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			Abstract | This study examined incidence of microinvertebrates (MIs) on freshly harvested vegetables sold across major local markets in two Krobo municipals of Eastern Region of Ghana. Cabbages, carrots, onions and lettuces were randomly obtained from different sellers in three major local markets in the study area. In repeated trials, each vegetable was incubated in the modified Baermann funnel method to extract MIs. The extracted MIs in suspensions were diagnosed and counted under a microscope, using their individual morphological features. Rotifers, ribbon worms, mites and nematodes, with uncountable zoospores of Oomycetes (i.e., egg-fungi), were associated with freshly harvested vegetables obtained from local markets. However, MIs on lettuces were more diverse than those detected on other vegetables. Nematodes were the most common groups of MIs on vegetables obtained from local markets. The majority of these nematodes belong to a bacteria-feeding group, followed by those that are crop-damaging parasitic nematodes. The genera of the crop-feeding nematodes retrieved from sampled vegetables included Criconema, Scutellonema, Hoplolaimus, Pratylenchus and Meloidogyne. Crop-parasitic nematodes belonging to the genus Meloidogyne were more common, followed by those that belong to the genus Pratylenchus. Implications for microparasitic pest dispersal, health risks, public education, and adoption of sanitary and phytosanitary procedures were discussed.
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			Introduction

			Several microscopic invertebrates (MIs) are parasitic to livestock, humans and plants (Cui, 2014; Pechenik, 2015; Fourie et al., 2017; Parker et al., 2021). Those that cause parasitic diseases to livestock and humans include ribbon worms, helminthes, platyhelminthes, cestodes and mites, among others (Cui, 2014; Pechenik, 2015; Parker et al., 2021). Notwithstanding, the most ubiquitous MIs in the biosphere appear to be nematodes (Fourie et al., 2017; Heve, 2021; Perry et al., 2024). 

			Nematodes are diverse and widespread in aquatic and terrestrial ecosystems, largely because any groups of living things that belong to the three domains of life have a specific group of nematodes that parasitize them as food that sustains survival and persistence of the nematodes in habitats (Fourie et al., 2017; Heve, 2021; Perry et al., 2024). Thus, both aquatic and terrestrial ecosystems are enriched with individual specific groups of nematodes that are predatory on other nematodes, zooparasitic on livestock and/or humans, zooparasitic on the other invertebrates, omnivorous, and phytoparasitic on plants, among others (Pechenik, 2015; Fourie et al., 2017; Heve, 2021; Heve et al., 2021; Parker et al., 2021; Perry et al., 2024). Consequently, harmless, beneficial and harmful MIs have been in strong association with plants in the environments. For instance, plant-feeding nematodes in terrestrial ecosystems largely damage crops and cause significant economic losses to numerous crop industries across the world (Fourie et al., 2017; Perry et al., 2024). Many of these plant-feeding nematodes are quarantined to some specific geographical locations where they have been reported (Fourie et al., 2017; EPPO, 2021; Favoreto et al. 2021; Perry et al., 2024). Hence, they tend to regulatorily limit access to international markets of crop produce that are largely sold in local markets, where prices of proceeds are usually very low. Often, the expansion of geographical distribution of plant parasitic nematodes worldwide have been associated with movement of plant commodities from place to place across the world (Fourie et al., 2017; Knoetze et al., 2017; EPPO, 2021; Favoreto et al., 2021; Perry et al., 2024). Thus, the correct treatments to freshly harvested plant commodities will be recommended in order to kill or get rid of any dangerous damaging parasitic microscopic in vertebrates that can threaten health of livestock, humans and plants.

			Unfortunately, in developing countries, lack of proper post-harvest treatment facilities coerces smallholder farmers to quickly sell off their freshly-harvested vegetables in local markets to numerous consumers. Therefore, we hypothesize that these freshly harvested vegetables sold in local markets will harbour diverse groups of MIs. Consequently, public health may be threatened by disease-causing MIs. Similarly, in this case, further dispersal of crop-damaging parasitic microscopic nematodes to new locations may be more rapid if crop-parasitic nematode-infected freshly harvested vegetables (or the fomites) are sold in local markers to consumers who may come from distant places. In other words, improper handling and disposals of unconsumable parts of such infected vegetables may spread microscopic parasites further to distant locations. Thus, public education and awareness as well as development of biosecurity strategies will require well-investigated facts to make provisions for sanitary and phytosanitary policies. Therefore, the objective of this study was to provide empirical evidence that may lead to development of biosecurity strategies to protect the public, plants and animals for sustainable development.

