


Assessment of Soil Macrofaunal and Microbial Community Diversity in a Date Palm Plantation in the Sudan-Guinea Savannah Transition Zone of Adamawa State, Nigeria.


ABSTRACT
This study assessed soil macrofaunal and microbial diversity in a date palm plantation at Modibbo Adama University, Yola, Nigeria, within the Sudan-Guinea savannah transition zone. Macrofauna were sampled using 20m × 20m plots with 1m² quadrats at 0-40cm depth, while microbial isolates were obtained through serial dilution and culture techniques. A total of 29 macrofauna species were documented, with the low-growth site exhibiting the highest species richness (21 taxa) and abundance (529 individuals), followed by high-growth (17 taxa; 377 individuals) and medium-growth (18 taxa; 333 individuals) sites. Diversity indices (Shannon: 2.423-2.716; Simpson: 0.754-0.920) indicated moderate to high species diversity. The community was dominated by ants, termites, earthworms, and oribatid mites. Microbial analysis revealed 20 isolates across 12 families, with Bacillaceae being most prevalent. Gram-staining showed site-specific variations: low-growth sites exhibited mixed Gram-positive and Gram-negative organisms, while medium and high-growth sites were dominated by Gram-positive cocci. Bacterial counts increased from low (7.0-15.0 × 10⁻⁵ cfu/ml) to high (10.0-16.0 × 10⁻⁵ cfu/ml) growth sites, suggesting positive correlation with palm performance. Actinomycete counts ranged from 4.0-22.0 × 10⁻⁵ cfu/ml, while fungal populations showed highest variability in medium-growth sites (6.0-14.0 × 10⁻⁵ cfu/ml). ANOVA revealed significant differences in bacterial and actinomycete counts (p ≤ 0.05) across sites. The co-occurrence of pests (white grubs, rhinoceros beetles, termites) and beneficial organisms (detritivores, predators, decomposer microbes) highlights the plantation's dual ecological nature. These findings demonstrate that date palm soils harbor diverse biological communities serving as sensitive indicators of ecosystem health, with significant implications for sustainable management through enhanced organic inputs, reduced disturbance, and minimized agrochemical reliance.
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INTRODUCTION
	Soil ecosystems represent one of the most complex and biologically diverse habitats on Earth, harboring a vast array of organisms that play indispensable roles in maintaining ecosystem functionality, nutrient cycling, and agricultural productivity. Belayneh et al., (2021) stated that the intricate web of interactions among soil macrofauna, microorganisms, and vegetation forms the foundation of terrestrial ecosystem health and resilience. Understanding the dynamics of soil biological communities, particularly in managed agricultural and silvicultural systems, has become increasingly critical in the context of sustainable land management and food security (Morgan et al., 2022).
	Date palm (Phoenix dactylifera L.) cultivation represents a significant agricultural enterprise in many tropical and subtropical regions, including parts of West Africa. In Nigeria, date palm production contributes to both local livelihoods and national agricultural output, with plantations established across various ecological zones. The agrisilvicultural practices employed in date palm management, including irrigation regimes, fertilizer application, and pest control measures, can substantially influence the composition, diversity, and functional roles of soil biological communities (Saka et al., 2020). These management interventions may either enhance or diminish soil biological activity, with direct consequences for soil fertility, plant health, and overall ecosystem productivity (Lawal et al., 2020).
	Soil macrofauna, encompassing organisms such as earthworms, ants, termites, beetles, millipedes, centipedes, spiders, and scorpions, serve as key bioindicators of soil quality and ecosystem health (Dishan et al., 2018). These organisms contribute to critical ecosystem processes including litter decomposition, nutrient mineralization, soil structure formation, water infiltration, and the regulation of pest populations through predation. Their abundance, diversity, and community composition reflect the cumulative effects of land management practices, soil physicochemical properties, and vegetation characteristics (Morgan et al., 2022; Belayneh et al., 2021). Similarly, soil microorganisms’ bacteria, fungi, and actinomycetes constitute the most abundant and metabolically diverse component of soil biota, driving biogeochemical cycles, organic matter decomposition, plant growth promotion, and pathogen suppression (Saka et al., 2020; Duran et al., 2019).
	The relationship between date palm growth performance and soil biological communities remains inadequately understood, particularly in the context of West African savannah ecosystems. Variations in plant growth vigor may reflect underlying differences in soil biological activity and community structure, which in turn influence nutrient availability, root health, and plant stress tolerance. The Sudan and Guinea savannah zones of northeastern Nigeria, characterized by distinct wet and dry seasons, present unique environmental conditions that shape soil biological communities and their interactions with cultivated vegetation (Adebayo et al., 2023; Akosim et al., 2020). Understanding these relationships is essential for developing evidence-based management strategies that optimize date palm productivity while maintaining soil health and ecosystem services.
	Despite the ecological and agricultural significance of date palm plantations, comprehensive assessments of soil macrofaunal and microbial communities in these systems remain scarce, particularly in the Nigerian context. Previous studies have documented the effects of land use change, agricultural intensification, and agrochemical application on soil biological communities in various cropping systems (Dishan et al., 2018; Morgan et al., 2022; Belayneh et al., 2021). However, site-specific investigations are necessary to capture the unique ecological dynamics and management influences operating within particular agroecosystems. Such information is fundamental for developing context-appropriate recommendations for sustainable plantation management.
[bookmark: _Toc235509477]	This study was therefore conducted to assess the diversity and abundance of soil macrofauna and microorganisms in a date palm plantation located at Modibbo Adama University, Yola, Adamawa State, Nigeria. Specifically, the research aimed to: (i) document the checklist of soil macrofauna species present in the study area; (ii) determine the diversity indices (Shannon, Simpson, Margalef, and Pielou) of macrofauna across sites with varying date palm growth performance; (iii) identify and characterize bacterial, fungal, and actinomycete isolates from plantation soils; and (iv) evaluate the population densities of these microbial groups across low, medium, and high growth sites. The findings of this research contribute to the growing body of knowledge on soil biological communities in tropical agroecosystems and provide a scientific basis for enhancing sustainable date palm cultivation practices in the region.
MATERIALS AND METHOD
[bookmark: _Toc235509478]The Study Area
This research was carried out at the date palm plantation of the Department of Forestry and Wildlife Management Modibbo Adama University, Yola located at Girei Local Government Area of Adamawa State. The area lies between latitudes 9°.09´ and 9°.33´ N and longitudes 12°.21´ and 12°.54´ E of the state and has an elevation of 339 meters above the sea level, (Figure 1). Adamawa state falls under the Sudan, Southern and Guinea Savannah types of vegetation and it experiences distinct dry and wet seasons with temperature and humidity varying with seasons. The wet or rainy season falls between April and November, which is characterized by single maximum in august and September. During this season, the moisture laden south west trade wind from the Atlantic Ocean blow over the area. Seventy percent of the total rainfall in the area happens to fall within four months of May- September (Adebayo et al., 2023).
[bookmark: _Toc437525061][bookmark: _Toc235509479][bookmark: _Hlk235014620]The area has an average of 62 rainy days, while average amount of rainfall recorded in the area is 972mm.The dry season which is the harmattan period occurs between December and March. The period is characterized by dry, dusty and hazy northern trade wind that blows over the area from Sahara Desert. Temperature within the area varies with season. Although the temperatures are relatively high almost all the year round, temperature of the area ranges from 27° C to 40° C. December and January are the coldest months with the average temperature of 34° C (Adebayo, et al. 2023). The vegetation has a wide variety of savannah trees species among which area is; Acacia spp, Adansonia spp, Anogeissus spp (Akosim, et al, 2020).
Rainfall and relative humidity
The mean annual rainfall pattern in the state shows that the amounts range from 700 mm in the north – west part to 1600 mm in the southern part. Generally, mean annual rainfall is less than 1000 mm in the central and north – western part of the state including Girei, Song, Gombi, Shelling, Güyük, Numan, Demsa, Yola and part of Fufore Local Government Areas. On the other hand, the north – eastern strip and the southern part have over 1000 mm. The mean length of rainy season ranges from 120 – 210 days in the state (Adebayo et al., 2023).
	
