known to be antagonistic to plant parasitic nematodes. It has been demonstrated in 

several soils that nematophagous fungi increase under some perennial crops and under 

those grown in monocultures, and so may control some nematode pests, including 

Meloidogyne (Stirling, 2011). Although biological control is a potential component of 

nematode management program in pineapple, currently, this component is lacking in 

commercial pineapple plantations. This study therefore explores the occurrence of plant 

parasitic nematodes in commercial pineapple farms in Kenya and the effect of 

Trichoderma spp. and Purpureocillium lilacinum on the Meloidogyne spp. present. This 

is important since there are no previous reports on use of BCAs on management of 

Meloidogyne spp. in Delmonte and Kakuzi commercial pineapple plantations.  

1.4 Objectives 

1.4.1 Broad objective 

To determine the occurrence of plant parasitic nematodes in commercial pineapple 

productions fields and evaluate the effect of selected biocontrol agents and antagonists on 

Meloidogyne spp. 
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1.4.2 Specific objectives 

i. To determine the occurrence of plant parasitic nematodes in commercial 

pineapple fields at Delmonte and Kakuzi. 

ii. To identify and characterize the Meloidogyne species present in Delmonte and 

Kakuzi pineapple fields. 

iii. To evaluate the colonization potential of Trichoderma spp. on roots of 

pineapple. 

iv. To evaluate the efficacy of isolates of Trichoderma spp. and Purpureocillium 

lilacinum on the Meloidogyne sp. from pineapple fields. 

1.5 Research hypotheses 

1. There is significant high occurrence of PPNs in Delmonte and Kakuzi pineapple 

commercial fields. 

2. Meloidogyne species are present in Delmonte and Kakuzi pineapple commercial 

fields. 

3. Trichoderma spp. effectively colonizes the roots of pineapple plants.  

4. Meloidogyne spp. from Delmonte and Kakuzi pineapple commercial fields are 

suppressed by isolates of Trichoderma spp. and Purpureocillium lilacinum. 

1.6 Significance of the study 

This study aims at surveying Delmonte and Kakuzi pineapple commercial farms to 

establish the occurrence and distribution of PPNs and evaluate the biocontrol potential of 

isolates of Trichoderma spp. and Purpureocillium lilacinum against Meloidogyne spp. on 

pineapple. This is important since no study has been done on plant parasitic nematodes 

occurring in commercial pineapple production farms in Kenya. The study is relevant 
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since it helps to reduce the use of toxic nematicides (e.g. 1, 3-Dichloropropene-Telone 

II), which are linked to health and environmental problems. This study therefore 

describes the effectiveness of two microbial antagonists, Trichoderma and P. lilacinum 

isolates which are specific BCAs on Meloidogyne spp. affecting pineapple in Kenya as an 

alternative to chemical nematicides. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1  Pineapple production 

Pineapple (Ananas comosus) is a perennial crop, vegetatively propagated using crowns 

(the fruit top), suckers (formed at the base of the trunk or obtained from plantlets that 

develop between the leaves of the declining “mother” plant) or slips (formed underneath 

the fruits) (Kormelinck and Janssen, 2012) (Fig. 2.1). The type of the vegetative material 

determines the initial development of the root system and the duration of the first crop 

cycle, which usually varies between 12 and 24 months, depending on cultivars and 

temperature (Coppens d’Eeckenbrugge et al., 2011). After first harvest (plant crop), 

crowns and slips can be replanted or suckers may be left on the plant, providing new 

growth axes, ratoon crop, for a further production cycle (Coppens d’Eeckenbrugge et al., 

2011). The latter takes shorter time, as the plant is already established; however, fruit size 

is reduced and less uniform, so production is limited to two or three crop cycles after 

which the root system may no longer be functional making the production uneconomical 

(Rohrbach and Apt, 1986; Bartholomew et al. 2003; Coppens d’Eeckenbrugge et al., 

2011). The declining plant material is therefore uprooted and incorporated back to the 

soil to decompose and provide organic matter (Rohrbach and Apt, 1986).  

The pineapple is generally planted on low ridges or beds favourable to drainage and 

planting operations. The average spacing between plants is 25 to 30 cm, and the row 

separation approximately 80 cm. Spacing however, can vary according to planting 

density, which ranges from 50 000 to 70 000 plants/hectare (UNCTAD, 2016).  
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Figure 2.1:Structure of a pineapple plant (A. comosus var. comosus); showing the 

different types of planting materials (sucker, slip, and crown) (photograph courtesy Garth 

Sanewski, 2009) 
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2.1.1 Pineapple varieties/cultivars 

Several varieties have been adopted by different countries including Smooth Cayenne, 

Queen, Red spanish and MD2 (Ndungu, 2014). The life cycle of pineapple takes up to 22 

months. The flowering happens after attaining vegetative growth of 11-12 months after 

planting (Bartholomew et al., 2003). The first harvest (plant crop) is done around 18
th

 

month and the second harvest from ratoon crop at the 22
nd

 month (Bartholomew et al. 

2003). In commercial plantations, pineapple is generally produced as a monoculture with 

its roots originating adventitiously (Rohrbach and Apt, 1986). The plant is a xerophyte 

and survives well throughout the year including during drought periods (Sipes et al., 

2005).  However, a well distributed annual rainfall of at least 1000 mm and medium 

altitudes of 1350-1750 m above sea level are essential for it to produce well. At high 

altitudes growth is slow and the fruit contains much acid. Deep sandy loams with high 

organic matter are ideal. Other soil types can be used as long as they are not water logged 

and organic matter is added (Sipes et al., 2005; Kormelinck and Janssen, 2012). The 

above and other characteristics contribute heavily to disease and nematode problems 

(Sipes et al., 2005).    

2.1.2 Economic importance of pineapple 

Pineapple is cultivated predominantly for its fruit that is consumed fresh or as canned 

fruit and juice. Pineapple is the only source of bromelain, a complex proteolytic enzyme 

used in the pharmaceutical market and as a meat-tenderising agent (Bartholomew, et al., 

2003). The stems and leaves of pineapple plant are also a source of fibre that is white, 

creamy and lustrous as silk. Pineapple fibre has been processed into paper with 

remarkable qualities of thinness, smoothness and pliability (Montinola, 1991). Parts of 
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the plant are used for silage and hay for cattle feed. Processing wastes in the form of 

shell, core materials and centrifuged solids from juice production are also used as animal 

feed. Alcoholic beverages can also be made from juice. 

Most of the world production (about 70%), and most of the canned pineapple (about 

95%), comes from the cultivar ‘Smooth Cayenne’. Since ‘Smooth Cayenne’ does not 

provide the best quality fresh fruit all year round, there is pressure on distributors/growers 

to switch to cultivars with superior quality fresh fruit than ‘Smooth Cayenne’ (Sanewski 

and Scott, 2000). 

 

According to Sipes et al. (2005), Kenya is one of the main exporters of the 10 % of 

pineapples that Africa produces in the world. Some reports indicate that pineapple plants 

infected by M. javanica can present symptoms of nutritional deficiency, low uptake to 

fertilizers, yellowish leaves, wilted leaf tips and stunted fruits (Sanches, 2005; Sipes et al. 

2005; Lacerda et al., 2009).  

2.2 Production constraints of pineapple 

2.2.1 Pests and diseases 

2.2.1.1 Pests of pineapple 

The pineapple plant is affected by a wide variety of pests and diseases, with plant 

parasitic nematodes (PPNs) and mealybug wilt of pineapple (MWP) being the main 

problems (Sipes et al. 2005; Lacerda et al. 2009). Common pests infesting vegetative 

propagules are mealybugs, scale and pineapple red mites. Symphylans are small pseudo-

millipedes which feed on the pineapple root tips, disrupting nutrient absorption by the 
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plant. Scale insects are primarily found on the foliar and their multiplication causes 

reduced plant photosynthesis, thereby slowing down its growth. They can also be found 

on fruits, which degrade their commercial quality. Mites are found on the above ground 

parts. They suck juice from the foliar thus reducing the rate of the plant growth. They 

also act as vectors of some diseases. 

2.2.1.2 Diseases of pineapple 

The pineapple plant is affected by a wide variety of diseases, with mealybug wilt of 

pineapple (MWP) being the main problem (Lacerda et al. 2009). Other diseases are 

fungal borne and among them are heart rot, root rot, fruit rot and butt rot which are major 

problems when handling, storing or planting fresh materials. Phytophthora is a fungal 

disease attacking both the plant and fruit. It damages the roots and spreads to the leaves 

which change colour from green to yellow, and then pink-red. Penicillium sp. and 

Fusarium sp. are fungal disease mainly affecting the fruit. Dark yellow or brown to black 

spots develop inside the fruit. The disease is mainly transmitted from plant to plant or 

from field to field by vectors like mites and scale insects. Yellow spot; pineapple yellow 

spot is caused by a strain of spotted wilt virus transmitted from host weeds by onion 

thrips, Thips tabaci. Infection occurs most frequently on young crowns still on the fruit or 

during the first few months after planting.  

2.2.2 Plant parasitic nematodes 

2.2.2.1 Diversity of PPN 

More than 100 species of plant parasitic nematodes have been associated with pineapple 

root system (Sipes et al., 2005), among them being M. javanica, Pratylenchus 
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brachyurus, Rotylenchulus reniformis, Helicotylenchus dihystera and Paratylenchus 

minutes (Stirling, 1993). Pratylenchus brachyurus and R. reniformis have been reported 

to cause major losses while H.  dihystera and Criconemella ornata, are also common on 

pineapple fields, although their pathogenity is unknown (Raski and Krusberg, 1984). In 

Nigeria, attacks by populations of M. incognita, Pratylenchus spp., H. multicinctus and 

Scutellonema clathricaudatum were identified as major causes of poor yield and reduced 

sucker production in pineapple (Babatola, 1985).  

Surveys in the main production areas of Brazil have indicated that M. javanica and 

Rotylenchulus reniformis are among the most frequent and damaging PPNs (Cavalcante 

et al., 1984; Manso et al. 1994; Costa et al. 1998). Some reports demonstrated that R. 

reniformis caused yield losses which varied from 60 to 74 % in the first harvest and 

around 40% in the second (“ratoon”) harvest (Costa and Matos, 2000; Sipes et al., 2005).  