			Materials and Methods 

			Sources of freshly harvested vegetables for the study 

			Yilo Krobo and Lower Manya Krobo municipals in the Eastern Region of Ghana were selected for this study. Somanya market at the geographical coordinate (60 06’18” N, 00 00’51” W) was selected as a source of the freshly harvested vegetables from the Yilo Krobo Municipal. In the case of Lower Manya Krobo Municipal, Odumase Krobo and Kpong markets located at the geographical coordinates (5057’31” N, 00 03’04” E) and (6009’43” N, 00 03’29” E), respectively, were selected. 

			Sampling freshly harvested vegetables from the selected markets in Krobo municipalities

			The freshly harvested vegetables considered in this study included onion (Allium cepa), cabbage (Brassica oleracea in the Capitata group), lettuce (Lactuca sativa) and carrot (Dacus carota). On August 1, 2024, each of these vegetables was bought from a randomly selected vegetable seller, irrespective of whether the seller was a vegetable grower or a retailer in each of the three selected local markets. The time-length of the vegetables after the day of harvest was not necessary in this study. Moreover, the varieties of the randomly sampled vegetables were unknown or assumed to be different. Therefore, the normal freshness of the vegetables from each selected market for consumption was more important for this study. The repeated sampling of the freshly harvested vegetables from different sellers was done across the selected local markets on August 14, 2024. 

			Extraction of microscopic invertebrates from sampled freshly harvested vegetables

			The set-ups used to extract MIs are in Figure 1. The whorls of leaves of each cabbage were cut and separated from the stem. After that, the leaves and the stem of a sampled cabbage were added to a five (5) litre bowl. About 800 mL of tapwater was sprinkled over the leaves and stem of cabbage in the bowl so that MIs could migrate from the surfaces of the cabbage leaves and stem into the tapwater in the bowl, similar to the way nematodes migrate into water in a modified Baermann funnel method (Tintori et al., 2022). Similar set-up was used to extract MIs, including nematodes, from freshly harvested lettuce. However, in the case of onion, about 200 mL of tapwater was sprinkled over the leaves and the stem, contained in 500 mL bowl (Figure 1). Carrot was not peeled before it was incubated in 200 mL of tapwater contained in a 500 mL bowl (Figure 1). Three (3) replicates of a set-up were made for each freshly harvested vegetable obtained from each of the three (3) local markets. The set-ups in Figure 1 were incubated for 24 hours in an open-space where temperatures varied from 27 to 35 0C. Similar approach was used to extract MIs from repeatedly sampled freshly harvested vegetables from the selected markets.
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			Figure 1: The set-ups used to extract microscopic invertebrates, with zoospores of Oomycetes, from the freshly harvested vegetables sold across selected major local markets in Yilo Krobo and Lower Manya Krobo municipalities of Eastern Region of Ghana. 

			Identification of invertebrates under a microscope

			Suspension from each bowl was examined under a microscope for incidence of any MIs. Rotifers, ribbon worms, mites and nematodes were identified according to their morphological features described in reports of Pechenik (2015), Fourie et al. (2017), Heve (2021) and Perry et al. (2024). However, the various feeding groups of nematodes were diagnosed according to Fourie et al. (2017) and Heve (2021). The genera of plant-feeding nematodes were identified using the key morphological characteristics described by Smart and Nguyen (1988), Fourie et al. (2017)and Perry et al. (2024). The identified invertebrates in suspensions from incubated freshly harvested vegetables obtained from the local markets were counted. Notwithstanding, the numerous zoospores of Oomycetes (also known as egg-fungi) observed in the suspensions under a microscope were not counted.

			Data analysis

			R software [R 4.4.1~RStudio 2024.09.0-375] developed by the R Core Team (2024) for computing and/or programming was used for all statistical analyses. The numbers of individuals belonging to the various invertebrate kinds were summed up per three freshly harvested vegetables. Similar to the procedures used by Heve et al. (2023), Shapiro-Wilk test was used to confirm that the data for each categorical group were non-parametric i.e., not normally distributed (Gotelli and Ellison, 2013; Dinno, 2015). Hence, chi-square for goodness of fit for equal expectation was used to examine whether number of observed MIs in each categorical group was significantly larger than zero (0) at P ≤ 0.05, similar to the analytical methods in reports (Gotelli and Ellison, 2013; Lente et al., 2023, 2024). This was used to determine whether number of individuals belonging to a microscopic invertebrate group was actually larger than “expected zero (0) MIs on a set of three (3) freshly harvested vegetable kinds”. After that, bar graphs were used to present observations for the categorical groups.