[image: ]
[bookmark: _Hlk223148676]Figure 1: Map of Nigeria showing Adamawa State, Girei and Modibbo Adama University Yola.
Source: Geography Information System, Geography Department MAU Yola.
[bookmark: _Toc437525067][bookmark: _Hlk223142783]
	The lowest Relative Humidity in the state (20 – 30%) is recorded between January and March. It starts increasing as from April and reaches its peak (about 80%) in August and September. This is due to the influence of the humid maritime air mass which covers the whole state during this period. Relative Humidity starts to decline again in October following the cessation of rains. In general, there is a north – south increase in Relative Humidity values in the state (Adebayo et al., 2023).
[bookmark: _Toc437525062][bookmark: _Hlk223141757]Temperature	
[bookmark: _Hlk223141789]An air temperature characteristic in Adamawa state is typical of the West African Savannah climate. Temperature in this climatic region is high throughout the year because of high radiation income which is relatively evenly distributed throughout the year. However, there is usually a seasonal change in temperature, with a gradual increase from January to April. There is a distinct drop in temperature at the onset of rains due to the effect of cloudiness. A slight increase after the cessation of rains (October – November) is common before the onset of harmattan in December when the temperature drops further. Maximum temperature in the state can reach 40oC particularly in April while minimum temperature can be as low as 18̊ C between December and January. Mean monthly temperature in the state ranges from 26.7oC in the south to 27.8oC in the north – eastern part (Adebayo et al., 2023).
Vegetation distribution
[bookmark: _Toc437525063]The major vegetation formations in the state are the southern Guinea savannah, Northern Guinea Savannah, and the Sudan Savannah. Within each formation is an interspersion of thickets, tree savannah, open grass savannah and fringing forests in the river valleys. It is however necessary to note that large scale deforestation resulting from indiscriminate extraction of wood for fuel and expansion of agricultural land areas have left large areas within each vegetation type with few indigenous woody plant species. Most areas especially those close to settlements are covered with exotic species such as the neem and eucalyptus trees. However, the original forest types could still be found in patches in each zone and particularly along the Nigerian Cameroon borders where there has been little or no disturbance on the forest ecosystem (Akosim et al., 2020). The abundant woody plant species in this zone are: Afzelia africana, Vitellaria paradoxa, Terminalia laxiflora, Terminalia glaucescens, Annona senegalensis, Burkea africana, Prosopis africana, Albizia zygia, Ficus exasperata, Pterocarpus lucens, Detarium microcarpum, Anogeissus leiocarpus, Balanites aegyptica, Tamarindus indica, Sclerocarya birrea, Khaya senegalensis, Ficus syncomorous, Borassus aethiopum, Boswellia dalzielii and Ziziphus spina-christi.  Species found in the Southern Guinea and Sudan Savanna zones also occur in this zone. The more abundant grass species in this zone include Pennisetum, Andropogon, Hyparrhenia, Bracharia and Aristida (Akosim et al., 2020).
 Southern Guinea savannah zone
[bookmark: _Toc437525064]The mean annual rainfall in the zone is between 1100mm and 1600mm, and the rainy season lasts for about 6-7 months. This zone covers the following Local Government Areas. Toungo, Ganye, Jada, Mayo-Belwa, and the Southern parts of the Fufore local Government Area. Species of the Northern Guinea and Sudan savanna zones also occur in this zone. The most abundant grasses in the zone are species of Andropogon, Hyparrhenia, Panicum, and Ctenium (Akosim et al., 2020).
Northern Guinea savannah zone
[bookmark: _Toc437525065][bookmark: _Hlk223142564]The mean annual rainfall is between 900 and 1100 mm, and the rainy season lasts for about 4-5 months. The Local Government Areas in the zone include Lamurde, Numan, Güyük Shelleng, Song, Gombi, Maiha, Hong, and the northern part of Fufore.  Species found in the Southern Guinea and Sudan Savanna zones also occur in this zone. The more abundant grass species in this zone include Pennisetum, Andropogon, Hyparrhenia, Bracharia, and Aristida (Akosim et al., 2020)
Sudan savannah zone
[bookmark: _Toc437525066][bookmark: _Hlk223142596]This zone has a mean annual rainfall ranging from 700 to 900mm, and the rainy season lasts for about 3-4 months. This zone covers Gulak, Michika, and the northern parts of Mubi and Hong Local Government Areas. More abundant grass species of the zone include Aristida longiflora, Cenchrus biflorus, Pennisetum pedicellatum, and Eragrostis spp (Akosim et al., 2020).
The gallery forest
[bookmark: _Toc235509480]These are fringing forests in the river valleys. The vegetation consists of savannah tree species. The common woody species are Pterocarpus spp, Vitex doniana, Khaya senegalensis, Ficus spp, Syzygium guineense, Brachystegia eurycoma and Albizia zygia. The vegetation predominates along the rivers draining the major watersheds in the state (Akosim et al., 2020).
Soil types
Like most areas of Northern Nigeria, the soils of Adamawa State are derived from the Basement Complex, while a few other places are on sandstones, shales, and alluvium. The most important factors influencing soil formation in Adamawa State are the climatic zones of temperature and rainfall. High temperatures accelerate chemical weathering of minerals through hydrolysis. The soils are generally richer in weatherable minerals and have strongly sorptive clay minerals of the three-layered type with relatively large, negatively charged surface areas. They store more nutrients, which they can release when needed (Dishan et al., 2018).
	The soils of Adamawa State are classified as ferruginous tropical soils. These types of soils are often defined generally as having a marked differentiation of horizons and an abundance of free iron oxides, usually deposited as red or yellow mottles or concretions. The soils map of Adamawa is derived from a soil survey of former Gongola State under different mapping units, ranging from 201-242. The soils of Adamawa State, as derived from this system, include Luvisols, Legosols, Cambisols, Vertisols, and Lithosols (Adebayo et al., 2020).
Sample design 
Assessment of species of soil micro and macroinvertebrates
Assessment of macrofauna species was carried out using plots of 20m × 20m, which were randomly selected from all plots for the assessment of macrofaunal diversity using Clegg et al., (1996) and Dishan et al., (2018) methods. A quadrat of 1m × 1m was laid at random within each of the plots. Topsoil for biological assessment of soil samples was collected using trowels at depths ranging from 0-40cm. The soil samples were immediately spread on a board of about 60cm2 and sorted for the presence of macrofauna (earthworms, crickets, termites, scorpions, spiders, mites, centipedes, millipedes, ants, beetles, etc.). The soil macroinvertebrates encountered in each of the sites were counted and recorded. Identification was done using the literature. Pictures of unidentified soil macroinvertebrates were taken for identification. The computation of species diversity indices per study site was done.
[bookmark: _Toc235509492][bookmark: _Hlk223144758][bookmark: _Hlk233517583]3.4.1	Soil sampling process for microbial isolates
[bookmark: _Hlk175386311]Soil samples were taken at each auger point in the date palm plantation. A composite sample was obtained after mixing the sample thoroughly, and sterile polythene bags were used to convey samples to the laboratory within 24 hours of collection for analysis of soil bacteria, fungi, and actinomycetes at the Department of Microbiology of Modibbo Adama University, Yola.
[bookmark: _Toc235509493][bookmark: _Hlk223144783]3.4.2	Culture
Bacteria population were estimated by the method of Vieira, (2005) using the nutrient agar medium at 105 dilutions. The inoculated petri-dishes were incubated at 300c±10°c for 2-5 days for bacteria colonies. The laboratory analysis involved adding 1g of soil into 9ml of sterile water in a test tube, followed by vigorous shaking, and then serial dilution were done in four test tubes before being transferred into the petri dish. However, molten agar/media was poured into the petri dish.
	For isolation and characterizing of fungi and actinomycetes, dilution plate method was used; sabaurond dextrose agar for fungi and Actinomycetes selected media for Actinomycetes was used as basal medium to isolate species. The inoculated petri- dish was incubated at 25°c for 5-7 days for growing the fungi and Actinomycetes colonies. Representative isolates of fungi were identified under the microscope with the help of standard manuals (Naher, et al., 2013). Representative isolates of bacteria were also identified under the microscope. Fungi identification was done under appearance and pigmentation of spores on agar and actinomycetes was identified under appearance on agar plates.