2.2.2.2 Root-knot nematodes 

Meloidogyne spp. are polyphagous, sedentary root endoparasites. Species such as M. 

javanica and M. incognita are among the major limiting factors in the production of field 

and plantation pineapple crop (Daramola and Afolami, 2014). Meloidogyne second-stage 

juveniles (J2s), which penetrate and develop in the pineapple roots, induce changes in the 

host plant that lead to the formation of giant cells and galls. Meloidogyne spp. are 

difficult to control because of their wide host range, short generation times, high 

reproductive rates and endoparasitic nature (Manzanilla-Lopez et al., 2004).  

Moyle and Botella (2014) found that M. javanica infection life cycle in pineapple takes 

10 weeks with the knots appearing on the roots at approximately 4-5 weeks and the 
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production and release of egg outside the roots surface occur at week 10 after inoculation. 

Rohrbach and Apt (1986) cited that damage by Meloidogyne spp. pose a major limitation 

to pineapple production resulting in significant losses. The Hawaii pineapple industry 

suffered a great decline in the world as a result of damage by Meloidogyne spp. and the 

number of pineapple growers also declined reducing acreage from 61000 to 19000 

(USDA 2003).  

Caveness (1965) found Meloidogyne spp. in association with the roots of pineapple plants 

in parts of Nigeria, while Babatola (1985) identified populations of M. incognita, 

Pratylenchus spp., H. multicinctus and S. clathricaudatum attacking pineapple and 

causing poor yield and reduced sucker production. Stirling (1993) reported that in 

Queensland pineapple fields of Australia, M. javanica is the most damaging of all 

nematodes. Reports have also shown that M. javanica can cause a reduction of 10 % in 

the development of pineapple plants (Costa and Matos, 2000; Sipes et al., 2005).  

2.2.2.2.1 Life cycle of RKN 

Eggs of Meloidogyne spp. are enclosed in gelatinous egg sacs usually deposited on the 

surface of the galled roots and sometimes within the galls. The infective second stage 

juveniles (J2) hatch from the eggs (hatching is temperature dependent) and moves into 

the soil to search for the host root. When a suitable host root is reached the juveniles 

invade the root tissues towards the vascular cylinder by forcing their stylet through the 

root surface and producing enzymes for cell wall degradation (Abad et al., 2003; Curtis et 

al., 2009). After three further molts females swell, become globose and sedentary at 

maturity and induce the formation of five to seven giant, multinucleate cells (Gheysen 

and Fenoll, 2002), upon which the developing nematode feed (Fig. 2.2). Males remain 



16 

 

vermiform and leave the root. After maturation females lay eggs within a gelatinous 

matrix which are then deposited on the surface of the root gall (Gheysen and Fenoll, 

2002; Karssen et al., 2013).   

 

Figure 2.2: The life cycle of the Meloidogyne spp. Courtesy V. Brewster (Mitowski and 

Abawi, 2011) 
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2.2.3 Management of RKN 

2.2.3.1 Cultural practices 

Identification of Meloidogyne spp. is the first step in deciding the most suitable control 

measure (Adam et al., 2007). Different methods have been developed for managing the 

effect of Meloidogyne spp. on crop yield (Lichtfouse et al., 2009) with a number of these 

techniques being approved for their efficacy (Karssen et al., 2013). According to Coyne 

et al., (2009) use of crop rotation with resistant crops and integration of fallow periods 

were proven effective in managing nematode infection and populations. However, 

rotation alone is not effective due to the wide host range of Meloidogyne spp. (Aubertot 

et al., 2006). According to Thakur (2007), use of resistant plant cultivars has remained a 

challenge despite the fact that it is environmentally safe, due to emergence of resistance-

breaking Meloidogyne spp. (Aubertot et al., 2006).  

Soil flooding has also been used to reduce the density of nematodes in rice cultivation 

(Rhoades, 1982; Duncan, 1991).  However, soil flooding method is not applicable in 

pineapple and other vegetable production due to the nature of the soil and the agronomic 

changes caused in soil e.g. lack of oxygen, soil structure degradation that might alter the 

overall production (Collange et al., 2011).  

Many previous studies have focused on the use of organic amendments such as animal 

and green manure, neem (Azadirachta indica), Tithonia diversifoliar e.t.c as a control 

measure to Meloidogyne spp. showing suppressive effects (Akhtar and Malik, 2000; 

Waceke, 2002; Oka, 2010; Thoden et al., 2011). Although the efficacy of these products 

under controlled conditions is commonly recognized, results in field conditions are rather 

inconsistent (Abawi and Widmer, 2000). Some studies have reported no significant effect 
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of compost on nematode control (Szczech et al., 1993; McSorley et al., 1997). Thoden et 

al. (2011) reviewed several studies in which Meloidogyne populations increased after the 

application of organic amendments. Moreover, nematode control requires a large amount 

of organic amendment and therefore, it is quite expensive (Noling and Becker, 1994) and 

relatively difficult to implement especially in commercial pineapple production.  

2.2.3.2  Chemical nematicides 

From the beginning chemical nematicides have been widely used in managing 

Meloidogyne spp. (Luc et al., 2005; Tariq, 2008). To date, chemical nematicides remain 

the primary means of managing PPN in pineapple.  Although chemical nematicides are 

effective (Tariq, 2008), they are usually expensive, of limited availability, difficult to 

store, pollute the environment and also lose their efficacy after prolonged use (Abawi and 

Widmer, 2000; Luc et al., 2005). Moreover, many effective nematicides are highly 

restricted in many countries due to their adverse effects on health and environment.  

Many pineapple farm rely on highly hazardous nematicides with active ingredients 

ethoprophos or oxamyl, which are extremely toxic to humans and known to harm non-

target soil organisms (Diepens et al., 2014). Ethoprophos is one of the commonest causes 

of acute poisoning in Costa Rica and found to contaminate surface water and drinking 

supplies. Mocap nematicide has been used in the control of PPN in perennial crops. 

However, they have adverse effects to the environment such as depleting the ozone layer 

(UNEP, 1995). Nematicides have a negative effect on the populations of beneficial 

antagonistic micro-organisms in the soil (Hasabo and Noweer, 2005). Furthermore, they 

are costly and unaffordable to the small scale rural resource-poor farmers (Renco and 

Kovacik 2012). 
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Delmonte farm heavily depends on use of fumigants, 1, 3-Dichloropropene- Telone II 

(Dow AgroSciences) in the fallow fields before planting to manage soil and plant 

parasitic nematodes (Salim personal communication, 2017). Telone II is a highly 

restricted chemical used in Delmonte commercial pineapple farm under regulation by 

Pest Control Products Board (PCPB) in Kenya (Ndungu, 2014). At planting the pineapple 

crowns are treated with fungicides and insecticides for control of mealybugs. Di-

Ammonium Phosphate (DAP) is used in the nursery to enhance rooting and later NPK 

fertilizers applied to enhance crop growth. After the first harvest, the crop is drip irrigated 

with Oxamyl (Vydate) (DuPont de Nemours South Africa (Pty) Ltd) to reduce 

nematodes. After the second harvest, the fields are left fallow for 5-6 months. Unlike Del 

monte, Kakuzi farm depends on use of amore environmental friendly phytoprotect 

nematicide- Unrefined crude sesame Oil (Sineria Holland) during fallow periods to 

control nematodes and other soil pests. After the second harvest the fields are left fallow 

for 6 months. 

Thus the development of alternative control strategies and long-term integrative 

approaches is urgently needed to replace chemical nematicides (Martin, 2003). There is 

therefore need to develop sustainable nematode management strategies to increase crop 

yield and crop quality while reducing reliance on nematicides (Sikora and Fernandez, 

2005). This has led to an increased interest in use of biological control in order to obtain 

more environmentally safe methods of reducing nematode damage.  

2.2.3.3 Biological control 

Different antagonistic organisms such as soil fungi from the genera Trichoderma 

(Hypocreaceae), Verticillium, Pochonia and Paecilomyces (now Purpureocillium) have 
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been tested against Meloidogyne spp. (Sharon et al., 2001; Meyer and Roberts, 2002; 

Kerry and Hidalgo-diaz, 2004; Regaieg et al., 2011; Samuels et al., 2012), with only a 

few of them being developed into commercial products for use in the field (Backman et 

al., 1997). Stirling (1991) found that some fungal biocontrol agents’ mode of action to 

plant parasitic nematodes was direct pathogenicity, some produce substances that inhibit 

nematode egg hatch or kill nematode juveniles (Khan and Saxena, 1997; Nitao et al., 

1999), some degrade signalling compounds to which nematodes are attracted to, some 

induce plant resistance and some produce antagonistic microbes to nematodes (Ashraf 

and Khan, 2010).  

There are a few challenges that limit the commercial use of biocontrol agents including: 

their inconsistent performance in the field, some affect narrow range of soil pests; some 

act slower to the pests than pesticides; and they are more expensive to produce than 

existing chemical products (Meyer and Roberts, 2002; Siddiqui and Shaukat, 2004). 

Attempts have been made to control Meloidogyne spp. using antagonistic bacteria and 

fungi (Khan et al., 2008).  

2.2.3.3.1 Trichoderma spp. 

According to Meyer et al. (2001) and Harman et al. (2004), Trichoderma spp. cause 

increased plant growth and have the ability to colonize root system, preventing the 

nematodes from accessing the plant and inducing systemic resistance to nematodes. 

Spiegel and Sharon (2005) reported that there is little known about the fungal 

mechanisms of actions against nematodes and widening the understanding of these 

mechanisms could lead to the development of improved biocontrol application methods 

and selection of effective isolates. Sharon et al. (2001) reported that tomato plants treated 
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with the biocontrol agent (T-203) and grown in nematode infested soil exhibited a drastic 

reduction in root galling when compared to the control.  

The conidia of Trichoderma spp. attach to nematode cuticle or to egg shell and parasitize 

them (Sharon et al., 2007). Protease production by T. harzianum has also been associated 

with biocontrol of the root-knot nematode M. javanica on tomato plants. Dababat et al. 

(2006) recommended that the Trichoderma spp. should be applied to the soil before crop 

planting to completely colonize the root. 

Several reports showed successful suppression of root knot disease by Trichoderma spp. 

(Rao et al., 1996; Spiegel and Chet, 1998; Sharon et al., 2001). Trichoderma viride 

reduced egg-hatching of M. incognita in the laboratory environment and nematode 

population in roots and soil in glasshouse experiments (Goswami and Mittal, 2004). 

