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Introduction


Plant-parasitic nematodes are difficult to eradicate once established in the environment, because of their clustered distribution, the complex soil environment, and their wide host range. Efforts should be focused on reducing their levels below the economic threshold limits. Various approaches have been used to manage plant-parasitic nematodes. These strategies include cultural, biological, physical, legislative/quarantine, chemical, and the adoption of resistant cultivars. Combining multiple treatments into an integrated approach, often known as integrated nematode management (INM), is more successful than employing one method alone. This is because different strategies target different aspects of the nematode life cycle or biology. For instance, an integrated approach may involve rotating resistant crop varieties, using non-host cover crops, introducing beneficial microbes and practising field sanitaton to manage nematode populations.


The specific combinations of method would depend on factors such as nematode species present, local environmental conditions, soil conditions and the farmers crop preferences. Importantly, successful nematode management requires a thorough understanding of the nematode species, their behaviours and the local agricultural systems. Regular monitoring and adaptation of strategies based on observed results are key to effective management of plant-parasitic nematodes. In this chapter, we will describe each method and the specifie nematode species they can manage.


Quarantine / prevention


All regulatory actions taken to keep nematodes out of a particular location, area, country, or group of countries. A quarantine is intended to prevent the entry of nematodes and their vectors or to limit further spread and multiplication if such entry has already occurred. A quarantine nematode is a nematode of potential economic importance to an area, where it is not yet present, or that is present, but not widely distributed and is being officially controlled. The biological basis of quarantine is knowledge of: geographical distribution, host spectrum,methods for detection, species proper identification, , life cycle and life styles, environment/climate, and farm practises that are suitable in the area for the host and the nematodes establishment.


A nematode of quarantine significance:



		Does not occur in the concerned country but is known to cause economic damage elsewhere,

		Has a life cycle that suggests it is capable of causing damage under local conditions,

		It may be significant if it occurs, but it is not widely distributed,

		If there are more virulent strains that occur or have the potential to cause economic damage to crops, are under a national suppression or eradication programme.




Nematodes are classified into different groups according to the EPPO (European and Mediterranean Plant Protection Organisation), guidelines. A1 quarantine nematodes, for example, are those that are not found in a specific area. A2 nematodes are those nematodes that are present in a specific area but are not widely distributed and are not officially controlled. The addition, deletion, or transfer of nematodes from the A1 or A2 lists is based on the nematode analysis report, i.e. the decision support scheme for quaratine nematodes, as determined by expert working groups comprised of members from various countries. When a nematode's status changes, it is either added, deleted, or transferred from one list to another (https://gd.eppo.int/taxon/APLOBE/categorization).


The quarantine activities include 


Surveillance


This includes surveys for detecting plant-parasitic nematodes. Survillence of nematodes is a fundamental important activity for;



		Early detection and control of indigenous and exotic nematodes

		Limiting the distribution of nematodes

		Looking for nematode-free zones to meet national and international trade requirements

		Managing major nematodes that affect crop production in an effective and timely manner.




Successful surveillance is the collective responsibility of various local and international organisations and workers who use uniform and reliable data collection procedures.


Identification


Accurate identification of nematodes is needed at all levels of the regulatory process. This calls for professionals in nematode taxonomy.


Monitoring of the nematode status


Nematode distribution changes in time and space hence their importance is variable.


Mapping of the nematodes


Maps are the most effective method for summarising current and potential nematode distribution to identify nematode free area and areas with low nematode prevalence.


Decision making


Information on nematodes prevalence at any given time in a region or a country is crucial in policy formulation i.e. control strategy to be applied.


 


Regulatory frameworks for nematode pests


Phytosanitary control refers to any measure that is taken to control plant pathogens. At the regulatory level, such a measure can include the issuing of phytosanitary certificates, the designation of quarantine pests, import and export control, and legislation on control measures. Plant pathogens can cause significant damage when introduced into a new vulnerable agricultural system, in some cases becoming a greater threat than they were in their country of origin. The eradication of many PPN species, once they are established, is almost impossible. As eradication is so challenging, many regulatory frameworks focus on preventing the introduction of nematode into the field. However, regulations must consider that both agricultural and global trade require that food products, planting materials and farm equipment be transported between locations at both a local and a global level.


Nematode-free planting material


Ensuring that planting materials are free of nematodes is important for reducing yield loss and for preventing the spread of nematodes. Exporters of seed such as seed potato and onion,  must often follow strict guidelines, to ensure that their product is free of any nematodes. Contamination is regulated by the issuing of phytosanitary certificates following tests, so as to ensure that fields are not contaminated with the nematodes. Phytosanitary requirements vary by country and can be quite restrictive, depending upon the PPN involved. For example, the export of seed potatoes to Bangladesh and Pakistan requires that potato cyst nematode have not been detected in any fields within a 5 km range over the previous 12 months. Very few PPNs are present in seed, of which Anguina tritici and Ditylenchus dipsaci are good examples. The Anguina spp. can be controlled by means of eliminating infected seed by way of floatation and Ditylenchus spp. can be controlled by applying heat to the seed, prior to planting.


Phytosanitary certificates


Before plant material (e.g. seeds, tubers, food produce) can be exported internationally, export licenses or phytosanitary certificates must often be issued before material is accepted at the arriving country. The prerequisites for obtaining a certificate, which vary by country, will often require pre-export tests for quarantine pests; appropriate transport, handling and storage; and even the use of sterilised packing material.


For example, the importation of seed potatoes into Kenya requires strict testing for the absence of potato cyst nematode (Globodera), potato tuber eelworm (Ditylenchus) and a wide range of other bacterial or fungal pathogens. In addition, plant material must be practically free of any soil or plant debris, and only new packaging containers must be used. Even once a certificate is issued and the export is shipped, a sample of seed potatoes will be kept for further testing.


 


 






 


Cultural management of plant-parasitic nematodes


Managing plant-parasitic nematodes using cultural methods involves implementing various agricultural practices that disrupt the life cycle of nematodes and reduce their populations. These methods aim to create an unfavorable environment for the survival and reproduction of the targeted nematode species. Here are some cultural methods commonly used for nematode management.


