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ABSTRACT
The soil that surrounds plant roots (the rhizosphere), is essential for microbial colonization such as mycorrhizae which is vital for plant development and nutrient uptake, and also alter how plants interact with other soil creatures.  The Arbuscular mycorrhizae Fungi (AMF) is one of the division of mycorrhizae and this study investigated their diversity and colonization of the rhizosphere of both leguminous and non-leguminous plant. The study was laid out in a Randomized Complete Block Design (RBCD) with 15 plots consisting of five treatments and 3 replicates, AMF spores were extracted from the rhizosphere and subjected to morphological characterization, AMF identification and colonization were carried out, analysis of variance (ANOVA) at P ≤ 0.005 was performed on the data obtained, and least significant difference (LSD) at 5% was used to separate the mean. Results of the study revealed the presence of Acaulospora, Funneliformis, Gigaspora, Glomus, and Rhizophagus, and significant variations in the population of Acaulospora under leguminous crops (Cowpea = 96.0c and Groundnut = 228.3a) and none-leguminous crops (Cucumber = 135.0bc and Melon = 154.3bc), and Glomus under leguminous crops (Cowpea = 42.3abc and Groundnut = 62.3ab) and none-leguminous crops (Cucumber = 26.0c and Melon = 37.0bc). Groundnut had the highest spore count (455a), and root colonization frequency reached the maximum value of 39.7% for groundnut in all the plots invested. The diversity of AMF and abundance of AMF spores vary depending on plants species; highlighting the need of integrating legumes into different cropping systems to improve crop yield.
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INTRODUCTION
The soil that surrounds plant roots (the rhizosphere), is essential for microbial colonization such as mycorrhizae (Chamkhi et al., 2021). Mycorrhizal fungus interact with a variety of other soil species in the dynamic rhizosphere (Chamkhi et al., 2021); some of these interactions are competitive, while others may be mutualistic, stimulatory or inhibitory (Yang et al., 2022), Mycorrhizal fungi alter how plants interact with other soil creatures, including mutualists like nitrogen-fixing bacteria and pathogens like nematodes and fungi that live in roots (Hnini et al. (2024). The ability of rhizosphere to colonize microorganisms, such as mycorrhizae is vital for plant development and nutrient uptake (Hnini et al., 2024). Under both normal and stressed conditions brought on by abiotic or biotic causes, mycorrhizal fungi boost nutrient uptake, lower ethylene levels, and provide biocontrol of possible pathogens. They also improve plant growth and modify the root metabolome under increasing soil salinity (Santoyo et al., 2021). Mycorrhizal fungi and plants have a symbiotic relationship in which the fungi gives the plant nutrients, such phosphorus, in return for carbohydrates produced by the plant (Hnini et al., 2024).
The two primary groups of mycorrhizae are Arbuscular mycorrhizae (AM) and ectomycorrhizae (ECM) [Hnini et al., 2024]. Most plant species have symbiotic relationships with AM fungus, whereas trees and certain shrubs have symbiotic relationships with ECM fungi (Yang et al., 2022). The Arbuscular mycorrhizae Fungi (AMF) based on morphological descriptions has a diversity of nearly 300 species worldwide (Opik & Davison, 2016; Diop et al., 2021). In low-input cropping systems, AMF may play a more significant role in preserving soil fertility and bio-controlling plant diseases than in traditional agriculture (Santoyo et al., 2021; Hnini et al., 2024). 
Every accessible plant tissue is colonized by the diverse yet taxonomically organized population of microorganisms known as the plant microbiota, which is present in healthy plants (Loo et al., 2022), with both the microorganisms and the host plant benefiting from each other (Trivedi et al., 2020). Plants like legumes give microbes carbon in the form of secretions in return for nitrogen, shielding them from oxygen and stopping their ability to fix nitrogen (Mellado-Vázquez et al., 2019). 
Agriculturally significant legumes, such as beans and peas, which naturally coexist peacefully in symbiotic relationships with nitrogen-fixing root bacteria belong to the huge flowering plant family Leguminosae (also known as Fabaceae) [Reinprecht et al., 2020]. Despite the fact that only a small number of legumes are used extensively worldwide, with the protein-rich soybean being the most important from an economic and nutritional standpoint, recently, many lesser-known tropical legumes, like winged bean (Psophocarpus tetragonolobus) and lentil (Lens culinaris), have been promoted as protein substitutes for soybean and meat (Cheng et al., 2019).
Legumes, also known as pulse crops, are a rich source of essential nutrients for the human diet, because they contain complex carbohydrates, dietary fibre, and important proteins and amino acids (Kamboj & Nanda, 2017). It has been shown that pulse crops make up 12–15% of the world's arable land area, contributing roughly 27% of the primary food crops and 35% of the production of vegetable oil worldwide (Rubiales & Mikic, 2015). In addition to their nutritional value, legumes have been given economic, cultural, physiological, and medicinal aspects due to their significance in agriculture and beneficial bioactive compounds (Hu et al., 2022). It has also been observed that eating beans is linked to a number of positive health benefits (Mungai et al., 2016), such hypoglycemic, antiatherogenic, anticarcinogenic, and hypocholesterolemic qualities (Hu et al., 2022).
Based on the importance of legumes, and the beneficial association that arbuscular mycorrhizal fungi (AMF) forms with the roots of legumes, this study investigated the diversity and colonization of AMF in the rhizosphere of both leguminous and non-leguminous plant. It specifically aims to answer the following main study question: how many AMF species are present, and how colonized are the rhizosphere of cowpea, groundnut, cucumber, and melons by AMF? By looking into this, the study hopes to shed light on how AMF supports plant development and yield. 