Commercial products have also proven to be efficacious in tropical greenhouse 

conditions (Cuadra et al., 2008). Culture filtrate of Trichoderma spp. was highly effective 

in controlling reniform nematode (R. reniformis) and root knot nematode (M. javanica) 

on eggplant. Sharon et al. (2001) and Dababat and Sikora (2007) demonstrated that 

strains of T. harzianum reduced galling of the M. javanica and M. incognita on tomato 

plants. Windham et al. (1989) reported reduced egg production in the root-knot 

nematode, M. arenaria, following soil treatment with T. harzianum and T. koningii 

preparations. Reduction of M. javanica infection has been reported following treatment 

with several isolates of T. lingnorum and T. harzianum (Spiegel and Chet, 1998). Le et al. 

(2009) worked on the biological control of M. graminicola on rice using endophytic and 

rhizosphere fungi and reported positive results. Reddy et al. (1996) proved that T. 

harazianum incorporated with neem (Azadirachta indica) oil cakes was effective for 
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increasing yield and reducing the PPN numbers in soil and roots and Akhtar (1998) 

associated the reduction with an increase of predator and free-living nematodes.  

2.2.3.3.2 Purpureocillium lilacinum 

Purpureocillium lilacinum (previously Paecilomyces lilacinus) is a saprophyte generally 

specialized in parasitizing stationary stages of nematodes, particularly their eggs and 

females (Mukhtar et al., 2013). It is well adaptable to a wide range of soil pH and 

establishes in the soil within a short time hence a successful biocontrol agent for 

nematodes (Siddiqui and Mahmood, 1996). The fungus produces serine protease and 

chitinase and enzymes that help it penetrate the eggshell of the nematode (Bonants et al., 

1995; Khan et al., 2003). Jatala (1986) found that the fungus was able to engulf the 

gelatinous matrix and infect the eggs of M. incognita within 5 days. Siddiqui and 

Mahmood (1996) reported that the fungus was able to parasitize all the eggs within a very 

short time once it came into contact with the egg mass. It has also been reported that 

Purpureocillium lilacinum was able to control the mobile nematode Radopholus similis 

on banana (Davide and Zorilla, 1985).  

Purpureocillium lilacinum has been proven to successfully control M. javanica and M. 

incognita on tomato and other vegetable crops (Verdejo-Lucas et al., 2003; Goswami and 

Mittal, 2004; Van Damme et al., 2005; Goswami et al., 2006; Haseeb and Kumar, 2006; 

Kumar et al., 2009), and in potato on field conditions (Jatala et al., 1980) and on banana 

(Jonathan and Rajendran, 2000) in greenhouse conditions.  On the contrary, P. lilacinum 

was not effective against M. javanica on tobacco in microplots when it was applied 

individually (Hewlett et al., 1988. Purpureocillium lilacinum strain 251 that is available 

as a commercial formulation has been used successfully as a control agent against various 



23 

 

plant parasitic nematodes (Kiewnick et al., 2002; Brand et al., 2004). Direct interactions 

between P. lilacinum strain 251 and eggs of M. javanica were demonstrated in vitro by 

Holland et al. (1999).   

In another study Bacillus subtilis and P. lilacinum were tested alone or combined against 

M. incognita on tomato in pots containing steamed soil (Gautam et al., 1995). In both 

cases plant height and weight increased and numbers of root galls, females, eggs, and J2 

were suppressed. However, the synergistic effect of the two biocontrol agents on 

nematode populations was higher than individual effect. Kerry and Evans (1996) 

recorded inconsistent reports in biocontrol efficacy of P. lilacinus under glasshouse and 

field conditions.  
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1 Description of sampling sites 

The study was carried out in the commercial pineapple plantations of Delmonte and 

Kakuzi. The two commercial farms have different management systems of nematodes. 

Delmonte (K) limited is located in Thika locality, Kiambu County in Central Kenya and 

partly in Murang’a County (Fig. 3.1). The plantation is located between latitude 0103’S 

and longitude 3705’E. It experiences a subtropical highland climate with sunshine 

throughout the year and receives an average rainfall of 1200 mm and sometimes 

receiving as low as 600 mm (Government of Kenya, 2015). The average annual 

temperature is at 19.8 °C and can go up to 27.15°C, with the hottest period in March and 

the coldest in July. Soils in Delmonte are well-drained, sandy loam with a high content of 

organic matter (www.Delmonte.co.ke). Delmonte has over 18,000 ha under pineapple 

production (Ndungu, 2014). Soil sampling and assessing for root knot nematodes is 

routinely done in Delmonte. 

Kakuzi plantation has over 100 ha under pineapple production (Ndungu, 2014). The farm 

is located in Murang’a County, 72 km from Nairobi, off the Nairobi-Thika-Sagana 

highway (Fig. 3.1). The plantation lies between latitude 0, 58’ South and longitude 37 

16’ East. The climatic condition of the area is sub-tropical type and experiences a 

maximum average annual rainfall of between 1400 mm and 1600 mm and sometimes 

receiving less than 900 mm per annum. The area receives minimum annual temperatures 

range between 16C and a maximum temperatures of 26C.  The area is characterized by 

http://www.delmonte.co.ke/
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arid and semi-arid conditions. Soil sampling for nematode diagnosis is done on a need 

basis i.e. if the pineapple crop is affected on a certain area. 

Both plantations experience long rains in the months of March, April and May. The 

highest amount of rainfall is recorded in the month of April, and reliability of rainfall 

during this month is very high. The short rains are received during the months of October 

and November (Government of Kenya, 2014). Both plantations grow smooth cayenne 

pineapple variety. They uproot the declining plant material after the second harvest of the 

crop and incorporate back to the soil to decompose and provide organic matter. 
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            Figure 3.1: Map for the Kakuzi and Delmonte commercial pineapple farms 
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3.2 Sampling and experimental procedures  

3.2.1 Survey and nematode identification 

A survey was conducted in Delmonte and Kakuzi commercial pineapple farms. 

Composite soils and root samples were collected from the rhizosphere of pineapple plants 

(Ananas comosus) from both farms. Samples were collected from 7 different fields 

depending on age of the pineapple crop (Appendix 1). From the two farms, in each 

sampled field (of different age crop), the top 3 to 5 cm of the soil was removed and 25 

root and soil sub-samples were collected up to a depth of 30 cm at randomly selected 

locations (Santhosh et al., 2005) using a zigzag method. They were then pooled together, 

mixed thoroughly and 1 kg drawn from each field. The samples were placed in polythene 

bags, sealed and transported to ICIPE nematology laboratory for isolation and nematode 

extraction. They were stored at approximately 4C before extraction of nematodes. 
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Figure 3.2: Sampling and laboratory experimental procedures (photographs courtesy Kiriga, 2017). 
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The modified Baermann technique (Hooper et al., 2005) was used to extract vermiform 

nematodes from 100 ml soil and 5 g root materials (Fig. 3.2). Nematodes were then 

counted using a single tally counter under a stereomicroscope (×100 Mg) (Fig. 3.2) then 

killed using hot water and fixed using three drops of formaldehyde (Coyne et al., 2014). 

They were then identified to genus level using morphological features such as J2 head, 

stylet and tail region morphologies under the compound microscope as described by 

Eisenback and Hirschmann (1980) and Hunt et al. (2005) (Fig. 3.2).  

3.2.2 Meloidogyne spp. identification 

Purposive sampling was conducted in Delmonte and Kakuzi farms and from 7 fields of 

each farm; roots with galls were randomly sampled. Twenty (20) females were obtained 

from each field of 1 ha where ten were used for morphological characterization using 

perineal pattern. 

3.2.2.1 Morphological identification 

Morphological features such as tail size and configuration, hyaline terminus, head region, 

stylet knobs and basal bulb were used to differentiate the second stage juvenile for 

Meloidogyne spp. The perineal patterns of mature live egg-laying females were obtained 

by cutting the vulva region according to Taylon et al. (1956) and Seinhorst (1966). 

3.2.2.2 Molecular identification 

Molecular identification was also performed using female Meloidogyne spp. from each 

field to confirm the results of morphological identification. The females were stored in 

98% ethanol for 24 hours. DNA of crushed single female was then extracted using worm 

lysis buffer with proteinase K (Bert et al., 2008). It was then precipitated in iso-propanol 

at room temperature.  
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The DNA pellet was then washed twice with 70% ice-cold ethanol, re-suspended in H2O 

and stored at -80°C. For molecular identification species specific primers for tropical root 

knot nematodes (Table 3.1) were used (Zijlstra et al., 2000, Tigano et al., 2010, Correa et 

al., 2014). The specific SCAR primers Fjav/Rjav (M. javanica) (Zijlstra et al., 2000) 

gave consistent results and the products were readily amplified from DNA of individual 

females. PCR amplification reactions were performed in 15 μl volumes of the master mix 

containing: template DNA, primer, PCR buffer, Magnesium Dichloride (MgCl2), dNTP, 

nonacetylated BSA and Taq polymerase. The PCR amplification conditions used for each 

primer set are described in Table 3.2. All amplification tests included a no-template 

control. 

Table 3.1: Primers used for molecular identification of root knot nematodes, Meloidogyne 

spp 

Primer 

code 

Species Predicted 

fragment 

size (bp) 

Primer sequence (5’-3’) Reference 

Far  

Rar 

M. arenaria 420 TCGAGGGCATCTAATAAAGG 

GGGCTGAATATTCAAAGGAA 

(Meng et 

al., 2004) 

Mi-F 

Mi-R 

M. 

incognita  

1000  GTGAG GATTCAGCTCCCCAG 

ACGAGGAACA TACTTCTCCGTCC  

(Zijlstra et 

al., 2000) 

Fjav 

Rjav 

M. 

javanica  

720  CCTTAATGTCAACACTAGAGCC 

GGCCTTAACCGACAATTAGA  

 (Zijlstra et 

al., 2000) 

MK7-F 

MK7-R 

M. 

enterolobii  

600  GATCAGAGGCGGGCGCATTGCGA 

CGAACTCGCTCGAACTCGAC 

(Tigano et 

al., 2010) 

Meth-F 

Meth-R 

M. 

ethiopica 

350  ATGCAGCCGCAGGGAACGTAGTTG 

TGTTGTTTCATGTGCTTCGGCATC 

(Correa et 

al., 2014)  

JMV1 

JMV 

M. hapla  440  TTTCCCCTTATGATGTTTACCC 

AAAAATCCCCTCGAAAAATCCACC 

(Wishart et 

al., 2002)  
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Table 3.2: PCR amplification profiles used with primers for identification of 

Meloidogyne spp. 

