


INCIDENCE OF PARASITIC NEMATODES IN COWPEA (Vigna unguiculata L. Walp) RHIZOSPHERE SOIL OF RAINFOREST VEGETATION IN RIVERS STATE, NIGERIA


ABSTRACT
Plant-parasitic nematodes (PPN), despite the fact that they can drastically lower agricultural productivity, has been given little attention, necessitating this study which investigated their diversity in soil of rainforest vegetation. Soil samples were collected and used for a potted experiment which was laid out in a complete randomized design consisting of six treatments and five replicates at the Teaching and Research farm of the Rivers State University from January to April (Dry season) and April to July (Rainy season) 2024, to determine population of plant parasitic nematodes in rhizosphere soil planted with cowpea during the dry and rainy season. A total of five genera of plant parasitic nematodes namely: Meloidogyne spp, Helicotylenchus, Pratylenchus, Scutellonema, and Criconemella were extracted from soils and roots, and the nematodes genera followed the order Meloidogyne > Helicotylenchus > Criconemella > Pratylenchus > scutellonema for soils and roots respectively.  Total nematode population in soils (140.9) was significantly higher (P ≤ 0.05) than the population in the roots (21.5), and population counts were significantly higher in rainy season (116) than in dry season (46.4). The study highlighted the need for more diversity and management studies to mitigate the impacts of PPN on the future food security of the expanding populations of Nigeria.
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INTRODUCTION
Nigeria is one of the largest countries on the African continent with a land mass of 92.4 million hectares, of which 80 million hectares are suitable for agricultural cultivation (Yakubu & Akanegbu, 2015). The influence of the agricultural sector on national growth and development cannot be understated as it accounts for 30% to 42% of the economy of Nigeria and has been referred to as the most significant sector with potential for economic development (Abdulsalam et al., 2021). However, Adebayo et al. (2016) argued that the agricultural sector is unable to make a substantial contribution to national food security because the majority of its members are smallholder farmers with an average land size of only 2 hectares. Contrary, Akinyetun (2018), and Sikora et al. (2018) posited that 95% of agricultural production and 81% of all cultivated area are accounted for by smallholder farmers, and despite the fact that this farming system mostly depends on family labor and capital, the overall output is modest.
An important component of the traditional cropping system of smallholder farmers is Cowpea [Vigna unguiculata (L.) Walp] because it fixes atmospheric nitrogen, contributes to soil fertility improvement, drought tolerant and adapts to stressful environments where many crops fail to grow well (Ddamulira et al., 2015). Also, many cultivars have short growing cycle maturing within 60 to 80 days which makes them suitable for drought – prone regions (Tijjani & Atungwu, 2017).
Cowpeas are one of the most well-known types of legume in the world, particularly in Niger, Nigeria, Burkina Faso, Mali and Senegal (Tijjani & Atungwu, 2017; Prince et al., 2020). They are known for their high nutritional value because they contain a variety of essential nutrients for the body, including fiber, proteins, minerals (iron, copper, potassium, and manganese), vitamin B, and low calorie content (Kamara et al., 2016; Kapravelou et al., 2020). On average, cowpea grain has 50–67% carbohydrates and 23-25% protein, and all the parts of the plant used for food are nutrient-dense, offering proteins and minerals; immature pods and seeds are used as vegetables; and grains are used to make a variety of snacks and dishes (Kankam et. al., 2019). In addition to its culinary use, cowpeas defend against soil erosion and provide ground cover that inhibits weed growth in single and intercropped plots (Singh et al., 2015). 
While the contributions of the agricultural sector to economic growth (Abdulsalam et al., 2021) and food security (Akinyetun, 2018; Sikora et al., 2018) is widely acknowledge, pests and diseases have been reported to reduce crop yields and overall output, and gradually contributing to food insecurity (Talwana et al., 2015).  The issues with pest is compounded by inadequate identification and recognition of the harm they cause (Aghale et al., 2017; Coyne et al., 2018a), and plant-parasitic nematodes (PPN) are neglected in comparison to other pests and pathogens, despite the fact that they reduce crop production worldwide (Dababat & Fourie, 2018; Peng et al., 2018).
Plant-parasitic nematodes have been reported to cause stunted growth or poor stem stand, leaf chlorosis, delayed flowering, root necrosis, and, in certain cases, the death of extensively infected plants to cowpea, rice or maize roots (Coyne et al., 2018a). Nematode-related crop losses are 14.6% in the tropics and subtropics and 8.8% in temperate regions, and root-knot nematodes and other plant parasitic nematodes lower the yield and quality of agricultural products, which costs the agricultural sector money (Kankam et. al., 2019). Also, it is estimated that each year, root-knot nematodes cause $157 billion in losses worldwide (Singh et al., 2015). These pests harm plants by developing a parasitic connection with them, which causes vascular cells to change into gigantic or multinucleate feeding structures that allow them to take advantage of water and nutrients (Coyne et al., 2018a; Kankam et. al., 2019).
Despite the fact that PPN can drastically lower agricultural productivity, little attention has been paid to the harm they inflict, their diversity, and management. This undoubtedly have an impact on the future food security of the expanding populations of developing nations like Nigeria that rely significantly on agriculture. Also, there is little information on nematode diversity in soil of rainforest vegetation in Rivers State; much of it is found in grey literature, such as institute reports or conference abstracts, rather than in widely read, peer-reviewed journals. This study therefore aimed to assess the incidence of root knot nematodes in cowpea rhizosphere soil of rainforest vegetation during two seasons in 2024.