1. Data on macrofaunal diversity was analyzed using the Shannon Diversity Index: This is illustrated as follows:

		(Yager et al., 2017)
Where;
H1 = Shannon Diversity Index 
ni = number of individuals in species 
N = total number of all individuals 
Pi = relative abundance of each species, calculated as the proportion of individuals of a given species to the total number of individuals in the community: ni/N.
In = natural logarithm (Yager et al., 2017).  
Simpson index (Simpson, 1949)
	Simpson's index measures the probability of any two individuals drawn from a noticeably large macro fauna community belonging to different species. It was measured by the following formula.
[image: ]
	Where n is the total number of macro fauna invertebrates of a particular species, and N is the total number of macro fauna of all species.
Pielou’s measure of evenness (Pielou,1966)
	Pielou’s evenness index ( ) was calculated using the ratio of observed diversity to maximum diversity using the equation.
[image: ]
Where    is the evenness index, H is the Shannon-Wiener Diversity index, and LnS is the natural log of the total number of observed species.
Margalef ´s diversity Index (Margalef ´s,1968)
Margalef ´s diversity Index is calculated using the formula:
[image: ]
Where d = Margalef ´s diversity Index, S = number of species and N = number of individuals. 	
1. Frequency tables was used in presenting the list of microbial species.Number of individual specie occurrence
Total number of all species 

X 100


Frequency =
RESULTS
Checklist of Macrofauna in the Study Area
[bookmark: _Hlk233518336]	Table1. shows a checklist of macro-fauna assemblage of the study area, which was characterized by high taxonomic richness and functional diversity, delineating a complex edaphic ecosystem. The community structure comprised a juxtaposition of phytophagous pests and beneficial saprophagous and predatory organisms. A substantial component of the documented fauna consisted of recognized agricultural pests, including Coleopteran larvae (Phyllophaga spp., Pentodon spp.), multiple Oryctes species, root-feeding weevils (Diaprepes abbreviatus), and hemipterans (Halyomorpha halys, Rhizoecus spp.), alongside orthopterans, molluscs, and several termitid species (Microtermes bellicosus, Ancistrotermes cavithorax, Microcerotermes diversus). This assemblage indicates a significant potential for biotic stress and herbivory pressure on extant vegetation
Table 1: Some Macro-Fauna Species of the Study Area
	S/N
	English Name
	Scientific Name 

	1.
	White Grubs
	Phyllophaga spp

	2
	White Grubs
	Pentadon spp

	3
	Rhinoceros Beetle
	Oryctes monoceros

	4
	Rhinoceros Beetle
	Oryctes agamemnon

	5
	Rhinoceros Beetle
	Oryctes elegans

	6
	Mealy bugs
	Rhizoecus spp

	7
	Ants 
	Pheidole spp

	8
	Ants 
	Monomorium minimum

	9
	Ants 
	Solenopsis Spp

	10
	Root weevils
	Diapprepes   abbreviatus

	11
	Wire worms
	Elateridole   larvae

	12
	Rove beetle
	Staphylius caesareus

	13
	Crickets
	Gryllus assimillis

	14
	Earthworm 
	Lumbricina terrestris

	15
	common centipede
	Scutigera coleoptrata

	16
	Brow marmorated stink bug
	Halyomorpha halys

	17
	Millipede
	Eurymerodesmidae spp

	18
	Grasshopper
	Conozoa   hyaline

	19
	Snail
	Achatina spp

	20
	Giant centipede
	Scolopendra gigantea

	21
	Ground Beetle 
	Scaritinae clivinini

	22
	 Oribatid mites
	Galumna elatior

	23
	Mesostigmatid mites
	Stratiloaelaps scimitus

	24
	Spider 
	Achaeranea      tepideariorum

	25
	Black ant
	Lasius   niger

	26
	Termites (Microtermes spp)
	Microtermes bellicosus

	27 
	Termites (Ancistrotermes)
	 Ancistrotermes cavithorax

	28
	Termites (microcerotermes spp.)
	Microcerotermes diversus

	29
	Emperor scorpion
	Pandinus imperator


Source: Field data (2026).
	Conversely, the ecosystem supported a functionally critical cohort of beneficial macro-fauna. Detritivores, including the Anecic earthworm Lumbricus terrestris and oribatid mites (Galumna elatior), were present, indicating active nutrient mineralization and soil structural development. A guild of invertebrate predators, comprising Staphylinidae, Carabidae (Scaritinae), Chilopoda (Scolopendra gigantea and Scutigera coleoptrata), arachnids, and Mesostigmatid mites (Stratiolaelaps scimitus), was identified, suggesting the presence of top-down regulatory mechanisms for pest population control. The occurrence of large, apex predatory arthropods (S. gigantea, Pandinus imperator) further imply a relatively intact food web with multi-level trophic interactions.
[bookmark: _Toc235509504][bookmark: _Hlk223145443] 	The study area supports a biodiverse macro-faunal community, where the co-occurrence of antagonistic functional groups, pest herbivores, and their natural enemies establishes a dynamic equilibrium. This configuration presents a dual implication: it denotes inherent challenges for agronomic and silvicultural systems while simultaneously serving as a bio-indicator of robust ecosystem functionality and resilience.
	Diversity of macrofaunal species in the study area
	Table 2. shows a diversity of macrofaunal species in the study area.  A Total of 377, 333, and 529 individual species belonging to 17,18, and 21 taxa from the study area were identified, respectively. The species encountered in the high growth site showed 377 individual species, which included. Ants (Pheidole spp, Monomorium minimum), Solenopst mites (Stratiloaelaps gigantea), Cricket (Gryllus assimillis), Earthworm (Lumbricina terrestris), Brown marmorated stink bug (Halyomorpha halys), millipede (Eurymerodesmidae spp), Grasshopper (Conozoa hylina), Snail (Achatina spp), Grant centipede (Scolopendra gigantea),
Table 2: Macro Fauna Present in the Study Area According to Date Palm Growth Performance
	S/No
	Family Name	
	Scientific Name
	High 
	Medium 
	Low 

