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ABSTRACT
This research looked into the fungal richness of some crops grown in Kano, with objectives that included colonization level of the fungi and soil parameters. All data were analyzed using descriptive and inferential statistics using SPSS software. All the crops show significant levels of colonization with Groundnut having the highest colonization (37%) at the pre-flowering stage and the least colonization was observed at the flowering stage of Millet (12.6%) followed by the flowering stage of Groundnut (21.2%). Soil physicochemical properties were more favourable for Cowpea and foliar concentration higher for Groundnut plant. The correlation between root length colonization percentage and soil parameters was calculated by Spearman’s rank correlation coefficient r, and correlation was moderate with temperature and pH (-0.396 and 0.301 respectively), and low with other parameters.

Keywords: Fungi, Root length, Soil parameter

INTRODUCTION

Within the last 20 to 30 years, there has been a growing awareness that most vascular plants could not grow and reproduce successfully without the assistance provided by networks of fungi in the soil. This association between plant and fungus is called mycorrhiza (plural: mycorrhizae). In most instances, the relationship is mutualistic or symbiotic (Okon and Solomon 2014). The plant provides sugars and carbohydrates to the fungus and in return the fungus uses its branched, thread-like hyphae (mycelium) to gather water, minerals, and nutrients for the plant (Okon and Solomon 2014). Mycorrhizal fungi greatly expand the reach of the plant’s root systems and are especially important in helping them gather non-mobile nutrients such as phosphorus. These fungi have also been found to serve a protective role for their associated plants; they can reduce plant uptake of heavy metals and salts that may be present in the soil (Lee et al. 2006). Many also help protect plants from certain diseases and insects (Lee et al. 2006). Scientists believe that it was mycorrhizal fungi that allowed ancient vascular plants to populate the land. Of the current plant families, 95% include species that either associate beneficially with or are absolutely dependent on mycorrhizal fungi for their survival (Scharnagl 2013). A number of different types of mycorrhizas exist in nature and can be identified by the hyphal structures they form. Arbuscular mycorrhizas (AM), sometimes referred to as endomycorrhizas, are formed predominantly by the fungi of the Glomeromycota (Hailemariam and Asfaw 2013). 
Groundnut, Cowpea, Millet, and Sorghum, are all agricultural crops commonly grown in Kano. Although the region has produced much of these crops to the satisfaction of its human inhabitants for a long time, there is limited information on their mycorrhizal status. The aim of this work was to compare root length colonization across the crops and sites, and to test and compare soil physicochemical properties; namely; temperature, moisture content, pH, nitrogen, phosphorus, potassium and organic carbon.

MATERIALS AND METHODS

[bookmark: _Toc35363965]Study area
Crop farm were cultivated at Bayero University Kano (BUK) Old and New Campuses located in Gwale and Ungogo Local Government Areas, respectively. Old campus was designated Site A, while New Campus was designated Site B.
	
RESULTS AND DISCUSSION

Root length colonization
[bookmark: _GoBack]The root length colonization is an important factor in ascertaining the richness of the soil for the growth of plants. The two sites considered in this study tend to show distinctive variability in the colonization levels of the crops. Table 1 showed the difference in colonization across the growth stages and across sites. For groundnut in Bayero University Kano Old Site, highest colonization level occurred at the Budding Stage (41.3%) which was followed by Pre-flowering Stage with 37.5% and least colonized was the Flowering Stage (21.2%). For the BUK New Site, budding stage had the highest colonization level of 36.39%, and was followed by the Flowering Stage with 33.91% and 29.70% as the least colonized as observed for the pre-flowering Stage.
For Cowpea, BUK Old Site, highest colonization level was observed at Pre-flowering Stage of the crop with 41.7% which was followed by the Budding Stage (29.6%) and the least colonized was the Flowering Stage with 28.7%. For BUK New Site however, highest colonization level was seen at the Pre-flowering Stage with 36.7%, this was followed by the Budding Stage with 33.7% and the least colonized at 29.6% which happened to be the Flowering Stage. 
For Millet, highest colonization for BUK Old Site occurred at the Pre-flowering Stage with 44.6%, followed by the Flowering Stage with 29.3% and the least colonized was the Budding Stage with 26.1%. However, for the BUK New Site, highest colonization occurred at the pre-flowering stage with 44.54%, followed by the budding stage 42.83% and 12.63% was the least colonized at the Flowering Stage.
Similarly, for Sorghum BUK Old Site, 45.6% for the Pre-flowering Stage was the highest colonized followed by the Flowering Stage with 29.9% and 24.5% for the Budding Stage was the least colonized for this site. For BUK New Site, 41% was the highest colonized for Pre-flowering Stage. This was followed by the Budding Stage with 36% and 23% was the least colonized for the Flowering Stage.
[bookmark: _Toc33512486]
Table 1. Root length (50cm) colonization across plants and sites (Values in Parentheses are Percentages).
	Plant
	Site
	Root Length Colonized (mm)

