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Abstract
A survey work was conducted in Dadin Kowa, Yamaltu Deba local Government area of Gombe state, Nigeria in 2023 to determine nematodes associated with banana. Soil samples were collected around banana using soil auger; random sampling method was used for collecting soil from rhizosphere of banana at depth 0-20cm. Ten-farm areas were randomly selected and 10 soil samples were collected from each Banana farm. The collected soil samples were bulked together in a polythene bag to make a composite sample.  Each bag was labelled showing details of area and date of collection. 250 cm3 of each composite soil sample was used for nematode extraction. Data was collected on plant parasitic nematode (PPN) genera and prevalence of plant parasitic nematode. The data collected was analyzed using percentage population density formula. The findings revealed that Meloidogyne, Scutellonema, Trichodorus, Hoplolaimus, Heterodera, Ditylenchus, Aphelenchus and Pratylenchus were identified as the major PPNs associated with banana in Dadin Kowa. Meloidogyne had the highest frequency of occurrence (7.60 %), followed by Scutellonema (6.80 %) and the least was Ditylenchus (2.00 %). Results of population density showed Meloidogyne had the highest population density (4.40 %) and least was Trichodorus (1.20 %). Meloidogyne was the most abundant whilst Trichodorus the least in terms of total number of nematodes in soil in all the sampled fields. The study concluded that eight genera of PPNs are associated with banana (Musa spp.). There is need enlighten farmers on ways to control PPN in order to avoid further spread and/or destruction.
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INTRODUCTION
Banana is one of the most important fruit crops in Nigeria, contributing significantly to the agricultural economy and food security. However, nematodes, particularly plant-parasitic nematodes, pose a serious threat to banana production. The most common nematodes affecting banana in Nigeria include Meloidogyne spp., Pratylenchus spp., and Heterodera spp. (Ogunyemi et al., 2021). The impact of nematodes on banana production in Nigeria is profound. Yield losses due to nematode infestations can lead to significant economic repercussions for farmers. Afolabi et al. (2020) reported that nematode damage could reduce banana yields by as much as 40-60% in severely affected areas. This loss not only affects the livelihoods of farmers but also threatens food security in regions where banana is a staple crop. Understanding the diversity, distribution, and impact of these nematodes is crucial for developing effective management strategies. 
Nematodes are ubiquitous in various ecosystems, including agricultural soils, where they can be both beneficial and detrimental. In Nigeria, the agricultural sector is vital for the economy, and understanding the nematode populations in this context is crucial for sustainable agricultural practices. Nematodes can affect crop yield and quality, and their management is essential for improving food security in the country (Oni et al., 2020).
Nematode diversity in Nigeria is influenced by various factors, including soil type, climate, and agricultural practices. Studies have identified several genera and species of plant-parasitic nematodes, including Meloidogyne, Heterodera and Pratylenchus, which are known to cause significant damage to crops such as cassava, maize, and yam (Adesiyan et al., 2019). 
Plant-parasitic nematodes are among the most studied groups in Nigeria. For instance, Meloidogyne incognita has been reported to cause severe root galls in various crops, leading to reduced yield (Adegbite & Adesiyan, 2005). The distribution of these nematodes varies across different agro-ecological zones, with higher populations often found in the humid tropics (Ogunyemi et al., 2021). In addition to plant-parasitic nematodes, free-living nematodes also play essential roles in nutrient cycling and soil health. Studies have shown that the diversity of free-living nematodes can serve as indicators of soil quality and ecosystem health (Oluwafemi et al., 2022). Nematode surveys in Nigeria typically involve soil sampling from various agricultural fields, followed by laboratory analysis to identify and quantify nematode populations. Common methods include the use of the Baermann funnel technique for extracting nematodes from soil samples and morphological identification using microscopy (Ogunyemi et al., 2021).
The economic impact of nematodes in Nigeria is substantial, particularly in the context of food security. Crop losses due to nematode infestations can lead to significant economic losses for farmers. For example, Heterodera glycine, the soybean cyst nematode, has been reported to reduce soybean yields by up to 80% in heavily infested fields (Afolabi et al., 2020). Effective management strategies for nematodes include crop rotation, the use of resistant crop varieties, and biological control methods. Integrated pest management (IPM) approaches that combine these strategies can help mitigate the impact of nematodes on crop production (Oni et al., 2020).
Nematodes are an important component of Nigeria's agricultural ecosystem, with both beneficial and harmful effects on crops. Ongoing surveys and research are essential for understanding their diversity, distribution, and impact on agriculture. By implementing effective management strategies, it is possible to reduce the negative effects of nematodes and enhance agricultural productivity in Nigeria.
MATERIALS AND METHODS
Study Area
The survey work was conducted in Dadin Kowa, Yamaltu-Deba Local Government Area of Gombe state, North-Eastern Nigeria with locational coordinate as Latitude 11.11080 N, and Longitude 11.17860 E (GPS, 2023). Dadin Kowa is 41.6 kilometers from Gombe, the capital of Gombe State Nigeria.  Gombe State covers an area of 20,265km2 and shares common boundaries with Adamawa, Borno, Taraba, and Yobe states.
Sampling Criteria
The criteria for selecting Banana farm for soil sample was based on the accessibility, availability, and willingness of the farmer to allow sample collection.  (Niu et al., 2018).
Sampling Method and Collection of Soil Samples
Soil sample was collected around plant showing symptoms of plant parasitic nematode infestations. Using soil auger, random sampling method was used for collecting soil from rhizosphere of Banana at depth 0-20cm. Ten farm locations were randomly selected and 10 soil samples were collected from each Banana farm. The collected soil samples were bulked together in a polythene bag to make a composite sample.  Each bag was properly labeled showing details of location and date of collection (Niu et al., 2018).
Soil Processing and Nematode Extraction
One thousand grams (1000g) of each composite soil sample was used for nematodes extraction (Coyne et al., 2018), using Modified Baermann Method as described by Umar and Aji (2013). The extraction was carried out at the Department of Crop Protection Laboratory, Modibbo Adama University, Yola using the Modified Baerman method (Whitehead and Hemming, 1965).
Nematode Identification
The extracted nematodes from the soil samples were identified based on body shape, head and tail morphology (Hunt and Handoo, 2009)
Figure1: Map showing the study area.