Primer code Amplification conditions       Number of cycles 

 Far/Rar 

Mi-F/Mi-R 

Rjav/Fjav 

95 
o
C 5 min 

95 
o
C 3 min 

55 
o
C 2 min 

72 
o
C 1 min 

72 
o
C 10 min 

 

 

40 

MK7-F/MK7-R 

JMV1/JMV 

Meth-F/Meth-R 

 

  

95 
o
C 5 min 

95 
o
C 3 min 

62 
o
C 3 min 

72 
o
C 1 min 

72 
o
C 10 min 
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3.2.3 Preparation of Meloidogyne spp. inocula for inoculation 

Meloidogyne spp. were isolated from naturally infected pineapple plants collected from 

Delmonte and Kakuzi pineapple commercial farms. Single egg masses were removed 

from infected pineapple roots under a dissecting microscope and individually inoculated 

onto pineapple seedlings (cv. Smooth Cayenne) planted in pots containing autoclaved soil 

in the greenhouse at ICIPE.  

The pineapple plants were uprooted about three months after inoculation, and the galled 

roots gently washed free of soil using clean tap water and then sterilized using 0.5% 

sodium hypochlorite (NaOCl) to ensure the absence of nematodes on the surface. The 

roots were blended for 30 seconds in 10% NaOCl solution (Hussey and Barker, 1973), 

rinsed with distilled water and eggs collected in a 25 µm sieve.  The eggs were incubated 

at 25°C to obtain one- to five-day-old second-stage infective juveniles (IJ2s) to be used 

for inoculation.  
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3.3 Biocontrol agents used in the study 

3.3.1 Sources of biocontrol agents 

Four isolates of Trichoderma spp., three from ICIPE’s Arthropod Germplasm Centre, 

Kenya (Trichoderma asperellum M2RT4; T. atroviride F5S21 and T. harzianum F2L4) and 

one from Kenya Biologics Limited (KBL) Trichoderma sp. MK4, were used in the study. 

KBL also provided two isolates of Purpureocillium lilacinum (KLF2 and MR2) (Table 

3.3). 

Table 3.3: Isolates of Trichoderma spp. and Purpureocillium lilacinum from ICIPE and 

KBL 

Depositors name Place of isolation Country of isolation Isolated from 

M2RT4 (Icipe 700) Nakuru Kenya Maize 

F5S21 (Icipe 710) Loitokitok Kenya Onions 

F2L4 (Icipe 709) Nakuru Kenya Onions 

MK4 Murangá Kenya Soil 

KLF2 Kiambu Kenya Soil 

MR2 Murangá Kenya Soil 

3.3.2 Assessment of pineapple root colonization by Trichoderma isolates 

The four isolates of Trichoderma spp. (M2RT4, F5S21, F2L4 and MK4) were tested for 

colonization of pineapple roots under greenhouse conditions at ICIPE. Pineapple cv. 

Smooth Cayenne crowns were established in 10 L pots containing autoclaved soil for 

three weeks to allow roots to develop. The rooted crowns were then removed from the 

soil mixture with roots intact, the soil washed off with tap water and the roots immersed 

in a 250 ml suspension containing 1× 10
8
 spores per ml of Trichoderma spp. for 8 h for 
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each isolate; the controls were immersed in distilled water for 8 h. Each treatment was 

replicated four times and arranged in a complete randomized design. The rooted treated 

crowns were then planted into pots containing a 10 L of 2:1:1 mixture of autoclaved soil, 

sand and manure. Two weeks after inoculation the plants were removed from the soil 

mixture with roots intact and rinsed with tap water to remove the soil. Leaves and roots 

sections were aseptically removed and cut into 1cm length pieces under a laminar flow 

hood. These were surface sterilized using 0.5 % NaOCl, rinsed first in 70% alcohol and 

then in distilled water. For each plant, five pieces each of leaves and roots were 

separately placed 4 cm apart onto potato dextrose agar (PDA) plates and incubated at 26 

±1C for 10 days. Mycelial growth was assessed between days 2 to 10. Fungal 

colonization was recorded by counting the number of pieces that showed the presence of 

inoculated Trichoderma fungi according to Koch’s postulate for each piece.  

3.3.3 Mass production of the fungal antagonists  

Inocula for all fungal isolates were multiplied using rice. Rice grains were washed with 

water, surface dried using a paper towel and 2 kg placed in Milner bags (autoclavable 

bags), before autoclaving at 121C for 50 minutes. The sterilized rice grains were 

inoculated with pure cultures of each of the antagonistic fungi in separate bags. The bags 

were massaged from the outside to evenly distribute the inoculum over all the rice grains. 

The inoculated rice was incubated at 25 ±1°C for 21 days. The bags were shaken on 

alternate days to encourage uniform colonization by the fungus. The bags were then 

opened up to allow the rice and the conidia to dry for seven days, before using to make 

spore suspensions. A 0.1 g sample of conidia was placed in universal bottles with 10 ml 
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sterile distilled water containing 0.05 % Triton X-100 and allowed to vortex for 5 min to 

produce homogenous conidial suspensions.  

The spore concentration was estimated using a haemocytometer (Hausser Scientific, 

Horsham, Pennsylvania, USA) and adjusted to 3 × 10
6 

and 1× 10
8
 spores per ml for P. 

lilacinum and Trichoderma spp., respectively, through dilution. To assess the viability of 

the fungus, 100 µL of conidial suspension for each isolate was inoculated on plates of 

potato dextrose agar (PDA). A sterile microscope cover slip (2 x 2 cm) was placed on top 

of the agar in each plate before incubation. The inoculated plates were incubated for 24 h 

at 25°C. The percentage conidial germination was assessed by counting the number of 

germinated conidia per 100 in one randomly selected field of view. Conidia were 

considered as germinated when germ tubes exceeded half of the diameter of the 

conidium. The percent germination of over 95 % is recommended (Parsa et al., 2013). 

3.4 Evaluation of the efficacy of fungal antagonists on Meloidogyne spp. under 

greenhouse conditions  

3.4.1 Treatments and treatments application 

The treatments were as follows:  

 T0: No fungal no nematode treatment (negative control), 

 T1: 3000 IJ2s only (nematode inoculated control)- no fungal treatment,  

 T2: 1.0 ×10
8
 spores/ml MK4 (Trichoderma spp.) + 3000 IJ2s,  

 T3: 1.0 ×10
8
 spores/ml M2RT4 (T. asperellum isolate) +3000 IJ2s,  

 T4: 1.0 ×10
8
 spores/ml F5S21 (T. atroviride isolate) +3000 IJ2s,  

 T5: 3.0 ×10
6
 spores/ml KLF2 (P. lilacinum) + 3000 IJ2s, 
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 T6: 3.0 ×10
6
 spores/ml MR2 (P. lilacinum) +3000 IJ2s.  

 Pineapple (cv. Smooth Cayenne) crowns were established in 10 L pots containing 

autoclaved soil for three weeks to allow roots to develop. The rooted crowns were then 

removed from the soil with roots intact and the soil gently rinsed with tap water. They 

were then surface sterilized using 0.5 % NaOCl for 30 seconds, and rinsed with 70 % 

alcohol for 2 minutes, and then in distilled water for 5 minutes. For the Trichoderma 

isolates biocontrol treatments (T2, T3 and T4), the roots were totally immersed in the 1× 

10
8
 spores per ml conidial suspension for 8 h; for the controls (T0 and T1) and treatments 

(T5 and T6) that required P. lilacinum, the roots were dipped in distilled water for 8 h. 

The rooted crowns were then planted in pots containing a 10 L, 2:1:1 mixture of 

autoclaved soil, sand and manure in a greenhouse. After two weeks, three 2-cm deep 

holes were made around the stem of each plant and a suspension containing one- to five-

day-old second-stage IJ2s of Meloidogyne javanica inoculated into the holes using a 

pipette except T0; and the holes were covered with the same soil. In treatments (T5 and 

T6) that required P. lilacinum, this was applied one day after nematodes inoculation; 2 

cm deep fallows were made around the plants and a 120 ml suspension containing 3.0 × 

10
6
 spores/ml applied. Thus the positive controls (T1) were treated with one- to five-day-

old second-stage IJ2s only; negative controls (T0) were treated with water only.  

The experiment was undertaken in a greenhouse for 90 days after nematode inoculation; 

the plants were irrigated with clean tap water as needed. A completely randomized 

experimental design was used and each treatment was replicated six times. The 

experiment was repeated once in time following the same procedure with a total of 84 

pots/ plants in the full experiment. 
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3.4.2 Disease measurement and data collection 

After 90 days of nematode inoculation, plants were gently uprooted, the roots excised 

from the plant and the soil gently rinsed under running tap water. The roots were then 

surface sterilized using 1.5 % NaOCl, rinsed first in 70 % alcohol and then in distilled 

water, dabbed dry with a paper towel and root fresh weights recorded.  

The effect of Trichoderma isolates and P. lilacinum isolates on Meloidogyne spp. was 

determined by scoring for galling index from each plant on a 1-5 scale: 1 -no galling; 2- 

slight; 3 – mild; 4 -moderate and 5 - severe (Coyne et al., 2014). The number of galls on 

each root system was counted and the nematode density estimated by counting the 

number of egg masses and eggs under a stereo microscope at ×400 magnification from a 

representative sample of 5 g chopped up roots from each plant (Holbrook et al., 1983; 

Shurtleff and Averre, 2000).  To facilitate counting of egg masses the roots were first 

stained with phloxine B, which stains the gelatinous matrix pink-red increasing egg mass 

visibility (Coyne et al., 2014). Eggs were extracted from galled pineapple roots by cutting 

into small pieces and blending in 0.6 % NaOCl for 30 seconds (Stetina et al., 1997). The 

contents were then poured onto nested 75 and 25 µm pore sieves. Eggs collected on the 

25- µm-pore sieve were counted under a stereo microscope (×400 magnification). 