			Results

			Microscopic invertebrates associated with freshly harvested vegetables obtained from the selected major markets

			The various groups of MIs repeatedly retrieved from freshly harvested vegetables obtained from markets in the two Krobo municipals are presented in Figure 2. No MIs were found in the tapwater used as a control. However, the numbers of individuals belonging to some MI groups were significantly larger than expected zero (0) (Figure 2). In the first trial in Figure 2A, four (4) nematodes and about 17 rotifers were found on cabbages, but in the second trial in Figure 2B, cabbages had 38 rotifers, with no other MIs.  
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			Figure 2: Microscopic invertebrates retrieved from freshly harvested vegetables sold in markets for the (A) first trial and (B) second trial. The symbol ‘♣’, written against ‘Onion’, denotes that all the microscopic invertebrates observed in suspensions under a microscope were dead in the first trial (A), whereas the symbol ‘✪’, also written against ‘Onion’, denotes that few rotifers observed in suspensions were alive in the second trial (B). Chi-square for goodness-of-fit test for an equal expectation: ‘NS’ indicates that an observation was not significantly larger than expectation, being zero (0), whereas *, ***, ****, ********, *********, *********** and *************** denote that observations were significantly larger than zero at P ≤ 0.05, P ≤ 10-3, P ≤ 10-4, P ≤ 10-8, P ≤ 10-9, P ≤ 10-11 and P ≤ 10-15, respectively. 

			Although carrots had about 47 nematodes in the first trial (Figure 2A), they had three (3) nematodes with one (1) rotifer in the second trial (Figure 2B). Lettuces had about 97 nematodes, six (6) rotifers and three (3) ribbon worms in the first trial (Figure 2A). However, about 24 mites, one (1) ribbon worm, one (1) rotifer and about 148 nematodes were found on lettuces in the second trial (Figure 2B). Onions had no rotifers and no ribbon worms, but about 12 mites and 14 nematodes found on onions were dead in the first trial (Figure 2A). Notwithstanding, five (5) live rotifers were retrieved from onions in the second trial (Figure 2B). In terms of numbers of live rotifers, cabbages had the highest in both trials, whereas lettuces (in Figure 2A) and carrots (in Figure 2B) had the lowest. However, cabbages (in Figure 2A) and carrots (in Figure 2B) had the lowest numbers of live nematodes, whereas carrots (in Figure 2A) and lettuces (in Figure 2A, B) had large numbers of live nematodes. Although microscopic Oomycetes are not MIs, their uncountable zoospores were observed in suspensions from all the vegetables, except onions.
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			Figure 3: Nematode feeding groups retrieved from the freshly harvested vegetables sold in the selected markets for the (A) first trial and (B) second trial. Chi-square for goodness-of-fit test for an equal expectation: ‘NS’ shows that an observation was not significantly larger than zero (0), whereas ***, *******, **********, ************** and *************** represent that observations were significantly larger than zero (0) at P ≤ 10-3, P ≤ 10-7, P ≤ 10-10, P ≤ 10-14 and P ≤ 10-15, respectively. 

			Nematode feeding groups associated with freshly harvested vegetables obtained from the selected major markets

			The numbers of individual MIs belonging to some nematode feeding groups were significantly larger than expected zero (0) (Figure 3). In both trials, plant feeding nematodes were found on carrots and lettuces (Figure 3A, B). Here, lettuces had the highest number of plant feeding nematodes, whereas carrots had the fewest (Figure 3A, B). Few Tylenchus spp. that feed on protoctists, algae, and/or mosses were found on lettuces in the first trial only (Figure 3A). In the first trial, about 63 bacteria feeding nematodes with one (1) omnivorous nematode were found on lettuces, whereas carrots had about 43 bacteria feeding nematodes (Figure 3A). However, in the second trial, about 135 bacteria feeding nematodes were found on lettuces, whereas very few bacteria feeding nematodes were found on carrots (Figure 3B). No other feeding groups of nematodes than few bacteria feeding nematodes were found on cabbages (Figure 3A). Therefore, lettuces had the highest numbers of bacteria feeding and plant parasitic nematodes (Figure 3A, B).
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			Figure 4: Plant-feeding nematodes, belonging to the various genera, retrieved from the freshly harvested vegetables sold in selected markets for the (A) first trial and (B) second trial. Chi-square for goodness-of-fit test for an equal expectation: ‘NS’ implies that an observation was not significantly larger than zero (0), whereas *, ** and **** indicate that observations were significantly larger than zero (0) at P ≤ 0.05, P ≤ 10-2 and P ≤ 10-4, respectively.