Data was collected on plant parasitic nematode genera and prevalence of plant parasitic nematodes (frequency of occurrence and Nematode population density).
The Frequency of Occurrence (FO) of the nematode genus was calculated by percentage using the formula described by (Kafle, 2013). The formular below:
FO=b/B*100%
Where b=number of times an individual nematode occurred in the sample
B= sample size
The population densities (PD) of the nematode genus were analyzed using the percentage population density formula described by Bill et al. (2014) as given below:
PD=INNG/TNENS*100%
where: INNG= Individual Number of Nematode Genera
TNENS=Total Number of Extracted Nematode in the Sample
All data collected were subjected to analysis of variance (ANOVA) by SAS processes and means separated by Standard Error of the Mean (SEM) AT 5 % level of probability.
Results and Discussions
Genera of Plant Parasitic Nematodes Associated with Banana Soil in Farms of Dadin Kowa
The result on genera of plant parasitic nematodes found in farms A-J were recorded in Table 1.  From the Table, Farm A recorded seven genera namely Meloidogyne, Scutellonema, Pratylenchus, Heterodera, Ditylenchus, Hoplolaimus and Trichodorus while Aphelenchus were absent. Farm B and E recorded seven genera namely which included Meloidogyne, Scutellonema, Pratylenchus, Heterodera, Ditylenchus, Aphelenchus and Hoplolaimus while Trichodorus were absent. Farm D recorded six genera namely Meloidogyne, Scutellonema, Pratylenchus, Ditylenchus, Hoplolaimus and Trichodorus while two genera were absent namely Aphelenchus and Heterodera. Farm C, F, G, H, I and J recorded eight genera of plant parasitic nematodes which are Meloidogyne, Scutellonema, Pratylenchus, Heterodera, Ditylenchus, Aphelenchus, Hoplolaimus and Trichodorus all in the table.
Table 1: Plant Parasitic Nematode Genera Associated with Banana in Dadin Kowa Farm (A-J)
	