	1
	Scarabaeidae 
	Phyllophaga spp
	-
	-
	30

	2
	Scarabaeidae
	Pentadon spp
	-
	-
	45

	3
	Scarabaeidae
	Oryctes spp
	-
	-
	33

	4
	Scarabaeidae
	Oryctes agamemnon
	-
	-
	23

	5
	Scarabaeidae
	Oryctes elegans
	-
	-
	17 

	6
	Pseudococcidae 
	Rhizoecus spp
	-
	5
	29

	7
	Formicidae
	Pheidole spp
	40
	21
	-

	8
	Formicidae 
	Monomorium minimum
	18
	13
	25

	9
	Formicidae
	Solenopsis Spp
	102
	157
	-

	10
	Formicidae
	Diapprepes   abbreviatus
	-
	-
	10  

	11
	Elateridae 
	Elateridole   larvae
	-
	2
	16

	12
	Formicidae 
	Staphylius caesareus
	9
	5
	18

	13
	Gryllidae 
	Gryllus assimillis
	13
	5
	7

	14
	Lumbricidae 
	Lumbricina terrestris
	30
	17
	-

	15
	Scutigeridae 
	Scutigera coleoptrata
	-
	8
	11

	16
	Pentatomidae 
	Halyomorpha halys
	9
	-
	3

	17
	Eurymerodesmidae 
	Eurymerodesmidae spp
	14
	-
	-

	18
	Acrididae 
	Conozoa hyaline
	11
	8
	-

	19
	Achantinidae 
	Achatina spp
	12
	4
	-

	20
	Sclopendrid 
	Scolopendra gigantea
	14
	-
	-

	21
	Carabicidae 
	Scaritinae clivinini
	7
	-
	2

	22
	Helicidae 
	Galumna elatior
	56
	24
	11

	23
	Laelapidae 
	Stratiloaelaps scimitus
	19
	11
	-

	24
	Uloboridae 
	Achaeranea      tepideariorum
	4
	7
	3

	25
	Formicidae
	Lasius   niger
	15
	25
	47

	26
	Rhinotermitidae 
	Microtermes bellicosus
	-
	10
	67

	27
	Rhinotermitidae 
	 Ancistrotermes cavithorax
	-
	5
	53

	28
	Rhinotermitidae 
	Microcerotermes diversus
	-
	6
	74

	29
	Scorpionidae
	Pandinus imperator
	4
	-
	5

	Total 
	 
	
	377
	333
	529



Source: Field data, (2026).
Key: Absent (-).
Ground beetle (Scaritinae clivinini), oribatid mites (Galumna elatior), Mesostigmatid mites (Stratiloaelaps scimitus), Spider (Achaeranea tepideariorum), Blank ants (Lasius niger), and Emperor scorpion (Pandinus imperator) (Table 2).
	The result in the medium growth showed 333 individual species (Table 2), which included Mealy bug (Rhizoecus spp), Ants (Solenopsis spp), Rave beetle (Staphylius caesareus), Cricket (Gryllus assimillis), Grasshopper (Conozoa hylina), common centipede (Scutigera coleoptrata), Snail (Achatina spp), oribatid mites (Galumna elatior), and Mesostigmatid mites (Stratiloaelaps scimitus).
	The result in the low growth site shows 529 individual species(Table 2) which includes, white grubs (Phyllophaga spp),( Pentadon spp), Ants (Monomorium minimum), Rhinoceros beetle (Oryctes elegans and Oryctes agamemnon), Mealy bug (Rhizoecus spp), Root weevils (Diapprepes abbreviallus), Wire worm (Elateridole larvae), Rave beetle (Staphylius caesareus), Cricket (Gryllus assimillis), Common centipede (Scutigera coleoptrata), Spider (Achaeranea tepideariorum), Brown marmorated stink bug (Halyomorpha halys), Ground beetle (Scaritinae clivinini), Blank ants ( Lasius niger), Termite (Microtermes spp), Emperor scorpion (Pandinus imperator), Termite astrodomes (Ancistrotermes cavithorax), and Termites microcerotermes (Microcerotermes diversus) (Table 2).
              The top ten (10) most abundant macrofaunal species in the study area are presented in Figure 2 . The result shows that the macrofaunal community in the study area is dominated by Ants species of (Solenopsis spp, Lasius niger, Pheidole spp, and Monomorium minimum), termite species of (Microtermes spp, Ancistrotermes cavithorax, and Microcerotermes diversus), Earthworm (Lumbricina terrestris), oribatid mites (Galumna elatior), and white grubs (Pentadon spp).
[bookmark: _Hlk223145511][bookmark: _Toc235509505] 4.2.2	Diversity indices of macrofauna in the study area 
	The Shannon diversity index, Simpson index, Margalef index, and Pielou index for macrofaunal species in the study area are presented in Table 3. The values, in order of high, medium, and low growth sites, are as follows: Shannon index 2.423 > 2.078 > 2.71; 
[bookmark: _Hlk223148769][image: species_abundance_chart.png]Figure 2: Top 10 most abundant macrofauna species in the study Area
[bookmark: _Hlk235525921][bookmark: _Hlk233518395]Source: Field data, (2026)

Table 3: Diversity of Macrofauna in the Study Area
	Variables
	High 
	Medium 
	Low 

