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Abstract

Root knot nematodes represent important pathogens affecting global crop production due to their wide host
range. The attack of root knot nematode on various vegetable crops leads to delayed maturity, reduced yields
and quality of crop produce, high costs of production and therefore loss of income. However, their damage in
most cases is overlooked and goes unnoticed by majority of farmers because the damage presents symptoms of
drought and nutrient stress conditions. The limited knowledge among farmers about the problems associated
with root knot nematodes and the inadequate management measures for curtailing the menace presents a major
hindrance for vegetable crops protection. Management strategies should be applied in line with integrated pest
management (IPM) practices to enhance adoption by farmers. Also, vegetable producers should be educated on

the effects of root-knot nematodes.
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1. Introduction

Agriculture forms the back bone of Ghana’s economy contributing about a third of the Gross Domestic Product
(GDP) [1]. Peri-urban farming is an age long activity practiced by several households’ in the country.
Vegetables are an important component of the daily diets of several households in the country and one of the

main crops cultivated by peri-urban farmers.
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Peri-urban farmers according to [2] contributes up to 80% of all fresh vegetables. The common vegetables
produced include cabbage, carrot, green pepper, spring onions and lettuce. The availability of these vegetables
serve as a cheap source of vitamins and other essential elements for human health and well-being. Apart from
meeting the dietary needs of consumers, it is an important source of income to the farmer and raw material for
industrial processors. These farms, usually backyard gardens or open-space farms [3] are located around the
outskirts of several towns and cities [4]. In Ghana, peri-urban vegetable farming is mainly practiced under rain
fed conditions situated on upland and inland valley swamps. Continuous cultivation annually is the common
feature of peri-urban farming in Ghana. It is estimated that 70% of the farmers cultivate their plots for between
10-20 years [5]. The continuous and intensive use of farmlands leads to the build-up of pests and diseases which
constraints production. Root-knot nematodes among other factors represent one of such constraint in vegetable
production. It is associated with the production of several vegetable crops in the country. And these includes but
not limited to vegetable crops such as tomato, okra, cabbage, lettuce and carrots [6, 7]. Activities of root knot
nematodes goes unnoticed by majority of farmers [8,9]. This is because their damage presents a typical drought
and nutrient stress symptoms, often misdiagnosed [10]. The limited knowledge in diagnosing damage of root
knot nematodes limits the ability to identify suitable management practices. This contributes to the pests’
economic importance. According to [11], a global crop loss of about US$ 118 billion can be attributed to plant
nematodes. In support, several works in the country [12, 13, 14, 15] have reported the limited knowledge of
farmers on the damage caused by root knot nematodes. This hinders farmers’ appreciation and adoption of
various management strategy developed and packaged to combat the pest. Also the limited literature and
number of Nematologist limits effective education and dissemination of appropriate information on this pest.
These challenges present a major hindrance in the fight against root knot nematode to ensure vegetable security
and sustainable income for farmers. This review article assesses the general impact of root knot nematodes on
crop production, their symptoms and management options. Suggestions intended to help reduce plant nematodes

menace in peri-urban vegetable farms have also been provided.

1.2 Economic Importance of Root-knot Nematodes

Root-knot nematodes belong to the genus Meloidogyne. It is an economically important obligate plant parasite
with over 5500 plant hosts [16]. The genus Meloidogyne includes approximately 100 described species but only
four viz M. incognita, M. javanica, M. arenaria and M. hapla are the most widely distributed that cause’s
serious economic damage. Of these M. incognita, M. arenaria and M. javanica highly dominates in the tropics
and subtropics [17]. Meloidogyne hapla is found mostly in the cooler regions of the world, although Wong and
Mai [18] reported higher temperatures could favour their invasion into other ecological zones. In Ghana, several
authors [13, 19, 20, 21, 22, 23, 24] have reported on the incidence of Meloidogyne genera on several crops and
weeds. However, [25] confirmed M. incognita, M. arenaria and M. javanica the dominant species based on

molecular identification.