	Farms A-J

	Nematode Genera
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J

	Meloidogyne
	*
	*
	*
	*
	*
	*
	*
	*
	*
	*

	Scuttellonema
	*
	*
	*
	*
	*
	*
	*
	*
	*
	*

	Pratylenchus
	*
	*
	*
	*
	*
	*
	*
	*
	*
	*

	Heterodera
	*
	*
	*
	-
	*
	*
	*
	*
	*
	*

	Ditylenchus
	*
	*
	*
	*
	*
	*
	*
	*
	*
	*

	Aphelenchoides
	-
	*
	*
	-
	*
	*
	*
	*
	*
	*

	Hoplolaimus
	*
	*
	*
	*
	*
	*
	*
	*
	*
	*

	Trichodorus
	*
	-
	*
	*
	-
	*
	*
	*
	*
	*


Key:
Present= *
Absent= -
Plant Parasitic Nematodes Genera In Dadin Kowa Farm A-J
[bookmark: _Hlk202027636]This result of this survey reveals the presence of eight genera of plant parasitic nematodes which include Meloidogyne, Scuttellonema, Pratylenchus, Heterodera, Ditylenchus, Aphelenchoides, Hoplolaimus and Trichodorus in banana farms in Dadin Kowa, Gombe State, Nigeria. This may be due to favorable environmental condition such as soil, moisture, temperature, and relative humidity which in turn factor the active multiplication of those parasitic nematodes. This is similar to the findings of Maryam et al., 2020) whose studies revealed the presence of eight genera of plant parasitic nematodes on kenaf in the neighbouring state of Adamawa. The presence of these nematode genera portends possible danger to banana production in Dadin Kowa. Root-knot nematodes, particularly Meloidogyne incognita, are among the most damaging nematodes affecting banana crops in Nigeria. They cause root galls, leading to stunted growth and reduced yield (Adegbite et al., 2019). Studies have shown that infestations can lead to yield losses of up to 50% in heavily infested fields (Afolabi et al., 2020). Lesion nematodes, particularly Pratylenchus coffeae, are also significant pests of banana. They invade the roots, causing lesions that impair nutrient and water uptake, ultimately affecting plant health and productivity (Oni et al., 2020). Cyst nematodes such as Heterodera glycines may be less common, but they have been reported in some banana-growing regions. Their presence can exacerbate the effects of other nematodes, leading to complex interactions that further reduce banana yield (Ogunyemi et al., 2021).
Percentage Frequency of Occurrence of Plant Parasitic Nematodes in 250cm3 Soils of Farms in Dadin Kowa
The percentage frequency of occurrence of plant parasitic nematodes in 250cm3 soils of farms in Dadin Kowa is shown in Table 2. The results indicate that Meloidogyne recorded significantly (p=0.05) higher frequency of occurrence in farms A, D and E than all the other farms. While farm A recorded the highest actual percentage frequency of occurrence (7.60 %), it was not statistically higher than that of Farms D and E which recorded 7.20 % each. Farms B and C recorded 6.40 % each and the least was from soil in Farm I with 1.60 %. The nematode genera occurred in ann the farms surveyed.
The percentage frequency of occurrence of Scutellonema was significantly higher (p=0.05) on Farm E (6.80 %) than all the other farms and was followed by Farm J with (4.80), Farm B, F, G, and H with 2.80 % each and least was Farm A with 0.80 %. Farm H recorded the highest (p=0.05) percentage occurrence of Pratylenchus (4.80 %) than all other farms followed by Farm E (4.00 %), Farm J (3.60 %) and the least was Farm D with 0.8 %. For Heterodera, Farm J recorded the highest percentage frequency of occurrence of 2.80 %, followed by Farm H (2.00 %), Farm B (1.60 %) and least were Farms A, E, F, and I with 0.40 % each. 
Farm A and E recorded significantly higher occurrence of Ditylenchus of 3.60 % than all other farms followed by Farms G and J with 2.40 % each, Farm C (2.0) and the least was Farm H with 1.20 %. Farm F recorded the highest percentage frequency of occurrence of Aphelenchus (2.00 %), followed by Farm E (1.60 %), Farm J (1.20 %) and the least were Farms B, G and I with 0.40 % each. In Farm J, Hoplolaimus had highest (p=0.05) percentage frequency of occurrence of 4.00 % followed by Farm G (2.00 %), Farms A, D and E with 1.60 % each and the least were Farms C and H with 0.40 %. In Farm I, Trichodorus recorded with highest (p=0.05) percentage frequency of occurrence of 2.00 %, followed by Farm D with 1.60 %, Farms A, C and J with 1.20 % each and the least was Farm F with 0.40 %. 
The result also showed that Meloidogyne recorded significantly (p=0.05) higher frequency of occurrence than all other nematode genera in Farms A – H. In farm A, Meloidogyne recorded a frequency of occurrence of 7.60 % followed by Ditylenchus (3.60 %) and least was Heterodera with o.40 %. Aphelenchoides was absent. In Farm I, Pratylenchus recorded significantly (p=0.05) higher occurrence of 2.40 % than all other nematode genera followed by Trichodorus (2.00 %) and least were Heterodera and Aphelenchoides with 0.40 % each.
[bookmark: _Hlk201746328]Table 2: Percentage Frequency of Occurrence of Plant Parasitic Nematode (PPN) Associated with Banana in Farms A-J in Dadin Kowa 
	
	   % Frequency of Occurrence of PPN in Soil of Farms A-J
	

	Nematode Genera
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	SEM (±)