	Taxas 
	17
	18
	21

	Individuals 
	377
	333
	529

	Simpson index
	0.873
	0.754
	0.92

	Shannon index 
	2.423
	2.078
	2.716

	Margalef index
	2.697
	2.927
	3.189

	Pielou evenness 
	0.855
	0.719
	0.892


[bookmark: _Hlk235525866]Source: Field Survey, (2025)
[bookmark: _Hlk233518435]
[bookmark: _Toc235509506][bookmark: _Hlk223145531]Simpson index 0.8373 > 0.754 > 0.920; Margalef index 2.697 > 0.927 > 3.189; and Pielou evenness 0.855 > 0.719 > 0.892.
4.3	Soil Micro-organism (cfu-1) in the Study Area
	A total of 20 microbial isolates, comprising both bacteria and fungi, were identified in samples collected from the study area. The isolates were distributed across 12 families. Within the family Actinomycetaceae, three distinct Actinomycete species were identified, distinguished by blue, cream, and yellow pigmentation. The family Bacillaceae was the most prevalent, with four species, including Bacillus megaterium, Bacillus pumilus, Bacillus subtilis, and Bacillus thuringiensis. The Enterobacteriaceae family was represented by three genera: Klebsiella spp., Citrobacter spp., and Proteus spp. Similarly, the Pseudomonadaceae family yielded two species: Pseudomonas fluorescens and Pseudomonas pumilus. The fungal family Trichocomacaceae was also represented by two genera: Aspergillus niger and Penicillium spp. Other isolates included Aeromonas spp. from the family Aeromonadaceae, Azosperillum imasilence from Azospirillaceae, Lactobacillus spp. from Lactobacillaceae, Fusarium spp. from Nectriaceae, Streptomyces spp. from Streptomycetaceae, and Staphylococcus spp. from Staphylococcaceae. The results indicate a diverse microbial population within the study area, with the family Bacillaceae showing the highest representation (Table 4.).
[bookmark: _Toc235509507][bookmark: _Hlk223145556]4.3.1	Identified gram-stained bacteria in date palm plantation soils
	Table 5. shows the results of Gram staining of bacterial isolates from the low growth site of the date palm plantation soils, which revealed the presence of both Gram-positive and Gram-negative organisms with varied cellular morphologies. Three Gram-positive bacteria and three Gram-negative bacteria were identified across the samples. Among the Gram-positive group, two cocci arranged in chains were observed, indicating the presence of streptococcal-type organisms. In addition, one cocci arranged in clusters was recorded, characteristic of staphylococcal morphology. For the Gram-negative group, three bacilli (rod-shaped) organisms were identified, showing the presence of enteric or soil-associated rod bacteria typical of low-nutrient environments.
	Generally, the Gram-staining profile of the low growth site showed a mixture of cocci and bacilli forms, reflecting a diverse bacterial community with structural and functional heterogeneity. 
  Table 4: Checklist of Microorganism Isolates in the Study Area
	S/N
	Family
	Species

	1
	Actinomycetaceae
	 Actinomycete Blue 

	2
	Actinomycetaceae
	Actinomycete crime

	3
	Actinomycetaceae
	Actinomycete yellow

	4
	Aeromonadaceae
	Aeromonas spp

	5
	Azospirillaceae 
	Azosperillum imasilence

	6
	Bacillaceae 
	 Bacillus megaterium 

	7
	Bacillaceae
	Bacillus   pumitus

	8
	Bacillaceae
	Bacillus   subtilis

	9
	Bacillaceae
	Bacillus   thinringiasis

	10
	Enterobacteriaceae 
	Krebsiilla spp

	11
	Enterobacteriaceae
	Citrobacter spp

	12
	Enterobacteriaceae
	Proteus spp

	13
	Lactobacillaceae 
	Lactobacillus spp

	14
	Nectriaceae 
	Fusarium 

	15
	Pseudomonadaceae 
	Pseudomonas flouroscens

	16
	Pseudomonadaceae 
	Pseudomonas pumitus

	17
	Streptomycetaceae 
	Streptomyces spp

	18
	Staphylococcaceae 
	Staphylococcus spp

	19
	Trichocomacaceae 
	Aspergillus niger

	20
	Trichocomacaceae
	Penicillium 


Source: Laboratory Analysis (2026)

Table 5: Identification of Gram-Stained Bacteria from Nutrient Agar Plate.
	S/NO.
	Sample 
	Site
	Gram reaction
	Shape

	
	Low growth site
	
	
	

	1
	A
	A
	+VE
	Cocci in chain

	2
	B
	B
	+VE
	Cocci in chain

	3
	C
	C
	-VE
	Bacilli

	 4
	D
	D
	-VE
	Bacilli

	5
	E
	E
	-VE
	Bacilli

	6
	F
	F
	+VE
	Cocci cluster

	
	Medium growth site
	
	
	

	1
	A
	G
	+VE
	Cocci cluster

	2
	B
	H
	+VE
	Cocci cluster

	3
	C
	I
	+VE
	Cocci cluster

	4
	D
	J
	+VE
	Cocci cluster

	5
	E
	K
	+VE
	Cocci cluster

	6
	F
	L
	+VE
	Cocci cluster

	
	High   growth site
	
	
	

	1
	A
	M
	+VE
	Cocci cluster

	2
	B
	N
	+VE
	Cocci cluster

	3
	C
	O
	+VE
	Cocci cluster

	4
	D
	P
	+VE
	Cocci cluster

	5
	E
	Q
	+VE
	Cocci cluster

	6
	F
	K
	+VE
	Cocci cluster


Source: Laboratory Analysis (2026).
	keys -: -  
+VE, = Positive.   
-VE = negative 


	Gram-staining analysis of bacterial isolates from the medium growth site of the date palm plantation soils revealed a predominance of Gram-positive bacteria. A total of six Gram-positive isolates were identified across the samples. The six Gram-positive isolates exhibited a cocci morphology arranged in clusters, a pattern characteristic of staphylococcal-type bacteria. No Gram-negative organisms were detected in the medium growth site based on the staining results (Table 5). While the Gram-staining outcome shows that the medium growth site is dominated by clustered Gram-positive cocci, indicating a microbial community structure influenced by site-specific soil conditions.
	The Gram-staining of bacterial isolates from the high growth site of the date palm plantation soils showed a strong dominance of Gram-positive bacteria. A total of six Gram-positive isolates were identified from the samples. The six Gram-positive isolates displayed a cocci morphology arranged in clusters, which is typical of staphylococcal-type bacteria frequently found in nutrient-rich or well-aerated soils. No Gram-negative bacterial forms were observed at this site. Generally, the Gram-staining results indicate that the high growth site is characterized by a uniform group of Gram-positive cocci in clusters, indicating a stable and specialized microbial community structure under high growth conditions (Table :5).
[bookmark: _Toc235509508][bookmark: _Hlk223145600]4.3.2	Total bacterial counts (cfu/ml) in Date palm plantation soils across growth sites
	The total bacterial counts from the three growth sites of the date palm plantation revealed notable variations in microbial abundance and colony morphology (Table 4.8). At the low growth site, bacterial counts ranged from 7.0 × 10⁻⁵ to 15.0 × 10⁻⁵ cfu/ml. Colony morphology assessment indicated four raised (elevated) colonies and two flat colonies, showing moderate structural diversity among isolates. In the medium growth site, total bacterial counts ranged between 9.0 × 10⁻⁵ and 14.0 × 10⁻⁵ cfu/ml. Similar to the low growth site, the morphology consisted of four raised colonies and two flat colonies, showing comparable bacterial structural characteristics (Table 6).
	The high growth site recorded the highest bacterial abundance with counts ranging from 10.0 × 10⁻⁵ to 16.0 × 10⁻⁵ cfu/ml. Colony morphology in this site differed slightly, consisting of two raised colonies and four flat colonies, indicating a shift in dominant colony types under high growth conditions (Table 6). Generally, total bacterial counts increased from low to high growth sites, with corresponding variations in colony morphology reflecting differences in soil conditions and microbial activity across the plantation.
Table 6: Total Bacteria Count/ml 10-3 Dilute Plate of Nutrient Agar
	S/NO.
	  Plates               
	Total bacteria count (cfu -1)
	Morphology 

	
	 Low growth site
	
	

	1
	A
	7.0 × 10 -5 cfu/ml
	Raise 

	2
	B
	9.0 × 10 -5 cfu/ml
	Raise

	3
	C
	10.0 × 10 -5 cfu/ml
	Raise

	4
	D
	11.0 × 10 -5 cfu/ml
	Raise

	5
	E
	13.0× 10 -5 cfu/ml
	Flat 

	6
	F
	15.0 × 10 -5 cfu/ml
	Flat 

	
	Medium growth site
	
	

	1
	A
	9.0 × 10 -5 cfu/ml
	Flat 

	2
	B
	10.0 × 10 -5 cfu/ml
	Flat 

	3
	C
	11.0 × 10 -5 cfu/ml
	Raise

	4
	D
	13.0 × 10 -5 cfu/ml
	Raise

	5
	E
	14.0 × 10 -5 cfu/ml
	Raise

	6
	F
	8.0 × 10 -5 cfu/ml
	Raise

	
	High growth site
	
	

	1
	A
	10.0 × 10 -5 cfu/ml
	Raise

	2
	B
	12.0 × 10 -5 cfu/ml
	Raise

	3
	C
	13.0 × 10 -5 cfu/ml
	Flat

	4
	D
	14.0 × 10 -5 cfu/ml
	Raise

	5
	E
	15.0 × 10 -5 cfu/ml
	Raise

	6
	F
	16.0 × 10 -5 cfu/ml
	Flat


Source:  Laboratory Analysis (2026).
Key: colony-forming units (cfu).
ml = milliliter.