			Plant parasitic nematodes associated with freshly harvested vegetables sold in the selected markets

			Plant feeding nematodes belonging to the various identified genera found on freshly harvested vegetables sold in selected markets in the two Krobo municipals are presented in Figure 4. One (1), two (2), three (3), nine (9) and 17 individual plant-feeding nematodes belonging to the genera Scutellonema, Criconema, Hoplolaimus, Pratylenchus and Meloidogyne, respectively, were found on lettuces in the first trial (Figure 4A). Also, carrots had two (2) individual plant feeding nematodes that belong to the genus Pratylenchus only in the first trial (Figure 4A), but no plant-feeding nematode was found on cabbages in both trials (Figures 3 and 4). In the second trial (Figure 4B), six (6) and seven (7) individual plant feeding nematodes belonging to the genera Pratylenchus and Meloidogyne, respectively, were found on lettuces, whereas only one (1) individual belonging to Meloidogyne species was found on carrots. Therefore, lettuces had five (5) different genera of plant feeding nematodes more than other vegetables had (Figure 4). 

			Discussion

			Variation in incidence of microscopic invertebrates associated with vegetables from local markets

			Several factors such as the ecology of plants and farmers’ practices may contribute to make diverse MIs to associate themselves with vegetables from fields to markets, where they are sold to consumers. The freshly harvested vegetables randomly obtained from local markets could be assumed to have gone through unpredictable different conditions in the field and/or during harvesting, bagging, storage and transportation to the local markets. Consequently, these vegetables from the local markets would have had exposure to unquantifiable unequal conditional treatments that could vary incidence of MIs on them. Nonetheless, lettuces from the local markets in the study area were harbouring more diverse MIs, with nematodes being the most abundant. Lettuce’s leaf structure may retain moisture more effectively than many other vegetables may do. Thus, farmers’ irrigated crops that have dense foliage and high humidity levels will often provide ampler habitats to accommodate and support diverse microfaunal communities (Dhooria, 2016; Dastogeer et al., 2020). Moreover, in this study, the majority of the harvested lettuces had roots with some amount of soil adhered to them. An agricultural soil is a potential medium that harbours diverse MIs (Pechenik, 2015; Perry et al., 2024). Soils around the roots of harvested vegetables in the modified Baermann funnel-like set-ups could also be the cause of large numbers of MIs associated with lettuces. However, we observed that almost all the MIs associated with onions could hardly survive. This could be attributed to the fact that onions contain allicin and other antimicrobial compounds that might possibly suppress plant-colonizing MIs on onions (Sharma et al., 2018; Choo et al., 2020)

			Implication for health risks to animals and humans 

			Parasitic ribbon worms such as acanthocephalans are parasites that infect fish, livestock and humans (Pechenik, 2015). These worms are less common than other parasitic invertebrates. Carcinonemertes epialti preys on eggs of infected egg-bearing crabs and other animals in marshy or aquatic habitats (Pechenik, 2015). In this case, ribbon worms can sometimes pose health risks to livestock and humans if infected hosts such as crabs and other ovigerous hosts are not properly cooked for meals. 

			Several bacteria have been isolated from the cuticle and gut of nematodes, proving that nematodes are largely in phoretic association with several prokaryotes (Campos-Herrera, 2015; Topalovic et al., 2019; Ogier et al., 2020). Unfortunately, some of the retrieved bacteria from nematodes belong to the genera of pathogenic prokaryotes that cause disease in arthropods, livestock, humans and other animals (Dunker et al., 2013; Topalovic et al., 2019; Ogier et al., 2020). Perhaps, other MIs observed in this study may be in similar phoretic associations with pathogenic bacteria that may likely attack pets, livestock and humans, among others. Thus, such phoretic interactions between MIs and disease-causing pathogenic bacteria can have health risks to animals and humans. Meanwhile, certain zooparasitic nematodes such as strongylids (which cause strongyloidiasis) and soil-borne eggs of Ascaris spp. are potentially infectious to livestock, pets and humans through eating contaminated vegetables (De Silva et al., 2003; Hotez et al., 2007; FAO, 2016; WHO, 2020). 