Crop rotation


Continuous planting of the same crop each year can lead to poor soil fertility, increased disease and nematode densities, and to a decrease in yield. Intensive cropping is a particular risk to plant production, because once a large population of PPNs has been established, reducing the populations to subthreshold levels can be extremely challenging and costly. Also continous planting of resistant cultivars can lead to the development of new PPN populations that overcome the resistance in the crop lines. Crop rotations seek to reduce such risks by rotating different nonhost crops on a field plot, over consecutive planting years. The absence of a viable host plant for one or more years will significantly reduce the levels of PPN present in the field. Crop rotations are widely used worldwide. A key drawback of crop rotations is that some rotated plants might have limited or no commercial value, and even little value as a food crop, which is a setback in regions where annual profits and the availability of food are a limiting factor. In smallholder systems, farmers may also need to produce their own seed for such rotation, which requires additional land and input. Some species of PPN, like Meloidogyne, also have a wide host range, so that deciding on what crops to include in the cycle is difficult. Pervasive PPNs, like cyst nematodes, also tend to be less affected by crop rotation, as they can remain dormant in the soil for years. A strong understanding of the network of crops and pathogens in the agricultural system is required for effective crop rotations and nematode management.


A short overview on crop rotation in an industrialised setting:





 


More info on crop rotation (Best4Soil):





 


Cover Crops and Green Manure


Planting cover crops such as marigold, mustard, and certain grasses can help suppress nematode populations. Some of the cultivars have resistance to certain PPN. Some of these crops, when incorporated into the soil, release compounds that are toxic or repellant to nematodes, reducing their numbers in the soil. The use of cruciferous plants incorporated into the soil that release volatile compounds, like isothiocyanate, acts as a nematicide. Green manure crops can also be turned into the soil as organic matter, improving soil fertility, but also increasing the antagonistic potential and thereby reducing nematode survival. vary by country, but a large proportion are endoparasitic, as they are easily transported in such plant material as Globodera, Heterodera or Meloidogyne spp.


Antagonistic plants/trap crops


Trap crops seek to reduce the PPN population, by means of promoting the removal of nematodes from the field. Such removal is achieved by means of planting fast-growing, highly susceptible crops in an infested field, and physically removing them, once the nematodes have infected them. Timing is critical in this practice, as nematodes must not be allowed to reproduce on the trap crop, as doing so would lead to population increase. This method suffers from similar issues to those that affect crop rotation, as the trap crop is likely to have no commercial or food value, so it comes at a cost to the farmer, wasting valuable time and land. Again, use of this method requires a good understanding of the biology of the species of nematode present and its preferred host species.


Antagonistic plants differ, in that they cause direct damage to the nematode population, without the need for their removal. Antagonistic plants may release nematicidal compounds directly into the soil or may be incorporated into the soil to enhance nematicidal effects. An example of this is Marigold, which produces the nematicide alpha-terthienyl which can inhibit multiple species of PPN. As with trap cropping, this requires an intimate knowledge of host-pathogen relationships and further research into novel antagonistic plants.


Using French marigolds to control PPN: 





 


Field sanitation


Keeping the field clean of crop roots after harvest and weed hosts can help disrupt the nematode's life cycle. Nematodes often feed and reproduce on such roots  and weeds, so removing them reduces the ability of PPN to survive. While it is impossible to free all the soil in a field, employing simple practices like removing crop roots after harvested and weed hosts that may harbour nematodes prior to planting a new crop can go a long way towards reducing nematode levels.







Fig. 8.1: A poorly maintained banana plantation with multiple shoots  per matt and weeds  that may favor infestations of the lesion nematode Radopholus similis, a serious nematodes causing the toppling disease of the banana plants and loss of yield (Photo credit: Njira Njira Pili).


 










 


Organic amendments


Adding organic amendments to the soil can dramatically reduce the size of PPN populations. Incorporating organic amendments like crop resides, animal manure or compost, into the soil can reduce nematode populations by creating a high concentration of volatile compounds that have nematicidal activity. Organic amendments can also reduce the size of PPN populations, by means of enhancing microbial populations, with biocontrol activity. The widespread use of organic amendments has been demonstrated to be effective against a broad range of PPNs, through the stimulation of fungal and bacterial egg and juvenile pathogens. A key advantage of organic amendments is that they make use of material that is often readily available in an agricultural setting. However, this is also a setback, as applying such methods on a large  farms requires industial production of such composts, which is in many instances unfeasible. On small family farms, the application of organic amendments is labour-intensive, with amendments often lacking, or being used to feed farm animals. Quantifying the effectiveness of organic amendments is challenging, due to their inconsistent composition and application.


Some plant based organic amendments  have nematicidal and nematistatic compound in their extracts. Many extracts have been demonstrated to be effective against nematodes. For example, garlic oil has been demonstrated to be effective against M. incognita and Bursaphelenchus xylophilus. The activity of cinnamon, castor bean, marigold and onion oil has also been demonstrated across a broad spectrum of nematodes. These can be effective as total aqueous or oil extracts from the plant tissue, or, alternatively, the active components of these extracts can be isolated and applied, such as diallyl polysulfides of garlic oil. The nematicide NEMguard® DE utilises polysulfide garlic extracts to inhibit the actions of PPNs, like Meloidogyne incognita, and it is often used as a treatment for tomato. Plant extracts can be delivered to the field as granules, or in a liquid solution (Eder et al. 2021).


Further reading on how to manage a foliar nematode: https://doi.org/10.1007/s41348-017-0106-8


Fallowing


Fallowing is the practice of leaving a field unplanted for a season, or for multiple seasons. A clean fallow, on the otherhand, required maintainng bare soil which is best but often hard to maintain.  The aim of fallow is to allow the soil to stabilize and recover from the effects of cropping and to reduce soil-borne nematode and disease pressure. Fallowing  must also insure that volunteer host plants from the previous crop, and  weed host are removed. . This can be seen as an extension of crop rotation practices, and, as with the other management strategies presented here, is often combined with other approaches, so as to reduce the PPN populations.


Fallowing is often used to manage PPN infestations. A short-term fallow of six weeks was shown to reduce the Pratylenchus and Meloidogyne spp. populations, with the control activity improved when the fallow is follow by in the rotation with a nonhost cover crop. Fallowing can significantly alter the structure of the microbial community, such as increasing the bacterial to fungal feeder ratio, due to a reduction in the amount of vegetal decomposition in the soil (Villenave et al. 2001). Fallowing of sugarcane fields also appeared to reduce the size of Pratylenchus spp. populations, although the populations quickly recovered when the crops were returned to the field. Conversely, the long duration of fallow required (30-42 months) is likely to be uneconomical for the farmer (Stirling et al. 2001).