[bookmark: _Toc235509509][bookmark: _Hlk223145664]4.3.3	Total fungi count (cfu/ml) in date palm plantation soils across growth sites
	The total fungal counts recorded across the low, medium, and high growth sites of the date palm plantation showed variations in fungal abundance and pigmentation characteristics (Table 7). At the low growth site, fungal counts ranged from 7.0 × 10⁻⁵ to 11.0 × 10⁻⁵ cfu/ml. Pigmentation and colony identification revealed the presence of two Aspergillus niger colonies, along with Streptomycete spp., Fumigatus, Penicillium, and Microsporum canis, indicating a diverse fungal community. In the medium growth site, total fungal counts ranged from 6.0 × 10⁻⁵ to 14.0 × 10⁻⁵ cfu/ml, representing the widest variability among sites. Pigmented colonies included two Fumigatus colonies, alongside Penicillium, Aspergillus niger, Microsporum spp., and Streptomycete canis (Table 4). This site indicates a broader mix of filamentous fungi and dermatophytes.
[bookmark: _Hlk223145691]	The high-growth site showed fungal counts ranging from 6.0 × 10⁻⁵ to 11.0 × 10⁻⁵ cfu/mL. Pigmentation patterns indicated two Aspergillus niger colonies, two Fumigatus colonies, two Penicillium colonies, and one Streptomycete spp. colony, demonstrating a moderately diverse fungal population (Table7). While the fungal load varied across the growth sites, the medium growth site showed the highest diversity and count range. The presence of Aspergillus, Penicillium, and Fumigatus is common and reflects a healthy, microbially active rhizosphere that can benefit plant growth. The species across all sites highlights the ecological role of these fungi in soil decomposition and nutrient cycling within the date palm plantation
[bookmark: _Toc235509510] 4.3.4	Actinomycete count in the date palm plantation soils
	The actinomycete population in the low-growth site of the plantation soils recorded Colony Forming Units (cfu) ranging from 4.0 × 10⁻⁵ to 19.0 × 10⁻⁵ cfu/ml, indicating a moderate to relatively high microbial presence in the soil (Table 8). The colonies showed visible pigmentation characteristics, with three (3) isolates identified as Pseudomonas spp., displaying distinctive greenish and bluish pigments. In contrast, three (3) other colonies showed cream-yellow pigmentation, typical of common soil actinomycetes. 
Table 7: Total Fungi Count /ml 10-5 Dilution Plate of Potatoes Dextrose Agar (TFC)
	S/NO
	Samples
	Total fungi count /ml
	Pigmentation 

	
	Low growth site
	 
	

	1
	A
	6.0 × 10 -5 cfu/ml
	Aspergillus niger 

	2
	B
	8.0 × 10 -5 cfu/ml
	Aspergillus niger 

	3
	C
	9.0 × 10 -5 cfu/ml
	Penicilline

	4
	D
	10.0 × 10 -5 cfu/ml
	Fumigatus  

	5
	E
	11.0× 10 -5 cfu/ml
	Strestomycete spp

	6
	F
	7.0 × 10 -5 cfu/ml
	Penicilline

	
	Medium growth site
	
	

	1
	A
	8.0 × 10 -5 cfu/ml
	Fumigatus 

	2
	B
	9.0 × 10 -5 cfu/ml
	Microsponum canis

	3
	C
	10.0 × 10 -5 cfu/ml
	Strestomycete spp

	4
	D
	11.0 × 10 -5 cfu/ml
	Aspergillus niger 

	5
	E
	14.0 × 10 -5 cfu/ml
	Penicilline

	6
	F
	6.0 × 10 -5 cfu/ml
	Fumigatus 

	
	High growth site
	
	

	1
	A
	10.0 × 10 -5 cfu/ml
	Aspergillus niger 

	2
	B
	7.0 × 10 -5 cfu/ml
	Strestomycete spp

	3
	C
	8.0 × 10 -5 cfu/ml
	Microsponum canis

	4
	D
	9.0 × 10 -5 cfu/ml
	Aspergillus niger 

	5
	E
	10.0 × 10 -5 cfu/ml
	Fumigatus 

	6
	F
	11.0 × 10 -5 cfu/ml
	Penicilline


Source:  Laboratory Analysis, (2026).
Key: colony-forming units (cfu).
ml = milliliter.

Table 8: Actinomycetes Count/ml 10-5 Dilution Plates of Starch Casein Agar (TAC).
	S/NO
	Sample
	Total Actinomycetes count/ml
	Pigmentation

	
	 Low growth site
	
	

	1
	A
	19.0× 10-5 cfu/ml
	Pseudomonas spp

	2
	B
	14.0× 10-5 cfu/ml
	Cream yellow

	3
	C
	9.0× 10-5 cfu/ml
	Pseudomonas spp

	4
	D
	11.0× 10-5 cfu/ml
	Pseudomonas spp

	5
	E
	8.0× 10-5 cfu/ml
	Cream yellow

	6
	F
	4.0× 10-5 cfu/ml
	Cream yellow

	
	Medium growth site
	
	

	1
	A
	12.0× 10-5 cfu/ml
	Pseudomonas spp

	2
	B
	7.0× 10-5 cfu/ml
	Cream blue

	3
	C
	22.0× 10-5 cfu/ml
	Cream blue

	4
	D
	6.0× 10-5 cfu/ml
	Pseudomonas spp

	5
	E
	18.0× 10-5 cfu/ml
	Cream blue

	6
	F
	7.0× 10-5 cfu/ml
	Cream blue

	
	High growth site
	
	