MATERIALS AND METHODS
Study Area
The study area was Port Harcourt metropolis which is situated in the humid rainforest region of Southern Nigeria. It lies between latitude 4.50N and longitude 7.00E on an elevation of 18m above sea level. The climate of this area is tropical with two prominent seasons, the wet (rainy) and dry seasons. The dry season is short, usually lasting for 4 months, from November to March, with little rains during this period; while the longer wet season prevails during the remaining months. The mean annual rainfall in Port Harcourt ranges from about 3,000mm to 4,500mm. Annual maximum temperature ranges from 220C to 290C while relative humidity varies between 75% and 95% (Nengi-Benwari et al., 2021).
Collection of Soil Samples 
Soil samples were collected from individual sampling points in the rainforest vegetation in both rainy and dry seasons, transferred to the Rivers state University school farm, and placed into experimental pots for the cultivation of Cowpea. In the experimental pots, soil samples were collected just before the cultivation of cowpea seeds, and transferred to the laboratory for analysis. The experimental pots containing soils from rainforest vegetation were laid out in a complete randomized complete block design on the school farm. 
Planting
Seeds of local variety (Iron beans) of cowpea were obtained from the mile 3 market in Port Harcourt and used for this experiment. Four seeds were planted per pot, and after germination, the seedlings were thinned to two seedlings per pot to allow for vigorous growth. The cultivation of cowpea seeds was carried out in the months of January and April, for dry and rainy season respectively, and daily irrigation was done throughout the dry season. 
Rhizosphere Soils
Rhizosphere soils containing both soil and root samples were collected on the 12th week after plant during each season and transferred to the laboratory for extraction of plant parasitic nematodes. 
Extraction of Nematodes from Soil and Root Samples 
Soil and root samples were collected from the rhizosphere of the cowpea plants using a hand trowel to a depth of 15cm and within a 25cm radius from the base of the plants. The extraction tray method was employed for the extraction of nematodes from the samples. Each soil sample was thoroughly mixed, and sieved to remove all debris and stones.  Two hundred grams of each composite soil sample was placed in a modified Baermann tray set-up which is made up of a double-ply facial tissue, sandwiched between a pair of plastic sieves and a bowl containing 500ml of water.  Water was initially added to the extraction plates, between the edges of the sieve and the sides of the plate, ensuring that water was not poured directly on the extraction paper or the soil, to ensure minimum disturbance.  The setup was allowed to remain undisturbed for 48hr, after which the sieves were gently lifted off. The resulting nematode suspension in the bowl was poured into a 500ml Nalgene wash bottle and left undisturbed for 5hr after which the supernatant was decanted. Individual adult females and egg mass of root knot nematodes were picked from the teased galled root sample under a stereo microscope and placed in PCR tubes containing sterile distilled water. For the root samples, 10g of fine roots were washed and chopped into 1 – 2cm pieces, and nematodes were extracted using the method described above.
Identification of Nematodes 
[bookmark: _GoBack]The identification of nematode juveniles in the aqueous suspension was determined using a compound microscope. Two milliliters of the nematode suspension was pipetted after bubbling air through the suspension for homogeneity and dispensed into a counting dish for nematode identification which was done morphologically (Sikora et al., 2018). 
Plant Parameters
Plant growth parameters such as plant height, number of leaves, and number of branches were taken at 4, 8 and 12 weeks after planting.  On the 12th week, destructive sampling was carried out on the cowpea plants, in order to measure the root length of cowpea at 12 weeks in soils during the rainy and dry season.
Nitrogen Fixing Nodules
On the 12th week, destructive sampling was carried out on the cowpea plants, in order to count the nitrogen fixing nodules at the roots.
Statistical Analysis  
Data collected from the various parameters was subjected to analysis of variance (ANOVA) at P ≤ 0.05, and means were separated using Tukey’s Pair Wise Comparison at 95% confidence intervals.  