Percentage reduction in the number of galls was computed using the formula below 

(Oclarit and Cumagun, 2009): 

  

- 

Number of galls 

 (+ve control) 

Percentage 

Reduction 

Number of galls               

(+ve control) 

Number of galls  

      (Treated) 
= ×100 

- 
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3.4.3 Statistical analyses  

The data on survey of nematode occurrence in Delmonte and Kakuzi commercial 

pineapple farms was subjected to two-way analysis of variance (ANOVA) to investigate 

the effect and interactions between nematode populations at the two farms and the 

different ages of pineapple. General Linear Model procedures were used to analyse and 

distinguish nematode genera occurrence and distribution on the sites and the different 

ages. The data on evaluation of the efficacy of biocontrol agents on Meloidogyne spp. 

under greenhouse conditions was subjected to one way analysis of variance (ANOVA). 

These statistics were performed in R software version 3.2.3 (R Core Team, 2015) and the 

means of treatments that were significantly different at P ≤ 0.05 were separated using 

Tukey-HSD. 
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CHAPTER FOUR 

4.0 RESULTS 

4.1 Survey and nematode genera identified 

 A total of eight (8) genera of plant parasitic nematodes (PPNs) were identified and 

recorded from the soils and root samples collected from Delmonte and Kakuzi 

commercial pineapple fields (Table 4.1). The plant parasitic nematode genera identified 

included Helicotylenchus spp., Hoplolaimus spp. (spiral), Meloidogyne spp. (root knot), 

Pratylenchus spp. (lesion), Tylenchus spp., Filenchus spp., Rotylenchus spp. and 

Aphelenchoides spp. (Plate 4.1). From the survey, non plant parasitic nematodes were 

also identified from both soils and root of the pineapple fields. They included bacterial 

feeders, omnivores and predators as shown in plate 4.1. 

Table 4.1: Plant parasitic nematodes genera isolated from soils and roots of pineapple in 

Delmonte and Kakuzi farms. 

Order 
Sub-order Family Genus 

Tylenchida Tylenchina Hoplolaimidae Helicotylenchus 

Hoplolaimus 

Rotylenchus 

Pratylenchidae Pratylenchus 

Meloidogynidae Meloidogyne 

Tylenchidae 
Tylenchus 

Filenchus 

Aphelenchida Aphelenchina Aphelenchoididae Aphelenchoides 
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Meloidogyne spp.  tail  

Helicotylenchus spp.                          tail 

Hoplolaimus spp. tail 

Filenchus spp. 
tail 

Aphelenchoides spp.  

Omnivore 

Predator Bacterial feeder 

 

Head 

Head 

Head 

Hea

d 

Head 

 

Head 

 

Head 

 
Head 

 
Plate 4.1: Plant-parasitic nematodes and non plant-parasitic nematodes on 

pineapple in Delmonte and Kakuzi farms (x 1000 Mg) (Photographs 

courtesy Kiriga, 2017). 
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The most commonly found PPNs in soils and roots of pineapple from the two farms were 

Helicotylenchus spp., Meloidogyne spp., Tylenchus spp. and Aphelenchoides spp. in all 

roots and soil samples. Helicotylenchus spp.  and Meloidogyne spp. were found in all the 

fields of all ages and in high numbers both in Kakuzi and Delmonte farms.  Pratylenchus 

spp.  and Rotylenchus spp. were only recorded in Delmonte farm. Filenchus spp. were 

recovered from all fields in Kakuzi, while in Delmonte they were observed only in fields 

at 36 months.  

4.1.1 Population density of nematode genera in pineapple soils 

Plant parasitic nematodes were detected in soil samples of Delmonte and Kakuzi 

commercial pineapple farms at varying densities. In Delmonte soils, high population 

densities of Helicotylenchus spp., Tylenchus spp., Aphelenchoides spp. and Meloidogyne 

spp. (15.4%, 11.0%, 7.9% and 7.4% respectively) were recorded, while very low 

population densities were recorded for Pratylenchus spp., Filenchus spp. and Rotylenchus 

spp. (0.5%. 0.5% and 0.3%) (Table 4.2). In Kakuzi soils, high population densities of 

Aphelenchoides spp., Helicotylenchus spp., Meloidogyne spp. and Filenchus spp. (9.7%, 

9.6%, 7.2% and 5.6%) were recorded while Tylenchus spp. (4.8%) had the least 

population densities (Table 4.3). The percentage proportion of Meloidogyne spp. was 

almost similar in Delmonte (7.4%) and Kakuzi (7.2%). The percentage proportion of 

Helicotylenchus spp. was higher in Delmonte (15.4%) than in Kakuzi (9.6%). The 

percentage proportion for the plant parasitic nematodes was slightly higher in Delmonte 

(43.1%) than in Kakuzi (36.8%) (Table 4.2  and 4.3). 
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Table 4.2: Population densities of nematodes associated with soil samples from Delmonte 

farm, Kenya. 

Nematode genus Mean average population/100ml soil Population (%) 

Helicotylenchus spp. 2847 15.4 

Meloidogyne spp. 1370 7.4 

Pratylenchus spp. 97 0.5 

Rotylenchus spp. 50 0.3 

Filenchus spp. 97 0.5 

Tylenchus spp. 2026 11.0 

Aphelenchoides spp. 1457 7.9 

Non PPNs 10490 56.9 

Total 18434  

 Non PPNs- Non-Plant Parasitic Nematodes; %- Percentage 
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Table 4.3: Population densities of nematodes associated with soils samples from Kakuzi 

farm, Kenya. 

Nematode genus Mean average population/100ml soil Population (%) 

Helicotylenchus spp. 1130 9.6 

Meloidogyne spp. 850 7.2 

Tylenchus spp. 560 4.8 

Filenchus spp. 660 5.6 

Aphelenchoides spp. 1140 9.7 

Non PPNs 7440 63.2 

Total 11780  

Non PPNs- Non-Plant Parasitic Nematodes; %- Percentage 

4.1.2 Population densities of nematode genera in pineapple roots 

Root samples from Delmonte fields had high populations of Meloidogyne spp., Tylenchus 

spp., Aphelenchoides spp. and Helicotylenchus spp. while Filenchus spp., Pratylenchus 

spp. and Hoplolaimus spp.  population densities observed were very low (Table 4.4). In 

Kakuzi also high populations of Meloidogyne spp., Tylenchus spp. and Aphelenchoides 

spp. were recorded on the pineapple roots while low populations of Filenchus spp., 

Pratylenchus spp. and Helicotylenchus spp., were recorded (Table 4.5). The percentage 

proportion of Meloidogyne spp. was higher in Delmonte (29.6%) than in Kakuzi (16.6%). 

The total population for PPNs was higher in Delmonte than Kakuzi root population 

resulting to 76.0% and 58.1% respectively whereas the percentage proportion for non- 
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plant parasitic nematodes was higher in Kakuzi (41.9%) than Delmonte (24%) (Table 4.4 

and 4.5). 

Table 4.4: Population densities of nematodes associated with roots samples from 

Delmonte farm, Kenya 

Nematode genus Mean average population/5g roots Population (%) 

Helicotylenchus spp. 387 10.2 

Hoplolaimus spp. 3 0.08 

Meloidogyne spp. 1127 29.6 

Pratylenchus spp. 17 0.4 

Filenchus spp. 37 1.0 

Tylenchus spp. 850 22.3 

Aphelenchoides spp. 477 12.5 

Non PPNs 913 24.0 

Total 3811  

 Non PPNs- Non- Plant Parasitic Nematodes; %- Percentage 
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Table 4.5: Population densities of nematodes associated with roots samples from Kakuzi 

farm, Kenya 

Nematode genus Mean average population/5g roots Population (%) 

Helicotylenchus spp. 130 2.7 

Meloidogyne spp. 790 16.6 

Pratylenchus spp. 130 2.7 

Tylenchus spp. 750 15.7 

Filenchus spp. 440 9.2 

Aphelenchoides spp. 530 11.1 

Non PPNs 2000 41.9 

Total 4770  

Non PPNs- Non- Plant Parasitic Nematodes; %- Percentage 

4.1.3 Occurrence of PPNs in soils at different stages (ages) of the pineapple crop in 

Delmonte and Kakuzi farms 

The results from Table 4.6, show that Helicotylenchus spp. were present in almost all the 

fields of different ages in Kakuzi and Delmonte farms except in fields at 24 months of 

Kakuzi farm. Compared to Kakuzi farm, Delmonte recorded significantly higher (P ≤ 

0.05) numbers of Helicotylenchus spp. in the older months namely 8, 11, 24 and 36 

months while the population was significantly higher (P ≤ 0.05) in Kakuzi farm at 0, 3 

and 5 months fields than Delmonte farm. Meloidogyne spp. was ubiquitous in all the 

fields at all ages and the populations increased with age from 3 to 36 months in Delmonte 

farm while the population in Kakuzi farm increased with age up to 11 months and the 
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number started decreasing up to 36 months. There was significantly higher population of 

Meloidogyne spp. (P ≤ 0.05) in soils at 36 months (910 nematodes) of Delmonte farm, 

compared to other months.  

Rotylenchus spp. and Pratylenchus spp. were encountered in very low populations in 

fallow field and 36 months respectively, of Delmonte farm. In all the fields, Tylenchus 

spp. recorded a significant higher population in Delmonte than Kakuzi farm. However, 

the highest number occurred in Delmonte pineapple fields at 24 months with a mean 

population of 703 nematodes per 100 ml soil. Aphelenchoides spp. was also ubiquitous in 

all the ages in both farms. Filenchus spp. occurred in all the fields of Kakuzi and was 

only recorded in fields at 36 months of Delmonte farm (Table 4.6).   
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Table 4.6: Population of plant parasitic nematodes associated with pineapple soils at different stages of the pineapple crop in 

Delmonte and Kakuzi farms (per 100 ml soil). 