	1
	A
	11.0× 10-5 cfu/ml
	Pseudomonas spp

	2
	B
	9.0× 10-5 cfu/ml
	Cream yellow

	3
	C
	12.0× 10-5 cfu/ml
	Pseudomonas spp

	4
	D
	16.0× 10-5 cfu/ml
	Cream yellow

	5
	E
	5.0× 10-5 cfu/ml
	Pseudomonas spp

	6
	F
	9.0× 10-5 cfu/ml
	Cream yellow


Source:  Laboratory Analysis (2026).
Key: colony-forming units (cfu).
ml = milliliter.
The variation in colony counts and pigmentation suggests differences in species diversity and metabolic activity of actinomycetes within the low growth site, likely influenced by soil nutrient levels, moisture content, and agronomic conditions.
	 The results of the actinomyces population at the medium growth site of the date palm plantation soils revealed colony counts ranging from 6.0 × 10⁻⁵ to 22.0 × 10⁻⁵ cfu/ml, indicating a moderate to high level of microbial abundance (Table 8). The colonies displayed varying pigmentation characteristics, with two showing typical Pseudomonas-like pigmentation and four presenting cream-blue coloration. These pigmentation differences indicate diversity in morphological and possibly functional attributes among the Actinomycete isolates present in the medium growth soils. The wide range in colony count and pigmentation reflects favorable soil conditions that support Actinomycete proliferation and diversity at this site.
	In the high growth site of the plantation soils, Actinomycete population analysis revealed colony counts ranging from 5.0 × 10⁻⁵ to 16.0 × 10⁻⁵ cfu/ml indicating a moderate occurrence of Actinomycetes compared to the medium growth site (Table 8). The colonies exhibited distinct pigmentation characteristics, comprising three colonies with Pseudomonas-like pigmentation and one colony showing cream-yellow coloration. These pigmentation variations suggest the presence of diverse Actinomycete species with potential functional and biochemical differences. The observed colony range indicates favorable but slightly constrained environmental conditions for Actinomycete proliferation compared to lower and medium growth sites.
	Analysis of Variance (ANOVA) of p ≤ 0.05 of the soil micro-organisms of all the sites showed that there were significant differences in Bacteria count and Actinomycetes count, while there was no significant difference in Fungi count (Table 9).
Table 9: Mean Separation of Soil Micro-organism Based on Agrisilvicultural Practices.
	Sites
	Bacteria (cfu-1)
	Fungi (cfu-1)
	 Actinomycetes (cfu-1)
	