			Implication for plant health risks and phytoparasite dispersal 

			The majority of crop damaging nematodes are soil-borne parasites; they are very difficult to be controlled using pesticides, because they are shielded in soil (Perry et al., 2024). In this study, we observed different genera of plant parasitic nematodes in association with the selected freshly harvested vegetables obtained from local markets. Moreover, the individual plant-feeding nematodes belonging to Meloidogyne were the most dominant, followed by those of Pratylenchus. Unfortunately, every Meloidogyne species with Pratylenchus species is known to be the first top world-ranked crop-damaging parasite among several economically important plant-feeding nematode groups (Jones et al., 2013; Fourie et al., 2017; Perry et al., 2024). Moreover, movement of numerous plant-feeding nematodes, including some species belonging to the genus Meloidogyne, is regulated across the world (Fourie et al., 2017; Perry et al., 2024). Consequently, plant commodities, with which these economically important plant parasitic nematodes are associated, are largely regulated across the world (Jones et al., 2013; Knoetze et al., 2017). Unfortunately, in developing countries, movement of plant commodities, including that of freshly harvested vegetables, from one region to another is not regulated to minimize the spread of plant-parasitic nematodes to distant locations within the country. From our view, live plant parasitic nematodes associated with freshly harvested vegetables from local markets in the study area can be spread further to other parts of Ghana and beyond if the vegetables are sold to consumers or buyers who may transport the crops to several distant locations across the country.

			Implication for biosecurity measures

			Observations in the current study suggest the need for sanitary and phytosanitary (SPS) policies, although similar studies may be required across the major markets in Ghana. Regulatory measures will ensure effective biosecurity across markets in Ghana. This is because biosecurity strategies are generally aimed at protecting plants, the public, animals, pets and livestock, among others against pathogens and parasites that are associated with food and plant commodities (Boehm et al., 2017; Kang and Ramizo, 2017). In countries where SPS measures are well adopted, the majority of the technical barriers that restrict access to international markets for plant commodities have been removed (Kang and Ramizo, 2017). Therefore, through the adoption of SPS policies, local vegetable industries in the study area may have access to international markets for sustainable development. 

			Conclusions and Recommendations 

			Rotifers, ribbon worms, mites and nematodes, with uncountable zoospores of Oomycetes, were the MIs associated with freshly harvested onions, cabbages, carrots and lettuces sold in major local markets in two Krobo municipals. However, MIs that were associated with lettuces were more diverse than other vegetables had. Nematodes were the most common group of MIs associated with the vegetables sold in local markets. The majority of these nematodes belong to a bacteria-feeding group, followed by those that are plant-parasitic on crops. The genera of the crop-damaging nematodes retrieved from the freshly harvested vegetables obtained from local markets included Criconema, Scutellonema, Hoplolaimus, Pratylenchus and Meloidogyne. Individual MIs belonging to the genus Meloidogyne were the most common crop-parasitic nematodes, followed by those that belong to the genus Pratylenchus. Implications for dispersal of parasitic invertebrate pests and the health risks associated with MIs found on vegetables sold in local markets have been discussed. Therefore, recommendations for public education and adoption of sanitary and phytosanitary measures to achieve sustainable development have been suggested.

			Acknowledgements

			 

			Authors are thankful to the laboratory technicians of the University of Environment and Sustainable Development for making the correct microscopes available to the authors for the diagnostic work in both the Senior and Junior Biology laboratories. 

			Novelty Statement

			This study tends to create awareness about diverse live microinvertebrates on plant commodities from local markets. The majority of these MIs were live plant parasitic nematodes associated with freshly harvested vegetables, which were sold in the selected markets. Thus, effective sanitary and phytosanitary (SPS) policies and procedures are required at all levels of ‘vegetable supply chain’ to reduce the health risks and dispersal of live animal or plant parasitic ones. 

			Author’s Contribution 

			William K. Heve (PhD) conceptualized the study, supervised the collection of data, diagnosed the various groups of microinvertebrates (including nematodes) in suspensions, analyzed the data using R software, wrote the manuscript and carefully edited it for publication.

			Paul O. Aniapam collected samples of freshly harvested vegetables from local markets and then set up the modified Baermann funnel method to extract microinvertebrates into suspensions, under the auspices of William K. Heve (PhD).

			Data availability statement

			Information collected during this study is included in this article. However, data will be available upon request. 

			Funding

			This study received no grant and no support from any commercial institutions, funding agencies in the not-for-profit, or public sector. Nonetheless, the authors contributed their small resources to fund this study.

