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ABSTRACT

Non-chemical management methods for nematode pests in tropical farming systems are many and varied. They range from preventing the introduction of nematodes to biological, cultural and physical means. A few of these methods can be used in all cropping systems (eg. sequential cropping or rotation) and some could be used in particular systems. There are many reasons why there is an uptake of some but not all the alternatives to chemical management ranging from scientifically and financially sound reasons to local and unfounded beliefs. The non-chemical methods are not as widely adopted by farmers as one would expect although a change in pest management attitudes away from chemical use is now occurring.
Tropical farming systems, especially with small farms, are generally far more complex than those found in temperate, developed agriculture and there is a much greater diversity of  cropping practices. In addition, a greater diversity of major nematode pests means that management of nematodes in tropical farms can also be more complex particularly in the use of non-chemical methods. We have considerable theoretical knowledge on the use of alternatives to chemical management of nematodes in tropical farming systems which have been well documented (Bridge, 1987, 1996; Brown, 1987; Christie, 1959; Duncan, 1991; Miller, 1971; McSorley, 1996; Nusbaum & Ferris, 1973; Sethi & Gaur, 1986; Trivedi & Barker, 1986) and are summarised in Table 1. In tropical situations the methods that can be used are covered under four categories: 1) preventing the introduction and spread of nematodes, 2) in the field, using direct, non-chemical, cultural and physical control methods, 3) biological control, and 4) maintaining or enhancing crop biodiversity (Bridge, 1996). In addition to preventing the introduction of nematodes, the other non-chemical methods that can be employed are wide ranging (Table 1). 

Farming systems and practices are very important in nematode management scenarios and consideration of the cropping systems is essential to any scheme of nematode management, regardless of the nematodes or crops involved (Nusbaum & Ferris, 1973). Practices do exist that can successfully be used to manage nematodes, even in poor resource farming systems, but choice of practices will vary with the different systems and environmental situations (Bridge 1996).

Field experience with farmers and extension services has shown us that many of the seemingly sound non-chemical management methods listed in Table 1 are not readily adopted. Theoretically, some of these methods can be used in all cropping systems (eg. sequential cropping or rotation) and some of the methods can be used in selective systems (eg. use of nematode-free planting material). How do we select which of these methods should be recommended for practical nematode management? More importantly, what criteria are the farmers, both large and small, using in tropical farming systems to select non-chemical nematode management methods?

Table 1. Non-chemical nematode management methods

__________________________________________________________

1. Keeping land free of nematodes by preventing their introduction and spread 

1) Use of nematode-free planting material

2) Eliminating nematodes from seed beds and potting soil

2. Cultural and physical field and soil methods by the use of:

1)  Rotation of crops 

2)  Fallows 

3)  Resistant cultivars

4)  Flooding: artificial and natural

5)  Solarization

6)  Adjusting planting time/escape cropping

7)  Antagonistic plants and trap cropping

8)  Burning stubble after harvest

9)  Post harvest destruction/removal of infected crop residues

10)  Cultivating/turning soil between crops

11)  Grafting/use of resistant rootstocks

12)  Improved crop husbandry (compensation for damage)

13)  Organic soil amendments 

14)  Biological control: natural and induced

_________________________________________________________________

There reasons why some methods are acceptable and others are not even tried are many and varied. These can range from scientifically and, especially, economically sound reasons to local and unfounded, often anecdotal, beliefs. In Nigeria, for example, it is reported (Nigeria, 1995) that the long established traditional non-chemical methods and products used for crop protection have declined in use as compared to an increase in use of pesticides. This is partly attributed to the advent of  various religions which preach against superstition i.e. traditional methods. It is also down to the teaching of so called modern methods in schools, and the consequent promotion of ‘modern’ chemical pesticides by extension services. Most of the various alternatives to chemical management have generally been used or tested by farmers both in traditional agriculture in developing countries and in modern agricultural systems in the tropics, such as in Florida, with varying degrees of success (McSorley, 1996).