Further reading: 



		
	Fallow and cropping sequence: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2620074/pdf/91.pdf

	

		
	Fallow periods: https://doi.org/10.1016/S0929-1393(00)00129-3

	

		
	Fallow, fumigation and crop rotation: https://doi.org/10.1071/AP01044

	




Adjusting Planting Dates


Nematode populations often fluctuate with changing environmental conditions. Planting during times when nematode populations are at their lowest can help reduce the impact of nematode damage on the crop. In the management of PPNs , by altering planting time can be done to avoid peak nematode activity and to limit nematode damage, such as when the temperatures are too low or too high for infection or development, or when the nematode numbers have fallen below thresholds. For example, Heterodera avenae causes less yield loss in early seeded wheat in Australia, whereas Meloidogyne incognita causes less damage in late-grown carrot in California. Globodera rostochiensis damage can be avoided by means of planting potatoes early in the UK. To avoid Meloidogyne incognita damage in India, sensitive vegetables can be planted late in the season. The ufra disease, which is caused by Ditylenchus angustus, can be minimised by delaying the cultivation of deep-water rice.




 



Physical management of plant-parasitic nematodes


This management strategy utilizes physical means such as heat and drying to control plant-parasitic nematodes. The management of nematodes using this method depends significantly on temperature. The upper and lower limits for activity, infection, growth and survival vary depending on the nematode species and crop cultivar. There is a need for precise temperature and time controls. Too little time or too low a temperature may not be sufficient to kill the nematodes, while too high a temperature or a too long exposure may harm the plants materials.


Hot water treatment


This method has been used to control nematodes, particularly those spread in seed or planting material. It has been used successfully in banana farming, where hot water treatment of suckers reduced nematode infestation by 30% (Hauser, 2000). The greater the difference in thermal sensitivity between the host plant and the nematode species, the greater the possibility of sterilisation success. Duncan and Moens, (2006) found that paring followed by hot water treatment at 53-55ºC for 20 minutes successfully controlled Radopholus similis, Helicotylenchus multicinctus, Pratylenchus species, and Meloidogyne speciens on banana and plantains. Immersion of banana suckers in water at a constant temperature of 55ºC for 15-25 minutes has been a commercial practise in Australia, Central and South America (Stover, 1972). Hot water seed treatment is probably the most effective method of controlling Aphelenchoides besseyi in rice (Dunan and Moens, 2006). Dipping onions bulbs in hot water at 44-45ºC for 3 hours can control the stem nematode Ditylenchus dipsaci (Bridge and Hunt, 1986).


Solarisation


Solarisation involves trapping solar energy in the form of heat on the soil surface, so as to create conditions that are unfavourable to nematodes. Such conditions can be achieved by means of fitting transparent plastic sheeting to the surface of the field in between crop cycles. Several adaptations to solarisation can further improve its effect, including irrigating the soil to improve heat conduction. The effectiveness of solarisation is highly dependent on such abiotic factors as sunlight and rainfall, so that it might not be suitable for all growing regions. The depth of activity is also a limiting factor on highly mobile PPN species. In some regions, solarisation can be achieved by means of ploughing the soil multiple times per season, so as to induce soil drying, which reduces the size of the nematode populations. However, solarisation is neither easy, nor cost-effective. Some species of PPNs appear to be less affected by solarisation, as with Meloidogyne, due to their ability to move upwards from the unaffected soil The development of new materials might improve the efficacy of solarisation by increasing the capture and storage of solar energy as heat. Such materials would also improve the feasibility of applying solarisation in the cooler regions.


One of the most primitive methods of soil heating is the use of fire, as practised in the slash and burn farming system. In India, the slow burning of rice husks on soil has produced nematode-free soil for use in nurseries. Dry heat can be achieved using various heating devices, but the physical and chemical properties of the treated soil will change (Viaene et al. 2006). Postharvest annual straw and stubble burning has been effective in controlling some seed and stem nematodes such as Aphelenchoides agrostis, A. besseyi, and D. angustus. It has also aided in the control of Anguina tritici in intensive cereal production systems. Several drawbacks exist to this method, including the large amount of burnable material required, the high levels of smoke and pollution caused, the loss of important organic matter to the soil, and the potential for fires to spread out of control in high-risk areas (Fig. 8.2).




 


Fig. 8.2. Field burning, which is common practice in many countries, rapidly prepares the field for the next growing season, but comes at a cost for the large amounts of pollution it creates. [Photo credit: Inge Dehennin].










 


Solarisation of soil to control nematodes:





 


Heat treatment is very important in terms of protected cultivation, where steam or hot water is the preferred method. Treating soil with steam has been demonstrated to be effective in PPN management. However, field treatment likely requires massive volumes of water, is energy- intensive, and requires specialised equipment to be effective. Steam-based sterilisation is mainly used for the glasshouse production of valuable vegetable crops or ornamentals.


Steaming growing media for reuse in greenhouses and nurseries:





 


Flooding


In some regions, flooding is a viable method of treating PPN infestation. Flooding rapidly creates anaerobic conditions that are inhospitable to most PPN species with most killed after several weeks of submergence. Flooding requires access to huge volumes of water and to an effective drainage infrastructure. It is also not suitable for all crops, with it having a significant impact on the microbiome and physical structure of the soil. Field flooding may also predispose plants to root rot, if the drainage is insufficient. Flooded or irrigated rice fields that are under water for from 1 to 3 months causes high levels of mortality for most nematodes, and, in rotations with non-irrigated crops, is effective in nematode control, such as on the root-knot of vegetables and legumes. However, certain nematode species such as Hirshmanniella spp, foliar nematodes, Aphelenchodies besseyi and Ditylenchus angustus are less affected. Some species of Tylenchorhynchus, Helicotylenchus, Heterodera and Xiphinema are also known to survivecertain periods of flooding.







Fig. 8.3: Flooded rice in Taita Taveta, Kenya. This methods has been applied to among other things to control rice nematodes. However, certain species of nematodes such as . spp, which are common in the region, may not be effectively managed through this method (Photo credit: Njira Njira Pili).










 


 








 



Chemical control of plant-parasitic nematodes


The use of chemical compounds to kill or distrupt the life cycle of nematodes is known as chemical control. Nematicides are in some cases often also insecticides that are used to inactivate, or to kill both insects and nematodes. The terms 'nematistatic' is often used to describe substances that paralyse nematodes for a variable amount of time, allowing them to exhaust their lipid stores to the point that they are no longer able to cause harm to plants. In most cases, the activity of the chemical treatment, which is often short, is effective in reducing early root damage. However, in many cases, the lower dosages used, for instance in seed treatments, leads to the reactivation of the nematode’s continued life cycle, but with reduce plant damage.