MATERIALS AND METHODS
Study Area
This study was conducted at the teaching and research farm of the faculty of agriculture, University of Port Harcourt, Rivers State, Nigeria between April and September, 2021. The mean annual rainfall in the study area ranges between 3000 - 4500mm, and the average minimum annual temperature is 22C, while the average maximum annual temperature is 31C.
Experimental Layout
An experimental area of 26m × 16m was used to carry out the study, and Randomized Complete Block Design (RBCD) with 15 plots consisting of five treatments and 3 replicates was adopted (Figure 1). The experimental unit was manually cleared, the layout was measured out using tape, and marked with pegs and ropes, and raised beds of 3m × 4m were made on each of the plots with 1m allay way.
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Figure 1: Experimental Layout

Source of Planting Materials and Soil Sampling 
The seeds of local varieties of cowpea, groundnut, melon and cucumber were purchased from the local market in Choba, Rivers State, Nigeria. Soil and root samples were collected before planting and after planting at maturity. Soil samples were collected from the rhizosphere of the plant roots with the use of a hand trowel or spade, and the collected samples were placed into well labelled polythene bags and then transferred to the laboratory for analysis.
Extraction of AMF Spores
AMF spores were separated from the soil by wet sieving and decanting technique, 50g of rhizospheric soil sample was mixed in 200ml of distilled water in a large beaker, and after 1 hour, the contents of the beaker were decanted through sieves which were arranged in a descending order from 200um to 25um size. The process was repeated thrice, until the upper layer of the soil suspension was transparent, and the retained material on the sieve was decanted into a beaker with a stream of water and estimation of spores was done.
Identification of Mycorrhiza Fungi 
Identification of AMF spore was done by morphological observation of colour, shape, size, hyphal attachment, spore ornamentation and spore reaction towards Meizer’s solution. Spore enumeration and identification was conducted under the 200x magnification of a microscope.
AMF Root Colonization 
For the analysis of mycorrhizal colonization in the plants, the root samples were washed free of soil and cut into 1cm long bits, cleared in 2.5% KOH at 900C for 20 – 30 minutes, rinsed in water, acidified with 5N HCL and stained with lactophenol containing 0.05% tryphan blue. Approximately 50 segments stained root samples were mounted on slides and examined for AM colonization under a compound microscope at 10×10 magnification. Percent root colonization was calculated using the following formular; 
  No of positive segments
%Root colonization = 				× 100
  No of segments observed

Statistical Analysis
Analysis of variance (ANOVA) at P ≤ 0.005 was performed, and least significant difference (LSD) at 5% was used to separate the mean.