	
	
	Pre-flowering
	Flowering
	Budding

	Groundnut
	A
	10.48±4.32d (37.5)
	5.92±4.49d (21.2)
	11.52±3.06c (41.3)

	
	B
	11.0±3.55bc (29.7)
	12.56±2.66b (33.91)
	13.48±5.49c (36.39)

	Cowpea
	A
	18.00±1.26a (41.7)
	12.40±3.43b (28.7)
	12.76±4.49b (29.6)

	
	B
	16.00±2.63b (36.7)
	12.92±4.02a (29.6)
	14.72±3.27a (33.7)

	Millet
	A
	16.04±2.54b (44.6)
	10.52±4.60c (29.3)
	9.40±3.63bc (26.1)

	
	B
	8.32±3.92d (42.8)
	2.36±2.50d (12.6)
	8.00±4.49d (42.8)

	Sorghum
	A
	16.00±1.68b (45.6)
	10.48±5.02c (29.9)
	8.60±4.13d (24.5)

	
	B
	13.88±4.25c (41)
	7.76±4.81bc (23)
	12.16±4.87b (36)


Key: A= BUK Old Site, B= BUK New Site. 
Values are Mean ± SD. Means in the same column followed by different superscript letters are significantly different at p < 0.05 level of probability


The result of the study showed that all the plants grown on the two sites (A and B) had extensive colonization by Arbuscular mycorrhizal fungi at a time when plant growth was maximal and nutrient demand was high prior to flowering. However, it was observed that groundnut plant grown at site A and B had highest colonization by AMF at the budding phase of the plant growth. Arachis hypogea has thick roots with few branches which according to Baylis (1975) have greater dependence on mycorrhizal association. Isobe and Tsuboki (1998), have found higher AMF colonization in leguminous than in graminaceous crops. Thus as a legume, A. hypogea probably favoured mycorrhizal colonization to assist the symbioses with Rhizobium (Okon and Solomon 2014).
	The AM fungal structure in the root system of the selected crops varied. Mycorrhizal structures were found in all parts of the roots. Some root parts recorded arbuscules, oval and spherical shaped vesicles were also found in this study, which was supported by Khanam et al. (2003, 2004).
	The result of the present study showed that the pre-flowering growth phases of the selected plants had highest mycorrhizal abundance than the flowering and budding phase. This variation might be due to the differences in the structure of root system and Phosphorus uptake and also might be due to genetic variations. This result was consistent with previous findings that mycorrhizal plant community has high levels of colonization by AMF during the critical pre-flowering growth phase (Dodd et al. 2002; Ludwig-Müller 2010). In addition, Pringle and Bever (2008) asserted that legume plants tend to be more mycorrhizal than other plants especially during the pre-flowering stage of the plant after AM fungal inoculation. This is evident from the result of the present study where the pre-flowering phase of cowpea plants grown in site A (Table 1) had the highest mycorrhizal abundance of 18±1.26 (41.7%). Similarly, the differences in colonization and response to AMF-mediated enhancement between the leguminous (groundnut and cowpea) and cereal-grain (millet and sorghum) plants at this sites suggest that AMF may similarly promote diversity at the sites by altering the competitive balance between the more abundant legumes and cereal-grain plants.
	
CONCLUSIONS

It is apparent that mycorrhizal fungi are essential components of both agricultural and native vegetation communities. Arbuscular mycorrhizal knowledge will significantly improve the survival environment of rhizosphere fungi in improving the quality of the soil and the growth of plants. The result finding concludes that there were significant associations between soil properties and root colonization. There was no conflict of interest from the findings of this research.
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