Age 

of 

crop 

Helicotylenchus Meloidogyne Pratylenchus Rotylenchus Filenchus Tylenchus Aphelenchoides 

Delmonte Kakuzi Delmonte Kakuzi Delmonte Kakuzi Delmonte Kakuzi Delmonte Kakuzi Delmonte Kakuzi Delmonte Kakuzi 

0 290cA 330.0aA 86.7bA 30.0dB 43.3aA 0.0aB 46.7aA 0.0aB 0.0bB 50.0cdA 123.3eA 70.0abB 103.3dB 280.0aA 

3 20eB 180.0bA 16.7cdB 100.0bcA 0.0bA 0.0aA 0.0bA 0.0aA 0.0bB 30.0dA 250.0bcA 10.0cB 313.3aA 70.0cB 

5 83.3dB 200.0abA 53.3bcB 110.0bcA 0.0bA 0.0aA 0.0bA 0.0aA 0.0bB 90.0abA 250.0bcA 110.0abB 130.0cdA 130.0bA 

8 416.7bcA 30.0cB 6.7dB 150.0bA 0.0bA 0.0aA 0.0bA 0.0aA 0.0bB 90.0abA 340.0bA 120.0aB 280.0aA 120.0bB 

11 273.3cA 200.0abB 130.0bB 290.0aA 0.0bA 0.0aA 3.3bA 0.0aA 0.0bB 130.0aA 146.7deA 90.0abB 293.3aA 90.0bcB 

24 773.3abA 0.0dB 166.7bA 100.0bcA 0.0bA 0.0aA 0.0bA 0.0aA 0.0bB 70.0bcA 703.0aA 240.0aB 186.7bB 380.0aA 

36 990.0aA 190.0bB 910.0aA 70.0cB 53.3aA 0.0aB 0.0bA 0.0aA 96.7aA 100.0abA 213.3cdA 20.0bcB 150.0bcA 70.0cB 

Means within columns shows significant differences of nematode genera among the ages of the crop and are followed by small letters; 

means within rows shows significant differences of each nematode genus between the two farms and are followed by capital letters. 

Means followed by the same letter(s) are not significantly different (P ≤ 0.05). 
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4.1.4 Occurrence of PPNs associated with pineapple roots at different crop age in 

Delmonte and Kakuzi farms 

 Helicotylenchus spp.  occurred in low populations in Kakuzi and  was only recorded in 

11 and 24 months (20 and 110 nematodes per 5g of root sample respectively) (Table 4.7). 

At 24 months, Helicotylenchus spp. occurred in both farms with significantly higher 

populations (P ≤ 0.05) occurring in Kakuzi than Delmonte farm. In Delmonte farm, 

Helicotylenchus spp. was recorded in all other 6 fields except in fields at 11 months with 

the highest populations of 320 nematodes per 5g root sample occurring at 36 months. 

Significantly higher (P ≤ 0.05) populations of Meloidogyne spp. were encountered in 

Kakuzi than Delmonte farm at 5, 8 and 24 months. The populations at 11 months had no 

significant difference between the two farms. At 36 months, significantly higher 

populations (P ≤ 0.05) were recorded in Delmonte than Kakuzi farm. Meloidogyne spp. 

was absent in fields at 8 months of Delmonte farm. The population increased with age in 

Delmonte with the highest mean population recording at 36 months (680 nematodes per 

5g root sample). In Kakuzi the populations increased up to 24 months (490 nematodes 

per 5g root sample) and the number decreased in 36 months (100 nematodes per 100 ml 

soil).  

Pratylenchus spp. was rarely recorded in the two farms as they were only detected at 11 

and 24 months in Kakuzi farm and 36 months in Delmonte farm. In Kakuzi farm 

Filenchus spp. occurred in all fields except in fields at 11 months while in Delmonte farm 

they only occurred in fields at 36 months. The populations were higher in older fields (24 

and 36 months) compared to the fields with younger crop (5 and 8 months). Tylenchus 
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spp. occurred in all fields in both farms. In Delmonte farm, a significantly higher number 

of Tylenchus spp. was recorded in fields at 24 months compared to other fields. 

Aphelenchoides spp. were recovered from all fields in both farms.
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Table 4.7: Population of plant parasitic nematodes associated with pineapple roots at different stages of the pineapple crop in 

Delmonte and Kakuzi farms (per 5g of root sample). 

Age 

of 

crop 

Helicotylenchus Meloidogyne Pratylenchus Hoplolaimus Filenchus Tylenchus Aphlenchoides 

Delmonte Kakuzi Delmonte Kakuzi Delmonte Kakuzi Delmonte Kakuzi Delmonte Kakuzi Delmonte Kakuzi Delmonte Kakuzi 

5 6.7dA 0.0cA 13.3dB 60.0cA 0.0bA 0.0cA 0.0 aA 0.0aA 0.0bB 20.0cA 103.3bA 50.0cB 30.0bA 20.0eA 

8 16.7bcA 0.0cB 0.00eB 80.0bcA 0.0bA 0.0cA 0.0aA 0.0aA 0.0bB 150.0bA 53.3cB 100.0bA 26.7bB 130.0bA 

11 0.00eB 20.0bA 40.0cA 60.0cA 0.0bB 30.0bA 0.00aA 0.0aA 0.0bA 0.0dA 106.7bA 40.0cB 266.7aA 30.0dB 

24 43.3bB 110.0aA 393.3aB 490.0aA 0.0bB 100.0aA 3.33aA 0.0aA 0.0bB 300.0aA 553.3aA 50.0cB 133.3aA 100.0cB 

36 320.0aA 0cB 680.0aA 100.0bB 16.7aA 0.0cB 0.00aA 0.0aA 36.7aB 280.0abA 33.3cB 200.0aA 20.0bB 250.0aA 

Means within columns shows significant differences of nematode genera among the ages of the crop and are followed by small letters; 

means within rows shows significant differences of each nematode genus between the two farms and are followed by capital letters. 

Means followed by the same letter(s) are not significantly different (P ≤ 0.05). 
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4.2 Morphological and molecular identification of Meloidogyne spp. 

Meloidogyne spp. second stage juveniles were found to have morphological features such 

as long, narrow tapering tail with terminus ending in a finely rounded tail, cuticular 

constrictions along the hyaline terminus, distinct stylet knobs and basal bulb (plate 4.1). 

The perineal pattern had low dorsal arch and double lateral lines that were the main 

characteristic features (Fig. 4.1 i & ii; Appendix 2).  

The specific SCAR primers Fjav/Rjav (M. javanica) (Zijlstra et al., 2000) gave consistent 

results and the products were readily amplified from DNA of individual females (Fig. 

4.2). The MI-F/MI-R M. incognita-specific SCAR primers (Meng et al., 2004), JMV M. 

hapla primers (Wishart et al., 2002) and MK7-F/Mk7-R M. enterolobii primers (Tigano 

et al., 2010) gave no amplification products from single females (Fig. 4.3). Whilst the 

first stage of the key enables all the M. javanica products to be amplified, it was possible 

to confirm the identification of the nematode species in the pineapple plantations by use 

of the second step (Fig. 4.2 and Fig. 4.3). 
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Figure 4.1:i amd ii: Perineal pattern from mature live egg-laying M. javanica females 

(×1000 Mg). 

 

Figure 4.2: PCR products (720 bp) obtained from amplification of DNA from single 

females of M. javanica from pineapple farms using Fjav / Rjav M. javanica specific 

primers of (1-kb ladder).  
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Figure 4.3: DNA amplification using species specific primers for; (1) M. javanica, (2) M. 

incognita, (3) M. enterolobii and (4) M. hapla.  

4.3 Colonization of pineapple roots by Trichoderma isolates 

The number of roots (Fig. 4.4) and leaves (Fig. 4.5) sections colonized by T. asperellum 

M2RT4, T. atroviride F5S21, and Trichoderma sp. MK4 was statistically similar at P ≤ 0.05 

but significantly greater than for T. harzianum F2L4 which on average had a mean score 

of 0.5 and 1.25 for roots and leaves, respectively (Fig. 4.3a and 4.3b). Hence isolate F2L4 

(T. harzianum) was not further tested as a biocontrol agent. 

1kb 1 2 4 3 
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Figure 4.4: Number of pineapple root sections colonized by the Trichoderma isolates. 

(Bars with same letter (s) indicate means are not significantly different (p < 0.05)). 

 
Figure 4.5: Number of pineapple leaf sections colonized by the Trichoderma isolates. 

(Bars with same letter (s) indicate means are not significantly different (p ≤ 0.05)).
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4.4 Effect of Bio control agents on Meloidogyne spp. affecting pineapple 

4.4.1 Effect of bio control agents on root fresh weight 

The two experimental sets were statistically similar (P ≤ 0.05) on the effect of the fungal 

antagonists and so results were combined for analysis. Fresh root weight of positive 

control (13.7 ± 0.9) was significantly (P ≤ 0.05) lower than in all other treatments (Fig. 

4.6). Fresh root weights of plants treated with T. asperellum M2RT4 (26.1 ± 1.1) was 

similar to that of Trichoderma sp. MK4 (22.6 ± 0.7) but significantly (P ≤ 0.05) greater 

than that of the negative control; the negative control was similar to T. atroviride F5S21 

and the two P. lilacinum isolates (KLF2 and MR2) (Fig. 4.6).       
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Figure 4.6: Effect of soil treatments with Trichoderma, P. lilacinum isolates and 

Meloidogyne spp. on root weight of pineapple plants 90 days after nematode inoculation. 

Bars with different letter (s) indicate significantly different means (P ≤ 0.05). Mean 

values (n=12) pooled from two experiments repeated in time.  
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4.4.2 Effect of BCAs on root galling index  

The analysis revealed significant difference in galling index among the different 

treatments (F6, 35 = 40.6, P ≤ 0.001). Galling index was moderate on plants treated with T. 

atroviride F5S21 (3.8 ± 0.17) and the positive control (3.7 ± 0.21), and significantly 

greater (P ≤ 0.05) than on plants treated with Trichoderma spp. MK4 and the P. lilacinum 

isolates KLF2 and MR2 (Table 1). Galling index in T. asperellum M2RT4 treated plants 

(1.8 ± 0.17) was slight and significantly less (P ≤ 0.05) than for the other Trichoderma 

isolates. There was no galling in the negative control (Fig. 4.7).  

 

Figure 4.7: Effect of soil treatments with Trichoderma, P. lilacinum isolates and 

Meloidogyne spp. on the galling index 90 days after nematode inoculation. Bars with 

different letter (s) indicate significantly different means (P ≤ 0.05). Mean values (n=12) 

pooled from two experiments repeated in time. 
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4.4.3 Effect of BCAs on number of galls 

Number of galls showed significant variances amongst different treatments (F6, 35 =692, 

P< 0.001). The number of galls per 5 g root sample treated with T. atroviride F5S21 

(125.8 ± 10.0) was significantly (P ≤ 0.05) greater than for the positive control. These 

were also significantly more (P ≤ 0.05) than for the other BCA treatments. The number of 

galls for the T. asperellum M2RT4 treatment (15 ± 1.0) was significantly less (P ≤ 0.05) 

than other BCA treatments except P. lilacinum MR2 treated plants which had no 

significant difference (P ≤ 0.05) . P. lilacinum MR2 treated plants had a similar (P ≤ 0.05) 

number of galls with P. lilacinum KLF2. There were no galls in the negative control (Fig. 