	Meloidogyne
	7.60
	6.40
	6.40
	7.20
	7.20
	3.60
	4.00
	5.60
	1.60
	2.40
	0.68

	Scuttellonema
	0.80
	2.80
	2.40
	2.40
	6.80
	2.80
	2.80
	2.80
	1.60
	4.80
	0.53

	Pratylenchus
	2.80
	3.20
	2.40
	0.80
	4.00
	1.60
	3.20
	4.80
	2.40
	3.60
	0.36

	Heterodera
	0.40
	1.60
	0.80
	0.00
	0.40
	0.40
	0.80
	2.00
	0.40
	2.80
	0.28

	Ditylenchus
	3.60
	1.60
	2.00
	1.60
	3.60
	1.60
	2.40
	1.20
	1.60
	2.40
	0.26

	Aphelenchoides
	0.00
	0.40
	0.80
	0.00
	1.60
	2.00
	0.40
	0.80
	0.40
	1.20
	0.21

	Hoplolaimus
	1.60
	0.80
	0.40
	1.60
	1.60
	0.80
	2.00
	0.40
	1.20
	4.00
	0.33

	Trichodorus
	1.20
	0.00
	1.20
	1.60
	0.00
	0.40
	0.80
	0.80
	2.00
	1.20
	0.20

	Mean
	2.25
	2.10
	2.05
	1.90
	3.15
	1.65
	2.05
	2.30
	1.40
	2.80
	0.68

	SEM (±)
	0.87
	0.72
	0.67
	0.81
	0.97
	0.40
	0.45
	0.69
	0.25
	0.45
	0.53


SEM – Standard Error of the Mean, PPN - Population Density of Plant Parasitic Nematode
Meloidogyne had the highest frequency of occurrence in all the surveyed farms. In Darin Kowa farm A, the highest frequency of occurrence of Meloidogyne in Farm A-H is similar to report by Maryam et al. (2020) where Meloidogyne appeared to be more abundant in occurrence than Pratylenchus, Scutellonema, Tylenchulus, Globodera, Hoplolaimus, Helicotylenchus, Longidorus and Xinphinema on kenaf in all the surveyed locations. Oluchi and Ekine (2024) reportedly identified 438 nematodes representing 8 genera with 51.4% occurring in farm 1 and 48.6% were reported from farm 2 in banana farms in Otuoke, Bayelsa State Nigeria. The survey further reported Meloidogyne species (23.1%), Pratylenchus species (18.5%), Ditylenchus species (15.3%), Helicotylenchus species (10.0%), Hemicyclophora species (9.8%), Rotylenchus species (9.1%), Radopholus species (8.4%) and Paratylenchus species (5.7%) as nematodes of significant economic interest. Speijer et al. (2001) reported the presence of Helicotylenchus multicinctus, Hoplolaimus pararobustus, Pratylenchus coffeae, P. zeae, P. brachyurus, Radopholus similis, Meloidogyne spp., Helicotylenchus dihystera, Rotylenchulus reniformis, Scutellonema and Criconemoides spp. in southern Nigeria with P.coffeae followed by R. similis as the major biotic constraints of plantain production. Anwar and McKenry (2010) stated that the presence of these nematodes in vegetable crops fields has been reported to diminish yields. The high percentage occurrence of Meloidogyne spp. and these other nematodes in banana farms of Dadin Kowa is a threat the production of banana in the state, region and Nigeria as the banana grown there is mostly consumed outside Dadin Kowa.
Population Density of Plant Parasitic Nematodes in 250cm3 Soil in Farms A-J of Dadin Kowa
Table 3 shows the percentage population density of plant parasitic nematodes in 250cm3 soils of farms in Dadin Kowa. The results show that Meloidogyne recorded significantly (p=0.05) higher percentage population density in farms A, D and E than all the other farms. Farm A recorded the highest actual percentage population density (4.40 %) though it was not statistically (p=0.05) higher than in Farms D and E with 4.20 % each. Farms B and C recorded 3.70 % each and the least was from soil in Farm I with 0.90 %. The percentage population density of Scutellonema was significantly higher (p=0.05) on Farm H (2.80 %) than all the other farms and was followed by Farms E (2.30) and J (2.10), The least was Farm D with 0.50 %. Farm E recorded the highest (p=0.05) percentage population density of Pratylenchus (3.90 %) than all other farms followed by Farm J (2.80 %) while Farm E (0.50 %) was least.
For Heterodera, Farm J recorded the highest (p=0.05) percentage population density of 1.60 %, followed by Farm H with (1.20 %) and Farm B with 0.90 % and least were Farms A, E, F and I with 0.20 %) each. The nematode was absent in Farm D. Farms A and E recorded significantly (p=0.05) higher population density of Ditylenchus with 2.10% each, followed by Farms G and J with 1.40 % each. Farm H was least with (0.70 %). Farm F recorded the highest (p=0.05) population density of Aphelenchus (1.20 %), followed by Farm E (0.9%) and least were Farms B, G and I with 0.20 % each. The %population density of Hoplolaimus (2.30 %) was significantly (p=0.05) higher in Farm J than all other farms, followed by Farm G (1.20 %). Farms A, D and E had 0.90 % each and least were Farms C and H with 0.20 % each. Farm I recorded highest population density of Trichodorus (1.20 %), followed by Farm D with 0.90 %, Farm A, C and J with 0.70 % respectively and least was Farm F with 0.20%. the nematode genera was absent in Farms B and E.
The result also showed the %population density of Meloidogyne was significantly (p=0.05) higher than that of all the nematode genera found in Farms A (4.40 %), B (3.70 %), C (3.70 %), D (4.20 %), F (2.10 %), G (2.30 %) and H (3.20 %). On Farm E, Meloidogyne and Pratylenchus recorded significantly (p=0.50) higher population density than all other nematode genera found in the farm but Meloidogyne had higher density (4.20 %) than Pratylenchus with 3.90 %. On Farm I, Scutellonema recorded the highest (p=0.05) %population density of 1.40 % than all other genera while on Farm J, Pratylenchus had the highest %population density of 2.80 %.
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	% Population Density of PPN in Soil of Farms A-J
	