RESULTS
Plant Parasitic Nematode Population in Cowpea Soils and Roots  
Results of the nematode population in cowpea soils and roots are presented in Figure 1.  Five genera of plant parasitic nematodes were encountered in soil and root samples of the cowpea cultivated. The plant parasitic nematodes identified were Meloidogyne spp., Helicotylenchus spp., Scutellonema spp., Criconemella spp and Pratylenchus spp (Figure 1). The population count of each nematode genus was: Meloidogyne (70.0 and 14.5), Helicotylenchus (60.2 and 5.6), Criconemella (5.6 and 0.5), Pratylenchus (2.8 and 0.5) and Scutellonema (2.3 and 0.5) for soil and root samples respectively (Figure 1).
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Figure 1:  Nematode population in Cowpea Rhizosphere soils 
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Plant Parasitic Nematode Population of Cowpea Rhizosphere Soils in Rainy and Dry Seasons 
 Results of the plant parasitic nematode population counts during the dry and rainy season are presented in Figure 2. Five genera of plant parasitic nematodes were encountered in dry and rainy season on the study soils. The nematodes identified were Meloidogyne spp, Helicotylenchus spp, Scutellonema spp. Criconemella spp, and Pratylenchus spp. All nematode species were present in both rainy and dry season. Meloidogyne spp recorded the highest mean population value of 60.4 in the rainy season, while Scutellonema recorded the lowest mean count of 2.0 in dry season (Figure 2)
 
 
 
 
 
 
 
 
0
10
20
30
40
50
60
70
80
Melo
Helico
Scute
Crico
Praty
Population counts
Nematode Genera 
Figure 2: Nematode Population in Cowpea Soils and Roots.
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Total Plant Parasitic Nematodes Population  
Results of the total plant parasitic nematode population in soils and roots of cowpea and in rainy and dry season is presented on Figure 3 and Figure 4. Total plant parasitic nematode population count in soils was significantly higher (P ≤ 0.05) with a value of 140.9, than the value of 21.5 in roots of cowpea (Figure 3). Total plant parasitic nematode population was significantly higher (P ≤ 0.05) in rainy season, with a value of 116, than the value of 46.4 recorded in dry season (Figure 4).
 
 
 
 
 
 
 
0
20
40
60
80
100
120
140
Total PPN
Total PPN 
Total PPN Population
Seasonal Variation 
Figure 3: Total Plant Parasitic Nematode Population in Rainy and dry Season
Rainy
Dry


 
 
 
 
 
 
 
 
 
0
20
40
60
80
100
120
140
160
Total PPN
Total PPN LOG
Total PPN Population 
Location
Figure 4: Total Plant Parasitic Nematode Population in soils and Roots of Cowpea