The reality of the situation is that chemical pesticides are the preferred option for most farmers of all types. There is little doubt from my own experience in the tropics that the majority of farmers, both large and small, believe that chemical pesticides are nearly always the solution to pest ills and, given a choice, would prefer to use them to rid themselves and their crops of actual or perceived pest problems. Therefore, when farmers are considering an alternative to chemical pesticides they are generally looking for a product that can give the same instant results as a pesticide as opposed to a cultural, long term solution. One would expect this from commercial enterprises but it is certainly a surprise to find the small-scale, even subsistence, farmer often voicing the same views. This does not always seem to be the case with growers in the USA who will be forced to stop using an effective nematicide, methyl bromide (MBr). In the debate regarding the alternatives to MBr after it is phased out, Noling and Becker (1994) consider that growers would now prefer to spread their risks in an IPM approach to nematode management. As there is unlikely to be a single replacement that will provide the equivalent control to MBr, the growers in the USA will have  to adopt IPM principles and practices involving the integration and a combination of management methods. Modern nematode management on vegetable crops in the USA will need to focus on the incorporation of several practices into an integrated system tailored to specific crops and locations (Johnson, 1992). This principle will apply in most farming situations and no single non-chemical method alone is likely to provide good nematode management once the problem has been introduced into the farm. As with biological control (Davies et al., 1991), experience has proved that total dependence on only one nematode method is unlikely to give long-term management of nematodes.

This paper will focus on a selection of the most important or most widely known of the alternative practices.Those management measures which are of particular interest or importance in the tropics and which provide us with examples and an insight into the acceptability or otherwise of a range of alternatives are rotations, fallows, resistant cultivars, flooding, solarization and organic amendments.

Rotation of crops

Crop rotation is the most widely known and used nematode management method and which can be very effective. Non-host crops grown in a sequential rotation can markedly reduce soil populations of nematodes that could seriously damage the next susceptible crop. It is a very useful management method in the tropics and, with small scale farmers, it is one of the few practical and effective options available. However, most of the rotation schemes operating have been designed to prevent fungal or bacterial disease outbreaks or increase available soil nutrients and are not always compatible with nematode management (Luc et al., 1990). Crop rotation can be non-existent when nematode susceptible crops are continuously grown, a random rotation which may produce the desired effect but not designed for that purpose, or a sophisticated sequential rotation.

A successful crop rotation will reduce the initial soil populations of damaging nematode species to levels that allow a following susceptible crop  to become established and complete early growth before being heavily attacked (Nusbaum & Ferris, 1973). The interval between susceptible crops should be sufficient to reduce nematode populations to a low enough level and allow the next susceptible crop to establish and yield at an acceptable rate (Trivedi & Barker, 1986). It is generally recommended that a good rotation to reduce damage caused by major nematode pests such as Meloidogyne should not include a nematode susceptible crop more than once in every four growing seasons (Bridge, 1996) or over 2-4 years (Trivedi & Barker, 1986). However, the degree of success depends on the particular crop sequence and the relative levels of susceptibility and resistance involved and the  pathogenic characteristics of the nematode (Rodriguez-Kabana, 1992).  Normally a susceptible crop needs to be planted following a non-host or resistant crop when soil populations will be at their lowest level. Once the host and nematode pest status are known, a rotational sequence of crops can be recommended along the following lines:

SUSCEPTIBLE CROP    

(
POOR HOST CROP    

(
POOR HOST CROP     

(
NON-HOST or RESISTANT CROP    

(
SUSCEPTIBLE CROP

In the presence of serious soil borne pests such as nematodes, some form of crop rotation is generally practised because a susceptible crop grown continuously on the same land would, in the short or long term, succumb to the pest.

Farmers can have difficulties accepting the use of crop rotation as a standard nematode management method for one or more of the following reasons:

1. Non-host crops have little cash or marketable value and, unfortunately, the susceptible crop is usually the most profitable (Johnson, 1992). Farmers would prefer to grow good marketable cash crops as often as possible on the same land.

2. Lack of familiarity with alternative non-host crops and reluctance to introduce new crops.

3. The land is unsuitable for alternative crops.

4. Mixed cropping is a common practice with small scale farmers in the tropics. Rotations are fine for monocrops, but can be very difficult to effectively operate in a mixed cropping system where more than one crop is grown on the same land at the same time.