Notwithstanding the fact that root-knot nematodes are cosmopolitan, data on their economic impact is minimal.
This could be attributed to the fact that their damage are less obvious compared to other pests and diseases.
Root-knot nematodes have been associated with yield losses ranging between 20 and 33% [31] in crop

production. In Ghana, [25] and [26] linked the frequent failure in vegetable production to root-knot nematodes
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attack. Apart from the direct reduction in crop yield due to disruption in the host plant physiology, they also
reduce product qualities (e.g. carrots) which are of great economic and social importance. Severe infections lead
to damage and death of a large number of plants resulting in economic loss to farmers. In view of this, [27]
reported that Meloidogyne spp. causes an estimated annual loss of $157 billion globally. [28] however believes
that many crop producing regions in Africa, have no comprehensive assessment that focuses specifically on the
economic impact of Meloidogyne spp. Root-knot nematodes also interact with other plant pathogens
predisposing them to other infections. [29] demonstrated the breakdown of resistance to F. oxysporum
lycopersici in the presence of M. incognita. The damage of this pest predisposes crops to other pathogens
through the leaching of nutrients into the rhizosphere soil which favours the growth of bacteria and fungi [30,
31]. Again, [32] reported that root-knot nematodes attack elicits leaf browning, suppression in plant growth,
fruit yield and photosynthetic pigments. The extent of damage caused is however related to the density of initial
nematode infestation in the soil. Several authors [33, 34, 35, 36] have reported on the negative effects of root-
knot nematodes density on growth and yield of crops. According to [37] reduction in the growth and yield of
crops are directly influenced by pre-plant density of the nematodes in the soil. Also, there is an observed
relationship between increased nematodes populations and death of crop before maturity [38]. The increment in
pre-plant density of nematodes can be influenced by the continuous utilization of fields and use of susceptible

crops, a characteristic feature in peri-urban vegetable production.

1.3 Life History and Symptoms induced by root knot nematodes

Root-knot nematodes, Meloidogyne species are sedentary endoparasitic, whose life cycle is dependent on the
feeding sites. It consists of a simple life cycle comprising of the egg, four larval stages and adult stage. Female
nematodes lay their eggs in a gelatinous matrix of up to 500 eggs forming an egg mass. The second juvenile
stage of root-knot nematode is the most important, because they hatch from the egg and identify a suitable host
through the aid of sensory substances released from roots and has effect on plant roots. Host finding or
migration in soil occurs in water films surrounding soil particles and root surfaces. The root knot nematode
releases enzymes to soften plant cell walls and uses the spear to create entry point into the suitable host. The
root knot nematode juvenile then moves into the root and migrates between cells until it reaches its final and
permanent feeding site. After establishing a feeding site, the juveniles develop into adults within the roots.
Under suitable environmental conditions and adequate food supply, most of the adults develops into females and
remain sedentary within the roots. They develop into a pear or globose shape and use its spear to obtain food
from the giant cells which is essential for establishing host parasitic relationship. However, under reduced food

supply and unfavourable environmental conditions, males are produced and migrate from the roots.

The rapid rate of reproduction and development on good hosts, leads to several generations of the pests during a
single cropping season. Their feeding activity on affected roots affects water and nutrient translocation by the
root system leading to severe crop damage. Root-knot nematodes infested fields show retarded plant growth,
lack of vigour, leaf chlorosis, patchy growth, failure to respond accordingly to fertilizers and wilting under
moisture stress as above-ground symptoms due to damaged or malfunctioning root system. Plants affected by
root-knot nematode usually exhibits varying root galling shapes shown as below ground symptoms. The galls

produced may be small or large, terminal or sub-terminal. However, the type of galling may differ between
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crops and symptom severity increases with the age of the crop. In severe infestations, heavily galled roots may
rot and the size of the root system markedly reduced. In crops such as carrots, symptoms may appear as forked

shape or reduced length.
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1.4 Farmers knowledge of root knot nematodes damage

Soil inhabiting nematodes are considered as hidden enemy to the farmer. This is due to the difficulty in noticing
their presence without trained personnel. Before their presence and damage threshold is established, it has to go
through a series of process. The close association of parasitic nematodes damage to other factors makes their
activities unnoticed. Divergent view exists on farmers’ knowledge of root knot nematodes damage. In a survey
involving 240 okra farmers, across two agro ecologies, [13] observed 84% of respondent did not manage root
knot nematodes infection, an indication of the limited knowledge of the pest among farmers. Similarly, [14]
observed 92% of farmers interviewed had no knowledge about the menace caused by root feeding nematodes.
Similarly, [53] reported that only 18.5% of 120 maize farmers in Uganda had any knowledge on the impact of
phytonemtodes. Conversely, [12] reported 30% of 120 tomato farmers interviewed had knowledge about the
root pest. However, it was observed that 95% of the total farmers interviewed applied fungicides and
insecticides but not nematicides. This confirms the limited information available to these farmers in nematodes

management.