Since the introduction of the fumigant carbon disulphide in the late nineteenth century, nematicides have been used to control PPNs. Chloropicrin, 1,3-dichloropropene (1,3-D), methyl bromide, 1,2-dibromo-3-chloropropane (1,2–DBCP), 1,3-dichloropropane (1,3-D) and 1,2-dichloropropane mixes (DD), formaldehyde, metam sodium, and dazomet are among the fumigants developed in the early part of the twentieth century. Chemical fumigation has been shown to be a generally successful and dependable method of reducing pre-plant plant-parasitic nematode infestationsespecially  when used for high-value horticultural crops.


When developing a nematicide, it is common to test thousands of compounds against a single species. To begin with, compounds are tested at high dosages. Candidate compounds are then tested against a variety of important PPN species in soil and in infested plants,  at increasing dosage rates. Later, research into the chemical's physiochemical characteristics, toxicity and environmental profile is carried out. Field microplots and complete field tests are conducted, so as to assess the chemical's impact on plant growth, yield, quality and nematode reproduction rates. Later, under field conditions, the environmental impact is assessed. Field testing spanning numerous sites and years is necessary for providing effectiveness data for registration reasons. From basic screening, through to the introduction of a novel nematicide, normally takes 8 to 10 years, with the entire exercise costing over US$60 million.


Nematicides are categorised by chemical group (carbamates, organophosphates), mechanism of action (acetylcholinesterase inhibitor, mitochondria toxic) and method of application (fumigant, non-fumigant). Compounds based on halogenated hydrocarbons and those that emit methyl isothiocyanate constitute the fumigant halogenated nematicides. The two fumigants, 1,3-D and methyl bromide are two halogenated hydrocarbons that directly affect the biochemical processes involved in protein synthesis and respiration. Dazomet and sodium N-methydithiocarbamate (metam sodium) are broken down in the soil to yield methyl isothiocyanate. Cyanide, once within the nematodes, stops the nematode from using the available oxygen, which is delivered by means of oxygen-transporting globins, thus preventing respiration.


Organophosphates (e.g. fenamiphos, ethoprophos and fosthiazate) and carbamates (e.g. aldicarb, carboufuran and oxamyl) nematicides are granular or liquid formulations that are either applied to the soil or directly to the seed at planting time. At present doses, they inhibit nematode hatching and migration. The active substance enters the nerve system through the nematode's cuticle, where it binds to the enzyme acetylcholinesterase (AChE) at the synapse, which is required to hydrolyse acetylcholine at the synaptic cleft. Carbamates and organophosphates, which have reversible metabolic effects at field rates, do not normally kill the nematode. To optimise nematode control, the precise timing of application and the thorough integration (solid formulations) or dissipation (liquid formulations) of products in the target zone of the soil, enhance exposure. Cadusafos, carbofuran, ethoprophos, fenamiphos and oxamyl are among the non-fumigant nematicides that are available in liquid formulations worldwide.


The active ingredients are used to manage a variety of plant-parasitic nematodes. The newer nematicides (e.g., Velum and Tymirium) entering the market are applied to the soil and seed. They are highly effective and toxic to the nematodes through activity that is directed towards the mitochondria. In some cases, they even have fungicide activity. Degradation begins as soon as the nematicides are added to the soil (or plant). Important is that the  nematicide breaks down into harmless compounds, which can be eliminated from the environment. However, to successfully manage the target nematode population, nematicides must be persistent enough for a limited amount of time. Soil microbes are important in the breaking down of nematicides, which provides a source of carbon or energy. Microbial degradation is a useful process, since it permits nematicides to degrade into harmless compounds. However, if the breakdown happens too quickly, the amount of efficacy might be affected. Nematicides degrade most quickly in warm, damp, alkaline soils, which are ideal for microbial activity.


Nematicides are often nonselective pesticides, meaning that they tend to impact on species that are not intended to be affected by them. The most obvious effect occurs when non-target organisms are exposed to lethal or harmful concentrations of the active substance, by means of direct ingestion, contact or exposure. However, a less evident consequence occurs when a nematicide is used and the organism's environment is changed, through the destruction of its habitat or food supply. The toxicity categorisation of a nematicide can be used to determine whether it has potential to impact non-target species. Some organophosphates, like fenamiphos, ethoprophos and cadusafos, as well as carbamates, like oxamyl, aldicarb and carbofuran, are extremely toxic to birds and fish. In contrast, oxamyl and ethoprophos are only moderately hazardous to fish.


Birds, which may be physically exposed by means of consuming split granules, may also consume contaminated soil worms, implying that direct contact or exposure is not required for a chemical to affect a non-target organism. Non-target creatures are also at risk from fumigant nematicides, which expose the chemical in its gaseous state. Water sources can be contaminated by nematicides in one of two ways. Spills or washings from equipment that occur in, or near, water sources give a straightforward pathway to contamination, first with real nematicide application (point source contamination). Leaching through the soil into the ground water below is the second pathway, which is less obvious (diffuse source contamination).


Nematicides, which have the potential to harm people, are frequently hazardous to mammals. Experimentation can be used to evaluate toxicity, with a toxicity metric, like an LD50, being calculated. The lower the LD50, the more poisonous the nematicides are. Inhalation, ingestion and absorption are three possible routes of contamination. Humans can also be exposed to pesticides, by means of ingesting contaminated food or drinking contaminated water. Several nematicides have been removed from the market, due to their environmental side-effects, with one example being methyl bromide, which impacts on the ozone in the atmosphere.






 



Biological control of nematodes


Biological control methods have gained significant attention and importance in nematode management due to their environmental friendliness and potential for sustainable control. One of the approaches within biological control involves utilising natually occurring beneficial microorganisms to reduce nematode populations. This method can provide benefits while minimising negative impacts to the environment. By promoting microorganisms to interact with agricultural crops whether they live within the plants (endophytes) or on their surfaces (epiphytes) can indeed confer key advantages to the plants and contribute to nematode management. Certain microorganisms such as nematophagous fungi and bacteria, have the ability to parasitise or feed on nematodes.


By promoting the growth and activities of their natural enemies, they can help suppress nematode populations. Furthermore, microbes can stimulate the natural defence mechanisms of a plant, making them more resistant to nematode infestations. This can include activation of systemic acquired resistance (SAR) pathways and producing secondary metabolites that deter nematodes. On plant growth promotion, many beneficial microorganisms such as Trichoderma esperellim, and Plant Growth Promoting Rhizobacteria can promote plant growth by enhancing nutrient uptake, improving soil structure, and increasing tolerance to abiotic stresses. Improved plant growth also generally increases resistant/tolerant to nematode damage.


Research in this field is ongoing, and scientists are exploring the interactions between plants, nematodes, and various microorganisms to develop effective and practical applications for agricultural systems. Successful implementation of biological control methods requires an understanding of the specific microorganisms involved, their modes of action, and their compatibility with different crops and conditions. Detailed discussion of the biocontrol agents can be found below.