			Human and animal rights

			The authors did not use animal or human bodies as objects or materials for this study. 

			Conflict of interest

			The authors have no conflicting interest to declare.

			References

			Boehm, M.J., Williams, S.D., Miller, S.A., Stone, A. and Cañas, L.A., 2017. Sanitation and phytosanitation (SPS): The importance of SPS in global movement of plant materials. The Ohio State University, Ohio, USA. Available at https://ohioline.osu.edu/factsheet/plpath-gen-10 (accessed 31 October 2024). 

			Campos-Herrera, R., 2015. Nematode pathogenesis of insects and other pests: Ecology and applied technologies for sustainable plant and crop protection. XVII Edition. Springer International Publishing, Geneva, Switzerland, p. 531. Available: https://www.springer.com/gp/book/9783319182650 (accessed 31 October 2024). https://doi.org/10.1007/978-3-319-18266-7

			Choo, S., Chin, V.K., Wong, E.H., Madhavan, P., Tay, T.S., Yong, P.V.C. and Chong, P.P., 2020. Review: antimicrobial properties of allicin used alone or in combination with other medications. Folia Microbiol., 65: 451–465. https://doi.org/10.1007/s12223-020-00786-5

			Cui, Y., 2014. When mites attack: domestic mites are not just allergens. Parasit. Vectors, 7(411): 1–7. https://doi.org/10.1186/1756-3305-7-411

			Dastogeer, K.M.G., Tumpa, F.H., Sultana, A., Akter, M.A. and Chakraborty, A., 2020. Plant microbiome – an account of the factors that shape community composition and diversity. Curr. Plant Biol., 23(100161): 1–9. https://doi.org/10.1016/j.cpb.2020.100161

			De Silva, N.R., Brooker, S., Hotez, P.J., Montresor, A., Engels, D. and Savioli, L., 2003. Soil-transmitted helminth infections: updating the global picture. Trends Parasitol., 19(12): 547–551. https://doi.org/10.1016/j.pt.2003.10.002

			Dhooria, M.S., 2016. Mite pests of field crops. In: Fundamentals of applied acarology. Springer, Singapore. https://doi.org/10.1007/978-981-10-1594-6

			Dinno, A., 2015. Nonparametric pairwise multiple comparisons in independent groups using Dunn’s test. Stata J., 15: 292–300. https://doi.org/10.1177/1536867X1501500117

			Dunker, K., Lambrecht, F.Y. and Pumplin, N., 2013. The role of nematodes in the dissemination of foodborne pathogens. J. Appl. Microbiol., 115(6): 1622–1631. 

			EPPO, 2021. Aphelenchoides besseyi. EPPO datasets on pests recommended for regulation. https://gd.eppo.int (accessed 18 October 2024). 

			FAO, 2016. The state of world fisheries and aquaculture 2016. Contributing to food security and nutrition for all. Food and Agriculture Organization of the United Nations. Rome, Italy. https://openknowledge.fao.org/server/api/core/bitstreams/20e618b3-93a1-488a-9697-798f6b6c6b35/content (accessed 31 October, 2024). 

			Favoreto, L, Meyer, M.C., Calandrelli, A., Michele, S., Santino, S. and Andressa, M., 2021. Aphelenchoides besseyi parasitizing common bean in Brazil. Plant Dis., 105(4): 748–751. https://doi.org/10.1094/PDIS-09-20-1991-SC

			Fourie, H., Spaull, W.V., Jones, K.R., Daneel, M.S. and De Waele, D., 2017. Nematology in South Africa: A view from the 21st Century. Springer International Publishing AG, Cham, Switzerland. https://doi.org/10.1007/978-3-319-44210-5

			Gotelli, N.J. and Ellison, A.M., 2013. A primer of ecological statistics. 2nd Edition. Sinauer Associates, Inc. Publishers, Sunderland, USA. 

			Heve, W.K., 2021. Introduction to principles and applications of general morphology and biology of nematodes. Ghana Publishing Co. Ltd., Accra, Ghana. ISBN 978-9988-3-2757-6 (print); 978-9988-3-2758-3 (ebook). 