5. The farmer has to take a more long term view of managing the nematodes when he has been used to instant ‘control’ with pesticides.

6. More than one economically important nematode species is present with different host preferences.

7. Numerous pests are present other than nematodes (which is invariably the case) and these require a different rotational sequence in their management. 

Normally, rotation is not simply the rotation of food and cash crops but also the rotation of these crops with others such as antagonistic plants, trap crops and with various types of fallow.

Fallows

Fallow, strictly a land left uncropped after harvesting and therefore a bare fallow, can also refer to land deliberately planted to cover crops and to land which is allowed to revert to a natural state (as in a ‘bush’ fallow). If susceptible host plants to the resident nematode pest(s) are absent from the fallow, soil populations of nematodes will decline. Ensuring that no nematode host plants occur in the fallow is the crucial factor in the success of a fallow and therefore its continued use by the farmerfor nematode management. 

Some forms of fallow are generally practiced throughout the tropics and give a degree of nematode management although this is not always the intention of the exercise. There are many cases of successful reductions in nematode damage by the use of planted fallows, mainly with non-host pasture grasses, such as their use to manage rootknot on tobacco (Shepherd & Barker, 1990), which provide some immediate return to the farmer. There is also at present considerable interest in the use of leguminous plants (the ‘improved fallows’) which are designed to maintain or increase the productivity of the land under intensive systems. These improved fallows can give effective management of some nematodes but, conversely certain leguminous trees and bushes are themselves severely damaged by nematodes, thus preventing their successful introduction.

Bare fallow, where no host plants including weeds are allowed to grow, can be the most effective in reducing nematode populations but is not the most acceptable agricultural practice because of soil degradation and erosion and the farming efforts required with no immediate return from the land. The non-productivity of bare fallow is the main factor that militates against it being taken up by the farmers.

Resistant cultivars

Nematode resistant cultivars can be one of the most useful, economical and effective means of managing nematodes in all farming situations. However, nematode resistance is found in relatively few crops and is not available for many crop-nematode combinations. The absence of nematode resistant breeding has been put down to a number of reasons including 1) the unavailability of a resistance source, 2) the difficulties of transferring resistance to commercially acceptable cultivars, 3) problems are localised and resistant breeding has a low priority, 4) acceptable alternative management methods are available which include, at present, nematicides (Cook & Evans, 1987). Food crops with a low commercial value would also be considered as a low priority for resistant breeding.

When resistant cultivars do occur, why are they not more universally used or recommended? Two reasons given to explain a lack of uptake or effectiveness are 1) if only a limited range of resistant cultivars is produced, they may not have the agronomic characteristics to suit specific growing conditions and markets of an area, and 2) races or pathotypes of many nematode species exist which are able to overcome resistance (Cook & Evans, 1987). In the former case the farmer would recognise these limitations and in the latter, poor growth or crop failure in the presence of the nematode race or species would effectively eliminate further use of the cultivar. Because of the problem of the existence of certain parasites with different biological races or pathotypes it is possible that if only a limited resistance is bred into cultivars this can actually increase a nematode problem by changing the soil nematode profile so that formerly cryptic virulent pathotypes for which there is no resistant cultivars are selected and become dominant (Cook & Evans, 1987; Rodriguez-Kabana, 1992). Other reasons for the lack of uptake, particularly in tropical situations, can be because the nematode resistant cultivars are highly susceptible to other locally occurring pests and diseases and also because they have higher input requirements than the farmer can accept.  It can also simply be because the farmers and extension officers are unaware of the existence of nematode resistant cultivars.