	Nematode Genera
	A
	B
	C
	D
	E
	F
	G
	H 
	I
	J
	SEM (±)

	Meloidogyne
	4.40
	3.70
	3.70
	4.20
	4.20
	2.10
	2.30
	3.20
	0.90
	1.40
	0.39

	Scuttellonema
	1.60
	1.80
	1.40
	0.50
	2.30
	0.90
	1.80
	2.80
	1.40
	2.10
	0.21

	Pratylenchus
	0.50
	1.80
	1.40
	1.40
	3.90
	1.60
	1.60
	1.60
	0.90
	2.80
	0.30

	Heterodera
	0.20
	0.90
	0.50
	0.00
	0.20
	0.20
	0.50
	1.20
	0.20
	1.60
	0.16

	Ditylenchus
	2.10
	0.90
	1.20
	0.90
	2.10
	0.90
	1.40
	0.70
	0.90
	1.40
	0.15

	Aplenchoides
	0.00
	0.20
	0.50
	0.00
	0.90
	1.20
	0.20
	0.50
	0.20
	0.70
	0.12

	Hoplolaimus
	0.90
	0.50
	0.20
	0.90
	0.90
	0.50
	1.20
	0.20
	0.70
	2.30
	0.19

	Trichodorus
	0.70
	0.00
	0.70
	0.90
	0.00
	0.20
	0.50
	0.50
	1.20
	0.70
	0.12

	Mean
	1.30
	1.22
	1.20
	1.10
	1.81
	0.95
	1.18
	1.33
	0.80
	1.62
	0.39

	SEM (±)
	0.51
	0.42
	0.39
	0.47
	0.56
	0.23
	0.25
	0.39
	0.15
	0.26
	0.21


PPN - Population Density of Plant Parasitic Nematode, SEM – Standard Error of the Mean
The percentage population density of plant parasitic nematodes recovered from the soil of Dadin Kowa Farm showed that Meloidogyne had the highest population density in Farms A-H. This survey also showed that Meloidogyne was the dominant genera in Farm A in Dadin Kowa. The extensive spread and/or distribution of Meloidogyne particularly across tropical, subtropical and Mediterranean climates compared with other nematode genera, could have resulted from their wide host range and non-specificity in parasitism (Hussain, et al., 2017). Species and population densities of plant-parasitic nematode are known to be influenced by soil type and tillage practices.   Low densities of stunt nematodes have been recovered the from fields with clay soils in nematode survey (Smiley et al., 2004). The high density of Meloidogyne spp in almost all the banana farms in Dadin Kowa portends danger to banana production and must be tackled vigorously.
Conclusion
Based on the results obtained from the surveyed farms, it is concluded that eight genera of plant parasitic nematodes including Meloidogyne, Scuttellonema, Pratylenchus, Heterodera, Ditylenchus, Aphelenchoides, Hoplolaimus and Trichodorus were found to be associated with banana (Musa spp.) in the farms in Dadin Kowa, with among Meloidogyne having the highest frequency of occurrence as well as population density.
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