			Heve, W.K., Adjadeh, T.A. and Billah, M.K., 2021. Overview and future research needs for development of effective biocontrol strategies for management of Bactrocera dorsalis Hendel (Diptera: Tephritidae) in sub-Saharan Africa. Pest Manage. Sci., 77(10): 4224–4237. https://doi.org/10.1002/ps.6485

			Heve, W.K., Ninsin, K.D., Osei-Owusu, J., Aidoo, O.F., Akolaa, R.A. and Larbi, L., 2023. Smallholder farmers knowledge, practices and perceptions associated with grain storage and hermetic technology in southern Ghana: Implications for awareness and training. Inf. Dev., 0(0): 1–17. https://doi.org/10.1177/02666669231171930

			Hotez, P.J., Molyneux, D.H., Fenwick, A., Kumaresan, J., Sachs, S.E., Sachs, J.D, and Savioli, L., 2007. Control of neglected tropical diseases. New Eng. J. Med., 357(10): 1018-1027. Available at https://www.nejm.org/doi/full/10.1056/NEJMra064142 (assessed 28 October 2024). https://doi.org/10.1056/NEJMra064142

			Jones, J.T., Haegeman, A., Danchin, E.G.J., Gaur, H.S., Helder, J., Jones, M.G.K., Kikuchi, T., Manzanilla-Lopez, R.H., Palomares-Rius, J.E., Wesemael, W.M.L. and Perry, R.N., 2013. Top 10 plant-parasitic nematodes in molecular plant pathology. Mol. Plant Pathol., 4(9): 946–961. https://doi.org/10.1111/mpp.12057

			Kang, J.W. and Ramizo, D.M., 2017. Impact of sanitary and phytosanitary measures and technical barriers on international trade. MPRA 82352: 1–35. Available at https://mpra.ub.uni-muenchen.de/82352/1/MPRA_paper_82352.pdf (accessed 31 October 2024). 

			Knoetze, R., Swart, A. and Lesufi, M., 2017. Quarantine Nematodes. In: (Fourie, H., Spaull, V., Jones, R., Daneel, M., De Waele, D.,) Nematology in South Africa: A view from the 21st Century. Springer International Publishing AG, Cham, Switzerland. https://doi.org/10.1007/978-3-319-44210-5_5

			Lente, I., Heve, W.K., Owusu-Twum, M.Y., Christopher, G., Opoku, P., Nukpezah, D. and Thompson-Hall, M., 2024. Vulnerabilities of smallholder farmers livelihoods and adaptations to climate change and variability in semi-arid northwestern Ghana: observations and perspectives. Sustain. Clim. Change, 17(2): 141–158. https://doi.org/10.1089/scc.2023.0109

			Lente, I., Heve, W.K., Owusu-Twum, M.Y., Christopher, G., Opoku, P., Nukpezah, D. and Klutse, N.A.B., 2023. Nature of climate change-induced risks in semi-arid northwestern Ghana: Gauged observations, perceptions of smallholder farmers, and perspectives for livelihood adaptation. Inf. Dev., 0(0): 1–15. https://doi.org/10.1177/02666669231185323

			Ogier, J.C., Pagès, S., Frayssinet, M. and Gaudriault, S., 2020. Entomopathogenic nematode-associated microbiota: from monoxenic paradigm to pathobiome. Microbiome, 8: 1–27. https://doi.org/10.1186/s40168-020-00800-5

			Parker, N., Schneeghurt, M., Anh-Hue, T.T., Lister, P., Forster, B.M., 2021. Microbiology. OpenStax, Rice University, Houston, Texas, USA. https://openstax.org/details/books/microbiology (accessed 18 October 2024).

			Pechenik, J.A., 2015. Biology of the invertebrates. 7th Edition. McGraw Hill Education, New York, USA. ISBN 978–0–07–352418–4. www.mhhe.com (accessed 18 October 2024).

			Perry, R.N., Moens, M. and Jones, J.T., 2024. Plant nematology. 2nd Edition. CABI Publishing, Wallingford, UK. ISBN 978100622425. pp. 640. https://doi.org/10.1079/9781800622456.0000

			R Core Team., 2024. R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. https://www.R-project.org/ (assessed 31 October 2024).

			Sharma, K., Mahato, N. and Lee, Y.R., 2018. Systematic study on active compounds as antibacterial and antibiofilm agent in aging onions. J. Food Drug Anal., 26: 518–528. https://doi.org/10.1016/j.jfda.2017.06.009

			Smart, G.C.Jr. and Nguyen, K.B., 1988. Illustrated key for the identification of common nematodes in Florida. Entomology and Nematology Department, Institute of Food and Agricultural Sciences, University of Florida, Gainesville FL, USA. https://www.echocommunity.org/resources/e2855da5-4726-4531-bc46-11ec2f743ab1 (accessed 25 October 2024).