 


Biocontrol agents


Biocontrol agents encompass a broad range of naturally occurring organisms that adversely affect nematode populations, including predatory nematodes like Mononchidae that feed on smaller nematodes, the bacteria Pasteuria spp., which can parasitise PPNs, like the Meloidogyne spp. J2, and fungi that trap and


Biocontrol agents encompass a broad range of naturally occurring organisms that adversely affect nematode populations, including predatory nematodes like Mononchidae that feed on smaller nematodes, the bacteria Pasteuria spp., which can parasitise PPNs, like the Meloidogyne spp. J2, and fungi that trap and predate nematodes. Nematodes themselves can also act as biocontrol agents, such as in the case of entomopathogenic nematodes (EPNs), which can control insect populations, or mollusc-parasitic nematodes (MPNs), which are active against  molluscs such as slugs.


Most predatory nematodes belong to the orders Mononchida, Dorylaimida, Diplogasterida and Aphelenchida. The success of a predatory nematode as a biocontrol agent depends on multiple factors, including prey range and preference, feeding and predatory mechanisms, ecological compatibility and the ease of culturing in vitro. Naturally occurring predatory nematode populations can also be enhanced through the use of cultural practices and soil amendments (Kanwar et al. 2021). To date, little success has been achieved in applying predatory nematodes as a biocontrol agent, with possible candidates continuing to be explored.


Bacteria have been used as effective PPN biocontrol agents. Bacillus firmus is a naturally occurring soil bacteria that is used to control PPNs, such as root-knot nematodes. Being commercially produced as Nortica™, it is provided as a powder or formulation that can be applied to the soil or seed. Its mode of action is complex, involving the degradation of plant root exudates, which inhibits PPN parasitism (Votivo). The bacteria Pasteuria spp. is an obligate parasite of the Meloidogyne spp. Spores of Pasteuria stick to the body of the nematode, eventually infecting it, interfering with its reproductive success. Pasteuria nishizawae is commercially available as a seed coat treatment of soybean (Clariva).




Fig. 8.4. Nematophagous fungal species capturing juveniles of the root-knot nematode Meloidogyne incognita. A: Arthrobotrys dactyloides trapping nematode using construction rings. B: A juvenile of the root-knot nematodes partially consumed by the fungus; C: Arthrobotrys brochopaga trapping the nematode using adhesive trap and D: growth of the fungal hyphae of D. brochopaga in the nematode, after consuming the content of the nematode body (Photo credit: Njira Njira Pili).


 










Nematode-trapping fungi, also known as nematophagous fungi, are natural enemies of nematodes, in soil ecosystems. Over 700 species of nematophagous fungi have been found and characterised, with the majority of them being facultative saprotrophs, with only a few being obligate parasites. The fungi are categorised into four groups: fungi that capture and, subsequently, invade nematodes; fungi that penetrate nematodes after first immobilising them with toxins; obligatory endoparasitic fungi that infect nematodes following spore germination; and opportunistic saprophytic fungi that colonise nematode eggs. The nematode-trapping fungi, Arthrobotrys dactyloides and Dactyalia brochopaga (Fig. 8.4), can reduce the impact of root-knot nematodes in tomato and rice, by means of reducing the number of galls, females, egg masses and second-stage juveniles.


Antagonistic potential (AP) in soil


The soil in every farmer’s field contains a high level of biodiversity, whether good, bad and neutral regarding plant and root health. Every soil contains many antagonists that act as biocontrol agents. This living and very active component of the naturally occurring biodiversity in soil is responsible for regulation of PPNs affecting root health. Under natural ecosystem conditions, PPN are not a major problem, due to the regulation of pests and diseases by the antagonists naturally present in the soil. Their potential impact on plant health is determined by the level of the antagonistic potential, which can be manipulated with crop rotations and organic matter inputs by mulching with organic amendments. Measuring the antagonistic potential (AP) in a soil can be useful in developing management strategies (Sikora et al. 2021). Some of the most important strategies are discussed below.


Commercial characterisation


A good biocontrol agent has several different characteristics, with it showing specificity to the target PPN and being lethal, or with it seriously interfering with its normal functioning. A biocontrol agent should be suitable for large-scale culturing, which is feasible for many bacterial or fungal agents, but which may be challenging for more complex agents, like obligate parasites and predatory nematodes. Ideally, the agent will be produced in formulations easy to disperse in the field, using standard equipment. The agent should also be environmentally safe, showing no significant exposure risk to humans. The possession of a good shelf life and viability in the soil are also important characteristics that help ensure biocontrol success. Compatibility with other biocontrol agents is a useful characteristic, if the agent is to be used as part of an integrated pest management programme.


Further reading on predatory nematodes: https://www.sciencedirect.com/science/article/pii/S1049964421001389


Discussion of the biocontrol of PPN:





 






 



Host resistance


Resistance is the most important biological component that is used in managing PPN, with such cultivars usually being produced by means of conventional breeding. However, new breeding technology is also now available. The integration of resistance genes into commercial cultivars by means of either procedure is an extremely important tool for improving crop yield. Resistance genes can also reduce the reliance on field inputs, like nematicides, which comes at an economic benefit to the farmer, as well as with environmental benefits. For example, the resistance gene Hero provides broad-spectrum resistance against the potato cyst nematode species, Globodera rostochiensis and G. pallida. In tomato, the Mi resistance gene has also proven to be effective and economically viable in the treatment of Meloidogyne spp.


However, several current drawbacks exist regarding the use of resistance genes. The number of identified PPN resistance genes is relatively low, with the identification of novel genes being both time consuming and technically challenging. Introgressing a resistance gene into a commercial cultivar can take up to a decade, although the length of time involved has been improved, with the making of recent advances in marker-assisted breeding and speed-breeding methods. The deployment of resistance genes is critical, as misuse or overreliance can lead to the development of PPN species that are capable of overcoming resistance.


An alternative to relying on conventional resistance breeding is to apply genetic engineering (GM) to crops to improve PPN resistance. Three general strategies for reducing nematode parasitism through a genetic engineering approach are as follows:



		the targeting of processes within the nematode

		the targeting of processes that occur at the nematode−plant interface

		engineering of the plant immune response




A well-studied example of targeting nematode biology is the expression of cysteine protease inhibitors in the plant. Such proteases are an important component of the nematode digestive system, which enzymatically digests consumed food. The inhibition of cysteine proteases has a negative effect on the nematode, and, as different proteases have been identified across various PPN species, this is expected to have a broad-spectrum effect. The expression of such inhibitors as the rice oryzacystatin protein in plants has been demonstrated to inhibit the growth of PPN populations, although, to date, no cysteine protease inhibitor GM products have yet made it to market. Such targeted approaches have seen widespread success for other pests, as, for example, in the case of the expression of Bacillus thuringiensis toxins (Bt toxin), which have been extremely effective at combatting insect pests, by means of disrupting their digestive system.