Soil
Root

Plant Parameters  
Plant Height
Plant height increased progressively, from 18.4cm at 4weeks after cultivation, to 34.1cm at 8 weeks after cultivation and 43.2cm at 12 weeks after cultivation of cowpea (Figure 5). Plant height was significantly higher in rainy season with a mean value of 35.5cm, than the value of 30.0cm recorded in the dry season (Figure 6). 
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Figure 5: Plant Height at weekly Intervals
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Number of Branches
Number of branches and leaves, increased progressively with values of 2,4 and 6 for branches and  8, 26 and 48  for number of leaves at 4, 8, and 12 weeks respectively (Figure 7). Also, number of branches and leaves in cowpea were more in the rainy season with values of 6 and 28, than the values of 4 and 24 recorded in dry season (Figure 8).
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Figure 8: Seasonal effect on Number of Branches and Number of Leaves in Cowpea 
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Root Length
Root length at 12 weeks after cultivation of cowpea was higher in rainy season with a mean value of 24.0cm than the value of 21.5cm recorded in the dry season (Figure 9). 
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Number of Nodules
Number of nodules on cowpea roots at 12 weeks after cultivation of cowpea was also higher in rainy season with a mean value of 27.0, than the value of 21.0 recorded in dry season (Figure 10).
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Figure 10: Number of Nodules of Cowpea at 12weeks
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DISCUSSION
Damage thresholds for nematodes on cereals and many other crops are usually unknown in Nigeria and other African countries; identifying nematodes and estimating the danger they present is necessary in determining these thresholds (Coyne et al., 2018a, 2018b). A light microscope has long been used for the identification of nematode species (Sikora et al., 2018), and morphological and morphometrical characteristics are still employed as a diagnostic technique for the identification of PPN, especially Meloidogyne and Pratylenchus species. This technique was employed in this study.  Despite the drawbacks with this technique, Coyne et al. (2018b) argued that when done carefully, morphology-based research still offers valuable diagnostic, and can outperform any biochemical or molecular techniques for nematode identification.
Many plant parasitic nematodes have been reported to be associated with cowpea and several of these cause damage to the crop. The experimental results identified five plant parasitic nematode genera associated with cowpea planted in rainforest soils at the teaching and research farm, of these, Meloidogyne and Helicotylenchus were the most predominant (Figures 1 and 2). This findings is in agreement with Tijjani & Atungwu (2017), who reported all identified species as having a high parasitic potential on cowpea, of which Meloidogyne, Pratylenchus, Scutellonema, and Helycotilenchus are endoparasites, which are found in cowpea roots.  These nematodes were distinguished from the other genera by their active development on cowpea and are most likely to contribute to yield losses in cultivated cowpea. These species of nematodes have been reported to cause damage to cowpea (Sikora et al., 2018).  Plant parasitic nematodes constitute a major production constraint to cowpea, in most growing areas of the world, with Meloidogyne sp being implicated as the major species found in cowpea, resulting in estimated yield reduction in cowpea (Abdulsalam et al., 2021). Specifically, Tijjani & Atungwu (2017) reported that the presence of Meloidogyne sp brought about stunting, resulted in poor growth and, in extreme situations, delayed the maturity date of cowpea plants.
In this study, total plant parasitic population was significantly higher during the rainy season than the dry season (Figure 3 and 4). This finding is in agreement with findings by Youssef & El-Nagdi (2021) who reported higher nematode populations in rainy season, when the soil moisture was high, than at low moisture contents in dry season. Arguably, fluctuation of nematodes during seasons is influenced by several biotic and abiotic factors such as temperature, annual rainfall, type of soil and plants, organic substances, microflora and management practices. Also, temperature can be the main factor influencing nematode diversity, but nematode abundance is predominantly affected by the soil moisture content (Youssef & El-Nagdi, 2021).  In this study the root population of M. incognita reached its peaks in August, July and positively correlated with the highest soil temperature of 26 - 300C (Figure 3 and 4). Similarly, major population fluctuation of M. incognita have been reported to increase with maximum seasonal fluctuation in August with highest M. incognita multiplication occurring in the months of July, August and September (Kankam et. al., 2019; Youssef & El-Nagdi, 2021).
 
 
 Meloidogyne species include over 90 economically significant species; the three main species of Meloidogyne found in the tropics are M. incognita, M. javanica, and M. arenaria, and of these, M. incognita is the most harmful, resulting in yield losses of up to sixteen percent (Kankam et. al., 2019). These obligatory endoparasites can infect almost all higher plant species across a broad geographic range and cause significant damage (Favery et al., 2016). In this study, the presence of Meloidogyne species and other PPN showed no evidence of root galling or root damage in both rainy and dry seasons, despite the fact that a high significant difference was observed between their population in soils and those of the roots of cowpea (Figure 10). This raises the possibility that the local cowpea variety (Iron beans) used for this research might be resistant to these plant parasitic nematodes. Effective resistance of hosts to root-knot nematodes is available in cowpea, and have been bred into some cultivars like those reported in the study by Favery et al. (2016) and Kankam et al. (2019). Notably, Meloidogyne incognita, the root knot nematode, has grown to be a significant pest of almost all crops, but it is particularly harmful to cowpeas (Youssef et al., 2021), affecting both the quantity and quality of produce. The root knot nematode was found to produce a 69% yield loss (Osipitan et al., 2021), causing root galls, weakening the roots, which leads to yellowing and falling of leaves and consequently caused great economic losses (Metwally et al., 2019).

CONCLUSION
Plant parasitic nematodes (PPN) are harmful to cowpeas; affecting both the quantity and quality of produce, causing root galls, weakening of the roots, yellowing and falling of leaves and consequently great economic losses. Hence, PPN contributes to food insecurity especially in developing countries like Nigeria. Of all the PPN isolated in this study, Meloidogyne and Helicotylenchus were the most predominant, and the population of PPN, and growth parameters of cowpea was greatly influenced by seasons. The presence of PPN in the study area suggests that they can become important pathogens of most agricultural crops planted there, as such, more studies on the incidence of plant parasitic nematodes on different crops should be carried out on the rainforest soils of the teaching and research farm to assess the incidence of these nematodes and to initiate control before they start inflicting serious damage to crops and the forest trees planted.
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