			Tintori, S.C., Sloat, S.A. and Rockman, M.V., 2022. Rapid isolation of wild nematodes by Baermann Funnel. J. Visual. Exp., 179(e63287): 1–12. https://doi.org/10.3791/63287

			Topalovic, O., Elhady, A., Hallmann, J., Richert-Pöggeler, K.R. and Heuer, H., 2019. Bacteria isolated from the cuticle of plant-parasitic nematodes attached to and antagonized the root-knot nematode Meloidogyne hapla. Sci. Rep., 11477: 1–13. https://doi.org/10.1038/s41598-019-47942-7

			WHO, 2020. Diagnostic methods for the control of strongyloidiasis, virtual meeting on 29 September 2020. World Health Organization, Geneva, Switzerland. ISBN 978-92-4-001653-8. Available at https://iris.who.int/bitstream/handle/10665/340265/9789240016538-eng.pdf?sequence=1 (accessed 31 October 2024).

		

	OEBPS/image/1475499800_Figure_4.jpg
Number of plant-feeding nematodes

3>  perthree freshly harvested vegetables,

Number of plant-feeding nematodes
per three freshly harvested vegetables,

obtained from local markets

obtained from local markets

w

orNwanaN®O!

ok NWAE GO N ®

ELettuce MCarrot & Cabbage

s
NS

E - | |

Meloidogyne ~Criconema  Scutellonema Hoplolaimus Pratylenchus

Identified genera of the plant-feeding nematodes

[ Lettuce M Carrot ™ Cabbage

NS

Meloidogyne ~Criconema ~ Scutellonema Hoplolaimus Pratylenchus

Identified genera of the plant-feeding nematodes





OEBPS/image/1269386962_Figure_3.jpg
markets

Number of nematodes per three freshi
harvested vegetables, obtained from local

>

markets

Number of nematodes per three freshly
harvested vegetables, obtianed from local
588558388

o

20

1

SEEEE

O Lettuce
u Carrot
[ Cabbage
o s -
it fesding o Bt fecdig | Omoworous | Predstory
nematodes  mossfoedig nemotodes  nemotodes _ nematodes

Tyienchus
Identified nematode feeding groups

iethuce
W Carrot
£ Cabbage
- -
P feine preecin, dgnor e focdng | Orvorows | redoory
e iigsoinsirocpliiposuroigliiisonofiiinc)
i

Identified nematode feeding groups





OEBPS/image/1864890197_Figure_1.jpg





OEBPS/image/1.png
oPEN amzss Pakistan Journal of Nematology

Check for
updates.

Research Article

Microinvertebrates Associated with Freshly Harvested Vegetables Sold
in Major Local Markets in Krobo Municipalities of Eastern Region of
Ghana: Implications for Health Risks, Phytoparasite Dispersal, and

Biosecurity

William K. Heve* and Paul O. Aniapam

Department of Biological Sciences, University of Environment and Sustainable Development, Somanya, Ghana.

Abstract | This study examined incidence of microinvertebrates (MIs) on freshly harvested vegetables sold
across major local markets in two Krobo municipals of Eastern Region of Ghana. Cabbages, carrots, onions
and lettuces were randomly obtained from different sellers in three major local markets in the study area.
In repeated trials, each vegetable was incubated in the modified Baermann funnel method to extract Mls.
The extracted MIs in suspensions were diagnosed and counted under a microscope, using their individual
morphological features. Rotifers, ribbon worms, mites and nematodes, with uncountable zoospores of
Oomycetes (i.c., egg-fungi), were associated with freshly harvested vegetables obtained from local markets.
However, MIs on lettuces were more diverse than those detected on other vegetables. Nematodes were the
most common groups of MIs on vegetables obtained from local markets. The majority of these nematodes
belong to a bacteria-feeding group, followed by those that are crop-damaging parasitic nematodes. The
genera of the crop-feeding nematodes retrieved from sampled vegetables included Criconema, Scutellonema,
Hoplolaimus, Pratylenchus and Meloidogyne. Crop-parasitic nematodes belonging to the genus Meloidogyne were
more common, followed by those that belong to the genus Prazylenchus. Implications for microparasitic pest
dispersal, health risks, public education, and adoption of sanitary and phytosanitary procedures were discussed.
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Several microscopic invertebrates (MIs) are to livestock and humans include ribbon worms,
parasitic to livestock, humans and plants (Cui, helminthes, platyhelminthes, cestodes and mites,
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