	High 
	10.83
	8.80
	12.20
	

	Medium 
	12.17
	9.00
	10.20
	

	Low 
	12.57
	8.50
	12.00
	

	Mean 
	11.89a
	8.75b
	11.50a
	


Means with different letters along the column are significantly different (p)
Source: Laboratory Analysis (2026).
[bookmark: _Hlk233524779]Discussion 
Diversity of Macrofauna Species in the Study Sites 
[bookmark: _Toc235509542]Macrofauna population in the study area
	Findings of the soil macro-fauna showed that there were totals of 377, 333, and 529 individual species belonging to 17, 18, and 21 Taxa from the studied sites. This result is similar to the findings of Lucia et al., (2021) Ali, et al., (2022), who observed that lands that are subjected to the application of Agrochemicals experience decimation of soil organisms. Although the macrofauna living in the date plantation were favored by agrisilvicultural practice. This is because high organic matter content under agrisilvicultural practice, which provides substrates for the soil organisms, likely reduces the negative effect of soil acidity on soil organisms (Lucia et al., 2021). Shannon Wiener Diversity Indices of the study areas were within the same range; the species lists indicated a higher number of soils macrofauna species in the low growth performance site than in the other two sites. Similar results were obtained by Dishan et al., (2018) in their macro fauna species diversity and distribution under the influence of siltation and solid waste effluents along the river Benue bank. They reported that macrofauna are important components of forest soil biodiversity and are essential to the ecosystem function, and play an integral role in decomposition, processes, and in the cycling of carbon and nutrients, soil structure, and water percolation in soil. Some factors are believed to be responsible for these organisms’ distribution, abundance, diversity and richness in forest soils (Morgan et al., 2022). 
	Findings revealed the impact of date palm tree on diversity of soil macrofaunal in the plantation, showed that there was a substantial degree of interaction between the date palm and soil macro fauna in the study area. Forests conversion or anthropogenic activities of humans may have resulted in the consistent changes in soil macro invertebrate diversity among the soils variation in the date palm plantation. From the findings in this study higher diversity was found in soil variable in low growth site than the other two. This may perhaps be due to the differences in soil litter accumulation across the plantation, since macrofaunal diversity is associated with, plant diversity, availability of soil nutrients, as well as soil and litter quality. It may also be related to water retention in the soil since Water Holding Capacity is negatively correlated with macrofaunal assemblage as reported by (Dishan et al., 2018). 
	The results show that the diversity of soil macrofaunal can be linked to shifts from its natural state to a new land use, resulting to changes in soil ecosystem. This has previously been reported by Dishan et al., (2018) in their study of macrofaunal diversity and abundances under the influence of siltation and solid waste effluents along river Benue bank, Adamawa Nigeria. These changes may as well lead to the loss of the ability of soil to function properly and hence the loss of the capacity of the soil to maintain the growth of plants and agricultural productivity. Ali et al., (2022) observed that the Soil physical properties are affected by soil macrofaunal activity and in turn, affect soil macroinvertebrates' activity, which may also include changes in soil physical attributes comprising soil aggregation, porosity and water holding capacity (Dishan et al., 2022). Anthropogenic activities or conversion from forest to other land uses can also accompany a progressive increase in soil bulk density and continuous decrease in pore space (soil compaction), which may decrease the niche availability for many small soil animals. Also, reduction in soil carbon via anthropogenic activities may also be a factor; soil carbon provides a resource for fungi and bacteria, on which many soil micro- and mesofauna communities feed, thus changes in this food source could adversely affect their diversity (Lucia et al., 2021). 
	Macro fauna species diversity in the study area, as seen in the results, is significantly different. There are a lot of these organisms in the plantation region, which demonstrates that the area is rich. However, human activities and agrochemicals have greatly reduced not only the number (population) but also the type (species) of these organisms. This is not unexpected because when an area is disturbed, the organisms that previously lived there will either find a way to adapt or look for a new environment/niche to colonize. This agrees with the report of Belayneh et al., (2021) stating that abiotic and biotic disturbances change a variety of soil properties in plantations, which may in turn alter soil macrofauna biomass and respiration. For example, abiotic disturbances (fire, storm) usually kill or remove (harvest) aboveground vegetation. Post-disturbance reductions in aboveground vegetation decrease plant litter inputs and root exudation into soil and thus can result in long-term declines in soil Carbon (Zhou et al., 2013) and total soil nitrogen (Morugan et al., 2022). 
[bookmark: _Toc235509544][bookmark: _Hlk223147869]	In general, the studies by Sartaji et al., (2018) and Dishan et al., (2018) establish that soil macrofauna communities are often considered as bioindicators of soil quality in commercial plantations, as they are sensitive to environmental changes that can cause variations in their abundance and composition in date palm plantation soils. At a global level, climate change has become a main topic to study soil ecology, since it has been shown that the functions provided by soil macrofauna depend on climate, with emphasis on tropical territories as observed by Wu et al., (2019) and Oliveres et al., (2021). Temperature and precipitation, in particular, play an important role along the altitudinal gradient and affect the dynamics of soil macrofauna in date plantation (Velasquez et al., 2019).   
	Microorganism population in the study area.
	The findings from the soil microorganisms revealed a wide diversity of populations in the date palm plantation soils, which is based on growth performance and agrisilvicultural practices within the plantation. This study aligns with Robert (2026), who stated that soil microbial populations and diversity vary at depths of 0-5 cm and 5-20 cm. Date palm plantation variation showed that the mean values of microbial counts were significantly higher for bacteria and fungi, but not for actinobacteria. The date palm plantation soil exhibited significantly higher bacterial populations and diversity than all other forest plantations at both soil depths, except in soils of fallow, pasture cereal, and pasture legume land uses at 0-5 cm sampling depth, which had bacterial populations statistically similar to those in forest soil. Conversely, the lowest bacterial populations were observed in soils of continuous cultivation land use. Forest soil also had significantly higher fungal colony-forming units than all other evaluated land uses at both 0-5 and 5-20 cm depths, except at 0-5 cm where fungal populations were similar to those in forest soil. Soils under continuous cultivation had the lowest fungal populations and diversity at 0-5 cm, while soils of date palm land use had the lowest fungal populations at 5-20 cm. Variation in land use did not significantly influence actinobacteria populations at either sampling depth (Pedro et al., 2017).
	These microorganisms (bacteria, fungi, and actinomycetes) influence plant diversity and productivity according to Robert (2026) the higher bacteria population and diversity in the date palm plantation soil than all other land uses could be ascribed primarily to the high litter accumulation on date palm plantation floors and exudates released from tree roots which enhances availability of substrates for bacteria utilization. This high Organic matter content might have caused an increase in size, activity, and diversity of the microbial community, thereby increasing the nutrient cycling rate. According to Cuijuan et al., (2025) stated that the higher bacteria population and diversity in the forest soil than all other land uses could be ascribed primarily to the high litter accumulation on forest floors and exudates released from tree roots, which enhance the availability of substrates for bacterial utilization. This high organic matter content might have caused an increase in size, activity, and diversity of the microbial community, thereby increasing the nutrient cycling rate. This is evident from the moderate to high ECEC obtained in these land-uses, which indicates less leaching of basic cations, thus the slightly acidic soil reaction obtained in their underlying soils. The accumulation of plant litter in the less disturbed areas in date palm plantation soil led to higher organic matter content in these agrisilvicultural practices and consequently higher bacterial communities because soil organic carbon is a key factor to microbial diversity (Saka et al., 2020).
	The finding shows the identification of predominant bacteria, fungi, and actinomycete isolates in the soils of different growth sites of the date palm trees. This study conforms with Lawal et al., (2020) identify the predominant bacteria, actinobacteria, and fungal isolates in the soils of different land use systems. Two bacterial genera identified to be predominant were Bacillus and Micrococcus. Bacillus spp were the most predominant (90%), and Micrococcus spp. Biochemical tests carried out revealed four species of Bacillus were identified as: Bacillus subtilis, Bacillus mycoides, Bacillus megaterium and Bacillus polymyxa, which are very active in degrading organic matter in soil. Actinobacterial genera identified include: Actinomyces, Acanobacterium, Micromonospora, and Streptomyces, while the fungal genera that are predominant in this study include Phoma, Microphomina, Aspergillus, Trichoderma, Verticillium, Sclerotium, Mucor and Penicillium (Saka et al., 2020).
	The fining shows that the numbers of bacterial communities decrease with decrease in depth. This agrees with the report of Wenjing et al., (2023) stating that bacterial abundance and diversity have been reported to decrease with decreasing soil pH. Similarly, the composition of fungal communities has been previously shown to differ substantially between litter and organic horizons, while deeper soil horizons showed greater similarity .Duran et al., (2019) stated that date palm can influence the composition and functioning of the soil bacterial community by altering the microclimate (via shading and through fall effects and uptake/transpiration of soil water), litter production, amount and quality of root exudates, and interactions with root symbiotic organisms such as mycorrhizal fungi (Saka et al., 2020). 
	This is because, in the forest ecosystem, trees can change the forest microclimate, and they can produce exudation from roots, litter, and wood debris; meanwhile, they (trees) interact with soil microbes and micro fauna through roots, and thus, can influence ecosystem properties. Date Palm can selectively attract and maintain rhizosphere microbes by root exudates, and at the same time, the microbial communities may strongly affect the growth of date palm by releasing mineral elements. Thus, the interaction between aboveground vegetation and soil microbial communities can influence the process of the forest ecosystem (Kadhimiyah, 2023) 
	Similarly, Saka et al., (2020) stated that, in several forest types, this is due to the higher abundance of saprotrophic fungi in litter and the dominance of ectomycorrhizal species in deeper soil. The relatively high counts of bacteria in these soils compared to those of fungi and actinobacteria could be attributed to the association of bacteria with particulate soil organic matter, particulate organic matter is the most readily available and abundant pool of carbon in soil albeit their short residence time. Since, bacteria are capable of utilizing more of simple organic substances than fungi and actinobacteria thus they have the ability to adapt to many different soil micro-environments (Saka et al., 2020), hence, their abundance in soil. Soil disturbance in continuous cultivated land-use due to tillage operation, and low organic matter content due to less vegetal cover, could lead to decrease in soil macro pores which may impair soil water drainage and gaseous exchange, and consequently, have adverse effect on soil bacteria and their abundance in continuous cultivated soil. However, bacteria are the smallest and most resilient microbes in soils (Saka et al., 2020) hence, can survive under harsh or changing soil conditions. This may be one of the reasons for the higher population of bacteria in the date palm plantation soils. More so, bacteria have the capacity to utilize a wide variety of substrates and carry out wide array of processes thereby maintaining ecosystem stability and resilience (Wenjing et al., 2023).
	Findings also show the presence of highly important bacterial and fungal groups (though in few numbers). This agreed with study of Saka et al., (2020) they observed that in date palm plantation soils, microbial communities are affected by the changes in aboveground vegetation communities and soil environmental properties (such as nutrients, temperature, and moisture) influenced by human activity. These changes (as a result of agrisilvicultural activities) in the date palm plantation are believed to be responsible for the relatively low density of microorganisms in the study area. The loss of important microorganism as a result of application of pesticides in the plantation this also agreed with the findings of Morugan et al., (2022) who stated that plantation could induce significant shifts in soil microbial community through biotic and abiotic factors, including species composition, above- and below-ground litter, and soil substrate quality and quantity, which are associated closely with soil microbial community
Conclusion
	This study included that the soil macrofaunal and microbial communities in a date palm plantation within the Sudan-Guinea savannah transition zone reveals a rich and functionally diverse biological ecosystem, documenting 29 macrofauna species (including pests, detritivores, and predators) and 20 microbial isolates across 12 families, with Bacillaceae being most prevalent. The distribution of organisms varied significantly across growth sites, with the low-growth site exhibiting the highest macrofaunal species richness (21 taxa) and abundance (529 individuals), while bacterial counts increased progressively from low to high-growth sites (7.0-16.0 × 10⁻⁵ cfu/ml), suggesting a positive relationship between bacterial abundance and palm performance; diversity indices (Shannon: 2.423-2.716; Simpson: 0.754-0.920) consistently indicated moderate to high species diversity across all sites. The presence of both agriculturally significant pests (white grubs, rhinoceros beetles, termites) and beneficial organisms (earthworms, predatory arthropods, decomposer microbes like Bacillus, Aspergillus, and Pseudomonas) highlights the plantation's dual ecological nature, with the co-occurrence of antagonistic functional groups suggesting natural regulation mechanisms. These findings underscore the importance of soil biological communities as sensitive indicators of ecosystem health, with variations across growth sites reflecting differences in organic matter, soil properties, and management practices, ultimately demonstrating that date palm plantation soils harbor diverse communities that contribute to ecosystem functioning and agricultural productivity, with significant implications for sustainable management through enhanced organic inputs, minimized disturbance, and reduced agrochemical reliance.
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