RESULTS
AMF Population and Number of Spores
Table 1 shows the results for the population of AMF. Based on LSD (P≤0.05), significant variations in population was observed for Acaulospora under leguminous crops (Cowpea = 96.0c and Groundnut = 228.3a) and none-leguminous crops (Cucumber = 135.0bc and Melon = 154.3bc), and Glomus under leguminous crops (Cowpea = 42.3abc and Groundnut = 62.3ab) and none-leguminous crops (Cucumber = 26.0c and Melon = 37.0bc). Funneliformis, Gigaspora, and Rhizophagus populations showed no significant difference in their population.
Also, there was no significant difference in AMF spore numbers (100gdwt) under leguminous crops (Cowpea = 290b and Groundnut = 455a) and none-leguminous crops (Cucumber = 271b and Melon = 369ab) [Table 1, and Figure 2]. 
Table 1: AMF Population and Spore Number
	Treatments
	Acaulospora

	Funneliformis
	Gigaspora
	Glomus
	Rhizophagus
	Spore 100gdwt

	Control
	196.3ab
	68.0ab
	10.3a
	57.3ab
	69.0a
	401ab

	Cowpea
	96.0c
	45.0b
	54.7a
	42.3abc
	52.0ab
	290b

	Cucumber
	135.0bc
	52.0ab
	24.0a
	26.0c
	34.3b
	271b

	Groundnut
	228.3a
	91.3a
	20.0a
	62.3ab
	53.3ab
	455a

	Melon
	154.3bc
	73.3ab
	53.7a
	37.0bc
	51.0ab
	369ab

	LSD (P≤0.05)
	58.34*
	39.59(NS)
	46.58(NS)
	26.76*
	21.9(NS)
	151(NS)


Key: NS = Not Significant, * = Significant at 5%. 


Figure 2: AMF Spore Numbers (100gdwt)


AMF Colonization and Percentage Colonization
The results for AMF colonization and percentage colonization are shown in Table 2 and figure 3. There was no significant difference in the total roots of leguminous crops (Cowpea = 14.3a and Groundnut = 16.3a) and none-leguminous crops (Cucumber = 7.0a and Melon = 4.0a) colonized by AMF, and percentage AMF colonization of the roots of leguminous crops (Cowpea = 27.4a and Groundnut = 39.7a) and none-leguminous crops (Cucumber = 16.7a and Melon = 21.0a) also showed no significant difference. 
Table 2: AMF Colonization and Percentage Colonization
	Treatments
	Total  root count
	Total root colonized
	% AMF colonization

	Control
	38.3ab
	18.7a
	32.7a

	Cowpea
	52.0a
	14.3a
	27.4a

	Cucumber
	44.0ab
	7.0a
	16.7a

	Groundnut
	40.0ab
	16.3a
	39.7a

	Melon
	13.0b
	4.0a
	21.0a

	LSD (P=0.05)
	33.67 (NS)
	16.42 (NS)
	28.10 (NS)


Key: NS = Not Significant, * = Significant at 5%. 