Disrupting molecular processes that occur at the plant−nematode interface is a promising target for molecular resistance. Many PPNs, but particularly sedentary endoparasites, deliver a cocktail of enzymes and molecules that seeks to alter plant metabolism and physiology to the benefit of the nematode. One strategy for their control is to disrupt the expression of the genes, using RNA interference (RNAi). RNA molecules are expressed by the plant, which, through a variety of mechanisms, are delivered into the nematode, where they suppress gene expression of the target gene. RNAi, which is a highly specific mechanism, can target individual genes for disruption. For example, the potato cyst nematode, Globodera spp., secretes endoglucanase enzymes into the plant that disrupt the functioning of the plant cell walls. The RNAi of genes that express such enzymes has been demonstrated to inhibit cyst development (Chen et al. 2007). To date, the RNAi of PPN effectors has not seen any commercial success, with it being predominantly used as a research tool. Several reasons exist for the above. Protein effectors are translated into proteins before they are delivered to the plant, and the RNAi molecules must interfere with the effector genes prior to their translation. As a result, their efficacy will be poor if the nematode genes are relatively inaccessible. Increasing our understanding of effector biology, and developing molecular tools like RNAi, might be capable of yielding an effective strategy for disrupting the plant−nematode interface.


An alternative molecular method of improving plant resistance entails directly engineering the plant immune response. A clear aim of the above would be to modify crops genetically, so as to express the functional resistance genes involved. An example of the above is the Innate™ potato line, which expresses the late blight resistance gene, Rpi-vnt1. To date, several PPN resistance genes have been isolated and validated, with them, likely, being well suited to GM expression. However, care must be taken when deploying resistance genes, so as to ensure that the related resistance is not broken by a new PPN pathotype. With the exception of standard breeding methods, none of these now forms of breeeding for resistance has yet proved effective against PPNs.


Further reading on pathogenicity pathogens PCN: https://apsjournals.apsnet.org/doi/pdf/10.1094/MPMI-18-0621


 






 



Integrated Pest Management


Plant nematode integrated management is a holistic approach that combines multiple strategies to reduce nematode damage while minimising the environmental impact of the nematode control methods. It is the major approach used to manage PPNs on most crops. These strategies must be tailored to the specific nematode species and crop types found in a given agricultural system. This is key because nematode species can vary in their behavior and preferences, and different crops may have varying susceptibilities to nematode damage. By considering the specific context and needs of a given agricultural system, farmers and agricultural professionals can develop a customized nematode management plan that maximizes the benefits of each strategy while minimizing potential negative impacts on the environment, crop yields, and economic sustainability. Integrated nematode management is an ever evolving field of applied sceince that encourages ongoing research and adaptation to meet the challenges posed by these nematodes in agriculture.


Further reading on integrated pest management:



		https://www.annualreviews.org/doi/10.1146/annurev.ento.43.1.243

		https://cabidigitallibrary.org/doi/book/10.1079/9781789247541.0000
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Practical Session





Management of PPN


Visits


This practical will be presented as a visit, which could take the form of any of the following suggestions, depending on what resources are available nearby in the area:



		A visit to a commercial farmer known to have nematode problems, so as to be able to discuss possible solutions for nematode management.

		A visit to a smallholder farmer to discuss possible solutions for PPN management.

		A visit to a diagnostic laboratory.

		A visit, in the company of an extension officer, to a farm with PPN problems.

		A visit to a plant quarantine station with a diagnostic laboratory.

		A visit to trial sites of students or companies undertaking field trials for nematode control.

		A visit to a nursery, to find out how they manage PPN-related problems.




Students could make a short report about the visit, or organize a brainstorm session (in groups) on a particular research question / issue (e.g. what can we do to bring better awareness about nematodes to smallholder farmers,...). 
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var config = {"kotobee":{"liburl":"https://admin.kotobee.com/"},"slogan":"An interactive ebook","libraryInfo":"An interactive ebook library","annotations":true,"searchBooks":true,"searchLibrary":true,"mediaTab":true,"tts":true,"googleLookup":true,"wikipediaLookup":true,"clipboardCopy":true,"share":true,"overflowScroll":false,"preserveLoc":true,"settingsTab":true,"styleControls":true,"textSizeControls":true,"chaptersTab":true,"imagesInMediaTab":true,"showCategories":true,"notebookTab":true,"defaultLanguage":"en","toc":{"listStyle":"decimal","childListStyle":"decimal","title":"Table of Contents","spacing":1,"fontSize":1.2},"aid":{},"loaderColor":"#bddac0","splashColor":"#15530e","splashBgColor":"#ffffff","chaptersColor":"#ffffff","chaptersBG":"#323232","selectedChapterColor":"#a4d78d","headerBG1":"#323232","headerBG2":"#323232","headerColor":"#ffffff","tabsBG":"#ffffff","tabsColor":"#444444","chaptersBookBG":"#323232","chaptersBookColor":"#ffffff","libraryColor":"#ffffff","accessDeniedColor":"#666666","accessDeniedBg":"#f8f8f8","openBookColor":"#ffffff","openBookBg":"#009966","defaultTtsLanguage":"en-US","hideLogo":false,"hideLoadingMsg":false,"autohideHeader":true,"autohideLibHeader":true,"hideFxlNavBtns":false,"autohideReaderMode":"showOnScroll","autohideLibMode":"alwaysShow","spreadSpacing":0,"firstDoublePage":0,"defaultPageScroll":true,"pageScrollOptional":true,"defaultViewMode":"auto","viewModeOptional":true,"navAnimOptional":true,"languageOptional":true,"singleViewOnPortrait":true,"hideFxlBestFitBtn":false,"hideTOCAtWidescreen":false,"vibrationIntensity":"high","videosInMediaTab":false,"audioInMediaTab":false,"serialNavMode":"spine","bookThumbShadow":true,"ttsRate":100,"miniapps":[],"checksum":"cf5603670ab55178cfcc7953ab46b5c8","v":1.4,"showFavorites":true,"logo":"nemedussaandsponsorl.jpg","splashBg":null,"visitedChapterColor":"#cccccc","noVibration":true,"startupScreenDelay":1,"noLoadingScreen":false,"fxlFitToHeightBtn":false,"noSleep":false,"pdfMode":"pdf","autoChapter":false}
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EPUB/xhtml/epub13p88/EPUB/js/global.js
/*** Place your javascript code below ***/ 