4.8). 

 

Figure 4.8: Effect of soil treatments with Trichoderma, P. lilacinum isolates and 

Meloidogyne spp. on number of galls 90 days after nematode inoculation. Bars with 

different letter (s) indicate significantly different means (P≤ 0.05). Mean values (n=12) 

pooled from two experiments repeated in time. 
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4.4.4 Effect of BCAs on egg mass and egg counts;  

Significant differences were seen in the number of egg masses among the different 

treatments (F6, 35 =573.9, P ≤ 0.01. The number of egg masses per 5 g root sample on 

plants treated T. atroviride F5S21 (231.7± 11.0) was similar to the positive control (209.2 

± 8.6) but significantly greater than all the other treatments. The number of egg masses 

on plants treated with T. asperellum M2RT4 was significantly less (P ≤ 0.05) compared 

with other BCA treatments. Trichoderma spp. MK4 and P. lilacinum KLF2 treated plants 

had a similar number of eggmasses, which was less (P ≤ 0.05) than on the positive 

control. There were no egg masses in the negative control (Fig. 4.9 A).  The number of 

eggs on plants treated with T. atroviride F5S21 (25400 ± 1470.20 per 5 g) was 

significantly higher (P < 0.05) than for the positive control T1 (20232 ± 758.54); these 

were also significantly greater (P < 0.05) than for all the other BCA treatments. The 

number of eggs per 5g of root sample with T. asperellum M2RT4 (1443 ± 80.15) was 

significantly less (p < 0.05) than for all other BCA treatments. Trichoderma sp. MK4, P. 

lilacinum isolates (KLF2 and MR2) had significantly fewer (P < 0.05) eggs than the 

positive control. There were no eggs in the negative control (Fig. 4.9 B). 
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Figure 4. 9: A and B: Effect of soil treatments with Trichoderma, P. lilacinum isolates 

and Meloidogyne spp. on eggs and egg mass number 90 days after nematode inoculation. 

Bars with different letters indicate significantly different means (P ≤ 0.05). Mean values 

(n=12) pooled from two experiments repeated in time. 
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4.4.5 Percentage gall reduction/increase 

On average, the number of galls was reduced by 82.6% and 69.8% by application of T. 

asperellum M2RT4 and Trichoderma isolate MK4 respectively. The number of galls was 

reduced by 79.1% and 75.6% by the application of P. lilacinum MR2 and KLF2 

respectively. However, application of T. atroviride F5S21 led to 46.5% more galls (Fig. 

4.10). 
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Figure 4.10: Percentage gall reduction / increase by Trichoderma and P. lilacinum 

isolates on pineapple. Mean values (n=12) pooled from two experiments repeated in time. 
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CHAPTER FIVE 

5.0 DISCUSSION 

5.1 Occurrence and distribution of PPNs in pineapple farms  

The results of this study demonstrated that different genera of nematodes are widespread 

in different fields of Delmonte and Kakuzi farms. Extraction of the diverse genera from 

the soil and root samples in all the seven fields of Delmonte and Kakuzi farms confirms 

that pineapple is a host to PPN. The widespread occurrence and distribution of PPN in 

pineapple fields have been recorded to contribute to low pineapple production (Asopa, 

2003). Migratory stage juveniles are the infective stage of most PPN genera (Abad et al., 

2003) and the size of their initial population in the soil essentially determines the level of 

damage to plants. If the level of migratory juveniles is reduced during or prior to crop 

growing, it is likely that the initial number of nematodes establishing in crops would be 

minimized (Khan et al., 2006a). 

The higher population of almost all PPNs at fallow stage than at 3 months in the two 

plantations was explained by the fact that the sampling was done before fumigation or 

treatment with nematicide was done. At 3 months the population of PPNs was 

significantly less than the fallow due to the application of the fumigants before planting. 

At 3 months, the pineapple plant is not yet well established (Rohrbach and Apt, 1986) 

and the densities may remain low for several months after planting (Stirling and Nikulin, 

1993). The low densities were also associated with nematodes not getting enough food to 

enhance their reproduction.  
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The population of plant parasitic nematodes was higher in soils and roots of Delmonte 

farm than of Kakuzi farm. This could be associated with soil fumigation with 1, 3-

dichloropropene during fallow stage and intensive monocultural practice in Delmonte 

farm. Sipes et al. (2005) found out that the two practices combined created a favourable 

soil environment for the parasites to survive and reproduce. Heavy use of toxic chemicals 

by Delmonte farm during fallow period reduced the parasitic nematodes initially but the 

practice also gave room for the nematodes to reproduce at higher rates since the crop 

cannot be fumigated once in the field (Sipes et al., 2005). Toxic fumigants used in 

Delmonte farm could also be killing the beneficial organisms (e.g. nematophagous fungi 

and bacteria) in the soils that could be naturally suppressing the nematodes (Viaene et al., 

2006) hence the high population of PPNs. The higher numbers of PPNs in soils, over 

37%, in both farms indicated unhealthy soils. The two farms employ fallow of at most 6 

months and Rohrbach and Apt (1986) indicated that shorter fallow periods could 

contribute to increasing problem of PPNs.  

The results of this study demonstrated that Meloidogyne spp. are common nematodes in 

Delmonte and Kakuzi pineapple plantations. According to Babatola (1985) and Stirling 

(1993), Meloidogyne spp. are among the most important nematode pests of pineapple 

worldwide. Meloidogyne spp. pose major challenges in their management due to their 

endoparasitic nature, ability to attack  a wide range of crops and their short life cycles 

which enables them to reproduce fast and form multiple generations within a short time 

(Manzanilla-Lopez and Starr, 2009). The population density of Meloidogyne spp. in both 

sites was higher in roots than soils due to their endoparasitic nature (Curtis et al., 2009). 

However higher populations found in Delmonte than Kakuzi farm could be explained by 
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the differences in age (Delmonte farm is older than Kakuzi farm) and the more toxic 

chemical used by Delmonte at fallow stage as explained above. Population density of 

Meloidogyne spp. in Kakuzi farm increased up to 11 months where the population 

densities started to decrease up to 36 months. Sipes et al. (2005) reported that the 

population increase of Meloidogyne spp. happens up to a certain level in time where the 

population densities may decrease or remain the same with no significant decrease 

occurring during the remaining part of the crop cycle until the crop is destroyed and the 

field fallowed. According to Sipes et al. (2005), the population increase of Meloidogyne 

spp. on pineapple is slow compared to other host crops. Studies have demonstrated that 

nematophagous fungi and bacteria increase under perennial crops and may control some 

PPNs (Stirling, 2011); it was speculated that these beneficial organisms could be killed 

by the toxic chemical used in Delmonte.  

The spiral nematodes (Helicotylenchus spp.), were found in large numbers in the 

pineapple soils of Delmonte and Kakuzi and has been reported to commonly occur in 

soils where pineapple is grown (Nath et al., 1997; Costa et al., 1998; Sipes et al., 2005). 

Since this nematode has a wide host range, its presence in large numbers was probably 

influenced by cropping history such as monocropping for an extended period thus 

predisposing pineapple to higher densities. Helicotylenchus spp. has also been implicated 

to be economically important in pineapples (Babatola, 1985; 1986; Ko and Schmitt, 

1993). Higher numbers were detected in older fields of Delmonte pineapple soils than in 

younger months. The presence of Helicotylenchus spp. in association with roots of the 

commercial pineapple, since they are ectoparasites, was associated with the nature of the 

pineapple roots whose main roots are partly suberised on the outermost layer of the bark 
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(Bernards, 2002). The nematodes can penetrate and hide in these corky cells. High 

numbers of nematodes near roots does not always guarantee their parasitism, because 

various free living nematodes similarly congregate in the rhizosphere where food is most 

abundant. Similarly, dead rootlets, killed by fungi or other agents, soon are invaded by 

non-parasitic forms (Linford et al., 1949). 

Pratylenchus spp. was only detected in low numbers in roots samples of Delmonte and 

Kakuzi farms. Their low occurrence in the roots could be attributed to the ability of the 

pineapple to resist or tolerate these nematodes attack (Cook and Evans, 1987). The lesion 

nematode, particularly Pratylenchus brachyurus have been found associated with 

pineapple root system (Stirling, 1993) and are reported to cause major production losses 

(Raski and Krusberg, 1984). In Nigeria, Pratylenchus spp. was among the genera which 

were associated with poor yield and reduced sucker production (Babatola, 1985). 

Other nematode genera associated with pineapple in Delmonte and Kakuzi pineapple 

plantations were Tylenchus spp. and Aphelenchoides spp. that occurred in large numbers 

and at high frequencies in the soil and root samples examined. The abundance of these 

nematode species in soil has been widely reported but their economic importance is yet to 

be established (Bafokuzara, 1996; Sharma and Amabile, 1999). Although there is need to 

conduct more research on such PPNs that are found in large numbers in association with 

pineapple, high population density of a particular PPN does not always guarantee that the 

nematode causes damage to the plant (Sipes et al., 2005). Rotylenchus spp. and 

Hoplolaimus spp. were found in small numbers in both farms and research has indicated 

that they are of limited or unknown pathogenicity on pineapple (Sipes et al., 2005). Their 
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presence and occurrence in pineapple could probably form an additional pressure of 

parasitism and pose a threat to pineapple production.  

5.2 Colonization of roots by Trichoderma spp. 

Three of the four isolates of the Trichoderma spp. tested successfully colonized the 

pineapple roots and leaves endophytically and this study is the first to report such a 

finding on pineapple. The F2L4 isolate of T. harzianum did not meet these criteria though 

whether this was related to the soil substrate used, incompatibility with pineapple roots, 

or the strain tested remains unknown. Trichoderma spp. have been widely demonstrated 

to colonize the roots of other plant species endophytically (Yedidia et al., 1999; Sharon et 

al., 2001; Dababat and Sikora, 2007) but rates of fungal growth can differ markedly 

between strains within a species (Ahmad and Baker, 1987).  