Figure 3: AMF Percentage Colonization


DISCUSSION
Morpho-anatomical characterization method primarily rely on anatomical parameters like the number and diameter of the layers that comprise the membrane's spores, as well as morphological characteristics like spore size, color, and form of hyphae attachment (Diop et al., 2021). These days, AMF diversity studies continue to make extensive use of this kind of characterization (Wang et al., 2019; Vieira et al., 2020), hence, this technique was employed in this study. 
The evaluation of AMF population and number of spores in rhizospheric soils of both leguminous and none-leguminous crops (cowpea, groundnut, cucumber, and melon) shows an extremely low mycorrhizal potential (Table 1, figure 2). Based on the morphological features of spores, such as color, size, and shape, which were isolated from the rhizospheric soil of leguminous and none-leguminous plants, Arbuscular mycorrhizal fungi (AMF) of several genus, including Acaulospora, Funneliformis, Gigaspora, Glomus, and Rhizophagus, were confirmed to be present. Prior research has identified a few of these genus. For example, Samba-Mbaye et al. (2020) and Muiruri et al. (2022) reported the presence of Acaulospora and Glomus, while Diop et al. (2021) found Gigaspora, Acaulospora, Glomus, and Rhizophagus in their study involving cowpea. Also, the presence of Glomus in this study is consistent with other findings in China (Song et al., 2019), Morocco (Sellal et al., 2016), Brazil (Teixeira et al., 2017; Vieira et al., 2018), and Senegal (Diop et al., 2015; Samba-Mbaye et al., 2020). Additionally, Acaulospora is the highest occurring species in the roots of groundnut (228.3a) [Table 1, figure 2]. This result is consistent with the findings of Bara et al. (2021), but contradicts those of Muiruri et al. (2022) who reported that Glomus spp. isolated from the rhizosphere of grass and banana plants were the most prevalent at p ≤ 0.05.
For both leguminous and non-leguminous plants, the amount of spores in the soil samples investigated was typically low and varied throughout plots. Interestingly, groundnut had the highest spore count (455a) [Table 1, figure 2]. Some authors have connected these differences in spore counts to changes in the macronutrients, micronutrients, pH, organic matter content, and soil texture. According to Abdedaiem et al. (2020) and Hnini et al. (2024), AMF can be affected by a number of soil properties, including porosity, water retention capacity, and cation exchange capacity, which are all significantly influenced by soil texture, particularly the distribution of particle sizes. Also, Tabassum et al. (2016), opined that apart from soil properties, seasonal oscillations can also cause fluctuations in the amount of AMF spores in a particular soil sample and species like Glomus can be detected in all seasons and more frequently.
In this study, the root colonization frequency reached the maximum value of 39.7% for groundnut in all the plots investigated (Table 2, figure 3). These results run contrary to those of Hnini et al. (2024), who found that all of the sites they examined had 100% AMF colonization of Zea mays roots. The choice of crops employed in this study and those of Hnini et al. (2024), may be the cause of this discrepancy. While this study used cowpea, groundnut, cucumber, and melon, Hnini et al. (2024) employed maize, and stated that maize being a highly mycotrophic plant underscores its use in their study.

The maximum colonization frequency in this study was recorded for groundnut (39.7%) [Table 2, figure 3]. This is consistent with the results of Vivas et al. (2018), who looked into the mycorrhizal potential of Euphorbia officinarum subsp. echinus soils and found that mycorrhization frequencies in Euphorbia ingens did not exceed 50%. These frequencies, however, are lower than those for AMF colonization under various crops that have been documented in literature to date. For example, in a research by Maazouzi et al. (2020), mycorrhization frequencies for the roots of three Vachellia species (Vachellia gummifera, Vachellia sp., and Vachellia raddiana) ranged from 83.33% to 76.67%. In a similar vein, Abdedaiem et al. (2020) found that Vachellia tortilis had maximum mycorrhization frequencies of 85%, while Mosbah et al. (2018) reported that Vachellia tortilis showed an average mycorrhization frequency of 63%. These discrepancies could be caused by local vegetation cover or changes in arbuscular mycorrhizal fungus (AMF) populations that are impacted by regional edaphic and climatic circumstances (Hnini et al., 2024).

CONCLUSION
The mycorrhizal relationships in the rhizosphere of both leguminous and non-leguminous plant soils are validated by this study. Numerous AMF species were identified by morpho-anatomical observations; the leading genus is Acaulospora, and the quantity of spores and AMF colonization was highest in groundnuts. Conclusively, the diversity of AMF and abundance of AMF spores vary depending on plants species, highlighting the need of integrating legumes into different cropping systems to improve crop yield. Future research should broaden to include new plant species and utilize molecular approaches for accurate AMF detection, as this holds the potential to expand our understanding of the complex interactions between mycorrhizal symbionts and legumes.
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