EPUB/xhtml/epub13p88/_kmeta/config.js
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var config = {"kotobee":{"liburl":"https://admin.kotobee.com/"},"slogan":"An interactive ebook","libraryInfo":"An interactive ebook library","annotations":true,"searchBooks":true,"searchLibrary":true,"mediaTab":true,"tts":true,"googleLookup":true,"wikipediaLookup":true,"clipboardCopy":true,"share":true,"overflowScroll":false,"preserveLoc":true,"settingsTab":true,"styleControls":true,"textSizeControls":true,"chaptersTab":true,"imagesInMediaTab":true,"showCategories":true,"notebookTab":true,"defaultLanguage":"en","toc":{"listStyle":"decimal","childListStyle":"decimal","title":"Table of Contents","spacing":1,"fontSize":1.2},"aid":{},"loaderColor":"#bddac0","splashColor":"#15530e","splashBgColor":"#ffffff","chaptersColor":"#ffffff","chaptersBG":"#323232","selectedChapterColor":"#a4d78d","headerBG1":"#323232","headerBG2":"#323232","headerColor":"#ffffff","tabsBG":"#ffffff","tabsColor":"#444444","chaptersBookBG":"#323232","chaptersBookColor":"#ffffff","libraryColor":"#ffffff","accessDeniedColor":"#666666","accessDeniedBg":"#f8f8f8","openBookColor":"#ffffff","openBookBg":"#009966","defaultTtsLanguage":"en-US","hideLogo":false,"hideLoadingMsg":false,"autohideHeader":true,"autohideLibHeader":true,"hideFxlNavBtns":false,"autohideReaderMode":"showOnScroll","autohideLibMode":"alwaysShow","spreadSpacing":0,"firstDoublePage":0,"defaultPageScroll":true,"pageScrollOptional":true,"defaultViewMode":"auto","viewModeOptional":true,"navAnimOptional":true,"languageOptional":true,"singleViewOnPortrait":true,"hideFxlBestFitBtn":false,"hideTOCAtWidescreen":false,"vibrationIntensity":"high","videosInMediaTab":false,"audioInMediaTab":false,"serialNavMode":"spine","bookThumbShadow":true,"ttsRate":100,"miniapps":[],"checksum":"cf5603670ab55178cfcc7953ab46b5c8","v":1.4,"showFavorites":true,"logo":"nemedussaandsponsorl.jpg","splashBg":null,"visitedChapterColor":"#cccccc","noVibration":true,"startupScreenDelay":1,"noLoadingScreen":false,"fxlFitToHeightBtn":false,"noSleep":false,"pdfMode":"pdf","autoChapter":false}
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var config = {"kotobee":{"liburl":"https://admin.kotobee.com/"},"slogan":"An interactive ebook","libraryInfo":"An interactive ebook library","annotations":true,"searchBooks":true,"searchLibrary":true,"mediaTab":true,"tts":true,"googleLookup":true,"wikipediaLookup":true,"clipboardCopy":true,"share":true,"overflowScroll":false,"preserveLoc":true,"settingsTab":true,"styleControls":true,"textSizeControls":true,"chaptersTab":true,"imagesInMediaTab":true,"showCategories":true,"notebookTab":true,"defaultLanguage":"en","toc":{"listStyle":"decimal","childListStyle":"decimal","title":"Table of Contents","spacing":1,"fontSize":1.2},"aid":{},"loaderColor":"#bddac0","splashColor":"#15530e","splashBgColor":"#ffffff","chaptersColor":"#ffffff","chaptersBG":"#323232","selectedChapterColor":"#a4d78d","headerBG1":"#323232","headerBG2":"#323232","headerColor":"#ffffff","tabsBG":"#ffffff","tabsColor":"#444444","chaptersBookBG":"#323232","chaptersBookColor":"#ffffff","libraryColor":"#ffffff","accessDeniedColor":"#666666","accessDeniedBg":"#f8f8f8","openBookColor":"#ffffff","openBookBg":"#009966","defaultTtsLanguage":"en-US","hideLogo":false,"hideLoadingMsg":false,"autohideHeader":true,"autohideLibHeader":true,"hideFxlNavBtns":false,"autohideReaderMode":"showOnScroll","autohideLibMode":"alwaysShow","spreadSpacing":0,"firstDoublePage":0,"defaultPageScroll":true,"pageScrollOptional":true,"defaultViewMode":"auto","viewModeOptional":true,"navAnimOptional":true,"languageOptional":true,"singleViewOnPortrait":true,"hideFxlBestFitBtn":false,"hideTOCAtWidescreen":false,"vibrationIntensity":"high","videosInMediaTab":false,"audioInMediaTab":false,"serialNavMode":"spine","bookThumbShadow":true,"ttsRate":100,"miniapps":[],"checksum":"cf5603670ab55178cfcc7953ab46b5c8","v":1.4,"showFavorites":true,"logo":"nemedussaandsponsorl.jpg","splashBg":null,"visitedChapterColor":"#cccccc","noVibration":true,"startupScreenDelay":1,"noLoadingScreen":false,"fxlFitToHeightBtn":false,"noSleep":false,"pdfMode":"pdf","autoChapter":false}