Successful colonization of the rhizosphere by Trichoderma and its potential as a 

biocontrol agent are dependent on its ability to compete for nutrients and space (Howell, 

2003; Harman, 2006). Most successful strains not only colonize the roots, but can also 

penetrate the epidermis, access the cortex, and even enhance plant development (Harman 

and Kubicek 1998, Yedidia et al., 1999). To colonize the host the fungus should be 

compatible with both the host cultivar and the soil substrate (Al-Hazmi and TariqJaveed, 

2016). Van Damme et al. (2005) and Dababat et al. (2006) recommended that the 

Trichoderma sp. needs to be applied before the introduction of the crop to enhance 

maximum colonization once seedlings are transplanted. The endophytes colonize the 

same root tissues as sedentary plant-parasitic nematodes making them competent 

biological control agents if applied at the right time (Siddiqui and Shaukat, 2003).  
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5.3 Biocontrol of Meloidogyne spp. 

All the biocontrol agents tested significantly increased the root fresh weight of the 

pineapple when compared to the M. javanica treated plants. Their ability to increase the 

root weight was attributed to the competence of the fungus in promoting root 

establishment. Several studies have proved that Trichoderma spp. and other endophytic 

fungi are able to improve the growth of the plant (Spiegel and Chet, 1998; Pandey et al., 

2003; Sharon et al., 2007; Lamovšek et al., 2013). Root weight increased significantly 

when the tomato seedlings were inoculated with T. harzianum BI at planting compared to 

nematode controls (Naserinasab et al., 2011). Pre-colonization of the seedlings with 

Trichoderma (T-203) during their growth in the nursery significantly improved fresh 

weight of Trichoderma-treated plants (Sharon et al., 2001) compared to the non treated 

plants.  

Similar results were obtained by other researchers with P. lilacinum on its effect on plant 

growth. Purpureocillium lilacinum significantly improved the growth of tomato plants 

inoculated with 2000 juveniles of M. javanica (Ganaie and Khan, 2010). Bradyrhizobium 

and fungus P. lilacinum biocontrol agents resulted in increased plant growth on black 

gram plants (Bhat et al., 2012) by increasing mineral uptake of plants thus enabling the plant 

escape the damage from pathogens (Kiewnick and Sikora, 2006; Siddiqui, 2006). However, 

Oclarit and Cumagun (2009) found that the weight of tomato roots treated with M. 

incognita alone was significantly higher than those of plants treated with P. lilacinum. 

Lowest weight recorded in infested control of this study was probably due to the presence 

of galls which led to poor establishment of the roots; severe infection leads to stunted 
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root system and the plants are altered in the uptake of water and nutrients (Sipes et al., 

2005). 

This study demonstrated suppression of root galling on pineapple by two Trichoderma 

isolates; T. asperellum-M2RT4 and Trichoderma sp. MK4. Different isolates of 

Trichoderma have been variously reported to significantly reduce the root galling 

(Spiegel and Sharon, 2005; Sharon et al., 2001). Similar results were obtained in other 

studies done on Trichoderma spp. where different isolates reduced root galling of M. 

javanica on tomatoes (Spiegel and Chet, 1998) and M. incognita on chickpea in both 

field and pot experiments (Pandey et al., 2003). Trichoderma harzianum had significant 

reduction on galling indices of root-knot nematode M. javanica on tomato plants in a 

greenhouse experiment (Sharon et al., 2001, Sahebani and Hadavi, 2008). Simultaneous 

treatment of the soil at transplanting with Trichoderma spp. and M. incognita resulted in 

nematode galling reduction of up to 19.5 %. According to Sharon et al. (2007), tomato 

roots that were pre-treated and colonized by T. asperellum-203 demonstrated 

significantly fewer galls compared to the roots that were not treated.  

Trichoderma isolates, T. asperellum-M2RT4 and Trichoderma sp. MK4, reduced egg mass 

and egg production thus effectively suppressing damage by M. javanica while T. 

atroviride F5S21 did not. Suitability as a biocontrol agent needs to consider the broader 

range of characteristics than the ability to colonize roots. Howell (2003) found that strains 

of T. koningii, which were outstanding root colonizers, showed little or no biocontrol 

activity. Findings by Sharon et al. (2001) demonstrated the nematicidal activity of T. 

asperellum (T-203) against M. javanica. Naserinasab et al. (2011) reported that T. 

harzianum BI reduced egg masses, eggs number of M. javanica on tomato in a pot 
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experiment in the greenhouse. Windham et al. (1989) reported a reduction in egg 

production by M. arenaria, following soil treatments with T-12 isolate of T. harzianum 

and T-8 isolate of T. koningii preparations in maize plants. Sharon et al. (2007) who 

demonstrated the parasitism of egg masses, eggs and J2s inside them by a strain of T. 

atroviride contradicted the findings of this study where F5S21 a strain of T. atroviride in 

this study increased the egg mass and egg production. Our results showed that some 

strains once they colonize the plant rhizosphere they suppress the immunity of the plant 

making the host more susceptible to pathogens (Howel, 2003). 

Trichoderma atroviride-F5S21 had a negative effect on M. javanica affecting pineapple 

although it was found to colonize their roots endophytically. Al-Hazmi and TariqJaveed 

(2016) suggested the need to understand the compatibility of the fungal isolate with the 

host and the soil, which is crucial in establishment and survival of the Trichoderma spp. 

It is essential that the biocontrol isolate persists in the soil, readily colonizes the 

environment and efficiently establishes on the host plant (Harman, 2000, Howell et al., 

2000) to enable its competence as a successful biocontrol agent (Singh and Singh, 2009). 

However, strains of T. koningii were found to be outstanding root colonizers but showed 

little or no biocontrol activity. Thus there is need to consider a broader range of 

characteristics beyond the ability to colonize roots (Howell, 2003). Endophytic 

Trichoderma spp. have previously been shown to suppress the damage caused by 

nematodes, in part by preventing nematode penetration (Lamovšek et al., 2013). 

Similarly, the nematicidal activity of T. asperellum (T-203) (Sharon et al., 2001) and T. 

atroviride have been confirmed (Sharon et al., 2007), demonstrating that strain, target 

pest species and host need to be compatible. 
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The two isolates of P. lilacinum (MR2 and KLF2) in our study reduced root galling, egg 

mass and egg production, reflecting results similar to those reported by Ganaie and Khan 

(2010) on tomatoes, when applied 10 days prior to introduction of M. javanica inoculum. 

Results similar to this study have also been reported by different researchers on effect of 

P. lilacinum on Meloidogyne spp. (Bonants et al., 1995; Spiegel and Chet, 1998; Sharon 

et al., 2001; Kienwick and Sikora, 2006). Jatala et al. (1986) reported parasitism on eggs 

and other developmental stages of several nematode species by P. lilacinum. 

Purpureocillium lilacinum alone reduced the galls in tomato by 53% compared to the M. 

javanica-inoculated control (Khan et al., 2006a) in pot trials. Purpureocillium lilacinum 

is considered a good rhizosphere competitor (Mukhtar et al., 2013) and its suppressive 

effect has been reported to reduce M. incognita and M. javanica in soil and roots of 

tomato (Lara et al., 1996; Siddiqui et al., 2000). Kienwick and Sikora (2006) 

demonstrated increased biocontrol efficacy of P. lilacinum 251 on M. incognita in tomato 

when applied before planting, combined with a seedling drench and second application. 

According to Rodriguez-Kabana et al. (1984), isolates of P. lilacinum differ widely in 

their biocontrol capacity and ability to establish in soil, emphasising the need to establish 

compatibility with the local specific circumstances.  
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CHAPTER SIX 

6.1 CONCLUSIONS 

Significantly high occurrence of plant parasitic nematodes was observed in the fields of 

Delmonte and Kakuzi commercial pineapple farms. This indicates that pineapple is a 

potential host to PPN pests. Meloidogyne javanica was the most dominant species in 

pineapple production in these farms with higher populations found in older fields. 

Helicotylenchus spp. was also common in Delmonte and Kakuzi pineapple farms. The 

widespread distribution of these and other plant parasitic nematodes in Delmonte and 

Kakuzi farms is disturbing and could have a negative impact on yields in pineapple 

production. 

This study indicates that both Trichoderma spp. and P. lilacinum isolates had direct and 

indirect effects on nematode reproduction (eggs and egg masses) and host response (host 

growth and root galling). These results demonstrate significant suppressive effects of 

isolates Trichoderma asperellum (M2RT4) (ICIPE), Trichoderma isolate MK4 and the P. 

lilacinum isolates (KLF2 and MR2) (KBL) against M. javanica on pineapple. 

Trichoderma spp. colonized the roots of pineapple endophytically. This study is, to our 

knowledge, the first to report the endophytic colonization of Trichoderma spp. on 

pineapple, and its consequent suppression of root knot nematodes on the crop. 

The results of this study provide strong support for exploring further the use of fungal 

biocontrol agents for nematode management on pineapple under field conditions. 

Therefore, these fungal isolates represent a new tool for an integrated management 

program for Meloidogyne spp.  
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6.2 RECOMMENDATIONs 

The study makes the following recommendations;  

The results can be used to improve on surveillance methods/ procedures through 

describing the distribution and prevalence of nematodes already present as well as 

enabling management and cost benefit decisions. 

Having established that Meloidogyne spp. and Helicotylenchus spp.  occurs in 

commercial pineapple farms of Kenya, there is need to determine the possible economic 

damage caused by association of such high population densities with pineapple plants. 

More research is also needed to evaluate the damage threshold of these nematodes in 

pineapple and the amount of economic damage they cause in the commercial pineapple 

plantations.  

There is also need for enhancing awareness of these pests to pineapple producers mainly 

because; (i) sometimes the host may be heavily infected without developing typical big 

galls on the roots and ii) The above-ground symptoms are not easy to differentiate from 

those caused by other factors and hence the problem become hard to recognize. 

The results can help design better management systems of nematodes which are more 

environmentally sensitive options for combining with other management methods 

towards more sustainable pineapple production systems. 

The study recommends longer fallow systems and monitoring of crop age as this could 

help reduce the problem of plant parasitic nematodes 
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APPENDICES 

Appendix 1: Ages of the fields from Delmonte and Kakuzi pineapple farms sampled. 

 

  

Sample collected 

Fields  sampled from Kakuzi and 

Delmonte 

Twenty five (25) core soil samples 

only collected 

Fallow (0 months) 

3 months 

Twenty five (25) core soil and root sub 

samples collected from each field 

5 months 

8 months 

11 months 

24 months 

36 months 
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Appendix 2: Grouping of Meloidogyne spp. based upon perineal pattern morphology 

(Jepson, 1987). 

 