1.5 Root knot nematodes management options available to peri urban vegetable farmers

Root-knot nematodes will continue to pose serious threat with intensification of cropping systems in response to
the increasing demand for vegetables coupled with limited land space for peri urban vegetable production.
Strategies for root-knot nematodes management are generally designed to reduce population levels below
damaging thresholds since eradication is a challenge under field conditions. Since young and tender seedlings of
various crops are very much vulnerable to attack compared to older plants, management strategy should be
targeted at the early stages of the crop and should aimed at protecting the seedlings. Several management
measures are being employed to reduce the population of plant parasitic nematodes fields. The widely reported

and adopted strategies are cultural, chemical and use of resistant or tolerant varieties of food crops.

1.5.1 Cultural management strategy

This strategy represents the most economical and easily available means of managing nematodes in vegetable
farm. This includes options such as land and crop rotation, intercropping and fallowing. However, the limited
space available and the increased demand for vegetables production hinders adoption of such strategies in
Ghana. Also the adoption of such management strategies may be limited due to the wide host range of root-knot
nematodes. Again, the difficulty in selecting a rotational crop with acceptable returns and similar labour
requirements hinders crop rotation. Various tillage practices have been used to successfully manage these pests.
Deep ploughing has been identified as an effective means of managing nematodes [39, 40], however, such
tillage measure may be detrimental to soil quality and therefore sustainable crop production Inter-cropping with
antagonistic plants like the African marigold (Tagetes spp.) has been used to reduce soil population of many soil
nematodes including root-knot nematodes. The application of locally available organic materials such as poultry
manure, cocoa pod husk, neem seed and leaf powder, moringa leaf, and sunn hemp residues [6, 52, 42, 41] have
been used to reduced nematodes population. These materials releases toxic substances against nematodes and

encourage soil microbial antagonists [43]. Apart from suppressing root-knot nematodes, the incorporation of
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organic materials as soil amendments also improves soil structure and encourages soil biological activities [44].

1.5.2 Chemical management strategy

Chemical control involves the application of inorganic formulations to interfere with activities of Meloidogyne
spp. in infested soils. Nematicides are usually the most effective and quick method of managing high levels of
Meloidogyne spp. under field conditions. They are known to reduce nematodes populations but may not
completely eliminate the infection [45, 46]. Treatment of nursery bed with carbofuran (Furadan 3G) and
aldicarb (Temik 10G) have been found to be successful in producing nematode free seedlings of many
transplanted crops [43]. In Ghana, [26] and [54] observed decreased root-knot nematodes population after
nematicide application. However, the use of nematicides is unpopular due to their toxicity to humans, residual
effects in the food chain, and their contribution to environmental pollution.. These negative effects have led to
their withdrawal from global and local market making them readily unavailable and expensive to small scale
vegetable farmers. Also pesticides with nematicidal properties available to farmers require high doses, making
them cost- ineffective. Continous application of such nematicidal pesticides leads to the development of

resistance in target nematode species [47].

1.5.3 Resistant varieties

The use of resistant varieties in managing Meloidogyne spp. depends on target species since resistance is species
specific. Several vegetable crops with resistance genes against various Meloidogyne spp. [48] have been
developed. Tomato varieties conferring resistance to M. incognita (due to the Mi-1 gene) have been developed.
Some tomato genotypes with resistance to Meloidogyne have been reported in Ghana [25, 49, 50]. Farmers are
to obtain and use resistant cultivars to reduce the cost of production. Resistant genotypes also protect the

environment against pollution from chemical residues associated with nematicides.

1.6 Conclusion and recommendation

The continuous use of fields for peri-urban vegetable production has the potential to increase the population and
outbreak of root-knot nematodes. Despite this threat, nematodes are mostly neglected and hardly considered in
crop production and protection programmes. To adequately address this challenge, more resources needs to be
channeled into research. It should aimed at surveying fields to assess and understand root-knot nematodes
species identity, genetic diversity, population structure, parasitism mechanisms and the overall threat they pose
[51]. Again training institutions such as the CSIR College of Science and Technology should be fully resourced
with state of the art laboratories and equipment to train more professional and extension agents to bridge the
knowledge gap. Farmers are encouraged to contact agricultural facilities such as the CSIR-Crops Research
Institute, Kumasi where several technologies have been developed to manage parasitic nematodes. Outreaches
such as the plant clinics should be carried out to educate farmers on the limiting factors of root-knot nematodes
on vegetable crop production. To effectively manage these pests, management strategies should be applied in
concert with integrated pest management (IPM) practices to improve adoption by farmers. With the phasing out

of various effective nematicides, the search for effective and environmental friendly management methods
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should be pursued.
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