EPUB/xhtml/epubju6fq/EPUB/js/kotobeeInteractive.js
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/*** Place your javascript code below ***/ 
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var config = {"kotobee":{"liburl":"https://admin.kotobee.com/"},"slogan":"An interactive ebook","libraryInfo":"An interactive ebook library","annotations":true,"searchBooks":true,"searchLibrary":true,"mediaTab":true,"tts":true,"googleLookup":true,"wikipediaLookup":true,"clipboardCopy":true,"share":true,"overflowScroll":false,"preserveLoc":true,"settingsTab":true,"styleControls":true,"textSizeControls":true,"chaptersTab":true,"imagesInMediaTab":true,"showCategories":true,"notebookTab":true,"defaultLanguage":"en","toc":{"listStyle":"decimal","childListStyle":"decimal","title":"Table of Contents","spacing":1,"fontSize":1.2},"aid":{},"loaderColor":"#bddac0","splashColor":"#15530e","splashBgColor":"#ffffff","chaptersColor":"#ffffff","chaptersBG":"#323232","selectedChapterColor":"#a4d78d","headerBG1":"#323232","headerBG2":"#323232","headerColor":"#ffffff","tabsBG":"#ffffff","tabsColor":"#444444","chaptersBookBG":"#323232","chaptersBookColor":"#ffffff","libraryColor":"#ffffff","accessDeniedColor":"#666666","accessDeniedBg":"#f8f8f8","openBookColor":"#ffffff","openBookBg":"#009966","defaultTtsLanguage":"en-US","hideLogo":false,"hideLoadingMsg":false,"autohideHeader":true,"autohideLibHeader":true,"hideFxlNavBtns":false,"autohideReaderMode":"showOnScroll","autohideLibMode":"alwaysShow","spreadSpacing":0,"firstDoublePage":0,"defaultPageScroll":true,"pageScrollOptional":true,"defaultViewMode":"auto","viewModeOptional":true,"navAnimOptional":true,"languageOptional":true,"singleViewOnPortrait":true,"hideFxlBestFitBtn":false,"hideTOCAtWidescreen":false,"vibrationIntensity":"high","videosInMediaTab":false,"audioInMediaTab":false,"serialNavMode":"spine","bookThumbShadow":true,"ttsRate":100,"miniapps":[],"checksum":"cf5603670ab55178cfcc7953ab46b5c8","v":1.4,"showFavorites":true,"logo":"nemedussaandsponsorl.jpg","splashBg":null,"visitedChapterColor":"#cccccc","noVibration":true,"startupScreenDelay":1,"noLoadingScreen":false,"fxlFitToHeightBtn":false,"noSleep":false,"pdfMode":"pdf","autoChapter":false}
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var config = {"kotobee":{"liburl":"https://admin.kotobee.com/"},"slogan":"An interactive ebook","libraryInfo":"An interactive ebook library","annotations":true,"searchBooks":true,"searchLibrary":true,"mediaTab":true,"tts":true,"googleLookup":true,"wikipediaLookup":true,"clipboardCopy":true,"share":true,"overflowScroll":false,"preserveLoc":true,"settingsTab":true,"styleControls":true,"textSizeControls":true,"chaptersTab":true,"imagesInMediaTab":true,"showCategories":true,"notebookTab":true,"defaultLanguage":"en","toc":{"listStyle":"decimal","childListStyle":"decimal","title":"Table of Contents","spacing":1,"fontSize":1.2},"aid":{},"loaderColor":"#bddac0","splashColor":"#15530e","splashBgColor":"#ffffff","chaptersColor":"#ffffff","chaptersBG":"#323232","selectedChapterColor":"#a4d78d","headerBG1":"#323232","headerBG2":"#323232","headerColor":"#ffffff","tabsBG":"#ffffff","tabsColor":"#444444","chaptersBookBG":"#323232","chaptersBookColor":"#ffffff","libraryColor":"#ffffff","accessDeniedColor":"#666666","accessDeniedBg":"#f8f8f8","openBookColor":"#ffffff","openBookBg":"#009966","defaultTtsLanguage":"en-US","hideLogo":false,"hideLoadingMsg":false,"autohideHeader":true,"autohideLibHeader":true,"hideFxlNavBtns":false,"autohideReaderMode":"showOnScroll","autohideLibMode":"alwaysShow","spreadSpacing":0,"firstDoublePage":0,"defaultPageScroll":true,"pageScrollOptional":true,"defaultViewMode":"auto","viewModeOptional":true,"navAnimOptional":true,"languageOptional":true,"singleViewOnPortrait":true,"hideFxlBestFitBtn":false,"hideTOCAtWidescreen":false,"vibrationIntensity":"high","videosInMediaTab":false,"audioInMediaTab":false,"serialNavMode":"spine","bookThumbShadow":true,"ttsRate":100,"miniapps":[],"checksum":"cf5603670ab55178cfcc7953ab46b5c8","v":1.4,"showFavorites":true,"logo":"nemedussaandsponsorl.jpg","splashBg":null,"visitedChapterColor":"#cccccc","noVibration":true,"startupScreenDelay":1,"noLoadingScreen":false,"fxlFitToHeightBtn":false,"noSleep":false,"pdfMode":"pdf","autoChapter":false}
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var config = {"kotobee":{"liburl":"https://admin.kotobee.com/"},"slogan":"An interactive ebook","libraryInfo":"An interactive ebook library","annotations":true,"searchBooks":true,"searchLibrary":true,"mediaTab":true,"tts":true,"googleLookup":true,"wikipediaLookup":true,"clipboardCopy":true,"share":true,"overflowScroll":false,"preserveLoc":true,"settingsTab":true,"styleControls":true,"textSizeControls":true,"chaptersTab":true,"imagesInMediaTab":true,"showCategories":true,"notebookTab":true,"defaultLanguage":"en","toc":{"listStyle":"decimal","childListStyle":"decimal","title":"Table of Contents","spacing":1,"fontSize":1.2},"aid":{},"loaderColor":"#bddac0","splashColor":"#15530e","splashBgColor":"#ffffff","chaptersColor":"#ffffff","chaptersBG":"#323232","selectedChapterColor":"#a4d78d","headerBG1":"#323232","headerBG2":"#323232","headerColor":"#ffffff","tabsBG":"#ffffff","tabsColor":"#444444","chaptersBookBG":"#323232","chaptersBookColor":"#ffffff","libraryColor":"#ffffff","accessDeniedColor":"#666666","accessDeniedBg":"#f8f8f8","openBookColor":"#ffffff","openBookBg":"#009966","defaultTtsLanguage":"en-US","hideLogo":false,"hideLoadingMsg":false,"autohideHeader":true,"autohideLibHeader":true,"hideFxlNavBtns":false,"autohideReaderMode":"showOnScroll","autohideLibMode":"alwaysShow","spreadSpacing":0,"firstDoublePage":0,"defaultPageScroll":true,"pageScrollOptional":true,"defaultViewMode":"auto","viewModeOptional":true,"navAnimOptional":true,"languageOptional":true,"singleViewOnPortrait":true,"hideFxlBestFitBtn":false,"hideTOCAtWidescreen":false,"vibrationIntensity":"high","videosInMediaTab":false,"audioInMediaTab":false,"serialNavMode":"spine","bookThumbShadow":true,"ttsRate":100,"miniapps":[],"checksum":"cf5603670ab55178cfcc7953ab46b5c8","v":1.4,"showFavorites":true,"logo":"nemedussaandsponsorl.jpg","splashBg":null,"visitedChapterColor":"#cccccc","noVibration":true,"startupScreenDelay":1,"noLoadingScreen":false,"fxlFitToHeightBtn":false,"noSleep":false,"pdfMode":"pdf","autoChapter":false}
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