Flooding: artificial and natural

The use of artificial flooding specifically to control nematodes has, at certain times, been an accepted practice against root-knot and other nematodes on commercial vegetables in fields and seedbeds in Florida, and against Radopholus similis on plantation bananas in Panama and Surinam (Fishler & Winchester, 1964; Johnson & Berger, 1972; Rhoades, 1964; Stover, 1979), but it is not a standard practice. The expense and difficulties of flooding land specifically to control nematodes (or other soil borne pests) is generally prohibitive to most farmers in the tropics. However, it is common for land previously artificially flooded for other reasons, as in irrigated or lowland rice cultivation, to be chosen by farmers for the successful growing of crops, such as solanaceous vegetables, highly susceptible to rootknot nematodes. The high retained moisture levels, not the management of nematodes, is generally the reason why this practice is adopted by farmers but results relating to nematode damage, or lack of it, are the same. Areas of land where artificial or natural flooding repeatedly occurs for extended periods each year will have very low levels, or be entirely free, of most plant nematode pests of crops grown subsequent to draining (Bridge, 1996). Farmers similarly will choose naturally flooded areas alongside rivers and lakes (the dambos of Africa) for successfully cultivating nematode susceptible crops often during the dry season in the tropics or for producing nematode free seedlings on raised seedbeds. The benefits, in relation to nematode management and improved yields, are there for the farmer to see.

Solarization

Soil solarization as a method to manage nematodes, either alone or as an integrated approach, has been widely tested throughout the tropics and subtropics and continues to be shown to give effective reduction of soil borne pests and diseases on a wide range of crops in many countries. In intensive vegetable production in Florida, solarization used to manage soilborne pests including nematodes has been shown to be cost effective, compatible with other pest management practices and readily integrated into the standard production systems that operate locally (Chellemi et al., 1997). This is a method which effectively controls nematodes, is environmentally friendly, poses no toxic threat to humans and livestock, which can be easily applied, is suitable for small and large farms, nurseries and glasshouses and is particularly suitable for the tropics (Gaur & Perry, 1991). Why is it not more widely used? 

One obvious reason is that, although a comparatively simple method using only a polythene sheet, the cost can nevertheless be prohibitive to subsistence farmers and for field use. Other reasons that have been given are its dependence on ideal climatic conditions (hot and bright sunshine), the length of the treatment (solarization can take the field out of cropping for 6-8 weeks), and the requirements of high moisture levels during the ideal treatment times limiting the method to areas with sufficient water for irrigation (Gaur & Perry, 1991). However, solarization can be an acceptable and applicable management practice and there are clearly cropping systems or sites where the method can provide an excellent alternative to chemicals. 

Organic soil amendments

Amending soil by the addition of organic matter is a long established and accepted practice by all types of farmers. Apart from improving soil water holding capacity and nutrients, increased organic content in soils can reduce nematode pest damage by increasing the activity of soil microorganisms antagonistic to nematodes, and by production of decomposition products which can be nematicidal. A very wide range of amendments are used by farmers (Bridge, 1987) although in the majority of cases not specifically to manage nematodes. For whatever reason,  they do successfully play a part in reducing nematode problems. The practical use of soil amendments by farmers greatly depends on their availability and proximity to farms, also on their abundance and their cost because large quantities are required to give effective reductions in nematode populations (Bridge, 1996).

Most of the other alternatives to chemical control (escape cropping, antagonistic plants, burning, destruction of crop residues, turning soil between crops, grafting, improved crop husbandry) have been successfully used in different systems to manage nematodes and there is no reason why some of  these, such as grafting, cannot be more widely used. The main constraints to their use are largely, as with the examples above, financial and lacking immediacy in farmers’ perceptions of pest management.

CONCLUSIONS

Alternatives to chemical control are readily available. These alternative methods will successfully manage nematodes especially when a combination of methods are used as part of an integrated system. However, they have not as yet become as widely adopted by farmers as one would expect. Financial or economic constraints and the long term nature of most of the alternatives together with the lingering ‘pesticide cures all’ philosophy are the main factors limiting their acceptance. There is no doubt that a change is occurring and this can become a sea-change as developed agriculture is forced by public pressure and legislation to adopt non-chemical alternatives. This in turn can become the modern and accepted means of nematode and pest management and this information and reasoning will also become the acceptable face of pest management for smallholder and large farmers in the tropics. It is also likely that, as more scientific attention is focused on non-chemical methods, new or modified alternatives will be found that could be more readily acceptable to growers.
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